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TEIRAHYDRO-9-HYDROXM6-CARBOUNE,ANDTHEIRAPPUCAIIONS 

FORTHETUIALSYNTHESISOF(±)-COERULESCINE1 

MasanoriSomci,＊KoichiNoguchi,RyutaroYamagami,YumikoKawada,KQji 

Yamada,andFilmioYamada 

FacultyofPharmaccuticalScicnccs,KanazawaUniversity， 

l3-1Takara-machi,Kanazawa9ZO-O934,Japan 

Abs〃U-Novcl9-hydroxy-6-carbolincderivativeswcrcproducedfOrthcfirst

timc・Anovclrcarrangcmcntrcactionofl'2,3,4-tctrahydro-9-hydroxy-6-carbolincs

wasdiscovcrcdtogivc3,３－disubstitutcdoxindolcs，whichwassucccssfUlly 

appHcdtothctotalsynthcsisof(±)‐cocrulcscinc． 

1-Hydroxyindolcsundcrgovarioustypcsofrcactionsdcpcndingonthcstructurcsandrcactionconditions､２ 

Wchavcdcsigncdl,2,3,4-tctrahydro-9-hydroxy-6-carbolmＣｓ(1缶｡，

Schcmcl)askcysubstratcstoclucidatcwhcthcrthcrcalTangcmcntof Figurel 
thc2-substitucnttothc3-position３ａｏｒＷＣｅｖｅｍＬｐｒｃｄｉｃｔｃｄｂｙｏｕｒ 

ｃ馬主::、風雪…･“［mMoⅢy….Ｍ垣Ⅲ》
１－hydroxyindolchypothcses,３occursornotasillustratcdinagcncral 

rOR1 OuitercccnUy，Colcgatcandco-workcrs4isolatcdanddctcrmincd H＋ 
Ａ 

（－)-cocrulcscine(2c)fiFomEMmscoelwﾉescelzs､Wchavcnoticed 

thatPMZJ7fsspccicsgcncrallycontainl,2,3,4-tctrahydro-6-car‐ 

bolincs(3ab),bccauscourhypothcscsassumcd3abiosynthcscsofthcrclatcdalkaloi｡,n-horsfilinc5(2b） 
and2cfrom3band3arcspcctivcly,throughthccorrcsponding9-hydroxy-6-carbonncs(1ｂａｎｄｌｃ） 

Ｎｏｗ，wcwishtorcportsucccssfUlprcparａｔｉｏｎｓｏｆｌａａｎｄｌｃ，andtheirnovclrcarrangcmcntachicvmga 

totalsynthcsisof3,3-disubstitutcdoxindolcalkaloid,(±)-cocrulcscinc(2c)． 

Wchavcalreadydcvclopcdthcprcparationofl,2,3,4-tctrahydro-9-hydroxy-2-mcthoxycarbonyl-6-car‐ 

bolinc6(1.)fiPomthccorrcspondingl,2,3,4,4a,9aPhcxahydrocompound(4c)byNa2WO42H20-30％ 
H2o2mcthod7Accordingtothcprocedurc,oxidationof4awascxammedandtypicalrcsultsarcsuｍｍａ－ 
ｒｉｚｃｄｍＴａｂｌｃＬＡｓｃａｎｂｃｓｃｃｎｆromthcTablc,rcactiontimcwasfbundtobcanimportantfactorfOrpre-

parmglalncasＣｓ(Entricsland2)whcrercactiontimcswcrc25min,evcnatraccamountoflawasnot 

dctcctcdinthcrcactionmixturc,mstcad9-hydroxy-6-carbolmc(5),3,4-dihydro-9-hydroxy-6-carbolinclV‐ 

oxidc(6),and9-hydroxy-6-carbolinc1V-oxide(7)wcrcproduccd・Whcnthcrcactiontimcwaslongerthan

25min,totalyicldofthcthrcc9-hydroxy-6-carboUncs(5-7）dccrcascCLwhilcthcproductionoflawas 

observcdml１％yieldwhcnitwasshortcncdtolOmin(Entry3)Bcttcryieldofla(55％)wasattaincdby 

rcacｔｉｎｇ４ａｆＯｒｏｎｌｙ５ｍｉｎａｓｓｈｏｗｎｍＥntry4AsfOroxidizingreagcnt，ureahydrogcnpcroxidcwasa 

rcagcntofchoicctogivcsatisfactoryresult(65％,Entry5)asdiscovcrcdinourprcviousrcport､８Similmy， 
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ａ)Ｎａ2Ｗ04.2H20,30％Ｈ202;ID)MeOH-c-HC1(1:3,ＷV),reHux； 
c)ＨＣＨＯ/AcOH/NaBH3CN;。)CICOOMe,曰3N;⑧)MeOH-c-HCl，
undervariousIeactionconditions;DAc2qPyridine． 
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oxidationofl,2,3,4,4a,9ahexahydro-2-methyl-6-carbonnc(4b)affbrdcdl,2,3,4-tetrahydro-9-hydroxy‐ 
2-mcthyl-IB-carbolinc(1c)in69％yicld 

qlthcothcrhand,oxidationof5withMCPBAaffbrdcd7ｉｎ２９％yicldinadditionto6-carbohncN-ox‐ 
idc9(8)and6-carboUnc(9)m31andl1％yiclds,rcspcctivcly､Dchydlogcnationof6withDDQprovidcd 
７５％yicldof71ntcrcstingly，treatmcntof6withchloroacctylchloridcproduccd8andDin60and33％ 

yiclds,rcspectivcly.、us,fOurnovcl9-hydroxy-6-carboUnccompounds（1aand5-7）and8arcnow
rcadilyavailablc・SmccthcsccompoundsarcusefUlbundingblocksfOr6-carbolincalkaloidssynthcscs，
thcirapplicationsarccurrcntlyi、progress・

Withlacandldmhand,wetreatedthcmwithMcOH-c-HC1(1:3,v/V).A1thoughnorcactiontookplaccat 
roomtcmpcraturc，thcdcsircdrcactionoflaoccurrcdundcrrcfluxingfbrlhrcsultinginthcfbrmationof 

Ｚａｉｎ４７％ｙｉｃｌｄｔｏｇｅｔｈｃｒｗｉｔｈ９ａｎｄｌＯｉｎ２ａｎｄ３6％yiclds，respcctivcly・Subscquentmethylationof2a
withHCHOAcOH-NaBH3CNaffbrdcd（±)-2ｃｉｎ９１％yield,whUclhcrcactionof2awithmcthyl 
cmorofbrmatcgavc2din99％yicldSimUarly,treatmcntoflcwithrcfluxingMCOH-c-HC1(1:3,v/V)fOr3 
hproduccd（±)-2c,11,and6-chloro-1,2,3,4-tctrahydro-2-mcthyl-6-carboline(15a）ｉｎ42,46,andM 
yiclds,rcspcctivcly 

T11cstructurcof（±)-2cwasconfirmcdbylhcdircctcomparisonwiththcauthenticsamplcprcparcd 

altcmativC1yaccordingtothcrcportcdproccdurc､4cSpcctraldataofoursamplcs，authenticsamplc,andthc 
rcportcdoncsof(~)-2cwcrcidcnticalincvcryrespccts・mcstructurcofrclativelyunstablcnwasdcduced

bascdonitsspcctraldataandthcfactthatityicldcdfbrmylcompounds(l2aandl2b)bythcrcactionwith 

Ac20-pyridinc． 

、cmechanismofthcrcarrangcmcntwoｕｌｄｂｃｃｘｐｌａｉｎｃｄａｓｓｈｏｗｎｉｎＳｃｈｃｍｅ２・Initialprotonationof9‐

hydroxygroup,fbllowcdbyitscUminationandchloridcattackatthc4acarbongcncratcschloroindolcninc 

(13).Afteradditionofwatcrtothe9aiminecarbonatomofl3givingl4,concertcdcUminationofchloridc 

andrcarrangcmcntofthealkylsidcchainaltachcdtothc9acarbonatomrcsultin3,3-disubstitutcdoxindolc 

stmcturcＣａ)． 
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ltshouldbcnotcdthat2dwasnotfbrmcdmthcrcactionofldwithmclhanoHcHqundcrvariouscxamm‐ 

cdreactionconditions､Inthcsccascs,nuclcophilicsubstitutionrcactiontookplaccaffbrding6-chloro-1,2, 

3,4-tctrahydro-2-mcthoxycarbonyl-6-carbolinc（15ｂ８－１６％）togcthcrwithl,2,3,4-tctrahydro-2-mcth‐ 

oxycarbonyl-lB-carbolinc(21-30％).l0 
1nconclusion,wccouldprcparcnovcl9-hydroxy-I3-carboUncswhichwouldbcutUizcdasuscfUlbuilding 

blocksfOrthesynthcscsof6-carbolinccompounds・Wchavcalsodiscovercdanovclrcarrangcmcnt
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rcactiononl-hydroxyindolcskclctonsprovidingvaluablcmcansfOrthcprcparationof3,3-disubstitutcd 

oxindolcalkaloids・T11cprcscntfindingssuggcstchcmiststobcvcrycarefUltouscacidsfbrisolationof

indolca1kaloidsfromnaturalrcsources，otherwiscoxindolealkaloidsmightbcobtaincdasartifactsof 

gcnuincl-hydroxy-orl-mcthoxyindolcalkaloi｡s,ifthcyhappcntocxist､1b’2b'3ａ 

ＡＣＫＮＯＷＬＥＤＧＭＥＮＴ 

ｍｉｓｗｏｒｋｉｓｓｕｐｐｏｒｔｃｄｉｎｐａｒｔｂｙａＧｒａｎｔＰｍ－ＡｉｄｆＯｒＳcicntificRcscarchfromtheMinistryofEducation， 

Science,Sports,andCulturc,Japan,whichisgratcfUllyacknowlcdgcd． 
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