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Ｄｒｎｅｌ(巴/囮

Abstract-l-HydroxyyohimbineanditsvanousderivativesarepreparedfOrthe 

firsttimeThesenovelcompoundsarefOundtobepotento(2-blockerscomparable 

toyohimbineitseIf 

AIotofpeopIearesufferingfromerectiledysfunction（ED）andwaitingfOrasafedrugViagraisa 

promisingdrugandhasbeenusedfbrthetreatment､２However,ithassomeside-effects2tobeimproved 

Fromtheancientdays,yohimbine3a(1,Ｓｃｈｅｍｅｌ),afamiliarfOIkmedicine,hasbeenwidelyusedaswell 

amongpeopleasanq2-blockertotreatED､3bFromtheviewpointofstructure-activityrelationship,the 

activityofyohimbinederivativesseemtobesensitivetothechangｅｉｎthestereochemistryofyohimbane 

nucleusandasubstitutiononthel-position,Ｎ(1).４WehaveattemptedtodeveIopdrugswhichhave 

desirablecharacteristicswithlesstoxicitythanl・Nowwewishtoreportaninterestingfactthatan

introductionofahydroxygroupontothel-positiondoesnotaltertheintrinsicbiologicalactMtyofland 

moreovergeneratesanovelfamilyofpotentq2-blockersexpectedforthetreatmenｔｏｆＥＤ・s

l-Hydroxyyohimbine（４）wasgivenbirthfOrthefirsttimebyapplyingourl-hydroxyindolesynthetic 

method6to26,713‐(2)ａｎｄ２ｑ,7q-dihydroyohimbines(3).First,ｗｅｏｂｔａｉｎｅｄ２ａｎｄ３ｉｎｌ８ａｎｄ７９９６ 

ｙｉｅｌdMespectively,bythereductionofyohimbine（1．free）withNaBH3CNinCF3COOHaccordingto 

theprocedurereportedbyHannartandco-workers7WiththeneedfOrthestereoselectiveproductionof3, 

＃Dedicatedtothe70thbirthdayofDr・SatoshiOmura
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weexaminedvarioustrialsandsucceededinfindingthedesiredreductionconditions・Aquantitative

productionof3wasattainedunderthesamereactionconditionsandwiththesamereagentssimplyby 

employingyohimbinehydrochloride(1.HCI)insteadofl･freeasastamngmateriaL 

TheresuItiｓｅｘpIainedasfOIlowsTheinitialcompleteprotonationofthebasicN(4)occursfromthe 

stericallylesshindered6-side､TheresultantaxialN(4)－Hbondblocksthe6-sideanddirectsthesecond 

protonationatthe7-positionfromtheq-side,fOllowedbytheq-sidehydrideattackontheimineC(2)． 

Oxidationof3withNa2WO42H20and30％H202generatedanewcompound,l-hydroxyyohimbine(4) 

inaquantitativeyieldOnthecontrary,similaroxidationof2affOrded4in４３％yieIdwithtarfOrmation 

AdirectprocedurefOrtransfOrmingl・ＨＣｌｔｏ４ｗｉｔｈｏｕｔｉｓｏｌａｔｉｎｇ３ｉｓａｌｓｏｄevelopedbyundergoing

NaBH3CNreductionandNa2WO4cataIyzedoxidationconsecutively，andnow4isavailablein8696 

overalIyieldReliedontheacidicnatureofthel-hydroxymoiety,６thestructureof4wasconfirmedby 

leadingittothecorrespondingl-methoxyyohimbine7（5a）ｉｎ７７９６ｙｉｅＩｄｂｙｔｈｅｒｅａｃｔｉｏｎｗｉｔｈ 

ｄｉazomethane・

Furthermodificationofthel-hydroxygroupof4withprimaryalkyIhalidesinDMFwasreadilyattained 

Forexample,thereactionof4with"butyliodideinthepresenceofK2CＯ３ｇａｖｅｌ－"butyloxyyohimbine 

(5b)asexpectedin9396yield・Undersimilarreactionconditions,４reactedwithaIlyl,p-nitrobenzyI,and

propargylbromidestoaffbrdl-allyloxy-(5c),Lp-nitrobenzyloxy-(5.),andl-propargyloxyyohimbines 

(5e)ｉｎ99,90,and9996yields,respectiveIy． 
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1.Ｆｒｅｅ ｌ･ＨＣＩ 

Uponthereactionof4withsec-andrerr-alkylhalides，wehaveencounteredmuchtroubleinthe 

preparationofthedesiredyohimbinederivatives・Toovercometheproblemweexaminedvarious
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reactionconditionsusingl-hydroxy-/Vmethoxycarbonyltryptamine(6)asasubstrate・Inthepresenceof

K2CO3inDMF,６didnotreactatallwith2-bromopropaneand(｡/)-methyl2-bromopropiOnate､Wehave 

finallysucceededinthepreparationof/Vmethoxycarbonyl-1-isopropyloxy‐（7a）ａｎｄ－(｡！)-1-(1‐ 

methoxycarbonyl)ethoxytryptamine（7b）ｉｎ８３ａｎｄ９７兜yields，respectively，byfindinganovel

procedure:theinitiaIfOrmationofthecesiumsaltofthel-hydroxygroup,fOllowedbyitsreactionwith2-

bromopropaneand(｡/)-methyl2-bromopropionateinDMF・

TheabovereactionconditionsworkedwelIinthecaseofl-hydroxyyohimbine(4)．Ｗｈｅｎ２‐ 

bromopropaneand(dD-methyl2-bromopropionatewereallowedtoreactwith4,thecorrespondingl-

isopropyloxy-（5f)ａｎｄ(｡ﾉ)-1-(1-methoxycarbonyl)ethoxyyohimbine(59)wereobtainedin99and9996 

yields，respectively・However,evenundertheimprovedreactionconditions,cyclohexylbromidereacted

poorlywith4givinganl1％yieIdofl-cyclopropyloxWohimbinｅ(5h).Wehavenotyetsucceededinthe 

reactionof4with花rr-alkyIhaIides．

Table1．Effectsofyohimbinederivativesonthecontractioninducedbyclonidineinratthoracic 
aorta． 

Tension(9) 
Relaxantresponse 

（％)b） Compoundn 
Clonidine(l0-7orlO-6M)a） ８０ｍＭＫＣｌ 

1.35±００３ １０１９±３．７ ３ 1.36±０．１２ ４ 

98.2±1.8 1.60±０．２０ 1.09±0.05 5ａ ３ 

0.98±0.11 101.8士１．８３ 1.46士０．３７Ｓｂ 

1.10±０．１５ 101.5±１５ ３ １３８±０．２４ Sｃ 

1.15士０．１５ 101.5±１．５ ３ 1.54±０２４ 5． 

a)Clonidine-inducedcontractionwaｓａｔｔａｉｎｅｄｂｙｌＯ７ＭｏｒｌＯ~６Ｍｉｎｔｈｅｐｒｅｓｅｎｃｅｏｆ/Vo-nitro-L‐ 
argininemethylester(L-NAMElO4M)． 
b)Responsestoyohimbinederivativesareexpressedas％relaxationtothemaximumrelaxationby 
lOoMyohimbine， 
Resultsarerepresentedasmean±SEMofnnumberofexperiments． 

Withvariousderivativesinhand,wehaveevaIuatedthereIaxantpotenciesofyohimbinederivatives(4, 

5a,５b'５c,ａｎｄ５ｄ).TablelshowscIearlythatalIthecompoundsexhibitedalmostthesameextentofthe 

vascularreIaxationasyohimbine（４）producedinthemusclecontractedwithcIonidine､Theseresults 

stronglysuggestthattheseyohimbinederivativespossｅｓｓａｔｌｅａｓｔｔｈｅｓａｍｅａｎｄ/ormorepotent 

antagonisticeffectonvascularsmoothmuscleq2-AR 
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Inconclusion,wehavesucceededinfindingnewIeadsforthetreatmentofED． 

ＭＡＴＥＲＩＡＬＳＡＮＤＭＥＴＨＯＤ 

ＡｎｉｍａＩｓ：ＭａｌｅＷｉｓｔａｒｒａｔｓｗｅｒｅｕｓｅｄｉｎｔｈｅｐｒesentstudy・Animalswerehousedundercontrolled

conditions(21-22.C,relativehumidity50±5％).FoodandwaterwerefTeelyavaiIabletoaIIanimals・This

studywasperfOrmedaccordingｔｏｔｈｅＧｕｉｄｅＩｉｎｅｆＯｒｔｈｅＣａｒｅａndUseofLaboratoryAnimalsofToho 

UniversitySchoolofPharmaceuticaISciences(whichisaccreditedbytheMinistryofEducation,Culture， 

Sports,ScienceandTechnology（ＭＥXT),Japan),andtheprotocolofthisstudywasapprovedbythe 
lnstitutionalAnimaICareandUseCommittee． 

Preparationofratthoracicaorticrings：Ratswerekilledbycervicaldislocationandexsanguinated 
fromthecommoncarotidarteriesAsectionofthethoracicaortabetweenaorticarchanddiaphragmwas 

carefullyremovedandimmersedinoxygenatedKrebs-HEPESsolutionofthefOllowingcompositiｏｎ(ｉｎ 

ｍＭ):ＮａCl，126.9;ＫＣ1,5.9;ＣａCl2,2.36;MgCI2,1.18;HEPES，１０.O3andgIucose,１１．８(pH=7.4).The 

aortawascleanedofIooseIyadheringfatandconnectivetissuesandcutintoringsegmentsabout2mmin 

Iengthlnthisseriesofexperiments,theendotheIiumwasnotremoved 

Measurementoftensionchanges:Theaortictissuewasthenmountedusingstainlesssteelhooks(outer 

diameter,２００１ｍ）undertherestingtensionof2・Ｏｇｉｎａ５ｍＬｏｒｇａｎｂａｔｈ（UC5，UFERMedicaI

Instrument,Kyoto,Japan)containingnormalTyrode，ssolution(ｍＭ):NaCI，158.3;ＫＣ1,4.0;NaHCO3， 

10.0;NaH2PO4:,0.42;ＣａCl2,2.0;MgCI2,ＬＯ５ｍＭ,gIucose,5.6),whichwascontinuouslygassedwith 

959602-596CO2beingkeptat37±1°Ｃ（ｐＨ=7.4).Tensionchangesofthemusclepreparationwere 

isometricallyrecordedwithaforce-displacementtransducer(T7-8-240;Orientec,Tokyo,Japan;TB-612T， 

NihonKohden,Tokyo,Japan）connectedtoacarrierampIifier（AP-600G/AP-621GNihonKohden， 

Tokyo，Japan；SignalConditioner：ModeIMSC-2，LaboSupport，Suita-City，Japan)．Vascular 

preparationswereequilibratedfOr90mininnormaITyrode，ssoIution，whichwasexchangedevery 
ZO-30minBefOrestartingassessmentofyohimbinederivatives､aorticpreparationswerecontractedwith 

isotonichigh-KCI（８０，Ｍ）Tyrode，ssoIution（ｍＭ：ＮａCl，８２３；KCI，80.0;ＣａCl2,2.0;MgCI2，1.05； 

NaH2PO4,0.42；NaHCO3，１０.Oandglucose,5.6),illordertoconfirmthemusclenormalcontractiIity・

Afterwashingout,experimentswerestartedafterasubsequent30minequiIibrationperiod． 

Assessmentofrelaxantpotenciesofyohimbinederivatives：Aorticringpreparationswerecontracted 

withana2-adrenoceptor（q2-AR）agonistclonidine（'０７－１０６Ｍ）inthepresenceofanNOsynthase 

inhibitornitro-L-argininemethyIester（Ｌ－ＮＡＭＥ，１０－４Ｍ)．Whenthesustainedcontractioninduｃｅｄｂｙ 
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cIonidinereachedasteady-stateIevel,yohimbinederivatives（105Ｍ)wereappliedtothebathsoIution、

Whentherelaxanteffectsofyohimbinederivativesreachedtheirmaximumlevel，ｙｏｈｉｍｂｉｎｅａｔｌＯ５Ｍ 

ｗａｓａｐｐｌｉｅｄＴｈｅｓｔeady-statetensionIeveIbefOreapplicationofeachyohimbinederivativeandthe 

tensionIevelcorrespondingtoyohimbine-inducedmaximumrelaxationweredefinedasO96and100％ 

relaxation，respectivelyRelaxantpotencyoftestedyohimbinederivativeswasexPressedaspercentage 

relaxationtothemaximumresponsetolO5Myohimbine． 

Drugs:ThefOllowingdrugswereusedinthepresentstudy:cIonidinehydrochloride(Sigma-AIdrich,Ｓｔ・

Louis,ＭＯ,ＵＳＡ);yohimbinehydrochloride(WakoPureChemicallndustries,Ｌｔｄ,Osaka,Japan)ＷＧ‐ 

nitro-L-argininemethyIesterhydrochloride（L-NAME）（DqjindoLaboratories，Kumamoto，Japan)． 

YohimbinederivativestestedinthisstudyweredissolvedinpuredimethylsulfOxide(ＤＭＳＯ)ａｔ102Ｍ． 

FinaIDMSOconcentrationsiｎｔｈｅｂａｔｈｍｅｄｉｕｍｄｉｄｎｏｔｅｘｃｅｅｄ０．１％，whichdidnotaffectthevascuIar 

responses・Otherdrugsweredissolved/dilutedin/withdistilledwater・Alldrugsareexpressedinmolar

concentrations(ｍCl/L,Ｍ)inbathingsolution． 

Statistics:Dataarepresentedasmeans±SEMandnreferstothenumberofexperiments． 

ＳＹＮＴＨＥＳＩＳＯＦＣＨＥＭＩＣＡＬＳ 

ＭｅｌｔｉｎｇｐｏｉntsweredeterminedonaYanagimotomicromeltingpointapparatusandareuncorrectedlR 

spectraweredeterminedwithaShimadzulR-420spectrophotometer,ａｎｄＩＨ－ＮＭＲｓｐｅｃｔｒａｗｉｔｈａＪＥＯＬ 

ＧＳX-500spectrometer，withtetramethylsilaneasaninternaIstandardMSspectrawererecordedona 

JEOLSX-102Aspectrometer・ColumnchromatographywasperfOrmeｄｏｎｓｉＩｉｃａｇｅｌ（SiO2，100-200

mesh,fromKantoChemicaICoJnc.)． 

26,76-(2)ａｎｄ２０Ｌ,7a-Dihydroyohimbine(3)fromYohimbine（1.Free）－GeneralProcedure： 

NaBH3CN（610.7ｍｇ，９．７２，ｍｏｌ）ｗａｓａｄｄｅｄｔｏａｓｏＩｕｔｉｏｎｏｆｌ･Free（10564ｍｇ，２．９８，mol）ｉｎ 

ＣＢＣＯＯＨ(20.0ｍL)atOoCThemixturewasstirredatrtfOr3h､AfterevaporationofthesoIvent,the 

whoIewasmadeaIkalinewithinitiaIlyaq､８％ａｎｄthen0.8％NaOHundericecooling,andextractedwith 

CHCI3､Theextractwaswashedwithbrine,driedoverNa2SO4,andevaporatedunderreducedpressureto 

leaveanoil，whichwascolumn-chromatographedｏｎＳｉＯ２ｗｉｔｈＡｃＯＥｔ－ＣＨＣｌ３－ＭｅＯＨ－２８％ａｑＮＨ３ 

(51.5:46:5:0.5,Ｖ/v)tｏｇｉｖｅ３（843.3ｍｇ,７９％）ａｎｄ２（189.1ｍｇ，18％）intheorderofelution・Ｚ:ｍｐ

ｌ９１－193.5°Ｃ（paleyeIIowneedles,recrystaIIizedfromAcOEt-hexane).ＩＲ（ＫBr)：3502,1722,1608, 

754ｃｍ１．’Ｈ－ＮＭＲ（CDCI3）６：ＬＯＳ（ｌＨ，ｑ，ノー11.5Ｈｚ)，1.30-1.53（5Ｈ，、)，Ｌ60-1.78（4H，、)，

1.90-1.96（ｌＨ,、),２．０６（ｌＨ,。t,ノー3.9,11.5Ｈｚ),2.15-2.27(ＺＨ,、),２．２５（1Ｈ,。｡,ノー11.5,2.0Ｈｚ)，

２．６０（1Ｈ,。t,ノー'1.5,3.4Ｈｚ),２．７１（1Ｈ,。｡,ノー'1.5,2.7Ｈｚ),3.00（1Ｈ,brs,disappearedonadditionof
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Ｄ２０),３．３１（ｌＨ,Ｍ=8.1Ｈｚ),３．４２（1Ｈ,brs),３．７８(3Ｈ,ｓ),４１６（1Ｈ,brs),６．６５（ｌＨ,。,ノー7.8Ｈｚ),６．７７

(ｌＨ,。｡,ノー7.6,7.3Ｈｚ),7.02-7.06(2Ｈ,、).High-resoIutionMSm/Z:caIcdfOrC2lH28N203:356.2100,

found356.2096.[α]29,-69.9｡(c=0.33,ＭｅＯＨ).３:mpl90-193oC(colorlessfineneedles,recrystallized 

fromAcOEt-hexane).ＩＲ(ＫBr):3471,2906,1707,1020ｃｍ'.ｌＨ－ＮＭＲ(CDCI3)６:1.36-1.61(7Ｈ,、)，

1.68（ｌＨ,brs,disappearedonadditionofD20),1.71-1.77（ｌＨ,、),1.83-2.06(4H,、),２１８（ｌＨ,。t，

ﾉｰ11.5,2.7Ｈｚ),２．３０(ｌＨ,。｡,ﾉｰ'1.5,2.2Ｈｚ),２．７７（1Ｈ,。｡｡,ノー'1.5,3.4,3.2Ｈｚ),２．８３（ｌＨ,。｡,ノー'1.5,

2.2Ｈｚ),２．９３（ｌＨ,。t,ノー6.6,2.7Ｈｚ),３．１０（1Ｈ,ｓ,disappearedonadditionofD20),３．５７（1Ｈ,。｡,ノー6.6,

2.7Ｈｚ),３．７６(3Ｈ,s),４．１９（1Ｈ,brs),６．６８（1Ｈ,。｡,ノー7.8,1.0Ｈｚ),６．７２（1Ｈ,。｡｡,ノー7.6,7.3,1.0Ｈｚ)，

7.01（ｌＨ,。｡d,ノー7.8,7.6,1.0Ｈｚ),７．０８（ｌＨ,。｡,ノー7.3,1.0Ｈｚ).High-resoIutionMSm/Z:calcdfOr

C2lH28N203:356.2100,found:356.211ＬＡ"α/､CalcdfOrC21H28N203･'/8H20:Ｃ,70.31;Ｈ,7.94;Ｎ,7.81． 

Found:Ｃ70.30;Ｈ,7.93;Ｎ,7.78.lq125D＋９０６４｡(c=0.20,CHCl3)． 

2Ｃｌ,7u-Dihydroyohmbine(3)fromYohimbinehydrochloride（1.HCI）－Accordingtothegeneral 

procedure,NaBH3CN（36.4ｍｇ,０．５５，mol),１HCI（107.6ｍｇ,0.28ｍｍｏＩ),andCFbCOOH（2.0ｍL） 

ｗｅｒｅused､Aftercolumn-chromatographyonSiO2withCHCl3-MeOH-28％aqNH3(46:3:0.3,Ｖ/v),３ 

(98.0ｍｇ,100％)wasobtained、

1-Hydroxyyohmbine（４）fromYohimbinehydrochloride（1HCI）－AccordingtothegeneraI 

procedure,NaBH3CN(85.5ｍｇ,１．３，mol),１.HCI(101.0ｍｇ,0.26,mol),andCFbCOOH(2.0ｍL)were 

usedTheresultantoiI,obtainedaftergeneraIprocedure,wasdissolvedinMeOH(9.0ｍL).AsoIutionof 

Na2WO4･ZH20(17.0ｍｇ,0.05,mol)ｉｎＨ２０(1.0ｍL)and3096H202(０．５９ｍL,５．２，mol)wereaddedto 

thesolutionThemixtuｒｅｗａｓｓｔｉｒｒｅｄａｔＯｏＣｆＯｒｌｈ・AfteradditionofH20,thewholewasextractedwith

CHCl3-ＭｅＯＨ(95:5,Ｖ/Ｖ).Theextractwaswashedwithbrine,driedoverNa2SO4,andevaporatedunder 

reducedpressuretoleaveasolid,whichwascolumn-chromatographedonSiO2withCHCl3-MeOH-2896 

aqNH3(46:5:0.5,Ｖ/v)ｔｏｇｉｖｅ４(82.1ｍｇ,８６％).４:mp224-226oC(decomp.,colorIessfineneedles， 

recrystallizedfromMeOH).ＩＲ(ＫBr):3505,29墹，1711,751ｃｍｕＨ－ＮＭＲ(CD30D)６：1.19（ｌＨ,ｑ，

ﾉｰ11.5Ｈｚ),1.33-1.39（1Ｈ,、),1.43-1.57(2Ｈ,、),１．６５（ｌＨ,brt,ノー13.4Ｈｚ)，１．９１（ｌＨ,。q,ノー13.4,

2.7Ｈｚ),１．９９(ｌＨ,。q,ノー2.7,11.5Ｈｚ),2.31（ｌＨ,ｂｒｄ,ノー11.5Ｈｚ),２．４０（1Ｈ,t,ﾉｰ'1.5Ｈｚ),2.63-2.76

(2Ｈ,、),2.88-2.98（3Ｈ,、),3.10-3.15（ｌＨ,、),３．６２（1Ｈ,ｄ,上11.5Ｈｚ),３．７３（3Ｈ,ｓ),４．２２（ｌＨ,ｑ，

ﾉｰ２．７Ｈｚ),６．９８（ｌＨ,t,ﾉｰ7.6Ｈｚ),７．０９（ｌＨ,t,ノー7.6Ｈｚ),７．２９(1Ｈ,ｄ,ﾉｰ7.6Ｈｚ),７．３７（ｌＨｄ,ノー7.6Ｈｚ)．

ＭＳｍ/Z:３７０(Ｍ+),３５４(Ｍ十-0),３５３(Ｍ+－０H).Ａ"α/､CalcdfOrC2lH26N2q:Ｃ68.09;Ｈ,7.07;Ｎ,7.56．

Found:Ｃ,67.97;Ｈ,7.13;Ｎ,7.60.lql3oD＋7.75゜(c=0.20,ＤＭＦ)．

l-Hydroxyyohimbine(4)from213,76-Dihydroyohimbine(2)－AsoIutionofNa2WO4･ＺＨ２０(６８ｍｇ， 

ＯＯ３ｍｍｏＩ)ｉｎＨ２０(0.3ｍL)and３０％Ｈ202(0.10ｍL,０８０，mol)wereaddedtoasolutionof2(２８．２ｍｇ， 

0.80,ｍｏｌ)ｉｎＭｅＯＨ(3.0ｍL).ThemixturewasstirredatrtfOr2hAfteradditionofH20,thewhole 

wasextractedwithCHd3-MeOH(95:5,Ｖ/Ｖ)Theextractwaswashedwithbrine,driedoverNa2SO4,ａｎｄ 
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evaporatedunderreducedpressuretoleaveasolid，whichwascolumn-chromatographedonSiO2with 

CHCI3-MeOH-28％aqNH3(46:5:0.5,Ｖ/v)togive4(12.7ｍｇ,４３％)． 

l-MethoXyyohimbine(5a)froln4-AnexcessamountofetherealCH2N2wasaddedtoasolutionof4 

(52.6ｍｇ,０．１４，ｍｏｌ）iｎＭｅＯＨ（２０．０ｍL)andthewhoIewasstirredatO･ＣｆＯｒｌｈ,ThesoIutionwas 

evaporatedunderreducedpressuretoleaveanoil，whichwascolumn-chromatograpbedonSiO2with 

CHCl3-MeOH-28％ａｑ､NH3(46:3:0.3,Ｖ/v)ｔｏｇｉｖｅ５ａ(42.2ｍｇ,７７％).５a:mp201-203oC(decomp.， 

colorIessprisms,recrystaIlizedfromacetone.Ｌit､8mpl98-ZOloC).ＩＲ(ＫBr):3145,1737,743ｃｍI.'Ｈ‐ 

ＮＭＲ(CDCI3)６:1.36-1.45(2Ｈ,、),1.49-1.62(3Ｈ,、),Ｌ97-2.09(ＺＨ,、),2.32-2.39(2Ｈ,、),２．４６

(lHddd,ノー12.7,3.2,2.9Ｈｚ),２．６３（ｌＨ,。t,ノー４．２，１１．２Ｈｚ),2.66-2.71（ｌＨ,、),2.89-2.98(2H,、)，

3.03-3.08（ｌＨ,、),３．３６（ｌＨ,ｂｒｓ,disappearedonadditionofD20),Ｍ９（ｌＨ,ｂｒｄ,ノー11.2Ｈｚ),３．７７

(3Ｈ,ｓ),３．８９(3Ｈ,ｓ),４．２１（1Ｈ,brs),７．０９（1Ｈ,。｡｡,ノー7.8,7.1,1.0Ｈｚ),７．１９（ｌＨ,。｡｡,ノー8.1,7.1,1.0

Ｈｚ),７．３４(1Ｈ,。｡,ﾉｰ8.1,1.0Ｈｚ),７.叫(ｌＨ,。｡,ﾉｰ7.8,ＬＯＨｚ).ＭＳｍ/z:３８４(Ｍ+),３５３(Ｍ+-0Ｍe).Ａ"α/、

CaIcdfOrC2zH28N204:Ｃ,68.72；Ｈ,7.34;Ｎ,7.29.Found:Ｃ,68.65；Ｈ,７３５；Ｎ,7.23．ld129D＋20.54． 

(c=0.20,CHCl3)． 

l-Allyloxyyohimbine(5b)from4-Generalprocedure:K2CO3(59.2ｍｇ,0.43,ｍｏｌ)andasolution 

ofallylbromide(24.7ｍL,０．３，ｍｏｌ)ｉｎＤＭＦ(1.0ｍL)weresuccessivelyaddedtoasolutiｏｎｏｆ４(52.8 

ｍｇ,0.14,mol)ｉｎＤＭＦ(4.0ｍL)andthewholewasstirredatrtfOr30minAfteradditionofH20,the 

wholewasextractedwithCHCI3-MeOH（95:５，Ｖ/v).Theextractwaswashedwithbrine,driedover 

Na2SO4,andevaporatedunderreducedpressuretoleaveanoil，whichwascolumn-chromatographeｄｏｎ 

ＳｉＯ２ｗｉｔｈＣＨＣｌ３－ＭｅＯＨ(95:5,Ｖ/v)ｔｏｇｉｖｅ５ｂ(54.6,9,93％).５b:mpl50-152oC(decomp.,coIorIess 

fineneedles,recrystaIlizedfromhexane)」Ｒ(ＫBr):3464,2935,1738,1151,737ｃｍ１.ＩＨ－ＮＭＲ(CDCl3）

６:1.01（3Ｈ,t,ノー7.3Ｈｚ),Ｌ34-1.43(2Ｈ,、),1.48-Ｌ６３(5Ｈ,、),1.65-1.79(2Ｈ,、),1.97-2.07(ＺＨ，

、),２．３４(1Ｈ,。｡,ノー11.2,2.0Ｈｚ),２．３６（]Ｈ,t,ﾉｰ11.2Ｈｚ),２．５３（ｌＨ,。t,ノー129,2.9Ｈｚ),２．６３（1Ｈ,。t，

ノー4.2,ｌＬ２Ｈｚ),2.66-2.72（1Ｈ,、),2.90-2.98（ｌＨ,、),２．９６(ｌＨ,。｡,ノー11.2,2.9Ｈｚ),３．０５（1Ｈ,。｡｡，

ﾉｰ'1.2,5.6,20Ｈｚ),３．２９(1Ｈ,s,disappearedonadditionofD20),３．４８（1Ｈ,。,ノー11.2Ｈｚ),３．７６(3Ｈ,s)，

３．９８（ｌＨ,。t,ノー6.6,8.5Ｈｚ),４０６（1Ｈ,。t,ノー6.6,8.5Ｈｚ),４．２０（ｌＨ,brs),７．０７（1Ｈ,。｡｡,ノー8.1,7.8,1.0

Ｈｚ),７．１７（ｌＨｄｔ,ノー1.0,8.1Ｈｚ),７．３１（ｌＨ,。｡,ﾉｰ8.1,1.0Ｈｚ),７．４３（1Ｈ,。｡,ﾉｰ7.8,1.0Ｈｚ).ＭＳｍ/Z:４２６

(Ｍ+),３５３(Ｍ+-0〃Bu).Ａ"αﾉ.CaIcdfOrC酉H34Nzq:Ｃ,70.39;Ｈ,8.03;Ｎ,6.57.Found:Ｃ,70.26;Ｈ’8.12；

Ｎ,6.48.[ul32D＋21.46｡(c=0.21,CHCl3)． 

１－〃Butyloxyyohimbine(5c）fMn4-AccordingtothegeneralprocedurefOr5b,K2CO3(56.7ｍｇ，

0.41,ｍｏｌ)〃butyliodide(３０８ｍｇ,0.17,mol),ａｎｄ４(50.5ｍｇ,０．１４，ｍｏｌ)ｗｅｒｅused､Aftercolumn-

chromatography,Ｓｃ(57.8ｍｇ,9996)wasobtained,５c:ｍｐｌＺ６－128.5°Ｃ(decomp,colorlessfineneedles， 

recrystallizedfTomhexane)．ＩＲ（ＫBr)：3458,2920,1739,1151,737ｃｍ１．IＨ－ＮＭＲ（CDCl3）６： 

1.34-1.43(2H,、),Ｌ48-1.64(3Ｈ,、),1.97-2.06(2Ｈ,、),２．３４(1Ｈ,。d,ﾉｰ11.5,2.2Ｈｚ),２．３５(ｌＨ,t，
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ﾉｰ11.5Ｈｚ),２．５５（1Ｈ,。t,ノー1Z,9,2.9Ｈｚ),２．６２(1Ｈ,。t,ノー4.2,10.7Ｈｚ),2.66-2.72(1Ｈ,、),2.90-2.98

(1Ｈ,、),２．９６(1Ｈ,。｡,ﾉｰ11.5,29Ｈｚ),３．０５（1Ｈ,。｡｡,ノー1Ｌ5,5.6,2.2Ｈｚ),３．３０（1Ｈ,ｓ,disappearedon

additionofD20),３．５１（1Ｈ,。｡,ノー11.5,2.2Ｈｚ),３．７５（3Ｈ,ｓ),４．２０（1Ｈ,。,ノー1.2Ｈｚ),４４９（1Ｈ,dddd，

ﾉｰ11.0,6.6,Ｌ2,1.0Ｈｚ),４．５５（1Ｈ,。｡｡｡,ノー11.0,6.1,1.2,1.0Ｈｚ),５．３９(1Ｈ,。｡｡,ノー10.7,1.2,1.0Ｈｚ)，

5.“(1Ｈ,。q,ﾉｰ'7.1,1.2Ｈｚ),６．０５（1Ｈ,。｡｡｡,ノー17.1,10.7,6.6,6.1Ｈｚ),７．０８（1Ｈ,。｡｡,ノー8.1,7.8,1.0

Ｈｚ),７．１８（ｌＨ,。t,ノー1.0,8.1Ｈｚ),７．３４(1Ｈ,ddd,ノー8.1,1.0,0.7Ｈｚ),７．４３（1Ｈ,ｂｒｄ,ﾉｰ7.8Ｈｚ).ＭＳｍ/Z：

410(Ｍ+),３５３(Ｍ十一OCHzCH=CH2).Ａ"α/､CaIcdforC24H3oN2q:Ｃ,70.22;Ｈ,7.37;Ｎ,6.82.Found:Ｃ

70.13;Ｈ,7.50;Ｎ,6.57.[α]3CD＋18.4｡(c=0.21,CHCl3)． 

Lp-MtrobenZyloxyyohimbine（5.）froml-IIydroxyyohimbine（４）－Accordingtothegeneral 

procedurefOr5b,K2CO3(56.8ｍｇ,0.41,mol),p-nitrobenzyIbromide(35.4ｍｇ,0.16,mol),and４(50.3 

ｍｇ,０．１４，mol）ｗｅｒｅused・Aftercolumn-chromatography,５．(61.7ｍｇ,９０％）wasobtained5d:ｍｐ

ｌ４８－149°Ｃ(decomp.,yeIlowfineneedles,recrystallizedfromAcOE卜hexane).ＩＲ(ＫBr):3430,2924,

1734andl703(collapsedtol710inCHCl3),1523,1348,739ｃｍ１.ｌＨ－ＮＭＲ(CDCl3)６:1.33-1.43(2Ｈ， 

、),1.50-1.61（3Ｈ,、),1.94-2.03(2H,、),２．２８（ｌＨ,brt,ノーｌＬＯＨｚ),２．３３（1Ｈ,．｡,ノーlＬ7,2.2Ｈｚ)，

2.54（1Ｈ,。t,ノー12.7,2.9Ｈｚ),２．５７（1Ｈ,。t,ノー42,11.0Ｈｚ),2.66-2.72（1Ｈ,、),2.89-2.98(2H,、)，

3.01-3.07（ｌＨ,、),３．０４(1Ｈ,ｓ,disappearedonadditionofD20),３．２３（1Ｈ,ｂｒｄ,ﾉｰ11.0Ｈｚ),３．５９(3Ｈ，

s),４．２１（1Ｈ,brs),５．０２（1Ｈ,。,ﾉｰ10.6Ｈｚ),５．０７（1Ｈ,。,ノー'０．６Ｈｚ),７．１２（1Ｈ,。｡｡,ノー8.1,7.8,1.0Ｈｚ)，

7.21（1Ｈ,。t,ﾉｰ1.0,8.1Ｈｚ),７．３２(1Ｈ,。｡,ﾉｰ8.1,1.0Ｈｚ),７．４６(1Ｈ,。｡,ノー7.8,1.0Ｈｚ),7.59-7.62(2Ｈ，

A2partofA2B2),8.29-8.33（2H,B2partofA2B2).Ａ"α/､CalcdforCz8H3lN306:Ｃ,66.52;Ｈ,6.18;Ｎ， 

8.31.Found:Ｃ,66.40;Ｈ,6.22;Ｎ,8.18.ＩｑＩ３１Ｄ＋48.77｡(c=０．２０，CHCl3)． 

1-Propargyloxyyohimbine(5e)from4-Accordingtothegeneralprocedurefor5b,K2CO3(223.6ｍｇ， 

1.62,mol),propargyIbromide(70.8ｍｇ,0.60,mol),ａｎｄ４(200.1ｍｇ,0.54,mol)ｗｅｒｅused・After

column-chromatographywithAcOEt-hexane（1:１，Ｖ/v)，Ｓｅ（57.8ｍｇ，９９％）wasobtained 

5e:mIjl58-161oC(decomp.,colorlessfineneedles,recrystallizedfromAcOEt-hexane)」Ｒ(KBr)：

3565,1720,1265,742ｃｍ'・ｌＨ－ＮＭＲ(CDCl3)６:1.35-1.43（ＺＨ,、)，1.51-1.63（3Ｈ,、)，1.97-2.07

(ＺＨ,、),２．３４(1Ｈ,。｡,ﾉｰ'1.5,2.2Ｈｚ),２．３６(1Ｈ,。,ﾉｰ11.2Ｈｚ),２．５５（1Ｈ,。t,ﾉｰ12.7,3.4Ｈｚ),2.60-2.71

(3Ｈ,、),2.89-2.96(1Ｈ,、),２．９６(1Ｈ,。｡,ﾉｰ11.2,3.4Ｈｚ),３．０５(1Ｈ,。｡｡,ﾉｰ11.2,6.1,1.7Ｈｚ),Ｍ６(1Ｈ，

brs,disappearedonadditionofD20),３．５８（1Ｈ,。｡,ﾉｰ11.2,1.7Ｈｚ),３．７９(3Ｈ,s),４２１（1Ｈ,。,ﾉｰ1.2Ｈｚ)，

４６３（1Ｈ,。｡,ノー15.1,2.4Ｈｚ),４．７１（1Ｈ,。｡,ノー'5.1,2.4Ｈｚ),７．０９（1Ｈ,。t,ノー1.0,7.8Ｈｚ),７．１９（1Ｈ,。t，

ノー1.0,7.8Ｈｚ),７．３８（1Ｈ,。,ノー7.8Ｈｚ),７．４３（ｌＨｄ,ノー7.8Ｈｚ)．ＭＳｍ/Z:４０８（Ｍ+).Ａ"αﾉ.Calcdfor

C24H28N204･1/ＺＨ２０:Ｃ,69.04;Ｈ,7.00;Ｎ,6.71.Found:Ｃ,68.99;Ｈ,6.82;Ｎ,6.56.lqI24D＋96.19゜(c=0.21,

ＭｅＯＨ)． 

N-Methoxycarbonyl-1-isopropyloxytryptamine （7a）froml-Hydroxy-lVb 

methoxycarbonyltryptamine(6)－Generalprocedure:１－Hydroxytryptamine(６，５０９ｍｇ,Ｏｎｍｍｏｌ） 
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wasaddedtoasolutionofCs2CO3(83.9ｍｇ,0.23,ｍｏｌ)ｉｎＭｅＯＨ(2.0ｍL)andthewholewasstirlcdat 

rtfOr20minTotheresuItantresidueobtainedafterevaporationofthesolventunderreducedpressure,a 

solutionofisopropyIbromide（160.0ｍｇ,１．３２，ｍｏｌ）ｉｎＤＭＦ(3.0ｍL)wasaddedandthewhoIewas 

stirredatrtfOrlhAfteradditionofH20,thewholewasextractedwithAcOEt・Theextractwaswashed

withbrine,driedoverNa2SO4,andevaporatedunderreducedpressuretoleaveanoil,whichwascoIumn-

chromatographeｄｏｎＳｉＯ２ｗｉｔｈＣＨＣｌ３ｔｏｇｉｖｅ７ａ(49.7ｍｇ,８３％).７a:colorlessoillR(film):１７１０(br)， 

７４０ｃｍｕＨ－ＮＭＲ(CDCI3）６:１．３６(3Ｈ,。,ノー6.2Ｈｚ)，Ｌ３７(3Ｈ,。,ノー6.2Ｈｚ),２．９３（2Ｈ,t,ノー6.6Ｈｚ)，

３．４９(2Ｈ,ｂｒｑ,ノー6.6Ｈｚ,ＣＯⅡapsedtotonadditionofD20),３．６６(3Ｈ,s),４５２（1Ｈ,sep,ノー6.2Ｈｚ),４．７４

（1Ｈ,brs,disappearedonadditionofD20),７．０６(1Ｈ,s),７．０９(1Ｈｄｔ,ノー0.8,7.7Ｈｚ),７．２２(1Ｈ,。t,ﾉｰ0.8,

7.7Ｈｚ),７．３８（1Ｈ,。｡,ノー7.7,0.8Ｈｚ),７．５５（ｌＨ,。｡,ノー7.7,0.8Ｈｚ).High-resolutionMS腕/Z:calcdfOr
C15H2oN203:276.1482,found:276.1474 

(cﾉﾉ)-lV-Methoxycarbonyl-1-(l-methoxycarbonyl)ethoxytryptamine（7b）from6-Accordingtothe 

generalprocedurefOr7a’６(49.1ｍｇ,0.21,ｍｏｌ),Cs2CO3（760ｍｇ,０．２３，mol),ａｎｄ（｡/)-methylZ‐ 

bromopropionate(212.8ｍｇ，１．３，ｍｏｌ）wereusedAftercoIumn-chromatographywithAcOEt-hexane 

（1:2,Ｖ/v),７ｂ(64.9ｍｇ,９７％)wasobtained7b:colorlessoiI・ＩＲ(film):3405,1749,1716(br),742ｃｍ'・

ｌＨ－ＮＭＲ(CDCl3)６:1.66(3Ｈ,ｄ,ノー7.0Ｈｚ),２．８９(2Ｈ,t,ﾉｰ6.6Ｈｚ),３．４７(ＺＨ,ｂｒｑ,ﾉｰ6.6Ｈｚ,collapsedto
tonadditionofD20),３．６６(3Ｈ,ｓ),３．７７(3Ｈ,ｓ),４．７３（Ⅲ,ｂｒｓ,disappearedonadditionofD20),４８５ 

(1Ｈ,ｑ,ノー7.0Ｈｚ),７．１２（1Ｈ,。t,ノー0.7,7.6Ｈｚ),７．２１（ｌＨ,ｓ),７．２４（1Ｈ,。t,ノー0.7,7.6Ｈｚ),７．４０（ｌＨ,。，

ﾉｰ7.6Ｈｚ),７．５４（1Ｈ,。,ノー7.6Ｈｚ).High-resolutionMSm/Z：caIcdfOrC16H2oN205:320.1372,found：
320.137L 

1-Isopropyloxyyohimbine(ＳＤｆｒｏｍ４－ａ)CS2CO3Method:AccordingtothegeneraIprocedurefOr7a， 

４(29.4ｍｇ,0.08,mol),CszCO3（28.6ｍｇ,０．０９，mol),andisopropylbromide(29.3ｍｇ,0.24,ｍｏｌ） 

wereusedAftercoIumn-chromatographywithCHCI3-MeOH-２８％ａｑ・ＮＨ３(妬:1:0.1,Ｖ/v),５e(32.3ｍｇ，
99％）wasobtained5e:palebrownviscousoil・ＩＲ(film):3456,2922,1734（br),７５０ｃｍ１．ＩＨ－ＮＭＲ

(CDCl3)６:１．２９(3Ｈ,ｄ,ﾉｰ6.1Ｈｚ),１．３１（3Ｈ,。,ノー6.1Ｈｚ),1.41-1.64(4H,、),1.95-2.07(2Ｈ,、),２．３８

(ｌＨ,。｡,ノー'1.6,2.0Ｈｚ),2.64-2.77(3Ｈ,、),2.97-3.07(2Ｈ,brs),3.07-3.17(2Ｈ,brs),3.55-3.65

(1Ｈ,ｂｒ),３．７６(3Ｈ,s),４２３（ｌＨ,brs),４．５０(1Ｈ,sep,ノー6.1Ｈｚ),４．７２(2Ｈ,brs,disappearedonadditionof

D20),７．０２(1Ｈ,t,ﾉｰ7.3Ｈｚ),７．１９(1Ｈ,t,ノー７．３Ｈｚ),７．３０（ｌＨ,。,ノー7.9Ｈｚ),７．４３（1m。,ノー7.3Ｈｚ).ＭＳ

ｍ/Z:４１２（Ｍ+),３５３（Ｍ+-OCHMe2)．High-resolutionMSm/Z：calcdfOrC24H32N204:412.2362,found： 
412.2366.lqrsD+16.45｡(c=0.15,CHCI3). 

b)K2CO3Method:AccordingtothegeneralprocedurefOr5b,K2CO3（18.9ｍｇ,０．１４，ｍｏｌ),isopropyl 

bromide（19.8ｍｇ,0.16,mol),ａｎｄ４（16.8ｍｇ,0.05,mol）wereusedAfterwork-up,Ｓｅ（13.3ｍｇ， 
71％)wasobtained． 
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(dﾉ)-1-(1-Methoxycarbonyl)ethoxyyohimbine(59)from4-AccordingtothegeneralprocedurefOr7a， 

４(303ｍｇ,０．０８，mol),Cs2CO3(29.4ｍｇ,０．０９，ｍｏｌ),ａｎｄ(｡/)‐methyl-2-bromopropionate(41.0ｍｇ， 

0.25,mol)wereused・AftercoIumn-chromatographywithAcOEt,５９(37.0ｍｇ,9996)wasobtained､５９：

palebrownviscousoiLIR(film):3509,2923,1739,1710,752ｃｍ'､ｌＨ－ＮＭＲ(CDCl3)６:1.30-1.塙(2H，

、)，1.52-1.61（3Ｈ,、)，１．５５（3Ｈ,。,ノー6.8Ｈｚ),1.95-2.07（2H,、),２．３４（1Ｈ,。｡,ノー11.6,2.0Ｈｚ)，

2.37-2.斜(1Ｈ,、),２．５２(1Ｈ,。t,ﾉｰ13.2,2.7Ｈｚ),2.61-2.71(2Ｈ,、),2.86-2.95(1Ｈ,、),２．９８(1Ｈ,。｡，

ﾉｰ11.6,2.7Ｈｚ),3.01-3.08(1Ｈ,、),３．１６(1Ｈ,brs,disappearedonadditionofD20),３．５３（1Ｈ,。,ﾉｰ10.0

Ｈｚ),３．６６(3Ｈ,s),３．７７(3Ｈ,s),４．２０(1Ｈ,brs),4.66(1Ｈ,ｑ,ﾉｰ6.8Ｈｚ),７．０６(1Ｈ,t,ﾉｰ7.8Ｈｚ),７．１６(1Ｈ,t， 

ﾉｰ7.8Ｈｚ),７．３９(1Ｈ,。,ﾉｰ7.8Ｈｚ),７.“(1Ｈ,。,ﾉｰ7.8Ｈｚ)High-resolutionMSm/Z:caIcdfOrQ5H32N20`：

456.2260,found:妬6.2263.[α]26,-22.11。(c=0.015,CHCl3)．

1-Cyclohexyloxyyohimbine(5h)from4-AccordingtothegeneralprocedurefOr7a,４(３００ｍｇ,０．０８ 

，mol),andCs2CO3(29.1ｍｇ,ＯＯ９ｍｍｏｌ)wereusedThereactiontimewithcyclohexylbromide(40.7 

ｍｇ,０．２５，mol)wasprolongedtol30min・Aftercolumn-chromatographywithCHCl3-MeOH-28％ａｑ、

NH3(46:0.5:0.05,Ｖ/v),５ｈ(４０ｍｇ,１１％)andunreacted4(２０ｍｇ,６７％)wereobtained5h:palebrown 

viscousoiI、ＩＲ(film)：３４』16,2927,1738（br),７３９ｃｍ'・ｌＨ－ＮＭＲ（CD30D）６：1.25-1.41（8Ｈ，、)，

1.46-1.71（5Ｈ,、),1.77-2.08（6Ｈ,、),２．３５（1Ｈ,。｡,ノー11.7,2.7Ｈｚ),２．４５（1Ｈ,brt,ノー11.0Ｈｚ)，

2.68-2.79（2Ｈ，、)，2.90-3.02（3Ｈ，、)，3.09-3.18（1Ｈ，、)，３．７３（3Ｈ，ｓ)，412-4.19（1Ｈ，、)，

4.20-4.25（1Ｈ,、),７．０１（1Ｈ,t,ノー7.8Ｈｚ),７．１３（1Ｈ,t,ノー8.3Ｈｚ),７．３０(1Ｈ,。,ノー8.3Ｈｚ),７．３９(1Ｈ,。，

ﾉｰ7.8Ｈｚ)High-resolutionMS(EIMz/Z:caIcdfOrC27H34N204:452.2675,found:燗2.2677.[α]西､＋8.46。

(c=0.14,CHCl3)． 

ＲＥＦＦＲＦＮＣＥＳＡＮＤＮＯＴＥＳ 
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