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13－1 

Ab＄traCt－Thisreviewsummarizesourhypothese＄，Syntheses，Physicaland   

Chemicalproperties．andchemicalreac紬nsofl－hydroxyindoles．Synthesesofnatura‡  

PrOductshavingl－methoxyindolenucl∈HJSandl－methoxyderivativesofindble   

a（ka10idsarea】soincluded．Appticatjonofthechemistryofl－hydroxyindo［estothe   

SynthesesofbioIoglCatlyactivesubstances，Synthesesoftryptophan－4，5－dionesand   

theirreactions，andbiologlCalevaluationロ・fl－hydroxyindolesarereviewed・   

lntroduction arldl・HydroxyInd0le Hypotheses   

）taSlngIecompoundhavingl－hydroxyindolestructurehasyetbeenisolatedasanaturalproduct・Doesitmean   

atl－hydroxy－andトhydroperoxyindoIes，aSWellasthecorrespondingtryptophanderivatives，CannOteXistin  

ture？一n1971，inspiteofvariousdiscouraglngfacts；，Weadvancedl・・1－Hydroxyindo■e＝ypotheses・・wherewe  

aginedtheexistenceofl－hydroxytryptophanderivativesin伽‡ngOrganismsandsupposedthattheycould   

dergonucIeophiIicsubstitutjonreactionswithl－hydroxymoietyasaIeavlnggrOuP，a（thoughnoexampleof   

CIeoph”icsubstitutionreactionDnindolenucIeuswa．sreporledatthatt   

ehypotheses．illustratedinSchemel，SeemtO8XPlainuniformlythemetabolismand／Orbiosynthesesof   

・Logica”yimportantindotessuchaskynurenine．se（（）tOnin，meIatonin，indole－3－aCeticacid（lAA），P－hydroxy－and   

L・dehydrotryptophans．etc．，bythenucleophili■：SUbstitution reactionofトhydroxy－（1）and／Orl－   

】roperoxytryptophan（2）asacommoninlermedia‘te．BiosynthesesofvariousindolealkaIoids．suchas4－   

bstitutedindoIesincFudingergotalka10idsandteteocidins（A），4－OXOaZetidine－2・SPiro・31・（2’・OXindole）   

◆ivatives（B），PyrrO（0［2，3一坤ndoles（C），6－Substitut（d（D），2－Sub＄titutedindoles（E），andsoon，mightalsobe   

〉lainedbythenucJeophiLicattackofeithertheintrarnolecularsidechaininlorintermolecularnucleophileson   
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indolenuc（eus，aSShowninScheme2．  

lnthecentra（nervoussystem，SynaPticvesiclesareacidic（PHabout5．5）2aandbelievedtofunctionasstorationof  

serotonin（3），WhoseformationJnvivof（OmtryPtOPhan剛through5－hydroxytryptophan（5）wasestablished  

（ScheTne3）．2bwespecuIated，however，anattemativepossibilitythat3couldbeformedinsynaplicvesiclesby  

acidcataLyzedeliminationofl－hydroxyg（OuPOfl，6and／Orl－hydroxytryptamine（7），fol10Wedbynucleophilic  

additionofwatertothe5－POSition．［fthenuc始OPhileshappenedtobQreaCtiveoxygenspecies（OXygen，  

hydrogenperoxide．superoxide．etc，）．60r7shouldproduceindolequinoneimine（E［）・Subsequentnuc（eophilic  

additionofwaterto8couldgenerate5．6一（9），5．7－（10）．and／Or4，5－dihydroxyindoles3（11），andfurtheroxidation  

oftherTIWOUtdleadto4，5－diones（12），andsoon．Sjncethesedjonesareexpectedtobeneurotoxic  

substances，4theywou．dcauseneuro－degeneralivediseases・50ntheotherhand・b－00dplateletsareknownto  

contain3．［fl．6．and／or7wereassociatedwith3asstaledabove，theycouldbeimaginedtohavec（osely   

rclatedbiolo9ICalactivitytothefunctionofbloodplatelets．  

lnordertodeterminewhether‖トHydroxyindoleHypothese＄”areirnag●naryStOryOrnOtrWeCha＝engedthe  

seemlng（ylmPOSSibletherne，■一howtopreparel－hydroxyndolesleSPeCiarly仰agInaryl－hydroxytryptophan  

derivativeざ．．Fortunalely，WeCOUldcreatea9QneratSynthesismethodsuitablefo－OurPurPOSeSandconsequentty  

provethaトトhydroxytryptophanderivativesarenoIongerimag一naryCOmPOunds・TheyactualIyunderwent  

unprecedentednucleoph川CSUbstitutionreactionsonindolenucleus・TheyalsoexhibitednotonIy，ntereSting  

rearrangementreactionsandchemica＝）ehaviors，butalsopotentinhibitionofbloodp［ateletsaggregationas   

expeeted．  

A■1houghwearest＝onthewaytoverify．‘1・Hydr8XyindoleHypotheses”，tOOurPleasure，tWOPePtides，HUN－  

72936a（13）andapicidin6b（14），havingl・methoxytryptophanresidue．wereisolatedanddeterminedasnatural  

productsin1996（Fi9Urel）．ThesefactsseenltOSUPPOrtthepresenceofland／Or2innature・Wenowwishto  

describeourresultsobtainedlhusfarbrieflyinthisreview．  

SGhemくき 4   
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1）NaNO2，H十；2）butadierLe；3）03；4）Zn，NH41Cl；5）Ac20；6）MeT，NaOMe；7）DMFDMA，DBU；  

8）TiC130rZnandNH4Cl；9）Mel，phasetransfeTCatalyst；10）Na2WO4・2H20，30％H202，MeOH，  

H20；且1）CH2N2．  

excel●entreviews・8unfortunate．ylAcheson一＄meth■Odi＄nOtaPPIicabl8forthegeneralsynthesesofl－  

hydroxyindoIes，buttheyhavediscIo＄edtheunstablenatureOf158Whichwasusefu＝orresearchersinthisfieLd・  

ln1981，Wediscoveredthesecondmethod9reacting2－nitrotoIuene（19）withN：ルdimethyrformamidedimethyl  

acetaI（DMFDMA），followedbyreductiono＝heinterme＝diatenitroenamine仔0）witheithertitaniumch（Oride（TiCb）  

orzinc（Zn）andammoniumchloride（NH4Cr）．Employingthemethod，1・hydroxy・（15）andl－methoxyindoles（17）  

wereproduced9andtheyaresummarizedinTab（el・AscanbeseenfromtheTable．themethodwasapp＝edto  

thelirnned決indofl・hydroxyindote＄andwasnotappticablefo－thedirectpreparationofl－hydroxylryptophan  

derivatives．Besides，utilizatjonofanexpensiveDMF：DMAandanhydrousreactionconditionsremainedtobe   

jmproved，   

Hopingtoobtainl－hydroxyindole＄．WeeXamineddire■：tOXidationofindoJeswithvariousreagentsforsornetime   

jnvain．BasedonthefaiIures，however，WeSuCCeededin1989increatingasimpIeandgeneralsynthetic   

2．＄yntheseso－トHydroxylnd0les   

Thusfar．thre8malOrmethodsarerepo｛tedforthesynthesisofl・hyd（OXyindoLes・1n1974・Achesonandco－  

worker♂succeed8dinthefirstpreparationofl－hydroxy－O5a），1・aCetOXy－（16），andl－methoxyindoIes（17a）as  

showninScheme4，utiliz．ngcoupl一ngOfdiazoniumsaItswithbutadieneasakeyreactionstartingfrom2－   

nit（Oaniline伸町With16inhand．theyproducedsomel－hydroxyindo（ederivativesstabiIizedwithelectron  

withdraw－nggrOUPatIhe3－POSition・Theirworksonl－hydroxy－andl－methoxyindoLesaresummarizedintheir  
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methodfor1510whichconsistedofoxidationof2・3－dihyd（Oindo－es（21）inmethano●－Water（MeOH－＝20）with  

30％aqueoushydrogenperoxidQ（30％H202）inthepresenceofacatalyticamountofsodiunltUngState  

dihydrate（Na2WO4・2H20）（Scheme4）：WeabbrevfatethemethodasthQIungstatemethodinthefo［［owingtext．  

Thetungstatemethodcouldgivebirthtc．thusfarimaginedl－hydroxyindolesforthefirsttimeincIudingour10ng  

desiredcompoundssuchasmelhy［1－hydroxyindofe－3－aCetate（15d，Nb・methoxycarbonyトトhydroxytryptamine  

（15り，（±ト（15t）and（S）－トトNb・aCetyト1－hydroxytryptophanmethylester（1Su）．TypicaJexamplesarelistedin  

TabJes2and3togetherwiththeirl－methoxyindolederjvatives・100xoneaswe．lasrr＞Ch■oroperbenzoicacid  

（MCPBA）canbeusedasoxidizingreagents．bu＝heyare9enera”yEnferiortothetungstatemethodexceptthe  

foIIowingoneca＄e・Theoxidatbnof27bythelungstatenlethodaffordedl，4－dihydroxy－5－nitroindole（28）inonly  

14％yield．whereaswithMCPBA66％yieldwasattained（Scheme5）．   

ThelungstatemethodcouIdproducehaIogencontainingl－hydroxyindoIes（2Sc－f，Table2）andl－  

hydroxytryptamines．‖3叫（57％）and30b（51％）．from29aand29b．respectively，aSShowninScheme5．  

Preparationo‖ricyclic5－aCetyト1，3．4，5・tetrahydro・1－hydroxypyrro10［4，3，2－delquinolineP2，69％）wasalso  

attainedfrom31・9－Hydroxy－1・2．3・4－tetrahydrocarbazo●elOf（34．65％），9－hydroxy－伸methoxycarbony11．2．3，4，  

tetrahydroサCarboline10f｛36・31％）・9－hydroxy－PTCarboline12（3B▼15％）・9－hydroxy－3，4－dihydro－12（39，29％），  

and9－hydTOXy－β－Carborine－仙）Xide12（40，9％）wereproducedfron133．35，and37，reSPeCtively．Thenlildnessof  

thetungstaterTlethoda肋wedeventhepreparationofl－hydroxymeJatonin12（25g，58％）．1－hydroxy－3－  

a（一ylsurfinylmethyト12（42，22％），andl－hydroxy－3・methy－suJfinytmethylindolesll（44a，27％）from the  

COrreSPOnding2．3－dihydroindotes卵g，41．and43），reSPeCtively．1ntheoxidationof43，COnCOmitantformationof  

quiteunstabrel－hydroxy－3・methylsulfonylmethylindoleP4b）wasconfirmedbyleadingittostabJel－methoxy  

derivative（15％），buttheisolationof44bwasun＄uCCeSSM．11  

Tablel・TypicalExamplesofl－Hydroxyindoles  
andl－Methoxyindoles  

R  

甑ごNMeL⊥軸 L甑プ  
OH  ヒiMe  

22  23  

22  23  
Y始Id（％）  Yield（％）  

訂   4・NO2  
b  4－OCH2Ph   

C   4－COOMe  
d   4－NH2   

e   5－COOMe  
f  6－CHO  

57   
unstableoiI  

仰a「dtopur勒）  

65．．unstableoil  

l」∩＄tab】eoil  

（hardtopuri～）  

26  
29．．unstableoil  

97  
77  

78   
91カa  

unstableoiI  

59   
36☆b  

☆a：Obtainedbythereductionl⊃fl・methoxy－4－nitroindolewithTiCl3．  

＊b：0vera（Jyie［dfromnitroenamine・1）TiC13，H20，AcOHorMeOH；  
2）CH2N20rMe2SO40rMeIan（lKzCO3．  

Tab［e2・TypicalExarnplesofl－Hydroxyindo［es  
andl－Methoxyindoles  
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3・Phy＄k泊IandChemlcalPrope州e＄Ofl・Hydroxy拍dole＄   

3－1・Stabilityofl一日ydroxy－andl－MethoxyindoIes  

Weoftenencounteredthecaseswhereisolationsofトhydroxyindoleswereirnpossibleduetotheirinstabi（ity・  

GeneraJ［yspeaking，Whentheycarryan81ectronwithdrawlnggrOUPOr｛eSOnanCeStab＝zingsubslituentonthe  

indoIenucleus・theybeconleSu仔icientIystableforisolationandcharacterization・Whentheyhaveane（ectron  

donatinggroup・theirs－abilitiesdecreasesJ9nifica州y・lf・9・10・13Genera＝rendsinstab…tyordercanbe  

SummarizedasshovvninFigure2．   

A＝くylation・eSPeCialIymethylationchangesunstablel－hydroxyindolesintostablel－methoxyindo．esasshownin  

5－OMe CH2CH2NHAc H  58  

免a：Ove（al［yieldfromthecorr（）SPOnding2，3・dihydroindole．  

1）Na2WO4・2Hヱ0，30％aq．HzO2，MeOH，H20；2）CH2N20rMe2SO4  
0rM巳IandR2CO3．  
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Sctleme S Tab．㊧3．TypicalExamples ofl－Hydroxyindoles  
andl－Methoxyindole  
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P H CH2CH2COOMe  

q H CH2CH2CH2COOMe  

r H CH2CH2CH2CH20COMe  

S H CH2CH2NHCO（CH2）14Me  
t  H  （±）－CH2CH（NHAc）COOMe  

u H （S）－（＋）－CH2CH（NHAc）COOMe  
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y 6－NO2  CH2CH2NHCOOMe  

ヱ 6－NO2  CH2CH2NHCOCF3  

52  

h
】
 
 
h
】
 
 

☆
★
 
 

9
3
9
1
一
8
5
9
6
9
5
9
6
8
3
8
2
7
8
6
5
5
7
5
9
6
9
5
7
4
9
7
5
4
1
6
3
7
8
7
7
 
9
8
9
6
8
5
8
4
 
 
 

31   32  

ニニニー⊥－ニ÷ニ  e〔ニ0蕊8〔二〕0、。。。Me  

抑H－」  
H  

37  

0 11 三二・一一こ三．〈        1）  議Me  

43  

⊥  

41  42  

a：nミ1  

b：n三2．un＄tabIe  

顎打COO”  
∈村へR2  

ニ三へ   

17¢  

COOMe 3）  

☆a：PreparedbytheVilsrneierreactionofl－benzoyloxyindo‡e・   

☆b：Overaflyieldfromthecorresponding2，3－dihydroindole・  

1）Na2WO4・2H20，30％aq．H2bヱ，MeOH，H20；2）CH2N20rMeIandK2CO3  

45  RI R2  

OH COO日  

日  COOMe  

1）Na2WO4・2H20，30％H202，MeOH，H20；2）MCPBA；3）aq．NaOH，MeOII．  
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Figureコ．S！abililyOrder亡・トトHydroxyindoles  
andlts Derivatives   

Ⅰ  転 ⅠⅠ  
Ⅰ．EffectofRlonthestabilityofl－hydroxyindolesisthefollowlngOrderl  

Rl＝NO2＞＞COOMe＞＞OC＝2Ph＞H＞＞NTI2  

ⅠⅠ．E畔ectofR2．   

WhenRlisanelectronwithdrawinggroupsuchasNO20rCOOMe，   
Stabilityisthe鮎1lowlngOrder．  

R2＝Me＞＞H＞Ac   

WhenRlisanelectrondorLatinB：grOupSuChasOCH2Ph，H，OrNH2，   

StabilityisthefbllowlngOrder．  

R2＝Me＞＞Ac＞H  

Tab］esl，2．and3・TherepresentativeexampJeisl－hydroxyindo（e（15a）itse（f．AlthoughKiku9aWaandco－  

workers14succeededintakingthespectraof15a●itisveryunstableasAcheson・sgroupobserved・7＝owever，  

OnCeitisconvertedtol－methoxyindo（e（17a），Stabi‡ityincreasestotheextentwhichmakesitsstoragepossib（efor  

elevenyea｛SatrOOmtemPeratureWi軌Outanydetectab．edecompositionunderprotectiono川ght・10awebe■ieve  

thisisthemostprobablereasonwhyl－hydroxyindofesarenotreportedasnaturalproducts．whilevariousl－  

methoxyindotecompoundshavebeeniso（ated，man（yfromtheplantfanli（yCrucibrae・15   

DuringtheinvestigationtQPreParel－hydroxyindo［e－3－aCeticacidP6a）．a）kalinehydroJysisofmethy11－   

nlethoxyindo］c－3－aCetate（17句WaSCarriedout（Scheme5），MonitoringonTLCclearlyshowedaformationofan   

extremelyunstableproduct．presumedtobelTmethoxyindole－3－aCeticacid（45），WhichrapidtycQ”apsedtomany   

Unidentifiedproducts．Thisresultindicatesthatlhereisacasewhereevenamethoxygroupcannotsatisfactorily   

Stabilizetheslructu帽．   

Consideringthejnstabilityofl・hydroxy－3－rnethy‡jndole（25a）andgenera＝rendsshowninFigure2，W8had   

WOrriedthatmethy［1－hydroxyindoh∋・3－aCetate（15亘．Nb－aCetyト1－hydroxytryptamine（15i）．（土）－（15tI，（S）－（＋トNb－   

acetyl－1－hydroxytryptophanmethylester（15u）．etc・WOu）dbeunstablebecauseofhavingelectrondonatingalkyF   

SUbstituentsinthe3－POSition．Tooursurpriseandlucki‡y，thesewereactua11ystablecrysta州necompoundsand  

theirstabilitiesareinIheincreasingorderof15c，15J，and15t＝15u．10bTheseresultssuggestthatnoton［ylhe  

e［ectrostaticefFectbuta［sothebu川くinesso＝he3－Substituent90VernSthestabi（ityofl－hydroxyindoles．   

Itiswe11known．asi［luslratedinScheme6，thatindo（es（F，G）carryingaheteroatomleavinggroupatthe   

indolylmethy］carbona帽unStablebecauselonepalrelectronsofnitrogenfacjlitatesitsdepartureandstabiIizes   

theresu［tantindoleninetypeintermediateql），TrappingofHwithnucleophileshasbeenaversatilemethodfor   

mar”Pulatingindoly（rnethylcarbon．However，Withoutsuitablenuc（eophiles，handlingsofbothindole－3－methanoIs   

（F）and－3－methanamines（G）oftenresultintheformationofpoIymers．Onthecontrary，1－hyd（OXyOrl－alkoxy   

groupwoufddestab批こetheintermediate（L）owingtolheelectronwithdrawingeffectofoxygenandretardthe   

departureofaheteroatomleavJnggrOUPfromtheindolylrnethylcarbon．Thisrneansthatl－rTlethoxyindole－3－   

methanoIs（））and－3－methanamines（K）canbeuti随edastheyareforbuiIdingblocksinsyntheticstudy．AtypTcaI   

examp［eisillustratedinthesynthesisofmarinea［kaIoid，（i＝）－Che10ninA，andlイnethoxyche10ninAinSection6－3．  

Scheme 6  

ミニ．／・  
F：X＝OH  
G：X＝NH2  

驚甘X  

J：X＝OH  
K：X＝NH2  

ミ／し   

耳．   

－－－－一一－－t一－－－ t参－  

the†eforereactwithalky■atingandacy●atingreag舶tSinthepresenceofweakbases・Severalexamplesare  

illustratedinSection4－1．  

3－3．Spectra［Dataofl－Hydroxyindoles  

uv，（Rabsorption，andlH－NMRspectraofl－hydroxyindolesaresuperimposab）ewiththoseo＝hecorresponding  

indoles．Asatyp■CaLexample，UVspectrumof15cisshowninFigure3comparingwiththatofmethyIindo（e－3－  

acetaleP6b）・Consideringthesimi．aritiesofthesespectraldata，WeWOrrythatwhenl－hydroxyindo（eshappento   

3－2．Acidityofl－Hydroxyindo［es   

l－Hydroxyindolesareweakacids・ThepKava）ueofl－hydroxymoietyof（±）－Nb－aCetyl－1－hydroxytryptophan   

methylester（15りismeasuredtobe9・8whichislargerthanthatofsuccinimideandsma”erthanphenoLTheycan  
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Figure 3 

紺COO：ニ′只。R√    UVSpec 
beiso（atedasnaturalproducts・theya｛eljkelytoberega，dedasindoles・Ifwearenotcautious，theymightbe  

actuauyisolatedasindolecompQundsafterdecompositiontoindoIesonslandin90rduringwork－uP．MSspectral  

dataplayanimportantroletodeterminel－hydroxyindolestructureswhichshowbothmolecularion（M＋）and  

Characteristicfragmention（M－16）＋．Methylationwithdiazomelhanetol－methoxyindolesisa［sohelpfulasnotedn  

Section4－1．  

trun of MethyIlndole－3－aCetate（46b）  

46b  入maxMeOHnm（logE）入minMeOHnm（Ioge）  

244（3．32）  219（4．56）  
274（3．80）  

280（3．81）  
289（3．73）   

3－4．Structureofl－HydroxytryptophanDerivativesinCry＄tals   

Wehaveassumedthatthestabilityofl－hydroxytryptophanderivativesisduetohydrogenbondingsinintra－Or   

intern101ecu（arfashionbetweenl－hydroxymoietyandthesidechainatthe3－POSition，T【）COnfirmtheview．the  

firstX－RaycrystalJographicanalysISOfl・hydroxyindo［eswascarriedouton15t・10bTheresu■ts＄howninFigures  

4－（a）and4－（b），however，donotshowanyexpectedhydrogenbond＄．  

BondrenglhbetweenN（l）andC（1）（X－RayanalysIs）andtheABXcoupJingpattern（1H・NMR）ofH（6）．H（7）．and  

H（8）signalsof15tprovethatthecontr拍Utiono＝tstautomer，nitrone匝7）structure，isnegrjgiblebothin so）ution  

andsolidstates・ltshouldbenoledthattheoxygenatomofthel－hydroxygroupdeviatesfromthep．aneofthe  

inddenucleusby140asFjgure4－（b）shows．Asimilarresultwas（ePDTtedbyAcheson－sgroup16jnthecaseofl－  

bcnzoy10Xyindo（e・Thefactmightbethecauseoftheinlerestingchemicalreactionsob＄erVedinthefouowlng  

Sections．   

＼  

C  

入maxMeOHnm（一oge）九minMeOHnm（．ogE）  

252（3．36）  222（4．52）  
281（3．69）  
291（3．70）   

t  

200 nm 250  

ORTEPDrawingandSideViewof（士）・Nb・  
Acetyl－1－hydroxytryptophanMethyLEstelr（15t）   

4・ChemlcalReactlon＄OfトHydr（〉Xyindote5andl・Mをtho）叩IndoIe＄   

4－1・Methylation，A［kyIatiorI，andAcyIatjon  

Althoughl－hydroxyindoIeilsetf（15a）isanunslablecompound，itcanbehandledaseitherMeOH，benzene，Or   

CH2C12SOlutionwithoutanyspeciaJprecautions・AMeOH＄OJutionoflSaisdirectlyobtainedbythetungstate   

rTlethodasdescribedinChapter2・TheMeOHsol＝tioncontainsacataIyticamountofNa2WO4andunreacted  

；′：30％＝202，butitissuWicienttouseforfurthera．ky■ationandacyfatjon・Thus・theadditionofetherea－C＝2N20r   

alkylatingreagentstotheMeOHsoJutionof15ainthepresenceofbaseproducedvariousl－alkoxyindore   

derivatives卵a－e）・10cTypicaJexamp－esare］istedinTabJe4・■nterestingIy，Whenbenzy－bromide，（E）－Cinnamy］   

brornjde．orprenylbronlidewereused，COnCOmitant formationsof49竜一C＼〝ereObserved．   

ThebenヱeneSOtu紬nof15awasobtainedbyaddingbenzeneand＝20totheMeO＝so．ut－onof15a，fo＝owedby   

SeParationofanorganic）ayeranddryingitoverannydrousNa2SO4・ACH2C12SOlutionof15acouldalsobc   

Obtainedbythesarneseparatingprocedure・Ana（ternativewaytoobtainCH2C12SOlutionof15awasfoundby  

BondLength（angstrom）  
Nl－Cl，1．372（2）；Cl－C2．1．364（3）；  
C2－C3，1．433（3）；Nl－Cl，1・388（2）；  
C3－C8，1．408（3）；Nl－C8，1．363（3）．   
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oxidizing2．3－dihydroindo］e（21a）withMCPt3AinCH2：C12，thoughtheconcentrationof15awas10W（20－30％）・  

Treatingthebenzenesotutionof15awithtosylch．oride・紬utyLdimethylsi（ylchloride・benzoylch10（ide・  

methoxymelhy．ch．oride，and2－methoxyethoxymethy．ch［oridesuccessfu11yproducedtheexpectedproducts  

卵輔respectivdy・1恥17  

Acy．ationandtosytationgenera”ytakeplaceasexpectedrThereisacase・however・Wheretheproductistoo  

unstabletocharacterize．Tosylationofl－hydroxyindo．e－3－CarbaIdehyde（1Sb）isagoodexampleandtheresults  

aredescribedlnSぬion4－4．川C  

TabBe4■AlkylationandAcyIationofl－Hydroxyindoles  

∈印 十卿R  
1    0R  OR  

1），2）  

H  R－X  

21a  48  49  

Yie】d（％）of  

48  49  

a  PhCH2Br  

b（E）PhCH＝CHCH2Br  

C Me2C＝CHCH2Br  

d CH2＝CHCH2Br  

¢  TsCl  

f   トBuMe2SiCl  

g  PhCOCl  

h  MeOCH2Cl  

4
7
2
5
7
4
5
1
0
4
7
4
9
 
3
9
 
 

5
1
0
3
0
0
0
0
 
0
 
 

4－2．HorYlOlogationofSideChain  

Genera●Ly，thestructurcsOfl－hydroxyindo．esareconfirmedbyconvertingittothecorrespondingト  

methoxyindolesbythereactionwithCH2N2inMeOH・However・When15JwasreaCtedinCH2C12atrOOrn  

temperature．ahomo10gationproduct（50a・9％）wasgeneraledinadditiontothenormaJl－methoxyindole（17i・  

36％）andtwounknownproducts（Scheme7）・18AhomoLogationproduct（50b＝23％）wassimi（ar（yobservedin  

thereactionof15swilhC＝2N2inC＝C130rCH2C12tOgetherwnh17s（62％）・lnMeOH・however・al（l－hydroxy  

compoundiaffordednorma（products・eXClusive（y・  

ln。rd。rt。eSlab＝shthestructuresofSOa．b，thecornpound（50d）wascatalylicallyhydrogenatedoverlO％Pd／Cto  

removel－methoxygroupgiving51（quantitative）・ReductionofSIwithLiAIH4affordedN－ethyト3一（indoト3Tylト  

propylamine（52，64％）・Onth色一曲erhand・aUthentic3－indolepropionicacid（53）wasderivedtoethy（amide（54・  

98％）．1tsreductionwithLiA，H4gaVeauthentic52（91％）・Whichwasidenticalwiththesamplederivedfrom50a・  

1t＄houldb℡nOtedthatthealtemptedreactionsofbotlh17Jandす7swithCH2N2inCHC（3didnotproduce50aand  

5Obeveninatraceamountandunreactedstartin9mlaterialswererecov占redquantitatively・Similarly・neitherS5a  

no（55bfornled51aor51b，reSPeCtive（y，andquantilativerecoverieswereobservedinbothcases・ThesefacIs  

c［earJyindicatethatthesidechainhDmO－ogationfscharacteristiclol－hydroxyindo（estructure，thoughthereaction  

mechanisrTIisunderinvcstigation・  

i MeOCH2CH20CH2C1  11  0  

1）NaヱWO4・2H20，30％H20ヱ，MeOH，Hユ0；2）R－Ⅹ，糧CO3．  

Scheme 7 

尋⊥  
哨：R＝COMe   

＄：R＝CO（CH2）14Me  

道十  
OMe  oMe  

17j，＄  

4－3．ElectrophilicSubstitutionRcaction   

4－3－1．Vilsmeier－HaackReactionandAcylation  

lTMethoxyindote（17a）underwentVilsmeier－＝aackreactねnsmoothlytogivel－methoxyindole－3－Carbaldehyde  

（17b．91％）asshowninScheme8・Chloroacety－chIoridereactedwit＝7agiving3－Ch10rOaCetyl－1・  

nethoxyindole8c（56a，qUantitative），butacety．chloridedidnotgive3・aCetyL－1－methoxyindo］e（56b・2％）   

1）CH2N2，CHCl30rCH2C12；2）H2，10％Pd／C；3）LiAlli4，THF；4）EtN7I2，  
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Seheme9  

輸。  
Ac Ac   

62a：R＝針COOMe  
b：R＝むCOOMe  

COOMe 

HA（：   ：0ニュ駄二代：   ご、－ 
ミ  

5 

，†  

ニ 
三  

17a  

N  

ニ・．．二÷・  
Me A（；   

65  

COOMe  

∈印  CHO  
璧NO2  

酎  
＋  

文：HO  

OR  
48   
e：R＝Ts  
晋：R＝トBuMe2Si  
g：R三PhCO  

57  
＋
 
0
2
 
 

「
り
ト
Q
俺
 
 
 
 
 
 
3
 
 
 
 
 
（
 
 

吼
 
：
 

15b  Sta「ting Yield（％）of  
Maねrial S7  15b  

481）  67    0  
48f  32   39  

48g  14  57  

cHン√ 
‡  

＼
、
ノ
 
 

1）DMF，POC13；2）CICH2COCl鮎rS6a，CH3COClfor5鱒；3）Ⅰ2，mOrpholine；  
4）Nl】S，t－BuOH；5）Zn，AcOH；6）LiAⅢ4．   

Satisfactorily・Ⅵ（smeier－Haackreactionof一－tOSy－oxyindole（4Be）produced2－ChJoroindole－3－CarbaJdehyde＠7）as  

aSOFeproduct・Whifel一紬utyJdimethylsiIyfoxyindole押印andl－benzoy■oxyindole卵g）produced57andl－  

hydroxyindore－3－Carbardehyde（15b）invariedyieldsdependingonthereactionconditi。nS．10c   

OH  ／ 15b  
inMeOH一日20  

駄JOTs十抑OMこ駄諌：：    日           日          H  

4－3－2・Halo9enation   

Halo9enationofl－methoxyindo（es（17a）a恥rdedrelative－yunstabIe3－halo－1－melhoxyindo－es（Scherne8）．Fo（  

｝（examp）e・thereactionofl－methoxyindo－e（一7a｝withiodine（12）andmorphoJinegave3－iodo－1－methoxyindole9d  

（S8・27％）・Whichwasthenapp‖edtothesynthesisof軒panicuFidineB（Section5－4）・9elntercstingly，   

brominationof17awithN－bron10SuCCinimide∂椚orded3・3－dibron10－1－methoxy－2－OXindore（59，60％）．”c   

ReductionofS9withZninaceticacid（AcO＝）producedl－methoxy－2－OXindole（60，65％）．10csince60was   

reducedtol掬intereonversiohbetwe即17aand60wasattained．  

71  72  73  

CHO  

ヰ駅オN」○ム駄謀：二0  
75－10㌦0  76日b  

1）Ac20；2）Ac20，NaOAc；3）2，4－DNF；4）CH：2N2；5）TsCl，Pyridine；6）NaOMe，MeOH；7）DCC，  
Et3N；8）20％NaOH，MeOH．  

ヰー4・Rea「rangementReaction  
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ThereactionoflStwithre仙xingAc20affordedトacetoxyderivative（61，quantitative）．whiIetheadditionof  

NaOAcinthereactionmixturedramatica”ychangedthereactionpathway（Scheme9）：aSeriesof［3，3］sigmatropic   

rearrangementofl－aCetOXygrOuPandsubsequeJltnuCJeophiricadditionoftheNb・＄idechaintothe2－POSition  

tookp［ace9ivれg3a－aCetOXy－1．2，3，3a，8，8a－hexahydropyrro呵2，3－b］indoles鱒2a（17％）and62b（21％））．1c  

Sim”ar［3，3］sigmatropicrearrangementswereencounteredinthereactionof15twith2，4－dinitrofluorobenzene   

（2．4－DNF）toproduce63（35％）・Methylationof63withCH2N2gaVemOnOmethylP4，32％）anddimethyl  

compounds＠5，30％）．1cx－Raysing（ecFySta（lographicanalysisof65proveditsstructure．Theresultsshownin  

Figure5exhibitthatthetwopyrrotidinenucleiarecisfusedandmethoxycarbonYlgroupatthe2－POSitionis  

thermodynamica■lystab■etransconfigurationconcern［ngtO3aand8ahydrogens・1c  

l－HydroxyindoIe（1Sa）itsel＝nbenヱeneSO）utionreactedwith2．4－DNFtoproducel：2adduct吟6．6％），3－   

aryFjndo［e鱒7，17％），and3－ary［oxyindo始（6B，6％）・Thestructureof66wasestablishedbyX－Raysingle  

crysta■10graPhicana－ysjsandtheresu．tsareshowninFigure511cl－＝ydroxyindoIe－3・Carba，dehyde（15b）a－so  

reactedwith2，4－DNFproducing68（31％）andindole－3－Carbardehyde（69，48％）．1nthereactionwithtosyl   

Chloride，15bproducedunstablel－tOSy暮OXyindole－3－CarbaldehydeqO，93％），Whichco＝apsedtomanyunknown   

PrOducts，lnthepresenceofNaOMeinMeOH，ittransformedto3－tOSy10XyindoIePl．16％），3－methoxyindoleq2，  

12％），and2・methoxyindole－3－Carba（dehyde（73，8％）．10c  

lnthereactionof15b with DCC，rearrangedproductswerenotobserved．insteadN．NldicycLohexyl－N－（3－  

formylindoヨー2－y（）urea（75．83％）wasformed．10c悔formationrnaybeexp［ainedbyth◎1，3・dipoLar【2＋3】  

CyC（Oadditionreactionofanit（One（74）．atautomcrof15b，WithDCC．Upontreatmentwithaqueoussodiurn   

hydroxide，751edto2－CyC10hexylaminoindole－ふCarbaldehyde（76，訂％ト   

Nucleophilcsubstitutionsofl－methoxyindo（e－3－CarbaLJdehyde（17b）withsodiuma‖yra（koxidesandtheattempted  

【3，3】sigmatropicFearrangementoftheresultant2－aJlyloxyindolesto3－a（Jyl－2－OXindole＄aredescribedinSections   

4－9－3and7－3．  

4q5．Func仙〕nlngaSActiveEstersandNucreophilicOxidizingReagcnts  

l－Hydroxy－4・nitroindole降2a）isoneofthemoststablel・hydroxyindoles．9bltformsesters（78）bythereaction  

Withcarboxy（icacid＄（77）inthepresenceofDCC（Sc「帽melO）．Theseestershavetheactivatedcarbonylgroups   

Whicharereactivetowardvariousnucleophiles．  

Whenhydride（NaBH4）wasemp10yedasanuc，eophiller7B－edtoa（COho［s（79）and22a・1flftheaminesPl）were  

employed，80prov7dedamides（82）and22a．1fsince（eCOVered22ainbothreactionscanberecyc［ed，effective  

methodsfo＝ransformlngCarboxyl［CaCidstoaIcohoIsandamidesaredeveLop（≧d、   

Inourul－HydroxyindoIeHypotheses’■，Wehaveimaginedtheexistenceofl－hydroxytryptophanderivativesin   

PePtidesand／OrenZymeS，andJLheirprobabiJitytofuTILCtionasacataJystforthefornlationofamides（PePtides），   

Phospha雷es，＄ulfates，etC．1naccordvvilhtheexpecはtion，1－hydroxy－5－nitroindoIe（15叫andparticuIarJyNb・   

acetyl－1・hydroxytryptophanmethylester（15t）showedthesimilarreactivitywiththatofl－hydroxy－4－njtroindoIe  

＠2a）．12comparativestudyofthem（15wand15t）withweJLknownl－hydroxybenzotriazole（B4）concerningthe   

abilitytoproduceamidesbythereactionoftryptamine（83）withheptanoicacidinthepresenceofDCCshowed  

almostthesameeffectivenessascanbeseeninSchelnlelO．12   

0ntheotherhand，22awasfoundto reactwithcL－bromoacetyrcompounds（B6）togive4一両tro－1－（2－   

OXOa‖（yJ）oxyindole匝7，quantitative）．UpontreatrTlentWithweakbasesuchastriethyIamine．87splittedintotwo  

parts，gIyoxaIs（8¢）and4－nitroindo［e（B9）．9cThus，トhydroxyindoIescanfunctionasnucJeoph＝coxidizing   

reagenlsforsomesubst†釦es．  

Figure 5 
0RTEPDrawingof 65and66  

4－6．Lithiation   

4－6－1．Preparationof2－and4－Substitutedl－Methoxyindoles   
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Scheme 10 

あ十。C。。H 」」あ息。CH2。H＋22a  
Table 5  

1  

90 0Me  那  
恥。・ニL∈顆。・  

Other  
Products  

92  OH   

22a  77  78  
0甘R  

95－85％   

79  99－78％  

98－89％  
Yie．♭）of  

ElectrophiIe R  R 9．ct。2   
RCOOH：Palmiticacid，Stearicacid，indole－3－aCeticacid，Nb－aCetyl－  
tryptophan，2－me叫yl－3－nitrobenzoicacid，4－methyl・3－nitrobenzoicacid，  
methy12・Ca∫boxypherLylacetate，etC．  

a  叫卓2C＝O C（OH）Me2  90   

b （Ph）2C＝O C（OH）Ph2  81   

C Me2NCH＝O cHO  99  

☆a  

d Me（＞o A℃NMe  68 上也Me  

e （MeO）2C＝O COOMe  60   

f  l2  1  89  

85  

19  

22  69 日訣cH，h2 62 軸。H2。H  
＋ Rl－N＝2  Rl－NHAc   ＋   22a  

82 90－79％  100＿94％  

97  

90  80  0Ac  81  

Rl－NH2：tryPtamine，benzylamine，CyCIohexylamine〉pyrrOlidine，  

Nb－melhyltryptamine，etC．  
＊a：TheproductwasisolatedafteracetylationwithAc20－pyridine・  

1）n－BuLi，Ar，THForether，－180IC；2）electrophne；3）fI2，10％Pd／C・  

村NH2   
83  

1）CH3（CH2）5COOH  

（CH2）∩－NMe2  

E  

（CH2）n－NMe2  

∈  

94  

抑   ㌻ニー～j  
OH  

OzN御15w  
OH  

Catalyst Yield（％）of85  1 0Me 93：n＝－tJ・ヤ・  

17m：∩＝2（lespedamine）  朗  85  

15w  83  
Entry   

E・ectrophile  
Yie－d（％f  

，   E  NHAc  15t  85  

a  CHO   

b  SiMe3   

C  SPh   

d  SMe   

e  S・ざeC・Bu   

ず  SnMe3   

g  CHO   

h  SiMe3  

1  93   

2  ‖   

3  】8   

4  ‖   

5  11   

6  甲p   

7  17m   

8  】E  

Me2NCH＝＝O   

Me3SiCl   

（Ph－S）；と   

（Me－S）2   

（£eかBいjS）2   

Me3SnCI   

Me2NCH＝＝O   

Me3Si（：l  

0  
R芭－Cト  

⊥毎㌃〒二  
87 0琶7U 88  

98－73％  

十ま二．／  
89  

100－89％  

OR2  
22a十Y  

CH2Br  

86  

－－－－－－サR2・芭－CHO  

白2＝－◎，⑤Br．  

1）DCC，THF；2）NaBfI4，THF；3）Ac20，pyridi叫4）THF，rt；5）Et3N，THF，  1）n－BuLi，THForetJler，Ar，－180c；2）electrophile，rt，Ar・   
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1－Methoxygroupstabilizesa2－1ithiospeciesandfacilitatesreg10Se［ectivelithiationofindoresatthe2－  

position．17・19Lowreactiontemperatures（－7ぼC）andtheuseofpyrophorict－BuLiarenotrcquired・Forexample，  

1－rTlethoxyindole（17a）waslithiatedwithn－BuLiatq180c（iceandsodiumch（Oridebath）forlOminAThe2－1ilhiated  

indolereactswithawiderangeofeLectrophilesgiving2－Substitutedl・melhoxyindoles（90a－f）ingoodtoexce＝ent  

yields・Theresu－tsaresumTT．arizedinTab■e5・17・19a  

Lithiationatthe2－POSitionbecomesmucheasierifanadditionaractivatinggroupisint（Oducedatthe3－PO8ition・  

Theexampleisth岩Iithiationof3－dimethylamhomethyトトmethoxyindo（e（93）asshowninTab－e6・19bThus，  

lithiationof93inTHF（Orether）tookplaceexcIusive（yatthe2・POSilion．Evenwhenanexcessamountofn－BuLi   

wasused，eXtraIithiationatthe4・Or7－POSitionwasnotobserved．Subsequentreactionsofthe2－1ithiatedindole   

withelectrophilessuchasDMF，TMSchloride．diphenyldisulfide，dimethyldisuJfide－di－SeO・butyldisulfide・and  

trimethyItinch10rideproduced94a－fjnexcelEentyieJds（Table6．Entriesl－6）．TheotherexarnplewasanindoLe  

alkaloid．lespedarTline（17m，3－dimethylaminoethyl・1－methoxyindole），WhichwasaLsolithiatedreadi［y．and   

subsequenttrapptngwithDMFandTMSchIoridea什Orded2－SubstitutedindoIes194gand94h・reSPeCtively  

（Entries7and8）．19b   

Withtheexpectationthatabulky2－SUbstituentinthecompounds（94b・e，h），WOuldforcethedirectionof  

dimethy．aminogrouptowardsthe4－POSition，attenlPtStOIithiatethematthe4－POSitionweremade・andan  

interestingsolventdependencewasdiscovered・19blnfact，aS暮OngaST＝FwasusedasasoIven川hiationa＝he  

4－POSitionnevertookplace・0nce甘SOIventwaschangedtoetherlthedesiredIithiationoccurredeasilyassh8Wn   

inTabIe7．TheLithiatedsoIutionof94breactedwithDMFtoafford4pformyト囲5a，70％）and2やmyLindole  

derivativesp6a，14％，Entryl）．Undersinlilarreactionconditions，94c－ePrOduced4－formylindoles（95b－d）as  

m可OrPrOducts（Entries2－4）．Whileatpresenta”a憤emptstolithiate94hatthe4－PO＄itionareunsuccessfuLurIder  

variousexaminedreactionconditions，emP10yJngt－．SeO－，Orn－BuLiineitherTHForetheratfrom－780cto  

refluxing temperatures.l 9b 

Table 7 

Me2  

尉：Me2＋駄丈：：；十尉 1），2）  

OMe  OMe  

95  96  

Entry Starting L仙南tion Condi（ion  
Material n－BuLi Reaction  

（moleq・） Temp．（Oc）  

Yield（％）of  

R  95  9＄   97  

1  糾b  3，1   

2  糾¢  1．7   

3  94d  3．0   

4  94e  3．0  

r酬ux  a SiMe3  70   

「釧u）く  b SPh  67   

20 cSMe 43  

．e仙x  d S＿Se¢●BJa 67  

14  0   

0  6   

13  0   

0  0  

☆a：Formationof2－SeCLbutyJ－4－hydroxy・1・methoxy－3－dimethylarninomethyIindolewas   
ObservedinlO％yield．1）n－BuLi，Ar，ether；2）DMF，00C－rt，Ar，  

Table 8 

恥。⊥L∈顆。十諾言こcts        l   
0〉OMe  O〉OMe  

48h  98  91  92  

Yield（％）  of  

98  91  0therP［Oduct 92  
Elect「op仙e  R  

a  Me2C＝O C（OH）Me2  8♂a  

b  （Ph）2C＝O C（OH）Ph2  99  

87  

，。  恥。H，h2 6           日  
e Me2NCH＝O  cHO  96． 年7 印、cH2。H26  
g Me3SiCI SiMe3 9L 86  

h MePhC＝O C（OH）MePh  8♂a   76 恥cHMe，hlO  
H  

4－6－2．Preparationof2－Substilutedl－MethoxymethoxyindoJes   

Lithiationof17awaspe血rmedwithn－BuLiatabout－18℃（ice－SOdiumchlcride）inexcellentyields・NevertheEess，   

whenthereactionwascarriedoutatOOc．theyields（）fproductsdroppeddownto30－50％・However，USIngト  

methoxymethoxyindoIc（48h）．regiose］ectivel肋iationofindc＞lesatthe2－POSitionwasrelative［yrnorereadiIy  

attained．Duetothesuperiorityofl－rnethoxymethoxygroupasaljthiumI－gandtothel－methoxygroup，lithiation   

couJdbecarriedoutatOOc（icecoo［ing）withn－BuLi．SubsequentreactionswithelectrophiLesproduced2－   

☆a：Startingmateria［wasrecoveredinlO％yieJd，reSPeCtively．  

1）n－BuLi，Ar，THFor血er，ODc；2）electrophile；3）H2，10％Pd／C．  
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anditsapplicationtothepreparationofindo10【2，3－・gPyrrO10［3．4－C］ca（bazole－5，7（6ij）－dione（102a）isdescribed   

inSection7－1．  

SUbstitutedl－methoxyrnethoxyindoles（98）ingoodtoexcelrentyields．Theresultsaresummarized如TabJe8．17  

Schemell  

4－7．Reduction  

RemovaJofトhydroxyandl－methoxygroupisattain（∋dgenerallybycatalytichydrogenationatroomtemperature  

andatmosphericpressureoverlO％Pd／C・SonleeXamPlesare■istedinTab－es5and8・10cRaneynickelisa（SO  

usedsuccessfu［ry：lnsomecases，OVerreductionoc…rS．Forexample．reductionof90aproduced2・（1－hydroxy－   

1－methyt）－（91a，85％），2－（1－methoxy－1－methyl）－（92a，7％），and2－（1－methyE）ethylindoles（4％）・SimjIarly，98cgave   

91c（67％）andindo［e－2－methanou92c，26％）．Consequently，COmbinationofthereacticnofl－arkoxyindot－2－   

y”ithiumwithe（ectrophiles（Sections4・6－1and4－6－2）andtheremovalofthel－alkoxygroupprovidesaversatile   

PreParationmethodfor2－Substitutedindoles，   

1－Methoxygrouponindoleshavlngelectrondonatinggroup）Squitesensitiveandremovedundermilder   

reductionconditions．Typicalexamplesareshowninlhesynth8SeSOfbothmethoxybrassininand（±）－PanicuJidine   

B如Sections5－2and5－4．  

100  

恥。99  
0M8  

a：R＝Li  

b：R三Cl  

¢：R＝CN  

輔・抑。h・巨t。御。h  ∈ 
ph   

lO3  104  105  

4－8．Photoreaction   

UVirradiationisanusefulmeansforbreakingN・Ob（）ndandsuccess†山Iyappliedforremovlngl－hydro）くyandl－   

methoxygroup．1n1973，VVeat桓印PtedtherearrangerTlentOfl・ethoxygroupto3andotherpositions（Scheme  

ll）．Thisisthe伽StrePOrtOfou（reSearChbasedon”1－HydroxyindoJeHypotheses，，．20（rradiationofl－ethoxy－2－  

Phenylindole（1O3）inmethanoIwilhHannoviaUVlampproduced3－ethoxy－2－Phenyl－004），2－Pheny＝ndole（105），  

andlheotherrearrangedproduct（106）carryinganethoxygrouponthebenzeneparL20Quilerecently，Wehave  

succeededinprovlngthatlO6is6－ethoxy－2－Pheny■indo－e・12consequenttyIWeCanCOnCIudethatany  

SubstituentsattheトPOSitionofindotes，incIuding●トaIt（OXygrOuP．havethepossibilityofmlgration to3－，4－，  

and／Or6－POSitionsuponphotoirradiation・20  

CN 賦00Et   

lO7  25b  

NCCH2COOEt  

108  

1）n－BuLi，THF；2）CuSO4，02，ultrasound；3）10％Pd／C，H2；4）N－phenylmaleimide；  
5）hv，MeOH；6）TsCl，DMF，Pyridine．  

4－6－3・OxidationofトMethoxyindoト2－y川thium   

Treatrnento＝heyeJlowTHFso（utionofl－methoxyindoト2－yrlithium＠9a）．generatedfrom17aandn－BuLi．with   

anhydrousCuSO4underoxygenatmospherewithultrasoundstir（ingatOOcproduced2，2’－bi（1－methoxyindolyl）  

（100，54％）（Schemefl）・19aQuantityofCuSO4hadanimpor（anteffectonthecoupFingyierd，andO▼5moleq・  

WaSfoundtoberecornrnendable・A）thoughcuprlCCh10rideandcuprouscyanidewereexamincda＄aCOuP［1ng   

reagent，theyieldoflOOwaspoor（6－38％）．andeither2－ChIoro一郎b，4－21％）or2－CyanO－1－methoxyindole卵C，   

3－10％）wasp「OducedasabyやrOduct．respectively．   

Cata（ytichydrogenationoflOOoverlO％Pd／Cunderatmospherichydrogenafforded2，2’－biindoly（（1Ol．79％）  

4－9．NucleophilicSub＄titutionReaction   

NucIeophiIicsubstitutionreactionsarerare，yknownintheindo－echemistry・1・10・21■n1981．Harnanaandco－  

workers22disc10Sedthatl－hydroxy・2－PhenylindoIe（25b）afforded3－Substitutedindoles（forexampIe107and  

lO8）byitsreactionwithtosy［chlorideinthepres印CeOfnucleophi［es（Scheme11）・Moodyandco－WOrkers  

reportedthatl－SUbstituted2－ChIoroindole－3－CarbaEdehydeunderwentnuc（eDPhiLicsubstitutionreaction・23   
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i11ustratedinScheme12．1c  

Treatmentof巨）－Nb・aCetyトl－hydroxyt－YPtOPhanmethylester（15t）withlO％H2SO4inMeOHproduced5－  

methoxycompound（109．71％）・When3％hydroch［oricacidwasempIoyedltheproductswerelO9（32％）and5－  

chLorocompOundOlO，18％）・Thiony．chloridereactedwith15tgenerating2－CMorocompound（112，35％）  

accompaniedbyllO（9％）and…（3％）・Bromidewaミia■soemployedsuccessfu）［yasanucteophileandthetypical  
exampleisi”ustratedinthepreparationof5・bromo－NIN・diTT．ethyJtryptamineinSection5－5・  

Toourmostdelighted．whenthel－hydroxycompound（15t）wastreatedwith85％HCOOH，thedreamtreaction  

tookplacetogive（±），Nb・aCety＝・forrnyI，（113－12％）and（土トNb－aCetyl－5－hydroxytryptophanmethyLcsters（114，  

67％）．Thecomp8Und（15qarsoreactedwithnleSy●chloridetoproduceα，P－dehydrotryptophan（115・3：2mixture  

ofisomers，2％），2，3・dihydropyrro－0【2，3－b］indole（116，47％），and6－meSyloxytryptophanderivative（117・9％）・  

undersimiIarreactionconditions，1－hydroxy・Nb・trifLuoroacetyltryptamine（15k）producedl18（45％）andll  

（8％）．Thern10■ysisof15tino－dich．orobenzenQatl；BOOcaffordedlll（16％）111S（17％）一PyrrOlo［2・3－b）indole  

（120，8％），andl－hydroxy－Ct，β－dehydroIryptophanderivative（121・39％）・  

lndole－ChromiumcarbonylcomplexeswerealsofoundtoreactwithnucIeophi［esbyKozikowskiandSemmelhack  

groups・24  

S¢heme12  

2）  MeO  COOMe  Cl  

NHA（】  

.COOMe HO  

NHAc   ＋  

t llき CHO  

.COOMe 
4－9－2．PreparationofMetatonin，Serotonin．伸Methy（eiCrOtOnれandBufoteninethroughl－Hydroxytryptamines  

Bio］ogicallyimportantaminessuchasme■atoninO2：2）・SerOtOnin（3）誹methylserotonin（124a）・andbufotenine  

（124b）werealsoprepareddirect●ythroughthecDrreSPOndingl－hydroxytryptaminesasimaginedinour  

hypothesesl（Scheme13）？5岬・・・一、、  

Melatonin（122），beingattractedmuchattentionasahydroxylradicaIscavenger・aregulatorofcirca申nrhythms・  

etc．．26wasproducedregiose－ectivelyinmorethan80％yie．dbythereactionofNb・aCetyト1－hydroxytryptamine  

（15j）withBF31MeOHcornp（exinre仙XingMeOH・  

whileNb・methoxycarbonyト1－hydroxytryptamineO5いedto－23a（15％）and123b（50％）bythereactionwith  

85％HCOOHatroomtenlPe（atUre・＝ydrolysisof123btoserotonin（3・73％）wasattainedbyhydrolysisIWhile  

reductionof123bwithLiA■＝4inref－uxingEt20－TrlFafforded〟・methylserotonin（124a・65％）・Anattemptto  

convertN，P＋dimethyl－1－hydroxytryptamine（1Sm）inLobufotenine（124b・47％）wasrealizedbytreatmentwith  

5％aqueousH2SO4atreflux・Whentheso－ventw∈LSChangedtoMeOHundersimilarreaction・COnditions・15m  

afforded125（57％）and124b（7％）・Thec－eavageofthemethoxygroupof125usingBBr3inCH2C12－tOIueneis  

analternativerouteto124b（63％）．  

ニニし∴∴  ＋  

COOMe MsO  
NHAc  

H A（；  
116  117  

即日C。CF，」」m・Ms。即日C。CF，  
H COCF3   H  

119  l 15k OH  118  

111 ＋ 115 ＋  
NHAc  

OH   
120  121  

1）10％H2SO4，MeOH；2）3％HCl，MeOH；3）SOCl2；4）・85％HCOOH；5）MsCl，Pyridine；  
句0－dicl山）rObenzene，1800c；7）ユ0％BF3・MeOH．  

4－9－1．AcidCatalyzedNuc（eophilicSub＄tjtutionReactionofNb－Acetyl－1・hydroxytryptophanMethylEsterandlts   

Derivatives   

WeimaginednucIeoph＝csubstitutionreactionsasoneofthecharacteristicsofl－hydroxyindolesinour  

hypotheses”・10urimaginaryreactionsactua”yoccurredat－eastchemica●Jyon一－hydroxytryptophanderivativcsas  4－9－3．Preparationof2－and3－Substitutedlndoles   
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Table9  

Nuc［eophites（NuH）  

S¢heme13  

駄謹：u  

131  

輔H0   

17b  

HO読R2  

COOMe  
.NH Elase  

呵ノ  

1引：R＝COOMe  

15i：R＝COMe  

HO印ノ  
Or4）   Reaction  

Results  Entw Nu”Base So●vent T■T  
Nu Yie・d（％）  R 123 

2）亡竃：慧rOコ3）  

RI R2  
3  

124a  
124b  

H H  

H Me  

Me Me  
1  MoOH NaOM8   MQOH reflux  2  －OMe  a  90  

2   EtOH NaOEt  EtO＝  reflux  2  －OEt  b  95  

3  MQSH NaSMe M白OH－H20 re仙x  2  －SMe  C  94  

4 HOCH2C＝20H Na HOCH2CH20I160 19  －OCHヱCH20H d 50   

5 日O（CH2）80日 NaH  DMF   70  5 －OCH2CH之CH20He 76  

6HOCH27HCH20HNa HOCH27日CH2¶⊃H 70 5 ‾OCH27HCH20Hf 30  
0H  OH  OH  

7 HO（CH2）2NMe2Na  THF  70  2  －0（CH2）2NMe2 g 36  

8  H卜台 NaH  DMF  止  3  －ト合 h 99  

MeOHA¢村  

7）  
′ NMe2  

O        ・・㌻′一   

Me  

125  

1）BF3・MeOH，reflux；2）85％HCOOH；3）NaOH，MeOHfor124a；4）LiJuH4，Et20，THFfor  
lヱ袖；5）5％H2SO4，HヱOfoT124c；6）5％HユSO4，MeOH；7）BBr3，CHポ1z－tOlue眼  

Scheme14  

■1q諭  DMF  rt  24  暮  95  
＼
、
ノ
0
 
 

48  一  

6  

一N／もN  

‾二‥  
こ  

≡ ‾・‡、・、  
131a  

10  HN／ゝN  
＼＝J  

DMF  r【  NaH  

1∴NaH  

12H呂NaH  

13 日O NaH  

DMF  「t  

言
 
 

H  駄二丈；ニこ 駄謹；：三  ・′H   

1 30  DMF  「t  

m  71  

24  

128  129  130  DMF  r【   

1）MeO‡もStandi喝atr【；2）M¢2NH，MeOH；3）NaOMe，MeOH；4）PhOH，KOトBu；  
5）NaSMe，M¢OH．  
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TablelO  

Nuc（eophiles（NuH）  

Tablell  

Nuc［eophiles（NuH）  如HO  
CHO  

Br £ポ：u  
134  

H   

OMe17b  131   日   

C 
E。．”N。H Bas。S。．V。。．T。   Resu・ts  

Reaction ResuJts  

Ent”NuH Base So－vent T’●Te  Nu Yie・d（％）  
（■c）（h）  Nu  Yield（％）  

1HNO NaH  DMF 托 6  
0  2e；  

＋131a  64  

KH  THF  「t  
P 14  

2 亀NaH  

3M◎もKH  

4 ＝。H2（叫4NF  

5＝。M。2 （叫4NF  

DMF  「t O．5  

－CH（COOM卓）2  78  
＋   

RQCOV引γ  5   

－CH2COM白  51  

Compd・B  47  

2 CH2（C00Me）2 KOtBu DMF  70  2・5  

THF  「t   3  r  56  
3  MeCOMe  KH   丁目F  「【  3   

4 日OCH2CH＝CMe2 Na＝  DMF rt 14  
－CH2CH＝CH2＄  23  
十  6（  

3‡  

丁目F  「t  

Compd．Å  t  

宣ポ：u  

136  
H  

－CH2CH＝CMQ2  
＋  

－C（Me）2CHごCH2  
＋   

Compd．B  
＋   

Recov倒Y   

Compd．C  

k
 
u
 
V
 
 

W
 
 

7
 
1
2
 
1
4
 
3
8
 
射
 
4
8
 
 

丁目F   「【  Nucleoplhites（NuH）  

Reaction Results  
Entq NuH Base So．vent■「●Te  

Nu  Yie・d（％）  
OH 6 占H2CH＝CM。2 NaH   

7  MQCOM◎   KH   

8 COMQ  c＝2COOM◎ NaO鵬  

DMF r【  24  

丁目F  「t   2  

MoOH  75   2  

ーCH2COMQ  x  

1CH2（COOM8）2 KOtBu DMF  止▲ 2  －CH（COOMe）2 a 96   

2  MeOH  NaOM◎ MeOH rt  2  －OM8  b 87  

－CH2COOMe y  38  

9  M8COM8 8％NaOH h帖OH rt  6  132 96  

Compd◆ミr壷   
■・ノ一  
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aresumrna（izedinTablell．  Evenunderbasicconditions・bothl－hydroxyandl－methoxygroupscanfunctionasa7eav－nggrOuP・Atypicaf   

exampleisl－hydroxyindoleitself（15a）・WhenitwasaltQWedtQStandinMeOHinthepresenceofexcess2，3－   

dihydroindole（218）・formationof5－（2，3－dihydroindoITl－yl）indoJe（126．8％）wasobservedacconlPaniedbymany   

unidentifiedproducts（Scheme14）．1c  

lndole－2－and－3－Carba（dehydesw州notreactwithnuc（eophiJesevenunderforcedreactioncondition＄．］ncontrast．   

introductionofl－methoxygroupchangesnaturesofjndole－2－and－3－Carbaldehydestobesusceptib．eto   

nucteophilicsubslitution・10dThus・1－methDXyindo一色－2，Carba－dehyde（90d）reactedwithnuc．eophi．essucha＄di－   

methy［amine・NaOMe・POtaSSiumphenoxide，andsodiumthiomethoxide（NaSMe）toproducethecorrespondjng   

3－SubstitutedindoIes（127，9O％；128，85％；129．51％；130，73％）．Thercsultsarei”ustratedinScheme14．   

Similarreactionofl－nlethoxyindole－3－Carbaldehyde（17b）withNaOMeorNaOEt prcduced2－methoxy－（131a，   

90％）or2－ethoxyindoJe－3－Carbardehyde（131b，95％），reSPeCtively（Table9．Entriesland2）．10dIBrassicana（A   

（131c）and17barephy10alexinsisolatedfrompJantfamiIyCrudfeIae．15qconsideringourhypothesesand   

COeXistenceof131cwith17binthesameplant，biosyntheticpathwayof131cfrom17bcou［dbeassunled，1c   

ActualIy・theiransforrTlationof17bto131c（94％）proceededsuccessfu川ybythereactionwilhNaSMe（Entry3）．   

Substitutionreactionsof17bwithotheroxygenandnitro9enCOntainingnucteophiteswerealsosuccessfuland   

typicaJresuLtsare－isted山Tab■es9and－0・10dreNuc（eophiJes，SuChaspyrroIe．indole，imidazore，and（8a司－   

OCtahydropyrrolo［1，2一句PyraZine－l，4－dione，afforded131h－kinexcel［enttogoodyieIds（Entries8－11）．The   

reactionrateofbenzimidazdewass．owandevenaher5days・Sta相ngmaterialwasrecovered・aSarTlalOrPrOduct   

（62％）togethe‖涌h1311（30％．En叫12）．  

Thereactionof17bwithcarbonnuc7eophitesinchJdinga”y）silanesandactivernethy．enecompoundsareaIso   

SUmnlarizedinTab■e10・10dwhensodiuma（ryIa－koxidewasernproyed，2－a岬OXyindo（ewasisoJatedasan  

intermediate，Whjchreadilyunderwentthermal［3．3】signlatrOPicrearrangementtoproduce2－OXindole（131w，   

Entry6）・Thisfindingisappliedtothesynthesisof桓トdebrQmOflustramineBinSection7－3．  

j／・Interes血gly．inthereactionof17bwithacetone．productsa｛egOVernedbythebaseused．Thus，WhenKHwas   

used（Entry7）・131x（48％）wasproducedasasoFeproduct，WhiJe4－（1－hethoxyi＝doト3－y．）－3：buten－2－One（132，   

96％）wasobtainedjfB％NaOHwasempJoyed（Enlry9）．Furthermore，thereactionof17bwithmethyl   

acetoacetateandNaOMeahrded131y（3B％）withoutfomationof131x（Entry8）．Theseresu（tsareappJjedfor   

thesynthesisof（±トPaniculidineBas川ustratedinSection5－4．   

1nthecasesof6－bromo－（133）and4－iodo・1－methoxyindole－3－Carbardehyde（135），SimilarnucIeophjricsubstitution   

reactionstookp，acetogive2－Substituted6－bromo一（134）and4－iodoindole－3－Carbaldehydes（136）．Theresults  

4－10．AcidCatal咋8dDjmerization  

AsnotedinSection4－9，Wedisc暮OSedthatl－hydroxy．ryptophan（15t｝andl－hydroxytryptaminederivatives（15u）  

producedthecorresponding5－hydroxycompound紺14・1231and122｝inthereactionwith85％HCOOH・  

Accordngtothesefacts．weexpectedmethy．5－hydroxyindo．e－3－aCetateO37c）asam卸rproductin 

。fmethy11－hydro榔ndole－3－aCetate（15e）with85％ト1COOH（Scheme15）・Surprisin91y，137cwasno10bserved  

atalいnsteadanoveltypeofdilT．erizationoccurredforminghexacyc．icdhT．er（138c，20％）・1－hydroxydimer（139c・  

8％），andmethyLindoJe－3TaCetateP6b・・14％）・27whi，eamixtureofTFAandacetonitr”e（1：1・V／V）ledlSctoaHord  

anotherdjrnerO40c．3％）togetherwith138c（27％）L139c（5％）tand46b（14％）lWhenTFAaIonewasusedat  

roomlemperature，forrnationof138cwasnctObservedland139c（48％）and14Oc（17％）wereproduced・  

Scheme15  

卿R→  
OH  

15  
140  

F査gu帽6  

0RTEPDrawlngOf138c  

e  

CH2NHTs  
＼   

CH2CH2NHCOOMe  
CH2CH2NHAc  
CH2CH2COOMe  
CH2CH2CH2COOMe  
CH2CH2CH2CH20COMe  

C  

e  

g  

l  

靂  
P  

q  

r  

HO騙すR  

137   

141 kabutane 
alトC由・dibenzo【仇成tetracyclo－  

t7．2．1．04・11▲0射0】dodecane  

Methy11－hydroxyindole－3－PrOPionate（15p）alsoafforded138p（39％）and139p（11％）bythereactionwith85％   
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HCOOH．Undersimilarreactionconditions．methy11－hydroxyindore－3－butylate（15q）gave138q（47％）and139q   

（28％）．whilel－hydroxy－3T（4－aCetOXybutyI）hdole（15r）produced13Br（36％）and139r（41％）・Bycontrast．3－  

aminomethyト1－hydroxyindolederivatives（15eandg）gavenoisoIableproductsformingtar＄inthereactionwith   

85％HCOOH．   

Thestructureof138awasdeterminedbyX－RaystngEecrysta［lographicanalysis．TheresuItsshowninFigure6  

c［earlyshowthat138ahasq2SymmetryandcharacteristicKabuto（Japaneseancientsoldiershelmet）1ike  

structureinshape．So，WegaVekabutaneastheshortnamefortheparentskeIeton，alトcis＞dibenzoP，g］－  

tetracycIor7．2．1．04・11．06・1qdodecane（141）．27AsaresuLt，1Lhydroxyindolecompoundswerefoundtobe  

sensjtivetoacidsandundergofourtypesofcompetirtgreactions；dehydroxylation，nuCleophilicsubstitution，  

dirnerizalion，andformationof8，17－disubstitutedl．10・diaza－9，20－dioxakabutanes（138）．  

Whydoonlytryptaminederivativesundergonuc）eophilicsubstitutionreactionseffectiveIyundernlildacidic  

conditions？Thesephenomenaareoneofthernostirnportantfactsi＝aCCOrdwithour“1－Hydroxyindole  

＝ypotheses．．・Althoughwecannotcxp［a．inthereasonatpresent・WehaveconcIudedthattheC－C－Nstructure  

inthesidechaina＝he3rpositionisessentialforrealizl＝greg10Selectivenucreophilicsubstilutionreactionatthe5－   

POSition．  

Scheme 16 

＿－一一∴  R唖  
－」LすOHC㈲  

OMe  
RI R2   

㌢／－45  
H   

COOMe   

COOMe  

142   0Me   H H  

1）CICOOMe；2）Ⅰ2，NaIO4；3）8ウらNaOH；4）i・Na2WO4・2H20，30％H202；  
ii．CH2N2；5）i．Tl－BuLi；ii－DMF；6）DDQ・  

S¢heme17  

∑H十駄『  
OMe  

147b  

N′0 

）  ＝  

／  
町NH2  
a：R＝OMe  

148b：R＝H  

OMe  

147a  

抑〈慧 e町〈冒：2 1   
－ OMe   0Me  

151150  

ご、．／三  
OMe  

149  146  5・SynthesesofNaturalProductsHavln91・Nethoxylnd01eStructure  

A朕a10idsandg－ucosjnolateshavingl－methoxyindolenuc（eushavebeenisoIatedfrorr．microorganismsandplants  

asphytoa●exins．a－teratingsubstancesofchemica”yinducedcarcinogenesis・andsoorト15■tistherefore  

necessarytoestabLishsynlheticmethodsforsupplylngtheminmuchquantitiessoastopursuethoroughand   

SyStemalicbioJoglCa‡evaIuations・  

1）NH20H・Hq～．．Pyridine；2）NaB11，l（3moL），MsCl（3mol），rt；3）HCOOH・rt；  
叫i．CS2，Et3N；ii・MeI・  

Sc11eme18  

∈町へNMe2駄JC二⊥・∈印／＼聖雛sMe                H H H  
ガ′148b  154   

↓6）   
巨）  

153  

5－1．9－Methoxycarbazole－3－Carbaldehyde  

Furukawaandco－WOrkersisolated9－methoxycarbazoLe－3－Carbaldehyde（142）fromMurrayaeuchrestifbIiain  

1988．15nstartingfrom4a，9a－Cj5・1，2．3，4，4a，9a－hexahydrocarbazoI色（洞3a）．itssynthesiswascarriedoutas  

showninScheme16．蔓8aFirst，143awasconvertedto9・nlethoxycarbonylcompound143b（89％）andthento6－   

iodocompound（143c．61％）withiodineandsodh」rT］Periodale．A）kaLinehydro（ysisof143cledto6－iodo  

compound（143d）（85％）．App‡icatfonofthetun9Statemethodto143d．followedbymethylationwithCH2N2，  

gavel，2，3，4－telrahydro－6－iodo－9－methoxycarbazole（144．37％）・Lithiationof144withn－BuLiandquenching  

withDMFafforded145（50％）．Dehydro9enationof145wasachievedwith2，3－dichJoro－5，6－dicyanc－1，4－benzo－  

γ－－   

∈母音研一町N“R耶  
17： 2一＝ 蘭  

。 

1）LiAIH4；2）MeI，aq．NH3；3）i・C！；2，Et3N；ii・MeI；4）NaBH3CN，AcOH；  
5）i．NaWO4・2H20，30％H202；ii・CH2N2；6）Ac20br156a；CF3COOEtfor156b；  
7）NaBH，CⅣ，AcOHfor21e；Et3S札CF3COOHfor21f；8）aq・NaOH，MeOH・  

SMe  
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Scheme19  q山noneinbenzenetogive142（29％ト   

5，2・Methoxybrass価∩   

5－2－1．TheFirstSynthesis   

ln1988．Takasugiandco－WOrkersisolatedmethoxybrassinin（146）fro「【ChinesecabbageB伯SSjca慮mPeStTisL  

ssp・Pekjnensis150andestab■ishedthestructure（Scheme17）・．tSSynthesisrequired3－aminomethyト1－  

methoxy油dole（148a）asakeyintermediate．So，thereadilyavailabIel－methoxyindole－3－Carba（dehyde（17b）was  

convertedtooxirnes（147aand147b．1：1．6．98％1withhydroxylamine．28asubsequentreduclionoftheoximes  

Were，however，trOublesomestepduetotheinstabi］ityoftheN－OMebond・ReductionwithLiAIH4，Zn（HgトHCl，   

OrNiC12－NaBH4COrnPretelyeliminatedl－methoxygroupculminatingintheformationof3－anlinomethyIind8le   

（148b）・A］thoughreduclionwithB2日6・THF．NaBトbCN－AcOH，OrZrCI4－NaBH4afforded3－hydroxyaminornethyI－   

1－methoxyindole（149），forrna紬nof148awasnotobserved．Fina”y．wedeveIopedanovelandmildreducing   

methodforconvertingoximestoaminesusingNaBH4andmesyrchJorideind（yTHF・EnlPIoyJngthemethod，the  

OXirnes（amixtureof147aand147b）wereconvertedto148a（21％）accornpaniedbyitsboranecomplex（1SO，   

12％）and3－meSylarninomethyl－1－methoxyindo（e（151，16％）．Boranecomplex（150）wa＄COnVertedto148a   

（quantitative）bythereactionwfthformicacid．Subsequenttreatmentof148awithcarbondisuEfide，fo＝owedbythe   

reactionwithMeI，aChievedthefirsttotalsynlhesisofmethoxybrassinin（146，64％）．  

OMe  

158  

OMe  
132  163a：R＝OMe  164a：R＝OMe  

二∴  
ム  

OMe   
58  

16ヱ OMe  

lO）亡芸三笠…ニ 。  

OMe  R  

a：R＝OMe  

b：R＝H  

161  160   

1）1－dimetbylamino－2－nitIOethylene，C下3COO‡1；勾NaBH4，S揖cagel；3）（Me2N）3P，Et3N；  
4）POC13，DMF；5）acetone，2N－NaOH；6）［2，mOrPholine；7）3－buten－2－01，Pd（OAc）2（Cat・），  
phasetransfercatalyst；8）10％Pd／C，CHCl：t，rt；9）TosMIC；10）DrBAL；11）NaBH4，MeOH；  
12）NaOH，H20；13）eH卵2；14）LiA丑Ⅰ4■  

Sclleme 20  5－2－2．1mprovedSynthesiso†M◎thoxybrassinin   

Reductionofindo［e－3－Carbonitrile（15劉WithLiAJH4WaSaCOnVentionalsyntheljcnlethodforunstable3－  

arnjnomethy伽dore（148b）（69％）AWedevelopedanoverandsinlPleronepotsyntheticmethodfor14Bb（60％）   

fromgramine（153）byconvertingitto（indoト3－ylmethyI）trimethylammoniumiodide，fo［10Wedbytreatmenい両th  

aqueou＄amrnOnia・28cBasedonthemethod，improvedsynthesisof146wasattaneda＄i（rustratedinScheme  

18．28b，C  

Thereactionof148bwithcarbondisuIfide．foJIowedbythet（eatment‘withMef，affordedbrass仙n（1S4．89％）．  

Unfortunately，2．3儀dihydrobrassinin（155），PreParedbythereductionof154withNaBH3CNjnAcOH．didnot  

affordl－hydroxybrassinin bythetungstatemethod．Therefore，3－aminomethytindote（148b）wasconve†tedto  

acety（（156a，88％）ortri仙oroacelylderjvative（1S6b，91％）．ReductionoflS6awithNaBH3CNinAcOHまnd156b  

WilhEt3SiHinTFAafforded2．3・dihydroindoIes（21e（93％）and21f（82％）），reSPeCtively．Subsequentoxidation  

Of21eand21fwfththetungstatemethod，fD＝owedbymethylationwithCH2N2，PrOduced17e（59％）and17f  

‾叫一 』討Me2①諾Me2  

NMe2  

町吏材  郎、N  
H  

苧／2－m  篭
 
 

OMe  

169   166  「帽7  

Me2  

Br扇Me2 ㌶た㌔恕  
OMe  OH  OH  

J ／15m  168  6） 17m  165  

1）i，（COCl）2，Me2NH；ii，L仏1H4；2）El＝3SiH，CF3COOH；3）Na2WO4・2H20，30％H202，  
MeOH，H20；4）CH2N2；5）onepotoperationoftheprocedures3and4；6）47％HBr・  
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Lespcdamine（17m）isana－ka■oidiso［atedfromLespedezabicoIorvar・japonicaNaka‖n1965byMorimotoand  

co－WOrkers（Scheme20）・15b■n1980，5－bromo一瑚ルdimethyttryptamine（165）wasisolatedfrommarinesponge  

smenospongiaaureabyFaulknerandco－WOrkers129Thealka［oid（165）isasuitabLetargetfortestingthe  

predictednucLeophi．icsubstitutionofl－hydroxy－N・N－dimethyItryptamine（15m）・So・PWdimethyltryptamine  

（167），PreParedfronlindole（166）intwostepsIWaSrCducedto2・3－dihydro－N・N－dimethyJtryptamine（21n，  

92％），Subsequentoxidationbythetungstatemethoc■9enerated15m（36％）asstab［ecrystalsacconlPaniedbyl－  

hydroxy－rWdim坤yLtryptamine仙Xide（168：30％）・Then・aSeXPeCted・1Smunderwentnucleop州CSubstト  

tutionofトhydroxygroupforbromidewTth47％aquむOuSHBratroomtemPeratuTePrOducing165（25％）regio－  

selectively．Methy－ationoflSnand168withC＝2N2PrOduced－espedaminelOf，30（17m・53％）andl－methoxy一  

付根仙ethyl呵Ptamine仙）Xide（用9．78％），reSPeCti＼鳳y・  

（77％），reSPeCtively・Nkalinehydrolysisofbothcompoundsproduced3－aminomethyトl－methoxy拍dole（148a，  

34％from17e，98％from17f），Whichwasconvertedto146bythesame procedureasdescribedinSection5－2－1．  

5－3．1－Methoxyindo始－3－aCetOnit「ile   

l－Methoxyindde－3－aCetOnitrile（157）isanatu（a‡auxinisolatedfromchinesecabbagein1970byNomotoandco－  

workers・15eItssynthesiswasachievedasi”ustratedin＄cheme199dstartjngfromth8reaCtionofト  

methoxyindo（e（17a）withl－dimQthyramino－2－njtroethyleneproducin91－methoxy－3－（2Tnitroviny［）indo暮e（158，  

72％）・FurtherreductionwithNaBH4affordedトmethoxy－3－（2－nitroethy（）indoJe（1S9，72％），Whichwasthen  

COnVerted to157（53％）bythereactionwithhexamethylphosphorustriamide．  

5－4．（士）一PaniculidineBandA  

Kinoshitaandco－WOrkers15misolatedpanicutidineBfromMuIrayaPanj6uJbta（Linn，）Jackanddeterminedits  

StruCturetObe2・melhy］－4－（1－methoxyindoト3Tyl）－l－butanof（160，Scheme19）．rtssynthesisstartedfrom4－（1－  

methoxyndoZ－3－yl）－3－buten－2－One（132，96％）．9eobtainedfrom17basdescr弛edinSection4－9－3．  

SerectivehydrogenationoftheconJugaleddoublebondin132wasthechalleng．ngprob■eminthepresenceof  

theintrincunstab（eN－OMebond・Variousreductionrnethodsw托hsuchreagentsaspyridineTNaBH4，Cul／LiAIH4J  

PdCb／NaBH4・andZn（Hg）／HCIwereunsuccessfuI，WhiIecatalytichydrogenatjonoverlO％Pd／CinCHC13（Other  

SOIventsareinvaJid）wasfina”ydi＄COVeredtogivethedesired4－（1－methoxyindol－3－yl）－2－butanone（161a，36％）  

tOgetherwithdemelhoxycompound（161b，16％）・AsanaItcrnativeroute，161awasproducedin36％yieldby  

theimprovedHeckreactionof3Tiodo－1－methoxyindore（58）with3・buten－2－Olinthepresenceoftetraィトbutyト  

ammoniumbromide・BythereactionwilhTosMIC，161awasthenconvertedto4－（1－methoxyindoト3－yl）－2－methyl－  

butanenitriZe（162a，84％）・ltsreductionwithDIBALproduced4一（1－methoxyindol－3－yl）－2－methylbutyraldehyde  

（162b，88％）．whichwa＄伽atIytransformedwithNaBH4tO（ヰPanicuIidineB（160．98％）．  

1LMethoxy9rOUPOf162awasinterestingIysosensitivetobasethatevenmi．dalkalinehydrolys．smain－yproduced  

demethoxycompound（163b）（49％）andtheyieldo＝hedesiredcai＆xylicacid（163a）wasonIy22％．Both  

Carboxylicacids（163aand163b）weremethyIatedquantitative（ywithCH2N2tOyieldmethyI4－（1－methoxyindol－3－  

yIト2－melhylbutylale（164a）an抽）－PaniculidineA（16叫，reSPeCtiveIy・Reductionof164awithLiA［H4afforded  

巨トPaniculjdineβ（94％）a＄analternativeroute．  

6．Synthes悶Of－・MethoxyDeriva引VeSOf帥10帥a】けÅct両】ndotes  

webeEieve．thatpreparationsofl－hydroxyand／Orl－methoxy（Or－Talkoxy－elc・）derivativesofthusfarknownbio一  

一OglCa1．yactiveindolesandindo．ea．kaloidsguideust．）neW－eadcompounds・lfBasedonthebelief・thefoLIowlng  

syntheticstudieshavebeencarriedout・  

6－l．ErgotAlka10id，＠）－6．7－Secoagroclavine，and（土）・1－Methoxy－6・7－SeCOagrOClavine  

synthesesofl－methoxyderiVa紬SOfbio10g●Ca－1y．mPOnantergOta．ka■oidswereatternPtedasi‖ustratedin  

scherne21．9fRegiose－ectivetha●．ationatthe4－POSitionof17bwiththa＝urntristrifLuoroacetateandsubsequent  

tr8atmentWithaqueousPOtaSSiurniodideprovided腑do－1－nlethoxyindoleT3－Carbaldehyde（171・91％overall  

yi叫through17O・lntrcductionof5－CarbonunitntoILhe4・POSitionwasattainedbyHeckreaction・uSing2－methyト  

3＿buten－2－0［asanolefincomponentaffording4－（3，hydroxy・3－methyト1－butenyl）－1，methoxyindole－3－  

carbaldehyde（172，93％）・ItsaldoIcondensationwitrLnitromethanegavem（97％）andsubsequenlreduction  

withNaBH4aHorded174（79％）・lntramoIecu■arcyclizationof174withNaB＝4一日CLproducedthermodynamicaJly  

slab（e4．5，tranS－1－methoxy－5・（2・methy＝－PrOPenyI）ヰnjtro－1・314・5－tetrahydrobenz【cd］indole（175・64％）asa  

soleproduct．UnderthesamereactionsequenceSr”5（64％）wasprePareddirectlyfrom173・Reductionof175  

withzinc（H9）inreftuxingmethano．ic＝C．producedl－methoxy・6－nOr－6・7－SeCOagrOClavine（176a186％）and6－nOr－  

6，7－SeCOagrOClavine（176b．14％）・Duetotheunstaヒ■IeN－OMebond・theyieldo‖76aincreasedinpropo州onto  

theshorterreactiontime．A鮎rconversiono＝76atol－methoxy－6－nlethoxycarbonyト6－nOr・617－＄eCOagrOClavine  

（177．93％）bythereactionwithmethy刷OrOformate・itsreductionwithLiAIH4PrOducedthedesired（±）－ト   5－5・Lespedamineand5－Bromo・NINLdimethyltryptamine  
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methoxy－6・7－SeCOagrOClavine（17Ba・77％）and（叶6・7－SeCOagrOC■avine31（178b，20％）．  

Scheme 21 

＄Gheme22  

∈掛目之且  

180a  

∈顧・エ  

50a  

OH  

ニー妄‘さニ   軸HO  179a：R＝OMe  
b：R＝H  

181  

1）Ntl40H，Sealedtube；2）MeCOCl，Et3N；3）PPE，CHCl3・  17b  

Seh¢me23   

00H 離町人〉川”R  
1 185 0Me  
a：R＝H  
b：R＝CH2，C≡CH   

＼、8－  

1 180 0Me   
a：R＝H  

178a：R＝OMe  
b：R；H  

1）i・Tl（OCOCF3）3，TFA；ii・aq・RJ・；2）Pd（OAc）2，2－methyl－3－buten－2－01，DMF；3）MeNO2，NH40Ac；  
4）NaBH4；5）i・NaBH4，MeOH；ii・6％HCl；6）Zn（鴨），HCl；7）Et3N，CICOOMe；8）L仏1H4，THF．  

6－2・Pimprinineandl－Melhoxyp．mprinine   

PimprininQ（179b）isanantibioticisolatedfrornStrq］tOIWCeSPknprinain1960byBhateandco－WOrkers  

（Scheme22）・32BiologicaIactivitymightthereforebeexpectedtol，methoxypimprinine（一79a）．1tssynthesjs   

Startedf（Omthereactionof3－（2－CMoroacetyけ－1－methoxyindole即a）withaqueousammoniainasea（edtubet。  

一；：′yield3－（2－aminoacetyけ－1－methoxyindore（180a，35％｝・9dsince180awasunstabJeandpo．ymerizedonstanding，  

itreactedimrnediatelyafterpreparationwithacety－chloride10Prbduce3－（伸acetyト2・aminoacetyl）－1－meth－   

0×yindole（181r44％overal（yie）d）・Pofyphosphateeslercyc，izedlOltoトmethoxypimprinine（179a，78％）．Its   

hydrogenorysisoyerlO％Pd／Caffordedpimprinine（179b，99％）．  

白Me  OMe  OMe  

188  

OM8  

187 a：R＝H  
b：R＝CH2－C≡CH  

189   

R190   

昌≒昌≡呂這コ7）  

R OMe  

182  
ごコ7）  

二‥＿  
1川a‡ヾ3；2）L仏仕l。；3岬H40H，Sealedtube如1卯a；prOpargylamhefoT捌叫4）NaB恥  
5）styreneoxide；6）6％HCl，MeOH；7）H2，10％Pd／C；8）3，4，5－trimethoxystyreneoxide・   6－3・MarineAlkaIoid．（t）－CheloninA．and国一1－MethoxycheloninA  

CheJoninA（182a）wasisolatedfrommarinespongeChek）naP～s肋sp・aSanti－fungisubstancesanditsstructure  
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Scheme24   WaSdeterminedasshowninSchenle23byFaulknerandco－WOrkers．33Aimingat（土ト1－methoxycheJoninA  

（182b）anditsanatogs，thesynthesisofmodelcompounds．2，6－Cis－2－（1－methoxyindol－3－yl）－6－Pheny（morpholine  

（183b）anditsN－PrOPargy川erivative（183c），WaSRrstallempted34reriedonthereasonjngi”ustratedinSection  

3－1．  

3－（2－ChloroacetyL）－1－methoxyindo－69d（5叫WaS6rsttonvertedto3－（2－aZidoacety．）－1－methoxyindole（184，87％）  

bytreatmentwithNaN3・lts（educlionwithLiAJH41edto185a（48％），WhichwasaIternativc［yproducedby  

reductionof180awithNaBH4（72％）・When50areactedwithexcesspropargylamine．monomer（1BOb．53％）and  

dimer（186・32％）wereproduced・Reductionof180bwithNaBH4afforded185b（57％）．Subsequentreactionof  

185awithstyreneoxide producedlB7a（57％，1二1mixtureofdiastereoisomcrs）．SirnjIarreactionof185bwith   

StyreneOXideafForded187b（80％，1：1mixtureofdiastereoisomers）．Treatmentsof187aandlB7bwith6％HCI   

SmOOthlyunderwentcyclizationtothedesiredlB3b（74％）andlB3c（70％）asasingIeisornerinbothcases．   

Cata（ytichydrogenationoflB3boverlO％Pd／Cproduced183a（51％）．  

Basedontheaboveresults．185awaslreatedwith3，4，5－trimethoxy＄tyreneOXid635togiveregioisomers（18B  

（9％）and189（9％））・Acidcyclizationofthemproduced182b（89％）and190b（81％），reSPeCtive［y．Since188and  

lB9wereunstabIeandpotymerizedduringpurification，aCidcycrizationofthemimmediatelyaf（ertheirpreparation  

resuJtedingivingbetteryieldsof182b（16％）and190b（15％）．CatalytichydrogenationofthemoverlO％Pd／C   

PrOduced182a（59％）and190a（57％）．帽SPeCtively．  
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192a：R＝OMe  
b：R＝H  
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b：FI三CH2CH2C6H4（ケOMe）  
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194  
a：R＝CH2CH2C6日4（β－OMe）  
b：R＝Me  

195  
a：R＝CH2CH2C6H4u）－OMe）  
b：R＝Me  

1）Zn，AcOH，Ac20，Ar；2）N－Phenylmaleimide，BF3・Et20；3）10％Pd／C，Xylene・reflux；4）d桓ethyl  
acetylenedicarboxylate，10％Pd／C，0－dichlorobenzene，reflux；5）む：1uine，refluxbrlO2a；P－meth0Ⅹy－  
phenethylamineforlO2b；methylamineforlO2e；6）NaBr［4，DMF，MeOH；7）H2，10％Pd／C；8）   
CICH2COCl；9）NaCN，f潤2CHO，MeOIi；10）Ac20，AcOH，10％Pd／C，renuX；11）NaOH，H20；  
12）CH2N2；13）Mel，K2CO3・  

withlOOinhand，itsreactionwithⅣ▲Pheny－maleimideinthepresenceofBF3・Et20wasexaminedtoafford  

Mjchaeladduct（192a．68％）．whichvvaslhenconvertedto6－Phenylindo呵2・3－如yrroLo［3・4－qCarbazoIe－  

5，7（6叶dione（102a，32％）andl，1，－demelhoxyMichaeladduct（192b，14％）byhea帥ginxyIenewithlO％  

pd／C．Diels－AlderapproachtolO2awasalsosuccessfuTrThcreactionoflOOwith伸Phenylmaleimideinthe  

presenceoflO％Pd／CforrnedlO2a（6％），WhilethereactionoflOIwithdimethylacetylenedicarboxylateino－  

dich‡0（Obenzeneatrefluxgave193（36％）．Treatmentof193withan＝ineproducedlO2a（48％）togetherwith  

unreacted193（49％）．Sinl”arly．arnine＄SuChasp・methoxyphenethyIamineandmethylaI面nereactedwilh19310  

afFordlO2b（92％）andlO2c（90％）・Subsequenthydridereductiono‖02bandlO2cwithNaBH4PrOduced7－   

7・AppllcationoftheChern［＄tryOfl・HydroxyindolestotheSynthesesofBioIog－ca＝yAct（ve  

Sub5tanCe5   

Unprecedentednuc（eophilicsubstitutionreactionsandnovelrearrangementreactionsIObservedinthechemistry  

Ofl－hydroxyindoles．suppliedvarioustypesofindoleswhichweredifficulttoobtainthusfar．Sincethes   

COmPOundsareversatiIebuiJdjngblocksinindo（echenlist（y，furtherextention＄tOthe＄ynthesesofnatural  

PrOductsandotherbio10glCal）yactive＄ubstanceswerea憤emptedasfoJ10WS．  

7－1・lndolo［2，3一軸yrroJo［3．4一句Carbazole－5，7（6叫－dionesand6－Cyano－5－methoxy－12－rnethyIindoJo［2，3一  

句Carbaヱ01e   

2，2’－Bi（1－methoxyindolyl）（10q）isnowreadilyavailab（efrom2，3－dihydroEndoleanditscatalytichydrogenation  

afforded2．2’－biindolyl（101．79％）asdescribedinSection4・6－3．WehavealtemativeIysucceededindeveLopinga  

newonestepsynthesisof2，2’－biindoly（（101．46％）fromindigo（191）（Scheme24）．36  
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hydroxycompounds（194a（80％）and194b（67％））・reSPeCtive．yrFromthemlindolo（2，3一都yrroID［3，4－dcar－  

bazoJe－5（6叶OneS（195a（54％）and19Sb（58％））・Werereadi■yaccessib．ebycataJytichydrogenation．  

2，2－BiindoJyl（”1）wasaIsousefulforthenrsttota－synthesesofcytotoxicandantivira16－CyanO－5－melhoxy－（196c）  

and－12－methy＝ndo10（2・3一郎arbazoles（196d）Fisoratedfromblue・greenalgaNostocsphaericum（StrainEX－5－1）  

byMooreandco－WOrkers・37ch－oroacety，ationoflOlgave197a（87％）・Whichwasthenconvenedto197b（77％）  

bythereaclionwithNaCN・Subsequenttreatmentof－97bwjthref■uxingAc20inthepresenccoflO％Pd／C  

formed196a（35％）・AIkalinehydrolysisof196a・fo”owedbymethyIationoftheresutant196b（97％）withCH2N2，  

attainedthesynthesisof196c（90％）・Methy（atjonof196cwithMe［andK2CO3discernedthediHerenceinacidity  

Ofnitro9enSatthelland12positionstoproduce196dasma］OrPrOduct   

Scheme 25  

鞄CHO  

198：R＝H  

136a：R＝l   
17b：R三日  
135：R＝l  

201  

a：R三Me  

b：R三CH2CH2C6H4（4－OMe）  
C：R＝CH2CH2NH2  

200  

a：R＝Me  
b：R＝CH2CH2C6H4（4－OMe）  
C：R…CH2CH2NH2  

202  

a：R＝H  

b：R＝C6日4（4－Me）  

¢：R＝CH2CH2Me  

7－2・5F＋pyrido［4，3T坤ndoJes（Y－Carbo伽es）   

AIthough Y－Carbolineshaveattracted－essinterestthanlhere■ated9HLPyrido【3，4－b］jndo－es（P－Carbo［ine），   

VariousbioFogicauyactivesubstanccsareinvo■vedasthemembersofthegroup・Aimingatdevelop■ngSimpJeY－   

CarboJnesyntheticmethod・thenucIeoph批substjtutionreactionsofトmeIhoxyindo，e－3－Carba●dehydeswere   

app（iedsuccessful［y（Scheme25），38   

Thereactionof17bwithmethylmalonateusingNaOMeasabase9aVedimethyI2一（3－formylindol－2・yl）ma10nate  

（19B・53％）andmethyJ2－（3－formyfjnd抽yI）acetate（199・7％）・Tr8atmentOf198w肋NaOMeinrefluxingMeOH   

afforded199（56％）togetherwjthunreacted－98（31％）・Thereactionof4－iodo－1Tnlethoxyindo舶－CarbaJdehyde  

（135）withmelhylma10nateandNaOMegavedimethy－2－（3rfornlyト4－iodoindo．・2－yl）ma■onate（136a，88％）p（e－   

domjnantIy・WhenthesarneTeaCtionwascarriedou（inDMFwithKOLBuasabaseatroomtemperature，eXClu－   

Sivep「oductionof136a（98％）wa8realized．   

Thereactionof198withanexcessamountofmelhy）amineinrefruxingMeO＝producedmethyI2，3－dihydro－2・   

methyト3－OXO－5j＋pyrido［4・3－b］indole・4－Carboxy■alePOOa・72％）anditscarboxamide（201a．22％）・Simi．arly．4－  

′チJmethoxyphenethylamineafforded之00b（73％）and201b（17％）andethylenediaminegav。200。（75％）a。d201。  

（22％）・Thereactionof136awithamoniumacetategavemethy12如ihydro・9－jodo－3－OXO・5i＋pyridD［4，3－   

b］indole－4－CarboxyIate？02a・66％）・4－Methy．ani－ineandpropylarnineaEsoreactedwilh136atogive202b（91％）   

and202c（91％）・reSPeCtivery・Furtherreactionsof198withvariousanlinesandinterestingreactionsof199with   

alcohoJsinthepresenceofaminesaredescribedinourreporL38  

1）CH2（COOMe）2，NaOMe，br19＄and199；CH2（COOMe）2，KOt－Bu，DMFfor136a；  
りNaOMe，MeOH；3）amines，MeOH・  

Scheme 26  
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203  
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Me   

209  208  207  
206芸濃㌶3…コ5）  

1）MeNO2；2）2－methyl－3－buten－2－01，KH，＝MPA；3）heating；4）NaBH4，MeOH；5）Zn（Hg），HCl；6）  
CICOOMe，Et3N；7）LiAlH4，THF；8）n－BuLi，Prenylbromide・  

7－3．（t）－DebromofluslramineB  
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l＝sdesirabletohaveone’sownsyntheticrnethodforpyrroIoL2，3－blindolecornpounds，Whichareexpectedto   

havebiologlCalactivilies．   

Aldolreactionof17bwithnitrornethaneproducedl－methoxy－3－（2－nitrovinyI）indole（203，91％）（Scheme26）．We   

discoveredthat203underwentthesamenucleophilicsubstitutionreactionswithnucleophilesregiose［ectivelyat   

the2－POSitionasobservedwith17b．Emp10y暮ngthereactiontoallylalkoxidesasanuc（eophite．anovelsynthetic  

methodofpyrrolo［2，3－b】indo（eswaseIabo（ated．39  

Thereactionof203wilhpotassium2－methyト3－buten－2・OXide如HMPAafforded3－（3，3－dimethylaI［yI）－3一（2－   

nitrovinyl）－2－OXindole（205，39％）throu9h［3．3】sigmatropicrearrangemento＝heintermediate仔04），After   

reductionoftheconju9ateddoublebondof205withNaBH4giving206a（92％），jtsnitrogroupwasreducedto   

anline（206b，83％）withamaJgarnatedzinc．Methoxycarbonylationof206bto207（77％）and subsequent   

reductionwithLiAIH41edtopyrroJo【2，3－坤ndole（20B，61％）・FinaIly，thetreatmentof208withBuuand then  

withprenytbromideachievedthetotalsynthesisof（土）－debromoflustramineB40（209，54％），39  

S¢heme27  

∈材C●   
50a：R三OMe  
210a：R＝H  
210b：R＝M厄  
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a：R＝OMe  211a：R三OMe  
b：R＝H  

C：R＝Me  

213   b：R＝H  
C：R＝Me  

l）thiourea，MeOH，Teflux；2）pyridine，Ac20，rt・  

7－4．Mu［ti－LinkedHeterocycles  

lnordertodeveJopbio10g（Cal［yactivenewleads，Wehavedesignedanoveltypeofcompoundswhichare  

COnSistedofpluralheterocyclesconnecledeachotherthroughsinglebond．Wecanclassifythesecompoundsas  

mu－tト．inkedheterocycres・41Asimp（erncthodtoapproachthemwasdevelopedbasedonthechemi＄tryOfl－  

hydroxyjndotes（Scheme27）．  

3－Ch10rOaCety（－l－rnethoxyindole（50a）wasconvertedto4－（1－rnethoxyindoト3－y［）－2－amjnothiazole筐11a，6B％）by  

reactionwiththiourea．Simi（arly，之11b（95％）aJld211c（94％）werepreparedfrorT1210aand210b，reSPeCtiveIy．  

Wehavedisclosedthattheir5－POSitionsof2－aminothiazoIeparthaveacharacte｛isticnucleophiliccharacter・41  

When211awastreatedwithamixtureofpyridineandAc20atroonltemPeralure・tris－1inkedheterocycle・2－  

acety［amino－5－（1－aCetyト1，4・dihydropyridin・4・yl）・4・（1－methoxyindoJ－3－yI）thiazo（e（212a，36％），WaS PrOduced  

，1’1 togelherwith213a（55％）．UndersimiJarreactionconditions，4－（indoト3－yl）－（211b）and4－（l－nlethy［indoL－3－ylト2－  

aminothiazoles筐11c）afforded212b（65％）and212c（42％）inadモmionto213b（34％）and213c（46％）．  

respectively．Thestructuresoftris－（inkedheterocycIesweredetermjnedbypursuingX－Raysing）ecrysta‖ographic  

anaEysisof212c．TheresultsareshowninFigurc7．  

TheaboveresuItsareremarkablefindingsbecauseacelyIpyridiniunlaCetate（214）．insituforrnationuponmixjng   

pyridineandAc20，hasnotbeenreportedtoreactatthepyridinepartwithnucreophilesexceptonecase・42This   

isthereasonwhyamixtureofpyridineandAc20isusedasanacetylatjngreagent・FurtherappEicationof2一  

Scheme 28 

O  

O  

3） Me  Me  

215  
217a瀧COOMeコ2）   b：R＝H  

6   R     O b I O    H  
町芸2  

一 Tl㌻  
219  

Me l  
N、  

Me l  
N、  

耽す′‥t揮  
戻す／’’七項1  

OH  

218  220  

1）5％H2SO．，MeOH；2）aq．NaOfI；3）（′卜Bu）3P，153，MeCN，renuX；4）NaBH3CN，AcOH，TFA；  
5）Na2WO4・2HzO，30ウ柑202，MeOH，Hヱ0；6）即3朋eOH，MeOH，－e伽Ⅹ・   
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Scheme 29 aminothiazoles＠11z）－C）tothesynthesesofvariousmulti－1i雨edheterocyclesaredescribedinourreport．41  

7－5・仲（lndo（－3－yl）nlethyト伸methyト5・methoxytryptamine  

ln1995・Wenigerandco－WOrkers43isoJatedanddeterminedN（indol－3－yl）methyトN－methyト5－methoxytrypL  

tamine（21軋asamernberoftryptaminearkaroidfamily・fromtherootsofAntkheaJucida（Swl）＝00k（Rubiaceae），  

Totalsynthesisof215wasattainedbythefol［owingtworoutesapplyingl－hyd｛OXyindolechemistry（Scheme28），  

Reductionof216awithE13SiH－TFA，fo”owedbyoxidationbythetungstatemethod，afforded216b（73％ovcralF  

yield）・Treatmenlof216bwith5％methanoljcH2SO4andsubsequenlhydrolysisoftheresultant217a（39％）with  

40％NaOHproduced217b（93％）・Applicationofourtri－n－butylphosphine44（n－Bu）3Pcatalyzedfunctionaliza－  

tionrnethodofgramine（153）10217bachievedthefirsttotalsynthesisof215（78％）．  

Theabove（n－Bu）3Pcatary之edmethodwasaEsoemployedto216cgivjng21B（67％）．1tisinterestingtonotethat  

SeteCtivereductionoftryptanlinepartof之18wasreaJizedwithNaBH3CNinAcOH－TFA（3：1．vル）resuJtinginthe  

formationof之19（71％）・Subsequentoxidationof219bythetungstatemethodgave220（51％）．whichwasthen  

transformedto215（15％）bytreatrnentwithBF3▲MeOHinre仙xingMeOH．  

CH2CH（COOMe）NHAc  

CH2CH2NHAc  

CH2CH2NHCOOMe  

CH2CH（COOMe）NHAc  

CH2CH2NHAc  

CH2CH2NHCOOMe  

。 

12）／  

CH2CH（COOMe）NHAc  

CH2CH2NHAc  

8・FormatlonofTryptcphan・4，5・dioneandIts React10nS   

AsdescribedinSection4・9，5－hydroxytryptophanderivatives（（±ト114，123b，and221）wereproducedfromthe  

COrreSPOndingl－hydroxytryptophans（15t．（．andbbyacidicnucleophilicsubstitutionreactions（ScherTle29）．  

Genera［fylthese5－hydroxycompoundswereunstabJeonexposuretoairandsosensitivetooxidizingreagents  

thatcencammoniumnitrate，FeCb，K3Fe（CN）6，andFentonreagentdidnolaffordanyisoIabJeproductsexcept  

forlars・（odosyIbenzenewas，however，foundtobesuitablereagentforobtaining陸）－Nb－aCety［tryplophan－4，5－  

dioneme（hyJester筐22z）．39％）from（ヰ114andNb－aCetyltryptamine・4，5－dione（222b，38％）from221．451nthe  

OXidationof221，Frernyssalt（4moFeq・）isthereagentofchoiceforproducing222b（99％）．whereastheoxidatjon  

Of（±）－114withFremy’ssa（tgaveonJytarsundervariousexaminedreactionconditions．  

lndoJe－4・5－diones（k）－222a）and筐22b）wereexceJ［entdienophires．45TheyproducedDiels－Alderadducts，  

Whichwerehighlysensitivetoairandoxidjzedduringwork－uPtO6，7－disubstitutedindo［e・4．5－dionederivatjves．  

Theseresuflssharp（ycontrastedtothechemica（behaviorreportedbyCaiandco－WOrkers46uslng222c．For  

example・222breactedwilhcycfopentadienetoproduce223b（81％）．wh‖e匪）・222aafforded国－223a（2：1  

mixtureofdiastereomers）in35％overalfyieldfrom巨）－114．rnthereactionwith2．3－dimethy（butadiene，222b  

aWorded22軸（quantitative）・Whereas（土）－222aa恥rded（±）－224a（33％0Vera”yieldfrom巨）－114）TlnterestingEy，  
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Tab［e12．Effectsofl－HydroxyindolesonArachidonicAcid  
lnducedPlateletAggregationinRabbitPRP  

ma10nate，ethylcyanoacetate，andrnelhylacetoacetate，inthepresenceofKOt－Butoafford229b（83％l，229c   

（88％），and229d（71％），reSPeCtively・  
lnhibitionPercentofControIP［ateletAggregation  

lO－8  甘7  10●6 10－5  用●4（M）  
En叫  Compound  

1町ご¢  
2 町ごご2  

3。2N町NHCOCF3        0日 15ヱ  

9．馴OlogIGalEvaluat】on o管1・Hydroxylndoles  

Withvariousl－hydroxyindo－esinhandI2・10bio－ogicaLeva（Uationsofsixsarnp－escomposedofstablel－  

hydroxytryplaminesandre■atedderivativeswereexamined・AscanbeseenfromTab－e12，11al）ofthetested  

compoundsshow’inhibitiononarachjdonicacidinducedplateletagg｛egaticninrabbitPRP・Amongthem・the  

POtenCiesof15L15m．15z，and36areequivalenttolhatofth8referencerTIedicine，Cilostazol．whilel引and15q   

exhibjtmorepotenteffects・Soweassure，atleast，aPartOfourhypothe＄eShitthetarget・   

BiologlCalevaluationsofcompoundsdescribedinthepresentreviewareinprogress－  

2．2  92．●1 93．5  

11．3  95．1 95．8  

2．3  94．0  94．7  

抑。。。Me  
OH 36 

抑～ニご00Me  
OH  

駄才てCOOMe   OH 15q   

吋＝吋 ．JNて〕  

51．4  94．9  94．2  

10．ConcLuslons and Future Plan   

WehaveglVenbirthtol－hydroxyindoresandl－hydroxytryptophanderivalivesbycreatinganeconomcaland  

generalsyntheticmethodanddiscoveredthemasleadcompoundsforpotenthhibitorofb100dp［atetet  

aggregation・Chemically，Wehaveshownthepossibilitythatトhydroxyindolesmightbetrahsformedto5－  

hydroxyindoles（SerOtOnin，melatonin．etc・）inthecentralnervoussystemorintheacidicparticlesinthece”■They  

areknowntop7aylnlPOrtantrOlesinourbody・47－fthose5－hydroxyindoleshappenedtobeoxidizedinvivowith  

reactiveoxygenspecies（OXy師nT－hydrogenperoxide．superoxide，etC・）toindole－4．5－diones－etCリtheyshould  

reactasbothelectroph”esanddienophi（eswithnearp｛Oteins，alkadienoicacidsl［eucotrien鱒Irandsoon，  

resuItinginthema］functionofnervesandneuro・degenerativediseases・48A●ongthesehypotheses雷Iweare  

Planningtoexaminethereactionsof（S）－222aand222bwithproteinsandnucleicacids・  

Theotherirnportantandurgentsubjectistodeterminewhelherl，methoxyindolesaregoodorharmfulforour  

hea■th，COnSideringthattheyarecontainedintheplantfamilyCnJC胞raeandweeat therninasignificantquantity  

fTOmVegetab－es（Cabbage．radish，turnip，etC・）everyday・150・P・49weshouIdalsoinvestigatewhetherl－  

hydroxyindo（esandlrhydroxytryptophansa（eCOntain郎＝ntheChJCiねraevegetables・1ftheirexistenceswere  
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1．5   6．2  93．3  92．3  92．3  

2．9  4．4  94．1 89．7  92．6  

7．1  94．3  92．9  

0て隼。  Referen亡母：  CiIo＄taZOl  

thereaclionof222b withl－aCetOXybutadieneafforded之24c（40％）．SirniFarly，222bunderwentDiels－Alder   

reactionwithl，3－Pentadienl∋，1・methoxy－1．3－CyC10hexadiene，andト（1－aCetOXyVinyI）cyc（Ohexenetogivethe  

expected225（22％），226（41％）．and227（39％）．respectively．To鵬庵rnlinethestructuresoftheseDiels－Alder  

P（Oducts，22SwassubjectedtQreductiveacetyfationwithZninAqzOandEt3Ntogive228（81％）lItsstructure  

WaSuneqUivoca‖yprovcdbyX－Raysinglecrysta”og「aphicanarysisasshowniJIFigure8．   

Ontheotherhand．同一222aand222bunderwentnucIeophiIicadditionreactioJISandspontaneousoxidationof   

theresultantadditionproductsculminatingintheformationof7－SUbstitutedtryptamine－4，5－diones．Thus，（±）－   

222areactedwithMeSHtoafford（土）－229a（69％overa”yieldfrom匝ト114）．Simi［arly．222breactedwithmethyr  
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