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AnovelpreparativemethodofpsiIocinwasestabIishedinonIy Abs17曰Cf

fivestepsfromindoIe-3-carbaIdehydein50％overaIlyield． 

PsiIocin2（１，Ｓｃｈｅｍｅｌ）andpsiIocybin2(2)areknowntoenterthecentralnervoussystemthroughthe 

gastrointestinaItracPandcausepowerfuIpsychotomimeticeffect2~4AlthoughconsiderabIeefforts2,４have 

beendevotedtothesynthesesofpsiIocinanaIogs,therestiIIremainstoestablishstructure-activityrelationships、

WhiIe,recently,psychoticdiseasessuchasdepression,schizophrenia,Alzheimer'ｓdisease，ａｎｄｓｏｏｎ，are 

becomingsocialproblemsandthedeveIopmentfortheirmedicineshasbeenwaited,Withahopetofindalead 

compoundamongpsiIocinanaIogspossesingsuitablepharmacologicaIeffects,wehaveneededaneffective 

preparativemethodoflwhichmakesitpossibIetopursuesystematicstructure-activityreIationshipstudies､Inthis 

paper,wewishtoreportthedesiねdfive-steppreparativemethodoflfromindoIe-3-carbaIdehyde(3)asshownin

Schemel、

WehaveaIreadyreportedonepotprocedure5forpreparing4afromindoIe-3-carbaldehyde(3).TheoverallyieIdof 
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4a,however,didnotexceed58％andvarieddependingonthereactionconditions,Theonepotprocedure 

consistsofthreereactions:１)regioseIectivethaIIationofthe4-position,２)transIbrmationofC-TIbondtoC-Ibond， 

and３)conversionoftheC-IbondtoC-OCH2Phbond 

Wehaveattemptedtoimprovetheyieldof4aaswelIasthereproducibiIityinordertoutilizetheonepotprocedure 

asthefirststepinthepreparativemethodofl，AmongthethreereactionsinvoIved,wethoroughIyreexamined 

thethirdreactionof4-iodoindoIe-3-carbaIdehyde(5)withmetaIbenzyIoxide(20-26moleq)inthepresenceofCuI 

(3moleq)inDMFatl20・C5TabIelprovidesacomparativeexampletopresentthatnotonIythepreparation

methodofmetaIbenzyloxidebutaIsothemetaIitselfisanimportantfactorforcontroIIingtheoveraIIyield 
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AscanbeseenfromEntryMreatmentof5withsodiumbenzyIoxide(NaOCH2Ph),preparedfromsodiumand 

benzyIaIcohoI(PhCH20H),afforded4ain24％yieIdWhenNaHwasempIoyedtoproduceNaOCH2Ph,theyield 

doubIedto48％(Entry2).Incontrast,whenpotassiumwasusedinsteadofsodiumfurtherimprovementinthe 

yieIdwasobserved(54％,Entry3).FinaIIy,KHwasfoundtobethereagentofchoiceandtherebytheyieIdwas 

v畿船upto70％(Entry4)．

TabIe2summarizesthesoIventdependenceonthetransformationof5tｏ４ａｕｓｉｎｇＫＨａｎｄＰｈＣＨ２０Ｈ・Among

thetestedsoIvents,ＤＭＦwasfoundtogivethebestyieIdof4a(70％,Ｅｎｔｒｙｌ).RepIacementofDMFbyeither 

HMPAorPhCH20HdroppedtheyieIdto480r３０％,respectiveIy(Entries20r3）Itisinterestingtonotethatin 

caseswheremethylIbrmamide（Entry4)andformamide(Entry5)wereusedasasoIvent,theproductswere4b 

and4c,respectively,andinbothcases4awasnotformedatａⅡ.Consequently,anovelreactionforintroducing 

aminofUnctionaIgroupintothe4-positionofindoIenucIeuswasdiscoveredThestructureof4cwasconfirmedby 

thｅｓｐｅctraIdataandconvertingitto6in76％yieIdbythereactionwithMeIinthepresenceofNaH 

TheotherimportantfactortokeepreproducibiIityintheonepotprocedurewasthereIativeratioofiodination 

reagents(l2andCul)toKOCH2PnThetypicaIresuItsexaminedaresummarizedinTabIe3､Theresultsobtained 

inEntries1to4showthesuitableamountofKOCH2Phis25moIeqlothestartingmateriaI(3) 
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FixingtheamountofKOCH2Phtoabouｔ２５ｍｏＩｅｑ,ｔｈｅｒａｔｉｏｏｆＩ２ｔｏＣｕＩｗａｓｃｈａｎｇｅｄｉｎＥ､tries２，５，and6 

cuIminatinginfindingthebestreactionconditions,wherethedesired4awasproducedin７２％overaIIyieldfrom3 

withanexceIlentreproducibiIity(Entry6)． 

Asthesecondstepinthepreparativemethodofl,４awastransformedto4-benzyIoxyindoIe-3-acetonitmem､0, 

89％yieIdutiIizingourreaction,６thusbytreating4awithNaBH4inthepresenceofNaCNinMeOHandfOrmami｡e、

Reductionof7withLiAIH4inEt20isthethirdstepgivingtheknown4-benzyIoxytryptamine2a(8)ｉｎ９６％yieId 

InterestingIy,whenTHFwasusedasasoIventinthepIaceofEt2qtheyieIdof8decreaseddramaticaIIytothe 

rangeof25to46％､Asthefourthstep,dimemyIationof8wascarriedoutwithformaIdehydeandsodium 

cyanoborohydride7inAcOHtoproduce92cin９７％yieldThefinalstepofdebenzylationofgwaslhecataIytic 

hydrogenationusingl0％Ｐ｡/Cproducingl2din84％yieId､SincelwasconvertedtopsiIocybin(2)ｉｎtwosteps 

byHoffmanandco-workers,２cthepresentmethodconstitutesaseven-stepsynthesisof2asweⅡ、

Inconclusion,wecouIdestabIishasimpIefive-steｐｐｒeparativemethodoflin50％overaIIyieIdand50％originaIity 

rate8UtiIizinglanditsintermediates,thesynthesesofpsiIocinanaIogsandparticuIarIythecompoundshaving 

substituentsinthebenzenepartareinprogress． 

ＥＸＰＥＲｌＭＥＮＴＡＬ 

ＭｅＩｔｉｎｇｐｏｉｎｔｓｗｅｒｅdeterminedonaYanagimotomicromeItingpointapparatusandareuncorrected､IRspectra 

weredeterminedwiihaShimadzuIR-420spectrophotometer,ａｎｄｌＨ－ＮＭＲｓｐｅｃｔｒａｗｉｔｈａＪＥＯＬＧＳX-500 

spectrometerwilhtetramethyIsiIaneasaninternaIstandardMSwererecordeｄｏｎａＪＥＯＬＳＸ－１０２Ａｓｐｅｃｔｒｏｍｅｔｅｒ・

CoIumnchromatogIaphywasperfomedonsilicageI(SiO2,100-200mesh,fromKantoChemicaICo､Inc.)． 

4･BenzyIoxyIndoIe･3-carbaIdehyde(4a)from4･IodoIndoIe･3.carbaldehyde(5):ＴａｂＩｅｌ，Ｅｎｔｒｙ 

４－AsoIutionofPhCH20H(１．０６３９，９．８５，ｍｏｌ)ｉｎＴＨＦ(4.0ｍL)wasaddedto35％ＫＨ(1.1299,9.86 

ｍｍｏＩ,washedwithhexane)cautiousIyatO℃withstirringAfteradditionaIstirringfor30minatrt,thesoIventwas 

evaporatedjnvacuotodrynessIeavingKOCH2Ph､Asolutionof5（133.1ｍｇ,０．４９ｍｍｏＩ)ｉｎＤＭＦ(3.0ｍL,０．４９ 

，mol)andCul(303.5ｍｇ,１．５９ｍｍｏＩ)wereaddedtothesoIutionatrt､Themixturewasheatedatl20-130・Clbrlh

withstirring､AftercooIing,saturatedNH4CI-H20wasaddedandthewhoIewasextractedwithEtOAc､Theextract 

waswashedwithbrine,driedoverNa2SO4，andevaporatedtodrynessunderreducedpressureThecrude 

productwaspurifiedbycolumnchromatographyonSiO2withEtOAc-hexane(1:1,V/V）asaneluenttogive4a5 
(85.9ｍｇ,７０％)． 

4-BenzyIoxyIndoIe･3-carbaIdehyde（4a）fromIndoIe･3.carbaIdehyde(3)：Ｔａｂｌｅ３，Entry6-

-AO88molsolution90fTI(OCOCF3)３inCF3COOH(TFA,1.71ｍL,1.50,mol)wasaddedtoasoIutionof3 

(145.7ｍｇ,１.ＯＯｍｍｏＩ)ｉｎＴＦＡ(1.0ｍL)ａｎｄthemixturewasstirredfor24halrt,ThesoIventwasevaporated/n 

vacuotoIeavearesidue,whichwasdissoIvedinDMF(5.0ｍL).TothesoIution,１２(768.0ｍｇ,３０ｍｍｏＩ)ａｎｄＣｕＩ 



HETEROCYCLES,Vol､49,1998 ４５５ 

(582.0ｍｇ,３．１，ｍｏｌ)wereaddedandstirringwascontinuedforlhamThereactionmixturewasaddedto 

KOCH2PhorKOCH2PhwasaddedtothereactionmixtureusingDMF(15.0ｍL)andthewhoIewasheatedat 

l20゜Cforlhwithstirring､ＫＯＣＨ２ＰｈｗａｓｐｒｅｐａｒｅｄｉｎａｄｖａｎｃｅａｓfoI10ws:additionofasoIutionofPhCH20H

(2.7609,25.6,ｍｏｌ)inＴＨＦ(8.0ｍL)to３５％ＫＨ(2.9259,25.5ｍｍｏＩ,washedwithhexane),stirringlbr30minatrt， 

andevaporationofthesoIvenM7vacuotodIyness､AftercooIing,saturatedNH4CI-吃OandMeOH-CHCI3(5;95,

ＶｿV)wereaddedtothereactionmixture､AfterremovingtheprecipitatesbyfiItration,waterIayerwasextractedwith 

MeOHCHCI3(5:95,V/V).ThefiItrateandtheextractwerecombinedandwashedwithbrine,driedoverNa2SO4， 

andevaporatedtodrynessmvacuQThecrudeproductwaspurifiedbycolumnchromatographyonSio2with 

EtOAc-hexane(1:1,ＷV）asaneIuentlogive4a5(180.4ｍｇ,７２%)． 

４．ＭethyIamInoIndoIe-3-carbaIdehyde(4ｂＭｒｏｍ５:ＴａｂＩｅ２，Entry-AsoIutionofPhCH20H 

(1.0399,9.63,ｍｏｌ)inＴＨＦ(4.0ｍL)wasaddedto35％ＫＨ(1.1109,9.94,ｍｏｌ,washedwithhexane)cautiousIy 

atO℃withstirringAIteradditionaIstirringlOr30minatrt,thesolventwasevaporatedjnvacuotodrynessIeavin9 

KOCH2Ph､AsoIutionof5(130.3ｍｇ,0.48ｍｍｏＩ)inALmethyIformamide(3.0ｍL)ａｎｄＣｕＩ(278.6ｍｇ,1.46ｍｍｏＩ） 

wereaddedtotheflaskcontainingKOCH2PhatrtThemixturewasheatedat120℃forlhwithstirringAfter 

cooIing,saturatedNH4C1-地OwasaddedandthewhoIewasextractedwithEtOAc・Theextractwaswashedwith

brine，ｄｒｉｅｄｏｖｅｒＮａ２ＳＯ４，andevaporatedunderreducedpressｕｒｅｔｏ１ｅａｖｅａｎｏｉｌ，whichwascoIumn 

chromatographedonSio2withEtOAc-hexane(1;1,V/V)asaneluenttogive4b(38.7ｍｇ,４６％).４b:mpl800‐ 

182.0℃(decomp,coIorIessneedIes,recrystaIIizedfromMeOH)」Ｒ(KBr):3320,3240,1625,1592ｃｍ~1.1Ｈ－ＮＭＲ

(DMSO-d6)６:２．８３(3H,。,上4.9Ｈｚ,coIIapsedtosonadditionofD20),６．１４(1Ｈ,。,上7.8Ｈｚ),６．６５(1Ｈ,。｡，

J上8.1,07Ｈｚ),７．０５(1Ｈ,。｡,上8.1,7.8Ｈｚ),７．４３(1Ｈ,ｑ,Ｊ崔4.9Ｈｚ,disappearedonadditionofD20),８．１６(1Ｈ，

｡,上2.9Ｈｚ,co1lapsedtosOnadditionofD20),９．５７(1Ｈ,ｓ),１２．０６(1Ｈ,ｂｒｓ,disappearedonadditionofD20)．

MＳｍ/之:１７４(M+).Ａ"alC副cdfOrC10H1ON20:Ｃ’６ａ95;Ｈ,5.79;Ｎ,16.08.Found:Ｃ,69.20ｉＨ,5.86;Ｎ,16.19.

4．FormyIamInoIndoIe-3･carbaIdehyde“c)ｆｒｏｍ５:ＴａｂＩｅ２，Entry5-AsoIutionofPhCH20H 

(10919,10.1ｍｍｏＩ)inＴＨＦ(4.0ｍL)wasaddedto35％ＫＨ(1.1459,9.99,ｍｏｌ,washedwithhexane)cautiousIy 

atO℃withstirring､AfteradditionaIstirringfOr30minatrMhesoIventwasevaporatedjnvacuotodrynessIeaving 

KOCH2Ph,Asolutionof5（132.9ｍｇ,０．４９，ｍｏｌ)informamide(5.0ｍL)ａｎｄＣｕｌ(296.7ｍｇ,１．５６，ｍｏｌ)were 

addedtothefIaskcontainingKＯＣＨ２Ｐｈａｔｒｔ､Themixturewasheatedatl20oCforlhwithstirring､AftercooIingj 

saturatedNH4Cl-H20wasaddedandlhewho1ewasextractedwithEtOAoTheextractwaswashedwithbrine， 

driedoverＮａ２ＳＯ４,andevaporatedunderreducedpreSsuretoIeavecrystaIsRecrystaⅡizationfromEtOAc-MeOH 

afforded4ｃ(40.3ｍｇ)asprisms､ＴｈｅmotherIiquorwascoIumnchromatographedonSiO2withEtOAc-hexane 

(1:1,Ｖ/V）asaneIuenttogiveadditionaI4c(31.1ｍｇ).TotaIyieIdwas７１．４ｍｇ(77％).４c:ｍｐ243.0-245.0℃ 

(decomp,coIorIessprisms,recrystalIizedfromMeOH)」Ｒ(KBr):1673,1638,1613,1591,1425,１３１１ｃｍ~1.1Ｈ‐

ＮＭＲ(DMS0-.6,27℃,rotationalisomersexistedintheratioof7:3)６;7.21-7.28(2H,、),7.29-7.34(3/10H,、)1

8.23-8.27(7/10H,、),８．４５(3/10H,。,上3.2Ｈｚ,co1IapsedtosonadditionofD20),８．４６(7/10H,。,J筐3.4Ｈｚ，

colIapsedtosonadditionofD20),８．５５(7/10H,。,上2.0Ｈｚ,co1IapsedtosonadditionofD20),９０７(3/10H,。，

上10.7Ｈｚ,coIlapsedtosonadditionofD20),９．６６(3/10H,s),９．６７(7/10H,ｓ),11.13(3/10H,ｂｒｄ,J岳10.7Ｈｚ，

disappearedonadditionofD20),11.64(7/10H,ｂｒｓ,disappearedonadditionofD20),１２．５０(3/１０Ｈ１ｂｒｓ， 

disappearedonaddilionofD20),12.52(7/10H,brs,disappearedonadditionofD20).ＭＳｍ/2:１８８(M+）Ａｎａｌ 
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ＣａＩｃｄｆｏｒＣ１ＯＨ８Ｎ２０２:Ｃ,63.82;Ｈ,４２９;Ｎ，14.89.Found:Ｃ,63.99;Ｈ,４．２１；Ｎ，１４．８０． 

1〃DlmethyI-4-formylamInoIndoIe-3-carbaIdehyde(6)ｆｒｏｍ４ｃ－６０％ＮａＨ（１９．２ｍｇ，0.48

,ｍｏｌ)wasaddedcautiousIytoasoIutionof4c(27.2ｍｇ,０．１４５，mol)ｉｎＤＭＦ(3.0ｍL)ａｔ０°Ｃ・Afteradditional

stirringforlOminatrt,MeI(OO4mL,0.64,ｍｏｌ)wasaddedandthemixturewasstirredfor5hatrt・Afteradditionof

saturatedNH4Cl-地0,thewhoIewasextractedwithEtOAc・Theextractwaswashedwithbrine,driedover

Na2SO4,andevaporatedunderreducedpressuretoIeaveanoiI,whichwascoIumnchromatographedonSiO2 
withMeOH-CHCb(3:97,ｖ/v)asaneIuenttogive6(23.8ｍｇ,７６％).６:ｍｐ140.0-141.0℃(coIorIessprisms， 

recrystaIIizedfromEtOAc-hexane)」Ｒ(KBr)：1666,1572,1515,1497,1342ｃｍ~１．１Ｈ－ＮＭＲ(DMS0-.6,27.C，
rotationalisomersexistedintheratioof3:1)6:３．１７(9/4H,ｓ),３２９(3/4H,ｓ),３．９２(3/4H,ｓ),３．９３(g/4H,ｓ),７．１３ 

(1/4H,。｡,上7.8,0.8Ｈｚ),７２０(3/4H,。｡,J崖7.8,0.8Ｈｚ),７．３８(1/4H,。｡,Ｊ=8.1,7.8Ｈｚ),７．４０(3/4H,。｡,上8.1,

7.8Ｈｚ),７．５９(1/4H,。｡,上8.1,0.8Ｈｚ),７．６４(3/4H,。｡,上8.1,08Ｈｚ),８．１５(3/4H,ｓ),８２４(1/4H,ｓ),８．３１（1/4H，

s),８．３７(3/4H,ｓ),９．７６(1/4H,ｓ),９．７８(3/4H,ｓ).ＭＳｍ/2:２１６(M+).AnalCaIcdforC12H12N202:Ｃ,６６６５;Ｈ， 

5.59;Ｎ，12.96.Found:Ｃ,66.94;Ｈ,5.52;Ｎ，１２．９７． 

4-BenzyIoxytryptamIne(8)ｆｒｏｍ７－ＬｉＡｌＨ４(69.3ｍｇ,１．８３，ｍｏｌ)wasaddedtoasolutionof7（31.4 

mg,０．１２，mol)inanhydrousEt20(3.0ｍL)atO･CwithstirringThewhoIewasrefluxedforlhwithstirring・Tothe

reactionmixture,ＭｅＯＨａｎｄｌＯ％ａｑ・RocheIlesaliwereaddedandthewhoIewasextractedwithEtOAc､The

extractwaswashedwithbrine,driedoverNa2SO4,andevaporatedunderreducedpressuretoIeavecrystaIIine 

soIid・ＴｈｅｃｒｕｄｅｐｒoductwaspurifiedbycoIumnchromatographyonSiO2withCHCI3-MeOH-28％ａｑ､NHS

(46:5:0.5,Ｖ/V)asaneIuenttogiveB(30.6ｍｇ,９６％).８:ｍｐｌ２３､5-124.5.Ｃ(coIorIessprisms,recrystaIIizedfrom 

CHCb-petroleumether,Iit・’2ampll7-120oC)」Ｒ(KBr):3110,2900,1590,1515,1455,1263,1095,1015,960,

735ｃｍ~1.1Ｈ－ＮＭＲ(CD30D）６:２．８６(2H,t,J崖6.7Ｈｚ),２．９６(2H,t,Ｊ=6.7Ｈｚ),５．１６(2H,ｓ),６．５３(1Ｈ,。｡,J崖7.3,

12Ｈｚ),６．９１（1Ｈ,ｓ),６．９５(1Ｈ,。｡,Ｊ崔8.3,12Ｈｚ),６．９８(1Ｈ,。｡,j=８３，７．３Ｈｚ),7.30-7.34(1Ｈ,、),7.37-7.42

(2H,、),7.48-7.52(2H,、).ＭＳｍ/2:２６６(M+）AnalCaIcdforC17H18N20:Ｃ,76.66;Ｈ,6.81；Ｎ,１０５２.Found：

Ｃ,76.43;Ｈ,6.75;Ｎ，１０．４２． 

Ⅳ,N-DImethy1.4･benzyIoxytryptamIne（９）from8-AsoIutionof95％NaBH3CN(582ｍｇ,０．８８ 

，ｍｏｌ)ｉｎＭｅＯＨ(1.5ｍL)wasaddedtoasoIutionof8(92.4ｍｇ,０．３４ｍｍｏＩ)ｉｎＡｃＯＨ(０．３ｍL).Tothemixture,a 

solutionof35％ａｑＨＣＨＯ(123.3ｍｇ,1.44,mol)ｉｎＭｅＯＨ(1.5ｍL)wasaddedandthewholewasstirredatrtfor3 

nAfIerevaporationofthesolventunderreducedpressure,１NNaOHwasaddedtotheresidueandthewhoIewas 

extractedwithEtOAc・Theextractwaswashedwithbrine，ｄｒｉｅｄｏｖｅｒＮａ２ＳＯ４，ａｎｄｅｖａｐｏｒａｔｅｄｕｎｄｅｒｒｅｄｕｃｅｄ

ｐｒｅｓｓuretoIeaveanoil,whichwaspurifiedbycoIumnchromaｔｏｇｒａｐｈｙｏｎＳｉＯ２ｗｉｔｈＣＨＣＩ３－ＭｅＯＨ－28％ａｑＮＨ３ 

(46:5:05,Ｖ/V)asaneluenttogive9(98.7ｍｇ,９７％).９:ｍｐ129.5-131.0°Ｃ(coIorIessprisms,recrystallizedfrom 

CHCb-hexane,Iit.,2ｃｍｐ125-126°Ｃ)」Ｒ(KBr);2820,1520,1465,1370,1260,1170,1075,975,855,730ｃITT1.
1Ｈ－ＮＭＲ(CDC'3)６:２．１６(6H,ｓ),２．６８(2H,t,上8.1Ｈｚ),３．０８(2H,t,j崖8.1Ｈｚ),５．１７(2H,ｓ),６．５６(1Ｈ,。,Ｊ崖７．７

Hz),６．９２(1Ｈ,。,j色2.2Ｈｚ),６．９８(1Ｈ,。｡,ｊ崔8.1,0.7Ｈｚ),７．０７(1Ｈ,。｡,上8.1,7.7Ｈｚ),7.31-7.36(1Ｈ,、),7.37‐

7.42(2H,、),7.48-7.52(2H,、),８．０３(1Ｈ,s).ＭＳｍ/乞２９４(M+).Ａ'7aACaIcdforC19H22N20;Ｃ,77.52;Ｈ,7.53；

Ｎ,9.52.Found:Ｃ,77.47;Ｈ,7.57;Ｎ,9.53. 
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PsilocIn（１）from９－１０％Ｐ｡/Ｃ(24.5ｍｇ)wasaddedtoasolutionof9(60.3ｍｇ,０．２１，ｍｏｌ)ｉｎＭｅＯＨ 

(10.0ｍL)andthemixturewasstirredunderH2atmosphereatrtforlhAfterevaporationofthesoIventunde「

reducedpressure,theresiduewaspurifiedbycolumnchromatｏｇｒａｐｈｙｏｎＳｉＯ２ｗｉｔｈＣＨＣＩ３－ＭｅＯＨ－28％ａｑＮＨ３ 

(46:5:0､5,Ｖ/V)asaneIuenttogivel（35.0ｍｇ,８４％）１:ｍｐ174.5-176.0°Ｃ(coIo｢Iessprisms,recrystaIIizedhom 

E1OAc,|it,２．ｍｐ173-176℃)」Ｒ(KBr);3250,1590,1470,1340,1045,835,730,690,590,480ｃｍ-1.1Ｈ－ＮＭＲ

(DMSO-d6)6:２２２(6H,s),２．５５(2H,t,上6.7Ｈｚ),２．８８(2H,t,J崔6.7Ｈｚ),６．２５(1Ｈ,。｡,Ｊ=7.3,1.0Ｈｚ),６．７３(1Ｈ，

｡d,上8.1,1.0Ｈｚ),679(1Ｈ,。｡,上8.1,7.3Ｈｚ),６．９０(1Ｈ,ｄ,ｊ=２２Ｈｚ),10.56(1Ｈ,ｓ),１０７１（1Ｈ,brs).ＭＳｍ/2：

204(M+).Ａ"alC副cdforC12H16N20:Ｃ,70.56;Ｈ,7.90;Ｎ,13.72.Found:Ｃ,70.39;Ｈ,7.95;Ｎ,13.57.
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