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국문초록

신규 카보사이클릭 뉴크레오사이드의 합성 및 약효검색

신 광 환

지도교수:홍 준 희

조선대학교 약학대학 약학과

합성된 뉴크레오사이드는 당부위 또는 염기부위의 구조변형을 거친 천연 뉴크레오사

이드와 비슷한 구조를 가진 유도체로서 anti-HIV의 중요한 역할을 가지고 있다.또한

카보사이클릭 뉴크레오사이드는 당부분의 산소가 탄소로 치환된 구조를 가지고 있어

화학적으로 안정할 뿐만 아니라 생물학적으로 뛰어난 항암효과와 항바이러스 효과를

가진 유도체가 발견될 수 있는 확률이 매우 높다.

본 연구에서 신규 4'-cyclopropyl-5'-norcarbocyclic 아데노신 뉴크레오사이드 및

4'-하이드록시 카보사이클릭 뉴크레사이드의 합성은 propionaldehyde5및 D-lactose

로부터 완성되었다. 우선 중간물질 13, 28을 Grignard reaction, ring-closing

metathesis등 일련의 반응을 통하여 합성하였고 얻은 화합물 13,18을 Mistunobu반

응을 거쳐서 base와 축합하여 최종 화합물질 17,18,19,21,31을 합성하였다.이들

화합물에 대한 anti-HIV 작용을 검토한 결과 화합물 18(EC50=18.6μM)이 좋은 결

과를 나타내었다.세포투과성을 높이고,더 좋은 anti-HIV 활성을 기대하여 화합물 18

의 SATEphosphonodiesternucleosideprodrug23을 합성하였으며,화합물 23에 대하

여 anti-HIV 작용을 검토한 결과,EC50=9.8μM으로 prodrug이전보다 2배 정도 상

승한 결과를 보여주었다.합성한 화합물 31은 약효를 나타내지 않았다.
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Introduction

ThefristcasesofacquiredAIDSintheUnitedStatesweredescribedin1981.

Itisestimatedthathumanimmudodeficiencyvirus,theetiologiccauseofAIDS.

Currently,In2009,thereareapproximately33.3millionpeoplelivingwithHIV.

2.6millionpeoplewerenewlyinfectedand1.8millionpeoplediedofAIDS-

relatedillnesses
[1]
.

Viruses are intracellularpathogens sharing many ofthe nutritionalrequi-

rementsandsyntheticpathwaysofthehostcellstheyinfect.Therefore,anideal

antiviralagentwould be one thateffectively interdicts viralinfection as a

consequenceofinteractionwithatargetthatisuniquetothevirus,andhenceof

littleornoconcerntotheuninfectedhosttissues.Inprinciple,suchselective

antiviralactivitycanbeachievedbytargetingvirusspecificenzymessuchasviral

polymerases.Retroviruses such as HIV are RNA viruses that through a

double-strandDNA intermediate.Thisnovelviralreplicationcyclerequiresthat

retrovirusescarryaspecificenzyme,reversetranscriptase(RT),sincethereare

nocellularenzymesthatcanconvertsingle-strandRNA intodouble-strandDNA.

AsaresultofthekeyroleofHIV-1RT inviralrepication,ithasbeenamajor

targetforthedevelopmentofaseriesofanti-HIV drugs.Thesyntheticnucle-

osideanalogues,whichresemblethenaturalnucleosides,buthaveanmodified

deoxyriboseorribosemoiety,haveplayedamajorroleinthetreatmentofhuman

immunodeficiencyvirus(HIV).

   Therearenow manydrugsintheNRTIclassthatareapprovedbytheFDA

forthetreatmentofHIV (Figure1).Stavudineord4T[2]istheonlyotherthy-

midine analogues approved for clinicaluse 3TC
[3]
(lamivudine) and FTC

(emtricitabine)arebothcytidineanalogs,andabacavir
[4]
istheonlyguanosine

analog.Tenofovir
[5]
andddl

[6]
(didanosine)roundouttheNRTIclassasadenine

analogs.Allofthenucleosideanalogsactin thesameway asAZT[7] by

competing with thecellulardeoxynucleotidesforincorporation intotheDNA

chainduringreversetranscription.A numberofnucleosideanalogueswerealso
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FIGURE 1 Chemical stuctures of  the nucleoside analogue RT inhibitors

underdevelopment,whichnotonly havepotentantiviralactivity againstthe

wild-type as wellas the drug-resistant mutant enzyme However,these

nucleosideshavetheirownlimitationsandproblemsinthetreatmentofdiseases

such as toxicity and emergence ofresistantviralstrains,which prompted

extensiveinvestigationtodiscoversaferandmoreeffectivenucleosideanalogues.

Inview ofreason,weneededtodevelopthemorenovelnucleosideanalogues

withimprovedproperties.

Recently,Several branched nucleosides[8]
 have been synthesized and 

evaluated as potentantiviralagents.Among them,4-vinyl-d4T (1)
[9]
and

4-ethynyl-d4T (2),
[9]
which havean additionaldoubleortriplebond atthe

4'-position,werereportedtohavepotentanti-HIV activities(Figure2).Mole-

cularmodelingstudiesdemonstratedthepresenceofahydrophobic4-pocketthat

could accommodate thesesubstitutions and contribute to theobserved enh-

ancementinpotencyinanti-HIV activity.
[10]
Recently,4'-branched-5'-norcarb-

ocyclicphosphonicacidanalogues,suchas4-vinyl-cpAP (3)and4-ethynyl-

cpAP (4),
[10]
have encouraged the search fornovelnucleosides as potential

anti-HIVagentsamongthisclassofcompounds.
[11]
Thephosphonatehascertain
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advantagesoveritsphosphatecounterpartasitismetabolicallystablebecause

itsphosphorus-carbon bond isnotsusceptibletohydrolyticcleavage.
[12]
The

spatiallocationoftheoxygenatom,namelytheβ-positionfrom thephosphorus

atom inthenucleosideanalogue,playsacriticalroleintheantiviralactivity.

Thisincreasedantiviralactivitywiththisoxygenatom maybeattributedtothe

increasedbindingcapacityofthephosphonateanaloguestotargetenzymes.
[13]

Moreover,aphosphonatenucleosideanaloguecanskiptherequisitefirstphos-

phorylation,whichisacrucialstepfortheactivationofnucleosides.Thisis

frequently a limiting step in thephosphorylation sequence,which ultimately

leadstotriphosphates.
[14]

Stimulated by these findings that4-branched nucleoside analogues and

5-norcarbocyclicnucleosidephosphonatehaveexcellentbiologicalactivities,we

soughttosynthesizeanovelclassofnucleosidescomprising 4-cyclopropane

branched carbocyclic-5-norcarbocyclic phosphonic acid analogues in orderto

searchformoreeffectivetherapeuticsagainstHIV andtoprovideanaloguesfor

probingtheconformationalpreferencesofenzymesassociatedwiththenucleo-

sidekinasesofnucleosidesandnucleotides.
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SCHEME 1 synthesis of cyclopropentenol intermediate

RESULTSANDDISCUSSION

AsdepictedinScheme1,thetargetcompoundswerepreparedfrom protectedto

propionaldehyde5.
[15]
Thealdehydefunctionalgroupof5wastofunctionalgroup

of5wassubjectedtocarbonyladditionreactionbycyclopropylmagensium bromide

tofurnishthesecondaryalcohol6,whichwassubjectedtooxidationusingPCC
[16]

toprovideketonederivative7.Thecorrespondingketonegroupof7wasagain

subjectedtoanadditionreactionwithvinylmagnesiunbromidetogivethetertiary

hydroxyladtoan8,whichwassuccessfullyprotectedusingPMBCl
[17]
toprovide

compound9.Removalofsilylprotectinggroupof9usingTBAF gaveprimary

alcohol10,which was oxidized to the aldehyde 11 using Swern oxidation

conditions
[18]
(DMSO,oxalylchloride,TEA).Thealdehyde11 wassubjectedto

nucleophilicGrignardconditions
[19]
withvinylmagnesium bromidetogivedivinyl12,

whichwassubjectedtoring-closing metathesis(RCM)conditionsusing second
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FIGURE 3  NOE diferences between the proximal hydrogens of 13a and 13b

generationGrubbs'catalyst(C46H65Cl2N2PRu)
[20]
toprovidecyclopropane-substituted

cyclopentenol13a(36%)and13b(37%),whichwerereadilyseparatedbysilicagel

column chromatography.ThenuclearNOE experimentswith cyclopentenols13a

and13bconfirmedtheseassignments.Asexpected,NOEenhancementswerefound

betweenthecis-orientedhydrogens.UponirradiationofC1-H,weakNOEpatterns

were observed atthe proximalhydrogens ofcompound 13b [C4-CH-(0.78%)]

versusthoseofcompound13a[C4-CH-(1.21%)](Figure3).

Tosynthesizethedesired5'-norcarbocyclicadenosinenucleosideanalogues,the

protected cyclopentenol13b was treated with 6-chloropurine underMitsunobu

conditions
[21]
(DEADandPPh3).Slow additionofdiethylazodicarboxylate(DEAD)to

amixtureofcyclopentenol13b,triphenylphosphineandthe6-chloropurineinTHF

solventgaveayellow solution,whichwasstirredfor2hoursat-40°Candfurther

stirredovernightatroom,temperaturetogivetheprojected6-chloropurineanalogue

14asanonlyN
9
-regioisomer[UV (MeOH)λmax264.0nm]

[22]
.ThePMBprotection

group wasremoved with DDQ
[23]
toproducethe5'-nornucleosideanalogue15,

whichwastreatwithdiethylphosphonomethyltriflate[24]usinglithium t-butoxideto

yieldthenucleosidephosphonateanalogue16(Scheme2).Thechlorinegroupof16

was then converted to amine with methanolic ammonia at70°C to give the

corresponding adeninephosphonatederivative17.Hydrolysisof17bytreatment

withbromotrimethylsilaneinCH3CNinthepresenceof2,6-lutidinegaveanadenine

phosphonicacidderivative18(Scheme3).
[25]
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Inordertosynthesizethe2',3'-dihydroxynucleosideanalogues,theprotected
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O

O

nucleosides17wassubjectedtovicinalhydroxylationconditions
[26]
usingcatalytic

amountofOsO4andNMO togivethe19(27%)and20(26%),respectively
[27]
.As

shownin(Figure3),thestereochemistrywasreadilydeterminedbyNOE expe-

riment.OnirradiationofC1-H,relativelystrongNOEwasobservedatC2-H and

C3-H of20,whichshowed1',2'.3'-cisrelationships,ButrelativelyweakNOEwas

observedatC2-H andC3H of19,whichmeansthe1',2'-and1',3'-transrela-

tionships.Theadenosinephosphonicacid 21 wassynthesized from 19 by the

similarproceduresdescribedfor18(Figure4).

Tosynthesizethethioesterprodrug analogue,compound18 wasreatedwith

thioester22
[28]
inthepresenceof1-(2-mesitylenesulfonyl)-3-nitro-1H-1,2,4-triazole

(MSNT)
[29]
toprovidethebis(SATE)derivativeasatargetcompound23(Scheme

4).

Thesynthesizednucleosidephosphonateandphosphonicacidanalogues17,18,



- 8 -

19,21,and23werethen evaluatedforantiviralactivity againsthuman imm-

unodeficiency virus.Theproceduresformeasuring theantiviralactivity toward

wild-typeHIV andcytotoxicityhasbeenreportedpreviously
[30]
.AsshowninTable

1.thesynthesizednucleoside23exhibitedin cell-based activity comparedwith

phosphonicacid18.AlthoughSATE protectinggroupasaprodrugscaffoldwas

introduced,the antiviralactivity was slightly increased.However,nucleoside

analogues17,19and21didnotshow anti-HIV activityorcytotoxicityatconc-

entrationsupto100μM.

TABLE1Anti-HIVactivityofsynthesizedcompounds.

Compound No. anti-HIV EC50 (μM) Cytotoxity CC50 (μM)

17 62.5 98

18 18.6 90

19 ˃ 100 ˃ 100

21 ˃ 100 ˃ 100

23 9.8 65

AZT 0.01 100

PMEA 0.51 10

Insummary,basedonthepotentanti-HIV activityof4'-branchednucleoside

and 5'-norcarbocyclic nucleoside analogues,we havedesigned and successfully

synthesized novel4'-cyclopropyl-5'-norcarbocyclic nucleoside analogues starting

from propionaldehyde.

AsshowninScheme5,itisenvisagedthataring-closingmetathesis(RCM)of

a derivative27couldprovideadesiredkeyintermediate29,whichisadirect

precursorofthetargetednucleosides.Theacidderivative24wasreadilysynthe-

sizedfrom D-lactoseinfivestepsbyawell-knownprocedure.
[31]
Acid24with

equimolaramountofLiAlH4(1.0M,inTHFsolution)at80
o
Crefluxovernightto

givepentenol25whichwasoxidizedtothealdehyde26usingSwernoxidation

conditions (DMSO,oxalylchloride,TEA).The aldehyde 26 was subjected to

nucleophilicGrignardconditions
[32]
withisopropenylmagnesium bromidetogive27

asaninseparable1:1diastereomericmixture.Withoutseparation,adirectof27
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was subjected to ring-closing metathesis
[33]
conditions using second generation

Gruubs'catalyst(C46H65Cl2N2PRu)toprovidecyclopentenols28a(46%)and28b

(47%).

Tosynthesizedtheprotected cyclopentenol28b wastreatedwith 6-chloro-

purine,underMitsunobuconditions
[34]
(DEADandPPh3).Slow additionofDEADto

amixtureofcyclopentenol28b,PPh3 and the6-chloropurinein hydrousTHF

solventgaveayellow solution,which wasstirredfor2hoursat-40
o
C and

furtherstirredovernightatroom temperaturetogivetheprotected6-chloropurine

analogue 29.The chlorine group of29 was then converted to amine with

methanolic amonia at70
o
C to give derivative 30.The 2'-methyl-4'-hydroxy-

carbocyclicnucleoside31weresynthesizedbyanacidichydrolysis(80% AcOH,

80
o
C)of30.

In summary,ashortandconcisesyntheticroutewasdevelopedforvarious
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typesofnovel4'-hydroxy-carbocyclicnucleosidesstartingfrom acarboxylderi-

vative24.Therequired stereochemistry ofthedesired nucleosideswassucce-

ssfullycontrolledbyGrubbs’cyclizationandMitsnobureaction,itshouldbenoted

thatallthefinalnucleosidesarenovel.[35]
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CONCLUSION

Some ofthesynthesized carbocyclicnucleosides display significantantiviral

activityaperpetualstructure-activityrelationshipstudyshouldbeundertakento

findnovelantiviralagents.Forthisresearch,targetcompound17,18,19,21,23

and 31 were synthesized,which were subjected to antiviralscreening against

HIV-1.Amongthem,thecompound18(EC50 =18.6μM)haswellactivity.The

synthesizednucleosideprodrug23(EC50=9.8μM)exhibitedslightimprovementin

cell-basedactivitycomparedwithphosphonicacid18.AlthoughSATE protecting

group asaprodrug scaffoldwasintroduced,theantiviralactivity wasslightly

increased.Thetargetcompound31didn'tshow antiviralactivity.
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EXPERIMENTAL

MeltingpointsweredeterminedonaMel-tempⅡ laboratorydeviceandare

uncorrected.NMRspectrawererecordedonaJEOL300Fourierinpartspermillion

(δ)andsignalsarereportedasa(singlet),d(doublet),t(triplet),q(quartet),m

(multiplet)anddd (doubletofdoublet),violet(UV)spectrawereobtainedon a

BeckmanDU-7spectrophotometer(Beckman,southPasadena,CA,USA).MSspectra

wereclollectedinelectrosprayionization(ESI)mode,Theelementalanalyseswere

perform using aPerkin-Elmer2400analyzer(perkin-Elmer,Norwalk,CT,USA).

Thinlayerchromatography(TLC)wasperformedonUniplates(silicagel)purchased

from AnaltechCo.(7558,Newark,DE,USA).Allreactionswerecarriedoutunderan

atmosphereofnitrogenunlessotherwisespecified.Drydichloromethane,benzeneand

pyridine were obtained by distillation from CaH2.Dry THF was obtained by

distillationfrom Naandbenzophenoneimmediatelypriortouse.

(±)-3-(t-Butyldimethylsilanyloxy)-1-cyclopropyl-propan-1-ol(6):Toasolut-

ionof5(2.0g,10.62mmol)indryTHF (20mL)wasslowlyaddedcyclopropyl-

magnesium bromide(25.49mL,0.5M solutioninTHF)at-25°C;themixturewas

stirred4hoursat0°C.SaturatedNH4Cltoroom temperature(room temperature).

Themixturewasdilutedwithwater(100mL)andextractedwithEtOAc(2×100

mL).Thecombinedorganiclayerwaswashedwithbrine,driedoveranhydrous

MgSO4,filtered,andevaporatedinvacuo.Theresiduewaspurifiedbysilicagel

column chromatography (EtOAc/hexane,1:10)to give 6 (1.93 g,79%)as a

colorlessoil:
1
H NMR(CDCl3,300MHz)δ 3.82(t,J=5.2Hz,2H),3.21(m,1H),

0.81(s,9H),0.39-0.18(m,4H),0.02(s,6H);
13
C NMR (CDCl3,75MHz)δ 73.6,

60.2,41.5,25.3,19.5,18.5,3.1,2.3,-5.3.

3-(t-Butyldimethylsilanyloxy)-1-cyclopropyl-propan-1-one(7): 4Å molecular

sieves(3.8g)andPCC (3.91g,18.13mmol)wereaddedslowlytoasolutionof

compound6(1.66g,7.2mmol)inCH2Cl2(60mL)at0°C,andthemixturewas

stirredovernightatroom temperature.Anexcessofdiethylether(150mL)was

thenaddedtothemixture.Themixturewasstirredvigorouslyfor3hoursatroom
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temperature,andtheresultingsolidwasfilteredthroughashortsilicagelcolumn.

Thefiltratewasconcentrated undervacuum and purified by silicagelcolumn

chromatography (EtOAc/hexane,1:30)to givecompound 7 (1.26g,77%)asa

colorlessoil:1H NMR(CDCl3,300MHz)δ 4.09(t,J=6.4Hz,2H),2.65(6.4Hz,

1H),2.99(m,1H),1.23(m,2H ),1.03(m,2H),0.81(s,9H),0.01(s,6H);
13
CNMR

(CDCl3,75MHz)δ 208.6,60.8,43.2,25.5,18.9,18.3,11.4,-5.6.

(±)-5-(t-Butyldimethylsilanyloxy)-3-cyclopropyl-pent-1-en-ol(8):Toasol-

utionof7(3.5g,15.32mmol)indryTHF(50mL)wasslowlyaddedat-10°C

andstirred5hoursat0°C.SaturatedNH4Clsolution(18mL)wasaddedtothe

mixture,whichwasslowlywarmedtoroom temperature.Themixturewasdiluted

with water(100mL)and extracted with brine,dried overanhydrousMgSO4,

filtered,andevaporatedinvacuo.Theresiduewaspurifiedbysilicagelcolumn

chromatography(EtOAc/hexane,1:15)togive8(2.55g,65%)asacolorlessoil:
1
H

NMR (CDCl3,300MHz)δ 5.91(m,1H),5.26-5.19(m,cuo.Th80(t,J=5.8Hz,

2H),1.65(dd,J=5.7,2.6Hz,2H),0.95(m,1H),0.82(s,9H),0.46-0.23(m,4H)

0.01(s,6H);13C NMR (CDCl3,75MHz)δ 143.5,114.2,79.2,59.1,43.5,25.5,20.1,

18.2,3.5,2.9,-5.2;Anal.Calc.forC14H28O2Si:C,65.57;H,11.00;C,65.54;H,10.98.

(±)-t-Butyl-[4-methoxybenzyloxy)-3-cyclopropyl-pent-4-enyloxy]-dimethyl-

silane(9):NaH(60% inmineraloil,330mg,8.3mmol)wasaddedportionwiseto

cooled(0°C)solutionoftertiaryalcohol8(1.77g,6.93mmol)andp-methoxybenzyl

chloride(1.03mL,7.62mmol)inDMF(30mL),Thereactionmixturewasstirred

atroom temperatureovernight.Thesolventwasremovedinvacuoandtheresidue

wasdilutedwithwater(110mL)followedbyextractionwithdiethylether(2×

100 mL).The combined organic layer was washed with brine,dried over

anhydrousMgSO4,andconcentratedundervacuum.Theresiduewaspurifiedby

silicagelcolumnchromatography(EtOAc/hexane,1:15)togive9(1.98g,76%)as

acolorlessoil.
1
H NMR(CDCl3,300MHz)δ 7.29-7.24(m,2H),6.91-6.85(m,2H),

5.89(m,1H),5.28-5.22(m,2H),4.49(s,2H),3.81(s,3H),3.76(t,J=6.2Hz,2H),

1.62(m,2H),0.98(m,1H),0.81(s,9H ),0.44-0.23(m,4H),0.02(s,6H);
13
CNMR

(CDCl3,75MHz)δ 159.4,143.7,130.6,129.3,116.3,114.1,80.1,73.0,58.7,56.2,41.8,

25.3,19.9,18.4,4.1,3.6,-5.5;Anal.Calc.forC22H36O3Si(+0.5EtOAc):C,68.52;H,
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9.58;Found:C,68.48;H,9.60.

(±)-3-(4-Methoxybenzyloxy)-3-cyclopropyl-pent-4-en-1-ol(10):Toasoluti-

onof9(1.05g,2.78mmol)inTHF(20mL),TBAF(3.33mL,1.0M solutionin

THF)wasadded0°C.Themixturewasstirredovernightatroom temperatureand

concentratedinvacuo,Theresiduewaspurifiedbysilicagelcolumnchromato-

graphy(Hexane/EtOAc,5:1)togive10(649mg,89%):
1
H NMR(CDCl3,300MHz)

δ 7.31-7.27(m,2H),6.91-6.85(m,2H),5.89(m,1H),6.95-6.87(m,2H),5.90(m,

1H),5.25-5.19(m,2H),4.51(s,2H),3.79(s,3H),3.57(t,J=6.2Hz,2H),1.60(m,

2H),0.93(m,1H),0.41(m,2H),0.25(m,2H);
13
CNMR(CDCl3,75MHz)δ 159.7,

144.0,131.2,129.7,117.1,114.8,79.8,72.6,57.8,54.8,40.2,18.93.6,3.2;Anal.Calc.

forC16H22O3:C,73.28;H,8.45;Found:C,73.28;H,8.42.

(±)-3-(4-Methoxybenzyloxy)-3-cyclopropyl-pent-4-enal (11): To a stirred

solutionofoxalylchloride(215mg,1.7mmol)inCH2Cl2 (14mL)wasaddeda

solutionofDMSO (265mg,3.4mmol)inCH2Cl2(5mL)dropwiseat-78°C.The

resulting solutionwasstirredat-78°C for10minutesandTEA (0.94mL,6.8

mmol)wasadded.Theresultingmixturewaswarmedto0°C andstirredfor30

minutes.Water (15 mL)was added,and the solution was stirred atroom

temperaturefor30minutes.Themixturewasdilutedwithwater(130mL)and

thenextractedwithEtOAc(2×130mL).Thecombinedorganiclayerwaswashed

withbrine,driedoveranhydrousMgS04andfiltered.Thefiltratewasconcentrated

in vacuo and residue was purified by silica gel column chromatography

(EtOAc/hexane,1:15)togivealdehydecompound11(208mg,94%)asacolorless

oil:
1
H NMR (CDCl3,300MHz)δ 7.30-7.25(m,2H),6.94-6.88(m,2H),5.91(m,

1H),5.27-5.21(m,2H),4.66(s,2H),3.74(s,3H),2.58-2.49(dd,J=8.6,4.0Hz,

2H),0.89(m,1H),0.93(m,1H),0.39(m,2H),0.32(m,2H);
13
CNMR(CDCl3,75

MHz)δ 202.7,159.3,142.9,130.8,129.1,116.7,114.2,76.1,71.2,57.3,51.9,19.7,4.8,

4.2.

(rel)-(3Rand3S,5S)-5-(4-Methoxybenzyloxy)-5-cyclopropyl-hepta-1,6-

dien-3-ol(12):Divinylanalogue12wassynthesizedasadiastereomericmixture

from aldehyde11byaproceduresimilartothatdescribedfor8yield79%;
1
H

NMR(CDCl3,300MHz)δ 7.31-7.26(m,2H),6.91-6.85(m,2H),5.96-5.87(m,2H),
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5.17-4.99(m,4H),4.64(s,2H),3.91(m,1H),3.76(s,3H),1.67-1.58(m,2H),

0.93-0.84(m,1H)0.40-0.27(m,4H);
13
C NMR (CDCl3,75MHz)δ 160.4,159.7,

141.5,140.7,131.8,129.8,128.4,117.8,116.7,115.5,114.7,78.2,72.0,68.1,56.9,44.3,

20.2,5.1,4.6,3.8.

(rel)-(1S,4S)-4-(4-Methoxy-benzyloxy)-4-cyclopropylcyclopent-2-enol

(13a)and(rel)-(1R,4S)-4-(4-methoxy-benzyloxy)-4-cyclopropylcyclopent

-2-enol(13b):To a solution of12 (260mg,0.901mmol)in dry methylene

chloride(7mL)wasaddedsecondgenerationGrubbs'catalyst(40.0mg,0.0471

mmol).Themixturewasrefluxedovernightandcooledtoroom temperature.The

mixturewasconcentratedin vacuo,andtheresiduewaspurifiedby silicagel

columnchromatography(EtOAc/hexane,1:10)togivecyclopentenol13a(84mg,

36%)and13b(86mg,37%).Datafor13a:1H NMR(CDCl3,300MHz)δ 7.31(m,

2H),6.88-6.79(m,2H),5.65(d,J=5.4Hz,1H),5.34(m,1H),4.69(s,2H),4.08

(m,1H),3.78(s,3H),2.20(dd,J=13.6,8.2Hz,1H),2.06(dd,J=13.5,6.6Hz,

1H)0.93(m,1H),0.41-0.34(m,4H);
13
C NMR (CDCl3,75MHz)δ 159.8,138.8,

136.9,131.4,128.5,117.1,88.7,73.1,67.9,57.3,39.2,18.2,5.9;Anal.Calc.forC16H20O3

(+0.5EtOAc):C,71.02;H,7.94;Found:C,70.95;H,7.97.

Datafor13b:
1
H NMR (CDCl3,300MHz)δ 7.32-7.28(m,2H),6.87(m,2H),

5.68(d,J=5.5Hz,1H),5.38-5.34(m,1H),4.71(s,2H),4.01(m,1H),3.75(s,3H),

2.28(dd,J=13.8,8.6Hz,1H),2.10-2.05(dd,J=13.7,6.8Hz,1H),0.97(m,1H),

0.431H),2.10-31(m,2H),0.97(m,1H),0.43(m,2H),0.31(m,2H);
13
C NMR

(CDCl3,75MHz)δ 160.2,139.1,135.6,131.8,129.3,118.0,87.4,72.2,67.9,56.9,38.8,

17.9,6.2,5.7;Anal.Calc.forC16H20O3:C,73.82;H,7.74;Found:C,73.79;H,7.72.

(rel)-(1'R',4'S)-9-[4-Cyclopropyl-(4-methoxybenzyloxy)-cyclopent-2-enyl]-6

chloropurine(14):Toasolutioncontainingcompound13b(161mg,0.62mmol),

triphenylphosphine(440mg,1.68mmol)and6-chloropurine(191mg,1.24mmol)in

anhydrousTHF(12.0mL),diethylazodicarboxylate(DEAD)(0.226mL,1.24mmol)

wasaddeddropwiseat-40°Cfor10minutesundernitrogen.Thereactionmixture

wasstirredfor2hoursatthesametemperatureundernitrogenandfurtherstirred

overnightatroom temperature.Thesolventwasconcentratedinvacuoandthe

residuewaspurifiedbysilicagelcolumnchromatography(EtOAc/hexane,3:1)to
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givecompound14(96mg,39%):m.p165-167°C;UV (MEOH)λmax 264.0nm:
1
H

NMR (CDCl3,300MHz)δ 8.76(s,1H),8.38(s,1H),7.30-7.25(m,2H),6.92-6.87

(m,2H),5.66(d,J=5.6Hz,1H),5.36(m,1H),4.69(s,2H),4.44(m,1H),3.72(s,

3H),2.31(dd,J=13.7,8.8Hz,1H),2.11-2.07(dd,J=13.8,7.0Hz,1H)0.92(m,

1H),0.41(m,2H),0.35(m,2H);
13
CNMR (CDCl3,75MHz)δ 159.5,151.8,150.8,

145.7,138.6,134.9,132.5,131.5,129.1,117.6,86.8,73.5,57.6,54.7,36.2,19.3,6.8;

Anal.Calc.forC21H21ClN4O2 (+1.0MeOH):C,61.60;H,5.87;N,13.06;Found:C,

6.56;H,5.90;N,13.10.

(rel)-(1'R,4'S)-9-(4-Cyclopropyl-4-hydroxycyclopent-2-enyl)-6-chloropurine

(15): Toasolutionofcompound14(420mg,1.058mmol)inCH2Cl2/H2O(12mL,

10:1v/v)wasaddedDDQ (358mg,1.58mmol),and themixturewasstirred

overnightatroom temperature.SaturatedNaHCO3(2.0mL)wasaddedtoquench

thereaction,whichwasthenstirredfor1hoursatroom temperature.Themixture

wasdilutedwithwater(160mL)andextractedwithCH2Cl2 (2×160mL).The

combinedorganiclayerwasdriedoveranhydrousMgSO4andfiltered.Thefiltrate

wasconcentrated in vacuo and theresiduewaspurified by silica gelcolumn

chromatography (EtOAc/hexane/MeOH,4:1:0.03)to givecompound 15 (199mg,

68% ):m.p176-178°C;UV(MEOH)λmax264.5nm:
1
H NMR(DMSO-d6,300MHz)

δ 8.74(s,1H),8.39(s,1H), 5.64(d,J=5.5,4.0Hz,1H),5.32(dd,J=5.5,4.0

Hz,1H),4.51(m,1H),2.28(dd,J=13.8,8.7Hz,1H),2.10-2.04(m,1H),0.96(m,

1H),0.42(m,2H),0.33(m,2H);
13
C NMR (DMSO-d6,75MHz)δ 151.9,150.3,

149.2,137.2,134.8,132.4,86.5,56.7,39.6,18.6,7.1,6.7;Anal.Calc.forC13H13ClN4O

(+1.5MeOH):C,62.55;H,5.89;N,17.25;Found:C,62.59;H,5.92;N,17.20.

(rel)-(1'R',4'S)-Diethyl[9-(4-Hydroxy-4-cyclopropylcyclopent-2-en-1-yl)-6

-chloropurine] methylphosphonate (16):Both LiOt-Bu (2.32 mL of0.5 M

solutioninTHF,1.24mmol)andasolutionofdiethylphosphonomethyltriflate(348

mg,1.16mmol)in8.0mL ofTHF wereslowlyaddedtoasolutionofthe6-

chloropurineanalogue15(160mg,0.58mmol)in7.0mL ofTHF at-30°C and

stirredovernightatroom temperatureundernitrogen.Themixturewasquenched

by adding saturated NH4Clsolution (5mL)and furtherdilutedwith additional

water(100mL).TheaqueouslayerwasextractedwithEtOAc(3×100mL).The
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combined organiclayerwasdried overanhydrousMgSO4 and concentrated in

vacuo.Theresiduewaspurifiedbysilicagelcolumnchromatography(MeOH/He-

xane/EtOAc,0.03:4:1)to give16 (143 mg,58%)asa foamy solid:
1
H NMR

(DMSO-d6,300MHz)δ 8.76(s,1H),8.50(s,1H), 5.65(d,J=5.3Hz,1H),5.39

(dd,J=5.5,4.4Hz,1H),4.51(m,1H),4.31(m,4H),3.98(d,J=8.0Hz,2H),

2.31-2.23(dd,J=13.8,8.8Hz,1H),2.09(dd,J=13.7,6.8Hz,1H),1.39(m,6H),

0.97(m,1H),0.43-0.35(m,4H);
13
C NMR (DMSO-d6,75MHz)δ 151.9,151.2,

150.5,146.0,137.7,133.3,132.5,88.7,66.3,65.8,64.5,55.3,36.7,19.3,17.2,7.6,6.6;

Anal.Calc.forC18H24ClN4O4P (+1.0MeOH):C,49.73;H,6.15;N,12.21;Found:C,

49.69;H,6.18;N,12.16.

(rel)-(1'R',4'S)-Diethyl[9-(4-Hydroxy-4-cyclopropylcyclopent-2-en-1-yl)-

adenine]methylphosphonate(17):A solution of16(202mg,0.473mmol)in

saturatedmethanolicammonia(12mL)wasstirredovernightat70°C inasteel

bomb,andthevolatileswereevaporated.Theresiduewaspurifiedbysilicagel

columnchromatography(MeOH/CH2Cl2,1:7)togive17(111mg,58%)asawhite

solid: m.p149-151°C;UV (MeOH)λmax260.5nm:
1H NMR(DMSO-d6,300MHz)

δ 8.29(s,1H),8.12(s,1H), 5.68(d,J=5.5,Hz,1H),5.39(m,1H),4.50(m,1H),

4.35-4.41(m,4H),4.02(d,J=8.1Hz,2H),2.30-2.24(dd,J=13.7,8.8Hz,1H),

2.12-2.06(m,1H),1.41-1.35(m,6H),0.90(m,1H),0.44(m,2H),0.34(m ,2H);
13
C

NMR(DMSO-d6,75MHz)δ 155.2,152.6,150.7,141.7,138.1,134.7,120.2,89.3,65.7,

64.1,63.2,54.9,37.1,20.2,16.8,7.5,6.3;Anal.Calc.forC18H26N5O4P:C,53.07;H,

6.43;N,17.19;Found:C,53.01;H,6.38;N,17.25.

(rel)-(1'R',4'S)-[9-(4-Cyclopropylcyclopent-1-yl)-adenine]-4-methylphosph-

onicacid (18):Toasolution ofthephosphonate17(149mg,0.35mmol)in

anhydrous CH3CN (10 mL)and 2,6-lutidine (0.815 mL,7.0 mmol)was added

trimethylsilylbromide(0.535mg,3.5mmol).Themixturewasheatedovernightat

70°C under nitrogen gas and then concentrated in vacuo,The residue was

partitionedbetweenCH2Cl2(70mL).TheaqueouslayerwaswashedwithCH2Cl2

(2× 50mL)andthenfreeze-driedtogivephosphonicacid18(88mg,72%)asa

yellowishfoam:UV(H2O)λmax260.0nm:
1
HNMR(DMSO-d6,300MHz)δ 8.28(s,

1H),8.09(s,1H), 5.69(d,J=5.4,Hz,1H),5.37(dd,J=5.5,4.2,Hz,1H),4.52
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(m,1H),4.17(d,J=8.0Hz,2H),2.31(dd,J=13.7,8.8Hz,1H),2.13-2.08(dd,J

=13.8,6.9,Hz,1H),0.88(m,1H),0.37-0.31(m ,4H);
13
C NMR (DMSO-d6,75

MHz)δ 154.8,151.8,149.5,140.3,138.6,133.8,119.6,88.6,64.7,55.2,36.7,17.9,6.7;

Anal.Calc.forC14H18N5O4P(+2.0H2O):C,50.64;H,5.72;N,18.08;Found:C,50.59;

H,5.68;N,18.12.

(rel)-(1'R,2'S,3'S,4'S)-Diethyl[9-(2,3-dihydroxy-4-cyclopropylcylopent-1-yl)

adenine]-4-methylphosphonate (19) and (rel)-(1'R,2'R,3'R,4'S)-diethyl-[9-

(2,3-dihydroxy-4-cyclopropylcylopent-1-yl)-adenine]-4-methylphosphonate

(20):Compound17(236mg,0.58mmol)wsadissolvedinaco-solventsystem (10

mL)(acetone:t-BuOH:H2O = 6:1:1)along with 4-methylmorpholineN-oxide(135

mg,1.16mmol).Subsequently,OsO4(0.29mL,4% wt% inH2O)wasadded.The

mixturewasstirredovernightatroom temperatureandquenchedwithsaturated

Na2SO3solution(5mL).Theresultingsolidwasremovedbyfiltrationthrougha

padofCelite,andfiltratewasconcentratedinvacuo.Theresiduewaspurifiedby

silicagelcolumnchromatography(MeOH/CH2Cl2,1:5)togive19(69mg,27%)and

20(66mg,26%)asasolidcompound19:m.p.151-153℃;UV (H2O)λmax 259.5

nm;
1
HNMR(DMSO-d6,300MHz)δ 8.27(s,1H),8.17(s,1H),4.23–4.16(m,4H),

4.10(d,J=8.0Hz,2H),3.81(m,1H),3.69(d,J=5.6Hz,1H),3.31(m,1H),2.15

–2.08(dd,J=13.6,8.7Hz,1H),1.95–1.90(dd,J=13.8,6.8Hz,1H),1.35–1.32

(m 6H),0.92(m,1H),0.38(m,2H),0.30(m,2H);13CNMR(DMSO-d6,75MHz)δ 

155.4,152.6,150.1,142.7,119.8,86.2,76.8,70.5,66.4,64.6,63.5,47.5,29.2,19.6,17.8,

7.8,6.9;Anal.Calc.forC18H28N5O6P (+1.5MeOH):C,47.85;H,7.00;N,14.30;

Found:C,47.79;H,7.03;N,14.26Compound20:m.p.144-146
o
C;UV (H2O)λmax

261.0nm;1H NMR (DMSO-d6,300MHz)δ 8.29(s,1H),8.18(s,1H),4.32–4.25

(m,4H),4.16(d,J=8.1Hz,2H),3.82(m,1H),3.62(d,J=5.5Hz,1H),3.35(dd,

J=5.6,4.0Hz,1H),2.17(dd,J=13.8,8.6Hz,1H),1.98–1.89(dd,J=13.7,7.0

Hz,1H),1.36 (m 6H),0.90 (m,1H),0.42 (m,2H),0.35 (m,2H);
13
C NMR

(DMSO-d6,75MHz)δ 154.9,152.2,149.7,143.2,120.7,85.6,75.2,67.5,65.2,64.7,

48.0,27.8,18.9,17.2,6.4;Anal.Calc.forC18H28N5O6P (+1.0MeOH):C,48.20;H,

6.81;N,14.79;Found:C,48.15;H,6.77;N,14.84.

(rel)-(1'R,2'S,3'S,4'S)-[9-(2,3-Dihydroxy-4-cyclopropylcylopent-1-yl)-adenin
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e]-4-methylphosphonic acid (21):Finaladenosine phosphonic acid 21 was

synthesizedfrom 19usingthesimilarproceduredescribedfor18asalightyellow

foamysolid:yield67%;UV(H2O)λmax260.5nm;
1
H NMR(DMSO-d6,300MHz)δ 

8.31(s,1H),8.19(s,1H),4.12(d,J=8.1Hz,2H),3.67(d,J=5.4Hz,1H),3.35

(m,1H),2.18-2.11(dd,J=13.8,8.8Hz,1H),1.93(dd,J=13.7,6.9Hz,1H),0.90

(m,1H),0.39–0.33(m,4H);
13
C NMR (DMSO-d6,75MHz)δ 154.6,153.7,151.3,

143.2,119.3,87.1,77.4,68.52,65.7,48.1,27.4,18.8,6.2,5.7;Anal.Calc.for

C14H20N5O6P(+3.0H2O):C,38.27;H,5.96;N,15.94;Found:C,38.34;H,6.01;N,

15.89.

(rel)-(1'R,4'S)-(SATE)phosphoesterof[9-(4-methyloxyphosphonate-4-cyclo

propylcyclopentyl)]adenine(23):A solutionofadeninephosphonicacidderiva-

tive18(59mg,0.169mmol)andtri-n-butylamine(94mg,0.510mmol)inmethanol

(3.8mL)wasmixedfor30minutesandconcentratedunderreducedpressure.The

residuewasthoroughlydriedwithanhydrousethanolandtoluene.Theresulting

foamysolidwasdissolvedinanhydrouspyridine(10mL)towhichthioester22

(519mg,3.2mmol)and1-(2-mesitylenesulfonyl)-3-nitro-1H-1,2,4-triazole(201mg,

0.678mmol)wereadded.Themixturewasstirredovernightatroom temperature

andquenchedwithtetrabutylammonium bicarbonatebuffer(10.0mL,1M solution,

pH 8.0).Themixturewasconcentratedunderreducedpressureandtheresidue

wasdilutedwithwater(58mL)andextractedwithCHCl2(62mL)twotimes.The

combinedorganiclayerwaswashedwithbrine,driedoverNa2SO4,filtered,and

evaporated.The residue was purified by silica gelcolumn chromatography

(MeOH/Hexane/EtOAc,0.06:3:1)togive23(42mg,39%)asawhitesolid:m.p.

124-125°C;UV (MeOH)λmax262.0nm;
1H NMR(CDCl3,300MHz)δ 8.32(s,1H),

8.15(s,1H),5.58(d,J=5.6Hz,1H),5.33(dd,J=5.7,4.0Hz,1H),4.51(m,1H),

4.20(d,J=8.1Hz,2H),3.92(m,4H),3.18-3.16(m,4H),2.26(dd,J=13.6,8.9

Hz,1H),2.12-2.08(dd,J =,13.7,6.7Hz,1H),1.23-1.19(m,18),0.89(m,1H),

0.38-0.32(m,4H);13C NMR (CDCl3,75MHz)δ 204.4,154.5,152.5,149.0,144.2,

128.2,124.4,118.2,84.7,65.3,64.9,62.3,54.9,48.3,35.8,31.4,262.2,17.3,6.8;Anal.

Calc.forC28H42N5O6PS2(+1.0MeOH):C,51.84;H,6.90;N,10.42;Found:C,51.78;

H,6.87;N,10.38.
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(4-Allyl-2,2-dimethyl-[1,3]dioxolan-4-yl)-mathanol(25):Tothesolutionof24

(20g,107.4mmol)indryTHF (200mL)wasslowlyaddedLiAlH4 (1.0M in

THF)at0
o
C.Themixturewasrefluxedovernightandcooledtoroom temperature.

ThereactionquenchedwithwaterandNaOH at0oC,filteredthroughCelitepad

and concentrated undervacuum,theresiduewaspurified by silicagelcolumn

chromatography(EtOAc/Hexane,1:2)togiveamide25(12.5g,68%)asacolorless

oil.
1
H NMR(CDCl3,300MHz)δ 5.82(m,1H),5.11(d,J=6.0Hz,1H),4.50(d,J

=8.7Hz,1H),3.93(d,J=8.6Hz,1H),3.75(d,J=8.7Hz,1H)3.69(d,J=8.8

Hz,1H),3.50(d,J=8.9Hz,1H),2.05(d,J=7Hz,2H),1.44(s,3H),1.35(s,

3H);
13
C NMR (CDCl3,75MHz)δ 138.8,114.93,101.35,84.64,76.49,68.77,34.79,

28.57,28.34;          

4-Allyl-2,2-dimethyl-[1,3]dioxolane-4-carbaldehyde (26): Toastirredsolution

ofoxalylchloride(1.31mL)inCH2Cl2(3mL)wasaddedasolutionofDMSO(0.28

mL)inCH2Cl2 (5mL)dropwiseat-78°C.Theresultingsolutionwasstirredat

-78°Cfor10minutesandTEA (0.91mL)wasadded.Theresultingmixturewas

quenchedwithsaturatedNaHCO3.Themixturewasdilutedwithwater(5mL)and

thenextractedwithEtOAc(2×5mL).Thecombinedorganiclayerwaswashed

withbrine,driedoveranhydrousMgS04andfiltered.Thefiltratewasconcentrated

in vacuo and residue was purified by silica gel column chromatography

(EtOAc/hexane,1:15)togivealdehyde26(3.04g,82%)asacolorlessoil.

1-(4-Allyl-2,2-dimethyl-[1,3]dioxolan-4-yl)-2methyl-prop-2-en-1-ol(27):To

acooled(0°C)solutionofaldehyde26(0.193g,1.13mmol)indryTHF(3mL)

wasslowlyaddedisopropenylmagnesium bromide(3.4mL,1.0M solutioninTHF).

After1hour,saturated NH4Clsolution (3.4 mL)was added,and the reaction

mixturewasslowlywarmedtoroom temperature.Themixturewasextractedwith

EtOAc(3×5mL).ThecombinedorganiclayerwasdriedoverMgSO4,filtered,

and evaporated undervacuum.Theresiduewaspurified by silica gelcolumn

chromatography(EtOAc/hexane,1:5)togive27(65mg,67%)asacolorlessoil.1H

NMR (CDCl3,300MHz)δ 5.76(m 1H),5.02-5.12(m,2H),5.0-5.04(m,4H),4.30

(m,1H),3.90(m,2H),1.76(s3H),1.43(s,6H).

(rel)-(1S',4S')-2,2,8-Trimethyl-1,3-dioxa-spiro[4,4]non-8-en-7-ol (28a) and
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(rel)-(1R',4S')-2,2,8-Trimethyl-1,3-dioxa-spiro[4,4]non-8-en-7-ol(28b): To

asolutionof27(260mg,0.901mmol)indrymethylenechloride(7mL)wasadded

second generation Grubbs'catalyst(40.0 mg,0.0471 mmol).The mixturewas

refluxedovernightandcooledtoroom temperature.Themixturewasconcentrated

in vacuo,and the residue was purified by silica gelcolumn chromatography

(EtOAc/hexane,1:10)togivecyclopentenol28a(84mg,46%)and28b(86mg,

47%).Datafor28b: 
1
H NMR (CDCl3,300MHz)δ 5.48(s,1H),4.11(d,J=7.8

Hz,1H),4.07(d,J=8.7Hz,1H),4.01(d,J=8.7Hz,1H),1.78(s,3H),1.46(s,

6H);
13
C NMR (CDCl3,75MHz)δ 141.42,124.22,110.0887.42,80.1872.6841.83,

26.66,26.30,14.25;Datafor28a:
1
H NMR(CDCl3,300MHz)δ 5.94(dd,J=5.1,

2.4Hz,1H),5.83(m,1H),4.35(d,J=6.0Hz,1H),4.09(d,J=8.7Hz,1H),4.02

(d,J=9.0Hz,1H),2.77-2.41(m,2H),1.46(s,6H);13CNMR(CDCl3,75MHz)δ 

132.96,132.12,118.66,110.17,86.89,78.12,72.81,42.26,26.53,26.30.Anal.Calcdfor

C9H14O3:C,63.51;H,8.29.

6-Chloro-9-(2,2,8-Trimethyl-1,3-dioxa-spiro[4,4]non-8-en-7-yl)-9H-purine

(29):Toasolution containing compound 28b (161mg,0.62mmol),triphenyl-

phosphine (440 mg,1.68 mmol)and 6-chloropurine (191 mg,1.24 mmol)in

anhydrousTHF(12.0mL),diethylazodicarboxylate(DEAD)(0.226mL,1.24mmol)

wasaddeddropwiseat-40°Cfor10minutesundernitrogen.Thereactionmixture

wasstirredfor2hoursatthesametemperatureundernitrogenandfurtherstirred

overnightatroom temperature.Thesolventwasconcentratedinvacuoandthe

residuewaspurifiedbysilicagelcolumnchromatography(EtOAc/hexane,3:1)to

givecompound29(96mg,39%).
1
HNMR(CDCl3,300MHz)δ 8.75(s,1H),8.0(s,

1H),5.88(s,1H),5.71(t,1H),4.15(d,J=9.0Hz,1H),4.03(d,J=8.7Hz,1H),

2.41(d,J=4.8Hz,1H),2.36(d,J=4.5Hz,1H),1.63(s,3H),1.42(s,6H),
13
C

NMR (CDCl3,75MHz)δ 151.99,143.61,141.23,134.35,109.60,89.86,73.09,62.34,

44.52,31.41,30.32,29.68.26.8013.87.

9-(2,2,8-Trimethyl-1,3-dioxa-spiro[4,4]non-8-en-7-yl)-9H-purin-6-ylamine

(30):A solutionof29(202mg,0.473mmol)insaturatedmethanolicammonia(12

mL)was stirred overnightat70°C in a steelbomb,and the volatiles were

evaporated.The residue was purified by silica gelcolumn chromatography
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(MeOH/CH2Cl2,1:7)togive30(111mg,58%).
1
H NMR(CDCl3,300MHz)δ 7.13

(s,1H),6.33(s,1H),4.41(s,1H),4.26(t,1H),2.72(d,J=9Hz,1H),2.60(d,J=

9Hz,1H),1.39-1.40(m =2H),0.64(s,3H),0.16-0.22(m,6H);
13
C NMR(CDCl3,

75MHz)δ 154.9,152.0,147.9,144.8,139.65,138.21,128.07,125.7,10.76,80.4,78.0,

58.72,28.726.86,17.24.

4-(6-Amino-purin-9-yl)-1-hydroxymethyl-3-methyl-cyclopent-2-enol (31):

Compound30(100mg,0.35mmol)wasdissolvedin80% aqueousAcOH solution

(5mL)andstirredfor5hat70-80°C.Afterthemixturewascooledtoroom

temperature,thesolventwasremovedunderreducedpressureandcoevaporated

three times with toluene. The residue was purified by silica gel column

chromatography(MeOH/CH2Cl2,1:4)togive31(69.2mg,80%)asawhitesolid,

yield67%;1H NMR(DMSO-d6,300MHz)δ 8.12(s,1H),7.99(s,1H),7.20(brs,

2H,D2O exchangeable),5.99(dd,J=8.7,6.9Hz,2H),5.72(m,1H),5.02(s,1H,

D2O exchangeable),5.38(s,1H),3.45(d,J=11.1Hz,1H),3.35(d,J=11.1Hz,

1H),2.37(dd,J=13.8,8.1Hz,1H),2.09(dd,J=18.9,4.8Hz,1H);
13
C NMR

(DMSO-d6,75MHz)δ 156.00,152.26,149.09,141.03,138.73,131.24,122.03,118.87,84.

51,67.05,58.41,42.58,18.3.
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ABSTRACT

Synthesisandantiviralevaluationof

novelcarbocyclicnucleosides
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Thesyntheticnucleosideanalogues,whichresemblethenaturalnucleosides,but

haveanmodifieddeoxyriboseorribosemoiety,haveplayedamajorroleinthe

treatmentofhumanimmunodeficiencyvirus(HIV).

Novel4'-cyclopropyl-5'-norcarbocyclicadenosinephosphonicacidanaloguesand

novel4'-hydroxy-carbocyclicnucleosideweresynthesizedfrom propionaldehyde5

andD-lactose.Synthesizedintermidiate13a,13b,28a,28b wereusedGrignard

reactionandring-closingmetathesis(RCM).Thecouplingofcyclopententols13b

and28bwithbasesbyMitsunobureaction,targetcompound17,18,19,21,23

and 31 were synthesized,which were subjected to antiviralscreening against

HIV-1.Amongthem,thecompound18(EC50 =18.6 μM)haswellactivity.To

improvecellularpermeabilityandenhancetheanti-HIV activityofthisphosphonic

acid,SATEphosphonodiesternucleosideprodrug23(EC50=9.8μM)wasprepared,

which exhibited in cell-based activity compared with phosphonicacid 18.The

targetcompound31didn'tshow antiviralactivity.

KeyWords:

anti-HIVagents;4-cyclopropanebranchednucleoside;phosphonicacid

nucleosides;Grignardreaction;Ring-closingmetathesis;Mitsunobu reaction.
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