
Nucleophilic substitution reaction of
N-2-(1-hydroxyindol-3-yl)ethylindole-3-acetamide
and -1-hydroxyindole-3-acetamide

言語: eng

出版者: 

公開日: 2017-10-03

キーワード (Ja): 

キーワード (En): 

作成者: 

メールアドレス: 

所属: 

メタデータ

http://hdl.handle.net/2297/4377URL



ＨＥＴＥＲＯＣＹＣＬＥＳ,Ｖｏ１．６０，Ｎｏ．７，２００３ 1５８９ 

Received,１３thMarch,2003,Accepted,２８thApriI,2003,PubIishedonIine,２８thApriI,２００３ 

NUCLEOPHILICSUBSTITUTIONREACTIＯＮＯＦハル2-(1-HYDROXY‐

INDOL-3-YL)ETHYLINDOLE-3-ACETAMIDEAND‐1-ＨＹＤＲＯＸＹＩＮ‐ 

ＤＯＬＥ－３－ＡＣＥＴＡＭＩＤＥ１ 

Yu-yaNakai,AyaGoto,FumioYamada,andMasanoriSomei＊ 

FacultyofPharmaceuticalSciences,KanazawaUniversity 

l3-1Takara-machi,Kanazawa,920-0934,Japan 

e-mailaddress:somei＠maiLpkanazawa-u・acjp

Abstract-SynthesesofノVと2-(l-hydroxyindol-3-yl)ethyl-l-hydroxyindole-3‐

acetamide（3a）and-indole-3-acetamide（4a）ａｒｅreported、Theyundergo

nucleophilicsubstitutionreactionatthel-positionuponreactionwithindolein 

8596fOrmicacidtogivenewtypecompounds，／VL2-[1-(indol-3-yl)indol-3-

yl]ethylindole-3-acetamide(13),/Vと2-(indol-3-yl)ethyl-(14),ａｎｄ/VL2-[1-(indol-3-

yl)indol-3-yl]ethyl-1-(indol-3-yl)indole-3-acetamide(15)． 

Wehavedisclosedthatl-alkoxytlyptaminesand-tryptophansundergovariouskindsofnewreactions 

thusfarunprecedentedzinindolechemistry・Nucleophilicsubstitutionreactionatthel-positiononindole
nuCleusisoneofthem3 

1nourongoingproUecttodevelopnewreactionscharacteristictol-hydroxy-andl-alkoxyindole 

structures,2wehaveconceivedtheideasasshowningeneralfOnnulainSchemellnthereactionof/VL2-

(l-alkoxyindol-3-yl)ethyl-1-alkoxyindole-3-acetamides（Ａ）withappropriatereagents,wecouldobtain 

oneofthepossibleproducts(B,ＣａｎｄＤ)bycontrollingthereactionconditionsandchoosingsubstrate,s 

structure(Ａ).TypeBproductarisesfTomdirectsubstitutionofAbynucleophilesatthel-positionof 

indolenucleusfOllowingthedepartureofl-alkoxygroupTypeCproductwouldbeprovidedthrough 

intermediates（ＥａｎｄＦ).Iftheintermediate（Ｇ）isgeneratedfromEsubsequentcyclizationandair 

oxidationwouldleaｄｉｔｔｏＤ,whichisamotherskeletonofindolo[2,3-α]carbazolealkaloids4suchas 

staurosporin4a(1a),UCN-O14b(1b),2,4candsoon、

Inordertoverifytheaboveideas,weneededN-2-(l-hydroxyindol-3-yl)ethyl-1-hydroxyindole-3-

acetamide(3a）and-indole-3-acetamide(4a)assubstrates(Scheme2).Sqtryptamine(5)wasreacted 

withindole-3-acetiｃａｃｉｄ(6)ｉｎthepresenceofDCCandl-hydroxy-1,2,3-benzotriazole(7,ＨＯＢＴ)tｏ 
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notcthatinthcmixcdsolvcnt,AcOH三TFA(5:2,ＷV),reductionwithNaBH3CNrcsultcdinthcfOnnation

oflOasamajorproductin45％yicld(Entry7)A1thoughrcgiosclectivcrcductionofthcclosclyrclatcd 

compound,１Vと(indol-3-yl)mcthyMmcthyltryptamine,wasrcalized,`rcactionconditionssuitablcfOrthc

sclectivcrcductionof8cithcrtｏｌＯｏｒtollwcrcnotfOund 

TabIel,Reductionｏｆﾊﾄ2-(IndoI-S-yI)ethyIindoIe-3-acetamide 

m/鬮鳶幽可Ⅷ左十玩剛洗十鰔側鳶
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Onthcothcrhand,１０wascasilyobtaincdwhcnthcfbllowingaltcrnativcroutcwascmploycd(Schemc 

2).Thus,2,3-dihydrotryptaminc(Ｕ)wasprcparcdfromtryptaminc(5)bythcrcductionwithEt3SiHin 

TFAi、82％yicldCompound(12)wasthcncondcnsedwithindolc-3-accticacid(6)inthcprcscnccof

DCCand7toaffbrdlOin７４％yicld 

TalDle2ＴａｂｌｅＳ 

１）１） 
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1)Na2WO42H20(0.Zmoleq),３０％Ｈ202(l0moleq)， 
MeOH-H20(10:1,Ｖ/v),rt． 

Wcncxtapplicdourl-hydroxyindolcsynthcticmcthod2tolusingsodiumtungstatcand３０％hydrogcn 

peroxideatroomtemperaturc・Gcncrallyspcaking,ｌｏｎｇrcactiontimccauscdtarfbrmation・Ａｓｃａｎｂｃ

ｓｃｅｎｆｒｏｍＴａｂｌｃ２,theyicldof3achangcddramaticallydcpendingonthcrcactiontimc・Theshortcrthc

rcactiontimc,thebcttcrthcyicldandfinany3awasobtaincdin５１％yicldunderreactionconditionsin 

Entry4SimilarbchaviorwasobscrvｃｄｉｎｔｈｃｏｘｉｄａｔｉｏｎｏｆｌＯａｓｓｈｏｗｎｉｎＴablc3andundcrrcaction 
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conditionsinEntry2,４ａｗａｓｏｂｔａｉｎｅｄｉｎ５５兜ｙｉｃｌｄＴｈｃｓｔｒｕｃｔｕｒｃｓｏｆ３ａａｎｄ４ａｗｃｒcconfinncdby

lcadingthcmtothccorrcspondingl-mcthoxydcrivativcs,３ｂａｎｄ４ｂ,ｉｎ９１ａｎｄｌＯＯ％yiclds,rcspcctively， 

bytrcatingthcfOnncrwithCH2N2andthclatterwithMe2SO4andK2CO3・

Ｗｉｔｈ３ａａｎｄ４ａｉｎｈａｎｄ,wetreatcd３acitherwith85％fOrmicacid(HCOOH)orwithTFATothc 

contrarytoourcxpectation，regiosclcctivcnucleophilicintroductionofhydroxygroupintothe5‐ 

position,2,7gcnerallyobscrvcdinl-hydroxytryptamincdcrivatives,２，７didnotoccurinsteadoffOrminga 

loｔｏｆｓｐｏｔｓ，monitorcdonTLC，ａｎｄtar・Employingindolcasanuclcophilc，ｗｃｎｃｘｔｃｘａｍｉｎｃｄｔｈｅ

ｒｃａｃｔｉｏｎｏｆ３ａｉｎ８５９６ＨＣＯＯＨａｎｄｆＯｕｎｄｔｈａｔｏｎｌｙｔｈｃｎuclcophilicsubstitutionreactioｎｓａｔｔｈｃｌ‐ 

positiononindolcnuclcustookplacegivingsuchncwtypccompoundsas1Vと2-[1-(indol-3-yI)mdbr-3‐

yl]cthyliにdolc-3-acctamidc(13),1V白２－(indol-3-yl)cthyl-(Ｍ),ａｎｄﾊﾙ2-[1-(indol-3-yl)indol-3-yl]cthyl-1-

(indol-3-yl)indolc-3-acctamidc（15)ｉｎ７，３，and3Myiclds,rcspcctivcly(Schcmc3)Undcrsimilar 

rcactionconditions,４aprovidcdl3and8inthercspectiveyicldsof52and８％． 

ScllemeS 

3a-笠一鐡螂丘③鐡剛丘＃諏螂jF十○
“，；１」炉○Ｗ扉

０１１］ 
4ａ－…一一１ｓ＋Ｂ １）lndole(１０moIeq),８５％ＨCOOH,｢t;２)NaHCO3， 

MeOH;３)２０％NaOHMeOH,refIux;４)DCO1-hy‐ 
。｢oxy-6-nitroindoIe(20),THF．
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Thcstructurcofl4wasdctcrmincdbycomparingitwiththcauthcnticsamplcprcparedbycondensingl‐ 

(indol-3-yl)tryptaminc(17)ａｎｄｌ－(indol-3-yl)indolc-3-accticacid(１９).Compounds(１７ａｎｄｌＤ)wcrc 

producedin99and88％yiclds,respcctivcly,byalkalinchydrolysisoflVb-tIifluoroacctyl-1-(indol-3‐ 
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yl)tryptaminc（10）ａｎｄ１ＷＶとdimcthyl-1-(indol-3-yl)indolc-3-acctamidc（18)，whichwcrcobtaincd

accordingtoourrcportedprocedurc3Whenthecondensationofl7andlDwcrecarriedoutusing7asan 

activatingrcagcntfOrcarboxylicacid,ｔｈｃｙｉｃｌｄｏｆｌ５ｗａｓ６５９６・Ontheothcrhand,incaseofutilizingl-

hydroxy-4-nitroindole8(20)instcadof7,thcyicldofl5wasimprovcd2bto７１％・Applying20asan

activatingreagcnt,８bothcondcnsationsofl7with6andl，with5wcresucccssfUllycarricdouｔｔｏｇｉｖｃ 

ａｕｔｈｃｎｔｉｃｌ３ａｎｄｌ４ｉｎ８８ａｎｄ６１％yields,respcctivcly 

hsmnmary,wchavcfbundthatl-hydroxyindolcs(3aand4a)undcrgoonlythcnuclcophilicsubstitution 

rcactionsatthcl-positiononindolenucleusuponreactionwithindolein85％ＨＣＯＯＨ,rcsultinginthe 

fbrmationoftypeBcompoundsshowninSchcmclTrcatmcｎｔｓｏｆ３ａａｎｄ４ａｏｎｌｙｗｉｔｈｂａｓｃｓｈａｖｃｂcen 

fOundtoaffbrdthcrccovcryofstartingmaterials・However，aimingatproducingtypeCandD

compounds，ｓｔｕｄｉｅｓａｒｃｎｏｗｉｎｐｒｏgrcsscmploying1Vb-substitutcdtryptamincsandindolc-3-acctamidcs 

(typeAcompounds)assubstratcs 

ＥＸＰＩｎｌｕＵＭＥＮＴＡＬ 

IRspcctrawcrcdeterminedwithaShiｍａｄｚｕＩＲ－４２０ｏｒＨＯＲＩＢＡＦＴ－７２０ｓｐｃｃtrophotomctcrand1H-

NMRspectrawithaJEOLGSX-500spectrometer，withtctramcthylsilaneasanintemalstandardMS 

spcctrawercrccordcdonaJEOLSX-102Aspcctromctcr・PTLCwaspcrfOrmcdonMerckKicscl-gcl

GF254(Typc60)(SiO2）ColumnchromatographywaspcrfOrmcdonsilicagcl(SiOz,100-200mcsh,fTom 

KantoChcmicalCoJnc.)throughouttheprescntstudy・

ﾉVb2-(Indol-3-yl)ethylindole-3-acetamide(8)frOmTryptamine(5)andlndole-3-aceticAcid(6)－A 

solutionof6(L009,5.71,mol)inanhydrousTHF(１０ｍL)wasaddcdtoasolutionofDCC(1.419, 

6.83,mol)inanhydrousTHF(１６ｍL）AsolutionofHOBT(926.0ｍｇ,6.85,mol)inanhydrousTHF 

(１０ｍL)wasthcnaddcdandthcmixturewasstirrcdatrtfOrlh・Thcreaftcr,asolutionof5(1109,687

,mol)inanhydrousTHF(6ｍL)wasaddedandstirringwascontinucdatrtfOr4・ＳｈＷａｔｅrwasthcn

addcdandthcwholcwascxtractcdwithCHCl3-McOH(95:5,Ｖ/V）Thccxtractwaswashedwithbrinc， 

driedovcrNa2SO4，andcvaporatcdundcrreduccdprcssurctolcaveasolid，whichwascolumn-

chromatographcdonSiO2withCHC13-McOH(95:5,Ｖ/V)togivc8(1.479,81％)８:ｍｐ143.5-144.0°Ｃ 

(colorlcsspowdcr,rccrystallizedfromMcOH).ＩＲ(KBr):3498,1651,1516ｃｍ1.lH-NMR(DMSO-d`)６： 

２．８１(2H,t,Ｊ=7.4Ｈｚ),3.32-3.35(2H,ｍ,collapscdtot,Ｊ=7.4Ｈｚ,onadditionofD20),３．５０(ZH,s)， 

695(1H,。t,Ｊ=1.0,75Ｈｚ),６．９６(1H,ｄｔ,Ｊ=１１，７．６Ｈｚ),７０５(1H,ｄｔ,Ｊ=１０，７５Ｈｚ),７０６(1H,ｄｔ，

J=1.1,7.6Ｈｚ),７．０８（1H,。,Ｊ=2.2Ｈｚ,collapscdtosonadditionofDzO),７．１６（1H,ｄ,Ｊ=２２Ｈｚ，

collapsedtosonadditionofD20),732(1Ｈ,。d,J=75,1.0Ｈｚ),７．３４(1H,。d,J=7.6,1.1Ｈｚ),７．５１(1H，

d,Ｊ=7.5Ｈｚ),７．５２(1H,ｄ,Ｊ=7.6Ｈｚ),７．９２(1H,brt,Ｊ=5.5Ｈｚ,disappcaredonadditionofD20),１０７６ 

(1H,brs,disappearcdonadditionofD20),10.83(1H,brs,disappcarcdonadditionofD20）ＭＳ腕/z：
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317(Ｍ+).Ａ"αﾉ.CalcdfOrC2oH1,N301/8H20:Ｃ,7515;Ｈ,６．０７;Ｎ,13.15Found:Ｃ,74.96;Ｈ,6.04;Ｎ， 

13.02． 

jVb2-C,3-DihydMndol-3-yl)ethylindole-3-acetamide（10)，jVb2-C多-Dihydmindol-3-yl)ethyl‐（９），

andﾉVb2-(Indol-3-yDethyl-2,MihydrOindole-3-acetamide(11)from8-IEntryl]Et3SiH(０．０５ｍL， 

０．３２，mol)wasaddedtoasolutionof8(50.5ｍｇ,０．１６，mol)ｉｎＴＦＡ(１６ｍL)andthcmixturcwas 

stirrcdat60oCfbrl5hAftcrcvaporationofthcsolvcnt,thcwholcwasmadcalkalincbyaddin９８％ 

NaOHundcricccoolingandcxtractcdwithCHC13-McOH(95:5,Ｖ/V)Thccxtractwaswashcdwith 

brinc,dricdovcrNa2SO4,andcvaporatcdundcrrcduccdprcssurctolcavcanoiLwhichwascolumn-

chromatographcdonSiO2withAcOEt-McOH(99:1,Ｖ/V)togivcD(38.9ｍｇ,７７%)andlO(lL9mg， 

12％).９:palcyellowgumIR(film):3319,2929,2854,1653,1606,1487,1464,752ｃｍ1.1H-NMR 

(CDC13)６:1.70-2.20(1H,ｍ,disappcarcdonadditionofD20),1.71-1.78(1H,、),1.92-1.99(1H，

､),２３４４５４（1H,ｍ,disappcarcdonadditionofD20),２３５－２４１（1H,、),247卍.5１（1H,、)，

320-342(5H,、),3.67(1H,t,J=8.5Ｈｚ),3.69(1H,t,J=8.5Ｈｚ),3.72-3.76(1H,、),5.67(1H,brs，

disappcarcdonadditionofD20),６．６３(2H,ｄ,Ｊ=７８Ｈｚ),6.68-6.74(ZH,、),701-709(4H,、)．

HRMS:CalcdfOrC2oH23N30:321.1841.Found:3211842.10:palcycllowgum・ＩＲ(film):3286,1655,

1525,744cm~1.1H-NMR(CDd3)6:150-190(1H,brs,disappcarcdonadditionofD20),１．５８－１６５ 

(1H,、),179-1.86(1H,、),３．０４(1H,。d,Ｊ=8.9,62Ｈｚ),3.14-3.19(ZH,、),3.29-336(1H,、)，

３５１(1H,t,J=8.9Ｈｚ),3.73(ZH,s),5.88(1H,brs,disappcarcdonadditionofD20),６．５４(1H,。,J=7.2

Hz),6.66(1H,｡t,J=10,7.2Ｈｚ),6.96-7.00(2H,、),７．１３(1H,。,J=２５Ｈｚ,collapscdtosonaddition

ofD20),７．１５(1H,ddd,J=8.1,7.2,1.0Ｈｚ),７．２４(1H,ddd,J=81,7.2,1.0Ｈｚ),741(1H,｡t,J=8.1,10 

Hz),７．５６(1H,．｡,Ｊ=8.1,10Ｈｚ),８．２５(1H,brs,disappcarcdonadditionofDzO)ＨRMS:CalcdfOr 

C2oH21N30:319.1685.Found:319.1681． 

[Entry`UEt3SiH(0.73ｍL,4.49,mol)wasaddcdtoasolutionof8(473.9ｍｇ,１．５０，mol)inＴＦＡ(５ 

ｍL)andthcmixturcwasstirrcdat65-75oCfOr4hAftcrthcsamework-upasdcscribcdinEntryl,thc 

rcsultantrcsiducwascolumn-chromatographedonSiO2withAcOEt-McOH(95:5,v/V)togiveD(429.4 

mg,90％)． 

[EntryqNaBH3CN(95％,２０．９ｍｇ,０．３２，mol)wasaddcdtoasolutionof8(５０．０ｍｇ,０．１６，mol)in 

AcOH(Ｌ５ｍＬ)atOoCandthcmixturcwasstirrcdatrtfOr3hAftcradditionofH20,thcwholcwas 

madealkalincbyaddingMNaOHundericccoolingandcxtractcdwithCHCl3-McOH(95:5,Ｖ/V)． 

Aftcrthcsamcwork-upasdcscribcdｉｎＥｎｔｒｙｌ,thercsultantrcsiducwassubjcctcdtoPTLConSiO2 

withAcOEt-McOH(97:3,v/V)asadcvclopingsolvcnt・ExtractionsoffOurbandshavingan1Vvalucof

0.84刑.72,0.68-0.61,0.58-038,andO33423withAcOEt-McOH(95:5,Ｖ/V)gavcunrcactcd8

(1Ｍｍｇ,３Ｍ),10(13.8ｍｇ,27%),11(6.6ｍｇ,13％),and、(4.7ｍｇ,９％),rcspectivcly､11:palcycllow

gumlR（film):3400,3288（br)，１６５１（br)，1531,746ｃｍ-1.1H-NMR（CDq3）６：１．６６（1H,ｂｒｓ， 
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disappcarcdonadditionofD20),２．３５（1H,ｄｄ,上144,7.9Ｈｚ),２４６（1H,。｡,Ｊ=144,60Ｈｚ)，

291-3.00（2H,、),３．２０（1H,。d,ノー8.6,5.0Ｈｚ),３５６－３．６７（2H,、),３．７０（1H,ｔ,上８６Ｈｚ)，

3.70-3.77(1H,、),5.49(1H,brt,disappcarcdonadditionofD20),6.61(1H,｡,J=7.6Ｈｚ),6.67(1H,｡t，

J=0.9,7.6Ｈｚ),６．９７(1H,ｄ,J=２４Ｈｚ,collapscdtosonadditionofD20),7.02(1H,t,Ｊ=7.6Ｈｚ),７０５ 

(1H,t,上7.6Ｈｚ),７．１２(1H,dt,J=0.9,7.6Ｈｚ),7.20(1H,dt,J=0.9,7.6Ｈｚ),736(1H,d,J=7.6Ｈｚ),７．５７

(1H,。,Ｊ=７６Ｈｚ),８０５（1H,brs,disappcarcdonadditionofD20).ＨRMS:CalcdfOrC2oH21N30：

319.1685.Found:319.1682． 

[Entry7]NaBH3CN(95％,20.9ｍｇ,0.32,mol)wasaddcdtoasolutionof8(500ｍｇ,O16mmol)ｉｎ 

ＡｃＯＨ(1ｍL)andＴＦＡ(Ｏ４ｍＬ)atOoCandthemixturcwasstirrcdatrtfOrL5hAftcrthcsamcwork‐ 

upasdcscribcdinEntryl,thcrcsultantrcsiduewassubjcctcdtoPTLConSiO2dcvclopingthrcctimcs 

withAcOEt-hexanc(10:1,v/V)ExtractionsofthrccbandshavinganlVvalucofO74-0.69,0594.51, 

andO45-O36withAcOEt-McOH(95:5,v/V)gavcunrcactcd8(5.4ｍｇ,１１％),10(22.7ｍｇ,45％),and 

９Ｃ1.0ｍｇ,42％),rcspectively、

2,3-Dihydrotryptamine(1Z)from5-Et3SiH(0.15ｍL,０．９４，mol)wasaddedtoasolutionof5 

(100.0ｍｇ,０．６３，mol)ｉｎＴＦＡ（1.0ｍL)andthcmixturcwasstirredat68-71oCfOr4hAftcr 

cvaporationofthcsolvent，thewholewasmadealkalincbyaddin９８％NaOHundericecoolingand 

cxtractcdwithCHCl3-McOH(95:5,Ｖ/V)Thccxtractwaswashcdwithbrinc,driedoverNa2SO4,and 

cvaporatしdundcrrcduccdprcssuretolcavcanoil，ｗｈichwascolumn-chromatographcdonSiO2with

CHCl3-MeOH-28％NH3(46:5:0.5,Ｖ/V)ｔｏｇｉｖｃｍ(83.0ｍｇ,８３％）１２:palcycllowgum・ＩＲ(film)：

3367,1606,1568,1487,1358,752ｃｍ~1.1H-NMR(CDCl3)６:1.50n､０３(3H,brs,disappcarcdon 

additionofD20),1.65-1.77(1H,、),1.98(1H,dtd,J=13.3,7.6,5.5Ｈｚ),２８１(2H,t,J=7.6Ｈｚ),３２２

(1H,.｡,J=87,7.5Ｈｚ),3.31-3.37(1H,、),3.69(1H,t,J=8.7Ｈｚ),6.64(1H,ｄ,J=７５Ｈｚ),6.72(1H,｡t，

J=０８，７．５Ｈｚ),７０２(1H,t,Ｊ=7.5Ｈｚ),７．０８(1H,ｄ,Ｊ=7.5Ｈｚ).ＨRMS:CalcdfOrC1oH14N2:162.1157． 

Fbund:162.1163. 

10from6andl2-Inthcsamcproccdurcandwork-upasdescribedinthcpreparationof8,６(584ｍｇ， 

0.33,mol)inanhydrousTHF(0.6ｍL),ＤＣＣ(82.6ｍｇ’0.40,mol)inanhydrousTHF(Ｏ８ｍＬ),ＨＯＢＴ 

(５４１ｍｇ,0.40,mol)inanhydrousTHF(1.4ｍL),andl2(64.8ｍｇ,0.41,mol)inanhydrousTHF(１５ 

ｍL)wcrcuscdCblumn-chromatographywaspcrfbrmcdwithCHCl3-McOH４８％NH3(46:5:OS,ｖ/V） 

togivclO(79.2ｍｇ,７Ｍ） 

lVb2-(l-HydrO】windol-3-yl)ethyl-1-hydro】windole-3-acetamide（3a）ｆｍｍＤ－Ａｓｏｌｕｔｉｏｎｏｆ

Ｎａ２ＷＯ４２Ｈ２０(48.2ｍｇ,０．１５，mol)ｉｎＨ２０(1.0ｍL)wasaddcdtoasolutionofD(124.7ｍｇ,０．７３ 

，mol)inMeOH(6.ＯｍＬ)Asolutionof30％H202(828.9ｍｇ,２１．９，mol)ｉｎＭｅＯＨ(４０ｍL)wasthcn 

addcdatOoCandthcmixturewasstirrcdatrtfOrlOminWatcrwasaddcdandthcwholcwasextractcｄ 

ｗｉｔｈＡｃＯＥｔ、Theextractwaswashedwithbrine，driedoverNa2SO4，andevaporatcdunderrcduccd
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prcssurctoleavcanoil,whichwascolumn-chromatographedonSiO2succcssivclywithAcOEt-hcxanc 

(1:1,Ｖ/V)andAcOEttogivc3a(1306ｍｇ,５１％).３a:ｍｐｌ９１０-192.0°Ｃ(dccomp,colorlcsspowdcr， 

rccrystallizcdfromCHC13fexa､e).ＩＲ(KBr):3363,3199,1610,1550ｃｍ~1.1H-NMR(DMSO-`！b)ｂ： 

2.79(2H,t,J=7.5Ｈｚ),3.26-3.40[ZH,appcarcdat339(2H,t,J=7.5Ｈｚ)onadditionofD20],3.48(2H， 

s),697(1H,t,上7.8Ｈｚ),6.97(1H,t,J=7.7Ｈｚ),7.12(1H,ｕ=７８Ｈｚ),7.12(1H,t,J=7.7Ｈｚ),7.21(1H，

s),７２５(1H,s),７．３１(1H,ｄ,Ｊ=7.8Ｈｚ),７．３２(1H,ｄ,Ｊ=7.7Ｈｚ),７．５１(1H,ｄ,Ｊ=7.8Ｈｚ),７．５２(1H,ｄ， 

J=7.7Ｈｚ),８０１(1H,brt,Ｊ=５４Ｈｚ,disappcaredonadditionofD20),11.03(2H,brs,disappcarcdon 

additionofD20)ＨＲＭＳ(FAB+):CalcdfbrC2oH2oN303(ＭＨ+):350.1504.Fbund:350.1504.Ａ"αLCalcd 

fOrC2oH10N303･1/ＺＨ２０:Ｃ,67.02;Ｈ,5.63;Ｎ,U72Found:Ｃ,66.81;Ｈ,5.42;Ｎ,１１６０ 

jVb2-(l-Methomndol-3-yl)ethyl-1-methoxyindole･3-acetamide（3b）fmm3a-ExccssCH2Nzin 

Et20wasaddcdtoasolutionof3a(46ｍｇ,0017,mol)inMcOH(10ｍL)andthcmixturcwasstirrcd 

atrtfOrlhThesolvcntwascvaporatcdunderreducedprcssuretolcavcanoil，whichwascolumn-

chromatographcdonSiO2withAcOEH1cxane(2:1,v/V)togive3b(4.5ｍｇ,９１％).3b:colorlcssgumIR 

(film):3408,3298,2935,1647,1523ｃｍ~ＵＨ－ＮＭＲ(CDCl3)６:２８０(2H,t,Ｊ=6.5Ｈｚ),３．４８(ZH,ｑ， 

J=6.5Ｈｚ,collapscdtotonadditionofD20),３．６５(2H,s),３．９３(3H,s),４０１(3H,s),５．７１（1H,brs， 

disappearcdonadditionofD20),６５６(1H,s),７０２(1H,s),７．０６(1H,ｄｔ,ノー０．９，７８Ｈｚ),７．１１(1H,ｄｔ，

J=0.9,78Ｈｚ),７．２１(1H,。t,J=0.9,7.8Ｈｚ),7.27(1H,ｄｔ,J=09,7.8Ｈｚ),７．３４(1H,。,J=7.8Ｈｚ),７．４３

(1H,ｄ,Ｊ=７８Ｈｚ),７．４５（1H,ｄ,Ｊ=７８Ｈｚ),７．４６(1H,。,Ｊ=7.8Ｈｚ)ＨRMS:CalcdfbrC22H23N303：

377.1739.,und:377.1747. 

Ⅳと2-(l-Hydro】windol-3-yl)ethylindole-3-acetamideOIa)fromlO-Inthcsameprocedureandwork‐

upasdescribcdinthcprcparationof3a,Na2WO42H20(93.5ｍｇ,O283mmol)ｉｎＨ２０(2.0ｍL)，１０ 

(452.0ｍｇ,1.42,mol)inMcOH(11ｍL),30％Ｈ202(1.619,42.6,mol)inMcOH(9.0ｍL)wcrcuscd 

Column-chromatographywaspcrfbrmcdwithCHCl3-MeOH-２８％NH3(46:1:01,Ｖ/V)togivc4a(2586 

ｍｇ,５５％).４a:colorlcssviscousgumlR(film):3400,1624,1537,741ｃｍ~1.lH-NMR(DMSO-ぬ)６：

2.79(2H,t,J=７４Ｈｚ),3.31-333[2H,ｍ,appearedat3､３３(2H,t,J=7.4Ｈｚ)onadditionofD20],３．５０ 

(2H,s),６９６(1H,t,Ｊ=７８Ｈｚ),６．９７(1H,t,Ｊ=7.7Ｈｚ),７．０６(1H,t,Ｊ=７８Ｈｚ),７．１２(1H,t,Ｊ=7.7Ｈｚ)， 

7.16(1H,ｄ,J=2.2Ｈｚ,collapscdtosonadditionofD20),7.21(1H,s),7.32(1H,ｄ,J=7.8Ｈｚ),７．３４(1Ｈ， 

d,Ｊ=7.7Ｈｚ),７．５２(1H,ｄ,Ｊ=7.8Ｈｚ),７５２(1H,ｄ,J=7.7Ｈｚ),７９４(1H,brt,Ｊ=5.6Ｈｚ,disappcarcdon 

additionofD20),10.83(1H,brs,disappearcdonadditionofD20),lLOO(1H,brs,disappcarcdon 

additionofD20).ＨRMS:CalcdfOrC2oH1,N302:333.1477Found:3331491 

ﾉVb2-(1-MethomndOl-3-yl)ethylindole-3-acetamide(4b)frOm4a-K2CO3(23.0ｍｇ,０．１７，mol)and 

Mc2SO4(OO1mL,O10mmol)wcrcaddcdtoasolutionof4a(11.1ｍｇ,０．０３，mol)ｉｎＭｃＯＨ(０．５ｍL） 

andthcmixturcwasstirrcdatrtfOrｌｈＷａｔｃｒｗａｓａｄｄｃｄａｎｄｔｈｃwholcwasextractcdwithAcOEt・Thc

cxtractwaswashcdwithbrinc,dricdovcrNa2SO4,andcvaporatcdunderreduccdpressurctoleavcanoil， 
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whichwascolumn-chromatographcdonSiO2withCHCl3-McOH-28％aqNH3(46:5:0.5,Ｖ/V)ｔｏｇｉｖｃ 

４ｂ(11.5ｍｇ,100％).４b:palcycllowoiLIR(film):3402,3278,2927,1653,1525,741ｃｍ~リH-NMR

(CDCl3)6:278(2H,t,J=6.4Ｈｚ),3.47(2H,q,J=6.4Ｈｚ,collapsedtotonadditionofD20),3.69(2H,s)， 

391(3H,s),5.73(1H,brt,J=6.4Ｈｚ,disappcaredonadditionofD20),６５２(1H,s),6.94(1H,。,J=２４

Hz,collapscdtosonadditionofD20),７．０５(1H,ｄｔ,J=09,7.7Ｈｚ),７．１２(1H,ｄｔ,J=０９，７．７Ｈｚ),７２１ 

(1H,｡t,J=0.9,7.7Ｈｚ),7.23(1H,dt,J=0.9,7.7Ｈｚ),734(1H,d,J=7.7Ｈｚ),738(1H,ｄ,上7.7Ｈｚ),７４４

(1H,。,Ｊ=7.7Ｈｚ),７．５０(1H,ｄ,Ｊ=7.7Ｈｚ),８．１３(1H,brs,disappcarcdonadditionofD20)ＨRMS：

CalcdfbrC21H21N302:347.1634.Found:347.1633． 

jM2-l1-(Indol-3-yDindol-3-yl]ethylindole-3-acetamide(13),jVb2-(Indol-3-yl)ethyl-(14),andlVb2-[1･ 

(Indol-3-yl)indol-3-yl]ethyL1-(indol-3-yDindole-3-acetamide(15)from3a-Asolutionof3a(50.6 

mg,O15mmol)andindolc(169.9ｍｇ,１４５，mol)ｉｎ85％ＨCOOH(6.0ｍL)wasstirrcdatrtfOr3h 

AftcradditionofH20,thewholcwascxtractcdwithCHC13-ＭｅＯＨ(95:5,Ｖ/V)Thccxtractwaswashcd 

withbrine,dricdovcrNa2SO4,andevaporatedundcrrcduccdpressurctoleavcanoiLwhichwascolumn-

chromatographedrepeatcdlyonSiO2succcssivelywithAcOEt-hcxanc(1:1,Ｖ/V)andCHCl3-McOH-

28％NH3(46:1:0.1,Ｖ/V)togivcl5(309ｍｇ,３Ｍ),１４(2.0ｍｇ,３％),andl3(４４ｍｇ,７％)inthcorder 

ofclutionl3:palcycllowoiLIR(film):3408,3276,1651,1527,1458,742cm~ＵＨ－ＮＭＲ(CDCl3)６： 

2.87(2H,t,J=6.2Ｈｚ),３．５５(2H,ｑ,上6.2Ｈｚ,collapscdtotonadditionofD20),3.68(2H,s),５８２(1H，

brt,J=６２Ｈｚ,disappcarcdonadditionofD20),６．３１(1H,s),６．８３(1H,。,Ｊ=２４Ｈｚ,collapscdtoson

additionofD20),6.8ｓ訓８８(1H,、),６９９－７．０５(2H,、),７１０(1H,ｄｔ,Ｊ=L7,7.2Ｈｚ),７．１４(1H,ｄｔ，

J=1.7,7.2Ｈｚ),７．１５(1H,ｄ,J=2.7Ｈｚ,collapscdtosonadditionofD20),７．１７(1H,ｄｄ,J=72,1.7Ｈｚ)， 

723(1H,ddd,J=7.2,17,08Ｈｚ),７．３２(1H,ｄ,Ｊ=7.2Ｈｚ),７．３３(1H,ｄｔ,J=1.7,7.2Ｈｚ),７４９(1H,ddd， 

J=7.2,1.7,０８Ｈｚ),７．５３(1H,ｄ,J=７２Ｈｚ),７５４(1H,ｄｔ,J=17,72Ｈｚ),7.65(1Ｈ,brs,disappcarcdon 

additionofD20),8.43(1H,brs,disappcarcdonadditionofD20)ＨＲＭＳ(FAB+):CalcdfOrC28H2sN40 

(ＭＨ):433.20Z8Found:433.2027.14:paleycllowgum・ＩＲ(film):3402,3278,1651,1525,741ｃｍ1．

ｌＨ－ＮＭＲ(CDCl3)６:２．８５(ZH,t,上6.1Ｈｚ),３．５５(2H,ｑ,Ｊ=61Ｈｚ),３．７６(2H,s),５８５(1H,brt,Ｊ=6.1

Hz),６３４(1H,d,ﾉｰ2.2Ｈｚ,collapscdtosonadditionofD20),7.04(1Ｈ,s),7,4(1H,ｄｔ,J=1.0,7.6Ｈｚ)， 

7.11(1H,。t,Ｊ=１．０，７６Ｈｚ),７．１２(1H,ｄｔ,Ｊ=１０，７．６Ｈｚ),７．１７(1H,ｄｔ,Ｊ=L０，７．６Ｈｚ),７．１８(1H,。d，

J=7.6,1.0Ｈｚ),７．２０(1H,ｄ,J=2.7Ｈｚ,collapsedtosonadditionofD20),７２２(1Ｈ,ｄｔ,J=10,7.6Ｈｚ)， 

７．２７(1Ｈ,。d,ノー7.6,1.0Ｈｚ),７．３０(1H,ｄｔ,Ｊ=1.0,7.6Ｈｚ),７．３３（1Ｈ,ｄｔ,Ｊ=7.6,1.0Ｈｚ),７．４８(1Ｈ,ｄ，

ﾉｰ7.6Ｈｚ),7.49(1H,。,J=7.6Ｈｚ),７．５７(1H,ｄｔ,J=7.6,1.0Ｈｚ),７５８(1H,s,disappcarcdonadditionof

D20),８．４９(1H,brs,disappcarcdonadditionofD20)ＨRMS:CalcdfOrC28H24N40:432.l950Found： 

432.196915:palcycllowgum・ＩＲ(film):3398,3269,1651,742cm-1.lH-NMR(CDCl3)６:298(2H,t，

J=６３Ｈｚ),３．６３(2H,ｑ,Ｊ=6.3Ｈｚ,collapscdtotonadditionofD20),３８０(2H,s),６０１(1Ｈ,brt,J=６３ 

Hz,disappcaredonadditionofD20),６．７５(1Ｈ,s),６．９９(1Ｈ,ｄ,Ｊ=2.4Ｈｚ,collapscdtosonadditionof 
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DzO),7.00(1H,d,J=27Ｈｚ,collapscdtosonadditionofD20),703-7.16(8H,、),7.21-724(1H,、)，

7.25-7.29(2H,、),732(1H,ｄ,J=7.7Ｈｚ),7.34(1H,d,J=7.7Ｈｚ),7.42(1H,d,J=7.7Ｈｚ),7.44(1H,ｄ，

上7.7Ｈｚ),7.56-7.60（2H,、),８１０（1H,ｂｒｓ,disappcarcdonadditionofD20),８．１５（1H,ｂｒｓ，

disappcarcdonadditionofD20)ＨRＭＳ（FAB+):CalcdfbrC36H3oN50（ＭＨ+):548.245LFound： 

548.2437． 

mand8frOm4a-Asolutionof4a(146ｍｇ,0.04,mol)andindolc(51.4ｍｇ,0.44,mol)in85％ 

HCOOH（1.0ｍL)wasstirrcdatrtfOr3h・AftcradditionofH20,thcwholcwascxtractcdwith

CHC13-ＭｃＯＨ(95:5,ＷV).Thcextractwaswashcdwithbrinc,driedovcrNa2SO4,andcvaporatcdundcr 

rcduccdpressurctolcavcanoil,whichwascolumn-chromatographcdｏｎＳｉＯ２ｗｉｔｈＣＨＣｌ３－ＭｅＯＨ２８％ 

NH3(46:1:01,v/V)togivcm(９９ｍｇ,52%)and８(1.1ｍｇ,8％） 

1-(Indol-3-yDtryptamine（17）fmmMD-Trifluoroacetyl-1-(indol-3-yl)tryptamine（1①－ＳａＬａｑ・

NaHCO3(3.0ｍL,３．１５，mol)wasaddcdtoasolutionofl6(53.1ｍｇ,０．１４，mol)inMcOH(６０ｍL） 

andthcmixturcwasstirrcdat60ｏＣｆＯｒ８ｈＡｆｔｃｒａｄｄｉｔｉｏｎｏｆＨ２０,thcwholewascxtractcdwithCHCl3・

Thccxtractwaswashedwithbrinc,dricdovcrNa2SO4,andcvaporatcdundcrrcduccdpressurctolcavea 

solid,whichwascolumn-chromatographcdonSiO2withCHC13-McOH-28％NH3(46:5:05,v/V)togivc 

l7(392ｍｇ,99％)１７:ｍｐ175.0-177.0°Ｃ(dccomp,palcycllowplatcs,rccrystallizcdfromCHC13）ＩＲ 

(KBr):3350,3284,1585,1565,1454,1238,746,737ｃｍ1.1H-NMR（CDC13)6:１．５０（2H,ｂｒｓ， 

disappcarcdonadditionofD20),３．００(2H,t,J＝６．６Ｈｚ),３．１１(2H,t,J＝６．６Ｈｚ),7.11-7.20(3H,、)，

7.21(1H,s),729(1H,ddd,J=8.2,7.1,11Ｈｚ),7.31-7.35(1H,、),7.38(1H,｡,J=2.7Ｈｚ,collapscdto

sonadditionofD20),7.44-749(2H,、),7.67-｣7.70(1H,、),８．３０(1H,brs,disappcarcdonaddition

ofD20).ＭＳ腕/z：２７５(Ｍ十).Ａ"uzJ.CalcdfOrC18H17N3．l/4H20:Ｃ,7725;Ｈ,6.12;Ｎ,１５.O2Found:Ｃ，

77.34;Ｈ,6.10;Ｎ,14.94. 

1-(Indol-3-yl)indole3-aceticAcid(１９)fromMVDimethyl-1-(indol-3-yl)indole3-acetamide(18)－ 

４ＭＮａＯＨ(7.0ｍL)wasaddcdtoasolutionofl8(558ｍｇ,O18mmol)ｉｎＭｃＯＨ(7.0ｍL)andthc 

mixturcwasrcnuxcdfOrl6hwithstirringAftcradditionofH20,thcwholcwascxtractcdwithCHd3、

Thccxtractwaswashcdwithbrine,driedovcrNa2SO4,andcvaporatcdundcrrcduccdprcssuretolcavc 

anoil,whichwascolumn-chromatographedonSiO2withCHC13-McOH(90:10,v/V)togivel9(44.7ｍｇ， 

88％)１，:ｍｐ172.0-1730°Ｃ(colorlcsspowdcr,rccrystallizedfromCHCl3』cxanc)ＩＲ(KBr):3361,

1698,1246,1217,742cmリH-NMR(DMSO-`ｌ6)Ｍ76(2H,s),７．０５(1H,t,J=7.6Ｈｚ),７０９(1H,ｄｔ，

J=1.1,7.6Ｈｚ),７．１３(1H,ｄｔ,J=1.1,7.6Ｈｚ),720(1H,t,J=7.6Ｈｚ),7.23(1H,ｄ,上7.6Ｈｚ),7.28(1Ｈ,ｄ，

J=7.6Ｈｚ),7.45(1H,s),7.51(1H,ｄ,J=7.6Ｈｚ),7.62(1H,d,J=7.6Ｈｚ),7.68(1H,ｄ,J=2.7Ｈｚ,collapscd 

tosonadditionofD20),11.40(1H,brs,disappcarcdonadditionofD20）ＭＳ腕/z:２９０(Ｍ+).Ａ"αL

CalcdfOrC18H14N202･1/4Ｈ２０:Ｃ,73.33;Ｈ,4.96;Ｎ’９SOFound:Ｃ,73.29;Ｈ,4.84;Ｎ,9.52. 

13from6andl7-Asolutionof6(10.0ｍｇ,0.057,mol)inanhydrousTHF(LOmL)wasaddcdto 
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asolutionofDCC(１４１ｍｇ,０．０７，mol)inanhydrousTHF(１０ｍL).Asolutionofl-hydroxy-6-nitro‐ 

indole(12.2ｍｇ,０．０７，mol)inanhydrousTHF(1.3ｍL)wasthcnaddcdandthcmixturcwasstirrcdat 

rtfOrlhThcreafter,asolutionofl7(18.8ｍｇ,0.07,mol)inanhydrousTHF(12ｍL)wasaddcdand 

stirringwascontinucｄａｔｒｔｆＯｒ２ｈＴｈｃｐｒｃｃｉｐｉｔａｔｅｗａｓｒｃｍovcdbyfiltrationandthcfiltratcwas 

evaporatcdunderreducedprcssurctolcaveasolidwhichwascolumn-chromatographedonSiO2with 

CHCl3-McOH-Z8％NH3(46:1:0.1,v/V)togivcl3(216ｍｇ,８８％)． 

l4fmm5andll-Inthesamcproccdureandwork-upasdcscribcdinthcprcparationofl3,11(209 

ｍｇ,OO7mmol)inanhydrousTHF(１５ｍL),ＤＣＣ(178ｍｇ,OO9mmol)inanhydrousTHF(１５ｍL)， 

1-hydroxy-6-nitroindolc(20,15.4ｍｇ,OO9mmol)inanhydrousTHF(１０ｍL),ａｎｄ５(13.8ｍｇ,０．０９ 

，mol)inanhydrousTHF(LOmL)wcrcuscdtogivcl4(18.9ｍｇ,６１％） 

15froml7andlD-Inthcsameproccdureandwork-upasdcscribedintheprcparationofl3,11(103 

mg,０．０４，mol)inanhydrousTHF(１０ｍL),ＤＣＣ(8.8ｍｇ,０．０４，mol)inanhydrousTHF(１０ｍL)， 

l-hydroxy-6-nitroindolc(7.6ｍｇ,OO4mmol)inanhydrousTHF(1.0ｍL),andl7(11.7ｍｇ,０．０４，mol） 

inanhydrousTHF(１０ｍL)wcrcuscdColumn-chromatographywaspcrfOrmcdwithCHCl3-McOH-

28％NH3(46:ＯＳ:００５，v/V)togivel5(13.8ｍｇ,７１％） 
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