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ANDITSNOVELNUCLEOPHILICDIIV胆RIZATIONTO(±)-3a,3a,-BIS‐

PYRROLO[2,3-6]INDOLES1 

MasanoriSomci,＊NaokiOshikiri,MasakazuHascgawa,andFUmioYamada 

HlcultyofPhannaccuticalScienccs,KanazawaUnivcrsity， 

13-1nkara-machi,Kanazawa920-0934,Japan 

ＡｂｓＺｍａ AuniqucsynthcticmethodfOrmclatoninwascstablishcd 

throughbiologicallypromisingsynthcticintcrmcdiatcsl-Hydroxymclatonin 

wasprcparcdascrystalsfOrthcfirsttimcJtrcactcdwith８５％fOrmicacidto 

givc（±)-3a,3a，-bispyrrolo[2,3-b]indolccompound，whoscstructurcwas 

uncquivocallyｄｅｔｅｒｍｉｎｅｄbyX-RaycrystaUographicanalysis． 

1-hydroxyindolcs2(A)undergofivctypcsofrcactions， Wchavcdisclosedthatinanacidicconditionsl-hydroxyindolcsム(A)undergofivctypcsofrcactions,as

showninSchcmcl,suchasl)rcgiosclcctivcnuclcophilicsubstitutiontogivc5-substitutedindolcs(B),３ 

２)fbrmationofkabutancs(C),3c3)dimcrizationtoaffOrd2,2,-bisindolcdcrivativesの),4ｂ４)fbrmation

ofpyrrolo[2,3-b]indolcs(ＥａｎｄＦ),3aand5)dchydroxylationtogivcindolcs(G),３dcpcndingonacids 

andthcstructurcofl-hydroxyindolcs・Inourcontinuingrcscarchonvcrifyingl-hydloxyindolc

hypothcses,4wchavcnowreachcdtothcstagctoclarifythcrcactivityofl-hydroxymclatonin(1).Whcn 

itrcactswithacid,dcparturcofitsl-hydroxygroupasawatcrwouldfOnnastablccation(2)(Schcmc2)． 

Then，whathappcns？Wchavccxpcctedtodiscovcrancwtypcofnuclcophnicsubstitutionrcaction 

through2・

Tbanswcrthcabovcqucstion,wcnccdcdbiologicallyimportantmclatonin5(3)asastartingmatcriaL 

AlthoughwchavercportcdfOur-stcpmclatoninsynthcsis6fromtrypminc(4)asshowninSchcmc2 

through1Vb-acctyltryptamine(5a),Ca,ａｎｄ７ａ,ｂｏｔｈnuclcophilicsubstitutionanddchydroxylatioMook 

placcinthcfOurthstcpofthetrcatmentof7awithBF3･McOHculminatinginthcfbnnationofabout20:l 

mixturcof3and5ain85％yicldThcproblcmisthatRfvalucsofthcmarccloscandthcirscparationsarc 

notcasyparticularlyinlargcscalcproductionThcrcfOrc,wetricdtofindanothcrimplovcdsynthcsisfOr3 
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bychanging1Vb-substitucntof7afiPomacctyltomcthoxycarbonylgroup 

l-HydroxWVb-mcthoxycarbonyltryptaminc（7b）wasprcparedaccordingtoourprcviousmcthod6 

through5band6bin５９％ovcrallyicldfrom4ingscalc・Itshouldbenotcdthatthcrcactionｒａｔｃｏｆ７ｂ

ｗｉｔｈＢＦ３･McOHinrcfluxingMcOHwascnhanccddramaticallyandrcactiontimcwasshortcncdtolOmin 

contrastingto40minofthatof7aAsarcsult,７ｂｐｒｏduccd8in85％yicldwithoutanycontaminationof 

5bSubscqucnthydrolysisof8andacctylationofthcrcsultant5-mcthoxytlyptaminc7(9)withAc20‐ 

pyridincaffbrded3in9Z％ovcrallyicld 

A1thoughthcroutccmploystwomorcstcpscomparcdwiththcoriginalonc,６itisakindofourdcsircd 

commonsynthcticmcthodfbrsupplyingbiologicallyactivccompounds,bccauseitinvolvcsprolnising 

leadcompounds,７band9Thcfbnncrisapotcntinhibitorofbloodplatclctaggrcgation8andthclattcris 

knowntobcmorcpotcntthanscrotonin7Thus，ancffectivcandcconomicalsynthcticmethodfOr 

mclatoni､5(3)wascstablishcdWith3inhand,itwasdcrivcdto1Vb-acctyl-2,3-dihydrotryptaminc(10） 

ｉｎ８３％yicldbyrcductionwithEt3SiHinCF3COOHApplicationofourl-hydloxyindolcsynthctic 

mcthod,2,5,7usingNa2WO4and3MH202,tolOproduccdthcdcsircdl-hydroxymclatonin(1)asa 
stablccrystallinccompoundfbrthcfirsttimcin５８％yicld 

Anewtypeofrcactionwasdiscovcredascxpcctcdwhcnlrcactcdｗｉｔｈ３０％HCOOHinMeOHatroom 

tcmpcraturctoproduccdimcricmonofbrmyl(11)anddifbrmylcompound(12)ｉｎ２３ａｎｄ18％yiclds， 

rcspcctivcly(Schcmc3）When85％HCOOHwascmploycd,lcxclusivclyaffbrdcdl2in44％yieldThc 

rcactionwasprovcdtobccharactcristictol-hydroxyindolcstructurc,bccauscsimilarrcactionof3with 

85％HCOOHaffbrdcdl-fbrmylmclatonin（14)ｉｎ８８％yicldandfbrmationsofllandl2wcrcnot 

observcdatan 

Sinccl6aisanothcrcandidatcfbrthestructurcofl2,3wasdcrivcdto2,2,-bisindolecompound(15)ｉｎ 

36％yicldtogcthcrwith１８％yicldofrccovcrybyrcactionwithCF3COOHOxidationofl5withDDOin 

dioxancaffbrdcd2,2,-bismclatoni､(16b)in61％yicldOnthcotherhand,alkalinchydrolysisofl2with 

8％-NaOHinrcfluxingMeOHrcmovcdfbrmylgrouptogivc８８％ｙｉｃｌｄｏｆｌ３，whichwasrcconvcrtcdto 

l2in95％yicldbythercactionwith85％ＨＣＯＯＨ・Directcompansonofl3withl6bprovcsthatl3is

notthc2,2,-dimcr・

Dcrivationofl3wasthenattemptcdtoobtainsuitablecrystalsfbrX-Raysinglccrystallographicanalysis、

Treatmentofl3withNaHinDMF,fbllowcdbyacylationwithchloroacetylchlorideprovidedl7in７１％ 

yicldFnrthcrreactionofl7withNaOAcinDMFat55oCproduccdacetatc(18)in93％yicldLuckily， 
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wccouldpcrfbnnX-Raystructuralanalysis 

withl8・Ａｓｃａｎｂｃｓｅｃｎｆｒｏｍｔｈｃｒｃｓｕｌｔｓ
Ｆｉｇｕｒｅｌ 

ＯＲＴＥＰＤｒａｗｉｎｇｏｆｌ８ 
ざ＝ｏ、

jｉ 
ShowninFigurel，l8isdctcrminedtohave 鐘

議
四、＆(±)-3a,3a，-bispyrrolo[2,3-6]indolcstruc‐ 

turcPbrmationofmeso-isomcrwasnot 

obscrvcdinthcrcactionmixturcofl 

Thcmcchanismfbrthcfbnnatｉｏｎｏｆｌｌａｎｄ 

ｌ２ｃｏｕｌｄｂｃｃｘｐｌａｉｎｃｄａｓｓｈｏｗｎｍＳｃｈｃｍｃ 

４.Nuclcophilicadditionofcarbon-3,inlto 

thcinitiallygcncratcdcation(2)atthc3-po‐ 

sitiongivcsiminc-nitroncintcnncCUatcCO)． 

Subscqucntintramolccularadditionsofnu‐ 
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clcophilcs,Nb‐ａｎｄｌＶｂ'-,itrogens，ｔothcimincandnitronccarbonatoms，rcspectivcly，ｆＯｎｎ３ａ,3a，‐ 

bispyrrolo[2,3-b]indolccompound(21).Ｔｈｅｎ,fOrmicacidfUnctionsasarcagcntfbrbotMV-fbnnylation 

andreductionofhydloxylaminctoamincgivingllandl2through22and/ｏｒ１３． 

Inconclusion,wediscovcredancwandcffectivcsynthcticmcthodfbr3a,3a,-bispyrrolo[2,3-6]indolcs 

Thccompound（12）hasthesameskclctonwiththcalkaloids,fO1icanthinc(１９a)andchimonanthinc 

(19b),gandl9bwasalrcadydcrivcdtocalycanthinc､９Bascdonthcsefacts,thcirtotalsynthcscsandthc 

prcparationsofvariousdcrivativcsbcaringsubstituentsonthebcnzcncpartofpyrrolo[2,3-6]indolc 

skclctonarcinprogrcssinourstructurc-activityrclationshipprqicct． 
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