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THEFIRSTANDSIMPLESYNTHESISOFINDOLEALKALOIDBIPOLARAMlDE1 

MasanoriSomei★andToshiyaKawasaki 

FacuItyofPhannaceutic副Sciences,KanazawaUniversity，

13-1Takara-machi,Kanazawa920,Japan 

ADS順cf--ThefirstandsimpIetotalsynthesisofbipoIaramidewasachievedin３１％overalI

yieIdfrom(2S)-2,3-dihydroindoIe-2-carboxylicacidinthree(ortwo)stepsDerivativesof 

bipoIaramidehavinghaIogen,aIkenyLnitro,orazidosubstituentswereaIsoprepared． 

BipoIaramide((-)-1),isoIatedfromcuIturesofBl）oja脂somAmjanainlg85bySteynandco-workers,２hasattractedour

attentionduetoitsinterestingstructurehaving（6aSLcjsI-6a,7,13a,14-tetrahydropyrazino[1,2-ａ:4,5-ａ]diindoIe‐ 

6,13-dione((-)２）asamotherskeIeton、ManystructuraIIyreIatedindoIeaIkaIoidsarereported,suchas

dehydrogIiotoxin3(3),dioxopiperazinoindoId4(4),andexserohiIone5(5)． 

TotaIsynthesesoftheseaIkaloidscouIdbeatIained,ifwehadasuitabIereactionwhichreaIizeddirectfunctionaIization 

atthe4andllpositionsof(-)-2.Tomeetthisrequirement,wehavecreatednoveIreactions6whichenabIeC-TIbond 

totransiOrmintovariousC-heteroatom6a~ｅａｎｄＣ－Ｃ６ｆｂｏｎｄｕtiIizingthaIliumchemistry､Herewereportasuccessful 

appIicationofourreactiontothelirstandsimpIetotaIsynthesisof(-)-1.Theoriginalityratg7ofthealkaloidsynthesisis 

6７%､Wealsodescribethesynthesesofderivativeshavinghalo9en,aIkenyLnitro,orazidosubstituentsinpIaceofthe 

hydroxygroupsatthe4andllpositionsof(-)-1． 

CommerciaIIyavaiIabIe(2S)-2,3-dihydroindoIe-2-carboxyIicacid（(-)-6）ｗａｓｄｅｒｉｖｅｄｔｏ（６aS-cﾉS)-6a,7,13a,14‐ 

tetrahydropyrazino[1,2-a:4,5-ａ']diindole-al3-dione((-)-2)ｉｎ７６％yieId,using1,3-dicycIohexyIcarbodiimide(DCC)in 

tetrahydrofuran(THF)atroomtemperature(Schemel).Thenextreactionof(-)－２withthaIIiumtris(trifIuoroacetate)８ 

(1TFA)intrifIuoroaceticacid(TFA)affordeddithaIIatedcompound((-)７）ｉｎ６６％yieId・Subsequenttreatmentof(-)－７

withcupricsuIfatepentahydrate6a(CuSO45H20)indimethyIformamide(DMF)andwater(1:1,V/V)atl32･CproduCe。

(-)－１andmonohydroxyIatedcompound((-)-8）ｉｎ６２％and5％yieIds,respectively・InasimpIeone-potreactionbythe

sequentiaItreatmentof(-)－２withTTFAinTFA,folIowedbytreatmentwithCuSo45H20,(-)－１waspreparedin35％ 

overaIIyieId,togetherwitha5％yieIdof(-)8.Ｔｈｅsynthetic(-)－１ｗａsidenticaIwithbipoIaramideineveryrespects、

Treatmentｏｆ(-)－７withpotassiumiodide(K|)inH20affordeddiiodocompound((-)９a)in20％yieldInanone-potpro‐ 
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ｴ０ , 

cedure，（-)-9awasaIsoobtainedin29％overalIyieIdfrom(-)２togetherwitha16％yieIdofmonoiodocompound（(-)‐ 

１０aＩ.AnaltempttoimprovetheyieIdof(-)gabyreacting(-)７withcuprousiodide(CuI)ａｎｄI26binDMFresuItedina 

pooryieId(16％).Ontheotherhand,introductionofchIorinewasachievedbyreacting(-)－７withcupricchIoride6c 

(CuCI2)ｉｎＤＭＦ,affOrdingthedichIorocompound((-)-9b)ｉｎ78％yieIdBytheone-potprocedurefrom(-)２，(-)gbwas 

obtainedin46％overaIIyieldtogetherwitha3％yieldofthemonochIorocompound((-)-1０b).Inaddition，azidoand 

nitrogroupswereintroducedsuccessfuIIy・Treatmentof(-)７withCuIandsodiumazide6e(NaN3)inDMFafforded(-)‐

gcand(-)-10ｃin６４％ａｎｄ５％yieIds,respectiveIy,whiIethereactionof(-)－７ｗｉｔｈCuSO45H20andsodiumnitrite6e 

(NaNO2)produce。(-)9．ｉｎ２１％yieId

ThethaIIation-paIIadationmethod6fwasaIsoappIiedtothesynthesesofaIkenylatedderivativesof(-)-1．Thus,the 

reactionof(-)j7wilhmethyIacryIateinthepresenceofacataIyticamountofpalIadiumacetate(P｡(OAC)2)ｉｎＤＭＦ 
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producedthediaIkenyIatedcompou､。((-)－９ｅ)andlhemonoaIkenyIatedcompound((-)-10e)ｉｎ３０％ａｎｄ３４％yieIds，

respectiveIy・AIternativeIy,(-)ｅｅａｎｄ(-)-10ewerepreparedbyone-potprocedurefrom(-)－２ｉｎ13％ａｎｄ２４％overaII

yieIds,respectiveIy、

InconcIusion,wecouIddemonstratethatdeveIopmentofasuilabIereactionmakesshortenthesynthesisoftarget 

compound､SearchingfornewpharmacologicaIIyactivecompounds,furthereffOrtstoproducevariousderivativesof(-)‐ 

１areinprogress． 

EXPERIMENTAL 

MeItingpointsweredeterminedonaYanagimotomicromeItingpointapparatusandareuncorrected､Infrared(Ir） 

spectraweredeterminedwithaShimadzuIR-420spectrophotometer,ａｎｄprotonnucIearmagneticresonance(1H 

nm0spectrawithaJEOLJNMFX100SspectrometerwithtetramethyIsilaneasaninternaIstandard・Massspectra(Ms）

wererecordedonaHitachiM-80spectrometer､Preparativethin-IayerchromatographywasperformedonMerckKiesel‐ 

geIGF254(Type60)(Sio2).Co1umnchromatographywasperformedonsiIicageI(SiO2,100-200mesMromKanto 
ChemicaICo・Inc.)throughoutthepresentstudy．

(6aS-cﾉs)･ea,7,13a,14-TetrahydropyrazIno【1,2．a:４，５･a，】ｄＩｌｎｄｏｌｅ-6,13-.1ｏｎｅ（(･)-2)-------ＤＣＣ

(2.7829,13.5,ｍｏｌ)wasaddedtothesoIutionofcommerciaIIyavaiIabIe(2S)-2,3-dihydroindoIe-2-carboxyIicacid 

(１０００９１６．１３ｍｍo1,に】D20-13.3｡(c=0.30,ＭｅＯＨ))ｉｎＴＨＦ(150ｍI)andthemixturewasstirredatroomtemperature
fOrlh，PrecipitateswerefilteredoffandthefiltratewasevaporatedunderreducedpressuretoIeaveanoiI,whichwas 

subjectedtocoIumnchromatographyonSiO2withCH2CI2asaneIuenttogive(-)２(６８００ｍｇ,７６％).ｍｐ270-271°Ｃ 

(coIorlessneedIes,recrystaⅡizedfromCH2CI2-MeOH).IDL]D23-3.49｡(c=0.601,CHCI3)」r(KBr):1680,1605,1484,
1407,744cm~1.1H-Nmr(CDCb)6:３．４１(2H,。｡,Jと16.6and１０．７Ｈｚ),３．８０(2H,。｡,上16.6ａｎｄ８８Ｈｚ),４．９６(2H，
｡d,j崖10.7ａｎｄ８．８Ｈｚ),6.94-7.40(6H,、),7.96-822(2H,、).AnaACaIcdfOrC18H14N202:Ｃ,74.40;Ｈ,4.76;Ｎ，
9.59.Found:Ｃ,74.47;Ｈ,4.86;Ｎ,9.65. 

(6aS-cﾉs)-4,11-,1[ｂｌｓ(trIfIuoroacetoxy)thaIIIo肝6a,7,13a,１４.tetrahydropyrazIno【1,2-a:４，５－a,】。'･

lndoIe･6,13..1ｏｎｅ（(･)-7）---.-AsoIutionofTTFAinTFA9(０８８Ｍ,１０．０ｍ1,8.79,ｍｏｌ)wasaddedtothe 

soIutionof(-)２(1.0629,3.66,ｍｏｌ)inＴＦＡ(10.0ｍl)andlhemixturewasstirredatroomtemperature(25°Ｃ)forl2h 

PrecipitateswerecoIIectedandwashedwithsmaIIamountofTFA,ａｎｄｔｈｅｎｗｉｔｈｌ,2-dichIoroethanetoremovealrace 

amountofTFA,Afterdryingmvacuob(-)７(2.7859,66％)wasobtainedandthissampIewasusedwithoutfurther 

purification・ｍｐｌｇ８。Ｃ(decomp.,paIeyeIIowpowders).loqD22-82.7｡(c=0.208,ＤＭＳＯ)」r(KBr);1674,1428,1205,
1128,815,800,719ｃｍ~1． 

BIpoIaramIde（(･)･1）ａｎｄ（６ａｓ｡c'ｓ）･4-hydroxy･6a,7,13a,14-tetrahydropyrazInoI1,2画:４，５－a，】dIIn・

doIe-6,13-.1one（(･)-8).ａ）Ｆｒｏｍ(･)-7-----ＣｕS04.5H２０(1.1099,4.44,ｍｏｌ)wasaddedtoasoIutionof（-)‐ 
７(509.9ｍｇ,0.444ｍｍｏＩ)ｉｎＤＭＦ(１５ｍI)ａｎｄＨ２０(１５ｍI),andthemixturewasstirredatl32･Cfor3nAfter 

evaporationofthesoIventunderreducedpressure,amixtureofbenzene-acetone(g:1,Ｖ/V)andbrinewereaddedto 
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theresuItantresidueandweIIshaked､InsoIubIemateriaIswerefiIteredoffandorganicIayerwasseparate｡､Ｔｈｅorganic 

Iayerwaswashedwithbrine,driedoverNa2SO4,andevaporatedunderreducedpressuretoIeaveanoiI,whichwas 

repeatedIysubjectedtocoIumnchromatographyonSiO2withbenzene-acetone(9:１，Ｖ/v)asaneIuenttogive 

bipoIaramide((-)-1）(89.3ｍｇ,６２％)ａｎｄ(-)Ｂ(7.0ｍｇ,５％)intheorderofeIution.(-)-1：ｍｐ２ｇ９-301°Ｃ[coIorIess 

needIes,recrystalIizedfromacetone,(Iit.,２ｍｐ296-297°Ｃ).、epressionofmpofadmixturewasnotobserve｡].[α]D２２‐

203｡(c=0.286,acetone)【Iit・’2[dlD-210。(c=1.0,acetone)]」r(KBr):1648,1602,1473,1431,1257,1139ｃｍ-1.1Ｈ‐
Nmr(DMSO-叱)6:３．３６(2H,。｡,Ｌ１６０ａｎｄｌＯ､０Ｈｚ),３．５６(2H,。｡,上16.0ａｎｄ９．８Ｈｚ),５．４４(2H,brt,上9.5Ｈｚ)，

6.70（2Ｈ，ｂｒｄ,上7.6Ｈｚ),６．７８(2Ｈ,ｂｒｄ,上7.6Ｈｚ),７．０６(2Ｈ,t,j農7.6Ｈｚ),１１２０（2Ｈ，ｓ).Ａ'7aﾉﾄＣａＩｃｄｆｏｒ

Ｃ１８Ｈ１４Ｎ２０４:Ｃ,67.08;Ｈ,4.38;Ｎ,8.69.Found:Ｃ,67.26;Ｈ,４．３１；Ｎ,8.94.Theabovedata,１３C-nmrdata,andtIc 
behaviorofthesynthetic(-)－１wereidenticalwiththoseofnaturalproduct.(-)-8:mp226-227pC(coIorIessneedIes， 

recrystaIIizedfromacetone).[α]D26-127｡(c=0.251,CHCI3).Ir(KBr):1684,1648,1603,1478,1406,780,７５２ｃｍ~1. 
1H-Nmr(CDCI3)6:３．３７(1Ｈ,。｡,上17.0ａｎｄ１０，５Ｈｚ),３．４３(1Ｈ,。｡,Ｌ１７０ａｎｄｌＯ､５Ｈｚ),３．７５(1Ｈ,。｡,J崔17.0ａｎｄ

9.3Ｈｚ),３．７８(1Ｈ,。｡,上17.0ａｎｄ９．３Ｈｚ),４．９４(1Ｈ,brt,上10.0Ｈｚ),５．０４(1Ｈ,brt,上１００Ｈｚ),６．７５(2H,brt,上6.7

Hz),6.88-7.35(4H,、),7.95-8.14(1Ｈ,、),11.08(1Ｈ,s).Ｍｓｍ/2:３０６(M+).Ａ'7aACaIcdforC18H14N203:Ｃ,70.58；

Ｈ,４．６１；Ｎ,９．１４.FOUnd:Ｃ,70.67;Ｈ04.57;Ｎ,9.23. 

b）Ｆｒｏｍ（.)-2----Onepotprocedure:AsoIutionofTTFAinTFA(0.88Ｍ，0.48ｍ1,0.425,ｍｏｌ)wasaddedto 

thesoIutionof(-)－２(51.3ｍｇ)inＴＦＡ(1.OmOandihewholewasstirredatroomtemperatureforl2h・Afterevaporation

ofthesoIvemunderreducedpressure,ＤＭＦ(8.0ｍI)wasaddedtotheresuItantresidue､Tothissolution， 

CuS04.5H２０(441.7ｍｇ,１．７７，mol)wasaddedandthemixturewasstirredatl35･Cfor3hAfterthesamework-up 
andseparalionasdescribedabove,(-)－８(2.7ｍｇ,5％)ａｎｄ(-)-１（19.7ｍｇ,３５％)wereobtained． 

(6as.cﾉs)-4.Ｉｏｄｏ.（(･)-10a）ａｎｄ・4,11．dIIodo-6a,7,13a,１４.tetrahydropyrazIno【1,2.a:４，５－a'1.11,‐

doIe･6,13-.1one（(-)-9a).ａ）Ｆｒｏｍ（･)-7---AsoIutionofKI(586.8ｍｇ,3.53ｍｍｏＩ)ｉｎＨ２０(10.0ｍI)wasaddedto 

asuspensionof(-)－７(202.9ｍｇ,0.177ｍｍｏＩ)ｉｎＨ２０(2.0ｍI).AIterstirringatroomtemperatureforlh,thewhoIewas 

extractedwithCH2CI2-MeOH(95:5,V/V).TheextractwaswashedsubsequentIywithl０％aqsodiumthiosuIfate,brine， 

driedoverNa2SO4,andevaporatedunderreducedpressuretoIeaveanoiI,whichwassubjectedtopreparativethin 

IayerchromatographyonSiO2withCHCI3asadeveIopingsoIventExtractionwithCH2CI2-MeOH(95:5,Ｖ/V)fromthe 

bandhavingRfvaIueofO､48-0.27afforded(-)Ｂａ(19.7ｍｇ,20%).Inthiscase,(-)-10awasnotformed.(-)-9ａ：ｍｐ２６６‐ 

267°Ｃ(coIorIessneedIes,recrystaIIizedfmmCH2CI2).l0LlD23-514.9゜(c=0.255,CHCI3)．Ｉｒ(KBr):1671,1442,1430,
1387,1089,763cm~1.1H-Nmr(CDCI3)6:３．４５(4H,。,上９５Ｈｚ),５．２０(2H,t,上9.5Ｈｚ),６．９１(2H,。｡,上7.8ａｎｄ７．６

Hz),７．２９(2Ｈ,。｡,Ｌ７６ａｎｄ1.0Ｈｚ),７．７３(2Ｈ,。｡,ｊ崖7.8ａｎｄ１．０Ｈｚ)．Ｍｓｍ/2:５４２（Ｍ+)．ＡｎａｌＣａＩｃｄｆｏｒ

Ｃ１８Ｈ１２Ｎ２０２Ｉ２:Ｃ,39.88;Ｈ,2.23;Ｎ,５．１７.Found:Ｃ,39.88;Ｈ,２．１４;Ｎ,５．１６． 

b）Ｆｒｏｍ(-)･７－１２(67.9ｍｇ,0.535ｍｍｏＩ)ａｎｄＣｕＩ(67.9ｍｇ,0.357ｍｍｏＩ)wereaddedtoaso1utionof(-)－７(204.7 

ｍｇ,０．１７８，ｍｏｌ)ｉｎＤＭＦ(5.0ｍI).Afterstirringatroomtemperatureforlh,CH2CI2-MeOH(95:5,Ｖ/V)wasaddedand 
insoIubIemateriaIswerefiIteredoffthroughshortcoIuｍｎｏｆＳｉＯ２､ThefiltratewaswashedsubsequentＩｙｗｉｔｈｌＯ％ａｑ・

sodiumthiosuIfate,brine,driedoverNa2SO4,andevaporatedunderreducedpressuretoIeaveanoiI,whichwas 

purifiedasdescribedintheaboveprocedureatogive(-)-9ａ(15.0ｍｇ,１６％)． 

c)Ｆｒｏｍ(･)-2----Onepotprocedure:AsoIutionofTTFAinTFA(０．８８Ｍ,０．８０ｍ1,0.706,ｍｏｌ)wasaddedto 

thesoIutionof(-)－２(85.3ｍｇ,Ｏ２９４ｍｍｏＩ)ｉｎＴＦＡ(1.0ｍl)andthemixturewasstirredatroomtemperatureforl2h． 
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AfterevaporationofthesoIventunderreducedpressure,Ｈ２０(2.0ｍI)wasaddedtotheresuItantresidueTothis 

emulsion,asolutionofKI(976.5ｍｇ,５．８８ｍｍｏＩ)ｉｎＨ２０(10.0ｍI)wasaddedandthemixturewasstirredatroom 

temperaturefor1h､CH2CI2-MeOH(95:5,V/V)wasaddedtothereactionmixtureanｄｉnsoIubIemateriaIswerefiItered 

offSeparatedorganicIayerwaswashedsubsequentIywithl0％ａｑ・sodiumthiosulfate,brine,driedoverN車ＳＯ４,and
evaporatedunderreducedpressuretoIeaveanoiI,whichwassubjectedtocoIumnchromatographyonSiO2with 
CHCI3-hexane(9:1,V/V)asaneIuenttogivｅ(-)-10ａ(19.5ｍｇ,１６％)and(-)-9ａ(46.1ｍｇ,２９％)intheorderofeIution． 

()-10ａｍｐ２３８-239℃(decomp.,coIorIessneedIes,recrystaIIizedfromAcOEt).lcdD23-470.7゜(c=0.15,CHCも)．Ｉｒ
(KBr):1687,1663,1479,1433,1393,828,７６７cITT1.1H-Nmr(CDCI3)6:3.13-3.93(4H,、),５．０９(1Ｈ,。t,上10.0ａｎｄ

1.1Ｈｚ),５．１０(1Ｈ,。t,上10.0ａｎｄ1.1Ｈｚ),６．８６(1Ｈ,。｡,上8.0ａｎｄ７．６Ｈｚ),７．２５(1Ｈ,。d,Ｊ≧7.6ａｎｄ１．２Ｈｚ),7.41‐

7.75(3H,、),７．７３(1Ｈ,．｡,上8.0ａｎｄ１．０Ｈｚ),７．８５(1Ｈ,。,J崔8.0Ｈｚ).ＡﾉﾌalCaIcdforC18H13N202I:Ｃ,51.94;Ｈ，
3.15;Ｎ,6.73.Found:Ｃ,52.00;Ｈ,2.95;Ｎ,6.49. 

（6ａｓ.c's)-4･ＣｈＩｏｒｏ。（(-)-10ｂ）ａｎｄ‐4,11-dIchloro-6a,7,13a,14-tetrahydropyrazInoI1,2画:４，５．a,】･
dIIndoIe･6,13-.1one（(-)-9b).ａ)Ｆｒｏｍ（-)-7----AnhydrousCuC恒(231.9ｍｇ,１．７２ｍｍｏＩ)wasaddedtoa

solutionof(-)７(198.0ｍｇ,０．１７２，ｍｏｌ)ｉｎＤＭＦ(5.0ｍI)andthemixturewasstirredat122℃for5hAfterevaporation 
ofthesolventunderreducedpressure,amixtureofCH2CI2-MeOH(95:5,V/V)andbrinewereaddedandweIIshaked、

InsoIubIemateriaIswerefiIteredoffandorganicIayerwasseparatedTheorganicIayerwaswashedwithbrine,dried 

overNa2SO4,andevaporatedunderreducedpressuretoleaveanoiLwhichwassubjectedtocoIumnchromatography 
onSi○2wilhCHCI3-hexane(9:1,ＷV)asaneIuenttogive(-)-10ｂ(3.8ｍｇ,7%)and(-)ｇｂ(4８５ｍｇ,７８％)intheorder 

ofelution.(-)-10b:ｍｐ２４５-246℃(coIorIessneedIes,recrystaIIizedfromCH2CﾋｰMeOH).IoJD25-301.5｡(c=0.202, 
CHCb).Ir(KBI):1700,1673,1602,1393,758cm~1.1H-Nmr(CDCl3)ｂ:3.11-3.87(4H,、),4.92-5.20(2H,、),6.86‐

7.29(6H,、),7.96-8.12(1Ｈ,、).Ｍｓｍ/Ｅ:３２６ａｎｄ３２４(M+).Ａ"aACaIcdlOrC18H13N202CI:Ｃ,66.57;Ｈ,４．０３;Ｎ，
8.63.Found:Ｃ,66.43;Ｈ,3.91;Ｎ,8.56.(-)-9ｂ:mp304-306°Ｃ(decomp.,coIorIessneedIes,recrystaIIizedfromMeOH‐ 

CHCI3).lodD24-4702｡(c=0.258,CHCI3).Ir(KBr):1695,1679,1596,1380,1102,907,７６８ｃｍ~1.1H-Nmr(CDCI3)６： 
３．３７(2H,。｡,上16.1ａｎｄ９．０Ｈｚ),３．５９(2H,。｡,上16.1ａｎｄ１０．７Ｈｚ),５．２６(2H,。｡,上10.7ａｎｄ９．４Ｈｚ),7.00-7.39

(6H,、).Ｍｓｍ/Ｅ:362,3601ａｎｄ３５８(M+).Ａ"aACaIcdforC18H12N202CI2:Ｃ,60.19;Ｈ,3.37;Ｎ,7.80.Found:Ｃ，
60.35;Ｈ,３．１０;Ｎ’7.94. 

ｂ)Ｆｒｏｍ(･)･2----Onepotprocedure:AsoIutionofTTFAinTFA(0.88Ｍ,0.59ｍ１，０５２０，ｍｏｌ)wasaddedto 
thesoIutionof(-)－２(62.8ｍｇ,Ｏ２１７ｍｍｏＩ)inＴＦＡ(1.0ｍl)andthemixturewasstirredatroomtemperatureforl2h． 
Afterevaporationofthesolventunderreducedpressure,ＤＭＦ(5.0ｍl)wasaddedtotheresuItantresidue・Tothis

soIution,anhydrousCuCと(291.2ｍｇ,2.17mmoI)wasaddedandthewhoIewasstirredatl34･Cfor5nAfterthesame

work-upandseparationasdescribedabove,(-)-10ｂ(1.9ｍｇ,3%)and(-)－９ｂ(36､４ｍｇ,４６％)wereobtained． 

(6aS-c's)-4-ＡｚＩｄｏ‐（(-)-10c）ａｎｄ‐4,11-dIazIdo-6a,7,13a,14-tetrahydropyrazInOI1,2詞:４，５－aldI･
IndoIe-6,13..1ｏｎｅ（(･)-9c)－－－ＣｕI(1.4079,7.38,ｍｏｌ)wasaddedtoasoIutionof(-)－７(2.1209,1.84,ｍｏｌ)ａｎｄ 
Na脂(720.4ｍｇ,１１０mmoI)ｉｎＤＭＦ(50.0ｍl)andthemixturewasstirredat79℃for２ｈ.AfIerevaporationofthe
soIventunderreducedpressure,amixtureofCH2CI2-MeOH(95:5,V/V)andbrinewereaddedandweIIshaked、

InsoIubIemateriaIswerehIteredolfandorganicIayerwasseparaiedTheorganicIayerwaswashedsubsequentIywith 
l０％aqsodiumthiosuIfate,brine,driedoverNa2SO4,andevaporatedunderreducedpressuretoIeaveanoiI,which 

wassubjectedtocoIumnchromatographyonSio2withCHCI3asaneIue､ttogive(-)-10ｃ(29.6ｍｇ,5%)and(-)-gｃ 
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(439.8ｍｇ,６４％)intheorderofeIution.(-)ｅｃ:ｍｐｌ７９.Ｃ(decomp,paIebrownpowder,recrystaⅡizedfromCHCb‐ 

MeOH).loqD25-527.7｡(c=0.20,CHCb)．Ｉｒ(KBr):2115,1683,1605,1475,1453,1395,1303,794ｃｍ1.1H-Nmr 
(CDCI3)６:３．３４(2H,。｡,Ｊ崔16.4ａｎｄ9.5Ｈｚ),３．５７(2H,。｡,上16.4ａｎｄ１０．７Ｈｚ),５．２３(2Ｈ,t,Ｊ=10.7ａｎｄ９５Ｈｚ)，
6.90-7.33(6H,、).Ｍｓｍ/乞:３７２(M+).AnalC副cdfCrC18H12N802:Ｃ,58.06;Ｈ,3.25;Ｎ,30.09.Found:Ｃ,57.88;Ｈ，

3.19ｉＮ,30.04.(-)-10ｃ:ｍｐｌ８８-190℃(decomp,paIeorangeneedIes,recrystaⅢzedfromCH2CI2-MeOH).IDL]D１９‐ 
340.9゜(c=0.176,CHCI3)」r(KBr):2120,1687,1667,1599,1395,755cm-1.1H-Nmr(CDCI3)６:３．３７(1Ｈ,。｡,J崖16.0
and１０．０Ｈｚ),３．４３(1Ｈ,。｡,上１６．０ａｎｄ１０．０Ｈｚ),３．６６(1Ｈ,。｡,上16.0ａｎｄ10.0Ｈｚ),３．８１（1Ｈ,。｡,上１６．０ａｎｄ１０．０

Hz),５．１２(2Ｈ,brt,上１００Ｈｚ),6.82-7.36(6H,、),８．０８(1Ｈ,ｂｒｄ,j崖8.0Ｈｚ).Ｍｓｍ/屋:３３１（Ｍ+).ＡｎａＡＣａＩｃｄｆｏｒ

Ｃ１８Ｈ１３Ｎ５０２:Ｃ,65.25;Ｈ,3.95;Ｎ,21.14.Found:Ｃ,64.95;Ｈ,3.80;Ｎ,20.86. 

（(･)・(6aS-c's)･4,11．DInItro-6a,7,13a,14-tetrahydropyrazIno【1,2qa:４，５.a'1dIIndoIe-6,13pdIone

gd)－－－ＮａNO2(579.3ｍｇ,８．３９，ｍｏｌ)wasaddedtoasolutionof(-)－７(200.8ｍｇ,０．１７５，ｍｏｌ)andCuSO4･5H２０ 

(786.1ｍｇ,３．１４，mol)ｉｎＤＭＦ(１００ｍI)andthemixturewasstirredatlO０℃for1ｈ.AfterevaporationofthesoIvent 

underreducedpressure,amixtureofCH2CI2-MeOH(95:5,Ｖ/V)andbrinewereaddedandweIIshaked」nsoIubIe

materialswerefiIteredoffandorganiclayerwasseparated､ＴｈｅorganicIayerwaswashedwithbrine，driedover 

Na2SO4,andevaporatedunderreducedpressuretoIeaveanoiLwhichwassubjectedtopreparativethinIayer 
chromatographyonSiO2withCH2CI2asadeveIopingsoIventExtractionwithCH2CI2-MeOH(95:5,V/V)fromtheband 

havingRfvaIueof0.52-0.43aIforded(-)９．(14.0ｍｇ,２１％).ｍｐ327-338°Ｃ(decomp,coIorIessneedIes,recrystaIIized 

fromCH2CI2-MeOH).[ＯＬ]D23-1479.5｡(c=０．１５１，CH2CI2)．Ｉｒ(KBr):1703,1681,1609,1544,1529,1464,1399, 
1369,1326,1225,1118,801,７３３ｃｍ~1.1H-Nmr(DMSO-d6)６:３．３４(2H,。｡,上16.0ａｎｄ１０．０Ｈｚ),３．５６(2Ｈ,。｡，

J崖16.0ａｎｄ１０，０Ｈｚ),５．５８(2H,t,上10.0Ｈｚ),７．３４(2H,t,上7.8Ｈｚ),７．６７(2H,。,上7.8Ｈｚ),７．７１(2H,。,上7.8Ｈｚ)．

Ｍｓｍ/Ｅ:３８０(M+)Ａ'7aＩＣ副cdforC18H12N406:Ｃ,56.85;Ｈ,3.18;Ｎ,14.73.Found:Ｃ,57.06;Ｈ,2.94;Ｎ,14.58.

(6ａｓ．cﾉｓ)-4-((E)-2-MethoxycarbonylvInyI)．（(･)-10e）ａｎｄ・4,11..1((E)･2.methoxycarbonyIvInyI)‐
6a,7,13a,１４.tetrahydropyrazIno【1,2.a:４，５.a，】ｄＩＩｎｄｏＩｅ･6,13･ｄｌｏｎｅ（(･)･ｇｅ)．ａ）Ｆｒｏｍ（・）・７－－－

P｡(OAC)２(12.5ｍｇ,０．０５６，ｍｏｌ)wasaddedtoasoIutionof(-)７(319.8ｍｇ,0.279ｍｍｏＩ)andfreshIydistiIIedmethyl 
acryIate(143.9ｍｇ,1.67ｍｍｏＩ)ｉｎＤＭＦ(8.0ｍI)andthemixturewasstirredatl36・Ｃｆｏｒ３ｈ・CHCI3-MeOH(95:5,V/V)was
addedtothereactionmixtureandinsoIubIematerialswerefiIteredoff､ThefiItratewaswashedwithbrine,driedover 

Na2SO4,andevaporatedunderreducedpressuretoIeaveanoil,whichwassubiectedtocoIumnchromatographyon 
SiO2withCHCI3asaneIuenttogiverecoveIyof(-)マ(11.5,9,14％),(-)-10ｅ（35.9ｍｇ,３４％)，ａｎｄ（-)ｇｅ(38.8ｍｇ，
30％)intheorderofeIution.(-)-10e:ｍｐ２７２-273°Ｃ(coIorIessneedIes,recrystaIIizedfromCH2CI2-MeOH).IDL]D２６‐ 
406.7｡(c=0.195,CHCI3)」r(KBr):1720,1673,1484,1407,754ｃｍ~1.1H-Nmr(CDCI3)6:3.16-3.90(4H,、),３．７９(3H，
s),５．１２(2H,t,上10.0Ｈｚ),６２７（1Ｈ,。,j色15.9Ｈｚ),6.94-7.52(6H,、),７．９９(1Ｈ,。,Ｊ崖15.9Ｈｚ),8.00-8.12(1Ｈ,、)．
Msm/2:３７４(M+).AnaACaIcdfOrC22H18N204:Ｃ,70.58;Ｈ,4.85;Ｎ,7.48.Found:Ｃ,70.53;Ｈ,482;Ｎ,7.65.(-)‐ 

９ｅ:ｍｐｌ９４-195°Ｃ(coIorIesspIates,recrystaIIizedfromCH2CI2-MeOH).ＩＤＬ]D28-487.6｡(c=0.178,CHCI3)」r(KBr)：
1705,1679,1631,1389,1277,1165ｃｍ~1.1H-Nmr(CDCI3)6:３．４５(4Ｈ,。,上１０．０Ｈｚ),３．７９(6H,ｓ),５．２６(2Ｈ,t，

J=10.0Ｈｚ),６．３４(2H,。,と15.9Ｈｚ),6.98-7.38(4H,、),７．４９(2H,。｡,上7.1ａｎｄ２．０Ｈｚ),７．８８(2H,。,ｊ=15.9Ｈｚ)．

Ｍｓｍ/Ｅ:４５８(M+).Ａ'7alCalcdlOrC26H22N206･1/2H20:Ｃ,66.80;Ｈ,4.96;Ｎ,5.99.Found:Ｃ,66.54;Ｈ,4.74;Ｎ， 

６，１１． 
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b）Ｆｒｏｍ（-)－２－－－Onepotprocedure:Aso1utionofTTFAinTFA(0.88Ｍ,０．７２ｍ1,0.637,mol)wasaddedto 

asoIutionof(-)２(77.0ｍｇ,0.266,mol)inＴＦＡ(1.0ｍI)andthemixturewasstirredatroomtemperatureforl2hAfter 

evaporationoflhesoIventunderreducedpressure,ＤＭＦ(5.0ｍI)wasaddedtotheresultantresidue､Tothissolution,a 

soIutionoffreshIydistiIledmethyIacIyIate(137.2ｍｇ,１．５９，ｍｏｌ)ａｎｄＰｄ(OAC)２(11.9ｍｇ,ｏ０５３ｍｍｏＩ)ｉｎＤＭＦ(1.0ｍl） 

wasaddedandthemixturewasstirredatl27･Cfor3nAfterthesamework-upandseparationasdescribedabove,(-)‐ 

１０ｅ(23.8mg,２４％)ａｎｄ（-)-9ｅ(16.0ｍ9,13％)wereobtained 
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