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Abstract-ThlCemethodshavebeen、ewlydevelopedfOrthesynthesisof

1,2,3,3a,8,8a-hexahydropyrrolo[2,3-6]indoles・Employingthem，３a-chloro-,３a-

bromo-,３a-hydroxy-,andvarious3a-alkoxy-1,2,3,3a,8,8a-hexahydropyITolo[2,3-

6]indolesarenowreadilyavailable． 

Himastatin2(1a),jso-himastatin2(1b),FP13(2),ａｎｄ(+)‐okaramineJ4(3)aretypicalexamplesbelonging 

tol’2,3,3a,8,8a-hexahydropyrrolo[2,3-6]indolealkaloidshavinganalkoxygroupatthe3a-position 

(Figurel).Wehavebeenmuchinterestedinthealkaloidsfromthepointofcreatingourownbiologically 

activeleadcompounds5andchallengedfOrsometimetodevelopnewandsimplesyntheticmethodsfOr 

thecompoundsshowningeneralfOnnula6(4)．ＮｏｗｗｅｈａｖｅｆｂｕｎｄｔｈｒｅｅｋｉｎｄｓｏｆｕｓｅｆＵｌｓynthetic 

methodsfOr3a-alkoxy-1,2,3,3a,8,8a-hexahydropyrrolo[2,3-6]indoles・

Thefirstmethodisthetreatmentofl-hydroxy-/Vmethoxycarbonyltryptamine7（５）inrefluxingAc20 

resultinginthefOnnationof3a-acetoxy-8-acetyl-1-methoxycarbonyl-1,2,3,3a,8,8a-hexahydropylrolo-

[2,3-6]indole(8)ｉｎ７２％yield(Schemel).ThefOnnationof8canbeexplainedbyaseriesofreactions； 

1)acetylationofl-hydroxygroupof5toaffOrd６，２)fOllowedbythe[3,3]sigmatropicrearrangement8to 

givetheimine(7),ａｎｄ３)finally,cyclizationofthenitrogenontheaminoethylsubstituenttotheimine 

carbonThestructureof8wasdeterminedunequivocallybyX-Raysinglecrystallographicanalysisand 

tｈｅｒｅｓｕｌｔｓａｒｅｓｈｏｗｎｉｎＦｉｇｕｒｅ２９Ｍｉｌdhydrolysisof8withaqueousNaHCO3providedthe 

conesponding8-acetyl-3a-hydroxy-1-methoxycarbonyl-1,2,3,3a,8,8a-hexahydropyrrolo[2,3-6]indole(，a） 

ｉｎ９６％yieldFurtheralkylationof9awithEtlindryDMFinthepresenceofNaH（１moleq.)produced 

the3a-ethoxycompound(，b)ｉｎ３１％yieldtogetherwith4696yieldofrecoveryofstartingmaterial． 
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0,-.鰯'。a)Ac2Qreflux;ｂ)NaHCO3,Ｈ２０;c)ＮａＨ,ＤＭＦ,thenEtl； 

｡)Me2SO4,K2CO3;e)NCS,NBS,orNISinanappropriatesolvent； 
ＯＡｇＣＮ,MeCN,Ｈ２０;ｇ)ＮａＨ,ＤＭＦ,thenMeLEtI,orallylbromide； 
h)Ｈ2,10％Ｐ｡/C;i)ＡＣ20,pyridine;j)NCSorNBSinMeOHorEtOH 
I2,moIPholine,inMeOHorallylalcohol;ｋ)12,morphoIine,ｉｎaｎ 
appropriatealcohol(SeeTablel)． 
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Asthesecondmethod,weexaminedthehalogenationofl-methoxy-/VLmethoxycarbonyltryptanne7（10） 

and/Vmethoxycarbonyltryptamine（11）assubstratesinthepresenceofalcohols・Nomatterwhich

substrateswereemployed,wefOundtheyieldsof3a-bromo-and3a-alkoxy-L2,3,3a,8,8a-hexahydro-

pyrmlo[2,3-6]indoleswereextremelypoortogetherwithmanykindsofbromnatedcompounds,ａｓｌｏｎｇ 

ａｓｂｒｏｎｎｅｗａｓｅｍｐｌｏｙｅｄａｓａｂrominatingreagentundervarioustestedreactionconditions・lo

lncontrasttotheaboveresults,thereactionoflOwithNCS（１moleq.）inMeOHaffOrded3a-chloro-

1,2,3,3a,8,8a-hexahydro-8-methoxy-（12a）ａｎｄ1,2,3,3a,8,8a-hexahydro-3a,8-dimethoxy-1-methoxycar‐ 

bonylpyrrolo[2,3-6]indole(14a)in64and496yields,respectively・ThesamereactioninMeCNgavel2a

asasoleproductin9296yield・ＷｈｅｎＮＢＳ（０．９moleq.）wasemployedinMeOHinsteadofNCS,３a‐

bromo-1,2,3,3a,8,8a-hexahydro-8-methoxy-l-methoxycarbonylpyrrolo[2,3-llindole（12b）ａｎｄｌ４ａｗｅｒｅ 

ｐｒｏｄｕｃｅｄｉｎｌ２ａｎｄ５９％yields，respectively、ＴｈｅｓａｍｅｒｅａｃｔｉｏｎｉｎＭｅＣＮｐｒｏｄｕｃｅｄｏｎｌｙｌ２ｂｉｎ８５９６

ｙｉｅｌｄＩｎａｓｉｍｉｌａｒｒｅａｃｔｉｏｎｏｆｌＯｉｎＥｔＯＨ，１２ｂａｎｄｌ４ｂｗｅｒｅｏｂｔａｉｎｅｄｉｎ８ａｎｄ３９％yields,respectively・

ＴｈｅｒｅａｃｔｉｏｎｏｆｌＯｗｉｔｈＮＩＳｉｎＭｅＯＨａｆｆＯｒｄｅｄｌ４ａｉｎ５８％yield，whilethefOnnationofl2cwasnot 

observedatalLThesamereactionwithNISinMeCNfOrmedonlytar・

ItshouldbenotedthattheresultsofhalogenationoflOarealwayssuperiortothoseofllinevery 

corlcspondingreactionsForexamples,ｔｈｅｒｅａｃｔｉｏｎｏｆｌｌｗｉｔｈＮＣＳｉｎＭｅＯＨｏｒＥｔＯＨａｆｆＯｒｄｅｄｌ５ａａｎｄ 

ｌ５ｂｉｎ４９ａｎｄl596yields,respectively,togetherwithconcomitantfOnnatiｏｎｏｆｔａｒｌｎｔｈｅｒｅａｃｔｉｏｎｓｏｆｌｌ 

ｗｉｔｈＮＢＳｉｎＭｅＯＨｏｒＥｔＯＨ,ｙｉｅｌｄｓｏｆｌ５ａａｎｄｌ５ｂｄｒｏｐｐｅｄｄｏｗｎｔｏlessthanlO96inadditiontomuch 

quantityoftar・Thesefindingssuggestthatthepresenceofthemethoxyoxygenatthel-positiononthe

indolenucleusmakestheintermediatｅ（16)morestablethanthecorrespondingimmoniumsalt（17)and 

makesitpossiblefOrthefirstpreparationofthe3a-halogeno-1,2,3,3a,8,8a-hexahydropylTolo[2,3-6]in-

doles(12aandl2b） 

Ｗｉｔｈｌ２ａａｎｄｌ２ｂｉｎｈａｎｄ,wenexttriedtoconverttheminto3a-hydroxycompound(13)withsilversalt・

Amongtheexaminedreagents,silvercyanidewasfOundtobethereagentofchoice・Thus,ｉｎＭｅＣＮ－ＨｚＯ，

１２aandl2bweretransfOnnedtoｌ３ｉｎｔｈｅｒｅｓｐｅｃｔｉｖｅｙｉｅｌｄｓｏｆ８５ａｎｄ９４％・Subsequenttreatmentsof

l3withMeLEtI,andallylbromideinthepresenceofNaHaffOrdedl4a,14b,andl4cin94,68,and 

9296yields,respectively 

Asthethirdmethod,ｗｅｈａｖｅｅｘａｍｉｎｅｄｔｈｅｄｉｒectonestepconversionoflOtol4a-e・Aftervarious

trials,６ｗｅｈａｖｅｓｕｃｃｅｅｄｅｄｉｎｆｉｎｄｉｎｇｔｈａｔｔｈｅｔｒｅａｔｍｅｎｔｏｆｌＯｗｉｔｈｉｏｄｉｎｅａｎｄｍｏｒpholineinan 

appropriatealcoholicsolventatroomtemperaturemeetsourend,ａｎｄtheresultsaresumnarizedinTable 

１.AscanbeseenfromtheTable,thequantityofiodinegovernstheyieldsofthedesiredproducts(14a-e)． 

Thus,treatmentoflOwithaboutl､Smolareqofiodinegenerateｄｌ４ａ－ｅｉｎｔｈｅｒａｎｇｅｏｆｌｌ-37％yields 

inadditiontotheunreacted１０(Entriesl-5).Ontheotherhand,whentheamountofiodinewas 

increasedtotenmolareq.(Entries6-10),theyieldsofl4weredramaticallyimprovedConsequently， 

14a,１４b,１４c,１４．，andl4earenowavailablein98,97,96,97,and9296yields,respectively． 
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EvenwhentheabovebestreactionconditionswereemployedfOrthereactionofllwithiodineinMeOH 

andallylalcoholinthepresenceofmorpholine,ｔｈｅｙｉｅｌｄｓｏｆｌ５ａａｎｄｌ５ｃｗｅｒｅ６０ａｎd496yieldstogether 

withmuchquantityoftars,respectively． 
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Thestructureofl4b，asarepresentativeofl4a-e，ｗａｓｃｏｎｆｉｒｍｅｄｂｙｌｅａｄｉｎｇｉｔｔｏ９ｂ・First，l4bwas

hydrogenatedtol5bin81％yieldinthepresenceoflO96Pd/Catroomtemperatureandlatmhydrogen・

Subsequenttreatmentofl5bwithaceticanhydrideprovided7696yieldｏｆ０ｂ,whichwasidenticalwith 

thesamplederivedfrom8・Asaresult,wecoulddevelopasimpledirectsyntheticmethodfbr3a-alkoxy-

1,2,3,3a,8,8a-hexahydropyrrolo[2,3-6]indolesfromlO 

Inconclusion,３a-halogeno－，３a-hydroxy-，and3a-alkoxy-1,2,3,3a,8,8a-hexahydropylTolo[2,3-6]indoles 

arenowreadilyavailable、ＢiologicalevaluationsofthemandtheirsyntheticapplicationsfOrnatural

productsarenowinprogress． 
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Ｌａ)ThisreportisPartlZ5ofaseriesentitled"TheChemistryoflndoles".ｂ)Partl24:Ｍ・Somei,Ｆ・

Yamada，Ｙ、Suzuki，Ｓ・Ohmoto，andHHayashi，ＨＥ〃oCyc化s，２００４，６４，４８３．ｃ）Ａｌｌnew

compoundsgavesatisfactoryspectralandelementalanalysisorhigh-IesolutionMSspectraldatafOr 

crystalsoroils,respectively､８)ｍｐｌ３７-138°Ｃ;，a)mpl99-200oC9b)oil;１２a)oil;１２b)oil； 

１３)oil;１４a)oil;１４b)oil;１４c)oil;１４.)oil;１４e)oil;１５a)mpll4-118･Ｃ１５ｂ)ｏi1． 

２．Ｋ・Ｓ・Ｌａｍ,Ｇ､Ａ・Hesler,Ｊ・MMattel,Ｓ､Ｗ・Mamber,ａｎｄＳ・Forenza,ノヒＡ"rjbjof，1990,43,956;Ｊ、

ELeet,，.Ｒ・Schroeder,BSKrishnan,ａｎｄＪ.Ａ・Matson,ｊｂｊｃ/､，1990,43,961.

3．HTakayama,LMori,MKitajima,ａｎｄＮ・Aimi,AbstractPapers2,Thel24thAnnualMeetingof
PharmaceuticalSociety,Osaka,2004,ｐ147. 

Ｙ･Shiono,Ｋ・Akiyama,ａｎｄＨ､Hayashi,BjoscjBjorecﾉj"oﾉ.Bjochem.,2000,64,103．

NewcompoundsfOrcerebralinfarctionandmyocardialinfarction:JPPatentl57475（1996)[C7Zem・

肋s".,125,195426y];JPPatent31257（1991）[ｄｚｅｍ.Abs".,114,247138a］NewcompoundsfOr

osteopomsis：JPPatent2004-64408，appliedMamh，Ｚ００４ＮｅｗｃｏｍｐｏｕｎｄｓｆＯｒＥＤ（erectile 

dysfUnction):JPPatent2004-280104,appliedSept､2004;JPPatent2002-255963（２００１）［C7tem． 
Ａ伽r・’137,217126c]・

Thisispartlyreported:AbstractsofPapers,The30thSymposiumonProgressinOrganicReactions 
andSyntheses,Sapporo,October,2004,ｐ155． 

Readilyavailablefromtryptamineinthreestepsin63兜overallyield;ａ)Ｍ・Somei,ノkSy"ﾉﾉ０．０'９
Che肌１９９１，４９，205；ｂ）Ｍ・Somei,HEteroC)〉c化s，1999,50,1157；ｃ）Ｍ、Somei，Advancesin

HeterocyclicChemistry，ＶＯＬ８２，ｅｄｂｙＡ．Ｒ・Katritzky，ElsevierScience，ＵＳＡ，2002,ｐｐ
ｌＯｌ－１５ａ 

Ｅｘａｍｐｌｅｓｏｆ[3,3］sigmatropicrearrangementofl-hydroxyindoles:Ｍ・Somei,KNoguchi,ａｎｄＦ
Ｙａｍａｄａ,日巴reroCyc/es,２００１，５５，１２３７；Ｙ､FukuiandMSomei,jbjd，2001,55,2055．

ThereHectiondatawerecollectedonaRigakuAFC5Rdiffractometerovertherangeof 
7913o<20<7993．usingCuKaradiation(トL54178A)ａｎｄthe⑨２０scanmethodata20scan

speedof6o/ｍｉｎＴｈｅｓｔｒｕｃｔｕｒｅｏｆ８ｗａｓｓｏｌｖｅｄｂｙｔhedirectmethodusingMITHRIL'landrefined 

bytheMl-matrixleast-squaresmethodwithanisotropicthermalfactorsfbrnon-hydrogenatoms 
andwithisotropiconesfbrhydrogenatoms・ThefinalR‐andRw-factorswereOO33andOO41fOr

l265observedreflections仏３．０００(ﾉ)],IespectivelyCrystaldatafOr8：Ｃ１６Ｈ１８Ｎ２０５,Ｍ=318.33；

orthorhombic;ｓpacegroup,Ｐ2,2,2,（#19);α=120955（９）人,６=15.231（１）Ａ,ｃ=8.4361（５）Ａ；
V=15541(2)Ａ3,Ｚ=4,DcaIc=L360g/cm3． 
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１０．Theresultswerereported：AbstractsofPapers，The33rdCongressofHeterocyclicChemstry， 
Sapporo,October,2003,ｐｌ４２ 

１ＬＣＪ・GilmoIe,山A〃/､Oysr.,1984,17,42.


