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ＳＹＮＴＨＥＳＩＳＯＦ(±)BROMOCHELONINB1 

MasakazuHascgawa,KQjiYamada,YOshiyUkiNagahama,andMasanoriSomci＊ 

ＨlcultyofPhannaccuticalScicnces,KanazawaUnivcrsity， 

l3-1Takara-machi,Kanazawa920-0934,Japan 

Abs"zucT-AnovclmcthodologyfOrintroducmgchlorineorbromincintothc 

5-positionoftryptamineswasfbundthroughl-hydroxytryptamincs・Thcchcmistry

wasapplicdtothesynthcscsof(±)-5-chloro-,-5-bromotryptophandcrivativcMnd 

(±)‐bromochcloninB 

ManybiologicaUyactivctrypmmcsarcrcportcdsuchas5-bromotryptophan2(1),bromochcloninB3(2)， 
altcmatamideC4(3),cyclocmamidcA5andsoon,containinghalogcnatthc5-positionofindolcnuclcus 

(Figurel)６TY1eirtotalsynthcseswouldrequircsuitablyhalogenatcdmdolicbuUdmgblocksWchavc 
thusfardiscloscdunprccedcntcdacidpromotcdnuclcophilicsubstitutionrcactionsofl-hydroxyindolcs7and 

succcedcdinpreparing5-hydroxy-and5-mcthoxytryptamines(IandlDassunmarizcdinTablc1.7Now， 
wewishtodcscribethatthcrcactionofl-hydroxytryptamineswithhydrogcnhalidcsisasuitablesynthctic 

methodologyfOr5-chloro-andS-bromotryptammcs(4a,band5ab),anditsapp1icationstothcsynthescsof 

(±)-5-chloro-and-5-bromotlyptophanderivatives(6aband7),and(±)-2. 
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Accordingtoourmcthod,71-hydroxy-(8aeandla),１－mcthoxytryptamincs(8b,fand9b)lhydroxy-(,a 

andlO⑳,andl-mcthoxytryptophanderivatives(DbandlOb)wcrcpreparedassubstratcsl-(Z-Mcthoxy‐ 

carbonyl)cthoxy-(8c)andl-(2-mcthoxycarbonyl-1-mcthyl)cthoxytryptaminc(8.)wcrcprcparcdin69and 

72％yiclds，rcspcctively，usingconjugatcadditionrcactionofNb-acctyl-1-hydroxytryptammc（8a）to 

mcthylacrylatcandmethyl3-mcthylacrylatcinthcprescnceof4jV,N-dimethylaminopyridinc 

Tncreacｔｉｏｎｓｏｆ８缶fwithHClwerccxamincdandthcrcsultsarcsunⅡnarizeddinTablc2・Ascanbcsccn

fromthcTablc，thcl-substimcntisfOundtobeanimporlantfactorindctcrminingtheyicldof5-chloro-

tryptamincs(4ab).Asthcsubstitucntchangcsfipomhydroxytomcthoxy，１－(2-mcthoxycarbonyl)cthoxy， 
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andl-(2-mcthoxycarbonyl-1-mcthyl)cthoxygroup(Entriesl-4),thcyicldof4amcreascddramatically 
andyicld73％wasattaincdundcrthcrcactionconditionsdcscribcdinthcEntry4・Itisworthytonotcthat
undcrsimilarrcactionconditions1Vb-substitucntofthcsidcchainatthe3-positionfUnctionsastheothcr 

increasmgfactormthcyicldof4Thus，comparingthercsultsmthcEntrics5and7,Inuchmorcquantity 
of4bhaving1Vb-mcthoxycarbonylgroupwasproduccdthan4ahavingﾉVb-acctylgroupAsarcsult，wc 

cannowachieverCgiosclcctivcchlorinationatthc5-positionin8MyicldbyrcactingHC1withl-hydroxy‐ 

tryptaminc(8f)whichhasbothl-mcthoxyandlVb-mcthoxycarbonylgroup巴ntry7）
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Tablc3showstypicalrcsultsobtaincdfiPomthcreactionsof8a,c-fwithHBr・Evcnmthcsercactions,both
l-substitucntand1Vb-substitucntplaysignificantrolcsonthcyicldof5-bromotryptamincs(5a,b)(Entricsl 
－３，６，７，ａｎｄ９)．Thcsolvcntwasfbundtobeanothcrimportantfactor・AsthesolvcntpolariIy(s）
incrcascsfromだ〃BuOH(11)toDMF(37),ＭｃＣＮ(38),HCONH2(111),andHCONHMC(182)(Entrics
４－８),thcyicldof5bhasatcndencytoincrcase,thoughitisnotproportionaLConsidcrmgthcbalanceof 
thcscfactors,Saand5barcnowavailablcin45-n％yicldbyrcactingl-hydroxytrypmincs(8a,f)with 
HBrundcrthercactionconditionsinEntrics2and91tisintercstmgtonotcthatwhcnBBr3wascmploycd 
asabrominatingrcagent(EntrylO),thcproductionof7-bromotryptamine(13b)wasraisedto23％yiCld 
thoughthemajorproductwas2-oxindolc(14b)． 

ThcsimnarsubstitucntcffCctsasdescribedabovcwcrcobscrvcdmthcrcactionsof(±)-1-hydroxytrypto‐ 
phandcrivativcs（，a,ｂａｎｄｌＯａｂ)（Tablcs4and5).Conscqucntly，（±)Wb-acctyl-5-chlorotryptophan 
mcthylcstcr(6a)and(±)-5-bromoJVb-mcthoxycarbonyltryptophanmcthylamidc(7)wcreobtaincdinthc 
respcctivcyicｌｄｓｏｆ５２ａｎｄ５０９６ｂｙｒｃａｃｔｍｇ９ｂｏｒｌObwithHClorHBrundcrrcactionconditionsdcscribcd 

inEntrics2inTaｂｌｃｓ４ａｎｄ５，rcspcctivcly・EstablishmcntofthcoptimumrcactionconditionsandfUrthcr
examinationsofNb-substitucnteffectarｃｎｏｗｉｎｐｒｏｇｒｃｓｓ 

ｍｃｓｔｒｕｃｍｒｃｓｏｆ５‐and7-halogcnatedmdoleswcrcuncquivocallyconfinncdasusuaL7Treatmcntsof5-

halogcnatcdtryptamincsandtryptophanswithNaHinDMF，fOllowedbyacetylationwithAcClprovidcd 
thccorrcspondmgl-acctyldcrivativcs(21,Schemel)Utili五ngthcsamcrcactionscqucnce,７－halogenated
tryptaminesandtryptophansaffOrdedthccorrcspondmgl-acctyldcrivatives（22）InthcfOrmercom-
pounds,compansonsofcachsctofNMRspcctraofthcstartmgmatcrialanditsl-acetyldcrivativeclearly 
showthatthcC-7protons(d,Ｌ７－８ＨＺ)arcdeshicldcdbylppm,provingthatthcsccompoundshavca 
substituentatthe5-positionofindolenuclcus・Incasesofthelattercompounds，however，deshicldcd
protonsarenotobservcｄｃｏｍｐａｒｍｇｃａｃｈｓｃｔｏｆＮＭＲｓｐｅｃｔｒamcscfactsdcmonstratethatthclattcr 

compoundsare7-substitutedtryptamines・Strucmrcsof2-oxmdoles8（14a,b）and2-halogcnatedindolcs
(15b,１８b)wcrcdctcrminedbythcirspectraldata． 
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Structurcof5bwasfUrthcrconfirmcdbycmployingaltcrnativcsynthcｓｉｓａｓｓｈｏｗｎｍＳｃｈｃｍｅｌ、TYcat-

mcntof2,3-dihydroWb-mcthoxycarbonyltryptaminc(23a）,ｐｒｅｐａｒｅｄfiPomthccorrcspondingtrypminc 

(1lb),withbrominc-AcOHaffbrdcd5-bromo-(23b)and5,7-dibromodcrivativcs(23c)ｍ６１ａｎｄ３１％ 

yiclds，rcspcctivcly・Salcomnccatalyzcdoxidationof23bwithmolccularoxygcnprovidcd89兜yicldof

5bThus,Sbisavailablcbytwodiffercntroutcsinalmostthcsamcovcrallyicldfromllb・

With5binhand,ｗｃsctoutthcsynthcsisof(±)-bromochclonincB(2).A1kalinchydrolysisof5bwith5％ 

NaOH-MeOHatrcfluxaffOrdcd5-bromotryptammc(24)ｉｎ８８％yicldSubscqucntrc3ctionof24with 

3-bromo-4-mcthoxystyrcncoxidc(25)inthcprcscnccofDBUinrcfluxing陀肺BuOHprovidcd(±)－２and

its(±)-isomcr(26)m28and１４％yiclds,rcspcctivcly､Compound(25)wasreadnyprcparcdfiFombromo-

anisolc(27)bythcfbUowingthrccstcps:１)Fricdcl-Craftschloroacctylationof27m５３％ｙに1.,2)rcduc‐

tionofthcrcsultant28withNaBH4tochlorohydrm(29)ｉｎ９８％yicld,３）epoxidcfOrmationwith 

ｌＥｒｔ－ＢｕＯＫｉｎ４７％yicld． 
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Inconclusion，rcgioselcctivcintroductionofcithcrchlorinc，ｂｒｏｍｍｃ，hydroxy,７ormcthoxy7grouponto 

thc5-positionoftryptamincsisnowpossiblcbythcfOUowingsequcnccofrcactions:１)convcrsionof 

tryptamincto2,3-dillydroindolc,２)transformationtol-hydroxyindolc,ａｎｄ３)subscqucntrcactionwith 

acids・Thcmostimprcssivefactthroughthcscstudicsisthatthcl-hydroxyindolcshavmgC-C-Nbside

chainatthc3-positioncanonlyundcrgothcacidpromotcdnuclcophUicsubstitutionrcactionscffCctivcly， 



2８２０ HETEROCYCLES,Ｖｏ１．５１，No.12,1999 

othcrwiscothcrtypcsofrcactionssuchaspyrrolo[2,3-b]mdolcfOrmation,7adimerization,7bkabutanc 

fOrmation,７．ａｎｄｓｏｏｎ,７takcplaccdcpcndingonthcstructurcsofsubstratcsandrcactionconditions・TY1e
reasonwhyisanintcrcstingsubjcctfbrfUrthcrmvcstigation､９Furthcnnorc,ourrcsultsthusfarobtained7 

andthcprcscntstudysuggcstthatuscofacidsfOrthcisolationofindohcalkaloidsandpcptidcsshouldbc 

doncvcrycarcfUUybccauseifl-hydroxyorl-mcthoxysubstimtedtryptamincsortryptophanswerc 

involvedasacomponcnt，thcywouldbcisolatedas5-substimtedindolcderivativesrcsultedbyacid 

promotednucleophilicsubstitutionrcactions． 

ＡＣＫＮＯＷＬＥＤＧＭＥＮＴ 

ＴｈｉｓｗｏｒｋｉｓｓｕｐｐｏｒtcdinpartbyaGrant-m-AidfbrScicntificRcscarchfromthcMinistryoｆＥｄＫﾋﾟ;知iaTT，

Science,Sports,andCulturc,Japan,whichisgratcfilllyacknowlcdgcd 

ＲＥＦＥＲＥＮＣＥＳＡＮＤＮＯＴＥＳ 

１・ThisisPart94ofascricscntiUcd“ThcChcmistryoflndolcs"、Part93:Ｍ・Somci,Ｍ・Nakajou,T

Tcramoto,Ａ・Tanimoto,ａｎｄＦＹａｍａｄａ,Ｈｂ花roCyc上8,1999,51,1949．

AUnewcompoundsgavcsatisfactoryspcctralandclcmcntalanalysisorhigh-rcsolutionMSdatafOr 

crystalsoroUs,rcspcctively､２，ｍp172-173℃(AcOEt-hexanc);4ampl40-141℃(CH2ClZ-hcxanc)； 

４b,oil;５ampl54-155oC(CH2C12-McOH);５b,Ｃｕ;Oaoil;６b,ｏｎ;7,ｍp202°Ｃ(McOH);８c,Ｃｕ； 

8.,oil;10ampl57-158oC(CHC13-hcxanc);１０b,mpl54-156℃(CHC13-hcxanc);12a,ｏｎ；１２b， 

oil;13a,oil;13b,ｍｐ68.5-69.5°Ｃ(CH2Cl2-hcxanc);l4ampl46-147oC(CHZCl2-MCOH);１４b， 

ｍｐ123.5-125.0℃(CH2C12-McOH);１５b,oil;l6ampl67-168℃(CH2Cl2-McOH);16b,mpl61 

-162oC(CH2Cl2-hcxanc);181ＭU;19,ｍp178-180℃(CH2Cl2-hcxanc);23b,oil;23c,oil;24,ｏｎ； 

25,oil;26,ｍp98.5-100.0°Ｃ(CH2q2-hcxanc);28,mplO4-106oC(CH2d2-hcxanc);21,ｏｉＬ 

２・Ｐ・ZDcCroos，Ｐ・Sangdcc，BLStockwcU，Ｌ・Kar，EBThompson，ＭＥJohnson，andBL

Curric,ＪＭＣｄＣﾉﾘe〃.，1990,33,3138.

3.ｓ、ＣＢｏｂｍｎａｎｄＤ､JFaulkncr,』.Ｏ'ｇＣｈｅｍ.，1991,56,4403.

4Ｎ．‐Ｋ・ＬＣＣ,WFcnica１，Ｎ、Ljndquist,Ｊ・ＭＪｌ・Pro｡.，1997,60,697.

5.Ｗ.ＤClark,Ｔ・Cbrbctt,FValcriotc,ａｎｄＰ・Crcws,』.Ａ腕．Ｃﾉie碗.ＳＯＣ.，1997,119,9285.

6.Ｈ、Ｈ・ＳｕｎａｎｄＳＳａｋｃｍｉ,ＪＯ'９Ｃﾉie"L，1991,56,4307;Ｌ､Ｈ・Franco，EBdcrKierJoffc，L

Puricclli,MTatian,Ａ・MScldcs,ａｎｄＪ.Ａ・Palcrmo,Ｊ・MJLProcL，1998,61,1130.

7．ａ)MSomci,Ｔ・Kawasaki，YFukui，FYamada,Ｔ・Kobayashi,HAoyama,andDShinmyo，

Ｈｅ死mcyc肋,1992,34,1877;ｂ)Ｍ・SomciandY・Fukui,j伽.，1993,36,1859;c)Ｍ・Somci,Ｋ・

Kobayashi,KTanii,TMochizuki,YKawada,andY・Fukui,jbjd.,1995,40,119;d)MHascgawa，

Ｍ・Tabata,KSatoh,Ｆ・YamadMndM､Somci,jbjd.,1996,43,2333;c)Ｍ､Somci,Ｆ・Yamada,and

HMorikawa,jbM，1997,46,91;f)Review:Ｍ・Somci化jZf，1999,50,1157andrcfCrcnccscitcd

thercin;g)ＭＳｏｍｃｉ,NOshikiri,Ｍ・Hascgawa,andFYamadaﾙﾉｺﾞ.,1999,51,1237.

8．Thcrcisapossibilitythat2-oxindolesarefOrmcdthroughthchydrolysisofthccorresponding 

２－halogcnatcdindolcsduringwork-uｐ 

9．OurworkinghypothcsisisthcfOllowingThcfirstandfastprotonationｏｃｃｕｒｓｏｎｔｈｃｓｉｄｅｃｈａｉｎＮｂ 



2８２１ ＨＥＴＥＲＯＣＹＣＬＥＳ，ＶＯＬ５１，No.12,1999 

nitrogcnatomnomattcrwhcthcritiｓａｍｍｃｏｒａｍｉｄｃｎｉｔｒｏｇｃｎ・ThcprotonatcdNbnitrogcninhibits

clcctrostatisticallythcadditionofthcsccondprotontothe3-positionofindolenucleus・AsarcsulLthe

secondprotonationoccurssclectivelyonthcl-alkoxyoxygcnatomsituatcdfarfromtheprotonatcdNb 

nitrogcn,culminatinginthcdcparturcofl-alkoxygroupandthcnfOUowcdbythcnuclcophiUcsubstim‐ 

tionrcacUonlnthccascsofindolcslackingNbnitrogcn，prcfCrcntialprotonadditionoccursatthc 

3-positiondircctingtowardpyrrolo[2,3-6]indolcfbrmation,dimcrization,kabutanefOrmation,cｔｃ７ 

Received，３０ｔｈＪｕｌｙ，１９９９ 


