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Abstract-AsimpleandnewmethodfOrthepreparationofopticaIIyactive 
methyl3a-chloro－，３a-bromo-，３a-hydroxy-，and3a-alkoxy-1,2,3,3a,8,8a-hexa-

hydropyrrolo[2,3-6]indole-2-carboxylateshasbeendeveloped． 

Ｗｅｈａｖｅｂｅｅｎｅｎｇａｇｅｄｉｎｆｉｎｄｉｎｇａｓｉｍplemethodfbrthepreparationofoptically －－－－－－￣－．c~ら￣…ﾕﾕﾕ…皿らｑ･IulWにｕ皿culuuluIUnePrePara[IOnOrOPtlCaIlyaCtiVemethyI

1,2,3,3a,8,8a-hexahydropyrrolo[2,3-6]indole-2-carboxylateshavinganoxygenfunctionalgroupatthe3a‐ 
positionasshowningeneralfOrmula(1,Figurel).Oncethecompounds(1)becameavailabIe,creationof 
ouroriginalbioIogicallyactiveleadcompounds2wouldbepossible． 
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Inthepreviouscommunication,'cwerepoltedthediscovelyofasimplesyntheticmethodfOr3a-alkoxy-
1,2,3,3a,8,8a-hexahydropyrroIol2,3-6]indolesdirectlyfioml-methoxy‐/Vb-methoxycarbonyltryptamine 
bythereactionwithiodine-morpholineinalcoholicsolventBasedontheresultsandfUlther 

examinationsofreactionconditions,wehavenowsucceededinthefirstpreparationofopticallyactive， 
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methyll,2,3,3a,8,8a-hexahydropyrroIol2,3-blindole-Z-carboxylateshavingahalogenoranoxygen 

functionalgroupatthe3a-position,whichwouIdbeusefUIsyntheticintermediatesfOrthetotalsynthesis 

ofl,2,3,3a,8,8a-hexahydropyrrolo[2,3-6]indoleaIkaIoidssuchashimastatin3（2a),jso-himastatin3（2b)， 

(+)‐okaramineJ4(3),andsoons 

ReductionofA/b-acetyl-L-tlD/ptophanmethyIester(4,Ｓｃｈｅｍｅｌ）ｗｉｔｈＮａＢＨ３ＣＮｉｎＡｃＯＨｇａｖｅⅣb-

acetyl-2,3-.ihydro-L-tlyptophanmethylesters(5ａａｎｄ６ａ)in6896yieldasamixtureofdiasteromersina 

ratioofL4:1．Thesediastereomers（5ａａｎｄ６ａ）wereeasilyseparatedwithhighperfOrmanceliquid 

chromatography（ＨPLC)．TheirstereochemistriesweredeterminedasshowninSchemelcomparing 

eachlH-NMRspectrumwiththeknownsetofdiastereomersof/Vb-jerfbutoxycarbonyl-2,3-dihydro-L-

tryptophanmethylester(5ｂａｎｄ６ｂ)detenninedbyVanVranken，group6 

ｏｘｉｄａｔｉｏｎｏｆ５ａａｎｄ６ａｗａｓsuccessfulIycarriedoutwith30％H202inthepresenceofacatalyticamount 

ofNa2WO4･ZH207producing/Vb-acetyl-l-hydroxy-L-tlyptophanmethylester((S)-7)in69and6796yieIds， 

respectivelySimilaroxidationofthemixtureofdiastereomers(5ａａｎｄ６ａ)withoutseparationgave(S)－７ 

in6996yieldasreportedpreviously､８Subsequenttreatmentof（８）－７withanexcessetherealCH2N2 

yieIdｅｄⅣb-acetyl-1-methoxy-L-tlyptophanmethylester((S)-8)in9496yield､８０pticaIpurityof(S)－８was 

estabIishedtobemorethan9996eebyitsanalysisusingchiraIcolumnchromatography． 
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Ｗｉｔｈ(S)－８ｉｎhand,variousreactionconditionsfOrconvertingitintoopticalIyactivemethyI3a-alkoxy-

1,2,3,3a,8,8a-hexahydropyrrolol2,3-bIindole-Z-carboxylates(ＤａｎｄｌＯ)werethoroughlyexaminedAsa 
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result,treatmentof(S)－８withiodine-morpholineinanalcoholicsolventwasfOundtogivethebestresuIts 
amongtheexaminedreagentsystemssuchasbromine，bromine-NaOAc，４－.imethylaminopyridinium 
tribromi｡e,NIS,iodine-triethylamine,iodine-K2CO3,iodine-NaHCO3,iodine-pyridine,iodine-NaL 
iodine-NH4Cl,ａｎｄiodineonlyBasedontheseresults,(S)－８wastreatedwithiodine（ｌ０ｍｏｌｅｑ.）and 
morpholine(３moleq.)inMeOHatroomtemperaturefOr2hresultinginthefbrmationsof(２Ｓ,3as,8as)‐ 
（9a）ａｎｄ（2S,3aR,8aR)-methyll-acetyl-1,2,3,3a,8,8a-hexahydro-3a,8-dimethoxypyrrolol2,3-6]indoIe-2‐ 
carboxylates（10a）ｉｎ６ａｎｄ４８％yields，respectiveIy､にWhenisopropylalcoholwasemployedasa
solvent,corlespondiｎｇ９ｂａｎｄｌＯｂｗｅｒｅｏｂｔａｉｎｅｄｉｎ６ａｎｄ３4％yields,respectively・
Ontheotherhand,treatmentof(S)－８ｗｉｔｈＮＣＳ（１moIeq.）inMeCNatroomtemperatureprovide。
（2S,3as,8as)‐（DC）ａｎｄ（2S,3aR,8aR)-methyll-acetyl-3a-chIoro-l,2,3,3a,8,8a-hexahydro-8-methoxy-
pyrrolo[2,3-6]indole-2-carboxylates(10c)ｉｎ４２ａｎｄ４２％yields,respectivelyWhenNBS（１moleq.)ｗａｓ 
ｅｍｐＩｏｙｅｄｉｎＭｅＣＮ，（2S,3as,8as)‐（，d）ａｎｄ（2S,3aR,8aR)-methyll-acetyl-3a-bromo-8-methoxy-
l,2,3,3a,8,8a-hexahydropyrrolol2,3-61indole-2-carboxylates（10.）ｗｅｒｅｐｒｏｄｕｃｅｄｉｎ８ａｎｄ８１％yields， 
respectively・

Wenexttriedtoobtainopticallyactive3a-hydroxycompounds(ＤｅａｎｄｌＯｅ)from9candlOcandfbund 
thetreatmentwithAgCNinMeCN-H20wassupenortoAgNO3inMeCN-H20producing(2S,3as,8as)‐ 
（,e）ａｎｄ（2S,3aR,8aR)‐methyIl-acetyl-3a-hydroxy-8-methoxy-l,2,3,3a,8,8a-hexahydropyrroIol2,3-
b1indole-2-carboxylates(10e)ｉｎ５２ａｎｄ５１％yields,respectively・

Ｔｈｅｓｔｅ1℃ochemistriesof9a-eandlOa-ewereｄｅｄｕｃｅｄｂａｓｅｄｏｎｔｈｅｌＨ－ＮＭＲｓｐｅｃtraldataThus,the 
methylprotoninthe2-methoxycarbonylgroupof9a-eappearedathighermagneticfieIdbyca、
0.20-0.24ppmthanthatoflOa-eshowingthemethylgroupislocatedabovethebenzenerlngandthe 
protonsfeeltheshieldingeffectof兀‐electronringcurrents・

InordertoobtainunequivocalprooffOrtheabovestructures，thefOIIowingsequenceofreactionswelc 
carriedout、First，DewashydrogenatedwithlatmhydrogeninthepresenceoflＯ９６Ｐｄ/Catroom

temperature,andsubsequenttreatmentoftheproductMthaceticanhydrideprovided７８％overallyieldof 
(23,3as,8as)-15(Scheme2).SimiIarly,l0awashydrogenatedwithlatmhydrogento(2S,3a尺,8aR)-11ｉｎ
97％yieldinthepresenceoflO96Pd/Catroomtemperature,andsubsequentacetylationof(2S,3aR,8aR)‐ 
１１withaceticanhydrideprovided78％yieldof(2S,3aR,8aR)-12． 

Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，（±)一八/b-acetyltryptophanmethylester8（(±)-13）wasconvertedto（±)‐methyl3a‐
acetoxy-1,8-diacetyl-1,2,3,3a’8,8a-hexahydropyITolo[2,3-61indoIe-2-carboxylates（(±)-14ａｎｄ（±)-15）ｉｎ 
２１ａｎｄ２３％yields，respectively，ｂｙｔｈｅｒｅａｃｔｉｏｎｗｉｔｈＡｃ２０ａｔｌ２０ｏＣｉｎｔｈｅｐｒｅｓｅｎｃｅｏｆＮａＯＡｃ・
Isomerizationof(±)-14tothermodynamicallystable(±)‐l5occurredeasiIyin5196yieldbythetreatment 
withﾉｰＢｕＯＫｉｎＤＭＦ,fOIlowedbyacetylationwithAc20､Subsequenthydrolysisofthe3a-acetoxygroup 
ｏｆ(±)-14ａｎｄ（±)-15ｗｉｔｈｅｉｔｈｅｒＮａＨＣＯ３ｏｒＮａＯＭｅｉｎＭｅＯＨｐrovided（±)-methyI1,8-diacetyl-3a-
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hydroxy-1,2,3,3a,8,8a-hexahydropyrroIol2,3-blindoIe-2-carboxylates((±)-16ａｎｄ(±)-17）in84and9696 

yieIds,respectiveIyLuckiIy,(±)-17becamesuitableprismsfOrX-RaysinglecrystalIographicanalysis.， 

TheresultsshowninFigureZcIearlyprovedthestructureandthepresenceofthemethylmoietyinthe2‐ 

methoxycarbonyIgroupabovethebenzenering,whichisresponsibIefOrtheappearanceofthemethyI 

protonathighermagneticfieldbyca・O2ppmthanthatof(±)-16intheirlH-NMRspectra､ConsequentIy，

stereochemistryofthe8a-protonandthe2-methoxycarbonylgroupin(±)-16ａｎｄ(±)-17areprovedtobe 

cjsandrrα"s,respectiveIy・

The’ＨＮＭＲｓｐｅｃｔｒｕｍａｎｄＴＬＣｂｅｈａｖｉｏｒｏｆ（±)-15wereidenticalwiththoseofopticaIIyactive 

(2S,3as,8as)-15derivedfrom(2S,3as,8as)-9e、

Scheme2 Figure2 

X-RayAnalysisof(±)-17 
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Inconclusion,wehaveestabIishedsimplesyntheticmethodforopticaIIyactivemethyI3a-halogeno-,3a‐ 

hydroxy-，and3a-alkoxy-l,2,3,3a,8,8a-hexahydropyrroIol2,3-blindole-2-carboxyIates、EvaIuationsof

theirbiologicalactivityandpotentiaIassyntheticintermediatesfOrnaturaIproductsarenowinprogress． 
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ＨどZeroC)ﾉc/es,２００５，６５，１８１１；。）AIlnewcompoundsgavesatisfactolyspectraIandelemental

analysisorhigh-resolutionMSspectraIdatafbrcrystaIsoroiIs,respectiveIy､５a)oil;lu1D28＋79.1。

（c=0.261,CHCl3)；６a）oil；［α1,27-20.3。（c=0.209,CHCl3)；７）ｍｐｌｌ５－ｌ17°Ｃ；ｌｑＩＤ２４＋11.8°

（c=0.102,ＭｅＯＨ);８８）oil；IulD2o＋16.8。（c=0.107,ＭｅＯＨ);８９a）mpl29-l30oC；［α1,2,＋45.5。

（c=0.302,CHCl3)；,b）oil；lulD3o＋15.2°（c=0.211,CHCl3)；DC）mpll3-ll4･Olq1D2，＋5.9° 

（c=0.314,CHCl3);，d)oiI;IqlD28＋1.2｡(c=0.174,CHCl3);，e)oil;lccID29＋37.6｡(c=ＯＮ4,CHCl3)； 
１０a)mplZ3-l24oC;[qlD3o-167.2｡(c=0.301,CHCl3);１０b)oil;lq1D28-l3L3｡(c=0.166,CHCI3)； 
１０c)mpll4-ll5oCIq1D3o-105.3。（c=0.314,CHCl3);１０.)oiI；lu1D29-66.9｡(c=0331,ＣＨＣｌ３)；

１０e)oil；lqlD28-llO7。(c=0.317.ＣＨＣｌ３);１１)mpl92-l93oC;lulD27-261.9°(c=0320,CHCI3)；
１２)oil;lu1D3o-36.1°(c=0.329,CHCI3);１４)mpl56-l57oC15)mpl30-l32oC;(２Ｓ,3as,8as)‐ 
１５)oiI;Iq1D3o＋112.5。(c=0.275,CHCI3);１６)mp239-240oC;１７)ｍｐ２７４－２７５ｏＣｅ)Enantiomer
excess(ee)ofcompounds9a-eandlOa-eweredeterminedtobemorethan9996basedonｔｈｅｉｒ 

ｌＨＮＭＲ(500ＭHz)spectrausingshiftreagent((+)-Eu-DPPM)comparingwiththecor1℃sponding 
（±)-compounds， 

OurnewleadcompoundsfOrcerebralinfarctionandmyocardialinfarction:JPPatentl57475（1996） 
ｌＣ７２ｅｍ.Ａｍｒ.，1996,125,195426yl;JPPatent31257（1991）ｌＣ此”.Ａ6s".，1991,114,247138a１．
NewcompoundsfOrosteoporosis：JPPatent2004-64408，appIiedMarch，2004；JPPatent2005-

209753,appliedJuly,2005.NewcompoundsfOrED(erectiIedysfunction):JPPatent2004-280104、

appliedSept､2004;JPPatent2002-255963(２００１）Idje"z・Ｍ３".,2002,137,217126c１．
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ThereflectiondatawerecolIectedonaRigakuAFC5Rdiffmctometerovertherangeof 
7.48.<2ｋ15.O8ousingCuKaradiation(ル1.54178Ａ）ａｎｄｔｈｅｕ戸２８scanmethodata20scan

speedof6｡/minThestructureof(±)-17wassolvedbythedirectmethodusingMITHRILIoand 

refinedbythefuIl-matrixleast-squaresmethodwithanisotropicthermalfactorsfOrnon-hydｍｇｅｎ 
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atomsandwithisotropiconesfOrhydrogenatoms・ＴｈｅｆｉｎａＩＲ‐andRw-factorswereOO45and

O・O50fOrl830observedreHections仏3.00ｏ(J)1,respectively・Crystaldatafor(±)-17:C16HI8N205，

Ｍ=318.33;monoclinic,spacegroupPZ,/ａ(#14);α=8.230(5)Ａ,ｂ=2075（１）Ａ,ｃ=9.607(6)Ａ； 

β筐112.86(5)｡;Ｖ=1512(2)Ａ3,Ｚ=4,DcaIc=1.3989/c㎡．

10.C､J・Gilmore,ﾉ.Ａｐﾉﾌﾉ.C〃sr.,1984,17,42.


