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Abstract-Anovelnucleophilicsubstitutionreactionatthel-positionofindole 

nucleuswasdiscoveredbyreactingl-hydroxytryptamineand-tryptophan 

derivativeswithindolesin859Mbrmicacidyielding1-(indol-3-yl)indolesTheir 

structuresweredeterminedbyX-Raycrystallographicanalysisandchemical 

corIelations・AnSlv2mechanismontheindolenitrogen(l-position)isproposed．

Indoleisanelectronricharomaticheterocycle21ndolescantherefOrereactwithvariouskindsof 

electrophiles,Ｚａｓｉｓｗｅｌｌｋｎｏｗｎｂｏｔｈｃｈｅｍｉｃａｌｌｙａndascommonknowledge・Incontrasttotheaccepted
wisdom,noonehaschallengedtorealizeanucleophilicsubstitutionreactionsontheindolenucleus・

About30yearsago,３weproposedthel-hydroxyindolehypothesis，inwhichwepositedthepresenceof 

imaginaryl-hydroxytryptaminesand-tryptophansinlivingorganisms,andhypothesizedunprecedented 

nucleophilicsubstitutionreactions3Aftermanytrials，wehavefOundthatthenucleophilicsubstitution 

reactionactuallytakesplaceonthe5-positionoftheindolenucleuswhenl-hydroxytryptaminesand 

-tryptophansareemployedassubstrates4Inourongoingeffbrttodeterminethescopeandlimitationsof 

thisreaction，wehavediscoveredanother,newtypeofnucleophilicsubstitutionreactionwhichoccurs 

regioselectivelyontheindolenitroge、（1-position),asreportedinthepreviouscommunications5This

paperrepresentsafUllreportofthisreaction 

Generallyspeaking,inthepresenceofsuchgoodnucleophilesasindolederivatives（ｌ０ｍｏｌｅｑ.)，１－ 

hydroxytlyptaminesand-tlyptophanscanproducel-(indol-3-yl)indolecompoundsin859Mbrmicacid 

(ＨＣＯＯＨ)atroomtemperaturewithin2h,insteadofundergoingregioselectivenucleophilicintroduction 

ofthehydroxygroupintothe5-position4 
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WhcnALAMimcthyl-1-hydroxyindolc-3-acctamidc(1a)wasrcactcdwithindolc（１０molcq.）ｉｎ８５％ 

ＨＣＯＯＨａｔｒｏｏｍｔｃｍｐｃｒａｔｕｒｅ,rapidnuclcophilicsubstitutionrcactiononthcindolcnitrogcnoccurrcd， 

yiclding1WVnimcthyl-1-(indol-3-yl)indolc-3-acctamidc（2a）ｔｏgcthcrwiththcdchydroxylatcdMVら

dimcthylindolc-3-acctamidc(3a)in84and8％yiclds,rcspcctivcly(Schcmcl).Inaddition,4,65,7and6,7 

whicharcwcUknownproductsoriginatingfromancxccssamountofindolcundcracidicrcaction 

conditions，wcrealsoisolatedwithrcspcctivcｙｉｃｌｄｓｏｆｌ，１１，ａｎｄ３７％・FnrthcrexamplcsarclVb‐

trifluoroacctyl‐（1b）and1Vb-mcthoxycarbonyl-1-hydroxytryptamine（1c),whichgcncratcdasctof 

products,ｚｂａｎｄ３ｂ,ｗｉｔｈ５５ａｎｄ９％yiclds,ｏｒ２ｃａｎｄ３ｃｗｉｔｈ４７ａｎｄ９％yiclds,rcspcctivclylnboth 

rcactions,concomitantfOrmationsof4,５，ａｎｄ６ｗｃｒｅａｌｓｏｏｂｓｃｒｖｃｄＡｓｃａｎｂｃｓｅｃninthcreactionof7 

withindolc，thccxistcnccofalargcsubstituenｔｏｎｔｈｃ１Ｖｂｎｉｔｒｏｇｃｎｄｉｄｎｏｔａｌｔｃｒｔhcrcactionpathway， 

providingａ７３％ｙｉｃｌｄｏｆ８ 
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Ｏｎｔｈｃｏｔｈｃｒｈａｎｄ,ancxtracstcrgrouponthctryptami､csidcchainrctardcdthcrcactionandincrcascd 

dchydroxylationThus,１－hydroxytryptophandcrivativc(1.)produccda16％yicldof3dtogcthcrwitha 
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61％yicldofthedesircd2dThcprcscnccofthcbromincatomatthc5-positionofthcindolcnucleus 

fUrthcrrctardcdthcrcactionAsobscrvcdinthｃｃａｓｃｏｆＤａ,thcinitialmatcrial（,a)wasrccovcrcd 

unchangcdwitha24％yicldaftcrthercactionfOrlh，whilclOandthedchydroxylatcdDbwerc 

produccdin34and796yiclds,rcspectivcly． 

Figurel 
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Thcstructurcof2awasuncquivocallydctcrminedbyX-RaysinglccrystallographicanalysisThcresults 

showninFigurcl-bprovethcprcscnceofacovalcntbondconncctingthc1VJofindolctothcC-3(C14 

inFigurel-a)ofthcothcrindolcmolcculc・PositionalparamctcrsarcshowninTablcl

lnordcrtocstablishthcstructurcsofl-(indol-3-yl)indolcs（2ｂ２ｃ，２e，ａｎｄ２ｆ)，thcirchcmical 

corrclationswith2awcrccxamincdHydrolysisof2bwith8％NaHCO3providedtryptaminc(2e)withａ 

９９％yieldMcthoxycarbonylationof2ewithmcthylchlorofOrmatcinthcprcsenceofEt3Naffbrdeda 

９９％yicldof2c,whichwasidcnticaltothcsamplcobtainedfromlcDimcthylationof2ewithHCHO 

andNaBH3CNproccededsmoothlytoproducca92％yicldofdimcthyltryptaminc(2f),whichwas 

idcnticaltothcsampleprcparcdin78％yicldbythcrcductionof2awithLiAlH4inTHFThcstructurc 

of2dwasdctermincdbyspcctraldata・

Onthebasisofthcscnovclfindings,wcncxttricdtochangcthcnuclcophile1sstructurcbycmploying 

MVdimcthyl-1-hydroxyindolc-3-acctamidc（1a）asthcl-hydroxyindolecomponcntinordcrto 

dctcrmincitscffCctonthcnuclcophilicsubstitutionrcactionWhcnl-mcthylindolewaschoscnasthc 

nuclcophilc,thccxpectcdrcactionoccurrcdin85％HCOOHtogcncratclWVLdimcthyl-1-(l-methylindol‐ 

3-yl)indolc-3-acetamidc(11)aｎｄ３ａｉｎ６５ａｎｄ８％yiclds,rcspcctivclyEInploying5-mcthoxyindoleas 

thcnucleophilcresultcdinthcproductionoflWVLdimcthyl-1-(5-methoxylindol-3-yl)indole-3-acetamidc 

(12)withａ58％yicld． 
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ThcsubstitutionmcchanismfOrthcl-hydroxygroupbyindolccanbccxplaincdasfOllows・Wchavc

alrcadyshownthatthchydroxyoxygcnatthcl-positionandlyingabovcthcplancofthcindolcnuclcus， 

dcviatcd89byaboutl5o，asshownbyX-Raysinglccrystallographicanalysisofthctryptophan 

dcrivativc3(1.).Thisfindingsuggcststhatthcindolcnitrogcninl-hydroxyindolcsisnolongcrexactly 

qp2hybridizcdUponprotonationofl-hydroxyoxygcnofl-hydroxyindolcs(jLFigure2),thcnitrogcn 

maybccomcmoreSp3hybridizcdasshowninfOnnula(B-1）ThcrcfOrc,whcnwatcrlcavcsfromthe 

nitrogcn,anuclcophilc(indolc)couldapproachfromthcbacksidcofthcgroupwhichislcavingassccn 

inthcSlvZmcchanismofthctransitio､state(B-1and/OrB-2),rcsultinginthcfOrmationof2a-d・
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AnSlvlmcchanismthroughrcsonancc-stabilizcdcation（Ｃ－１ｔｏＣ－４）isanothcrpossibility・The

contributionofC-1wouldbcpoor,ｈｏｗｅｖｅｒ,becauseapositivcchargcisplaccdonthcelcctronncgative 

nitrogcn，ｗｈｉｌｅＣ－３ａｎｄＣ-4,1ｃａｄｍｇｔｏ５‐and7-substitution，ａｒｃｌｃｓｓｉｍｐｏｒｔａｎｔｄｕｃｔｏｔｈｃｌａｃｋｏｆ 

aromaticityofthebcnzcnecomponentThcresonanccstructure(C-2)wouldthusbemorcrcsponsiblcfOr 

thcreactionrcsultinginthcfOnnationofpyrrolo[2,3-6]indolc8products・

Infact，ncithcr5‐nor7-substitutcdindoles4wcrcobtainedatall，ｎｏｒｗａｓｅｖｃｎａｔｒａｃｃａｍｏｕｎｔｏｆｔｈｅ 

ｆＯｎnationofpyrrolo[2,3-6]indolcs8obscrvcdEvcntually,wcmighthavcfOundthcfirstcxamplcofthc 

SN2rcactiononthcindolcnitrogcn1o 

lnsummary,wchavcdiscovcrcdsthcfirstnuclcophilicsubstitutionrcactiononthcindolcnitrogcn(1‐ 

position)whcnl-hydroxytryptamincsand-tryptophansarcaUowcdtorcactwithindolcdcrivativcsunder 

acidicconditions・ThismcansthatanovclandsimplcsynthcticmcthodfOrl-(indol-3-yl)tryptamines8has

bccndcvclopedUtilizingvarioustypcsofnuclcophiles,studicsareinprogrcsstoestablishthescopcand 

limitationsofthistypcofreaction・Resultswillbcrcportcdinduccoursc．

ＥＸＰＵＺＲＲＭＥＮＴＡＬ 
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IRspcctrawcredetcrmincdwithaShｉｍａｄｚｕｌＲ－４２０ｏｒＨＯＲＩＢＡＦＴ－７２０ｓｐｃｃtrophotomctcrand1H‐ 

ＮＭＲｓｐｅｃｔｒａｗｉｔｈａＪＥＯＬＧＳＸ－５００ｓｐcctrometerwithtetramcthylsilancasanintcrnalstandardMS 

spcctraｗｃｒｃｒｃｃｏｒｄｃｄｏｎａＪＥＯＬＳＸ－１０２Ａｓｐｃｃtrometcr､Columnchromatographywaspcrfbrmedon 

silicagcl(SiO2,100-200mcsh,fromKantoChemicalCoJnc.)throughouttheprcscntstudy． 

ReactionofMWlimethy-1-hydm】windole･3-acetamide（1a）ｗｉｔｈｉｎｄｏｌｅｉｎ８５％ＨＣＯＯＨ－Ａ

ｐｏｗｄｃｒｃｄｌａ(52.3ｍｇ,0.24,mol)wasaddedtoasolutionofindolc(288.1ｍｇ,２．４６，mol)ｉｎ８５％ 

ＨCOOH(４５ｍL)andthcmixturcwasstirrcdatrtfOr2hAfteradditionofH20,thcwholcwas 

cxtractcdwithCHC13-ＭｃＯＨ(95:5,Ｖ/V)Thccxtractwaswashcdwithbrine,dricdoverNa2SO4,and 

cvaporatcdundcrrcduccdprcssurctolcavcoil,whichwascolumn-chromatographedrcpeatcdlyonSiO2 

scqucntiallywithCHC1山cxanc(1:1,Ｖ/V),CHC13,andCHC13-McOH(99:1,Ｖ/V)togivc2-(indol-3-yl)‐

2,3-dihydroindolc（５，３２．１ｍｇ，１１％)，２－(indol-3-yl)indolc（４，３３ｍｇ，１％)，２－(2-bisindol-3‐ 

yl)cthylaniline(6,105.3ｍｇ,３７％),MIMimcthyll-(indol-3-yl)indolc-3-acctamide(2a,６３．６ｍｇ,８４％)， 

andMVとdimcthylindole-3-acctamidc(3a,３７ｍｇ,８％)inthcordcrofclution､２a:ｍｐ160.0-1610°Ｃ

(colorlcssprisms,recrystallizedfromMcOH).ＩＲ(KBr):3153,1635,744cm1.1H-NMR(CDCl3)6:３．０２ 

(3H,s),３．１２(3H,s),3.93(2H,s),７．１０(1H,ddd,J=8.1,7.1,0.9Ｈｚ),7.14-7.18(2H,、),7.21(1H,。，

J=２７Ｈｚ,collapscdtosonadditionofD20),7.24(1H,s),722-7.29(2H,、),7.42(ZH,、),7.69-7.72

(1H,、),８．６９（1H,ｂｒｓ,disappcarcdonadditionofD20).ＭＳｍ/z:３１７（Ｍ+)．Ａ"αLCalcdfOr

C2oH19N301/4Ｈｚ０:Ｃ,74.63;Ｈ,6.11;Ｎ,13.05.Fbund:Ｃ,74.83;Ｈ,5.99;Ｎ,１２．９９． 

IReactionofjVb-trifIuoroacetyl-1-hydrmwtryptamine（1b）ｗｉｔｈｉｎｄｏｌｅｉｎ舶冊HCOOH-A

solutionoflb(102.2ｍｇ,０．３８，mol)inCHCl3(1.0ｍL)wasaddcdtoasolutionofindolc(438.9ｍｇ， 

3.75,mol)ｉｎ85％ＨCOOH(9.0ｍL)andthcmixturcwasstirrcdatrtfbrlhAftcrthcsamcwork-up 

asdescribcdinthercactionofla,thcrcsultantrcsiducwascolumn-chromatographcdrepcatedlyonSiO2 

withCHCl3-hcxane（2:１，Ｖ/V）andAcOEt-hcxane（1:４，Ｖ/V）ｔｏｇｉｖｅ５（35.5ｍｇ，８％)，Nb‐ 

trifluoroacctyltryptaminc(3b,８．４ｍｇ,９％),lVb-trifluoroacctyl-1-(indol-3-yl)tryptaminc(2b,７７．２ｍｇ， 

55％),４(3.3ｍｇ,１％),ａｎｄ６(171.5ｍｇ,３９％)inthcordcrofclution北ｍｐｌ３４､0-136.0.Ｃ(palc

brownprisms,rccrystallizcdfromCHCI3-hcxanc)ＪＲ(KBr):3390,3303,1707,1178,748,739ｃｍ1.1H‐ 

ＮＭＲ(CDC13)６:３．１４(2H,t,J=6.4Ｈｚ),3.77(2H,ｑ,J=6.4Ｈｚ,collapscdtotonadditionofD20),６．４５ 

(1H,brs,disappcarcdonadditionofD20),７．１５(1H,。｡｡,J=8.1,7.1,1.0Ｈｚ),7.17-7.25(2H,、),７．２１

(1H,s),7.30(1H,ddd,J=8.1,7.1,1.0Ｈｚ),733￣7.37(1H,、),７．３８(1H,ｄ,J=2.7Ｈｚ,collapscdtoson

additionofD20),７．４４(1Ｈ,。,Ｊ=８１Ｈｚ),７．４８(1H,ｄ,ノー8.1Ｈｚ),7.64-7.67(1Ｈ,、),８．２７(1H,brs，

disappcarcdonadditionofD20).ＡＭ・CalcdfOrC2oH,`N30F3:Ｃ,64.69;Ｈ,4.34;Ｎ,11.32.Ｐｂund:Ｃ，
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64.74;Ｈ,4.35;Ｎ,11.34. 

Reactionofl･hydmxyWb-metho】wcarbonyltryptamine(1c)withindolein85冊HCOOH-Inthc

samcproccdurcandcolumn-chromatographyasdescribcdinthcrcactionoflbwithindolc,1c(107.4ｍｇ， 

O49mmol)andindolc(577.2ｍｇ,4.93,mol)wcrcuscdtogivc5(523ｍｇ,９％),４(3.Z、9,1％),Ｎｂ‐

mcthoxycarbonyltryptamine(3c,９．４ｍｇ,９%),１－(indol-3-ylWVb-mcthoxycarbonyltryptamine(2C,７７２ 

mg,４７％),and６(296.0ｍｇ,５１％)inthcordcrofclution・Ｚｃ:ｍｐｌ18.0-119.5°Ｃ(palcbrownprisms，

rccrystallizcdfromAcOEt-hcxanc).ＩＲ(KBr):3338,3305,1678,1464,1282,748,７３７cm~リH-NMR

(CDC13)６:3.06(2H,brt,J=6.6Ｈｚ),3.59(ZH,brq,J=6.6Ｈｚ),3.67(3H,s),4.83(1H,brs),7.13-7.21 

(4H,、),7.29(1H,ddd,J=8.2,7.0,1.0Ｈｚ),7.32罠7.34(1H,、),７３８(1H,｡,J=2.7Ｈｚ,collapscdtoson

additionofD20),7.47(2H,。,J=9.0Ｈｚ),7.67(1H,brd,J=7.0Ｈｚ),8.27(1H,brs).ＭＳ川/z:３３３(Ｍ+)．

A"αﾉCalcdfOrC2oH19N302･1/8Ｈ２０:Ｃ,71.57;Ｈ,5.71;Ｎ,12.52.Found:Ｃ,71.69;Ｈ,5.70;Ｎ,12.57. 

Reactionof(±MVb-acetyl-1-hydrmWtryptophanmethylester(1.)withindoIein85兜ＨＣＯＯＨ-

85％ＨCOOH(4.0ｍL)wasaddcdtoamixcdpowdcrconsistcdofld(49.9ｍｇ,０．１８，mol)andindole 

(211.5ｍｇ,１．８，mol)andthcrcsultantsolutionwasstirrcdatrtfOr３．５ｈ.Aftcrthcsamcwork-upas 

dcscribcdinthcrcacｔｉｏｎｏｆｌａ,thcrcsultantrcsiducwascolumn-chromatographcdrcpcatcdlyonSiO2 

withCHCl3-McOH(99:1,v/V)togivc(±)-lVb-acctyl-1-(indol-3-yl)tryptophanmcthylcstcr(2.,41.1ｍｇ， 

61％)and(±)弓lVb-acctyltryptophanmcthylcstcr(3.,7.3ｍｇ,16％)togcthcrwith4,5,andO2d:colorlcss

gumIR(film):1739,1653,742cm．'・lH-NMR(CDCl3)６:１．９９(3H,s),３．３９(1H,。d,J=14.0,5.0Ｈｚ)，

344(1H,。d,J=14.0,5.5Ｈｚ),3.72(3H,s),5.00-5.04(1H,、),6.07(1H,brd,J=7.8Ｈｚ),７１３(1Ｈ,s)，

7.14--7.20(3H,、),7.28-7.33(2H,、),7.38(1H,｡,J=2ＳＨｚ,collapscdtosonadditionofD20),７．４４

(1H,｡,J=7.5Ｈｚ),7.48(1H,｡,J=７５Ｈｚ),7.58-7.61(1H,、),8.28(1H,brs,disappcarcdonadditionof

D20)ＨRMS:CalcdfOrC22H21N303:375.1583.Found:375.1589. 

1-(Indol-3-yl)tryptamine（2e）ｆｒｏｍⅣb-trifluoroacetyl-1-(indol-3-yDtryptamin（2b） 

cxpcrimcntalproccdurcandspcctraldataof2ewcrcalreadyrcportedinthcprcviouspapcrJc 

Ｔｈｅ 

l-undo1.3-yDWWbdimethyltryptamine(2bfrOm2a-LiAlH4(32.4ｍｇ,0.85,mol)wasaddcdtoa 

solutionof2a(22.8ｍｇ,0.07,mol)inanhydrousTHF(3.0ｍL)andthcmixturcwasstirrcdatrtfOrlh 

AftcradditionofMcOHandaqucousRochcllcsaltundcricccooling，thcwholcwascxtractcdwith 

CHC13､Thecxtractwaswashedwithbrinc,driedovcrNa2SO4,andcvaporatcdundcrrcduccdpressurcto 

lcavcoil,whichwascolumn-chromatographcdonSiO2withCHCl3~McOH２８％NH3(46:3:0.3,Ｖ/V)tｏ 
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givc2f(16.7ｍｇ,７８％)２fcolorlcssgum・ＩＲ(fI1m):3401,1456,739cm~1.1H-NMR(CD30D)６:２．３８
(6H,s),2.73n､78(2H,、),3.01-3.06(2H,、),7.03(1H,ddd,ノー8.1,7.1,1.0Ｈｚ),707-7.12(2H,、)，
718-7.21（2H,、）,７．２１（1H,ｓ),７．２９（1H,ｄ,Ｊ=7.1Ｈｚ),７．４３（1H,ｓ),７４６（1H,ｄ,Ｊ=8.1Ｈｚ)，
7.61-7.64(1H,、)ＨRMS:CalcdfOrC2oH21N3:303.1735.Fbund:303.1738

1-(Indol-3-yDWb-methowcarbonyltryptamine(2c)firOm2e-AsolutionofClCOOMc(512ｍｇ， 
0.54,mol)inMcOH(ＺＯｍＬ)wasaddcdtoasolutionof2e(758ｍｇ,O28mmol)inMcOH(4.0ｍL） 
andEt3N(０．６ｍL,４．２７，mol)atO･Candthemixturewasstirrcdatrtfbｒ３０ｍｉｎ・Evaporationofthc
solvcntundcrrcduccdprcssurcaffbrdcdarcsiduc・AftcradditionofH20,thewholcwascxtractedwith

CHCl3-ＭｃＯＨ(95:5,ｖ/V）Thccxtractwaswashcdwithbrinc,dricdovcrNa2SO4,andcvaporatcdundcr 

rcducedprcssurctoleavcoil,whichwascolumn-chromatographcdonSiO2withAcOEH1cxanc(1:２， 
WV)togivc2C(90.8ｍｇ,99％)． 

1-(Indol-3-yI)WW6dimethyltryptamine伽from2e-Asolutionof95％NaBH3CN(９２ｍｇ,０．１４

，mol)inMcOH(Ｏ４ｍＬ)wasaddcdtoasolutionof2e(17.8ｍｇ,0.06,mol)inAcOH(O1mL)atOoC 
Asolutionof35％ＨＣＨＯ(23.8ｍｇ,O28mmol)ｉｎＭｃＯＨ(０．５ｍL)wasthcnaddcdatOoCandthe 

mixturewasstirrcdatrtfbr3h・Aficrcvaporationofthesolvcnt,thcwholcwasmadealkalincbyaddin９
８％NaOHundcricccoolingandcxtractcdwithCHCl3-McOH(95:5,v/V).Thccxtractwaswashedwith 

brinc,dricdovcrNa2SO4,andevaporatcdundcrreduccdpressuretoleavcoiLwhichwascolumn-

chromatographcdonSiO2withCHCl3-McOH２８％NH3(46:3:0.3,v/V)togivc2f(18.0ｍｇ,92％)． 

ReactionofjVbadamantyl-1-hydro】windole-3-acetamide(7)withindolein85冊HCOOH-Inthc

samcprocedurcasdcscribcdinthcrcactionofldwithindolc,85％ＨCOOH(4.0ｍL),７(51.8ｍｇ,０．１６ 

，mol),andindolc(189.0ｍｇ,１．６，mol)wcrcused・Column-chromatographywaspcrfbrmedonSiO2
withCHCl3togivcjWdamantyl-1-(indol-3-yl)indolc-3-acctamidc(8,49.3ｍｇ,７３％)togcthcrwith4,５， 

and６８:colorlcssgum・ＩＲ(film):3400,2906,1653,741cm．'､lH-NMR(CDC13)６:1.63(6H,brs),１９３

(6H,brs),２．０２(3H,brs),３．７０(2H,s),５．５２(1H,s),７．１５(1H,t,J=7.8Ｈｚ),7.18-7.23(2H,、),７．２８
(1H,s),7.30(1H,t,J=７８Ｈｚ),7.32￣7.35(1H,、),7.39(1H,。,J=3.0Ｈｚ,collapscdtosonadditionof

D20),7.43(1Ｈ,d,J=７８Ｈｚ),7.48(1H,。,J=7.8Ｈｚ),7.63-7.66(1H,、),835(1Ｈ,brs,disappcaredon
additionofD20)ＨRMS:CalcdfOrCz8H2,N30:423.2311.Fbund:423.2314 

RBaCtionof5-bromo-1-hydrOxyWb-metho町carbonyltryptamine(，a)withindolein舶兜HCOOH

-Inthesamcprocedurcasdcscribcdinthcrcactionofldwithindolc,８５％ＨCOOH(4.0ｍL),５‐ 
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bromo-1-hydmxyWb-mcthoxycarbonyltryptaminc(，a,５３．６ｍｇ,０．１７，mol),andindolc(200.5ｍｇ,１．７ 

，mol)wcrcuscd､Column-chromatographywaspcrfbrmcdonSiO2withCHCM1exanc(1:1,Ｖ/V)to 

givc5-bromo-1-(indol-3-yl)Wb-mcthoxycarbonyltryptaminc(10,23.9ｍｇ,３４％),９ｂ(3.5ｍｇ,７％)and 

unrcactcdDa(13.0ｍｇ,２４％)intheordcrofelutiontogethcrwitｈ４，５，ａｎｄ６１０:colorlcssgumIR 

(film):3415,3311,1701,1462,746cm~1.1H-NMR(CDCl3)6:3.00(2H,t,J=6.8Ｈｚ),3.55(2H,ｑ,J=6.8 

Hz),3.68(3H,s),480(1H,brs),７．１４(1H,t,J=８１Ｈｚ),７．１６(1H,d,J=8.8Ｈｚ),７．１７(1H,S),7.24(1H， 

｡d,J=8.8,1.7Ｈｚ),7.29(1H,t,J=8.1Ｈｚ),7.35(1H,｡,J=2.7Ｈｚ,collapscdtosonadditionofD20),７．４０ 

(1H,d,J=8.1Ｈｚ),7.46(1H,d,J=８１Ｈｚ),7.77(1H,d,J=1.7Ｈｚ),8.32(1H,brs,disappcarcdonaddition 

ofDzO).ＨRMS:CalcdfOrC2oH18N30281Br:413.0562.Fbund:413.0572.CalcdfOrC2oH18N3027，Br： 

411.0583.Found:411.0588 

ReactionofMMimethyl-1-hydro】windole-3-acetamide(1a)withl-methylindolein85冊HCOOH

-Inthcsamcproccdurcasdcscribcdinthcrcactionofldwithindole,85％ＨCOOH(40ｍL),1a(51.5 

ｍｇ,０．２４，mol),andl-mcthylindole(319.8ｍｇ,２．４，mol)wcrcuscd､Column-chromatographywas 

pcrfbrmedonSiO2withCHCl3togivcMVとdimcthyl-1-(1-mcthylindol-3-yl)indolc-3-acetamide(11,506

ｍｇ,６５％）ａｎｄ３ａ（3.7ｍｇ,８％）togcthcrwithproductsoriginatcdfToml-mcthylindOlcll：mp 

219・O42LOoC(palcgraynccdlcs,rccrystallizcdfromCHCl3-hcxanc)ＪＲ(KBr):1635,1493,1456,

742cm~1.1H-NMR(CDCl3)６:３．０１(3ns),３．１１(3H,s),３．５７(3H,s),３．９２(2H,s),６８２(1H,。,J=2.5

Hz),6.92(1H,.｡,ﾉｰ8.0,2.5Ｈｚ),7.15-7.19(2H,、),7.24(1H,s),727(1H,｡,J=3.0Ｈｚ),7.33(1H,ｄ，

J=8.0Ｈｚ),7.70-7.74(2H,、),８．３１(1H,brs,disappcarcdonadditionofD20).ＭＳｍ/z：３４７(Ｍ十）

Ａ"αﾉCalcdfbrC21H21N302．l/ＺＨ２０:Ｃ,70.78;Ｈ,6.18;Ｎ,l180Found:Ｃ,7104;Ｈ,6.01;Ｎ,11.80. 

IReactionofMVbdimethyl-1-hydmyindole-3-acetamide（1a）with5-methoxyindolein髄兜

HCOOH-Inthcsamcproccdurcasdescribcdinthcrcactionofldwithindole,８５％ＨCOOH(4.0 

ｍL),１ａ(49.6ｍｇ,０．２３，mol),and5-mcthoxyindolc（335.0ｍｇ,２．３，mol)wcreusedColumn‐ 

chromatographywaspcrfbrmcdonSiO2withAcOEt-hexanc（3:1,Ｖ/V)togivcAWdimethyl-1-(5‐ 

mcthoxylindol-3-yl)indolc-3-acctamidc(ｎ,４６．１ｍｇ,５８％)togcthcrwithproductsoriginatcdfiPom5-

mcthoxylindolＣ・Ｕ:colorlcssgumlR(film):2935,1641,742cm．'、lH-NMR(CDCl3)６:２．９８(3H,s)，

３．０８(3H,s),３．８８(3H,s),３．９１(2H,s),７．１２(1H,t,J=8.0Ｈｚ),7.15-7.20(2H,、),7.23(1H,s),７．２５

(1H,ｓ),7.29-7.33（ZH,、),７４１（1H,ｄ,Ｊ=8.0Ｈｚ),７．４４（1H,。,Ｊ=8.0Ｈｚ),7.71-7.74（1H,、)．
ＨＲＭＳ:CalcdfOrC21H21N30:331.1684.Found:331.1689. 

】巴RayCrystallogmphicAnalysisof2a-ThcrcflcctiondatawcrecollcctcdonaRigakuAFC5R
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diffractometerovertherangeof77､79.<２０<7998.usingCuKaradiation(鮨1.54178Ａ)ａｎｄthe公２０

ｓｃａｎｍｅｔｈｏｄａｔａ２０ｓｃａｎｓｐｅｅｄｏｆ６｡/ｍｍＴｈｅｓｔｒｕｃｔｕｒｅｏｆ２ａｗａｓｓｏｌｖｅｄｂｙｔhedirectmethodusing 

MITHmLII）andrefinedbythefUll-matrixleast-squaresmethodwithanisotropicthermalfactorsfbr 

non-hydrogenatomsandwithisotropiconesfOrhydrogenatoms・ThefinalR-andRw-factorswereOO38

andOO40fOrl456obseIvedreflections仏3.00Ｃ(ﾉ)],respectively､Theatomicparametersarelistedin

TablelCrystaldatafOr2a:Ｃ２ｏＨ,9Ｎ１０;Ｍ=317.39;monoclinic;spacegroup,Ｐ2,/、(#14);α=１１．０４３（１）

八,６=13.675(2)ＡＣ=lL712(1)人;βE99924(9)｡;Ｖ=1742.2(4)Ａ3,Z=4,Dcalc.=L210g/cm3．

TablelPositionalParametersandB(eq)fbrza 

Ｂ(cq） 

５３(2) 

４．２（１） 

４３３(２） 

６３２(2) 

９．０５(4) 

７．５７(3) 

５２１(2) 

５．０４(2) 

５．６７(２） 

７．７８(3) 

７．台Ｈ(3)

７３５(3) 

１３(2) 

１４(2) 

１５(2) 

６４４(2) 

６．１３(2) 

５．４８(2) 

８６１(4) 

８７０(3) 

６６ｓ(3) 

Ｂにq）

6.5（１） 

3９（１） 

4８（１） 

５４(1) 

3.9（１） 

3.7（１） 

3.6（１） 

４７(2) 

５９(2) 

５８(2) 

４８(2) 

3.6（１） 

４．１（１） 

４２（１） 

5.7(2) 

７８(3) 

５．１（２） 

３．９（１） 

３．７（１） 

４９(2) 

６３(2) 

６３(2) 

atoInx ａｔｏｎｌｘ Ｚ Ｖ Ｚ 

っ
一
つ
】
っ
一
つ
一
つ
一
つ
一
つ
］
３
。
）
「
）
。
〉
っ
二
つ
】
ワ
ニ
ミ
）
。
〉
可
）
っ
一
つ
一
コ
）
３
？
）

ｙ
・
胴
艸
川
棚
柳
川
川
棚
川
柳
棚
川
仙
耐
洲
澗
加
川
川
川
脇
剛

０
）
〈
Ｕ
０
）
〈
Ｕ
（
Ｕ
〈
Ｕ
０
）
〈
Ｕ
０
〈
Ｕ
ｎ
〉
ｎ
〉
、
〉
０
）
０
）
ｎ
〉
（
Ｕ
０
０
）
０
〉
〈
Ｕ
〈
Ｕ

Ｃ（19）Ｍ658（４） 

Ｃ(20）04568(3) 

Ｈ(1)０２２５(2) 

Ｈ(2)ＯＯＩ７(3) 

Ｈ(3)０１２０(4) 

Ｈ(4)０２７１(3) 

Ｈ(5)０３５５(3) 

Ｈ(6)-0018(3) 

Ｈ(7)００２４(3) 

Ｈ(8)－０１２８(4) 

Ｈ(9)－０１４６(3) 

Ｈ(10)－０．１１１(3) 

Ｈ(11）０１５９(5) 

Ｈ（12）００２２(5) 

Ｈ(13）0.039(5) 

Ｈ（14）0628(3) 

Ｈ（15）Ｏ科６(3)

Ｈ(16）０１５８(3) 

Ｈ(17）０１７０(4) 

Ｈ(18）０３６８(4) 

Ｈ(19）０５４９(3) 

３
３
１
Ｊ
１
Ｊ
Ｊ
１
１
Ｊ
１
Ｊ
Ｊ
１
１
Ｊ
１
Ｊ
Ｊ
１
ｊ
 

く
く
２
３
３
３
３
っ
－
３
３
３
３
５
Ｐ
Ｄ
Ｓ
３
３
３
３
３
３

柵
棚
馴
川
棚
川
川
州
川
馴
川
馴
川
剛
伽
洲
州
仙
川
洲
伽

０
０
０
０
０
０
０
０
０
０
０
０
０
０
０
０
０
０
０
０
０
 

0.1342(3) 

02291(2) 

0.482(2) 

０６４８(2) 

０．５９０(3) 

０４６６(3) 

０３８８(2) 

0.639(2) 

0.610(2) 

０８２３(3) 

０７９３(3) 

０７１２(3) 

0.902(3) 

０９３２(4) 

0.930(4) 

0276(2) 

０４２９(2) 

0.263（２） 

０１０２(3) 

0.020(3) 

０１０６(2) 

Ｏ（１）02074(2) 

Ｎ（１）02840(2) 

Ｎ(2)00271(2) 

Ｎ(3)０５４６４(3) 

Ｃ（１）02152(3) 

Ｃ(2)01430(2) 

Ｃ(3)0.1656(2) 

Ｃ(4)01166(3) 

Ｃ（５）0.1541(4) 

Ｃ(6)0.2413(4) 

Ｃ(7)02927(3) 

Ｃ(8)0.2533(3) 

Ｃ(9)００５４０(3) 

Ｃ（10）０１０２６(3) 

Ｃ(11)－００９８９(4) 

Ｃ(12）00728(5) 

Ｃ(13）04927(3) 

Ｃ(14）03701(3) 

Ｃ（15）０３４３１(3) 

Ｃ（16）02370(3) 

Ｃ（17）０２４６６（５） 

Ｃ（18）0.3597(5) 

０科７５(2)

05274（２） 

03388(2) 

0.5238(3) 

Ｍ383(3) 

Ｍ814(3) 

06038(3) 

06946(3) 

08054(4) 

０８２９３(4) 

07434(3) 

06306(3) 

04127(4) 

04018(3) 

02875（４） 

03188(7) 

０５４８７(3) 

０５１３９(3) 

Ｏ当1620(3)

０．４１０４(3) 

03693(3) 

03791(3) 

ＲＥＦｍｍＮＣＥＳＡＮＤＮＯＴＥＳ 

１・ａ)Dedicatedtothe30thAnniversaryoｆＨ巴teroC)ﾉc/es.ｂ)ThisisPartlZOofasenesentitled“The

ChemistryofIndoles，，.ｃ）Partll9:YNakai,AGoto,FYamada,ａｎｄＭＳｏｍｅｉ,HEreroC)ﾉc化３，

２００３，６０，１５８９． 

１．RJSundberg,TheChenstryoflndoles,AcademicPress，１９７０;Ｒ､Ｔ・Brown,Ｊ､Ａ・Joule,ａｎｄＰ．

Ｇ・Ｓａｍmes,ComprehensiveOrganicChemistry,ＶＯＬ４，PergamonPress，1979,ｐｐ４１１－４９２;Ｒ､Ｊ、
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Sundbcrg,Indolcs,AcadcmicPrcss,1996． 

a)m1-HydroxyindolcHypothcscsmwasfirstprcsentcdorally:Ｍ・Somci,YKarasawa,Ｓ・Tokutakc，

Ｔ・Shoda，FYamada，ａｎｄＣ・Kancko，AbstractsofPapcrs，Thcl3thCongrcssofHctcrocyclic

chemistry,Shizuoka,Nov､1980,ｐ､３３;ｂ)Ｍ・Somci,JkSy"Zh・Ｏｒｇｄｉｅ腕.,1991,49,205;c)Ｍ、

Somci，Ｔ・Kawasaki，Ｙ，Fukui，FYamada，Ｔ・Kobayashi，Ｈ・Aoyama，ａｎｄＤ、Shinmyo，

HaeroCycに8,1992,34,1877．

Ｒｅｖｉｅｗ:ＭＳｏｍｃｉ,Ｈｂ花roCyc化8,1999,50,1157;ＭＳｏｍｃｉ,AdvancesinHctcrocyclicChcmistry，

ＶＯＬ82,ｃｄｂｙＡＲＫａｔｒｉｔ水y,E1scvicrScicncc,ＵＳＡ,2002,ｐｐｌＯ１－１５５、

ＭＳｏｍｃｉ,Ｆ・Ｙａｍａda,Ｔ・Hayashi,Ａ・Ｇoto,ａｎｄＹ・Saga,Ｈｅ死mCycﾉe3,2001,55,457;Ｔ・Hayashi，

WPcng,Ｙ・Nakai,Ｋ・Yamada,ａｎｄＭ・Somci,ｊｂｊｄ,2002,57,421．

P・SeidcLBer.,1944,77,796.

BOddo,ＧａｚｚＣｿﾘ伽.１ｍ/､,1913,⑬,385;Ｋ・Kcllcr,Ber.，1913,46,726;Ｇ､Ｆ・Smith,Ｃ/ｚｅｍａＭ

ＩＭ.(London),1954,1451;Ｇ・FSmith,MWJ"・Ｈｂ花rocycﾉﾉcme肌1963,2,300;Ｗ・ENoland

andWCKurylaJOrgdie腕.,1960,25,486.

Ｍ．Somci，Ｔ・Kawasaki，Ｙ・Fukui，FYamada，Ｔ・Kobayashi，Ｈ・Aoyama，ａｎｄＤ・Shinmyo，

Ｈ巴陀roCycﾉes,1992,34,1877;ＭＳｏｍｃｉ,Ｎ・Oshikiri,Ｍ・Hascgawa,ａｎｄＦＹａｍａｄａ,ｊｂｊｄ，1999,

51,1237;MHascgawa,Ｙ・Nagahama,Ｋ・Kobayashi,Ｍ・Hayashi,ａｎｄＭＳｏｍｃｉ,jbjd,2000,52,

483;YFukuiandMSomci,ｊｂｊ仏,2001,55,2055．

Achcsonandco-workcrshavcrcportcdthatl-bcnzoyloxyindolchasalsoapyramidalnitrogcnatom 

(ｌＶＬ１);Ｒ､Ｍ､Achcson,ＭＨＢｃｎｎ,JJacyno,andJD・Wallis,Ｊｄｉｅ碗.Ｓｏｏ,Ｐｅ巾刀Ｔｒα"S､2,

1983,497． 

Substitutionrcactionsonthcnitrogcnofhydroxylamincsarcrcvicwc｡:Ｋ・Shudo,ＪＳｙ"肋.Ｏｒｇ

Ｃﾉie腕.，1973,31,395；TOhta，Ｋ・Shudo，andTOkamoto，Ｚ12〃αhecjro〃Lett.，1978,1983and

rcfercnccscitcdthcrcin 

CJ､Gilmorc,J8AZ2pZC7:yst.,1984,17,42. 

3． 

４ 

5． 

●
 

●
 

〆
一
（
皿
）
［
”
”
，
”

8． 

9． 

1０． 

1１． 


