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TES-BASEDCATIONICLIPIDS 

RELATEDAPPLICATIONS 

[001] ThisapplicationclaimsprioritytoU.S.ProvisionalApplicationSerialNumber63/082,090, 

filedonSeptember23,2020,theentiredisclosureofwhichisherebyincorporatedbyreference.  

BACKGROUND 

[002] Deliveryofnucleicacidshasbeenexploredextensivelyasapotentialtherapeuticoptionfor 

certaindiseasestates.InparticularmessengerRNA(mRNA)therapyhasbecomeanincreasingly 

importantoptionfortreatmentofvariousdiseasesincludingforthoseassociatedwithdeficiencyof 

oneormoreproteins.  

[003] Efficientdeliveryofliposome-encapsulatednucleicacidsremainsanactiveareaofresearch.  

Thecationiclipidcomponentplaysanimportantroleinfacilitatingeffectiveencapsulationofthe 

nucleicacidduringtheloadingofliposomes.Inadditioncationiclipidsmayplayanimportantrolein 

theefficientreleaseofthenucleicacidcargofromtheliposomeintothecytoplasmofatargetcell.  

Variouscationiclipidssuitableforinvivousehavebeendiscovered.Howeverthereremainsaneed 

toidentifylipidsthatcanbesynthesizedefficientlyandcheaplywithouttheformationofpotentially 

toxicby-products.  

[004] "Good"buffers(orGood'sbuffers)arebufferingagentsforbiochemicalandbiological 

researchthatwerefirstselectedanddescribedbyNormanGoodandhiscolleagues(GoodN.E et 

al.(1966)HydrogenIonBuffersforBiologicalResearch.Biochemistry5(2),46]-4T1).Mostbiological 

reactionstakeplacenear-neutralpHbetween6and8.Goodthereforereasonedthatanidealbuffer 

bufferingcapacity.Additionalselectioncriteriaincludedhighsolubilitylackoftoxicitylimited 

interferencewithbiochemicalreactionsverylowabsorbencebetween240nmand700nm 

enzymaticandhydrolyticstabilityminimalchangesduetotemperatureandconcentrationlimited 

effectsduetoionicorsaltcompositionofthesolutionlimitedinteractionwithmineralcationsand 

limitedpermeabilityof S 

biologicalmembranes.  
[005] Theforegoingcharacteristicsmake"Good"buffersexceptionallygoodstartingpointsforthe 

synthesisofcationiclipidsforuseininvivosettings.Many"Good"buffersremaincrucialtoolsin 

modernbiochemistryandbiologylaboratoriesandarethereforereadilyavailableatlowcost.  
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forbiochemicalorbiologicalapplicationswouldhaveapKavalueinthisregiontoprovidemaximum
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SUMMARYOFTHEINVENTION 

[006] Thepresentinventionprovidesamongotherthingsanovelclassofcationiclipid 

compoundsforinvivodeliveryoftherapeuticagentssuchasnucleicacids.Itiscontemplatedthat 

thesecompoundsarecapableofhighlyeffectiveinvivodeliverywhilemaintainingafavorable 

toxicityprofile.  

[007] Thecationiclipidsofthepresentinventioncanbesynthesizedfromreadilyavailablestarting 

reagentssuchassuchas"Good's"buffers(seeTable1).Thecationiclipidsofthepresentinvention 

alsohaveunexpectedlyhighencapsulationefficiencies.The S lipidsofthepresentinvention 

alsocomprisecleavablegroups(e.g.,estersanddisulphides)thatarecontemplatedtoimprove 

biodegradabilityandthuscontributetotheirfavorabletoxicityprofile.  

[008] InanaspectprovidedhereinarecationiclipidshavingastructureaccordingtoFormula(Ia): 

H 0 
N /7 

S 
A 

0 (Ia) 

orapharmaceuticallyacceptablesaltthereofwherein 

andR3areeachindependentlyselectedfrom: 

D R6R6 

E 
, optionallysubstitutedalkyloptionallysubstitutedalkenyl, 

S 

~R8 

4. S 

eachR5. independentlyselectedfromoptionallysubstitutedalkyloptionallysubstituted 

alkenylandoptionallysubstitutedalkynyl; 

eachRisindependentlyselectedfromhydrogenhalogenoptionallysubstitutedC 1 -C6 alkyl, 

andoptionallysubstitutedC2-C6alkenyl; 

Ais-NR9 -or-0-; 

DisOorS; 

EandGareeachindependentlyselectedfrom-NR 1 0 --0-and-5-; 

R8 ,R9 ,andR1 0areeachindependentlyselectedfromhydrogenoptionallysubstitutedC 1-C6 

alkylandoptionallysubstitutedC2-C6alkenyl; 

2 

optionallysubstitutedalkynylandoptionallysubstitutedacyl;
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eachbisindependentlyselectedfrom0,1,2,3,4,5,6,7,8,9and10;and 

eachcisindependentlyselectedfrom1,2,3,4,5,6,7,8,9and10.  

[009] Inanaspectprovidedhereinarecationiclipidsthatarepharmaceuticallyacceptablesaltsof 

Formula(Ia).  

[010] Inanaspectprovidedhereinarecompositionscomprisingthecationiclipidofthepresent 

inventionorapharmaceuticallyacceptablesaltthereofoneormorenon-cationiclipidsoneor 

morecholesterol-basedlipidsandoneormorePEG-modifiedlipid.Inanaspectthecompositionis 

alipidnanoparticleoptionallyaliposome.  

[011] Inanaspectthecompositionscomprisingthecationiclipidsofthepresentinventionmaybe 

usedintherapy.  

BRIEFDESCRIPTIONOFDRAWINGS 

[012] FIG.1.depictsinvivoproteinproductionresultingfromthedeliveryofmRNA(i.e.,FFL 

mRNA)usinglipidnanoparticlescomprisingCompoundVXIIorIasdescribedherein.Asshownin 

thisFigureuseofthesecompoundscanresultinhighlevelsofinvivoproteinproduction(i.e.,FFL 

protein)afteradministration.  

DETAILEDDESCRIPTIONOFCERTAINEMBODIMENTS 

Definitions 

definedbelow.Additionaldefinitionsforthefollowingtermsandothertermsaresetforth 

throughoutthespecification.Thepublicationsandotherreferencematerialsreferencedhereinto 

describethebackgroundoftheinventionandtoprovideadditionaldetailregardingitspracticeare 

herebyincorporatedbyreference.  
If 

[014] Aminoacid:Asusedhereinthetermaminoacid,"initsbroadestsensereferstoany 
compoundand/orsubstancethatcanbeincorporatedintoapolypeptidechain.Insome 

embodimentsanaminoacidhasthegeneralstructureH 2 N-C(H)(R)-COOH.Insomeembodiments, 

anaminoacidisanaturallyoccurringaminoacid.Insomeembodimentsanaminoacidisa 

syntheticaminoacid;insomeembodimentsanaminoacidisad-aminoaci&insomeembodiments, 

anaminoacidisanI-aminoacid."Standardaminoacid"referstoanyofthetwentystandardI

aminoacidscommonlyfoundinnaturallyoccurringpeptides."Nonstandardaminoacid"refersto 

anyaminoacidotherthanthestandardaminoacidsregardlessofwhetheritisprepared 
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[013] Inorderforthepresentinventiontobemorereadilyunderstoodcertaintermsarefirst
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syntheticallyorobtainedfromanaturalsource.Asusedherein, "syntheticaminoacid" 

encompasseschemicallymodifiedaminoacidsincludingbutnotlimitedtosaltsaminoacid 

derivatives(suchasamides),and/orsubstitutions.Aminoacidsincludingcarboxy-and/oramino

terminalaminoacidsinpeptidescanbemodifiedbymethylationamidationacetylationprotecting 

groupsand/orsubstitutionwithotherchemicalgroupsthatcanchangethepeptide'scirculating 

half-lifewithoutadverselyaffectingtheiractivity.Aminoacidsmayparticipateinadisulfidebond.  

Aminoacidsmaycompriseoneorposttranslationalmodificationssuchasassociationwithoneor 

morechemicalentities(e.g.,methylgroupsacetategroupsacetylgroupsphosphategroups, 

formylmoietiesisoprenoidgroupssulfategroupspolyethyleneglycolmoietieslipidmoieties 
I' 

carbohydratemoietiesbiotinmoietiesetc.).Thetermaminoacid"isusedinterchangeablywith 
'Iaminoacidresidue andmayrefertoafreeaminoacidand/ortoanaminoacidresidueofa 

peptide.Itwillbeapparentfromthecontextinwhichthetermisusedwhetheritreferstoafree 

aminoacidoraresidueofapeptide.  
ff S 

[015] Animal:Asusedhereinthetermanimal"referstoanymemberoftheanimalkingdom.In 
someembodiments"animal"referstohumansatanystageofdevelopment.Insome 

'I 

embodimentsanimal"referstonon-humananimalsatanystageofdevelopment.Incertain 
embodimentsthenon-humananimalisamammal(e.g.,arodentamousearatarabbita 

monkeyadogacatasheepabovineaprimateand/orapig).Insomeembodimentsanimals 

includebutarenotlimitedtomammalsbirdsreptilesamphibiansfishinsectsand/orworms.In 
S someembodimentsananimalmaybeatransgenicanimalgenetically-engineeredanimaland/ora 

clone.  
I' 

oneormorevaluesofinterestreferstoavaluethatissimilartoastatedreferencevalue.Incertain 

embodimentsthetermapproximately"orabout"referstoarangeofvaluesthatfallwithin25%, 

20%,19%,18%,17%,16%,15%,14%,13%,12%,11%,10%,9%,8%,7%,6%,5%,4%,3%,2%,1%,or 

lessineitherdirection(greaterthanorlessthan)ofthestatedreferencevalueunlessotherwise 

statedorotherwiseevidentfromthecontext(exceptwheresuchnumberwouldexceed100%ofa 

possiblevalue).  

[017] Biologicallyactive:Asusedhereintheterm'biologicallyactivereferstoacharacteristicof 

anyagentthathasactivityinabiologicalsystemandparticularlyinanorganism.Forinstancean 

agentthatwhenadministeredtoanorganismhasabiologicaleffectonthatorganismis 

consideredtobebiologicallyactive.  

[018] Delivery:Asusedhereintheterm"deliveryencompassesbothlocalandsystemicdelivery.  

ForexampledeliveryofmRNAencompassessituationsinwhichanmRNAisdeliveredtoatarget 
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[016] Approximatelyorabout:Asusedhereinthetermapproximately"or"about" asappliedto
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tissueandtheencodedproteinisexpressedandretainedwithinthetargettissue(alsoreferredtoas 

"localdistributionor"localdelivery),andsituationsinwhichanmRNAisdeliveredtoatarget 

tissueandtheencodedproteinisexpressedandsecretedintopatient'scirculationsystem(e.g., 

serum)andsystematicallydistributedandtakenupbyothertissues(alsoreferredtoassystemic 

distribution,,orsystemicdelivery).  

[019] Expression:Asusedhereinexpressionofanucleicacidsequencereferstotranslationof 

anmRNAintoapolypeptideassemblemultiplepolypeptidesintoanintactprotein(e.g.,enzyme) 

and/orpost-translationalmodificationofapolypeptideorfullyassembledprotein(e.g.,enzyme).In 

thisapplicationthetermsexpressionand"productionandgrammaticalequivalentsthereofare 

usedinterchangeably.  

[020] Functional:Asusedhereina"functional"biologicalmoleculeisabiologicalmoleculeina 

forminwhichitexhibitsapropertyand/oractivitybywhichitischaracterized.  

[021] Half-life:Asusedhereintheterm"half-life"isthetimerequiredforaquantitysuchas 

nucleicacidorproteinconcentrationoractivitytofalltohalfofitsvalueasmeasuredatthe 

beginningofatimeperiod.  

[022] Helperlipid:Theterm"helperlipid"asusedhereinreferstoanyneutralorzwitterioniclipid 

materialincludingcholesterol.Withoutwishingtobeheldtoaparticulartheoryhelperlipidsmay 

addstabilityrigidityand/orfluiditywithinlipidbilayers/nanoparticles.  
,, [023] Improveincreaseorreduce:Asusedhereinthetermsimprove,""increaseorreduce, 

orgrammaticalequivalentsindicatevaluesthatarerelativetoabaselinemeasurementsuchasa 

measurementinthesameindividualpriortoinitiationofthetreatmentdescribedhereinora 

describedherein.Acontrolsubject"isasubjectafflictedwiththesameformofdiseaseasthe 

subjectbeingtreatedwhoisaboutthesameageasthesubjectbeingtreated.  
,, 

[024] InVitro:Asusedhereintheterminvitroreferstoeventsthatoccurinanartificial 
environmente.g.,inatesttubeorreactionvesselincellcultureetc.,ratherthanwithinamulti

cellularorganism.  
I,.  

[025] InVivo:Asusedhereintheterminvivoreferstoeventsthatoccurwithinamulti-cellular 
organismsuchasahumanandanon-humananimal.Inthecontextofcell-basedsystemstheterm 

maybeusedtorefertoeventsthatoccurwithinalivingcell(asopposedtoforexampleinvitro 

systems).  

[026] Isolated:Asusedhereintheterm"isolated"referstoasubstanceand/orentitythathas 

been(1)separatedfromatleastsomeofthecomponentswithwhichitwasassociatedwheninitially 

produced(whetherinnatureand/orinanexperimentalsetting),and/or(2)producedprepared, 
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and/ormanufacturedbythehandofman.isolatedsubstancesand/orentitiesmaybeseparated 

fromabout10%,about20%,about30%,about40%,about50%,about60%,about70%,about80%, 

about90%,about91%,about92%,about93%,about94%,about95%,about96%,about97%,about 

98%,about99%,ormorethanabout99%oftheothercomponentswithwhichtheywereinitially 

associated.Insomeembodimentsisolatedagentsareabout80%,about85%,about90%,about 

91%,about92%,about93%,about94%,about95%,about96%,about97%,about98%,about99%, 

ormorethanabout99%pure.Asusedhereinasubstanceis"pureifitissubstantiallyfreeofother 

components.Asusedhereincalculationofpercentpurityofisolatedsubstancesand/orentities 

shouldnotincludeexcipients(e.g.,buffersolventwateretc.).  

[027] Liposome:Asusedhereintheterm"liposomereferstoanylamellarmultilamellarorsolid 

nanoparticlevesicle.Typicallyaliposomeasusedhereincanbeformedbymixingoneormore 

lipidsorbymixingoneormorelipidsandpolymer(s).Insomeembodimentsaliposomesuitablefor 

thepresentinventioncontainsacationiclipids(s)andoptionallynon-cationiclipid(s),optionally 

cholesterol-basedlipid(s),and/oroptionallyPEG-modifiedlipid(s).  
If 'I 

[028] messengerRNA(mRNA):AsusedhereinthetermmessengerRNA(mRNA)"ormRNA" 
referstoapolynucleotidethatencodesatleastonepolypeptide.mRNAasusedherein 

encompassesbothmodifiedandunmodifiedRNA.ThetermI'modifiedmRNA"relatedtomRNA 

comprisingatleastonechemicallymodifiednucleotide.mRNAmaycontainoneormorecodingand 

non-codingregions.mRNAcanbepurifiedfromnaturalsourcesproducedusingrecombinant 

expressionsystemsandoptionallypurifiedchemicallysynthesizedetc.Whereappropriatee.g.,in 

thecaseofchemicallysynthesizedmoleculesmRNAcancomprisenucleosideanalogssuchas 

sequenceispresentedinthe5'to3'directionunlessotherwiseindicated.Insomeembodimentsan 

mRNAisorcomprisesnaturalnucleosides(e.g.,adenosineguanosinecytidineuridine);nucleoside 

analogs(e.g.,2-aminoadenosine,2-thiothymidineinosinepyrrolo-pyrimidine,3-methyladenosine, 

5-methylcytidineC-Spropynyl-cytidineC-Spropynyl-uridine,2-aminoadenosineC5-bromouridine 

C5-fluorouridineC5-iodouridineC5-propynyl-uridineC5-propynyl-cytidineC5-methylcytidine,2

aminoadenosine,7-deazaadenosine,7-deazaguanosine,8-oxoadenosine,8-oxoguanosine,0(6)

methylguanineand2-thiocytidine);chemicallymodifiedbases;biologicallymodifiedbases(e.g., 

methylatedbases);intercalatedbasesmodifiedsugars(e.g.,2'-fluororiboseribose,2'-deoxyribose 

arabinoseandhexose);and/ormodifiedphosphategroups(e.g.,phosphorothioatesand5'-N

phosphoramiditelinkages).  
'I 

[029] Nucleicacid:Asusedhereinthetermnucleicacid" initsbroadestsensereferstoany 
compoundand/orsubstancethatisorcanbeincorporatedintoapolynucleotidechain.Insome 
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embodimentsanucleicacidisacompoundand/orsubstancethatisorcanbeincorporatedintoa 

polynucleotidechainviaaphosphodiesterlinkage.Insomeembodiments"nucleicacid"refersto 

individualnucleicacidresidues(e.g.,nucleotidesand/ornucleosides).Insomeembodiments, 

'Inucleicacid"referstoapolynucleotidechaincomprisingindividualnucleicacidresidues.Insome 

'I embodimentsnucleicacid"encompassesRNAaswellassingleand/ordouble-strandedDNA 
I' and/orcDNA.Insomeembodimentsnucleicacid"encompassesribonucleicacids(RNA),including 

butnotlimitedtoanyoneormoreofinterferenceRNAs(RNAi),smallinterferingRNA(siRNA),short 

hairpinRNA(shRNA),antisenseRNA(aRNA),messengerRNA(mRNA),modifiedmessengerRNA 

(mmRNA),longnon-codingRNA(IncRNA),micro-RNA(miRNA)multimericcodingnucleicacid 

(MCNA),polymericcodingnucleicacid(PCNA),guideRNA(gRNA)andCRISPRRNA(crRNA).Insome 
'I 

embodimentsnucleicacid"encompassesdeoxyribonucleicacid(DNA),includingbutnotlimitedto 
anyoneormoreofsingle-strandedDNA(ssDNA),double-strandedDNA(dsDNA)and 

'I 

complementaryDNA(cDNA).Insomeembodimentsnucleicacid"encompassesbothRNAand 
DNA.InembodimentsDNAmaybeintheformofantisenseDNAplasmidDNApartsofaplasmid 

DNApre-condensedDNAaproductofapolymerasechainreaction(PCR),vectors(e.g.,P1,PAC, 

BACYACartificialchromosomes),expressioncassetteschimericsequenceschromosomalDNAor 

derivativesofthesegroups.InembodimentsRNAmaybeintheformofmessengerRNA(mRNA), 

ribosomalRNA(rRNA),signalrecognitionparticleRNA(7SLRNAorSRPRNA),transferRNA(tRNA), 

transfer-messengerRNA(tmRNA),smallnuclearRNA(snRNA),smallnucleolarRNA(snoRNA),SmY 

RNAsmallCajalbody-specificRNA(scaRNA),guideRNA(gRNA),ribonucleaseP(RNaseP),YRNA 

telomeraseRNAcomponent(TERC),splicedleaderRNA(SLRNA),antisenseRNA(aRNAorasRNA), 

RNA(miRNA),piwi-interactingRNA(piRNA),smallinterferingRNA(siRNA),transactingsiRNA 

(tasiRNA),repeatassociatedsiRNA(rasiRNA),73KRNAretrotransposonsaviralgenomeaviroid 

satelliteRNAorderivativesofthesegroups.InsomeembodimentsanucleicacidisamRNA 

encodingaproteinsuchasanenzyme.  
I' 

[030] PatientAsusedhereinthetermpatient"or"subject"referstoanyorganismtowhicha 
providedcompositionmaybeadministerede.g.,forexperimentaldiagnosticprophylactic, 

cosmeticand/ortherapeuticpurposes.Typicalpatientsincludeanimals(e.g.,mammalssuchas 

miceratsrabbitsnon-humanprimatesand/orhumans).Insomeembodimentsapatientisa 

human.Ahumanincludespre-andpost-natalforms.  
'I 

[031] Pharmaceuticallyacceptable:Thetermpharmaceuticallyacceptable,"asusedhereinrefers 
tosubstancesthatwithinthescopeofsoundmedicaljudgmentaresuitableforuseincontactwith 
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thetissuesofhumanbeingsandanimalswithoutexcessivetoxicityirritationallergicresponseor 

otherproblemorcomplicationcommensuratewithareasonablebenefit/riskratio.  

[032] Pharmaceuticallyacceptablesalt:Pharmaceuticallyacceptablesaltsarewellknowninthe 

art.ForexampleS.M.Bergeetal.,describespharmaceuticallyacceptablesaltsindetailinI.  

PharmaceuticalSciences(1977)66:1-19.Pharmaceuticallyacceptablesaltsofthecompoundsofthis 

inventionincludethosederivedfromsuitableinorganicandorganicacidsandbases.Examplesof 

pharmaceuticallyacceptablenontoxicacidadditionsaltsaresaltsofanaminogroupformedwith 

inorganicacidssuchashydrochloricacidhydrobromicacidphosphoricacidsulfuricacidand 

perchloricacidorwithorganicacidssuchasaceticacidoxalicacidmaleicacidtartaricacidcitric 

acidsuccinicacidormalonicacidorbyusingothermethodsusedintheartsuchasionexchange.  

Otherpharmaceuticallyacceptablesaltsincludeadipatealginateascorbateaspartate 

benzenesulfonatebenzoatebisulfateboratebutyratecamphoratecamphorsulfonatecitrate, 

cyclopentanepropionatedigluconatedodecylsulfateethanesulfonateformatefumarate, 

glucoheptonateglycerophosphategluconatehemisulfateheptanoatehexanoatehydroiodide,2

hydroxy-ethanesulfonatelactobionatelactatelauratelaurylsulfatemalatemaleatemalonate, 

methanesulfonate,2-naphthalenesulfonatenicotinatenitrateoleateoxalatepalmitatepamoate 

pectinatepersulfate,3-phenylpropionatephosphatepicratepivalatepropionatestearate, 

succinatesulfatetartratethiocyanatep-toluenesulfonateundecanoatevaleratesaltsandthe 

like.Saltsderivedfromappropriatebasesincludealkalimetalalkalineearthmetalammoniumand 
S N~(C>4alkyl)4salts.Representativealkalioralkalineearthmetalsaltsincludesodiumlithium, 

potassiumcalciummagnesiumandthelike.Furtherpharmaceuticallyacceptablesaltsinclude, 

counterionssuchashalidehydroxidecarboxylatesulfatephosphatenitratesulfonateandaryl 

sulfonate.Furtherpharmaceuticallyacceptablesaltsincludesaltsformedfromthequarternization 

ofanamineusinganappropriateelectrophilee.g.,analkylhalidetoformaquarternizedalkylated 

aminosalt.  
'Vt [033] Systemicdistributionordelivery:Asusedhereinthetermssystemicdistributionor 

ft systemicdeliveryorgrammaticalequivalentsthereofrefertoadeliveryordistribution 

mechanismorapproachthataffecttheentirebodyoranentireorganism.Typicallysystemic 

distributionordeliveryisaccomplishedviabody'scirculationsysteme.g.,bloodstream.Compared 

tothedefinitionof"localdistributionordelivery.  
ft 

[034] Subject:Asusedhereinthetermsubject"referstoahumanoranynon-humananimal 
S (e.g.,mouseratrabbitdogcatcattleswinesheephorseorprimate).Ahumanincludespre-and 

post-natalforms.Inmanyembodimentsasubjectisahumanbeing.Asubjectcanbeapatient, 
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WO2022/066678 PCT/IJS2021/051403 

whichreferstoahumanpresentingtoamedicalproviderfordiagnosisortreatmentofadisease.  

Thetermftsubject"isusedhereininterchangeablywith"individual"orftpatient."Asubjectcanbe 

afflictedwithorissusceptibletoadiseaseordisorderbutmayormaynotdisplaysymptomsofthe 

diseaseordisorder.  
ft 

[035] Substantially:Asusedhereinthetermsubstantially"referstothequalitativeconditionof 
exhibitingtotalornear-totalextentordegreeofacharacteristicorpropertyofinterest.Oneof 

ordinaryskillinthebiologicalartswillunderstandthatbiologicalandchemicalphenomenararelyif 

evergotocompletionand/orproceedtocompletenessorachieveoravoidanabsoluteresult.The 

termftsubstantially"isthereforeusedhereintocapturethepotentiallackofcompletenessinherent 

inmanybiologicalandchemicalphenomena.  

[036] Targettissues:Asusedhereintheterm"targettissuesreferstoanytissuethatisaffected 

byadiseasetobetreated.Insomeembodimentstargettissuesincludethosetissuesthatdisplay 

disease-associatedpathologysymptomorfeature.  

[037] Therapeuticallyeffectiveamount:Asusedhereintheterm"therapeuticallyeffective 

amount"ofatherapeuticagentmeansanamountthatissufficientwhenadministeredtoasubject 

sufferingfromorsusceptibletoadiseasedisorderand/orconditiontotreatdiagnoseprevent 

and/ordelaytheonsetofthesymptom(s)ofthediseasedisorderand/orcondition.Itwillbe 

appreciatedbythoseofordinaryskillintheartthatatherapeuticallyeffectiveamountistypically 

administeredviaadosingregimencomprisingatleastoneunitdose.  

[038] Treating:Asusedhereintheterm"treat" "treatment,"or"treatingreferstoanymethod 

usedtopartiallyorcompletelyalleviateamelioraterelieveinhibitpreventdelayonsetofreduce 

disorderand/orcondition.Treatmentmaybeadministeredtoasubjectwhodoesnotexhibitsigns 

ofadiseaseand/orexhibitsonlyearlysignsofthediseaseforthepurposeofdecreasingtheriskof 

developingpathologyassociatedwiththedisease.  

Chemicaldefinitions 
ft [039] Acyl:Asusedhereinthetermacyl"referstoRzm(C=O)mwhereinRZisforexampleany 

alkylalkenylalkynylheteroalkylorheteroalkylene.  

[040] Aliphatic:AsusedhereinthetermaliphaticreferstoC 1 -C5 0 hydrocarbonsandincludesboth 

saturatedandunsaturatedhydrocarbons.Analiphaticmaybelinearbranchedorcyclic.For 

exampleC1-C20aliphaticscanincludeC1-C2 0alkyls(e.g.,linearorbranchedC1-C20saturatedalkyls), 

c2-c20alkenyls(e.g.,linearorbranchedC4-C2 0dienylslinearorbranchedC6-C2 0 trienylsandthelike), 

andC2-C20alkynyls(e.g.,linearorbranchedC2-C20alkynyls).C1-C20aliphaticscanincludeC3-C20cyclic 
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severityofand/orreduceincidenceofoneormoresymptomsorfeaturesofaparticulardisease,
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aliphatics(e.g.,C3-C20cycloalkylsC4-C20cycloalkenylsorC8-C20cycloalkynyls).Incertain 

embodimentsthealiphaticmaycompriseoneormorecyclicaliphaticand/oroneormore 

heteroatomssuchasoxygennitrogenorsulfurandmayoptionallybesubstitutedwithoneormore 

substituentssuchasalkylhaloalkoxylhydroxyaminoaryletheresteroramide.Analiphatic 

groupisunsubstitutedorsubstitutedwithoneormoresubstituentgroupsasdescribedherein.For 

exampleanaliphaticmaybesubstitutedwithoneormore(e.g.,1,2,3,4,5,or6independently 

selectedsubstituents)ofhalogen,-COR''-CO2H,-CO2R",-CN-OH-OR"-OCOR'-OCO 2R~~,-NH2 ,

NHR"-N(R")2 ,-SR"or-SO2R"whereineachinstanceofR"independentlyisC1-C2 0aliphatic(e.g.,C1

C20alkylC1-C15alkylC1-C10alkylorC1-C3alkyl).InembodimentsR"independentlyisan 

unsubstitutedalkyl(e.g.,unsubstitutedC1-C20alkylC1-C15alkylC1-C10alkylorC1-C3alkyl).In 

embodimentsR"independentlyisunsubstitutedC 1 -C3 alkyl.Inembodimentsthealiphaticis 

unsubstituted.Inembodimentsthealiphaticdoesnotincludeanyheteroatoms.Alkyl:Asused 

hereintheterm"alkyl"meansacycliclinearandbranchedhydrocarbongroupse.g."C 1 -C3 0alkyl" 

referstoalkylgroupshaving1-30carbons.Analkylgroupmaybelinearorbranched.Examplesof 

alkylgroupsincludebutarenotlimitedtomethylethyln-propylisopropylbutylisobutylsec

butyltert-butylpentylisopentyltert-pentylhexylisohexyletc.Theterm"loweralkyl"meansan 

alkylgroupstraightchainorbranchedalkylhaving1to6carbonatoms.Otheralkylgroupswillbe 

readilyapparenttothoseofskillintheartgiventhebenefitofthepresentdisclosure.Analkylgroup 
S maybeunsubstitutedorsubstitutedwithoneormoresubstituentgroupsasdescribedherein.For 

exampleanalkylgroupmaybesubstitutedwithoneormore(e.g.,1,2,3,4,5,or6independently 

selectedsubstituents)ofhalogen,-COR''-CO2H,-CO2R",-CN-OH-OR"-OCOR'-OCO 2R~~,-NH2 ,

C20alkylC1-C1 5alkylC1-C10alkylorC1-C3alkyl).InembodimentsR"independentlyisan 

unsubstitutedalkyl(e.g.,unsubstitutedC1-C20alkylC1-C15alkylC1-C10alkylorC1-C3alkyl).In 

embodimentsR"independentlyisunsubstitutedC 1 -C3 alkyl.Inembodimentsthealkylis 

substituted(e.g.,with1,2,3,4,5,or6substituentgroupsasdescribedherein).Inembodimentsan 
S ft 

alkylgroupissubstitutedwitha-OHgroupandmayalsobereferredtohereinasahydroxyalkyl" 
groupwheretheprefixdenotesthe-OHgroupand"alkyl"isasdescribedherein.  

[041] Asusedherein"alkyl"alsoreferstoaradicalofastraight-chainorbranchedsaturated 

hydrocarbongrouphavingfrom1to50carbonatoms("Ct-C 5 0 alkyl").Insomeembodimentsanalkyl 

grouphas1to40carbonatoms("Ct-C 4 0 alkyl").Insomeembodimentsanalkylgrouphas1to30 

carbonatoms("Ct-C 3 0 alkyl").Insomeembodimentsanalkylgrouphas1to20carbonatoms("Ci

C2 0 alkyl").Insomeembodimentsanalkylgrouphas1to10carbonatoms("Ct-Ctoalkyl").Insome 

embodimentsanalkylgrouphas1to9carbonatoms("Ct-C 9 alkyl").Insomeembodimentsanalkyl 
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NHR"-N(R")2 ,-SR"or-SO2R"whereineachinstanceofR"independentlyisC1-C2 0aliphatic(e.g.,C1 -
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grouphas1to8carbonatoms("Ct-C 8 alkyl").Insomeembodimentsanalkylgrouphas1to7 

carbonatoms('ti-C 7 alkyl").Insomeembodimentsanalkylgrouphas1to6carbonatoms('ti-C 6 

alkyl").Insomeembodimentsanalkylgrouphas1to5carbonatoms("C 1 -C5 alkyl").Insome 

embodimentsanalkylgrouphas1to4carbonatoms("C 1 -C4 alkyl").Insomeembodimentsanalkyl 

grouphas1to3carbonatoms("Ct-C 3 alkyl").Insomeembodimentsanalkylgrouphas1to2 

carbonatoms("C1 -C2 alkyl").Insomeembodimentsanalkylgrouphas1carbonatom("C 1 alkyl").In 

someembodimentsanalkylgrouphas2to6carbonatoms("C 2 -C6alkyl").ExamplesofCi-C 6alkyl 

groupsincludewithoutlimitationmethyl(C 1),ethyl(C2),n-propyl(C3),isopropyl(C3),n-butyl(C4), 

tert-butyl(C4),sec-butyl(C4),iso-butyl(C4),n-pentyl(C5),3-pentanyl(C5),amyl(C5),neopentyl(C5),3

methyl-2-butanyl(C5),tertiaryamyl(C5),andn-hexyl(C6).Additionalexamplesofalkylgroups 

includen-heptyl(C7 ),n-octyl(Cs)andthelike.Unlessotherwisespecifiedeachinstanceofanalkyl 

groupisindependentlyunsubstituted(an"unsubstitutedalkyl")orsubstituted(a"substitutedalkyl") 

withoneormoresubstituents.IncertainembodimentsthealkylgroupisanunsubstitutedC 1 -C5 0 

alkyl.IncertainembodimentsthealkylgroupisasubstitutedC 1-C5 0alkyl.  

[042] Affixingthesuffix"-enetoagroupindicatesthegroupisadivalentmoietye.g.,aryleneis 

thedivalentmoietyofarylandheteroaryleneisthedivalentmoietyofheteroaryl.  

[043] Alkylene:Thetermalkyleneasusedhereinrepresentsasaturateddivalentstraightor 

branchedchainhydrocarbongroupandisexemplifiedbymethyleneethyleneisopropyleneandthe 

like.Likewisetheterm'alkenyleneasusedhereinrepresentsanunsaturateddivalentstraightor 

branchedchainhydrocarbongrouphavingoneormoreunsaturatedcarbon-carbondoublebonds 

thatmayoccurinanystablepointalongthechainandtheterm"alkynylene"hereinrepresentsan 

carbon-carbontriplebondsthatmayoccurinanystablepointalongthechain.Incertain 

embodimentsanalkylenealkenyleneoralkynylenegroupmaycompriseoneormorecyclic 

aliphaticand/oroneormoreheteroatomssuchasoxygennitrogenorsulfurandmayoptionallybe 

substitutedwithoneormoresubstituentssuchasalkylhaloalkoxylhydroxyaminoarylether 

esteroramide.Forexampleanalkylenealkenyleneoralkynylenemaybesubstitutedwithoneor 

more(e.g.,1,2,3,4,5,or6independentlyselectedsubstituents)ofhalogen-COR",-CO2 H,-CO2 R" 

-CN,-OH,-OR",-OCOR", -NH2,-NHR" or-SO2 R"whereineachinstanceofR" 

independentlyisC1-C20aliphatic(e.g.,C1-C20alkylC1-C15alkylC1-C10alkylorC1-C3alkyl).In 

embodimentsR"independentlyisanunsubstitutedalkyl(e.g.,unsubstitutedC1-C2 0alkylC1-C1 5 

alkylC1-C10alkylorC1-C3alkyl).InembodimentsR"independentlyisunsubstitutedC 1-C3alkyl.In 

certainembodimentsanalkylenealkenyleneoralkynyleneisunsubstituted.Incertain 

embodimentsanalkylenealkenyleneoralkynylenedoesnotincludeanyheteroatoms.Alkenyl:As 
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usedherein"alkenyl"meansanylinearorbranchedhydrocarbonchainshavingoneormore 

unsaturatedcarbon-carbondoublebondsthatmayoccurinanystablepointalongthechaine.g.  

11c2-c30alkenyl"referstoanalkenylgrouphaving2-30carbons.Forexampleanalkenylgroup 

includesprop-2-enylbut-2-enylbut-3-enyl,2-methylprop-2-enylhex-2-enylhex-5-enyl,2,3

dimethylbut-2-enylandthelike.Inembodimentsthealkenylcomprises1,2,or3carbon-carbon 

doublebond.Inembodimentsthealkenylcomprisesasinglecarbon-carbondoublebond.In 

embodimentsmultipledoublebonds(e.g.,2or3)areconjugated.Analkenylgroupmaybe 

unsubstitutedorsubstitutedwithoneormoresubstituentgroupsasdescribed S Forexample, 

analkenylgroupmaybesubstitutedwithoneormore(e.g.,1,2,3,4,5,or6independentlyselected 

substituents)ofhalogen,-COR"-CO2H,-CO2R~~,-CN,-OH,-OR'',-OCOR",-OCO2R",-NH2,-NHR'', 

N(R")2 ,-SR"or-SO2R"whereineachinstanceofR"independentlyisC 1 -C2 0aliphatic(e.g.,C1 -C20 

alkylC1-C1 5alkylC1-C1 0alkylorC1-C3alkyl).InembodimentsR"independentlyisanunsubstituted 

alkyl(e.g.,unsubstitutedC1-C20alkylC1-C15alkylC1-C10alkylorC1-C3alkyl).InembodimentsR" 

independentlyisunsubstitutedC1 -C3alkyl.Inembodimentsthealkenylisunsubstituted.In 

embodimentsthealkenylissubstituted(e.g.,with1,2,3,4,5,or6substituentgroupsasdescribed 

herein).Inembodimentsanalkenylgroupissubstitutedwitha-OHgroupandmayalsobereferred 

tohereinasa"hydroxyalkenyl"groupwheretheprefixdenotesthe-OHgroupand"alkenyl"isas 

describedherein.  

[044] Asusedherein"alkenyl"alsoreferstoaradicalofastraight-chainorbranchedhydrocarbon 

grouphavingfrom2to50carbonatomsandoneormorecarbon-carbondoublebonds(e.g.,1,2,3, 

or4doublebonds)("C2 -C5 0 alkenyl").Insomeembodimentsanalkenylgrouphas2to40carbon 

alkenyl").Insomeembodimentsanalkenylgrouphas2to20carbonatoms("C 2 -C2 0alkenyl").In 

someembodimentsanalkenylgrouphas2to10carbonatoms("'C2-Crnalkenyl").Insome 

embodimentsanalkenylgrouphas2to9carbonatoms("C 2 -C9 alkenyl").Insomeembodimentsan 

alkenylgrouphas2to8carbonatoms("C 2 -C8 alkenyl").Insomeembodimentsanalkenylgrouphas 

2toIcarbonatoms("C 2 -C7 alkenyl").Insomeembodimentsanalkenylgrouphas2to6carbon 

atoms("C2 -C6 alkenyl").Insomeembodimentsanalkenylgrouphas2to5carbonatoms("C 2-C5 

alkenyl").Insomeembodimentsanalkenylgrouphas2to4carbonatoms("C 2 -C4 alkenyl").Insome 

embodimentsanalkenylgrouphas2to3carbonatoms("C 2 -C3 alkenyl").Insomeembodimentsan 

alkenylgrouphas2carbonatoms("C 2 alkenyl").Theoneormorecarbon-carbondoublebondscan 

beinternal(suchasin2-butenyl)orterminal(suchasin1-butenyl).ExamplesofC 2 -C4 alkenylgroups 

includewithoutlimitationethenyl(C2),1-propenyl(C3),2-propenyl(C3),1-butenyl(C4),2-butenyl 

(C4),butadienyl(C4),andthelike.ExamplesofC2-C6alkenylgroupsincludetheaforementionedC 2-C4 
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alkenylgroupsaswellaspentenyl(C5 ),pentadienyl(C5 ),hexenyl(C6),andthelike.Additional 

examplesofalkenylincludeheptenyl(C7 ),octenyl(C8 ),octatrienyl(C8),andthelike.Unless 

otherwisespecifiedeachinstanceofanalkenylgroupisindependentlyunsubstituted(an 

ft S alkenyl")orsubstituted(a"substitutedalkenyl")withoneormoresubstituents.In 

certainembodimentsthealkenylgroupisanunsubstitutedC 2-C5 0 alkenyl.Incertainembodiments, 

thealkenylgroupisasubstitutedC2-C5 0 alkenyl.  
ft 

[045] Alkynyl:Asusedhereinalkynyl"meansanyhydrocarbonchainofeitherlinearorbranched 
configurationhavingoneormorecarbon-carbontriplebondsoccurringinanystablepointalongthe 

I 

chaine.g.,'C2-C3 0 alkynyl",referstoanalkynylgrouphaving2-30carbons.Examplesofanalkynyl 
groupincludeprop-2-ynylbut-2-ynylbut-3-ynylpent-2-ynyl,3-methylpent-4-ynylhex-2-ynylhex

5-ynyletc.Inembodimentsanalkynylcomprisesonecarbon-carbontriplebond.Analkynylgroup 
S maybeunsubstitutedorsubstitutedwithoneormoresubstituentgroupsasdescribedherein.For 

exampleanalkynylgroupmaybesubstitutedwithoneormore(e.g.,1,2,3,4,5,or6 

independentlyselectedsubstituents)ofhalogen-COR"-CO 2H,-CO2R",CN,-OH,-OR"-OCOR"

OCO2R~~-NH2,-NHR" or-SO2R"whereineachinstanceofR"independentlyisC 1-C2 0 

aliphatic(e.g.,C1-C20alkylC1-C15alkylC1-C10alkylorC1-C3alkyl).InembodimentsR" 

independentlyisanunsubstitutedalkyl(e.g.,unsubstitutedC1 -C20alkylC1 -C15alkylC1 -C1 0alkylor 

cl-c3alkyl).InembodimentsR"independentlyisunsubstitutedC 1 -C3 alkyl.Inembodimentsthe 

alkynylisunsubstituted.Inembodimentsthealkynylissubstituted(e.g.,with1,2,3,4,5,or6 

substituentgroupsasdescribedherein).  

[046] Asusedherein"alkynyl"alsoreferstoaradicalofastraight-chainorbranchedhydrocarbon 

4triplebonds)andoptionallyoneormoredoublebonds(e.g.,1,2,3,or4doublebonds)("C2 -C5 0 

alkynyl").Analkynylgroupthathasoneormoretriplebondsandoneormoredoublebondsisalso 

referredtoasanftene-yne Insomeembodimentsanalkynylgrouphas2to40carbonatoms("C 2

C4 0alkynyl").Insomeembodimentsanalkynylgrouphas2to30carbonatoms("C 2-C3 0alkynyl").In 

someembodimentsanalkynylgrouphas2to20carbonatoms("C 2 -C2 0 alkynyl").Insome 

embodimentsanalkynylgrouphas2to10carbonatoms("C 2 -Cioalkynyl").Insomeembodiments, 

analkynylgrouphas2to9carbonatoms("C 2 -C9 alkynyl").Insomeembodimentsanalkynylgroup 

has2to8carbonatoms("C 2 -Cgalkynyl").Insomeembodimentsanalkynylgrouphas2toIcarbon 

atoms("C2 -C7alkynyl").Insomeembodimentsanalkynylgrouphas2to6carbonatoms("C 2-C6 

alkynyl").Insomeembodimentsanalkynylgrouphas2to5carbonatoms("C 2 -C5 alkynyl").Insome 

embodimentsanalkynylgrouphas2to4carbonatoms("C 2 -C4 alkynyl").Insomeembodimentsan 

alkynylgrouphas2to3carbonatoms("C 2-C3 alkynyl").Insomeembodimentsanalkynylgrouphas 
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2carbonatoms("C 2 alkynyl").Theoneormorecarbon--carbontriplebondscanbeinternal(suchas 

in2-butynyl)orterminal(suchasin1-butynyl).ExamplesofC 2-C4alkynylgroupsincludewithout 

limitationethynyl(C2),1-propynyl(C3),2-propynyl(C3),1-butynyl(C4),2-butynyl(C4),andthelike.  

ExamplesofC2-C6alkenylgroupsincludetheaforementionedC 2-C4alkynylgroupsaswellas 

pentynyl(C5),hexynyl(C6),andthelike.Additionalexamplesofalkynylincludeheptynyl(C7),octynyl 

(C8 ),andthelike.Unlessotherwisespecifiedeachinstanceofanalkynylgroupisindependently 

unsubstituted(an"unsubstitutedalkynyl")orsubstituted(a"substitutedalkynyl")withoneormore 

substituents.IncertainembodimentsthealkynylgroupisanunsubstitutedC 2 -C5 0alkynyl.Incertain 

embodimentsthealkynylgroupisasubstitutedC 2-C5 0alkynyl.  
'I 

[047] Aryl:Thetermaryl"usedaloneoraspartofalargermoietyasin"aralkyl,"referstoa 
monocyclicbicyclicortricycliccarbocyclicringsystemhavingatotalofsixtofourteenring 

memberswhereinsaidringsystemhasasinglepointofattachmenttotherestofthemoleculeat 

leastoneringSinthesystemisaromaticandwhereineachringinthesystemcontains4to7ring 

members.Inembodimentsanarylgrouphas6ringcarbonatoms("C 6 aryl,"e.g.,phenyl).Insome 

embodimentsanarylgrouphas10ringcarbonatoms("Cioaryl,"e.g.,naphthylsuchas1-naphthyl 

and2-naphthyl).Insomeembodimentsanarylgrouphas14ringcarbonatoms("C 1 4 aryl,"e.g., 

anthracyl)."Aryl"alsoincludesringsystemswhereinthearylringasdefinedaboveisfusedwith 

oneormorecarbocyclylorheterocyclylgroupswhereintheradicalorpointofattachmentisonthe 

arylringandinsuchinstancesthenumberofcarbonatomscontinuetodesignatethenumberof 

carbonatomsinthearylringsystem.Exemplaryarylsincludephenylnaphthylandanthracene.  

[048] Asusedherein"aryl"alsoreferstoaradicalofamonocyclicorpolycyclic(e.g.,bicyclicor 

having6-14ringcarbonatomsandzeroheteroatomsprovidedinthearomaticringsystem("C 6 -C1 4 

aryl").Insomeembodimentsanarylgrouphas6ringcarbonatoms("C 6 aryl";e.g.,phenyl).Insome 

embodimentsanarylgrouphas10ringcarbonatoms("Cioaryl";e.g.,naphthylsuchas1-naphthyl 

and2-naphthyl).Insomeembodimentsanarylgrouphas14ringcarbonatoms("C 1 4 aryl";e.g., 

anthracyl)."Aryl"alsoincludesringsystemswhereinthearylringasdefinedaboveisfusedwith 

oneormorecarbocyclylorheterocyclylgroupswhereintheradicalorpointofattachmentisonthe 

arylringandinsuchinstancesthenumberofcarbonatomscontinuetodesignatethenumberof 

carbonatomsinthearylringsystem.Unlessotherwisespecifiedeachinstanceofanarylgroupis 

independentlyunsubstituted(an"unsubstitutedaryl")orsubstituted(a"substitutedaryl")withone 

ormoresubstituents.IncertainembodimentsthearylgroupisanunsubstitutedC 6 -C1 4 aryl.In 

certainembodimentsthearylgroupisasubstitutedC 6-C1 4 aryl.  
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tricyclic)4n+2aromaticringsystem(e.g.,having6,10,or14iielectronssharedinacyclicarray)
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ft [049] Arylene:Thetermaryleneasusedhereinreferstoanarylgroupthatisdivalent(thatis, 

havingtwopointsofattachmenttothemolecule).Exemplaryarylenesincludephenylene(e.g., 

unsubstitutedphenyleneorsubstitutedphenylene).  
ft 

[050] Carbocyclyl:Asusedherein"carbocyclyl"orcarbocyclic"referstoaradicalofanon
aromaticcyclichydrocarbongrouphavingfrom3to10ringcarbonatoms("CrCiocarbocyclyl") 

andzeroheteroatomsinthenon-aromaticringsystem.Insomeembodimentsacarbocyclylgroup 

has3to8ringcarbonatoms("Q-C 8 carbocyclyl").Insomeembodimentsacarbocyclylgrouphas 

3to7ringcarbonatoms("C 3 -C7 carbocyclyl").Insomeembodimentsacarbocyclylgrouphas3to 

6ringcarbonatoms("Q-C 6 carbocyclyl").Insomeembodimentsacarbocyclylgrouphas4to6 

ringcarbonatoms("C 4 -C6 carbocyclyl").Insomeembodimentsacarbocyclylgrouphas5to6ring 

carbonatoms("'C 5 -C6 carbocyclyl").Insomeembodimentsacarbocyclylgrouphas5to10ring 

carbonatoms("'C 5-Ciocarbocyclyl").ExemplaryC 3-C6carbocyclylgroupsincludewithout 

limitationcyclopropyl(C3),cyclopropenyl(C3),cyclobutyl(C4),cyclobutenyl(C4),cyclopentyl(C5), 

cyclopentenyl(C5),cyclohexyl(C6),cyclohexenyl(C6),cyclohexadienyl(C6),andthelike.Exemplary 

C3-C8carbocyclylgroupsincludewithoutlimitationtheaforementionedC 3-C6carbocyclylgroups 

aswellascycloheptyl(C7),cycloheptenyl(C7),cycloheptadienyl(C7),cycloheptatrienyl(C7), 

cyclooctyl(C8),cyclooctenyl(Cs),bicyclo[2.2.1]heptanyl(C7),bicyclo[2.2.2]octanyl(Cs),andthe 

like.ExemplaryC3-C1 0carbocyclylgroupsincludewithoutlimitationtheaforementionedC 3-C8 

carbocyclylgroupsaswellascyclononyl(C9),cyclononenyl(C9),cyclodecyl(Cio),cyclodecenyl(Cio), 

octahydro-1H-indenyl(C9),decahydronaphthalenyl(C1 0),spiro[4.5]decanyl(Cio),andthelike.As 

theforegoingexamplesillustrateincertainembodimentsthecarbocyclylgroupiseither 

systemsuchasabicyclicsystem("bicycliccarbocyclyl")ortricyclicsystem("tricycliccarbocyclyl")) 

andcanbesaturatedorcancontainoneormorecarbon-carbondoubleortriplebonds.  

"Carbocyclyl"alsoincludesringsystemswhereinthecarbocyclylringasdefinedaboveisfused 

withoneormorearylorheteroarylgroupswhereinthepointofattachmentisonthecarbocyclyl 

ringandinsuchinstancesthenumberofcarbonscontinuetodesignatethenumberofcarbonsin 

thecarbocyclicringsystem.Unlessotherwisespecifiedeachinstanceofacarbocyclylgroupis 

independentlyunsubstituted(an"unsubstitutedcarbocyclyl")orsubstituted(a"substituted 

carbocyclyl")withoneormoresubstituents.Incertainembodimentsthecarbocyclylgroupisan 

unsubstitutedC3 -C1 0carbocyclyl.Incertainembodimentsthecarbocyclylgroupisasubstituted 

C3-C1ocarbocyclyl.  
ft II ft 

[051] Insomeembodimentscarbocyclyl"orcarbocyclic"isreferredtoasacycloalkyl",i.e.,a 
S monocyclicsaturatedcarbocyclylgrouphavingfrom3to10ringcarbonatoms("'C 3 -Cio 
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monocyclic("monocycliccarbocyclyl")orpolycyclic(e.g.,containingafusedbridgedorspiroring
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cycloalkyl").Insomeembodimentsacycloalkylgrouphas3to8ringcarbonatoms("CrCs 

cycloalkyl").Insomeembodimentsacycloalkylgrouphas3to6ringcarbonatoms("CrCs, 

cycloalkyl").Insomeembodimentsacycloalkylgrouphas4to6ringcarbonatoms("C 4 -C6 

cycloalkyl").Insomeembodimentsacycloalkylgrouphas5to6ringcarbonatoms("C 5 -C6 

cycloalkyl").Insomeembodimentsacycloalkylgrouphas5to10ringcarbonatoms("C 5 -Cio 

cycloalkyl").ExamplesofC5-C6cycloalkylgroupsincludecyclopentyl(C5)andcyclohexyl(C5).  

ExamplesofC3-C 6 cycloalkylgroupsincludetheaforementionedC 5-C6cycloalkylgroupsaswellas 

cyclopropyl(C3)andcyclobutyl(C4).ExamplesofCrC3cycloalkylgroupsincludethe 

aforementionedC 3-C6cycloalkylgroupsaswellascycloheptyl(C7)andcyclooctyl(C8).Unless 

otherwisespecifiedeachinstanceofacycloalkylgroupisindependentlyunsubstituted(an 

ftunsubstitutedcycloalkyl")orsubstituted(a"substitutedcycloalkyl")withoneormore 

substituents.IncertainembodimentsthecycloalkylgroupisanunsubstitutedC 3 -C1 0 cycloalkyl.In 

certainembodimentsthecycloalkylgroupisasubstitutedC 3-C1 0cycloalkyl.  

[052] Halogen:Asusedhereintheterm"halogenmeansfluorinechlorinebromineoriodine.  

[053] Heteroalkyl:Theterm"heteroalkyl"ismeantabranchedorunbranchedalkylalkenylor 

alkynylgrouphavingfrom1to14carbonatomsinadditionto1,2,3or4heteroatoms 

independentlyselectedfromthegroupconsistingofN,0,SandP.Heteroalkylsincludetertiary 

aminessecondaryaminesethersthioethersamidesthioamidescarbamatesthiocarbamates, 

hycirazonesiminesphosphociiestersphosphoramidatessulfonamidesanddisulfides.A 

heteroalkylgroupmayoptionallyincludemonocyclicbicyclicortricyclicringsinwhicheachring 

desirablyhasthreetosixmembers.Examplesofheteroalkylsincludepolyetherssuchas 

methoxymethylandethoxyethyl.  

[054] Heteroalkylene:Theterm'heteroalkylene asusedhereinrepresentsadivalentformofa 
heteroalkylgroupasdescribedherein.  

[055] Heteroaryl:Theterm"heteroaryl,"asusedhereinisfullyunsaturatedheteroatom
S containingringwhereinatleastoneringatomisaheteroatomsuchasbutnotlimitedtonitrogen 

andoxygen.  

[056] Asusedherein"heteroaryl"alsoreferstoaradicalofa5-14memberedmonocyclicor 

polycyclic(e.g.,bicyclicortricyclic)4n+2aromaticringsystem(e.g.,having6,10,or14aelectrons 

sharedinacyclicarray)havingringcarbonatomsand1ormore(e.g.,1,2,3,or4ringheteroatoms) 

ringheteroatomsprovidedinthearomaticringsystemwhereineachheteroatomisindependently 

selectedfromoxygensulfurnitrogenboronsiliconandphosphorus("5-14membered 

heteroaryl").Inheteroarylgroupsthatcontainoneormorenitrogenatomsthepointofattachment 

canbeacarbonornitrogenatomasvalencypermits.Heteroarylpolycyclicringsystemscaninclude 
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oneormoreheteroatomsinoneorbothrings.I 1 HeteroaryI~~includesringsystemswhereinthe 

heteroarylringasdefinedaboveisfusedwithoneormorecarbocyclylorheterocyclylgroups 

S thepointofattachmentisontheheteroarylringandinsuchinstancesthenumberofring 

memberscontinuetodesignatethenumberofringmembersintheheteroarylringsystem.  

"Heteroaryl"alsoincludesringsystemswhereintheheteroarylringasdefinedaboveisfusedwith 

oneormorearylgroupswhereinthepointofattachmentiseitheronthearylorheteroarylringand 

insuchinstancesthenumberofringmembersdesignatesthenumberofringmembersinthefused 

polycyclic(aryl/heteroaryl)ringsystem.Polycyclicheteroarylgroupswhereinoneringdoesnot 

containaheteroatom(e.g.,indolylquinolinylcarbazolylandthelike)thepointofattachmentcan 

beoneitherringSi.e.,eithertheringbearingaheteroatom(e.g.,2-indolyl)ortheringthatdoesnot 

containaheteroatom(e.g.,5-indolyl).  

[057] Insomeembodimentsaheteroarylgroupisa5-10memberedaromaticringsystemhaving 

ringcarbonatomsand1ormore(e.g.,1,2,3,or4)ringheteroatomsprovidedinthearomaticring 

systemwhereineachheteroatomisindependentlyselectedfromoxygensulfurnitrogenboron 

siliconandphosphorus("5-10memberedheteroaryl").Insomeembodimentsaheteroarylgroupis 

a5-8memberedaromaticringsystemhavingringcarbonatomsand1ormore(e.g.,1,2,3,or4) 

ringheteroatomsprovidedinthearomaticringsystemwhereineachheteroatomisindependently 

selectedfromoxygensulfurnitrogenboronsiliconandphosphorus("5-8memberedheteroaryl").  

Insomeembodimentsaheteroarylgroupisa5-6memberedaromaticringsystemhavingring 

carbonatomsand1ormore(e.g.,1,2,3,or4)ringheteroatomsprovidedinthearomaticring 

systemwhereineachheteroatomisindependentlyselectedfromoxygensulfurnitrogenboron 

heteroarylhas1ormore(e.g.,1,2,or3)ringheteroatomsselectedfromoxygensulfurnitrogen 

boronsiliconandphosphorus.Insomeembodimentsthe5-6memberedheteroarylhas1or2ring 

heteroatomsselectedfromoxygensulfurnitrogenboronsiliconandphosphorus.Insome 

embodimentsthe5-6memberedheteroarylhas1ringheteroatomselectedfromoxygensulfur, 

nitrogenboronsiliconandphosphorus.Unlessotherwisespecifiedeachinstanceofaheteroaryl 

groupisindependentlyunsubstituted(an"unsubstitutedheteroaryl")orsubstituted(a"substituted 

heteroaryl")withoneormoresubstituents.Incertainembodimentstheheteroarylgroupisan 

unsubstituted5-14memberedheteroaryl.Incertainembodimentstheheteroarylgroupisa 

substituted5-14memberedheteroaryl.  

[058] Exemplary5-memberedheteroarylgroupscontaining1heteroatomincludewithout 

limitationpyrrolylfuranylandthiophenyl.Exemplary5-memberedheteroarylgroupscontaining2 

heteroatomsincludewithoutlimitationimidazolylpyrazolyloxazolylisoxazolylthiazolyland 

17 

siliconandphosphorus("5-6memberedheteroaryl").Insomeembodimentsthe5-6membered
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isothiazolyl.Exemplary5-memberedheteroarylgroupscontaining3heteroatomsincludewithout 

limitationtriazolyloxadiazolylandthiadiazolyl.Exemplary5-memberedheteroarylgroups 

containing4heteroatomsincludewithoutlimitationtetrazolyl.Exemplary6-memberedheteroaryl 

groupscontaining1heteroatomincludewithoutlimitationpyridinyl.Exemplary6-membered 

heteroarylgroupscontaining2heteroatomsincludewithoutlimitationpyridazinylpyrimidinyland 

pyrazinyl.Exemplary6-memberedheteroarylgroupscontaining3or4heteroatomsincludewithout 

limitationtriazinylandtetrazinylrespectively.Exemplary7-memberedheteroarylgroupscontaining 

1heteroatomincludewithoutlimitationazepinyloxepinylandthiepinyl.Exemplary5,6-bicyclic 

heteroarylgroupsincludewithoutlimitationindolylisoindolylindazolylbenzotriazolyl, 

benzothiophenylisobenzothiophenylbenzofuranylbenzoisofuranylbenzimidazolylbenzoxazolyl, 

benzisoxazolylbenzoxadiazolylbenzthiazolylbenzisothiazolylbenzthiadiazolylindolizinyland 

purinyl.Exemplary6,6-bicyclicheteroarylgroupsincludewithoutlimitationnaphthyridinyl, 
S pteridinylquinolinylisoquinolinylcinnolinylquinoxalinylphthalazinylandquinazolinyl.Exemplary 

tricyclicheteroarylgroupsincludewithoutlimitationphenanthridinyldibenzofuranylcarbazolyl, 

acridinylphenothiazinylphenoxazinylandphenazinyl.  
If 

[059] Asusedherein"heterocyclyl"orheterocyclic"referstoaradicalofa3-to14-membered 
non-aromaticringsystemhavingringcarbonatomsand1ormore(e.g.,1,2,3,or4)ring 

heteroatomswhereineachheteroatomisindependentlyselectedfromoxygensulfurnitrogen, 

boronsiliconandphosphorus("3-14memberedheterocyclyl").Inheterocyclylgroupsthatcontain 

oneormorenitrogenatomsthepointofattachmentcanbeacarbonornitrogenatomasvalency 

permits.Aheterocyclylgroupcaneitherbemonocyclic("monocyclicheterocyclyl")orpolycyclic 

tricyclicsystem("tricyclicheterocyclyl")).andcanbesaturatedorcancontainoneormorecarbon

carbondoubleortriplebonds.Heterocyclylpolycyclicringsystemscanincludeoneormore 

heteroatomsinoneorbothrings.I 1 Heterocyclyl~~alsoincludesringsystemswhereintheheterocyclyl 
S ringasdefinedaboveisfusedwithoneormorecarbocyclylgroupswhereinthepointof 

attachmentiseitheronthecarbocyclylorheterocyclylringorringsystemswhereintheheterocyclyl 

ringasdefinedaboveisfusedwithoneormorearylorheteroarylgroupswhereinthepointof 

attachmentisontheheterocyclylringandinsuchinstancesthenumberofringmemberscontinue 

todesignatethenumberofringmembersintheheterocyclylringsystem.Unlessotherwise 

specifiedeachinstanceofheterocyclylisindependentlyunsubstituted(an"unsubstituted 

heterocyclyl")orsubstituted(a"substitutedheterocyclyl")withoneormoresubstituents.Incertain 

embodimentstheheterocyclylgroupisanunsubstituted3-14memberedheterocyclyl.Incertain 

embodimentstheheterocyclylgroupisasubstituted3-14memberedheterocyclyl.  

18 

(e.g.,afusedbridgedorspiroringsystemsuchasabicyclicsystem("bicyclicheterocyclyl")or
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[060] Insomeembodimentsaheterocyclylgroupisa5-10memberednon-aromaticringsystem 

havingringcarbonatomsand1ormore(e.g.,1,2,3,or4)ringheteroatomswhereineach 

heteroatomisindependentlyselectedfromoxygensulfurnitrogenboronsiliconandphosphorus 

("5-10memberedheterocyclyl").Insomeembodimentsaheterocyclylgroupisa5-8membered 

non-aromaticringsystemhavingringcarbonatomsand1ormore(e.g.,1,2,3,or4)ring 

heteroatomswhereineachheteroatomisindependentlyselectedfromoxygensulfurnitrogen, 

boronsiliconandphosphorus("5-8memberedheterocyclyl").Insomeembodimentsa 

heterocyclylgroupisa5-6memberednon-aromaticringsystemhavingringcarbonatomsand1or 

more(e.g.,1,2,3,or4)ringheteroatomswhereineachheteroatomisindependentlyselectedfrom 

oxygensulfurnitrogenboronsiliconandphosphorus("5-6memberedheterocyclyl").Insome 

embodimentsthe5-6memberedheterocyclylhas1ormore(e.g.,1,2,or3)ringheteroatoms 

selectedfromoxygensulfurnitrogenboronsiliconandphosphorus.Insomeembodimentsthe5

6memberedheterocyclylhas1or2Sringheteroatomsselectedfromoxygensulfurnitrogenboron 

siliconandphosphorus.Insomeembodimentsthe5-6memberedheterocyclylhas1ring 

heteroatomselectedfromoxygensulfurnitrogenboronsiliconandphosphorus.  

[061] Exemplary3-memberedheterocyclylgroupscontaining1heteroatomincludewithout 

limitationazirdinyloxiranylthiorenyl.Exemplary4-memberedheterocyclylgroupscontaining1 

heteroatomincludewithoutlimitationazetidinyloxetanylandthietanyl.Exemplary5-membered 

heterocyclylgroupscontaining1heteroatomincludewithoutlimitation.tetrahydrofuranyl, 

dihydrofuranyltetrahydrothiophenyldihydrothiophenylpyrrolidinyldihydropyrrolylandpyrrolyl

2,5-dione.Exemplary5-memberedheterocyclylgroupscontaining2heteroatomsincludewithout 

containing3heteroatomsincludewithoutlimitationtriazolinyloxadiazolinylandthiadiazolinyl.  

Exemplary6-memberedheterocyclylgroupscontaining1heteroatomincludewithoutlimitation 

piperidinyltetrahydropyranyldihydropyridinylandthianyl.Exemplary6-memberedheterocyclyl 

groupscontaining2heteroatomsincludewithoutlimitationpiperazinylmorpholinyl, 

dithianyldioxanyl.Exemplary6-memberedheterocyclylgroupscontaining2heteroatoms 

includewithoutlimitationtriazinanyl.Exemplary7-memberedheterocyclylgroupscontaining1 

heteroatomincludewithoutlimitationazepanyloxepanylandthiepanyl.Exemplary8-membered 

heterocyclylgroupscontaining1heteroatomincludewithoutlimitationazocanyloxecanyland 

thiocanyl.Exemplarybicyclicheterocyclylgroupsincludewithoutlimitationindolinylisoindolinyl, 

dihydrobenzofuranyldihydrobenzothienyltetrahydrobenzothienyltetrahydrobenzofuranyl, 

tetrahydroindolyltetrahydroquinolinyltetrahydroisoquinolinyldecahydroquinolinyl, 

decahydroisoquinolinyloctahydrochromenyloctahydroisochromenyldecahydronaphthyridinyl, 
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limitationdioxolanyloxathiolanylanddithiolanyl.Exemplary5-memberedheterocyclylgroups
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decahydro-1,8-naphthyridinyloctahydropyrrolo[3,2-b]pyrroleindolinylphthalimidyl, 

naphthalimidylchromanylchromenyl,1H-benzo[e][1,4]diazepinyl,1,4,57-tetrahydropyrano[3,4-b] 

pyrroly',5,6-dihydro-4H-furo[3,2-b]pyrrolyl,6,Adihydro-5H-furo[3,2-b]pyranyl,57-dihydro-4H

thieno[2,3-c]pyranyl,2,3-dihydro-1H-pyrrolo[2,3-bIpyridinyl,2,3-dihydrofuro[2,3-b]pyridinyl,4,5,6,7

tetrahydro-1H-pyrrolo-[2,3-b]pyridinyl,4,5,6,7-tetrahydrofuro[3,2-c]pyridinyl,4,5,6,7-tetrahydrothlena 

[3,2-b]pyridinyl,1,2,3,4-tetrahydro-1,6-naphthyridinylandthelike.  

[062] Heterocycloalkyl:Theterm"heterocycloalkylasusedhereinisanon-aromaticring 

S atleastoneatomisaheteroatomsuchasbutnotlimitedtonitrogenoxygensulfuror 

phosphorusandtheremainingatomsarecarbon.Theheterocycloalkylgroupcanbesubstitutedor 

unsubstituted.  

[063] Asunderstoodfromtheabovealkylalkenylalkynylacylcarbocyclylheterocyclylaryl, 

andheteroarylgroupsasdefinedhereinareincertainembodimentsoptionallysubstituted.  

Optionallysubstitutedreferstoagroupwhichmaybesubstitutedorunsubstituted(e.g., 

"substituted"orftunsubstituted"alkyl,"substituted"or"unsubstituted"alkenyl,"substituted"or 

ft S alkynyl,"substituted"orftunsubstituted"heteroalkyl,"substituted"or 

ft S heteroalkenyl,"substituted"orunsubstituted"heteroalkynyl,"substituted"or 

ft S carbocyclyl,"substituted"orftunsubstituted"heterocyclyl,"substituted"or 

ft S arylor"substituted"orftunsubstituted"heteroarylgroup.Ingeneraltheterm 

ft S meansthatatleastonehydrogenpresentonagroupisreplacedwithapermissible 
S substituente.g.,asubstituentwhichuponsubstitutionresultsinastablecompounde.g.,a 

compoundwhichdoesnotspontaneouslyundergotransformationsuchasbyrearrangement, 
ft 

substituentatoneormoresubstitutablepositionsofthegroupandwhenmorethanoneposition 

inanygivenstructureissubstitutedthesubstituentiseitherthesameordifferentateach 
ft S 

position.Thetermsubstituted"iscontemplatedtoincludesubstitutionwithallpermissible 
substituentsoforganiccompoundsanyofthesubstituentsdescribedhereinthatresultsinthe 

formationofastablecompound.Thepresentinventioncontemplatesanyandallsuch 

combinationsinordertoarriveatastablecompound.Forpurposesofthisinvention 

heteroatomssuchasnitrogenmayhavehydrogensubstituentsand/oranysuitablesubstituentas 

describedhereinwhichsatisfythevalenciesoftheheteroatomsandresultsSintheformationofa 

stablemoiety.  
S 

[064] Exemplarycarbonatomsubstituentsincludebutarenotlimitedtohalogen-CN 

NO2,-N3,-SO2,-SO3H,-OH~oRaa~ON(Rbb)2 ,~N(Rbb)2 ,~N(Rbb)3 +X ~N(ORcc)Rbb,-SeH, mSeRaa, -SH 

~sRaamSSRCC, C(=O)Raa,-CO2H,-CHO, C(ORCC) 2,~cO2Raa~OC(=O)Raa,~OcO2Raa, C(=O)N(Rbb) 2, 
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cyclizationeliminationorotherreaction.Unlessotherwiseindicatedasubstituted"grouphasa
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aa OC(=O)N(Rbb) 2,~NRbbC(=O)Raa,~NRbbCO 2Raa~NRbbC(=O)N(Rbb) 2,~C(=NRbb)RaaC(=NRbb)OR 

aa cw(=NRbb)R -cw(=NRbb)oRaac(=NRbb)N(Rbb) 2,~cw(=NRbb)N(Rbb) 2,~NRbbC(=NRbb)N(Rbb) 2, 
c(=o)NRbbscbRaa~NRbbSO 2Raa~SO2N(Rbb)2,~so2Raa~so2oRaa~oso2Raa,~S(=O)Raa,~OS(=O)Raa, 

) ) 

Si(Raa)3mOSj(Raa)3 ~C(=S)N(Rbb) 2,~C(=O)SRaa~C(=S)SRaa SC(=S)SRaa~SC(=O)SRaa,~OC(=O)SRaa 
) ) 

SC(=O)ORaa~SC(=O)Raa,~p(=O) 2 Raa~Op(=O) 2 Raa,~p(=O)(Raa)2 ,~Op(=O)(Raa) 2 ,.inOP(0)(ORCC) 2, 

P(=O)2N(Rbb)2,~OP(=O)2N(Rbb)2, P(=O)(NRbb) 2,~OpVO)(NRbb) 2,~NRbbP(=O)(ORcc) 2, 

NRbbP(=O)(NRbb) 2,meP(RCC) 2 , P(RcC)3,m.OP(RCC) 2 ,m.OP(RCC) 3 ,mB(Raa) 2,inB(ORCC) 2,~BRaa(ORcc),C1-C50 

alkylC2 -C5 0 alkenylC2-C5 0alkynylCrC14carbocyclyl,3-14memberedheterocyclylC 6-C1 4aryl, 

and5-14memberedheteroarylwhereineachalkylalkenylalkynylcarbocyclylheterocyclyl, 

S arylandheteroarylisindependentlysubstitutedwith0,1,2,3,4,or5Rddgroups, 
S ortwogeminalhydrogensonacarbonatomarereplacedwiththegroup=0, S,=NN(Rbb)2, 

-NNRbbC(=O)Raa,=NNRbbc(=o)oRaa=NNRbbS(=O) 2Raa,=NRbbor=NORCC 

[065] eachinstanceofW~~sindependentlyselectedfromC 1-C50alkylC2-C50alkenylC2-C50 

alkynylCrC1ocarbocyclyl,3-14memberedheterocyclylC6-C14aryland5-14memberedheteroaryl, 

ortwo~aagroupsarejoinedtoforma3-14memberedheterocyclylor5-14memberedheteroaryl 

ringwhereineachalkylalkenylalkynylcarbocyclylheterocyclylarylandheteroarylis 

independentlysubstitutedwith0,1,2,3,4,or5Rddgroups; 

[066] eachinstanceofRbbisindependentlyselectedfromhydrogen,-OH,~ORaa N(RCC) 2 ,-CN,

C(=O)RaameC(0)N(RCC) 2 ,~cO2Raa~sO2Raa~C(=NRcc)ORaa C(=NRCC)N(RCC) 2,.SO2N(RCC) 2,eSO2RCC 

S020RccmsOKa,.inC(S)N(RCC) 2 ,.inC(0)SRCC, C(S)SRCC,~p(=O) 2Raa,~p(=O)(Raa) 2,eP(0)2N(RCC) 2 , 

P(=O)(NRCC) 2 ,CVC5OalkylC2 -C5 0alkenylC2-C50alkynylC3-C10carbocyclyl,3-14membered 

heteroatomtowhichtheyareattachedforma3-14memberedheterocyclylor5-14membered 

heteroarylringwhereineachalkylalkenylalkynylcarbocyclylheterocyclylarylandheteroarylis 

independentlysubstitutedwith0,1,2,3,4,or5Rddgroups; 

[067] eachinstanceofRCCisindependentlyselectedfromhydrogenC 1-C50alkylC2-C50alkenylC2

C50alkynylC3-C1 0carbocyclyl,3-14memberedheterocyclylC6-C14aryland5-14membered 

heteroarylortwoRCCgroupstogetherwiththeheteroatomtowhichtheyareattachedforma3-14 

memberedheterocyclylor5-14memberedheteroarylringwhereineachalkylalkenylalkynyl, 

carbocyclylheterocyclylarylandheteroarylisindependentlysubstitutedwith0,1,2,3,4,or5Rdd 

S 

[068] eachinstanceofRddisindependentlyselectedfromhalogen,-CN-NO 2,-N3 ,-SO2H,-SO3H,

OH,~owe-oN(R~~)2,-N(R~~)2,-N(R~~)3+x~N(ORee)Rff,-SH,~s~ee, ss~ee~C(=O)Ree,-CO2H,~CO2Ree 

OC(=O)Ree,~OCO 2Ree, -C(=O)N(R~~) 2,-OC(=O)N(R~~) 2,~NRffC(=O)Ret~NRffCO 2Ree-NR~~C(=O)N(R~~) 2,

21 

heterocyclylC6-C1 4aryland5-14memberedheteroarylortwoRbbgroupstogetherwiththe
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C(=NRff)oRee OC(=NRff)Ree-oc(=NRff)OReec(=NR~~)N(R~~) 2,-oc(=NR~~)N(R~~) 2,-NR~~c(=NR~~)N(R~~) 2, 
~NRffSO2Ree-SO2N(R~~)2,~so2Ree~so2oRee~oso2Ree,~S(=O)ReemSj(Ree) 3 ,.eOSj(Ree)3 , 

) 

~C(=O)SRee, -C(=S)SRee~SC(=S)SReemp(0)2Ret- p(=O)(Ree) 2 ,~Op(=cQ(Ree) 2 , 

Op(=O)(ORee) 2 ,c1 -c50alkylC2 -C5 0alkenylC2 -C5 0alkynylCrC1ocarbocyclyl,3-10membered 

heterocyclylC6-C1 0aryl,5-10memberedheteroarylwhereineachalkylalkenylalkynylcarbocyclyl, 

heterocyclylarylandheteroarylisindependentlysubstitutedwith0,1,2,3,4,or5R~groupsor 

twogeminalRddsubstituentscanbejoinedtoform=0or=S; 

[069] eachinstanceof~ee~ independentlyselectedfromC1-C50alkylC2-C50alkenylC2-C50 

alkynylCrC1ocarbocyclylC6-C1 0aryl,3-10memberedheterocyclyland3-10memberedheteroaryl, 

whereineachalkylalkenylalkynylcarbocyclylheterocyclylarylandheteroarylisindependently 

substitutedwith0,1,2,3,4,or5R~groups; 

[070] eachinstanceof~isindependentlyselectedfromhydrogenC 1-C5 0alkylC2-C5 0alkenylC2

C50alkynylC3 -C10carbocyclyl,3-10memberedheterocyclylC6-C10aryland5-10membered 

heteroarylortwo~groupstogetherwiththeheteroatomtowhichtheyareattachedforma3-14 

memberedheterocyclylor5-14memberedheteroarylringwhereineachalkylalkenylalkynyl, 

carbocyclylheterocyclylarylandheteroarylisindependentlysubstitutedwith0,1,2,3,4,or5R~ 

groups;and 

[071] eachinstanceofR~isindependentlyhalogen,-CN,-NO2 ,-N3 ,-SO2 H,-SO3 H,-OH-CC1

C50alkyl,-ON(Ci-C50alkyl)2,-N(Ci-C50alkyl)2,-N(Ci-C50alkyl)3+X,-NH(Ci-C5oalkyl)2+X,-NH4Ci-C50 

alkyl)+X,-NH3+XN(OCi-C50alkyl)(Ci-C5oalkyl),-N(OH)(Ci-C50alkyl),-NH(OH),-SH,-SC1-C50alkyl,

SS(Ci-C50alkyl),-C(=O)(Ci-C50alkyl),-CO2H,-C02(Ci-C50alkyl),-OC(=O)(Ci-C 50aIkyl),-CCC2(Ci-C50 

alkyl)C(=O)(Ci-C 5oalkyl),-NHCO2(Ci-C50alkyl),-NHC(=O)N(Ci-C 50alkyl)2,-NHC(=O)NH(Ci-C 50 

aIkyl),-NHC(=O)NH2,-C(=NH)O(Ci-C 50alkyl),-OC(=NH)(Ci-C 50alkyl),-OC(=NH)OCi-C 50alkyl,

C(=NH)N(Ci-C 50alkyl)2,-C(=NH)NH(Ci-C 50alkyl),-C(=NH)NH2,-OC(=NH)N(Ci-C 5oalkyl)2,-OC(NH)NH(Ci

C50alkyl),-OC(NH)NH2,-NHC(NH)N(Ci-C 50alkyl)2,-NHC(=NH)NH2,-NHSO2(Ci-C50alkyl),-SO2N(Ci-C50 

alkyl)2,-SO2NH(Ci-C50alkyl),- SO2NH2,-S02(Ci-C50alkyl),-S020(Ci-C50alkyl),-0S02(Ci-C6alkyl),-SO(Ci

C6alkyl),-Si(Ci-C5oalkyl)3,-OSi(Ci-Csalkyl)3,-C(=S)N(Ci-C 50alkyl)2,C(=S)NH(Ci-C 50alkyl),C(=S)NH2,

C(=O)S(Ci-C 6alkyl),-C(=S)S(Ci-C6alkyl),-SC(=S)S(Ci-C 6alkyl),-P(=O)2(Ci-C50alkyl),-P(=O)(Ci-C50 

alkyl)2,-OP(=O)(Ci-C 50alkyl)2,-OP(=O)(OCi-C 50alkyl)2,C1-C50alkylC2-C50alkenylC2-C50alkynylC3-C10 

carbocyclylQ-C1 0aryl,3-10memberedheterocyclyl,5-10memberedheteroaryl;ortwogeminalR~ 

substituentscanbejoinedtoform=0or=S;whereinXisacounterion.  

[072] Asusedhereintheterm"halo"or"halogenreferstofluorine(fluoro,-F),chlorine(chloro, 

Cl),bromine(bromo,-Br),oriodine(iodo,-I).  
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aIkyl),-C(=O)N 2,-C(=O)N(Ct-C 50alkyl)2,-OC(=O)NH(Ci-C 50alkyl),-NHC(=O)(Ci-C 50alkyl),-N(Ci-C50
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If ,, S [073] Asusedhereinacounterionisanegativelychargedgroupassociatedwithapositively 

chargedquarternaryamineinordertomaintainelectronicneutrality.Exemplarycounterionsinclude 

halideions(e.g.,F-,CLBrI),NOjCbsOH-,H2 P04 ,HS04 ,sulfonateSions(e.g.,methansulfonate, 

trifluoromethanesulfonatep-toluenesulfonatebenzenesulfonate,10-camphorsulfonate 

naphthalene-2-sulfonatenaphthalene-l-sulfonicacid-5-sulfonateethan-1-sulfonicacid-2-sulfonate 

andthelike),andcarboxylateions(e.g.,acetateethanoatepropanoatebenzoateglycerate, 

lactatetartrateglycolateandthelike).  

[074] Nitrogenatomscanbesubstitutedorunsubstitutedasvalencypermitsandincludeprimary, 

secondarytertiaryandquarternarynitrogenatoms.Exemplarynitrogenatomsubstitutentsinclude, 

butarenotlimitedtohydrogen,-OH,~o~aa,- N(RCc)2 ,-CN,- C(=O)Raa,.inC(0)N(RCC) 2,mCO2 Raa~sO2Raa 

C(=NRbb)Raa,~C(=NRcc)ORaa C(=NRcc)N(Rcc) 2 ,mso2N(RcC)2,mso2Rccmso2oRcc~soRaamC(=s)N(RCC) 2, 

C(=o)sRCC, C(=s)sRcc,- p(=O)2 Raa,~p(=o)(Raa)2,mp(=o) 2 N(RCC) 2 ,mp(=o)(NRcc) 2,C1 -C5 0alkylC2-C50alkenyl, 

C2-C50alkynylC3-C10carbocyclyl,3-14memberedheterocyclylC6-C14aryland5-14membered 

heteroarylortwoRCCgroupstogetherwiththeNatomtowhichtheyareattachedforma3-14 

memberedheterocyclylor5-14memberedheteroarylringwhereineachalkylalkenylalkynyl, 

carbocyclylheterocyclylarylandheteroarylisindependentlysubstitutedwith0,1,2,3,4,or5Rdd 

groupsandwhereinWa, Rbb RCCandRddareasdefinedabove.  

[075] Incertainembodimentsthesubstituentpresentonanitrogenatomisanitrogenprotecting 
S group(alsoreferredtoasanaminoprotectinggroup).Nitrogenprotectinggroupsarewellknownin 

theartandincludethosedescribedindetailinProtectingGroupsinOrganicSynthesisT.W.Greene 

andP.G.M.Wuts,3rdeditionJohnWiley&Sons,1999incorporatedhereinbyreference.  

arenotlimitedtoformamideacetamidechloroacetamidetrichloroacetamidetrifluoroacetamide 

phenylacetamide,3-phenylpropanamidepicolinamide,3-pyridylcarboxamideN

benzoylphenylalanylderivativebenzamidep-phenylbenzamideo-nitophenylacetamideo

nitrophenoxyacetamideacetoacetamide,(N'-dithiobenzyloxyacylamino)acetamide,3-(p

hydroxyphenyl)propanamide,3-(o-nitrophenyl)propanamide,2-methyl-2-(o

nitrophenoxy)propanamide,2-methyl-2-(o-phenylazophenoxy)propanamide,4-chlorobutanamide, 

3-methyl-3-nitrobutanamideo-nitrocinnamideN-acetylmethioninederivativeo-nitrobenzamide 

ando-(benzoyloxymethyl)benzamide.  

[077] Nitrogenprotectinggroupssuchascarbamategroups(e.g.,~C(=O)ORaa)includebutarenot 

limitedtomethylcarbamateethylcarbamante,9-fluorenylmethylcarbamate(Fmoc),9-(2

sulfo)fluorenylmethylcarbamate,9-(2,7-dibromo)fluoroenylmethylcarbamate,2,7-di-t-butyl-[9

(10,10-dioxo-lO,10,10,10-tetrahydrothioxanthyl)]methylcarbamate(DBD-Tmoc),4

23 

[076] Forexamplenitrogenprotectinggroupssuchasamidegroups(e.g.,- C(=O)Raa)includebut
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methoxyphenacylcarbamate(Phenoc),2,2,2-trichioroethylcarbamate(Troc),2-trimethylsilylethyl 

carbamate(Teoc),2-phenylethylcarbamate(hZ),1-(1-adamantyl)-1-methylethylcarbamate 

(Adpoc),1,1-dimethyl-2-haloethylcarbamate,1,1-dimethyl-2,2-dibromoethylcarbamate(DB-t-BOC), 

1,1-dimethyl-2,2,2-trichioroethylcarbamate(TCBOC),1-methyl-1-(4-biphenylyl)ethylcarbamate 

(Bpoc),1-(3,5-di-t-butylphenyl)-1-methylethylcarbamate(t-Bumeoc),2-(2'-and4'-pyridyl)ethyl 

carbamate(Pyoc),2-(NN-dicyclohexylcarboxamido)ethylcarbamatet-butylcarbamate(BOC),1

adamantylcarbamate(Adoc),vinylcarbamate(Voc),allylcarbamate(Alloc),1-isopropylallyl 

carbamate(Ipaoc),cinnamylcarbamate(Coc),4-nitrocinnamylcarbamate(Noc),8-quinolyl 

carbamateN-hydroxypiperidinylcarbamatealkyldithiocarbamatebenzylcarbamate(Cbz),p

methoxybenzylcarbamate(Moz),p-nitobenzylcarbamatep-bromobenzylcarbamatep

chlorobenzylcarbamate,2,4-dichlorobenzylcarbamate,4-methylsulfinylbenzylcarbamate(Msz),9

anthrylmethylcarbamatediphenylmethylcarbamate,2-methylthioethylcarbamate,2

methylsulfonylethylcarbamate,2-(p-4oluenesulfonyl)ethylcarbamate,[2-(1,3-dithianyl)]methyl 

carbamate(Dmoc),4-methylthiophenylcarbamate(Mtpc),2,4-dimethyithiophenylcarbamate 

(Bmpc),2-phosphonloethylcarbamate(Peoc),2-triphenyiphosphoniolsopropylcarbamate(Ppoc), 

1,1-dimethyl-2-cyanoethylcarbamatem-chloro-p-acyloxybenzylcarbamatep

(dihydroxyboryl)benzylcarbamate,5-benzisoxazolylmethylcarbamate,2-(trifluoromethyl)-6

chromonylmethylcarbamate(Tcroc),m-nitrophenylcarbamate,3,5-dimethoxybenzylcarbamateo

nitrobenzylcarbamate,3,4-dimethoxy-6-nitrobenzylcarbamatephenyl(o-nitrophenyl)methyl 

carbamatet-amylcarbamateS-benzylthiocarbamatep-cyanobenzylcarbamatecyclobutyl 

carbamatecyclohexylcarbamatecyclopentylcarbamatecyclopropylmethylcarbamatep

carbamate,1,1-dimethyl-3-(NN-dimethylcarboxamido)propylcarbamate,1,1-dimethylpropynyl 

carbamatedi(2-pyridyl)methylcarbamate,2-furanylmethylcarbamate,2-lodoethylcarbamate) 

isoborynicarbamateisobutylcarbamateisonicotinylcarbamatep-(p'-methoxyphenylazo)benzyl 

carbamate,1-methylcyclobutylcarbamate,1-methylcyclohexylcarbamate,1-methyl-I

cyclopropylmethylcarbamate,1-methyl-1(3,5-dimethoxyphenyl)ethylcarbamate,1-methyl-1-(p

phenylazophenyl)ethylcarbamate,1-methyl-l-phenylethylcarbamate,1-methyl-1-(4-pyridyl)ethyl 

carbamatephenylcarbamatep-(phenylazo)benzylcarbamate,2,4,6-tri-t-butylphenylcarbamate,4

(trimethylammonium)benzylcarbamateand2,4,6-trimethylbenzylcarbamate.  

[078] Nitrogenprotectinggroupssuchassulfonamidegroups(e.g.,~S(=O) 2Raa)includebutarenot 

limitedtop-toluenesulfonamide(Ts),benzenesulfonamide,2,3,6,-trimethyl-4

methoxybenzenesulfonamide(Mtr),2,4,6-trimethoxybenzenesulfonamide(Mtb),2,6-dimethyl-4

methoxybenzenesulfonamide(Pine),2,3,5,6-tetramethyl-4-methoxybenzenesulfonamide(Mte),4
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decyloxybenzylcarbamate,2,2-dimethoxyacylvinylcarbamateo-(NN-dimethylcarboxamido)benzyl
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methoxybenzenesulfonamide(Mbs),2,4,6-trimethylbenzenesulfonamide(Mts),2,6-dimethoxy-4

methylbenzenesulfonamide(iMds),2,2,5,7,8-pentamethylchroman-6-sulfonamide(Pmc), 

methanesulfonamide(Ms),f3-trimethylsilylethanesulfonamide(SES),9-anthracenesulfonamide,4

(4',8'-dimethoxynaphthylmethyl)benzenesulfonamide(DNMBS),benzylsulfonamide 

trifluoromethylsulfonamideandphenacylsulfonamide.  

[079] Othernitrogenprotectinggroupsincludebutarenotlimitedtophenothiazinyl-(1O)-acyl 

derivativeN'-p-toluenesulfonylaminoacylderivativeN'-phenylaminothioacylderivativeN

benzoylphenylalanylderivativeN-acetylmethioninederivative,4,5-diphenyl-3-oxazolin-2-oneN

phthalimideN-dithiasuccinimide(Dts),N-2,3-diphenylmaleimideN-2,5-dimethylpyrroleN-i,1,4,4

tetramethyldisilylazacyclopentaneadduct(STABASE),5-substituted1,3-dimethyl-1,3,5

triazacyclohexan-2-one,5-substituted1,3-dibenzyl-1,3,5-triazacyclohexan-2-one,1-substituted3,5

dinitro-4-pyridoneN-methylamineN-allylamineN-[2-(trimethylsilyl)ethoxy]methylamine(SEM),N

3-acetoxypropylamineN-(1-isopropyl-4-nitro-2-oxo-3-pyroolin-3-yl)aminequaternaryammonium 

saltsN-benzylamineN-di(4-methoxyphenyl)methylammeN-5-dibenzosuberylamineN

triphenylmethylamine(Tr),N-[(4-methoxyphenyl)diphenylmethyl]amine(MMTr),N-9

phenylfluorenylamine(PhF),N-2,]-dichloro-9-fluorenylmethyleneamineN-ferrocenylmethylamino 

(Fcm),N-2-picolylaminoN'-oxideN-1,1-dimethylthiomethyleneamineN-benzylideneamineN-p

methoxybenzylideneamineN-diphenylmethyleneamineN-[(2-pyridyl)mesityl]methyleneamineN

(N',N'-dimethylaminomethylene)amineNN'-isopropylidenediamineN-p-nitrobenzylideneamine, 

N-salicylideneamineN-5-chlorosalicylideneamineN-(5-chloro-2

hydroxyphenyl)phenylmethyleneamineN-cyclohexylideneamineN-(5,5-dimethyl-3-oxo-l

[phenyl(pentaacylchromium-ortungsten)acyl]amineN-copperchelateN-zincchelateN

nitroamineN-nitrosoamineamineN-oxidediphenylphosphinamide(Dpp), 

dimethylthiophosphinamide(Mpt),diphenylthiophosphinamide(Ppt),dialkylphosphoramidates, 

dibenzylphosphoramidatediphenylphosphoramidatebenzenesulfenamideo

nitrobenzenesulfenamide(Nps),2,4-dinitrobenzenesulfenamidepentachlorobenzenesulfenamide, 

2-nitro-4-methoxybenzenesulfenamidetriphenylmethylsulfenamideand3

nitropyridinesulfenamide(Npys).  

[080] Incertainembodimentsthesubstituentpresentonanoxygenatomisanoxygenprotecting 

group(alsoreferredtoasahydroxylprotectinggroup).Oxygenprotectinggroupsarewellknownin 

theartandincludethosedescribedindetailinProtectingGroupsinOrganicSynthesisT.W.Greene 

andP.G.M.Wuts,3rdeditionJohnWiley&Sons,1999incorporatedhereinbyreference.  
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[081] Exemplaryoxygenprotectinggroupsincludebutarenotlimitedtomethylmethoxylmethyl 

(MOM),methylthiomethyl(MTM),t-butylthiomethyl,(phenyldimethylsilyl)methoxymethyl(SMOM), 

benzyloxymethyl(BOM),p-methoxybenzyloxymethyl(PMBM),(4-methoxyphenoxy)methyl(p-AOM), 

guaiacolmethyl(GUM),t-butoxymethyl,4-pentenyloxymethyl(POM),siloxymethyl,2

methoxyethoxymethyl(MEM),2,2,2-trichloroethoxymethylbis(2-chloroethoxy)methyl,2

(trimethylsilyl)ethoxymethyl(SEMOR),tetrahydropyranyl(THP),3-bromotetrahydropyranyl, 

tetrahydrothiopyranyl,1-methoxycyclohexyl,4-methoxytetrahydropyranyl(MTHP),4

methoxytetrahydrothiopyranyl,4-methoxytetrahydrothiopyranylSS-dioxide,1-[(2-chloro-4

methyl)phenyl]-4-methoxypiperidin-4-yl(CTMP),1,4-dioxan-2-yltetrahydrofuranyl, 

tetrahydrothiofuranyl,2,3,3a,4,5,6,],Ya-octahydro-7,8,8--trimethyl-4,]-methanobenzofuran-2-yl,1

ethoxyethyl,1-(2-chloroethoxy)ethyl,1-methyl-l-methoxyethyl,1-methyl-1-benzyloxyethyl,1

methyl-1-benzyloxy-2-fluoroethyl,2,2,2-trichloroethyl,2-trimethylsilylethyl,2-(phenylselenyl)ethyl, 

t-butylallylp-chlorophenylp-methoxyphenyl,2,4-dinitrophenylbenzyl(Bn),p-methoxybenzyl, 

3,4-dimethoxybenzylo-nitrobenzylp-nitrobenzylp-halobenzyl,2,6-dichlorobenzylp-cyanobenzyl, 

p-phenylbenzyl,2-picolyl,4-picolyl,3-methyl-2-picolylN-oxidodiphenylmethylpp'

dinitrobenzhydryl,5-dibenzosuberyltriphenylmethylct-naphthyldiphenylmethylp

methoxyphenyldiphenylmethyldi(p-methoxyphenyl)phenylmethyltri(p-methoxyphenyl)methyl,4

(4'-bromophenacyloxyphenyl)diphenylmethyl,4,4',4"-tris(4,5-dichlorophthalimidophenyl)methyl, 

,44'4"-tris(levulinoyloxyphenyl)methyl,4,4',4"-tris(benzoyloxyphenyl)methyl,3-(imidazol-1
yl)bis(4',4"-dimethoxyphenyl)methyl,1,1-bis(4-methoxyphenyl)-1'-pyrenylmethyl,9-anthryl,9-(9

phenyl)xanthenyl,9-(9-phenyl-1O-oxo)anthryl,1,3-benzodisulfuran-2-ylbenzisothiazolylSS-dioxido 

diethylisopropylsilyl(DEIPS),dimethylthexylsilylt-butyldimethylsilyl(TBDMS),t-butyldiphenylsilyl 

(TBDPS),tribenzylsilyltri-p-xylylsilyltriphenylsilyldiphenylmethylsilyl(DPMS),t

butylmethoxyphenylsilyl(TBMPS),formatebenzoylformateacetatechloroacetate, 

dichloroacetatetrichloroacetatetrifluoroacetatemethoxyacetatetriphenylmethoxyacetate, 

phenoxyacetatep-chlorophenoxyacetate,3-phenylpropionate,4-oxopentanoate(levulinate),4,4

(ethylenedithio)pentanoate(levulinoyldithioacetal),pivaloateadamantoatecrotonate,4

methoxycrotonatebenzoatep-phenylbenzoate,2,4,6-trimethylbenzoate(mesitoate),alkylmethyl 

carbonate,9-fluorenylmethylcarbonate(Fmoc),alkylethylcarbonatealkyl2,2,2-trichloroethyl 

carbonate(Troc),2-(trimethylsilyl)ethylcarbonate(TMSEC),2-(phenylsulfonyl)ethylcarbonate 

(Psec),2-(triphenylphosphonio)ethylcarbonate(Peoc),alkylisobutylcarbonatealkylvinyl 

carbonatealkylallylcarbonatealkylp-nitrophenylcarbonatealkylbenzylcarbonatealkylp

methoxybenzylcarbonatealkyl3,4-dimethoxybenzylcarbonatealkylo-nitrobenzylcarbonatealkyl 
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trimethylsilyl(TMS),triethylsilyl(TES),triisopropylsilyl(TIPS),dimethylisopropylsilyl(IPDMS),
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p-nitrobenzylcarbonatealkylS-benzylthiocarbonate,4-ethoxy-1-napththylcarbonatemethyl 

dithiocarbonate,2-iodobenzoate,4-azidobutyrate,4-nitro-4-methylpentanoatea

(dibromomethyl)benzoate,2-formylbenzenesulfonate,2-(methylthiomethoxy)ethyl,4

(methylthiomethoxy)butyrate,2-(methylthiomethoxymethyl)benzoate,2,6-dichloro-4

methyiphenoxyacetate,2,6-dichloro-4-(1,1,3,3-tetramethylbutyl)phenoxyacetate,2,4-bis(1,1

dimethylpropyl)phenoxyacetatechiorodiphenylacetateisobutyratemonosuccinoate,(E)-2-methyl
, 

2-butenoateo-(methoxyacyl)benzoatect-naphthoatenitratealkylNNN, 
tetramethyiphosphorodiamidatealkylN-phenylcarbamateboratedimethylphosphinothioylalkyl 

2,4-dinitrophenylsulfenatesulfatemethanesulfonate(mesylate),benzylsulfonateandtosylate(Ts).  

[082] Incertainembodimentsthesubstituentpresentonasulfuratomisasulfurprotecting 

group(alsoreferredtoasathiolprotectinggroup).Sulfurprotectinggroupsarewellknowninthe 

artandincludethosedescribedindetailinProtectingGroupsinOrganicSynthesisT.W.Greeneand 

p.G.M.Wuts,3rdeditionJohnWiley&Sons,1999,incorporatedhereinbyreference.  

[083] Exemplarysulfurprotectinggroupsincludebutarenotlimitedtoalkylbenzylp

methoxybenzyl,2,4,6-trimethylbenzyl,2,4,6-trimethoxybenzylo-hydroxybenzylp-hydroxybenzylo

acetoxybenzylp-acetoxybenzylp-nitrobenzyl,4-picolyl,2-quinolinylmethyl,2-picolylN-oxido,9

anthrylmethyl,9-fluorenylmethylxanthenylferrocenylmethyldiphenylmethylbis(4

methoxyphenyl)methyl,5-dibenzosuberyltriphenylmethylciiphenyl-4-pyridylmethylphenyl,2,4

dinitrophenylt-butyl,1-adamantylmethoxymethyl(MOM),isobutoxymethylbenzyloxymethyl,2

tetrahydropyranylbenzylthiomethylphenylthiomethylthiazolidinoacetamidomethyl, 

trimethylacetamidomethylbenzamidomethylallyloxycarbonylaminomethyl, 
S 

phenyl)ethyl,2-(2,4-dinitrophenyl)ethyl,2-cyanoethyl,2-(Trimethylsilyl)ethyl,2,2

bis(carboethoxy)ethyl,(1-m-nitrophenyl-2-benzoyl)othyl,2-phenylsulfonylethyl,2-(4

methylphenylsulfonyl)-2-methylprop-2-ylacetylbenzoyltrifluoroacetylN-[[(p

biphenylyl)isopropoxy]carbonyl]-N-methyl]-y-aminothiobutyrate,2,2,2-trichloroethoxycarbonylt

butoxycarbonylbenzyloxycarbonylp-methoxybenzyloxycarbonylN-ethylN-methoxymethyl, 

sulfonatesulfenylthiocarbonate,3-nitro-2-pyridinesulfenylsulfideoxathiolone.  

CompoundsoftheInvention 

[084] Liposomal-basedvehiclesareconsideredanattractivecarrierfortherapeuticagentsand 

remainsubjecttocontinueddevelopmentefforts.Whileliposomal-basedvehiclesthatcomprise 

certainlipidcomponentshaveshownpromisingresultswithregardtoencapsulationstabilityand 

sitelocalizationthereremainsagreatneedforimprovementofliposomal-baseddeliverysystems.  
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phenylacetamidomethylphthalimidomethylacetylmethylcarboxymethylcyanomethyl,(2-nitro-1-
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Forexampleasignificantdrawbackofliposomaldeliverysystemsrelatestotheconstructionof 

liposomesthathavesufficientcellcultureorinvivostabilitytoreachdesiredtargetcellsand/or 

intracellularcompartmentsandtheabilityofsuchliposomaldeliverysystemstoefficientlyrelease 

theirencapsulatedmaterialstosuchtargetcells.  

[085] Inparticularthereremainsaneedforimprovedlipidscompoundsthatdemonstrate 
S improvedpharmacokineticpropertiesandwhicharecapableofdeliveringmacromoleculessuchas 

nucleicacidstoawidevarietycelltypesandtissueswithenhancedefficiency.Importantlythere 

alsoremainsaparticularneedfornovellipidcompoundsthatarecharacterizedas S 

toxicityandarecapableofefficientlydeliveringencapsulatednucleicacidsandpolynucleotidesto 

targetedcellstissuesandorgans.  

[086] Describedhereinanovelclassofcationiclipidcompoundsforimprovedinvivodeliveryof 

therapeuticagentssuchasnucleicacids.Inparticularacationiclipiddescribedhereinmaybe 

usedoptionallywithotherlipidstoformulatealipid-basednanoparticle(e.g.,liposome)for 
S encapsulatingtherapeuticagentssuchasnucleicacids(e.g.,DNAsiRNAmRNAmicroRNA)for 

therapeuticuse.  

[087] Inembodimentscompoundsoftheinventionasdescribedhereincanprovideoneormore 

desiredcharacteristicsorproperties.Thatisincertainembodimentscompoundsoftheinvention 

asdescribedhereincanbecharacterizedashavingoneormorepropertiesthataffordsuch 

compoundsadvantagesrelativetoothersimilarlyclassifiedlipids.Forexamplecompounds 

disclosedhereincanallowforthecontrolandtailoringofthepropertiesofliposomalcompositions 

(e.g.,lipidnanoparticles)ofwhichtheyareacomponent.Inparticularcompoundsdisclosedherein 
S 

biologicaloutcomes.Suchoutcomescanincludeforexampleenhancedcellularuptake, 
S endosomal/lysosomaldisruptioncapabilitiesand/orpromotingthereleaseofencapsulated 

materials(e.g.,polynucleotides)intracellularly.Additionallythecompoundsdisclosedhereinhave 

advantageouspharmacokineticpropertiesbiodistributionandefficiency(e.g.,duetothedifferent 

disassociateratesofthepolymergroupused).  

[088] Thepresentapplicationdemonstratesthatnotonlyarethecationiclipidsofthepresent 

inventionsyntheticallytractablefromreadilyavailablestartingmaterialsbuttheyalsohave 

unexpectedlyhighencapsulationefficiencies.  

[089] Additionallythecationiclipidsofthepresentinventionhavecleavablegroupssuchasester 

groupsanddisulphides.Thesecleavablegroups(e.g.estersanddisulphides)arecontemplatedto 

improvebiodegradabilityandthuscontributetotheirfavorabletoxicityprofile.  
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canbecharacterizedbyenhancedtransfectionefficienciesandtheirabilitytoprovokespecific
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[090] Providedhereinarecompoundswhicharecationiclipids.Forexamplethecationiclipidsof 

thepresentinventionincludecompoundshavingastructureaccordingtoFormula(Ia): 

H 0 
N /7 

S 7/>
A 

0 (Ia) 

orapharmaceuticallyacceptablesaltthereofwherein 

andR3areeachindependentlyselectedfrom: 

D R6R6 

E 
, optionallysubstitutedalkyloptionallysubstituted 

S alkenyloptionallysubstitutedalkynylandoptionallysubstitutedacyl; 

4. 6 

eachR5. independentlyselectedfromoptionallysubstitutedalkyloptionallysubstituted 

alkenylandoptionallysubstitutedalkynyl; 

eachRisindependentlyselectedfromhydrogenhalogenoptionallysubstitutedC 1 -C6 alkyl, 

andoptionallysubstitutedC2-C6alkenyl; 

DisOorS; 

EandGareeachindependentlyselectedfrom-NR 1 0 --0-and-5-; 

R8 ,R9 ,andR1 0areeachindependentlyselectedfromhydrogenoptionallysubstitutedC 1-C6 

alkylandoptionallysubstitutedC2 -C6alkenyl; 

eachbisindependentlyselectedfrom0,1,2,3,4,5,6,7,8,9and10;and 

eachcisindependentlyselectedfrom1,2,3,4,5,6,7,8,9and10.  
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[091] Inembodimentsthecationiclipidsofthepresentinventionincludecompoundshavinga 

structureaccordingtoFormula(Ib): 

0 

H 0 
N /7 

0 S 
A 

0 
0 

(Ib) 

orapharmaceuticallyacceptablesaltthereofwhereinR 5 ,AandR4 areasdefinedin 

Formula(Ia).  

[092] Inembodimentsthecationiclipidsofthepresentinventionincludecompoundshavinga 

structureaccordingtoFormula(Ic): 

0 

H 0 
N /7 

0 

0 

(Ic) 

orapharmaceuticallyacceptablesaltthereofwhereinR 5 ,AcGandRSareasdefinedin 

Formula(Ia).  
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[093] Inembodimentsthecationiclipidsofthepresentinventionincludecompoundshavinga 

structureaccordingtoFormula(Id): 

0 

H 0 
N /7 

0 S 
N 

0 H C 

0 

(Id) 
, cGandR8 areasdefinedin 

orapharmaceuticallyacceptablesaltthereofwhereinR5 

Formula(Ia).  

[094] Inembodimentsthecationiclipidsofthepresentinventionincludecompoundshavinga 

structureaccordingtoFormula(le): 

0 

H 0 
N /7 

0 S 

0 C 

0 

(le) 

orapharmaceuticallyacceptablesaltthereofwhereinR 5 ,cGandRSareasdefinedin 

Formula(Ia).  
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[095] Inembodimentsthecationiclipidsofthepresentinventionincludecompoundshavinga 

structureaccordingtoFormula(If): 

0 

H 0 
N /7 

0 S 
N> 

0 

(If) 

orapharmaceuticallyacceptablesaltthereofwhereinR 5 andAareasdefinedinFormula 

(Ia).  

[096] Inembodimentsthecationiclipidsofthepresentinventionincludecompoundshavinga 

structureaccordingtoFormula(Ig): 

0 

H 0 
N /7 

0 S 

0 H 
0 

(Ig) 

orapharmaceuticallyacceptablesaltthereofwhereinR 5 isasdefinedinFormula(Ia).  

32 
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[097] Inembodimentsthecationiclipidsofthepresentinventionincludecompoundshavinga 

structureaccordingtoFormula(lh): 

0 

H 0 
N /7 

0 S 

N> 
0 

(lh) 

orapharmaceuticallyacceptablesaltthereofwhereinR 5 isasdefinedinFormula(Ia).  

[098] Inembodimentsthecationiclipidsofthepresentinventionincludecompoundshavinga 

structureaccordingtoFormula(Ii): 

0 

H 0 
N /7 

0 S 
N> 

0 

(Ii) 

orapharmaceuticallyacceptablesaltthereofwhereinR 5 andAareasdefinedinFormula 

(Ia).  
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[099] Inembodimentsthecationiclipidsofthepresentinventionincludecompoundshavinga 

structureaccordingtoFormula(lj): 

0 

H 0 
N /7 

0 S 

N 
0 H 

0 

(lj) 

orapharmaceuticallyacceptablesaltthereofwhereinR 5 isasdefinedinFormula(Ia).  

[0100] Inembodimentsthecationiclipidsofthepresentinventionincludecompoundshavinga 

structureaccordingtoFormula(1k): 

0 

H 0 
N /7 

0 S 

~ N> 

0 

(1k) 

orapharmaceuticallyacceptablesaltthereofwhereinR 5 isasdefinedinFormula(Ia).  

[0101] Inembodiments(e.g.compoundsofFormula(Ia))R 1 ,R2 andR3 areeachindependently 

D R6R6 

E 
U 

34 
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[0102] Inembodiments,(e.g.compoundsofFormula(Ia))R 1 ,R2andR3 areeachindependently 

D R6R6 

E 

andDandFareeach0.  

[0103] Inembodiments(e.g.compoundsofFormula(Ia)),R 1 ,R2andR3 areeachindependently 

D 

E 

[0104] Inembodiments,(e.g.compoundsofFormula(Ia))R 1 ,R2andR3 areeachindependently 

D 

E 
andDandFareeach0.  

[0105] Inembodiments(e.g.compoundsofFormula(Ia)or(Ib)),R 4 is C .ln 

C 
. Inembodiments 

H 

C (e.g.compoundsofFormula(Ia)or(Ib)),R 4 is . Inembodiments(e.g.compounds 

4. C ofFormula(Ia)or(Ib)),Ris . Inembodiments(e.g.compoundsofFormula(Ia)or 

4. C Ris . Inembodiments(e.g.compoundsofFormula(Ia)or(Ib)),R 4 is 

N> N> 

selectedfrom and Inembodiments(e.g.  
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N> 

compoundsofFormula(Ia)or(Ib)),R 4 is U Inembodiments(e.g.compoundsof 

4. N> 

Formula(Ia)or(Ib)),Ris U 

[0106] InembodimentseachR5. independentlyselectedfromoptionallysubstitutedC1-C5 0alkyl, 

optionallysubstitutedC2-C5 0alkenylandoptionallysubstitutedC2-C5 0alkynyl.Inembodimentseach 

R5. independentlyselectedfromoptionallysubstitutedC 1-C4 0alkyloptionallysubstitutedC2-C4 0 

alkenylandoptionallysubstitutedC2-C4 0alkynyl.InembodimentseachR5. independentlyselected 

fromoptionallysubstitutedC1 -C30alkyloptionallysubstitutedC2 -C30alkenylandoptionally 

substitutedC2-C3 0alkynyl.InembodimentseachR5. independentlyselectedfromoptionally 

substitutedC1-C20alkyloptionallysubstitutedC2-C20alkenylandoptionallysubstitutedC2-C20 

alkynyl.InembodimentseachR5. independentlyselectedfromoptionallysubstitutedC1-C1 0alkyl, 

optionallysubstitutedC2-C10alkenylandoptionallysubstitutedC2-C1oalkynyl.  

[0107] InembodimentseachR5. independentlyselectedfromoptionallysubstitutedc5-c50alkyl, 

optionallysubstitutedC5-C5 0alkenylandoptionallysubstitutedC5-C5 0alkynyl.Inembodimentseach 

R5. independentlyselectedfromoptionallysubstitutedC 5-C4 0alkyloptionallysubstitutedC5-C4 0 

alkenylandoptionallysubstitutedC5-C4 0alkynyl.InembodimentseachR5. independentlyselected 

fromoptionallysubstitutedC5 -C30alkyloptionallysubstitutedC5 -C30alkenylandoptionally 

substitutedC5-C3 0alkynyl.InembodimentseachR5. independentlyselectedfromoptionally 

alkynyl.InembodimentseachR5. independentlyselectedfromoptionallysubstitutedC5-C1 0alkyl, 

optionallysubstitutedC5-C10alkenylandoptionallysubstitutedC5-C10alkynyl.  

[0108] InembodimentseachR5. optionallysubstitutedalkyl.InembodimentseachR5 is 

optionallysubstitutedC5-C5 0alkyl.InembodimentseachR5. optionallysubstitutedC5-C40alkyl.In 

embodimentseachR5. optionallysubstituted~5 f3 0 alkylInembodimentseachR5. optionally 

substitutedC5-C2 5alkyl.InembodimentseachR5 isoptionallysubstitutedC5-C20alkyl.In 

embodimentseachR5. optionallysubstitutedC8-C16alkyl.  

[0109] InembodimentseachR5. optionallysubstitutedalkenyl.InembodimentseachR5 is 

optionallysubstitutedC5-C5 0alkenyl.InembodimentseachR5. optionallysubstitutedC5-C40 

alkenyl.InembodimentseachR5. optionallysubstitutedQE3 0 alkenylInembodimentseachR5.  

optionallysubstitutedC5-C2 5alkenyl.InembodimentseachR5. optionallysubstitutedC5-C20 

alkenyl.InembodimentseachR5. optionallysubstitutedC8-16alkenyl.  
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[0110] InembodimentseachR5. optionallysubstitutedalkynyl.InembodimentseachR5 is 

optionallysubstitutedC5-C5 0alkynyl.InembodimentseachR5. optionallysubstitutedC5-C40alkynyl.  

InembodimentseachR5 isoptionallysubstitutedC5 -C3 0alkynyl.InembodimentseachR5.  

optionallysubstitutedC5-C2 5alkynyl.InembodimentseachR5. optionallysubstitutedC5-C20alkynyl.  

InembodimentseachR5 isoptionallysubstitutedQ,-C1 6alkynyl.  

[0111] InembodimentseachR5. independentlyselectedfromoptionallysubstitutedalkyland 

optionallysubstitutedalkenyl.  

[0112] InembodimentseachR5. independentlyselectedfrom: 

and 

[0113] InembodimentsRbR2 andR3areeachindependentlyselectedfrom: 

E E 
(e.g., ),optionallywhereinDandFareeach0, 

andeachR5 isindependentlyselectedfrom: 
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[0114] Inembodiments(e.g.compoundsofFormula(Ia),or(Ib))R 6 ishydrogen; 

[0115] Inembodiments(e.g.compoundsofFormula(Ia),(lb),(Ic),(If),or(Ii))Ais-NH-or-0-.In 

embodiments(e.g.compoundsofFormula(la),(lb),(Ic),(If),or(li)) 1 Ais-NH-.Inembodiments(e.g.  

compoundsofFormula(la),(lb),(Ic),(If),or(Ii)),Ais-0-.  

[0116] InembodimentsDis0.InembodimentsDisS.  

[0117] InembodimentsEis-NR 1 0 -.InembodimentsEis-0-.InembodimentsEis-5-.In 

embodimentsGis-NR1 0 -.InembodimentsGis-0-.InembodimentsGis-S 

[0118] InembodimentsR8 isH.InembodimentsR8 isoptionallysubstitutedC1-C6alkyl.In 

embodimentsR8 isoptionallysubstitutedC1-C5 alkyl.InembodimentsR8 isoptionallysubstituted 

alkyl.InembodimentsRisoptionallysubstitutedC1 -C3 alkyl.InembodimentsRS. optionally 

substitutedC1 -C2 alkyl.InembodimentsR8 isoptionallysubstitutedCialkyl.InembodimentsR8 is 

[0119] InembodimentsR8~ optionallysubstitutedC2-C6alkenyl.InembodimentsR8 isoptionally 

substitutedC2-C5alkenyl.InembodimentsR8isoptionallysubstitutedC2-C4alkenyl.In 

embodiments1R8 isoptionallysubstitutedC2-C3alkenyl.InembodimentsR8 isoptionallysubstituted 

C2alkenyl.  

[0120] Inembodiments1R9. hydrogen.  

[0121] Inembodiments1R9. optionallysubstitutedC1-C6alkyl.InembodimentsR9 isoptionally 

substitutedC1-C5alkyl.InembodimentsR9 isoptionallysubstitutedC1-C4alkyl.InembodimentsR9 

isoptionallysubstitutedC1-C3alkyl.InembodimentsR9 isoptionallysubstitutedC1-C2alkyl.In 

embodiments.InembodimentsR 9 ismethyl.  

[0122] Inembodiments1R9. optionallysubstitutedC2-C6alkenyl.InembodimentsR9 isoptionally 

substitutedC2-C5alkenyl.InembodimentsR9 isoptionallysubstitutedC2-C4alkenyl.In 
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embodimentsR9isoptionallysubstitutedC2-C3alkenyl.InembodimentsR9isoptionallysubstituted 

C2alkenyl.  

[0123]InembodimentseachR10~ independentlyselectedfromhydrogenand S 

substitutedC1-C6 alkyl.InembodimentseachR1 0 isindependentlyselectedfromhydrogenand 

optionallysubstitutedC1-C5alkyl.InembodimentseachR10~ independentlyselectedfrom 

hydrogenandoptionallysubstitutedC1 -C4alkyl.InembodimentseachR1 0 isindependentlyselected 

fromhydrogenandoptionallysubstitutedC 1-C3alkyl.InembodimentseachR1 0 isindependently 
selectedfromhydrogenand S 10~ 

optionallysubstitutedC1-C2alkyl.InembodimentseachR is 

independentlyselectedfromhydrogenandoptionallysubstitutedC 1 alkyl.InembodimentseachR1 0 

isindependentlyselectedfromhydrogenandmethyl.  

[0124]InembodimentseachR10isindependentlyselectedfromhydrogenand S 

optionally 
substitutedC2-C6alkenyl.InembodimentseachR1 0 isindependentlyselectedfromhydrogenand 

optionallysubstitutedC2-C5alkenyl.InembodimentseachR10isindependentlyselectedfrom 

hydrogenandoptionallysubstitutedC2 -C4alkenyl.InembodimentseachR1 0 isindependently 
selectedfromhydrogenand S 10 

optionallysubstitutedC2-C3alkenyl.InembodimentseachR is 

independentlyselectedfromhydrogenandoptionallysubstitutedC 2 alkenyl.  

[0125]InembodimentsGisNR 1 0 andbothR8andR1 0 arethesame.InsomeembodimentsR 8 and 

R10andbothselectedfromHandoptionallysubstitutedC 1-C6alkyl.InsomeembodimentsR8andR 1 0 

andeachmethyl.  

[0126]Inembodimentsforanyprecedingembodimentwiththeintegerbbis1,2,3,4,or5.In 

embodimentsforanyprecedingembodimentwiththeintegerbbis1,2,3,or4.Inembodiments, 

embodimentwiththeintegerbbis1or2.Inembodimentsforanyprecedingembodimentwith 

theintegerbbis1.  

[0127]Inembodimentsforanyprecedingembodimentwiththeintegerccis1,2,3,4,or5.In 

embodimentsforanyprecedingembodimentwiththeintegerccis1,2,3,or4.Inembodiments, 

foranyprecedingembodimentwiththeintegerccis1,2,or3.Inembodimentsforanypreceding 

embodimentwiththeintegerccis2or3.Inembodimentsforanyprecedingembodimentwiththe 

integerccis2.Inembodimentsforanyprecedingembodimentwiththeintegerccis3.  

[0128]Inembodimentsthesubstituentsarenotoptionallysubstituted.  

[0129]Inembodimentsthecationiclipidsofthepresentinventionhaveanyoneofthestructures 

inTableAorapharmaceuticallyacceptablesaltthereof.  

[0130] Inembodimentsacompositioncomprisingthecationiclipidofanyoneofthepreceding 

embodimentsoneormorenon-cationiclipidsoneormorecholesterol-basedlipidsandoneor 
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morePEG-modifiedlipidisprovided.Inembodimentsthiscompositionisalipidnanoparticle.In 

embodimentstheoneormorecationiclipid(s)constitute(s)about30mol%-60molofthelipid 

nanoparticle.Inembodimentstheoneormorenon-cationiclipid(s)constitute(s)10mol%-50mol% 

ofthelipidnanoparticle.InembodimentstheoneormorePEG-modifiedlipid(s)constitute(s)1 

mol%-1Omolofthelipidnanoparticle.Inembodimentsthecholesterol-basedlipidconstitutes10 

mol%-50molofthelipidnanoparticle.Inembodimentsthelipidnanoparticleencapsulatesa 

nucleicacidoptionallyanmRNAencodingapeptideorprotein.Inembodimentsthelipid 

nanoparticleshaveanencapsulationpercentageformRNAofatleast70%.Inembodimentsthelipid 

nanoparticleshaveanencapsulationpercentageformRNAofatleast75%.Inembodimentsthelipid 

nanoparticleshaveanencapsulationpercentageformRNAofatleast80%.Inembodimentsthelipid 

nanoparticleshaveanencapsulationpercentageformRNAofatleast85%.Inembodimentsthelipid 

nanoparticleshaveanencapsulationpercentageformRNAofatleast90%.Inembodimentsthelipid 

nanoparticleshaveanencapsulationpercentageformRNAofatleast95%.  

[0131]Inembodimentsthecompositionofanyoneofthepreceedingembodimentsisforusein 

therapy.  

[0132]Inembodimentsthecompositionofanyoneofthepreceedingembodimentsisforuseina 

methodoftreatingorpreventingadiseaseamenabletotreatmentorpreventionbythepeptideor 

proteinencodedbythemRNAoptionallywhereinthediseaseis(a)aproteindeficiencyoptionally 

S theproteindeficiencyaffectstheliverlungbrainormuscle,(b)anautoimmunedisease 

(c)aninfectiousdiseaseor(d)cancer.  
S [0133]Inembodimentsthecompositionisadministeredintravenouslyintrathecallyor 

Exemplary Compounds 

[0134] Inembodimentsthecationiclipidofthepresentinventionincludecompoundsselected 

fromthosedepictedinTableAorapharmaceuticallyacceptablesaltthereof.  

[0135] ExemplarycompoundsincludethosedescribedinTableAorapharmaceuticallyacceptable 

saltthereof.  

Compound TableA:TES-basedcationiclipids 

No.  

0 H 0 I 

I 0 

0 0 
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[0136]AnyofthecompoundsidentifiedinTabieAabovemaybeprovidedintheformofa 

pharmaceuticaiiyacceptabiesaitandsuchsaitsareintendedtobeencompassedbythepresent 

invention.  

[0137]Thecompoundsoftheinventionasdescribedhereincanbepreparedaccordingtomethods 

knownintheartinciudingtheexempiarysynthesesoftheExampiesprovidedherein.  

NucleicAcids 

[0138]Thecompoundsoftheinventionasdescribedhereincanbeusedtopreparecompositions 

usefuiforthedeiiveryofnucieicacids.  

Synthesis of Nucieic Acids 

[0139]Nucieicacidsaccordingtothepresentinventionmaybesynthesizedaccordingtoanyknown 

methods.ForexampiemRNAsaccordingtothepresentinventionmaybesynthesizedviainvitro 
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transcription(IVT).BrieflyIVTistypicallyperformedwithalinearorcircularDNAtemplate 

containingapromoterapoolofribonucleotidetriphosphatesabuffersystemthatmayincludeDYE 

andmagnesiumionsandanappropriateRNApolymerase(e.g.,T3,TImutatedTIorSP6RNA 

polymerase),DNAseIpyrophosphataseand/orRNAseinhibitor.Theexactconditionswillvary 

accordingtothespecificapplication.  

[0140] InsomeembodimentsforthepreparationofmRNAaccordingtotheinventionaDNA 

templateistranscribedinvitro.AsuitableDNAtemplatetypicallyhasapromoterforexampleaT3 

17,mutated17orSPGpromoterforinvitrotranscriptionfollowedbydesirednucleotidesequence 

fordesiredmRNAandaterminationsignal.  

[0141] DesiredmRNAsequence(s)accordingtotheinventionmaybedeterminedandincorporated 

intoaDNAtemplateusingstandardmethods.Forexamplestartingfromadesiredaminoacid 

sequence(e.g.,anenzymesequence),avirtualreversetranslationiscarriedoutbasedonthe 
S degeneratedgeneticcode.Optimizationalgorithmsmaythenbeusedforselectionofsuitable 

codons.TypicallytheG/CcontentcanbeoptimizedtoachievethehighestpossibleG/Ccontenton 

onehandtakingintothebestpossibleaccountthefrequencyofthetRNAsaccordingtocodon 

usageontheotherhand.TheoptimizedRNAsequencecanbeestablishedanddisplayedfor 

examplewiththeaidofanappropriatedisplaydeviceandcomparedwiththeoriginal(wild-type) 

sequence.Asecondarystructurecanalsobeanalyzedtocalculatestabilizinganddestabilizing 

propertiesorrespectivelyregionsoftheRNA.  

Modified mRNA 

[0142] InsomeembodimentsmRNAaccordingtothepresentinventionmaybesynthesizedas 

modifiedmRNAaccordingtotheinventioncanthusincludenucleotidemodificationthatarefor 

examplebackbonemodificationssugarmodificationsorbasemodifications.Insome 

embodimentsmRNAsmaybesynthesizedfromnaturallyoccurringnucleotidesand/ornucleotide 

analogues(modifiednucleotides)includingbutnotlimitedtopurines(adenine(A),guanine(G))or 

pyrimidines(thymine(T),cytosine(C),uracil(U)),andasmodifiednucleotidesanaloguesor 

derivativesofpurinesandpyrimidinessuchase.g.,1-methyl-adenine,2-methyl-adenine,2

methylthio-N-6-isopentenyl-adenineNG-methyl-adenineNG-isopentenyl-adenine,2-thio-cytosine, 

3-methyl-cytosine,4-acetyl-cytosine,5-methyl-cytosine,2,6-diaminopurine,1-methyl-guanine,2

methyl-guanine,2,2-dimethyl-guanine,7-methyl-guanineinosine,1-methyl-inosinepseudouracil 

(5-uracil),dihydro-uracil,2-thio-uracil,4-thio-uracil,5-carboxymethylaminomethyl-2-thio-uracil,5

(carboxyhydroxymethyl)-uracil,5-fluoro-uracil,5-bromo-uracil,5-carboxymethylaminomethyl-uracil, 
S 5-methyl-2-thio-uracil,5-methyl-uracilN-uracil-5-oxyaceticacidmethylester,5

43 

unmodifiedormodifiedmRNA.ModifiedmRNAcomprisenucleotidemodificationsintheRNA.A



WO2022/066678 PCT/IJS2021/051403 

methylaminomethyl-uracil,5-methoxyaminomethyl-2-thio-uracil,5'-methoxycarbonylmethyl-uracil, 

5-methoxy-uraciluracil-5-oxyaceticacidmethylesteruracil-5-oxyaceticacid(v),1-methyl

pseudouracilqueuosinebeta-D-mannosyl-queuosinewybutoxosineandphosphoramidates, 

phosphorothioatespeptidenucleotidesmethylphosphonates,7-deazaguanosine,5-methylcytosine 

andinosine.Thepreparationofsuchanaloguesisknowntoapersonskilledinthearte.g.,fromthe 

U.S.Pat.No.4,373,071,U.S.Pat.No.4,401,796,U.S.Pat.No.4,415,732,U.S.Pat.No.4,458,066,U.S.  

Pat.No.4,500,707,U.S.Pat.No.4,668,777,U.S.Pat.No.4,973,679,U.S.Pat.No.5,047,524,U.S.Pat.  

No.5,132,418,U.S.Pat.No.5,153,319,U.S.Pat.Nos.5,262,530and5,700,642,thedisclosuresof 

whichareincorporatedbyreferenceintheirentirety.  

PharmaceuticalFormulationsofCationIcLipic/sandNucleicAcids 

[0143] Incertainembodimentsthecompoundsoftheinventionasdescribedhereinaswellas 

pharmaceuticalandliposomalcompositionscomprisingsuchlipidscanbeusedinformulationsto 

facilitatethedeliveryofencapsulatedmaterials(e.g.,oneormorepolynucleotidessuchasmRNA) 

toandsubsequenttransfectionofoneormoretargetcells.Forexampleincertainembodiments 

cationiclipidsdescribedherein(andcompositionssuchasliposomalcompositionscomprisingsuch 

lipids)arecharacterizedasresultinginoneormoreofreceptor-mediatedendocytosisclathrin
mediatedandcaveolae-mediatedendocytosisphagocytosisand S 

macropinocytosisfusogenicity, 

endosomalorlysosomaldisruptionand/orreleasablepropertiesthataffordsuchcompounds 

advantagesrelativeothersimilarlyclassifiedlipids.  

[0144]Accordingtothepresentinventionanucleicacide.g.,mRNAencodingaprotein(e.g.,afull 

lengthfragmentorportionofaprotein)asdescribedhereinmaybedeliveredviaadeliveryvehicle 

comprisingacompoundoftheinventionasdescribedherein.  

[0145]Asusedhereintheterms'deliveryvehicle" "transfervehicle,""nanoparticle,"or 
grammaticalequivalentsthereofareusedinterchangeably.  

[0146] Forexamplethepresentinventionprovidesacomposition(e.g.,apharmaceutical 

composition)comprisingacompounddescribedhereinandoneormorepolynucleotides.A 

composition(e.g.,apharmaceuticalcomposition)mayfurthercompriseoneormorecationiclipids, 

oneormorenon-cationiclipidsoneormorecholesterol-basedlipidsand/oroneormorePEG

modifiedlipids.  

[0147] Incertainembodimentsacompositionexhibitsanenhanced(e.g.,increased)abilityto 

transfectoneormoretargetcells.Accordinglyalsoprovidedhereinaremethodsoftransfecting 

oneormoretargetcells.Suchmethodsgenerallycomprisethestepofcontactingtheoneormore 

targetcellswiththecationiclipidsand/orpharmaceuticalcompositionsdisclosedherein(e.g.,a 

liposomalformulationcomprisingacompounddescribedhereinencapsulatingoneormore 
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polynucleotides)suchthattheoneormoretargetcellsaretransfectedwiththematerials 

encapsulatedtherein(e.g.,oneormorepolynucleotides).Asusedhereintheterms"transfect"or 

"transfectionrefertotheintracellularintroductionofoneormoreencapsulatedmaterials(e.g., 

nucleicacidsand/orpolynucleotides)intoacell(e.g.,intoatargetcell).Theintroduced 
I 

polynucleotidemaybestablyortransientlymaintainedinthetargetcell.Theterm'transfection 
efficiencyreferstotherelativeamountofsuchencapsulatedmaterial(e.g.,polynucleotides)up

takenbyintroducedintoand/orexpressedbythetargetcellwhichissubjecttotransfection.In 

practicetransfectionefficiencymaybeestimatedbytheamountofareporterpolynucleotide 
S productproducedbythetargetcellsfollowingtransfection.Incertainembodimentsthe 

compoundsandpharmaceuticalcompositionsdescribedhereindemonstratehightransfection 

efficienciestherebyimprovingthelikelihoodthatappropriatedosagesoftheencapsulatedmaterials 

(e.g.,oneormorepolynucleotides)willbedeliveredtothesiteofpathologyandsubsequently 

expressedwhileatthesametimeminimizingpotentialsystemicadverseeffectsortoxicity 

associatedwiththecompoundortheirencapsulatedcontents.  

[0148] Followingtransfectionofoneormoretargetcellsbyforexamplethepolynucleotides 

encapsulatedintheoneormorelipidnanoparticlescomprisingthepharmaceuticalorliposomal 

compositionsdisclosedhereintheproductionoftheproduct(e.g.,apolypeptideorprotein) 

encodedbysuchpolynucleotidemaybe S andthecapabilityofsuchtargetcellstoexpress 

thepolynucleotideandproduceforexampleapolypeptideorproteinofinterestisenhanced.For 

exampletransfectionofatargetcellbyoneormorecompoundsorpharmaceuticalcompositions 

encapsulatingmRNAwillenhance(i.e increase)theproductionoftheproteinorenzymeencoded 

[0149] Furtherdeliveryvehiclesdescribedherein(e.g.,liposomaldeliveryvehicles)maybe 

preparedtopreferentiallydistributetoothertargettissuescellsororganssuchastheheartlungs, 

kidneysspleen.Inembodimentsthelipidnanoparticlesofthepresentinventionmaybeprepared 

toachieveenhanceddeliverytothetargetcellsandtissues.Forexamplepolynucleotides(e.g., 

mRNA)encapsulatedinoneormoreofthecompoundsorpharmaceuticalandliposomal 

compositionsdescribedhereincanbedeliveredtoand/ortransfecttargetedcellsortissues.In 

someembodimentstheencapsulatedpolynucleotides(e.g.,mRNA)arecapableofbeingexpressed 

andfunctionalpolypeptideproductsproduced(andinsomeinstancesexcreted)bythetargetcell, 

therebyconferringabeneficialpropertytoforexamplethetargetcellsortissues.Such 

encapsulatedpolynucleotides(e.g.,mRNA)mayencodeforexampleahormoneenzymereceptor 

polypeptidepeptideorotherproteinofinterest.  
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Liposomal Delivery Vehicles 

[0150] Insomeembodimentsacompositionisasuitabledeliveryvehicle.Inembodimentsa 

compositionisaliposomaldeliveryvehiclee.g.,alipidnanoparticle.  
ft 

[0151]Thetermsliposomaldeliveryvehicle"and"liposomalcompositionareused 
interchangeably.  

[0152] Enrichingliposomalcompositionswithoneormoreofthecationiclipidsdisclosedherein 

maybeusedasameansofimproving(e.g.,reducing)thetoxicityorotherwiseconferringoneor 

moredesiredpropertiestosuchenrichedliposomalcomposition(e.g.,improveddeliveryofthe 

encapsulatedpolynucleotidestooneormoretargetcellsand/orreducedinvivotoxicityofa 

liposomalcomposition).Accordinglyalsocontemplatedarepharmaceuticalcompositionsandin 

particularliposomalcompositionsthatcompriseoneormoreofthecationiclipidsdisclosedherein.  

[0153]Thusincertainembodimentsthecompoundsoftheinventionasdescribedhereinmaybe 

usedasacomponentofaliposomalcompositiontofacilitateorenhancethedeliveryandreleaseof 

encapsulatedmaterials(e.g.,oneormoretherapeuticagents)tooneormoretargetcells(e.g.,by 

permeatingorfusingwiththelipidmembranesofsuchtargetcells).  

[0154]Asusedhereinliposomaldeliveryvehiclese.g.,lipidnanoparticlesareusually 

characterizedasmicroscopicvesicleshavinganinterioraquaspacesequesteredfromanouter 

mediumbyamembraneofoneormorebilayers.Bilayermembranesofliposomesaretypically 

formedbyamphiphilicmoleculessuchaslipidsofsyntheticornaturaloriginthatcomprisespatially 

separatedhydrophilicandhydrophobicdomains(LasicTrendsBiotechnol 16:307-321,1998).  

Bilayermembranesoftheliposomescanalsobeformedbyamphophilicpolymersandsurfactants 

vehicletypicallyservestotransportadesiredmRNAtoatargetcellortissue.  

[0155] Incertainembodimentssuchcompositions(e.g.,liposomalcompositions)areloadedwith 

orotherwiseencapsulatematerialssuchasforexampleoneormorebiologically-active 

polynucleotides(e.g.,mRNA).  

[0156] Inembodimentsacomposition(e.g.,apharmaceuticalcomposition)comprisesanmRNA 

encodingaproteinencapsulatedwithinaliposome.Inembodimentsaliposomecomprisesoneor 
S morecationiclipidsoneormorenon-cationiclipidsoneormorecholesterol-basedlipidsandone 

ormorePEG-modifiedlipidsandwhereinatleastonecationiclipidisacompoundoftheinvention 

asdescribedherein.InembodimentsacompositioncomprisesanmRNAencodingforaprotein 

(e.g.,anyproteindescribedherein).InembodimentsacompositioncomprisesanmRNAencoding 

forcysticfibrosistransmembraneconductanceregulator(CFTR)protein.Inembodimentsa 
S compositioncomprisesanmRNAencodingforornithinetranscarbamylase(OTC)protein.  
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[0157] Inembodimentsacomposition(e.g.,apharmaceuticalcomposition)comprisesanucleic 

acidencapsulatedwithinaliposomewhereintheliposomecomprisesacompounddescribed 

herein.  

[0158] InembodimentsanucleicacidisanmRNAencodingapeptideorprotein.Inembodiments 

anmRNAencodesapeptideorproteinforuseinthedeliverytoortreatmentofthelungofasubject 

oralungcell(e.g.,anmRNAencodescysticfibrosistransmembraneconductanceregulator(CFTR) 

protein).InembodimentsanmRNAencodesapeptideorproteinforuseinthedeliverytoor 

treatmentoftheliverofasubjectoralivercell(e.g.,anmRNAencodesornithinetranscarbamylase 

(OTC)protein).StillotherexemplarymRNAsaredescribedherein.  

[0159] Inembodimentsaliposomaldeliveryvehicle(e.g.,alipidnanoparticle)canhaveanet 

positivecharge.  

[0160] Inembodimentsaliposomaldeliveryvehicle(e.g.,alipidnanoparticle)canhaveanet 

negativecharge.  

[0161] Inembodimentsaliposomaldeliveryvehicle(e.g.,alipidnanoparticle)canhaveanet 

neutralcharge.  

[0162]Inembodimentsalipidnanoparticlethatencapsulatesanucleicacid(e.g.,mRNAencodinga 

peptideorprotein)comprisesoneormorecompoundsoftheinventionasdescribedherein.  

[0163] Forexampletheamountofacompoundoftheinventionasdescribedhereinina 

compositioncanbedescribedasapercentage("wt%")ofthecombineddryweightofalllipidsofa 

composition(e.g.,thecombineddryweightofalllipidspresentinaliposomalcomposition).  

[0164] Inembodimentsofthepharmaceuticalcompositionsdescribedhereinacompoundofthe 

about0.5wttoabout20wt%)ofthecombineddryweightofalllipidspresentinacomposition 

(e.g.,aliposomalcomposition).  

[0165] Inembodimentsacompoundoftheinventionasdescribedhereinispresentinanamount 

thatisabout1wttoabout30wt%,about1wttoabout20wt%,about1wttoabout15wt%, 

about1wttoabout10wt%,orabout5wttoabout25wtofthecombineddryweightofall 

lipidspresentinacomposition(e.g.,aliposomalcomposition).Inembodimentsacompoundofthe 

inventionasdescribedhereinispresentinanamountthatisabout0.5wttoabout5wt%,about1 

wttoaboutlOwt%,aboutSwttoabout2Owt%,oraboutlOwttoabout2Owtofthe 

combineddryweightofalllipidspresentinacompositionsuchasaliposomaldeliveryvehicle.  

[0166] Inembodimentstheamountofacompoundoftheinventionasdescribedhereinispresent 

inanamountthatisatleastabout5wt%,about10wt%,about15wt%,about20wt%,about25 

wt%,about30wt%,about35wt%,about40wt%,about45wt%,about50wt%,about55wt%, 
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about60wt%,about65wt%,about70wt%,about75wt%,about80wt%,about85wt%,about90 

wt%,about95wt%,about96wt%,about97wt%,about98wt%,orabout99wtofthecombined 

dryweightoftotallipidsinacomposition(e.g.,aliposomalcomposition).  

[0167] Inembodimentstheamountofacompoundoftheinventionasdescribedhereinispresent 

inanamountthatisnomorethanabout5wt%,about10wt%,about15wt%,about20wt%,about 

25wt%,about30wt%,about35wt%,about40wt%,about45wt%,about50wt%,about55wt%, 

about60wt%,about65wt%,about70wt%,about75wt%,about80wt%,about85wt%,about90 

wt%,about95wt%,about96wt%,about97wt%,about98wt%,orabout99wtofthecombined 

dryweightoftotallipidsinacomposition(e.g.,aliposomalcomposition).  

[0168] Inembodimentsacomposition(e.g.,aliposomaldeliveryvehiclesuchasalipid 

nanoparticle)comprisesabout0.1wttoabout20wt%(e.g.,about0.1wttoabout15wt%)ofa 

compounddescribedherein.Inembodimentsadeliveryvehicle(e.g.,aliposomaldeliveryvehicle 

suchasalipidnanoparticle)comprisesabout0.5wt%,about1wt%,about3wt%,about5wt%,or 

about10wtofacompounddescribedherein.Inembodimentsadeliveryvehicle(e.g.,aliposomal 

deliveryvehiclesuchasalipidnanoparticle)comprisesuptoabout0.5wt%,about1wt%,about3 

wt%,about5wt%,about10wt%,about15wt%,orabout20wtofacompounddescribed S 

Inembodimentsthepercentageresultsinanimprovedbeneficialeffect(e.g.,improveddeliveryto 

targetedtissuessuchastheliverorthelung).  

[0169]Theamountofacompoundoftheinventionasdescribedhereininacompositionalsocan 

bedescribedasapercentage("mol%")ofthecombinedmolaramountsoftotallipidsofa 

composition(e.g.,thecombinedmolaramountsofalllipidspresentinaliposomaldeliveryvehicle).  

inventionasdescribedhereinispresentinanamountthatisabout0.5moltoabout50mol%(e.g., 

about0.5moltoabout20mol%)ofthecombinedmolaramountsofalllipidspresentina 

compositionsuchasaliposomaldeliveryvehicle.  

[0171] Inembodimentsacompoundoftheinventionasdescribedhereinispresentinanamount 

thatisabout0.5moltoabout5mol%,about1moltoabout10mol%,about5moltoabout 

20mol%,about10moltoabout20mol%,about15moltoabout30mol%,about20molto 

about35mol%,about25moltoabout40mol%,about30moltoabout45mol%,about35mol% 

toabout50mol%,about40moltoabout55mol%,orabout45moltoabout60molofthe 

combinedmolaramountsofalllipidspresentinacompositionsuchasaliposomaldeliveryvehicle.  

Inembodimentsacompoundoftheinventionasdescribedhereinispresentinanamountthatis 

about1moltoabout60mol%,1moltoabout50mol%,1moltoabout40mol%,1molto 

about30mol%,about1moltoabout20mol%,about1moltoabout15mol%,about1molto 
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about10mol%,about5moltoabout55mol%,about5moltoabout45mol%,about5molto 

about35molorabout5moltoabout25molofthecombinedmolaramountsofalllipids 

presentinacompositionsuchasaliposomaldeliveryvehicle 

[0172]Incertainembodimentsacompoundoftheinventionasdescribedhereincancomprise 

fromabout0.1moltoabout50mol%,orfrom0.5moltoabout50mol%,orfromabout1mol% 

toabout50mol%,orfromabout5moltoabout50mol%,orfromabout10moltoabout50 

mol%,orfromabout15moltoabout50mol%,orfromabout20moltoabout50mol%,orfrom 

about25moltoabout50mol%,orfromabout30moltoabout50mol%,ofthetotalamountof 

lipidsinacomposition(e.g.,aliposomaldeliveryvehicle).  

[0173]Incertainembodimentsacompoundoftheinventionasdescribedhereincancomprise 

greaterthanabout0.1mol%,orgreaterthanabout0.5mol%,orgreaterthanabout1mol%,greater 

thanabout5mol%,greaterthanabout10mol%,greaterthanabout20mol%,greaterthanabout30 

mol%,orgreaterthanabout40molofthetotalamountoflipidsinthelipidnanoparticle.  

[0174] Incertainembodimentsacompoundasdescribedcancompriselessthanabout60mol%,or 

lessthanabout55mol%,orlessthanabout50mol%,orlessthanabout45mol%,orlessthanabout 

40mol%,orlessthanabout35mol%,lessthanabout30mol%,orlessthanabout25mol%,orless 

thanabout10mol%,orlessthanabout5mol%,orlessthanabout1molofthetotalamountof 

lipidsinacomposition(e.g.,aliposomaldeliveryvehicle).  

[0175] Inembodimentstheamountofacompoundoftheinventionasdescribedhereinispresent 

inanamountthatisatleastabout5mol%,about10mol%,about15mol%,about20mol%,about 

25mol%,about30mol%,about35mol%,about40mol%,about45mol%,about50mol%,about55 

mol%,about90mol%,about95mol%,about96mol%,about97mol%,about98mol%,orabout99 

molofthecombinedmolaramountsoftotallipidsinacomposition(e.g.,aliposomal 

composition).  

[0176] Inembodimentstheamountofacompoundoftheinventionasdescribedhereinispresent 

inanamountthatisnomorethanabout5mol%,about10mol%,about15mol%,about20mol%, 

about25mol%,about30mol%,about35mol%,about40mol%,about45mol%,about50mol%, 

about55mol%,about60mol%,about65mol%,about70mol%,about75mol%,about80mol%, 

about85mol%,about90mol%,about95mol%,about96mol%,about97mol%,about98mol%,or 

about99molofthecombinedmolaramountsoftotallipidsinacomposition(e.g.,aliposomal 

composition).  

[0177] Inembodimentsthepercentageresultsinanimprovedbeneficialeffect(e.g.,improved 

deliverytotargetedtissuessuchastheliverorthelung).  
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[0178] Inatypicalembodimentacompositionoftheinvention(e.g.,aliposomalcomposition) 

comprisesoneormorecationiclipidsoneormorenon-cationiclipidsoneormorecholesterol

basedlipidsandoneormorePEG-modifiedlipidswhereinatleastonecationiclipidisacompound 

oftheinventionasdescribedherein.Forexampleacomposition S forpracticingthe 

inventionhasfourlipidcomponentscomprisingacompoundoftheinventionasdescribedhereinas 

thecationiclipidcomponentanon-cationiclipidacholesterol-basedlipidandaPEG-modifiedlipid.  

Thenon-cationiclipidmaybeDOPEorDEPE.Thecholesterol-basedlipidmaybecholesterol.The 

PEG-modifiedlipidmaybeDMG-PEG2K.  
S 

[0179] Infurtherembodimentspharmaceutical(e.g.,liposomal)compositionscompriseoneor 

moreofaPEG-modifiedlipidanon-cationiclipidandacholesterollipid.Inotherembodiments, 

suchpharmaceutical(e.g.,liposomal)compositionscomprise:oneormorePEG-modifiedlipidsone 

ormorenon-cationiclipids;andoneormorecholesterollipids.Inyetfurtherembodimentssuch 

pharmaceutical(e.g.,liposomal)compositionscomprise:oneormorePEG-modifiedlipidsandone 

ormorecholesterollipids.  

[0180] Inembodimentsacomposition(e.g.,lipidnanoparticle)thatencapsulatesanucleicacid 

(e.g.,mRNAencodingapeptideorprotein)comprisesoneormorecompoundsoftheinventionas 

describedhereinandoneormorelipidsselectedfromthegroupconsistingofacationiclipidanon

cationiclipidandaPEGylatedlipid.  

[0181] Inembodimentsacomposition(e.g.,lipidnanoparticle)thatencapsulatesanucleicacid 
S (e.g.,mRNAencodingapeptideorprotein)comprisesoneormorecompoundoftheinventionas 

describedhereirnoneormorelipidsselectedfromthegroupconsistingofacationiclipidanon

compositionhasfourlipidcomponentscomprisingacompoundoftheinventionasdescribedherein 

asthecationiclipidcomponentanon-cationiclipid(e.g.,DOPE),acholesterol-basedlipid(e.g., 

cholesterol)andaPEG-modifiedlipid(e.g.,DMG-PEG2K).  

[0182]Inembodimentsalipidnanoparticlethatencapsulatesanucleicacid(e.g.,mRNAencodinga 

peptideorprotein)comprisesoneormorecompoundsoftheinventionasdescribedhereinaswell 

asoneormorelipidsselectedfromthegroupconsistingofacationiclipidanon-cationiclipida 

PEGylatedlipidandacholesterol-basedlipid.  
S [0183]Accordingtovariousembodimentstheselectionofcationiclipidsnon-cationiclipidsand/or 

PEG-modifiedlipidswhichcomprisethelipidnanoparticleaswellastherelativemolarratioofsuch 

lipidstoeachotherisbaseduponthecharacteristicsoftheselectedlipid(s),thenatureofthe 

intendedtargetcellsthecharacteristicsofthemRNAtobedelivered.Additionalconsiderations 
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includeforexamplethesaturationofthealkylchainaswellasthesizechargepHpKa) 

fusogenicityandtoxicityoftheselectedlipid(s).Thusthemolarratiosmaybeadjustedaccordingly.  

CationicLipids 

[0184] Inadditiontoanyofthecompoundsoftheinventionasdescribedhereinacomposition 

maycompriseoneormoreadditionalcationiclipids.  

[0185] Insomeembodimentsliposomesmaycompriseoneormoreadditionalcationiclipids.As 

usedhereinthephraseftcationiclipid"referstoanyofanumberoflipidspeciesthathaveanet 

positivechargeataselectedpHsuchasphysiologicalpH.Severalcationiclipidshavebeen 

describedintheliteraturemanyofwhicharecommerciallyavailable.  

[0186]Suitableadditionalcationiclipidsforuseinthecompositionsincludethecationiclipidsas 

describedintheliterature.  

HelperLipids 

[0187]Compositions(e.g.,liposomalcompositions)mayalsocompriseoneormorehelperlipids.  

Suchhelperlipidsincludenon-cationiclipids.Asusedhereinthephraseftnon-cationiclipid"refers 

toanyneutralzwitterionicoranioniclipid.Asusedhereinthephraseftanioniclipid"referstoany 

ofanumberoflipidspeciesthatcarryanetnegativechargeataselectedpHsuchasphysiological 

pH.Non-cationiclipidsincludebutarenotlimitedtodistearoylphosphatidylcholine(DSPC), 

dioleoylphosphatidylcholine(DOPC),dipalmitoylphosphatidylcholine(DPPC), 

dioleoylphosphatidylglycerol(DOPG),dipalmitoylphosphatidylglycerol(DPPG), 

dioleoylphosphatidylethanolamine(DOPE),1,2-Dierucoyl-sn-glycero-3-phosphoethanolamine 

(POPE),dioleoyl-phosphatidylethanolamine4-(N-maleimidomethyl)-cyclohexane-1-carboxylate 

(DOPE-mal),dipalmitoylphosphatidylethanolamine(DPPE),dimyristoylphosphoethanolamine 

(DMPE),distearoyl-phosphatidyl-ethanolamine(DSPE),16-0-monomethylPE,16-0-dimethylPE,18

1-transPE,1-stearoyl-2-oleoyl-phosphatidyethanolamine(SOPE),oramixturethereof.Anon

cationicorhelperlipidsuitableforpracticingtheinventionisdioleoylphosphatidylethanolamine 

(DOPE).Alternatively,1,2-Dierucoyl-sn-glycero-3-phosphoethanolamine(DEPE)canbeusedasa 

non-cationicorhelperlipid.  

[0188] Insomeembodimentsanon-cationiclipidisaneutrallipidi.e.,alipidthatdoesnotcarrya 

netchargeintheconditionsunderwhichthecompositionisformulatedand/oradministered.  

[0189] Insomeembodimentsanon-cationiclipidmaybepresentinamolarratio(mol%)ofabout 

5%toabout90%,about5%toabout70%,about5%toabout50%,about5%toabout40%,about 

5%toabout3O%,aboutlOtoabout7O%,aboutlOtoabout5O%,oraboutlOtoabout4Oof 
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thetotallipidspresentinacomposition.Insomeembodimentstotalnon-cationiclipidsmaybe 

presentinamolarratio(mol%)ofabout5%toabout90%,about5%toabout70%,about5%to 

about50%,about5%toabout40%,about5%toabout30%,about10%toabout70%,about10%to 

about50%,orabout10%toabout40%ofthetotallipidspresentinacomposition.Insome 

embodimentsthepercentageofnon-cationiclipidinaliposomemaybegreaterthanabout5mol%, 

greaterthanabout10mol%,greaterthanabout20mol%,greaterthanabout30mol%,orgreater 

thanabout40mol%.Insomeembodimentsthepercentagetotalnon-cationiclipidsinaliposome 

maybegreaterthanabout5mol%,greaterthanabout10mol%,greaterthanabout20mol%, 

greaterthanabout30mol%,orgreaterthanabout40mol%.Insomeembodimentsthepercentage 

ofnon-cationiclipidinaliposomeisnomorethanabout5mol%,nomorethanabout10mol%,no 

morethanabout20mol%,nomorethanabout30mol%,ornomorethanabout40mol%.Insome 

embodimentsthepercentagetotalnon-cationiclipidsinaliposomemaybenomorethanabout5 

mol%,nomorethanabout10mol%,nomorethanabout20mol%,nomorethanabout30mol%,or 

nomorethanabout40mol%.  

[0190] Insomeembodimentsanon-cationiclipidmaybepresentinaweightratio(wt%)ofabout 

5%toabout90%,about5%toabout70%,about5%toabout50%,about5%toabout40%,about 

5%toabout30%,about10%toabout70%,about10%toabout50%,orabout10%toabout40%of 

thetotallipidspresentinacomposition.Insomeembodimentstotalnon-cationiclipidsmaybe 

presentinaweightratio(wt%)ofabout5%toabout90%,about5%toabout70%,about5%to 

about50%,about5%toabout40%,about5%toabout30%,about10%toabout70%,about10%to 

about50%,orabout10%toabout40%ofthetotallipidspresentinacomposition.Insome 

greaterthanabout10wt%,greaterthanabout20wt%,greaterthanabout30wt%,orgreaterthan 

about40wt%.Insomeembodimentsthepercentagetotalnon-cationiclipidsinaliposomemaybe 

greaterthanabout5wt%,greaterthanabout10wt%,greaterthanabout20wt%,greaterthan 

about30wt%,orgreaterthanabout40wt%.Insomeembodimentsthepercentageofnon-cationic 

lipidinaliposomeisnomorethanabout5wt%,nomorethanabout10wt%,nomorethanabout 

2Owt%,nomorethanabout3Owt%,ornomorethanabout4Owt%.Insomeembodimentsthe 

percentagetotalnon-cationiclipidsinaliposomemaybenomorethanabout5wt%,nomorethan 

about10wt%,nomorethanabout20wt%,nomorethanabout30wt%,ornomorethanabout40 

wt%.  

Cholesterol-basedLipids 

[0191] Insomeembodimentsacomposition(e.g.,aliposomalcomposition)comprisesoneormore 

cholesterol-basedlipids.Forexampleasuitablecholesterol-basedlipidforpracticingtheinvention 
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ischolesterol.Othersuitablecholesterol-basedlipidsincludeforexampleDC-Chol(NN-dimethyl-N

ethylcarboxamidocholesterol),1,4-bis(3-N-oleylamino-propyl)piperazine(GaocmaLBiochem.  

Biophys.Res.Comm.179,280(1991);WolfetaLBioTechniques23,139(1997);U.S.Pat.No.  

5,744,335),orimidazolecholesterolester(ICE),whichhasthefollowingstructure 

0 

N 
fl> 

NH ("ICE").  

[0192] Insomeembodimentsacholesterol-basedlipidmaybepresentinamolarratio(mol%)of 

about1%toabout30%,orabout5%toabout20%ofthetotallipidspresentinaliposome.Insome 

embodimentsthepercentageofcholesterol-basedlipidinthelipidnanoparticlemaybegreater 

thanabout5mol%,greaterthanabout10mol%,greaterthanabout20mol%,greaterthanabout30 

mol%,orgreaterthanabout40mol%.Insomeembodimentsthepercentageofcholesterol-based 

lipidinthelipidnanoparticlemaybenomorethanabout5mol%,nomorethanabout10mol%,no 

morethanabout20mol%,nomorethanabout30mol%,ornomorethanabout40mol%.  

[0193] Insomeembodimentsacholesterol-basedlipidmaybepresentinaweightratio(wt%)of 

about1%toabout30%,orabout5%toabout20%ofthetotallipidspresentinaliposome.Insome 

embodimentsthepercentageofcholesterol-basedlipidinthelipidnanoparticlemaybegreater 

thanabout5wt%,greaterthanabout10wt%,greaterthanabout20wt%,greaterthanabout 

lipidinthelipidnanoparticlemaybenomorethanabout5wt%,nomorethanabout10wt%, 

nomorethanabout20wt%,nomorethanabout30wt%,ornomorethanabout40wt%.  

PEGylatedLipids 

[0194] Insomeembodimentsacomposition(e.g.,aliposomalcomposition)comprisesoneormore 

furtherPEGylatedlipids.AsuitablePEG-modifiedorPEGylatedlipidforpracticingtheinventionis 

1,2-dimyristoyl-rac-glycero-3-methoxypolyethyleneglycol-2000(DMG-PEG2K).  

[0195] Forexampletheuseofpolyethyleneglycol(PEG)-modifiedphospholipidsandderivatized 

lipidssuchasderivatizedceramides(PEG-CER),includingN-octanoyl-sphingosine-1

[succinyl(methoxypolyethyleneglycol)-2000](C8PEG-2000ceramide)isalsocontemplatedbythe 

presentinventionincombinationwithoneormoreofcompoundsoftheinventionasdescribed 

hereinandinsomeembodimentsotherlipidstogetherwhichcomprisetheliposome.Insome 
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embodimentsparticularlyusefulexchangeablelipidsarePEG-ceramideshavingshorteracylchains 

(e.g.,C14orC18).  

[0196]ContemplatedfurtherPEG-modifiedlipids(alsoreferredtohereinasaPEGylatedlipid, 

whichtermisinterchangeablewithPEG-modifiedlipid)includebutarenotlimitedtoa 

polyethyleneglycolchainofupto5kDainlengthcovalentlyattachedtoalipidwithalkylchain(s)of 

Cs-C2 0 length.InsomeembodimentsaPEG-modifiedorPEGylatedlipidisPEGylatedcholesterolor 

PEG-2K.Theadditionofsuchcomponentsmaypreventcomplexaggregationandmayalsoprovidea 

meansforincreasingcirculationlifetimeandincreasingthedeliveryofthelipid-nucleicacid 

compositiontothetargetcell,(KlibanovetaL(1990)FEBSLetters,268(1):235-237),ortheymaybe 

selectedtorapidlyexchangeoutoftheformulationinvivo(seeU.S.Pat.No.5,885,613).  
S 

[0197] FurtherPEG-modifiedphospholipidandderivatizedlipidsofthepresentinventionmaybe 

presentinamolarratio(mol%)fromabout0%toabout10%,about0.5%toabout10%,about1%to 

about10%,about2%toabout10%,orabout3%toabout5%ofthetotallipidpresentinthe 

composition(e.g.,aliposomalcomposition).  

PharmaceuticalFormulationsandTherapeuticUses 

[0198]Compoundsoftheinventionasdescribedhereinmaybeusedinthepreparationof 

compositions(e.g.,toconstructliposomalcompositions)thatfacilitateorenhancethedeliveryand 

releaseofencapsulatedmaterials(e.g.,oneormoretherapeuticpolynucleotides)tooneormore 

targetcells(e.g.,bypermeatingorfusingwiththelipidmembranesofsuchtargetcells).  

[0199] Forexamplewhenaliposomalcomposition(e.g.,alipidnanoparticle)comprisesoris 

otherwiseenrichedwithoneormoreofthecompoundsdisclosedhereinthephasetransitioninthe 

(e.g.,oneormoretherapeuticpolynucleotidesencapsulatedinalipidnanoparticle)intotheoneor 

moretargetcells.  

[0200]Similarlyincertainembodimentscompoundsoftheinventionasdescribedhereinmaybe 

usedtoprepareliposomalvehiclesthatarecharacterizedbytheirreducedtoxicityinvivo.Incertain 

embodimentsthereducedtoxicityisafunctionofthehightransfectionefficienciesassociatedwith 

thecompositionsdisclosedhereinsuchthatareducedquantityofsuchcompositionmay 

administeredtothesubjecttoachieveadesiredtherapeuticresponseoroutcome.  

[0201]Thuspharmaceuticalformulationscomprisingacompounddescribedandnucleicacids 

providedbythepresentinventionmaybeusedforvarioustherapeuticpurposes.Tofacilitate 

deliveryofnucleicacidsinvivoacompounddescribedhereinandnucleicacidscanbeformulatedin 

combinationwithoneormoreadditionalpharmaceuticalcarrierstargetingligandsorstabilizing 

reagents.Insomeembodimentsacompounddescribedhereincanbeformulatedviapre-mixed 
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lipidsolution.Inotherembodimentsacompositioncomprisingacompounddescribedhereincan 

beformulatedusingpost-insertiontechniquesintothelipidmembraneofthenanoparticles.  

Techniquesforformulationandadministrationofdrugsmaybefoundin"Remington's 

PharmaceuticalSciences" MackPublishingCo.,EastonPa.,latestedition.  
S [0202]Suitableroutesoraaministrationincluderorexampleoralrectai, vaginaltransmucosal 

pulmonaryincludingintratrachealorinhaledorintestinal ' parenteraldelivery, 

includingintradermaltransdermal(topical),intramuscularsubcutaneousintramedullaryinjections, 

aswellasintrathecaldirectintraventricularintravenousintraperitonealorintranasal.Inparticular 

embodimentstheintramuscularadministrationistoamuscleselectedfromthegroupconsistingof 

skeletalmusclesmoothmuscleandcardiacmuscle.Insomeembodimentsthe S 

resultsindeliveryofthenucleicacidstoamusclecell.Insomeembodimentstheadministration 

resultsindeliveryofthenucleicacidstoahepatocyte(i.e.,livercell).  

[0203]Acommonrouteforadministeringaliposomalcompositionoftheinventionmaybe 

intravenousdeliveryinparticularwhentreatingmetabolicdisordersespeciallythoseaffectingthe 

liver(e.g.,ornithinetranscarbamylase(OTC)deficiency).Alternativelydependingonthediseaseor 

disordertobetreatedtheliposomalcompositionmaybeadministeredviapulmonarydelivery(e.g., 

forthetreatmentofcysticfibrosis).Forvaccinationaliposomalcompositionoftheinventionis 

typicallyadministeredintramuscularly.Diseasesordisordersaffectingtheeyemaybetreatedby 

administeringaliposomalcompositionoftheinventionintravitreally.  

[0204]Alternativelyoradditionallypharmaceuticalformulationsoftheinventionmaybe 

administeredinalocalratherthansystemicmannerforexampleviainjectionofthe 

LocaldeliverycanbeaffectedinvariouswaysdependingontheS tobetargeted.Exemplary 

tissuesinwhichdeliveredmRNAmaybedeliveredand/orexpressedincludebutarenotlimitedto 

theliverkidneyheartspleenserumbrainskeletalmusclelymphnodesskinand/or 

cerebrospinalfluid.Inembodimentsthetissuetobetargetedintheliver.Forexampleaerosols 

containingcompositionsofthepresentinventioncanbeinhaled(fornasaltrachealorbronchial 

delivery);compositionsofthepresentinventioncanbeinjectedintothesiteofinjurydisease 

manifestationorpainforexample;compositionscanbeprovidedinlozengesfororaltrachealor 

esophagealapplicationcanbesuppliedinliquidtabletorcapsuleformforadministrationtothe 

stomachorintestinescanbesuppliedinsuppositoryformforrectalorvaginalapplicationorcan 

evenbedeliveredtotheeyebyuseofcreamsdropsoreveninjection.  

[0205]CompositionsdescribedhereincancomprisemRNAencodingpeptidesincludingthose 

describedherein(e.g.,apolypeptidesuchasaprotein).  
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[0206] InembodimentsamRNAencodesapolypeptide.  
S 

[0207]InembodimentsamRNAencodesaprotein.  

[0208] ExemplarypeptidesencodedbymRNA(e.g.,exemplaryproteinsencodedbymRNA)are 

describedherein.  

[0209]Thepresentinventionprovidesmethodsfordeliveringacompositionhavingfull-length 

mRNAmoleculesencodingapeptideorproteinofinterestforuseinthetreatmentofasubjecte.g., 

ahumansubjectoracellofahumansubjectoracellthatistreatedanddeliveredtoahuman 

subject.  

DeliveryMethods 

[0210]Therouteofdeliveryusedinthemethodsoftheinventionallowsfornon-invasiveself

S thecompoundsoftheinvention.Insomeembodimentsthemethodsinvolve 

intratrachealorpulmonaryadministrationbyaerosolizationnebulizationorinstillationofa 

compositionscomprisingmRNAencodingatherapeuticproteininasuitabletransfectionorlipid 

carriervehiclesasdescribedabove.Insomeembodimentstheproteinisencapsulatedwitha 

liposome.Insomeembodimentstheliposomecomprisesalipidwhichisacompoundofthe 

invention.Asusedhereinbelowadministrationofacompoundoftheinventionincludes 

S ofacompositioncomprisingacompoundoftheinvention.  

[0211]Althoughthelocalcellsandtissuesofthelungrepresentapotentialtargetcapableof 

functioningasabiologicaldepotorreservoirforproductionandsecretionoftheproteinencodedby 

themRNAapplicantshavediscoveredthatadministrationofthecompoundsoftheinventiontothe 

lungviaaerosolizationnebulizationorinstillationresultsinthedistributionofevennon-secreted 

contemplatedthatnanoparticlecompositionsoftheinventionpassthroughthelungairway-blood 

barrierresultingintranslationoftheintactnanoparticletonon-lungcellsandtissuessuchase.g., 

thehearttheliverthespleenwhereitresultsintheproductionoftheencodedproteininthese 

non-lungtissues.Thustheutilityofthecompoundsoftheinventionandmethodsoftheinvention 

extendbeyondproductionoftherapeuticproteininlungcellsandtissuesofthelungandcanbe 

usedtodeliverytonon-lungtargetcellsand/ortissues.Theyareusefulinthemanagementand 

treatmentofalargenumberofdiseasesandinparticularperipheraldiseaseswhichresultfrom 

bothsecretedandnon-secretedproteinand/orenzymedeficiencies(e.g.,oneormorelysosomal 

storagedisorders).Incertainembodimentsthecompoundsoftheinventionusedinthemethods 

oftheinventionresultinthedistributionofthemRNAencapsulatednanoparticlesandproductionof 

theencodedproteinintheliverspleenheartand/orothernon-lungcells.Forexample, 

S ofthecompoundsoftheinventionbyaerosolizationnebulizationorinstillationto 
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thelungwillresultinthecompositionitselfanditsproteinproduct(e.g.,functionalbeta 

galactosidaseprotein)willbedetectableinboththelocalcellsandtissuesofthelungaswellasin 

peripheraltargetcellstissuesandorgansasaresultoftranslocationofthemRNAanddelivery 

vehicletonon-lungcells.  

[0212]Incertainembodimentsthecompoundsoftheinventionmaybeemployedinthemethods 

oftheinventiontospecificallytargetperipheralcellsortissues.Followingthepulmonarydeliveryit 

iscontemplatedthecompoundsoftheinventioncrossthelungairway-bloodbarrieranddistribute 

intocellsotherthanthelocallungcells.Accordinglythecompoundsdisclosedhereinmaybe 

administeredtoasubjectbywayofthepulmonaryrouteofadministrationusingavarietyof 

approachknownbythoseskilledintheart(e.g.,byinhalation),anddistributetoboththelocal 

targetcellsandtissuesofthelungaswellasinperipheralnon-lungcellsandtissues(e.g.,cellsof 

theliverspleenkidneysheartskeletalmusclelymphnodesbraincerebrospinalfluidand 

plasma).Asaresultboththelocalcellsofthelungandtheperipheralnon-lungcellscanserveas 

biologicalreservoirsordepotscapableofproducingand/orsecretingatranslationproductencoded 

byoneormorepolynucleotides.Accordinglythepresentinventionisnotlimitedtothetreatment 

oflungdiseasesorconditionsbutrathercanbeusedasanon-invasivemeansoffacilitatingthe 

deliveryofpolynucleotidesortheproductionofenzymesandproteinsencodedtherebyin 

peripheralorganstissuesandcells(e.g.,hepatocytes)whichwouldotherwisebeachievedonlyby 

systemicadministration.Exemplaryperipheralnon-lungcellsincludebutarenotlimitedto 

hepatocytesepithelialcellshematopoieticcellsepithelialcellsendothelialcellsbonecellsstem 

cellsmesenchymalcellsneuralcellscardiaccellsadipocytesvascularsmoothmusclecells 
S 

testicularcellsfibroblastsBcellsTcellsreticulocytesleukocytesgranulocytesandtumorcells.  

[0213]Followingadministrationofthecompositiontothesubjecttheproteinproductencodedby 

themRNA(e.g.,afunctionalproteinorenzyme)isdetectableintheperipheraltargettissuesforat 

leastaboutonetosevendaysorlongerfollowingadministrationofthecompoundtothesubject.  

Theamountofproteinproductnecessarytoachieveatherapeuticeffectwillvarydependingonthe 

conditionbeingtreatedtheproteinencodedandtheconditionofthepatient.Forexamplethe 

proteinproductmaybedetectableintheperipheraltargettissuesataconcentration(e.g.,a 

therapeuticconcentration)ofatleast0.025-1.5~g/ml(e.g.,atleast0.050~g/mlatleast0.075 

~g/mlatleast0.1~g/mlatleast0.2~g/mlatleast0.3~g/mlatleast0.4~g/mlatleast0.5~g/ml 

atleast0.6~g/mlatleast0.7~g/mlatleast0.8~g/mlatleast0.9~g/mlatleast1.0~g/mlatleast 

1.1~g/mlatleast1.2~g/mlatleast1.3~g/mlatleast1.4~g/mloratleast1.5~g/ml),foratleast 
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about1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29, 
30,35,40,45daysorlongerfollowing S 

administrationofthecompoundtothesubject.  

[0214] Ithasbeendemonstratedthatnucleicacidscanbedeliveredtothelungsbyintratracheal 

S ofaliquidsuspensionofthecompoundandinhalationofanaerosolmistproduced 

byaliquidnebulizerortheuseofadrypowderapparatussuchasthatdescribedinU.S.patent 

5,780,014,incorporatedhereinbyreference.  

[0215] Incertainembodimentsthecompoundsoftheinventionmaybeformulatedsuchthatthey 

maybeaerosolizedorotherwisedeliveredasaparticulateliquidorsolidpriortoorupon 

S tothesubject.Suchcompoundsmaybeadministeredwiththeassistanceofoneor 

moresuitabledevicesforadministeringsuchsolidorliquidparticulatecompositions(suchase.g., 

anaerosolizedaqueoussolutionorsuspension)togenerateparticlesthatareeasilyrespirableor 

inhalablebythesubject.Insomeembodimentssuchdevices(e.g.,ametereddoseinhalerjet

nebulizerultrasonicnebulizerdry-powder-inhalerspropellant-basedinhaleroraninsufflator) 

facilitatetheadministrationofapredeterminedmassvolumeordoseofthecompositions(e.g., 

about0.5mg/kgofmRNAperdose)tothesubject.Forexampleincertainembodimentsthe 

compoundsoftheinventionareadministeredtoasubjectusingametereddoseinhalercontaininga 

suspensionorsolutioncomprisingthecompoundandasuitablepropellant.Incertain 

embodimentsthecompoundsoftheinventionmaybeformulatedasaparticulatepowder(e.g., 

respirabledryparticles)intendedforinhalation.Incertainembodimentscompositionsofthe 

inventionformulatedasrespirableparticlesareappropriatelyS suchthattheymayberespirable 

bythesubjectordeliveredusingasuitabledevice(e.g.,ameanD50orD90particlesizelessthan 

12.5km,10km,5km,2.5kmorsmaller).Inyetotherembodimentsthecompoundsoftheinvention 

areformulatedtoincludeoneormorepulmonarysurfactants(e.g.,lamellarbodies).Insome 

embodimentsthecompoundsoftheinventionareadministeredtoasubjectsuchthata 

concentrationofatleast0.05mg/kgatleast0.1mg/kgatleast0.5mg/kgatleast1.0mg/kgat 

least2.0mg/kgatleast3.0mg/kgatleast4.0mg/kgatleast5.0mg/kgatleast6.0mg/kgatleast 

7.0mg/kgatleast8.0mg/kgatleast9.0mg/kgatleast10mg/kgatleast15mg/kgatleast20 

mg/kgatleast25mg/kgatleast30mg/kgatleast35mg/kgatleast40mg/kgatleast45mg/kg, 

atleast50mg/kgatleast55mg/kgatleast60mg/kgatleast65mg/kgatleast70mg/kgatleast 

75mg/kgatleast80mg/kgatleast85mg/kgatleast90mg/kgatleast95mg/kgoratleast100 

mg/kgbodyweightisadministeredinasingledose.Insomeembodimentsthecompoundsofthe 

inventionareadministeredtoasubjectsuchthatatotalamountofatleast0.1mgatleast0.5mg, 

atleast1.0mgatleast2.0mgatleast3.0mgatleast4.0mgatleast5.0mgatleast6.0mgat 
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about500km,400km,300km,250km,200km,150km,100km,75km,50km,25km,20km,15km,
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least7.0mgatleast8.0mgatleast9.0mgatleast10mgatleast15mgatleast20mgatleast 

25mgatleast30mgatleast35mgatleast40mgatleast45mgatleast50mgatleast55mgat 

least60mgatleast65mgatleast70mgatleast75mgatleast80mgatleast85mgatleast90 
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mgatleast95mgoratleast100mgmRNAisadministeredinoneormoredoses.
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Synthesis of Compounds of the Invention 

[0216]ThecationiclipidMC3isthecurrentgoldstandardforinvivodeliveryofe.g.siRNA(see 

W02010/144740).Howeverthesynthesisofthislipidinvolvesasix-stepprocessandrequires 

handlingofaGrignardreagent.Incontrastthepresentinventionprovidescationiclipidsthatcanbe 

preparedfromreadilyavailablestartingreagentssuchasTES(N-[Tris(hydroxymethyl)methyl]-2

aminoethanesulfonicacid)(seeTable1below).Thesestartingreagentscanbecoupledtocationic 

headgroupsandlipidtailsusingcouplingreactionssuchassulfonylationacetylationandalkylation 

(seeforexampleTable2below).  

Table.  

"Good"Buffername Structure 

TES HO H 

HO S 
OH 

OH 0 

Table2:Examplesoflipidchainsthataresuitableforthepresentinvention: 

Carbon Fullchain incompoundsoftheinvention 

Chain 

Caprylic 0 

.Y . J-~%r~ (CS) I%~qII-q r ~%r*~*~*;t '~'~..~. ~ *Nq* 

I'~* 16:LVE 

C 

I-' 

(C lO ) 'U. !~LLII. a . "turn'.-.  
EhP.Ut t tu . lEEr"I *~*kd~ ~ 4' wIr 'ma..  
,?~ a 

Lauric 0 
(C12) ~ JqEhEt*u- ~ N 

'

Myristic 
El' 

-~ t 
Sra;j. **..~y" -nEc . ,Eny \Lt ~~*r t~ Lt *11r* -N. ~a'~ ' 5% 

&~ Pt.-, 

Palmitic 

(C lii) h~~**~VYAj'~L\ *t~"'~*L- cma~'L\~ SEW .. mU~ :K~. a. t~ 

#. SE~ **m~ %. #,~cmL\. ~ 
a Nt. -a 

Stearic 0 
(CiS) A ~"%~ *dhUCiEhh ,,iErEa .  

i~j*q~ ~'w s~ ~ % .~pSt~'E.E~ ~y .%.~ .~ ~ ~ ~r ~ .7 s~ s-..  ~ a~*t~9. ~ . ~ ~ \~.r* N~ Nt 
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Oleic 

(CiS:) mmmmmm 'N N N a -Uq 
_________ 

tm ~  .¾.#~t. *\ :j# Nv :j# Nv_:~t~ N .~A N. & N & 
, NA 

, ~r*. 

N#. 
.%& 

(9Z) ttu~s 

Linoleic 0 
-. L~~~JL.LLI ~U/*-* .~.d. ___.N* -t. ~ - ~~'=h~ 6* 

.wq~w t  N* ~ N~~' 
N.~.L 

=~'t~"* 
~E!r~d* 

(9Z,12Z) 

Linolenic 

(C1S:3) ~ ~JJIIptE~,~iJcTh *a . ~~ta ________ p ~.  

thU~ff 

(9Z,12Z, 

1SZ) 

[0217] Inembodimentsacationiclipiddescribedhereincanbepreparedbyconjugatinga"Good's" 

Bufferwithalipidforexamplethecarboxylicacidofalipidundersuitableconditions.Exemplary 

lipidchainsaredescribedinTable2.Accordinglysuitablecationiclipidsincludethoseresulting 

fromanycombinationoftheprecursorsdescribedinTable1.andTable2.  

[0218] Insomeembodimentsthesulfonicacidgroupsofcompoundssuchas"Good's"bufferscan 

bederivatizedbyformingasulfonylchorideusingreagentssuchasoxalylchloride.Theresulting 

sulfonylchloridecanundergoanumberofreactionsincludingbutnotlimitedtoreductionwith 

Zn/HCItoformthecorrespondingthiolandcouplingtonucleophilessuchasaminesandalcoholsto 

formthecorrespondingsulfonamidesandsulfonates(seeforexampleScheme1.below): 

SH 

Zn/HC1 

0 
0 

RNH2 
S 

c;K 
CI H 

F? 
P 

0 

S P2 ~K 
P (Scheme1) 

[0219] UsingthechemistryoutlinedinScheme1.itispossibletoderivatisethesulfonicacidstarting 

reagentswitharangeofsuitablecationiclipidheadgroupsandlipidchains.  
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[0220] Forexampleacationiclipidaccordingtothepresentinvention(compound3)canbe 

synthesizedbyreactingTES(compound1)withanacylchloride(compound2)inafirststep.A 

cationicheadgroupsuchascompound4,canthenbeaddedusingoxalylchlorideinasecondstep 

toformthelipid5(seeforexampleScheme2).  

0 
0 II HO o o S-OH 

0 0H R5 k0 1 2  HN II 
0 

HO S 
N 0 0 
H 0 

OH 
I 0 

3 

0 
II 

o o S-A~r~.-9 
HN II N 

1 , Oxalyl chloride 0 I 
2, I 0 

4 AH 0 0Y0 
F$ 5 (Scheme2) 

[0221]Thecompoundsoftheinventionasdescribedhereincanbepreparedaccordingtomethods 

knownintheartincludingtheexemplarysynthesesoftheExamplesprovidedherein.  

EXAMPLES 

[0222]Whilecertaincompoundscompositionsandmethodsofthepresentinventionhavebeen 

onlytoillustratethecompoundsoftheinventionandarenotintendedtolimitthesame.  

Example 1: General synthesis scheme for TES-based cationic lipids 

[0223]ForexamplethecompoundsoftheinventionmaybepreparedaccordingtoScheme3: 

0 
II 

oxalyl HO S-OH 
0 chbride 0 0 HN 

0 
51½ \\ 0H ___ 

R OH 0I H o 
Linoleicacid 2 OH 0~0 

I 0 

3 

(Scheme3) 
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describedwithspecificityinaccordancewithcertainembodimentsthefollowingexamplesserve
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[0224] Linoleicacidistreatedwithachlorinatingreagentsuchasoxalylchloridetoprovidetheacyl 

chloridecompound2.Reactionofcompound2withanucleophiliccompoundsuchasthebuffer 

compound1,affordscompound3.  

0 0 I 0 

0 0 II oxalyl 00 IIf501  N ,gr 

o chloride HN 4a K N~r~NVt
R5 0 

0 0 'I' 

0~0 0Y0 H 

3 3-Cl CompoundI 

0 0 I 0 
II II I 

s-cl AHN-J" II oxalyl o~< II 4b 
_____ 0 __________ Vt 

~E 

Vt 

0 0 H 0 
0Y0  0~0 o 

F?5 

3 3-Cl CompoundII 

(Scheme4) 

[0225]Compound3istreatedwithachlorinatingagentsuchasoxalylchloridetoprovidethe 

electrophiliccompound3-Cl.Reactionof3-Clwithanucleophilesuchascompound4aor4bthen 

affordscompoundsIandIIrespectively(seeScheme4above).  

[0226]ThelipidsaccordingtoSchemes3&4werepreparedusingthefollowingreaction 

SM Product ReactionConditions Scale Yield 

Linoleicacid 2 OxalylchlorideDMF LOgof 

DCM linoleicacid 

1&2 3 Dimethylacetamide+N- 200mgof1 562mg 

Methylmorpholme 
47%yield 

3 3-Cl OxalylchlorideDMF 200mgof 

DCM 3 

105mg 

3-CI&4b CompoundII DCM 200mgof3-Cl (49%over2 
steps) 
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conditions:
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3-CI&4a CompoundI DCM 200mgof3-Cl 136mg(62% 
yieldover2 
steps) 

Example 2: Specific synthesis scheme for TES-based cationic lipids 

[0227]Scheme5wasusedtopreparecompoundIasillustratedbelow: 

0 oxalyl chloride 0 

OH 
Linoleicacid 2 

OH 
0 H 0 \\7 N~N OH HO0  I OH 0 H 

HO" 0 
00 

3 

0 

oxalylchloride 0 H 
S 

cIs~\\ 0 0 0 

3-Cl 

0 
AI 

N~r~NH I 0 H 

fr ANNX~N 
H0  0 0 

CompoundI 

(Scheme5) 

[0228] InparticularcompoundIwaspreparedaccordingtoScheme5usingthefollowingsynthesis 

steps: 

Synthesis of (9Z,12Z)-Octadeca-9,12-dienovl chloride (2) 

0 

C 

[0229]ToasolutionofLinolenicacid(1.0g,3.6mmol)in10mLdichloromethaneat0Cwasadded 

NN-dimethylformamide(0.1mL)andoxalylchloride(1.2mL,14.3mmol).Thereactionmixturewas 
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warmedtoroomtemperatureandstirredfor3h.Thesolventwasremovedtotheunderreduced 
S pressureandthecrudewasusedinnextstepwithoutfurtherpurification.  

Synthesis of 2-((1,3-Bis(((9Z,12Z)-octadeca-9,12-dienoyl)oxy)-2-((((9Z42Z)-octadeca-942

dienovl)oxv)methvl)propan-2-vI)amino)ethane-1-sulfonic acid (3) 

0 

H 0 
I, "OH 

0 
00 

[0230]Toasolutionof(9Z,12Z)-octadeca-9,12-dienoylchloride2(1.1g,3.6mmol)inanhydrous 

NN-dimethylacetamide(5.0mL)andN-methylmorpholine(3.0mL),wasadded2-((1,3-dihydroxy-2

(hydroxymethyl)propan-2-yl)amino)ethane-1-sulfonicacid(1,TES)(200mg,0.87mmol).The 

reactionmixturewasheatedto~CCfor3h.MSanalysisshowedtheformationofdesiredproduct.  

Thereactionmixturewascooledtoroomtemperaturedilutedwithwater(100mL)andextracted 

withdichloromethane(2x100mL).Thecombinedorganiclayerwaswashedwithsaturatedbrine 

(100mL)anddriedoveranhydroussodiumsulfate.Thesolventwasremovedundervacuumandthe 

residuewaspurifiedbycolumnchromatography(40gSiC 2 :0to10%methanolindichloromethane 

gradient)toobtain2-((1,3-bis(((9Z,12Z)-octadeca-9,12-dienoyl)oxy)-2-((((9Z,12Z)-octadeca-9,12

dienoyl)oxy)methyl)propan-2-yl)amino)ethane-1-sulfonicacidascolorlesssolid(562mg,47%yield).  

dienoyl)oxy)methyl)propane-t3-diyl (9Z,9'Z,12Z,12'Z)-bis(octadeca-9,12-dienoate) (3-Cl) 

0 

H 0 
_ _ 0 "CI 

0 
00 

[0231]Toasolutionof2-((1,3-bis(((9Z,12Z)-octadeca-9,12-dienoyl)oxy)-2-((((9Z,12Z)-octadeca-9,12

dienoyl)oxy)methyl)propan-2-yl)amino)ethane-1-sulfonicacid3(210mg,0.82mmol)inanhydrous 

dichloromethane(5.0mL)at0CCwasaddedNN-dimethylformamide(0.05mL)andoxalylchloride 

(0.08mL,2.1mmol).Thereactionmixturewaswarmedtoroomtemperatureandstirredfor3h.The 

solventwasremovedtothedrynessunderreducedpressuretogive2-((2

(chlorosulfonyl)ethyl)amino)-2-((((9Z,12Z)-octadeca-9,12-dienoyl)oxy)methyl)propane-1,3-diyl 
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Synthesis of 2-((2-(Chlorosulfonyl)ethyl)amino)-2-((((9Z,12Z)-octadeca-9,12-
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(9Z,9'Z,12Z,12'Z)-bis(octadeca-9,12-dienoate),whichwasusedinnextstepwithoutfurther 

purification.  

S thesis of 2-2- N- 2- dimeth amino eth I sulfamo I eth I amino -2- 9Z lIZ 

V V v) v) v) ) (((( , 

octadeca-9,12-dienovl)oxv)methvl)propane-t3-divI (9Z,9'Z,12Z,12'Z)-bis(octadeca-9,12

dienoate) (Compound I) 

0 

H I 
__ __ 0 N~xtNsO N 

1~ 

00 

(Compound 

I) 

[0232]Toasolutionof2-((2-(chlorosulfonyl)ethyl)amino)-2-((((9Z,12Z)-octadeca-9,12

dienoyl)oxy)methyl)propane-1,3-diyl(9Z,9'Z,12Z,12'Z)-bis(octadeca-9,12-dienoate)3-Cl(210mg, 

0.82mmol)inanhydrousdichloromethane(5.0mL)at0 0 CwasaddedN',N'-dimethylethane-1,2

diamine(182mg,2.1mmol).Thereactionmixturewaswarmedtoroomtemperatureandstirredfor 

3h.Thereactionwasquenchedbyadditionofwaterandthemixturewasextractedwith 

dichloromethane(2x100mL).Thecombinedorganiclayerwaswashedwithsaturatedbrine(100 

mL)anddriedoveranhydroussodiumsulfate.Thesolventwasremovedandthecrudewaspurified 

bycolumnchromatography(40gSiO2:0to15%methanolindichloromethanegradient)toobtain2

((2-(N-(2-(dimethylamino)ethyl)sulfamoyl)ethyl)amino)-2-((((9Z,12Z)-octadeca-9,12

mg,62%yield).  

[0233]1HNMR(300MHzChloroform-d)55.26-5.44(in,12H),4.09(sGH),3.06-3.18(inGH),2.75 

(t,6H),2.47(t,2H),2.32(t,6H),2.24(sGH),2.00-2.10(in,12H),1.52-1.65(in,4H),1.20-1.40(in, 

44H),0.88(t,9H).  

[0234]APCI-MSanalysis:CalculatedC64H115N308S,[M+H]=1186.7,observed=1186.8.  

[0235]Allothercationiclipidswerepreparedfollowingtheaboverepresentativeprocedurein 

similaryields.  

Analytical data for 2-((2-(N-(3-(dimethylamino)propyl)sulfamoyl)ethyl)amino)-2-((((9ZlIZ)

octadeca-9,12-dienoyl)oxy)methyl)propane-t3-diyl (9Z,9'Z,12Z42'Z)-bis(octadeca-9,12

dienoate) (Compound II) 
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0 

H 
I, 

0 

0 0 I 

[0236]1HNMR(300MHzChloroform-d)65.24-5.42(inRH),4.08(s,6H),3.17(t,2H),3.06(bs, 

4H),275(t,6H),2.43(t,2H),2.31(t,6H),2.23(sGH),1.98-2.08(in,12H),1.70(quint,2H),1.52-1.63 

(in,4H),1.17-1.45(in,44H),0.87(t,9H).  

[0237]APCI-MSanalysis:CalculatedC65H117N308S,[M+H]=1100.7,observed=1100.8.  

Analytical data for 2-((j(N-(2-(Dimethvlamino)ethvl)sulfamovl)ethvl)amino)-2

((octanoyloxy)methyl)propane-t3-diyI dioctanoate (Compound V) 

0 

0 H 0 I 

0 1, N 

00 

[0238]1HNMR(300MHzChloroform-d)54.09(s,6H),3.05-3.18(in,6H),2.44(t,2H),2.32(t,6H), 

2.22(s,6H),1.54-1.65(in,6H),1.20-1.40(in,24H),0.86(t,9H).  

[0239]APCI-MSanalysis:CalculatedC34H67N308S,[M+H]=678.4,observed=678.5.  

Analytical data for 2-((Decanoyloxy)methyl)-2-((2-(N-(2.~ 

(dimethvlamino)ethvl)sulfamovl)ethvl)amino)propane-t3-diyl bis(decanoate) (Compound VI) 

H 0 I 
I, 

0 1, N 

00 

[0240]1HNMR(300MHzChloroform-d)64.08(s,6H),3.04-3.16(in,6H),2.45(t,2H),2.31(t,6H), 

2.23(s,6H),1.52-1.65(in,6H),1.20-1.40(in,38H),0.86(t,9H).  

[0241]APCI-MSanalysis:CalculatedC40H79N308S,[M+H]=762.4,observed=762.5.  

Analytical data for 2-((2-(N-(2-(Dimethylamino)ethyl)sulfamoyl)ethyl)amino)-2

((dodecanoyloxy)methyl)propane-t3-diyl didodecanoate (Compound VII) 

67 
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00 00 I 
0 '4 N 

H H 
0 

0 

[0242]1HNMR(300MHzChloroform-d)54.08(s,6H),3.04-3.19(inGH),2.46(t,2H),2.32(tGH), 

2.23(s,6H),1.52-1.66(inGH),1.16-1.34(in,50H),0.86(t,9H).  

[0243]APCI-MSanalysis:CalculatedC46H91N308S,[M+H]=846.6,observed=846.7.  

Analytical data for 2-((2-(N-(2-(Dimethvlamino)ethvl)sulfamovl)ethvl)amino)-2

((tetradecanovloxv)methvl)propane-t3-divI ditetradecanoate (Compound VIII) 

0 

H I 
I, 

0 1, N~~NN 

00 

[0244]1HNMR(300MHzChloroform-d)54.07(s,6H),3.15(t,2H),2.98-3.12(in,4H),2.46(t,2H), 

2.30(t,6H),2.23(s,6H),1.50-1.64(in,6H),1.16-1.34(in,62H),0.86(t,9H).  

[0245]APCI-MSanalysis:CalculatedC52H103N308S,[M+H]=930.7,observed=930.6.  

Analytical data for 2-((2-(N-(2-(Dimethylamino)ethvl)sulfamoyl)ethvl)amino)-2

((palmitoyloxy)methvl)propane-t3-divl dipalmitate (Compound IX) 

H I 
I, 

0 1, N 

00 

[0246]1HNMR(300MHzChloroform-d)54.09(s,6H),3.15(t,2H),2.98-3.12(in,4H),2.48(t,2H), 

2.32(t,6H),2.25(s,6H),1.53-1.64(in,6H),1.16-1.34(in,74H),0.86(t,9H).  

[0247]APCI-MSanalysis:CalculatedC58H115N308S,[M+H]=1014.8,observed=1014.7.  

Analytical data for 2-((2-(N-(3-(Dimethylamino)propyl)sulfamoyl)ethyl)amino)-2

((octanoyloxy)methyl)propane-t3-diyl dioctanoate (Compound X) 
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0 

0 H 0 
I, 

0 N~xNts A 

0 0 I 

[0248] 1HNMR(300MHzChloroform-d)64.08(s,6H),3.18(t,2H),3.02-3.12(in,4H),2.48(t,2H), 

2.31(tGH),2.27(s,6H),173(quint,2H),1.52-1.65(in,6H),1.20-1.40(in,24H),0.86(t,9H).  

[0249]APCI-MSanalysis:CalculatedC35H69N308S,[M+H]=692.4,observed=692.5.  

Analytical data for 2-((Decanovloxv)methvl)-2-((2-(N-(3

(dimethvlamino)propvl)sulfamovl)ethvl)amino)propane-t3-divI bis(decanoate) C Compound 

XI) 

0 

H 0 
I, 

0 N~XN~s A 

0 0 I 

[0250] 1HNMR(300MHzChloroform-d)54.09(s,6H),3.18(t,2H),3.04-3.14(in,4H),2.48(t,2H), 

2.32(t,6H),2.26(s,6H),173(quint,2H),1.52-1.65(in,6H),1.16-1.38(in,38H),0.86(t,9H).  

[0251]APCI-MSanalysis:CalculatedC41H81N308S,[M+H]=776.4,observed=776.5.  

Analytical data for 2-((2-(N-(3-(Dimethvlamino)propvl)sulfamovl)ethvl)amino)-2

((tetradecanovloxv)methvl)propane-t3-divI ditetradecanoate (Compound XII) 

H 
I, 

0 1, A 

0 0 I 

[0252]1HNMR(300MHzChloroform-d)64.06(s,6H),3.15(t,2H),3.04-3.12(in,4H),2.47(t,2H), 

2.29(t,6H),2.25(s,6H),1.71(quint,2H),1.50-1.64(in,6H),1.16-1.38(in,62H),0.84(t,9H).  

[0253]APCI-MSanalysis:CalculatedC53H105N308S,[M+H]=944.7,observed=944.7.  

Analytical data for 2-((2-(N-(3-(Dimethylamino)propyl)sulfamoyl)ethyl)amino)-2

((palmitovloxv)methvl)propane-t3-divl dipalmitate (Compound XIII) 
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0 

H 
1, 

I, -V 

0 0 I 

[0254] 1HNMR(300MHzChloroform-d)64.09(s,6H),3.22(t,2H),3.04-3.14(in,4H),2.66(t,2H), 

2.41(s,6H),2.32(t,6H),1.82(quint,2H),1.54-1.66(in,6H),1.16-1.38(in,74H),0.86(t,9H).  

[0255]APCI-MSanalysis:CalculatedC59H117N308S,[M+H]=1028.8,observed=1028.7.  

Example 3: Lipid Nanoparticule Formulation 

[0256] Cationiclipidsdescribedhereincanbeusedinthepreparationoflipidnanoparticles 

accordingtomethodsknownintheart.Forexamplesuitablemethodsincludemethodsdescribed 

inInternationalPublicationNo.WO2018/089801,whichisherebyincorporatedbyreferenceinits 

entirety.  

[0257]OneexemplaryprocessforlipidnanoparticleformulationisProcessAofWO2018/089801 

(seee.g.,Example1andFigure1ofWO2018/089801).ProcessA("A")relatestoaconventional 

methodofencapsulatingmRNAbymixingmRNAwithamixtureoflipidswithoutfirstpre-forming 

thelipidsintolipidnanoparticles.Inanexemplaryprocessanethanollipidsolutionandanaqueous 

bufferedsolutionofmRNAwerepreparedseparately.Asolutionofmixtureoflipids(cationiclipid, 

helperlipidszwitterioniclipidsPEGlipidsetc.)waspreparedbydissolvinglipidsinethanol.The 

mRNAsolutionwaspreparedbydissolvingthemRNAincitratebuffer.Thenthesetwosolutions 

weremixedusingapumpsystem.Insomeinstancesthetwosolutionsweremixedusingagear 

junction).ThemixturewasthenpurifiedbydiafiltrationwithaTFFprocess.Theresultant 

formulationconcentratedandstoredat2-8 0 Cuntilfurtheruse.  

[0258]AsecondexemplaryprocessforlipidnanoparticleformulationisProcessBof 

WO2018/089801(seee.g.,Example2andFigure2ofWO2018/089801).ProcessB("B")referstoa 

processofencapsulatingmessengerRNA(mRNA)bymixingpre-formedlipidnanoparticleswith 

mRNA.Arangeofdifferentconditionssuchasvaryingtemperatures(i.e.,heatingornotheating 

themixture),buffersandconcentrationsmaybeemployedinProcessB.Inanexemplaryprocess, 
S lipidsdissolvedinethanolandcitratebufferweremixedusingapumpsystem.Theinstantaneous 

mixingofthetwostreamsresultedintheformationofemptylipidnanoparticleswhichwasaself

assemblyprocess.Theresultantformulationmixturewasemptylipidnanoparticlesincitratebuffer 

containingalcohol.TheformulationwasthensubjectedtoaTFFpurificationprocesswhereinbuffer 

exchangeoccurred.Theresultingsuspensionofpre-formedemptylipidnanoparticleswasthen 
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mixedwithmRNAusingapumpsystem.Forcertaincationiclipidsheatingthesolutionpost-mixing 

resultedinahigherpercentageoflipidnanoparticlescontainingmRNAandahighertotalyieldof 

mRNA.  

[0259] LipidnanoparticleformulationsofTable3werepreparedbyProcessA.Allofthelipid 

nanoparticleformulationscomprisedhEPOmRNAandthedifferentlipidsinfollowingmolratios: 

CationicLipid:DMG-PEG2000;Cholesterol:DOPE=40:5:25:30.  

Table3.Exemplarylipidnanoparticleformulations 

mRNA FormulationComposition Process N/P Size PDI Encapsulation 

(nm) 

FFL CompoundI: A 4 65.2 0.23 72 

DMG

PEG2000:Cholesterol:DOPE 

FFL CompoundV: A 4 83.4 0.14 87 

DMG

PEG2000:Cholesterol:DOPE 

FFL CompoundXII: A 4 89.5 0.16 85 

DMG

PEG2000:Cholesterol:DOPE 

Example 4: Delivery of Firefly Luciferase (FFL) mRNA by intratracheal administration 

PEG2000,cholesterolandDOPEwereadministeredtomaleCD1mice(6-8weeksold)byasingle 

intratrachealaerosoladministrationviaaMicrosprayer®(Soul/animal)whileunderanesthesia.At 

approximately24hourspost-dosetheanimalsweredosedwithluciferinat150mg/kg(60mg/mI) 

byintraperitonealinjectionat2.5m1/kg.After5-15minutesallanimalswereimagedusinganIVIS 

imagingsystemtomeasureluciferaseproductioninthelung.Figure1.showsthatlipidnanoparticles 

comprisingthecationiclipidsdescriedhereinareeffectiveindeliveringFFLmRNAinvivobasedon 

positiveluciferaseactivity.  

[0261] Fromtheforegoingdescriptiononeskilledintheartcaneasilyascertaintheessential 

characteristicsofthisinventionandwithoutdepartingfromthespiritandscopethereofcanmake 

variouschangesandmodificationsoftheinventiontoadaptittovarioususagesandconditions.  

71 

[0260] LipidnanoparticleformulationslistedinTable3comprisingFFLmRNAcationiclipidDMG-



WO2022/066678 PCT/IJS2021/051403 

[0262]AllreferencespatentsorapplicationsU.S.orforeigncitedintheapplicationarehereby 

incorporatedbyreferenceasifwrittenhereinintheirentireties.Whereanyinconsistenciesarise 
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CLAIMS 

1. AcompoundhavingastructureaccordingtoFormula(Ia): 

H 0 
N // 

S 
A 

F?3  0 (Ia) 

orapharmaceuticallyacceptablesaltthereof) wherein 

andR3areeachindependentlyselectedfrom: 

D R6R6 

E 
, optionallysubstitutedalkyloptionallysubstitutedalkenyloptionally 

substitutedalkynylandoptionallysubstitutedacyl; 

4. S 

eachR5. independentlyselectedfromoptionallysubstitutedalkyloptionallysubstituted 

alkenylandoptionallysubstitutedalkynyl; 

eachRisindependentlyselectedfromhydrogenhalogenoptionallysubstitutedC 1-C6alkyl, 

andoptionallysubstitutedC2 -C6alkenyl; 

Ais-NR9-or-0-; 

EandGareeachindependentlyselectedfrom-NR 1 0 --0-and-5-; 

R8 ,R9 ,andR1 0areeachindependentlyselectedfromhydrogenoptionallysubstitutedC 1-C6 

alkylandoptionallysubstitutedC2-C6alkenyl; 

eachbisindependentlyselectedfrom0,1,2,3,4,5,6,7,8,9and10;and 

eachcisindependentlyselectedfrom1,2,3,4,5,6,7,8,9and10.  
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2. Thecompoundofclaim1,whereinthecompoundhasastructureaccordingtoFormula(Ib): 

0 

H 0 
N /7 

0 S 7/tX 
A 

0 

0 

(Ib) 

orapharmaceuticallyacceptablesaltthereof.  

3. Thecompoundofanyoneofclaims1or2,whereinthecompoundhasastructureaccording 

toFormula(Ic): 

0 

H 0 
N /7 

0 S 
//NN 

0 

(Ic) 

orapharmaceuticallyacceptablesaltthereof.  
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4. Thecompoundofanyoneofclaims1-3,whereinthecompoundhasastructureaccordingto 

Formula(Id): 

0 

H 0 
N /7 

0 S 
N 

0 H C 

0 

(Id) 

orapharmacetruicallyacceptablesaltthereof.  

5. Thecompoundofanyoneofclaims1-3,whereinthecompoundhasastructureaccordingto 

Formula(le): 

0 

H 0 
N /7 

0 S 

0 C 

0 

(le) 

orapharmaceuticallyacceptablesaltthereof.  
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6. Thecompoundofanyoneofclaims1-3,whereinthecompoundhasastructureaccordingto 

Formula(If): 

0 

H 0 
N /7 

0 
N> 

0 

0 

(If) 

orapharmaceuticallyacceptablesaltthereof.  

7. Thecompoundofclaim6,whereinthecompoundhasastructureaccordingtoFormula(Ig): 

0 

H 0 
N 7/ 

0 S 

~ N> 

0 

(Ig) 

orapharmaceuticallyacceptablesaltthereof.  
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8. Thecompoundofclaim6,whereinthecompoundhasastructureaccordingtoFormula(lh): 

0 

H 0 
N /7 

0 S 
N> 

0 
0 

(lh) 

orapharmaceuticallyacceptablesaltthereof.  

9. Thecompoundaccordingtoanyoneofclaims1-3,whereinthecompoundhasastructure 

accordingtoFormula(Ii): 

0 

H 0 
N 7/ 

0 S 

0 

(Ii) 

orapharmaceuticallyacceptablesaltthereof.  
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10. Thecompoundaccordingtoclaim9,whereinthecompoundhasastructureaccordingto 

Formula(Ii): 

0 

H 0 
N /7 

0 S 
N 

0 H 
0 

(lj) 

orapharmaceuticallyacceptablesaltthereof.  

11. Thecompoundaccordingtoclaim9,whereinthecompoundhasastructureaccordingto 

Formula(1k): 

0 

H 0 
N /7 

0 S 

7< 
0 

0 

(1k) 

orapharmaceuticallyacceptablesaltthereof.  

12. Thecompoundaccordingtoanyoneoftheprecedingclaimsorapharmaceutically 

D R6R6 

E 
acceptablesaltthereofwhereinR1 ,R2andR3areeachindependently U 
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13. Thecompoundaccordingtoanyoneoftheprecedingclaimsorapharmaceutically 

acceptablesaltthereof, 

D 

E 
S 3 whereinR',R'andRareeachindependently U 

14. Thecompoundaccordingtoanyoneofclaims12or13orapharmaceuticallyacceptablesalt 

thereofwhereinDandEareeach0.  

15. Thecompoundaccordingtoanyoneoftheprecedingclaimsorapharmaceutically 

acceptablesaltthereofwhereineachR5 isisindependentlyselectedfromoptionallysubstituted 

alkylandoptionallysubstitutedalkenyl.  

16. Thecompoundaccordingtoanyoneoftheprecedingclaimsorapharmaceutically 

acceptablesaltthereofwhereineachR5 isindependentlyselectedfrom: 

) 

,and 

U 

17. Thecompoundofanyoneoftheprecedingclaimsorapharmaceuticallyacceptablesalt 

~R8 

thereofwhereinR4 is C U 
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18. Thecompoundofanyoneoftheprecedingclaimsorapharmaceuticallyacceptablesalt 

thereofwhereinR4 is C U 

19. Thecompoundofclaim18,orapharmaceuticallyacceptablesaltthereofwhereinR4.  

N> N> 

selectedfrom and U 

20. Thecompoundofclaim19orapharmaceuticallyacceptablesaltthereofwhereinR4.  

N> 

U 

21. Thecompoundofclaim19orapharmaceuticallyacceptablesaltthereofwhereinR4.  

N> 

U 

22. Thecompoundofanyoneoftheprecedingclaimsorapharmaceuticallyacceptablesalt 

D R6R6 

E 

andwhereinbis1.  

23. Thecompoundofanyoneoftheprecedingclaimsorapharmaceuticallyacceptablesalt 

thereofwhereinR4 is andwhereincis2or3.  
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24. Thecompoundofanyoneoftheprecedingclaimsorapharmaceuticallyacceptablesalt 

thereofwhereinAis , optionallywhereinR9isH.  

25. Thecompoundofanyoneofclaims1to23orapharmaceuticallyacceptablesaltthereof 

S Ais0.  

26. AcompoundselectedfromthoselistedinTableAorapharmaceuticallyacceptablesalt 

thereof.  

27. Acompositioncomprisingthecationiclipidofanyoneoftheprecedingclaimsoneormore 

non-cationiclipidsoneormorecholesterol-basedlipidsandoneormorePEG-modifiedlipids.  

28. Thecompositionofclaim2],whereinthecompositionisalipidnanoparticleoptionallya 

liposome.  

29. Thecompositionofclaim28,whereintheoneormorecationiclipid(s)constitute(s)about30 

mol%-60molofthelipidnanoparticle.  

30. Thecompositionofanyoneofclaims28or29,whereintheoneormorenon-cationiclipid(s) 

constitute(s)10mol%-50molofthelipidnanoparticle.  

constitute(s)1mol%-10molofthelipidnanoparticle.  

32. Thecompositionofanyoneofclaims28-31,whereinthecholesterol-basedlipidconstitutes 

10mol%-50molofthelipidnanoparticle.  

33. Thecompositionofanyoneofclaims28-32,whereinthelipidnanoparticleencapsulatesa 

nucleicacidoptionallyanmRNAencodingapeptideorprotein.  

34. Thecompositionofanyoneofclaims28-32,whereinthelipidnanoparticleencapsulatesan 
mRNAencodingapeptideor S 

protein.  
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31. Thecompositionofanyoneofclaims28-30,whereintheoneormorePEG-modifiedlipid(s)
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35. Thecompositionofclaim34,whereinthelipidnanoparticleshaveanencapsulation 

percentageformRNAof 

(i) atleast70%; 

(ii) atleast75%; 

(iii) atleast80%; 

(iv) atleast85%; 

(v) atleast90%;or 

(vi) atleast95%.  

36. Thecompositionofanyoneofclaims34-35foruseintherapy.  

37. Thecompositionofanyoneofclaims34-36foruseinamethodoftreatingorpreventinga 

diseaseamenabletotreatmentor preventionbythepeptideorproteinencodedbythemRNA 

optionallywhereinthediseaseis(a)aproteindeficiencyoptionallywhereintheproteindeficiency 

affectstheliverlungbrainormuscle,(b)anautoimmunedisease,(c)aninfectiousdiseaseor(d) 

cancer.  

38. Thecompositionforuseaccordingtoclaim36or37,whereinthecompositionis 

administeredintravenouslyintrathecallyorintramuscularlyorbypulmonarydeliveryoptionally 

throughnebulization.  

toasubjectinneedthereofthecompositionofanyoneofclaims34-35andwhereinthediseaseis 

amenabletotreatmentorpreventionbythepeptideorproteinencodedbythemRNAoptionally 

S thediseaseis(a)aproteindeficiencyoptionallywhereintheproteindeficiencyaffectsthe 

liverlungbrainormuscle,(b)anautoimmunedisease,(c)aninfectiousdiseaseor(d)cancer.  

40. Themethodofclaim39,whereinthecompositionisadministeredintravenously, 

intrathecallyorintramuscularlyorbypulmonarydeliveryoptionallythroughnebulization.  
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39. Amethodfortreatingorpreventingadiseasewhereinsaidmethodcomprisesadministering
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