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5'-O-PHENYLACETYLURIDJNEANDTHERAPEUTICUSE 

BACKGROUNDOFTHEINVENTION 

Phenylacetateanditsprecursorphenylbutyratehaveimportanttherapeuticapplications 

exploitingtheactivityofphenylacetateasanammoniascavengerforeliminationofexcess 

ammoniainconditionssuchashepaticencephalopathyandgeneticdisordersofthenitrogen 

cycle.Furthermoreadditionalactivitiesofphenylacetateasamolecularchaperonetomitigate 

proteinmisfoldingintheendoplasmicreticulumandasaninhibitorofhistonedeacetylation 

havebeenharnessedfortherapeuticbenefitinvariousotherdiseasesanddiseasemodels.  

Inconditionssuchashepaticencephalopathyexcessammoniaisnotthesolefactorindisease 

pathogenesisandprogressionasneuroinflammationanddiminishedmitochondrialfunctionare 

alsoinvolved.Thepyrimidinenucleosideuridinehasbroadanti-inflammatoryactivityboth 

systemicallyandinthebrainandprovidessupportforcellsincludingneuronswithdefective 

mitochondrialelectrontransportandoxidativephosphorylation.Oral2',3',5,-tri-O-acetyluridine 

increasesplasmauridinemoreeffectivelythanoraluridineitselfinpartbecauseofthedose

SUMMARYOFTHEINVENTION 

Thisinventionprovidesthecompound5'-O-Phenylacetyluridine.Itprovidesamethodof 

treatingorpreventingaconditionselectedfromthegroupconsistingofhepaticencephalopathy 

andageneticdisorderofthehepaticnitrogencycleinasubjectcomprisingadministeringtothe 

subjectanamountofacompoundofthisinventioneffectivetotreatthedisorder.Thisinvention 

alsoprovidesacompoundofthisinventionforuseintreatingorpreventingorforthe 

manufactureofamedicamentfortreatingorpreventingaconditionselectedfromthegroup 

consistingofhepaticencephalopathyandageneticdisorderofthehepaticnitrogencycle.Andit 

1 

limitingsideeffectsoforaluridine.
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providesapharmaceuticalcompositioncomprisingacompoundofthisinventionanda 
S 

pharmaceuticallyacceptablecamer.  

Thecompound5'-O-Phenylacetyluridine(PAIl),whenadministeredorallyhasbeenfoundto 

increaseplasmauridinemoreeffectivelythanuridineitselfAndtodeliverphenylacetateintothe 

bloodstreammoreeffectivelythanphenylbutyrateaprecursorthatisfavoredoverphenylacetate 

asadrugduetotheunpleasantodorofphenylacetateandwhichisapprovedbyFDAforuseas 

anammoniascavenger.  

BRIEFDESCRIPTIONOFTHEFIGURES 

FIG.1:Plasmauridineinmiceafteroraladministrationof5'-phenylacetyluridine 

FIG.2:Plasmauracilinmiceafteroraladministrationof5'-phenylacetyluridine 

FIG.3:Plasmauridine+uracilinmiceafteroraladministrationof5'-phenylacetyluridine 

DETAILEDDESCRIPTIONOFTHEINVENTION 

Asusedhereinthetransitionaltermcomprising1,~ isopen-ended.Aclaimutilizingthistermcan 

ontreatmentregimensthatalsoincludeothertherapeuticagentsortherapeuticvirusdosesnot 

specificallyrecitedthereinaslongastherecitedelementsortheirequivalentarepresent.  

Abbreviations: 

PAUor5'-PAU: 5'-O-Phenylacetyluridealsoknownas5'-phenylacetyluridine 

PA: Phenylacetate 

PB: Phenylbutyrate 

NaPW Sodiumphenylbutyrate 

DMF: Dimethylformamide 

TLC: Thin-layerchromatography 

2 

containelementsinadditiontothoserecitedinsuchclaim.Thusforexampletheclaimscanread
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DMSO: Dimethylsulfoxide 

HPMC: Hydroxypropylmethylcellulose 

LPS: Lipopolysaccharide 

TNF: Tissuenecrosisfactor 

5'-PAU 

0 o MolecularFormula = 017H18N207 
0 H 

0 N FormulaWeight - 362.33402 

N 0 

HO LogP=0.51+/-0.61 

OH 

Inadditiontoprovidingtherapeuticbenefitsderivedfromconcurrentdeliveryofuridineand 

phenylacetatethereareimportantsafetyfactorsachievedbyusinguridineincombinationwith 

phenylacetatebecausetheuridinecanattenuatethemetabolicimbalancescausedby 

phenylacetateoritsprecursorphenylbutryate.  

Inaccordancewiththemethodthecompoundforusetheuseandthepharmaceutical 

impartedbyphenylacetateanduridineinamammaliansubjectcanbetreatedorprevented.Such 

conditionsareselectedbasedonanyofseveralknownactivitiesandmechanismsofactionof 

phenylacetateoritsprecursorphenylbutyrateinwhichbroadtissue-neuroprotectiveandtissue 

protectiveactivityimpartedbytherapeuticdosesofuridinearealsoindicated.Inone 

embodimentHepaticEncephalopathyistreatedwith5'-phenylacetyluridinewiththe 

phenylacetatemoietyscavengingexcessivecirculatingandtissueammoniaassociatedwiththis 

conditionanduridineprovidingdirectneuroprotectiveactivityagainstneuroinflammationand 

mitochondrialdysfunctionthatalsocharacterizehepaticencephalopathy.Hepatic 
S 

encephalopathyatallstagesofseventyfromacutecrisistominimalclinicalsymptomsis 

treatedwith5'-phenylacetyluridine.Forseverehepaticencephalopathydosesranging1upto9 

gramspersquaremeterofbodysurfaceareaofphenylacetyluridineareadministeredonceto 

3 

compositionofthisinventionanyconventionaldisordercharacterizedbythepotentialforbenefit
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threetimesperdaywiththedoseselecteddependingonseverityofammoniaoverloadina 

particularpatient.  

Rightventricularfailureandpulmonaryarteryremodelinginpulmonaryhypertensioninvolves 

pathologicmetabolicremodelingaffectingtheheartandpulmonaryarterywithexcessive 

aerobicglycolysissimilartotheWarburgeffectinmanycancers.Phenylacetateinhibits 

pyruvatecarboxylasepartiallymitigatingpathologicalaerobicglycolysis.Furthermoreuridine 

improvesinotropyinpressure-overloadedmyocardium.Thereforeasasingleagentorin 

combinationwithuridinetriacetateformodulatinguridine/phenylacetateratios,5'

phenylacetyluridineprovidesmorecompleteprotectionoftherightventricleinpulmonary 

hypertensionthaneitheragentalonerightventricularfailureistheprimarycauseofdeathin 

peoplewithprimarypulmonaryhypertension.Fortreatmentofpulmonaryhypertensiondosesof 

5'-phenylacetyluridinerangingfrom1to5gramspersquaremeterofbodysurfaceareaare 

administeredonetothreetimesperday.  

Inaccordancewiththisinventionthecompoundcanbeadministeredtoanymammaliansubject.  

Inoneembodimentthemammaliansubjectisahumansubject.Inaccordancewiththis 

inventionanyconventionalrouteofadministrationcanbeutilized.Preferablythecompoundis 

administeredorally.Theskilledpractitionercantitratetooptimizethedosageforaparticular 

patient.Typicallythecompoundisadministeredorallytoahumanpatientinadoseoffrom1to 

day.  

PBisgenerallyadministeredtopatientsasasodiumsalt(Buphenyl®)atdosesof5-25g/day.  

Sincesodiumcomprises12%sodiumweight/weightandthereforea10g/dayNaPBtreatment 

wouldresultin1.2gofsodiumintake.Therecommendeddailyintakeofsodiumis2.3gand 

excessivesodiumintakeisassociatedwithincreasedincidenceofhypertensionmyocardial 

infarctionandstroke(StrazzulloD'Eliaetal.2OO9~FriedenandBriss2010).Oneobjectofthis 

inventionistoprovideabiologicallyactivederivativeofPBinaformwhichdoesnotadd 

excessivesodiumintake.Thisisaccomplishedbymeansofesterlinkagewithuridine.  

4 
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GlutaminedepletionduetoPBrepresentsanadditionalmetaboliccompromiseinmammalsthat 
donothaveaureacycledisorderorexcessivelevelsof S 

ammonia.Glutaminedepletionand 

resultinglossofammoniacanleadtoadepletionofpyrimidines(uridineandcytidine)because 

pyrimidinesynthesisrequiresglutamine.Pyrimidinesynthesiscanbealteredbylevelsof 

glutamineordietaryprotein(MonksChisenaetal.1985~NelsonQureshietal.1993~ 

ZaharevitzGrubbetal.1993).Theuseofauridineester-linkedPB-relatedderivativeprovides 

uridineandthuspreventsuridinedepletion.  

Theinventionwillbebetterunderstoodbyreferencetothefollowingexampleswhichillustrate 

butdonotlimittheinventiondescribedherein.  

EXAMPLES 

EXAMPLE1:Preparationof5'-0-Phenylacetyluridine 

1. Preparationof2' 3'-0-Cyclohexylideneuridine 

U 

HN 
0 

HN MeG OMe o 
/ __________ / 

0 N 
+ RTXOVemIgILt HO 

0 
C 

~OH 
HO 

OH 

Uridine(50g,205mmoles)wasdissolvedinanhydrousDMF(250mL)andacatalyticamountof 

para-tolunesulfonicacid(1.8grams)wasaddedwhilestirringunderargonatroomtemperature.  

After20minutes,31mLor2.0equivalentsof1,1-dimethoxycyclohexanewasadded.The 

5 
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reactionmixturewasstirredatroomtemperatureunderargonovernight.Thereactionwas 

checkedbyTLC(EtOAcRf 0.2)forcompletionand250mLofmethanolwasaddedandthen 

evaporatedtwice.Thecrudereactionmixturewaspurifiedbyflashchromatographyusingsilica 

gelandethylacetatetoyield33gramsofthedesiredproduct(50%yield). 1 HNMR(400MHz 

DMSO-d6)61.34 1.69(in,1OH),3.55(broads,2H)4.03 4.05(in,1H),4.73(d,1HJ 3.6 

Hz),4.86-4.88(in,1H),5.06(sOH),5.61(d,1HJ 8.1Hz),5.82(dd,1HJ 2.6,7.0Hz), 

7.76-7.80(m,1H),11.35(sNH) 

2. Preparationof2' 3'- 0-Cyclohexylidene-5'-0-phenylacetyluridine 

0 
Q 

HN HN 

0 I OAN' 0 N ± o I CHfl2 /Py 

CI 60 C-RT 

HO II 0 0 II 0 

0 

anhydrousCH2Cl2,125mLofpyridinewasaddedandthemixturewascooledto0 0 C.Then 

phenylacetylchloride(16mL,1.2eq)wasaddeddropwiseover30minutes.Thereaction 

mixturewasStilTedat0 0 Cfor4hrs.andatroomtemperatureforanother4hrs.Completionof 

thereactionwasverifiedbyTLC(EtOAcRf 0.6).Thereactionwasquenchedwithmethanol 

andevaporatedtodryness.TheresiduewasdissolvedinEtOAc(500mL)andwashedwith0.1N 

HCl,0.05NHClwatersaturatedNaHCO3andfinallywithwater.Thecrudeproductwas 

purifiedbyflashchromatographyusingsilicageland50%EtOAc/hexanetogive30gofthe 

desiredproduct(85%yield). 1 HNMR(400MHzDMSO-d6)61.33 1.69(in,1OH),3.69(s, 

2H),4.19- 4.24(in,3H),4.73- 4.74(in,1H),4.88(dd,1HJ 2.2,6.6Hz),5.61(d,1HJ 

8.1Hz),5.77(d,1HJ 1.9Hz),7.24-7.32(in,5H),7.60(d,1HJ 8.1Hz),11.42(sNH).  

6 

Underargon,2',3'-O-cyclohexylideneuridine(26.0g,84.4inmoles)wasdissolvedin250mLof
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33 Preparationof5'- 0-Phenylacetyluridine 

0 

HN 

1 0 
0 HN 

0 
N 

Form±cacid! o 
water(1:1) y-/ 
650C,3Hrs 0 OH 

OH 

2,3'-O-Cyclohexylidene-5'-O-phenylacetyluridine(32.80g,77.1mmoles)wasdissolvedin300 

niLofa1:1mixtureofformicacidandwater.Thereactionmixturewasheatedat65-70 0 Cfor4 

hrs.differsfromreactionfigureTLC(ethylacetate)confirmedtheconsumptionofthestarting 

material.Waterandformicacidwereremovedbyevaporationundervacuum.Thecrudeproduct 

wasdissolvedinwater(250mL)andevaporatedtodrynesstwice.Purificationbyflash 

chromatographyusingsilicagelandethylacetateyielded15.1grams(56%)ofthedesired 

product.Attemptstorecrystallizetheproductfromsolventsethylacetate/hexaneethyl 

ether/hexanemethanol/hexaneethanol!hexaneethanol!ethyletheracetone/hexaneethanol! 

thetotalabsorbanceoflightatX 2 3 0 correspondedtotheproduct.1HNMR(400MHzDMSO-d6) 

63.71(ABq,2H),3.85- 4.05(in,3H),4.15 4.30(in,2H),5.28(dOHJ 5.1Hz),5.43(d, 

OHJ 6.5Hz),5.61(d,1HJ 8.1Hz),5.72(d,1HJ 5.1Hz),7.24- 7.31(in,5H),7.46(d, 

1HJ 8.1Hz),11.35(sNH).Meltingpoint55 570 C 

EXAMPLE2:Plasmauridineanduracilpharmacokineticsafteroraladministrationof5'-O

phenylacetyluridine(PAU) 

Chemical(s):HPMC(Hydroxypropylmethylcellulose, SIGMA-Aldrich:cat#H3785,CAS 

9004-65-3),5'-O-Phenylacetyluridine(PALElot432-132) 

7 

ethylethermethanol/ethyletherwereunsuccessful.AnalysisbyLC-MSshowedthat92%of
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Vehicle:AqueousHPMC(0.75%)wasusedasasuspendingvehiclefororaladministration.  

DosingFormulation:PATEwasaddedto0.75%HPMCandhomogenizedtoeliminateclumps.  

Thesuspensionweremadeuptothedesiredvolumeandconcentrationandsonicatedto 

disaggregateanysmallleftoverclumpsintofineparticles.Suspensionswerestoredat4 0Cuntil 

use.Suspensionswereusedwithin24hrsofpreparation.  

Dosing:Micereceivedadoseof587mg/KgPAIl(molarequivalentto400mg/kguridine) 

gavagedat0.02ml/gbodyweight.  

Animals:FemaleCD-1mice.  

8 
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Ageand 
Species Strains Gender NumberWeightRange Vendor DietandHousing 
____________________________________atShipment____________________________ 

HarlanTekiad 
Mouse CD-1 Females 9 ~26-30g Envigo 2016,adlibitum 

housed5/cage 

Thegeneralinitiallayoutfortheexperimentinvolvedgavaginggroupsof6micewithPAIland 

obtainingbloodsamplesatseveraltimespointsthereafter(3micewerebledfor2timepoints(15 

and60minutes),andanother3micewerebledfortheother2timepoints(30and120minutes).  

EachexperimentincludedanHPMC(vehicleonly)timepointwith3micetoestablishabaseline 

forblooduridine.  

No.of Bleeding TimeAfter GroupNo.Animals Dosing 

PAIl 6 15,30,60, 
_____________&l2Omin 

HPMC 3 _______ 

Bloodsampleswerecollectedintoplasmaseparationtubeswhichwerecentrifugedimmediately 

afterbloodcollectionandaliquotsofplasmawerefrozenforsubsequentprocessing.Plasma 

Uvabsorbancedetectionandmassspectrometry.  

Deliveryofuridineintothebloodstreamwasassessedbymonitoringplasmauridineandthesum 

ofuridineanduracil[uridine+uracil], asuracilisthefirstproductinenzymaticdegradationof 

uridine.Miceconvertadministereduridinetouracilmorerapidlyandextensivelythando 

humanssothaturidine+uracilprovidesabetterindexfortranslationofdosingand 

pharmacokineticstohumansthandoesmeasurementofuridinealone.  

Plasmauridineuraciland[uridine+uracil]concentrationsafteradministrationofPAIlare 

showninFigures1, 2and3respectively.  

9 

waslaterdeproteinatedanduridineanduracilwerequantifiedbyliquidchromatographyusing
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ThedeliveryofphenylacetateintothebloodstreamafteroraladministrationofPAIlwasalso 

assessed.Sodiumphenylbutyrateisusedinclinicalpracticeasanammoniascavengerinhepatic 

encephalopathyorgeneticnitrogencycledisordersorasachaperoneorhistonedeacetylase 

inhibitor.Itispredominantlymetabolizedtophenylacetateviabeta-oxidationintheliverand 

phenylacetatemediatesthetherapeuticbenefitsofphenylbutyrate.PAIlwasadministeredorally 

atadoseequimolarto200mg/kgsodiumphenylbutyrate.FemaleBALB/cmice(n 3-5group) 

weregiventestcompoundsp.o.andafter30minuteswereretro-orbitallybledtoobtainplasma.  

Thetable S 

summanzingthecomparativebioavailabilityofPAIlandsodiumphenyulbutyrate 
S indicatesthemaximumconcentration(CMaX)obtainedinserumafterequimolaroral 

administrationofthesecompoundsawanindexofbioavailability.Anequimolardoseoruridine 

wasusedasacomparatorforefficiencyofdeliveryofuridineintothecirculationbyoral 

administrationofPAIl.  

Table. PlasmaconcentrationsofuridinePBandrespectivemetabolitesafteroral 

administrationofsodiumphenylbutyrateorPAIl 

Uridine Uracil PB PA 

Compound 

NaPB NA NA 26 401 

PAIl 76 159 <1 1281 

Plasmaconcentrationsunitsaremicromoles/liter(kM) 

NaPB sodiumphenylbutryate 

PB phenylbutyrate 

PA phenylacetate 

PAIl 5- 0-Phenylacetyluridine 

OralPAIlwassubstantiallymoreeffectivethananequimolardoseoforalsodium 

phenylbutyrateforraisingplasmaphenylacetateconcentrationsyieldinga>3-foldhigher 

10 

Uridine 10 24 NA NA
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concentrationofcirculatingphenylacetateat30minutesafteradministration.FurthermorePAIl 

elevatedplasmauridineanduracilbetterthandidandequimolardoseoforaluridine.  

EXAMPLE3:Anti-inflammatoryeffectsof5'- 0-Phenylacetyluridine(PAIl) 

Injectionofbacterialcellwallconstituentlipopolysaccharide(LPS)hasbeenusedasamodelof 

inflammation.Theinflammatorycascadecanleadtocellularandorgandamagewhen 

unchecked.Tissuenecrosisfactora(TNFa)isstronglyinducedduringinflammationand 

attenuatingthisresponsecanbeprotectiveinnumerousdiseasesincludingrheumatoidarthritis 

psoriasisvasculitisandAlzheimersdisease.  

FemaleBALB/cmice41weeksofage(n 7-8/group)weretreatedwithVehicle(0.75% 

HPMC)orPAIlp.o.and30minuteslaterLPS(2.5mg/kgi.p.)wasadministered.Onehourafter 

LPSmiceweresacrificedandbloodwascollectedformeasurementofplasmaTNFu.  

Table2:EffectofPAIlonplasmaTNFc*changesduetoLPS 

Treatment TNFa(pg/ml)±SEM 

Vehicle 15,981±2,951 

PAIl(165mg/kg) 10,068±2,583 

+Indicatep<.05comparedtoVehiclecontrol.  

PAIlprovidessignificantanti-inflammatoryeffectintheLPS-inducedelevationofplasma 

TNFo.  

11 

PAIl(331mg/kg) 7,034±1,236+
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CLAIMS 

Whatisclaimedis: 

1. Acompound,5'-0-Phenylacetyluridine.  

2. Amethodoftreatingorpreventingaconditioninamammaliansubjectwhereinthe 

conditionisselectedfromthegroupconsistingofhepaticencephalopathyandageneticdisorder 

ofthehepaticnitrogencyclecomprisingadministeringtothesubjectaneffectiveamountofthe 

compoundofclaim1, therebytreatingorpreventingthecondition.  

33 Themethodofclaim2,whereintheadministrationisoral.  

4. Themethodofclaim3,whereinthemammaliansubjectisahumansubject.  

5. Themethodofclaim4,whereintheadministrationisoral.  

6. Themethodofclaim5,whereintheeffectiveamountisfrom1to5gramspersquare 

7. Thecompoundofclaim1foruseintreatingorpreventingaconditioninamammalian 

subjectwhereintheconditionisselectedfromthegroupconsistingofhepaticencephalopathy 

andageneticdisorderofthehepaticnitrogencycle.  

8. Thecompoundforuseofclaim7,whereinthecompoundisadministeredorallytothe 

mammaliansubject.  

9. Thecompoundforuseofclaim7,whereinthemammaliansubjectisahumansubject.  

12 

meterofbodysurfaceareaadministeredonetwoorthreetimesdaily.
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10. Thecompoundforuseofclaim9,whereinthecompoundisadministeredorallytothe 

humansubject.  

11. Thecompoundforuseofclaim10,whereinthecompoundisadministeredinadoseof 

from1to5gramspersquaremeterofbodysurfaceareaadministeredonetwoorthreetimes 

daily.  

12. Thecompoundofclaim1foruseinthemanufactureofamedicamentfortreatingor 

preventingaconditioninamammaliansubjectwhereintheconditionisselectedfromthegroup 

consistingofhepaticencephalopathyandageneticdisorderofthehepaticnitrogencycle.  

13. Thecompoundforuseofclaim12,whereinthemedicamentisformulatedfororal 

administrationtothemammaliansubject.  

14. Thecompoundforuseofclaim12,whereinthemammaliansubjectisahumansubject.  

15. Thecompoundforuseofclaim14,whereinthemedicamentisformulatedfororal 

administrationtothehumansubject.  

16. Thecompoundforuseofclaim15,whereinthemedicamentisformulatedfor 

areaadministeredonetwoorthreetimesdaily.  

camerandthe 

17. Apharmaceuticalcompositioncomprisingapharmaceuticallyacceptable S 

compoundofclaim1inanamounteffectivetotreatorpreventaconditioninamammalian 

subjectwhereintheconditionisselectedfromthegroupconsistingofhepaticencephalopathy 

andageneticdisorderofthehepaticnitrogencycle.  

18. Thepharmaceuticalcompositionofclaim17,whereinthepharmaceuticalcompositionis 

formulatedfororaladministrationtothemammaliansubject.  

13 

administrationofthecompoundinadoseoffrom1to5gramspersquaremeterofbodysurface
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19. Thepharmaceuticalcompositionofclaim17,whereinthemammaliansubjectisahuman 

subject.  

20. Thepharmaceuticalcompositionofclaim19,whereinthepharmaceuticalcompositionis 

formulatedfororaladministrationtothehumansubject.  

21. Thepharmaceuticalcompositionofclaim20,formulatedforadministrationofthe 

compoundinadoseoffrom1to5gramspersquaremeterofbodysurfaceareaadministered 

14 

onetwoorthreetimesdaily.
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