
Synthesis of analogs of wasabi phytoalexin
(methyl 1-methoxyindole-3-carboxylate)

著者 Yamada Koji, Kanbayashi Yukiko, Tomioka Saori,
Somei Masanori

journal or
publication title

Heterocycles

volume 57
number 9
page range 1627-1634
year 2002-09-01
URL http://hdl.handle.net/2297/4372

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Kanazawa University Repository for Academic Resources

https://core.ac.uk/display/196713639?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


HETEROCYCLES,Ｖ０１．５７，No.9，２００２ 1６２７ 

SYNTHESISOFANALOGSOFWASABIPHYTOALEXIN(METHYL 

1-IvmlHOXYINDOLB3-CARBOXYLAIE)１ 

KQjiYamada,YukikoKanbayashi,SaoriTomiokMndMasanoriSomci＊ 

ＨLcultyofPharmaccuticalScicnces,KanazawaUnivcrsity， 

13-1Takara-machi,Kanazawa920-0934,Japan 

AblmJcr-Synthcscsofwasabiphytoalcxinanalogs，suchas6-bromo-5-iodo， 

2-bromo-5-iodo，６－nitro，S-chloroacctyl，and6-cmoroacctylcongcncrs，ａｒｅｒｅ‐ 

portcd・Anintercstingchfectofthcl-mcthoxygrouponthcregiosclectivityof

clcctrophilicsubstitutionrcactionsonindolcnucleusisobscrvcd 

Indolcshavingacarboxyorafbnnylgroupatthc3-position，includingl-hydroxy-orl-mcthoxyindolc 

dcrivativcMxhibitmalkedphysiologicalactiviticsinspitcoftheirsimplechcmicalstructurcs・ＺＣｏｍ‐

pounds(1-3)Za-dareafewrcprcscntativcexamples(Schcmel).BrassicanalA3(4)andl-mcthoxy-
indolc-3-carbaldehydc3a(5)arcadditionalcxamplcsisolatcdbyTnkasugi3andco-workcrsasphyto‐ 
alcxinsofplantfamily,Ｃ、蛾meReccntly,Pcdras4andco-workcrsdctennincdmethyll-methoxy-
indolc-3-carboxyIatc(2b)asaphytoalcxinofWasabi(WZZszJbjZJ〃olzjczJ,syn・肋舵"ｍｗｚＭ)j)．
Wehavcbecnmuchintercstedindctcrminingthccffectofl-mcthoxyandl-hydroxygroupsonboththc 

chcmicalrcactivitics5andbiologicalactivitics6ofindolecompounds，aimingatprcpanngourown 
biologicallyactivcsubstanccsBPomthcscpointsofvicw，weneedcdvariouskindsofanalogs7ｏｆ 
ｗａｓabiphytoalcxinlikc6and7asshowningencralfbrmula． 
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Intheprcvlouspapcrs,７weestablishedsimplcsyntheticmethodfbr2banditsregioselectivciodination 
togivcmcthyl5-iodo-1-mcthoxyindolc-3-carboxylatc7a(8)BascdonthescresultMynthcsisofmethyl 
6-bromo-5-iodo-1-methoxyindolc-3-carboxylatc(9),arcprcsentativcof6,sccmcdtobccasylnfact， 
howcvcr，brominationof8gavccomplcxmixturcsofproductsundcrvanousrcactionconditions． 



HETEROCYCLES,Ｖｏ1.57,No.9，２００２ 1６２８ 

RclativclyclcanrcactiontookplaｃｅｗｉｔｈＢｒ２(l3molcq.）inAcOHatlOOoCtoprovidcD，methyl 
2-bromo-5-iodo-1-mcthoxyindole-3-carboxylate（10)，６－bromo‐（11)，Z-bromo-5-iodo-1-methoxyin-

dolc-3-carboxylicacid(12a),and5-iodo-1-mcthoxyindolc-3-carboxylicacid(13)ｉｎ17,33,6,5,and 

7％yiclds,rcspcctivcly,togcthcrwithl6兜yicldofumcactcd8・SinccthccarboXylicacids(11,12a，

andl3)wcrcinscparablc,thcmixturcwasmcthylatcdwithdiazomcthane(CH2N2)togivcD,10,and8 
in6,５，ａｎｄ７％yields,respective1y・Assumingthatthemcthylationprocccdedinaquantitativeyield,the

yicldsofn,１２a,andl3inthemtialbrominationproductswerecstimatcdPurccompound(13)was 

Obtaincdin38％yicldbyrcacting8with１５％ａｑＮａＳＭｃ・Undcrsimilarrcactionconditions，Dprovidcd

llandl4in45and38％yiclds,respcctivcly・InthesamcrcactionoflO,thccxpcctcdcompound(12a）

wasnotproduccdatalLinstcadnuclcophilicsubstitutionrcactionbymcthylsulfidcoccurrcdatthc2-po-

sitiontoaffOrdl2bin８３％yicldAsaresult,purcl2ahasnotbcenobtaincdyct・

Onthcothcrhand,bromination（1.3molcq.)ofmethyl5-iodoindolc-3-carboxylate(15)inAcOHat 

lOOoCprovidcdmcthyl6-bromo-(16),2,6-dibromo-5-iodoindolc-3-carboxylatc(17),and6-bromo-5‐ 

iodoindolc-3-carboxylicacid(14)ｉｎ48,8,ａｎｄ17％yiclds,rcspcctivclyJnthesamcrcaction,ｗｈｃｎ 

Ｏ８５ｍｏｌｃｑ・ofbromincwascmploycd,１０ａｎｄｌ４ｗｅｒｃｐｒｏｄｕｃｃｄｉｎ５６ａｎｄ18％yiclds,rcspcctivcly，

withoutfbrmationofl7・Ｔｈｃｓｔｍｃｔｕｒｃｏｆｌ４ｗａｓｃｏｎｆｉｒｍｃｄｂｙｔhcdircctcomparlsonwiththcsamplc

obtaincdin92％yicldbythctrcatmcntoflOwith15％NaSMcmdcrrcnux・Filrthcrmorc,mcthylation

ofl4ｗｉｔｈＣＨ２Ｎ２ｉｎＭｃＯＨｐｒｏｖｉｄｃｄｌ６ｉｎ９０％yicld 
Abovcrcsultscxhibitedthatthebrominationofl5procecdsregiosclcctivelyatthc6-position,whilcthc 
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introductionofmcthoxygroupintothcl-positionofl5altcrsthcrcactionsitcandtcndstofavorthc 

Z-po‐sitionnleseobservationsarequitcintercstingconsidermgthcinitialiodinationof2aand2h 

Thus,２bproduccd8cxclusivclyin72％yield,7awhilc2aaffbrdedl5togcthcrwith６‐and7-iodo 

isomcrsin58,25,and2％yiclds､7aHlrthcrrcactioncxamplcswouldbcnccdcdfbrclarifyingthccffect 
ofl-mcthoxygrouponthcregiosclcctivityofclcctrophilicsUbstitutionrcactions、

WCncxttIicdthcpreparationofmethyll-mcthoxy-6-nitroindole-3-carboxylate(18b,Schcme2)asa 
commonintcnnediatcfbr7，bccauscthcnitrogroupcaneasilybetransfbrmedintootherfUnctional 

groupssuchaｓａｍｉｎｏ,halogcn，hydroxy，ctcAccordingtoourproccdurc,８１－mcthoxy-6-nitroindole 

(１９)wasprcparcdfiFomanindustrialrawmatcrial,2,3-dihydroindolc,inthrccstcpsin71％ovcrallyicld 

SubscqucntVilsmcieｒｒｃａｃｔｉｏｎｏｆｌ９ｗｉｔｈＰＯｄ３ａｎｄＮ,lV-dimethylfbrmamidcprovidcdａ９４％yicldof 
l-mcthoxy-6-nitroindolc-3-carbaldchyde(20),ananalogofdaikonphytoalcxin3a(5).Oxidationof20to 
l-methoxy-6-mtroindolc-3-carboxylicacid（18a）wasachievcdin92兜yicldbythctrcatmcntwith

NaqOZ9inthcprcscnccof2-mcthyl-2-butcnc・Ｍｃｔｈｙｌａｔｉｏｎｏｆｌ８ａｗｉｔｈＣＨ２Ｎ２ｉｎＭcOHprovidcdthe
desircdl8bin９９％yicld． 
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Fortheprcparationofwasabiphytoalcxinanalogshavinganacylgroup，dircctacylationof2bwas 

cxamincd・Thus，Hiedcl-QaftsacylationusingcmoroacctylchlorideandA]q3inmtrobcnzcncatlOOoC
providedcleanlymethyl5-chloroacctyl-(21a)and6-chloroacctyl-1-mcthoxyindole-3-carboxylatcC2a） 
ｉｎ５２ａｎｄ２０％yiclds,rcspcctively,ａｎｄｔｈｃｒａｔｉｏｏｆ２１ａｔｏ２２ａｗａｓ２５:1.Thcacylatcdpositionof21a 
isdetcrminedbythcprescnccofC4-Hsignalat880ppm(｡,Ｊ=1.7Ｈｚ)initslH-NMRspcctrum,while 
thecorrcspondingC4-Hsignalof22aisobservedat8､２６ｐｐｍ(d,Ｊ=8.5,0.7Ｈｚ)provingthc6-sub‐ 
stitutcdindolcstructurc・

SimilarrcsultswcrcalrcadyrcportcdbyNakatsukalOandco-workcrsinthccmoroacctylationofmcthyl 
l-mcthylindolc-3-carboxylatc(23).Inthcircxpcrimcnt,howcvcr,Ｚ１ｂａｎｄ２２ｂｗｃｒｃｏｂｔａｉｎｃｄａｓａｎ 
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inscparablcmixturc、BascdonthcratioofthcfbllowingBacycr-Ⅵl1igcroxidationproducts，ｔｈｃｒａｔｉｏｏｆ

２１ｂｔｏ２２ｂｃｏｕｌｄｂｃｃｓｔｉｍａｔｃｄｔｏｂｃ３:LSimilarFricdel-Craftsacylationofindolcshavinganclcctron 

withdrawinggrouphasbccnrcportcdbyscvcralrcscarchcrs、１１Comparingthcscrcsults，ｉｔwouldbc

safetosaythatthcintroductionofamcthoxygroupintothcl-positionprcfCrsthc6-substitutionto 

5-sUbstitutioninFricdcl-Craftsacylation 

lnconclusion,introductionofamcthoxygroupintothcl-positionisfbundtoinflucncesignificantlythc 

rcgiochcmistryofclcctrophilicsubstitutionrcactionsonindolcnuclcus・Withkcybuildingblockssuchas

D,１０，１５，１８，２１a,ａｎｄ２２ａｉｎｈａｎｄ,prcparationsofvariouskindsofwasabiphytoalcxinanalogsarc 

nowinprogrcsstoconductstructurc-activityrclationshipstudy． 

ＥＸＰＥｍＭＥＮＴＡＬ 

McltingpointswcrcdctcrmincdonaYanagimotomicromcltingpointapparatusandareuncorrcctcd・IR

spcctrawcrcdctcrmincdwithaHoribaFT-720spcctrophotomctcr，ａｎｄｌＨ－ＮＭＲｓｐｃｃｔｒａｗｉｔｈａＪＥＯＬ 

ＧＳX-500spcctromctcrwithtctramcthylsilaneasanintcmalstandard、MSspcctrawercrccordcdona

JEOLSX-102Aspcctromctcr・CblumnchromatographywaspclfOnncdonsilicagel(SiO2,100-200

mcsh,fromKantoChcmicalCo.,Inc.)throughoutthcprcscntstudy・

MethyM-Bromo‐（９），z-Bromo-5-iodo-1-methoxyindole-3-carboxylate（10)，C-Bromo･ 

(11),Z-Bromo-(12a),and5-iodo-1-methoxyindole-3-carboxylicacid(13)fromMethyl 

5-Iodo-1-methoxyindole-3-carboxylate(8)－AsolutionofBr2(3.8ｍL,０．７６，mol)inAcOH 

wasaddcdtoasolutionof8(192.7ｍｇ,０．５８，Ⅱ､Cl)inAcOH(10mL)andthcmixturcwasheatcdat 

lOOoCfbr6hwithstirringundcrAratmosphcrc､AfteradditionofH20undcricccooling,thcwholcwas 

cxtractcdwithCHCl3-ＭｃＯＨ(9:1,Ｖ/V)m1ccxtractwaswashcdwithbrinc,dricdovcrNa2SO4,and 

cvaporatcdundcrrcduccdprcssｕｒｃｔｏｌｃａｖｃａｎｏｉｌ，whichwascolumn-chromatographcdrcpcatcdlyon 

SiO2withCHCl3-hcxane(1:1,Ｖ/V)andthcnwithCHCl3togiｖｃｌＯ(80ｍｇ,33％),，(40.7ｍｇ,１７％)， 

８(30.1ｍｇ,１６％),andamixturcfiPaction(11,12a,ａｎｄ13,45.6ｍｇ)inthcordcrofclution9:ｍｐ 

142.5-143.0°Ｃ(colorlcssfincnccdlcs,rccrystallizcdfromCHC13-hexanc).ＩＲ(KBr)：1695,1517, 

1446,1205cm-1.1H-NMR(CDC13)6:３．９１(3Ｈ,s),４．１４(3H,ｓ),７．７９(1Ｈ,ｓ),７．９０(1Ｈ,ｓ),８．６９ 
(1Ｈ,s).ＭＳ"z/z:410(Ｍ+:Ｂｒ81),408(Ｍ+:Ｂｒ79).Ａ"αLCalcdfOrC11H9NO3Brl:Ｃ,32.22;Ｈ,2.21； 
Ｎ,3.42.Found:Ｃ,32.28;Ｈ,2.22;Ｎ,3.43.10:mpl58-159oC(colorlcssfincnccdlcs,rccrystallizcd 

fromCHCl3-hcxanc).ＩＲ(KBr):1722,1498,1195,1178,1016cm-1.1H-NMR(CDd3)6:3.96(3Ｈ， 
s),４．１４(3H,s),７．２２(1H,。,J=8.5Ｈｚ),７．５９(1Ｈ,．｡,J=85,15Ｈｚ),８．５０(1Ｈ,ｄ,ﾉｰ1.5Ｈｚ).ＭＳ

ｍ/z:410(Ｍ+:Ｂｒ81),408(Ｍ+:Ｂｒ79).肋α/､CalcdfbrC11H9NO3Br1.1/2H20:Ｃ,31.53;Ｈ,2.17;Ｎ'
3.34.Fbund:Ｃ,31.21;Ｈ,2.19;Ｎ,3.28.Purcsamplcs,(11)and(13),wcreobtaincdfipomDand8， 

rcspcctivcly,bythcrcactionwith１５％ａｑＮａＳＭｃａｓｓｈｏｗｎｂｃｌｏｗ・

SeparationoflL12a，andl3asMethylatedProducts，（９），（10)，ａｎｄ（８）－Exccss 

CH2N2inEt20wasaddcdtoasolutionofthcmixturcfiPaction(11,12a,and13,45.6ｍｇ),obtaincdin 
theabovccxpcrimcnt,ｉｎＭｃＯＨ(5.ＯｍＬ)andthewholcwasstirredatrtfbrlOmin・T11esolvcntwas

cvaporatcdundcrrcduccdprcssurctolcavcanoil，whichwascolumn-chromatographcdonSiO2with 

CHCl3-hcxanc(1:2,v/V)togivclO(119ｍｇ,５％),，(14.0ｍｇ,６％),and８(12.6ｍｇ,７％） 
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O-Bromo-5-Iodo-1-methoxyindole-3-carboxylicacid（11）ａｎｄｌ４ｆｒｏｍ９－Ｅｘｃｃｓｓ15％ 

aqNaSMc(8ｍL)wasaddedtoasolutionofD(51.8ｍｇ,0.13,mol)inMcOH(3ｍL)andthcmixturc 

wasrcnuxcdfbr2hwithstirlingundcrAratmosphcrc､AftcradditionofH20undcricccooling,thc 

wholcwasmadcacidic(ｐＨ１)byadding8％HC1andextractcdwithEtOAc・Thccxtractwaswashcd

withbrinc，dricdoverNa2SO4，andcvaporatcdundcrrcduccdprcssurctolcavcasolid，whichwas 

column-chromatographcdonSiO2withCHC13-McOH-AcOH(46:1:0.1,v/V)togivcll(22.5ｍｇ,45％） 

ａｎｄｌ４(178ｍｇ,３８％)inthcorderofelution､１１:mpZ75-280oC(dccomp,colorlcssfincnccdlcs， 

recrystallizcdfipomCHCl3-McOH).ＩＲ（KBr)：1658,1520,1217ｃｍ－１．１H-NMR（5％CD30Din 
CDCI3)6:４．１４(3Ｈ,s),７．８０(1Ｈ,s),７９３(1Ｈ,s),8.71(1Ｈ,s）ＭＳｍ/z:397(Ｍ+:Ｂｒ81),395(Ｍ+： 

Br79)Ａ'ZaLCalcdfbrC1OH7NO3Brl:Ｃ,3033;Ｈ,178;Ｎ’3S4Fbund:Ｃ,3054;Ｈ,185;Ｎ， 
3.52. 

5-Iodo-1-methoxy-2-methylthioindole-3-carboxylicacid(12b)fromlO-Exccss１５％aq 

NaSMc(２ｍL)wasaddcdtoasolutionoflO(23.8ｍｇ,0.06ｍ､Cl)ｉｎＭｃＯＨ(２ｍL)andthcmixturc 

wasrcfluxcdfbrlhwithstirringundcrAratmosphcrc・AftcradditionofH20undcricccooling,thc

wholcwasmadcacidic(ｐＨ３)byadding896HClandcxtractcdwithEtOAc-McOH(9:1,Ｖ/V).Thc 

cxtractwaswashcdwithbrinc，dricdovcrNa2SO4，andcvaporatcdundcrrcduccdprcssurctoleavca 

solid,whichwascolumn-chromatographedonSiO2withCHCl3-McOH-AcOH(46:1:0.5,Ｖ/V)togivc 

l2b（17.4ｍｇ，８３％).１２b：mpl67-168oC（dccomp,colorlcssfincnccdlcs，recrystaUizcdfiPom 

CHCl3-hexanc).ＩＲ(KBr):1668,1492,1205cm-1.1H-NMR(CDq3)6:2.68(3Ｈ,ｓ),４．１６(3Ｈ,s)， 
7.21（1Ｈ,。d,Ｊ=８５，０．７Ｈｚ),７．６１（1Ｈ,。｡,Ｊ=8.5,1.5Ｈｚ),８．６２(1Ｈ,ｄｄ,J=15,0.7Ｈｚ).High‐

RcsolutionMS腕/z::CalcdfbrC11H1ONO31S:362.9426.Found:362.9429.

5-Iodo-1-methoxyindole･3-carlDoxylicacid（13）from8-Exccss１５％aqNaSMc(5.0ｍL） 

wasaddcdtoasolutionof8(32.2ｍｇ,O9mmol)inMcOH(2ｍL)andthcmixturewasrcfluxcdfOrlh 

withstirringundcrAratmosphcre・AfteradditionofH20undcricccooling，thewholcwasmadeacidic

(ＰＨ３)byadCHng8％HClandcxtractcdwithEtOAc-McOH(95:5,ｖ/V)Ihccxtractwaswashcdwith 

brinc,driedovcrNa2SO4,andcvaporatedundcrrcduccdprcssｕｒｃｔｏｌｅａｖｃａｓｏ】id,whichwascolumn‐

chromatographcdonSiO2withCHCl3-McOH-AcOH(46:1:0.1,Ｖ/v）togivcl3（１１７ｍｇ,３８％).１３： 

mp211n13oC(colorlessfinenccdlcs,recrystaUizcdfiDmCHCl3-hcxanc).ＩＲ(KBr)：1670,1525, 

1220cm-1.1H-NMR(DMSO-d6)６:４．１３(3H,ｓ),７．４２(1Ｈ,。,Ｊ=8.6Ｈｚ),７．５８(1Ｈ,.｡,J=8.6,1.7
Hz),８３５(1Ｈ,s),８．３９(1Ｈ,ｄ,J=1.7Ｈｚ)ＭＳ腕/z:317(Ｍ+)肋aLCalcdfOrC1OH8NO3I.l/ＺＨ２０：
Ｃ,36.83；Ｈ,2.78;Ｎ,4.30.Found:Ｃ,36.95;Ｈ,２．５７;Ｎ,４３５． 

Methyl6-Bromo‐（16)，2,6-Dibromo-5-iodoindole-3-carboxylate（17)，and6-Bromo-5‐ 

iodoindole-3-carboxylicacid（14）ｆｒｏｍｌ５－[Methodl]AsolutionofBr2(2.2ｍL,0.43 

,Ⅱ､Cl)inAcOHwasaddcdtoasolutionofl5（100.8ｍｇ,０３３，Ⅱ､Cl)ｉｎＡｃＯＨ(5.0ｍL),andthc 

mixturcwashcatcdatlOOoCfbr6hwithstirringundcrAratmosphcrc・AficradditionofH20undcricc

Cooling,thcwholewascxtractedwithCHCl3-ＭｅＯＨ(9:1,Ｖ/V).nleextractwaswashcdwithbrinc， 

〔hiedovcrNa2SO4,andevaporatedundcrreduccdprcssurctoleavcanoiLwhichwascolumn-

chromatographcdrcpcatcdlyonSiO2withacctonc-bcnzcnc(1:9,ＷV)andthcnwithCH2q2-hcxanc(2:１， 

v/v)togivcl7(12.7ｍｇ,８％),１６(61.5ｍｇ,48％),andl4(20.5ｍｇ,17%)inthcordcrofclution､１０： 
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mｐ262.5-263°Ｃ(colorlcsspnsms,rccrystallizcdfiPomMcOH).ＩＲ(KBr):3270,1677,1520,1441, 

1198,1053ｃｍ-1.1H-NMRのMSO-`6)６:３．８２(3H,ｓ),７．８８(1Ｈ,ｓ),８．１２（1Ｈ,ｓ),８．５２(1Ｈ,ｓ)，

12.10(1Ｈ,brs,disappcarcdonadditionofD20）ＭＳｍ/z:３８１(Ｍ+:Ｂｒ81),２７９(Ｍ+:Ｂｒ79).Ａ'zαﾉ． 
CalcdfOrC1OH7NO2Brl:Ｃ，31.61；Ｈ，1.86；Ｎ，3.69．Fbund:Ｃ，３１７４;Ｈ，1.73；Ｎ，３．７４．１７:mp 
275-277oC(colorlcssfincnccdlcs,rccrystallizcdfiDmCHCl3-McOH)ＪＲ(KBr):3226,1681,1504, 
1430,1382,1062ｃｍ－Ｌ１Ｈ－ＮＭＲ(DMSO-`6)６:３８５(3Ｈ,s),７．７４(1Ｈ,s),8.47(1Ｈ,s),１３．０５(1Ｈ， 

brs,disappcarcdonadditionofDZO).ＭＳ雌:460(Ｍ+:ＺｘＢｒ８１),458(Ｍ+:Ｂｒ81,Ｂｒ79),456(Ｍ+:Ｚ
ｘＢｒ７９).Ａ'2αﾉ.CalcdfbrC1OH6NOZBr2I.l/4Ｈ２０Ｃ,２５９２;Ｈ,141;Ｎ,３０２.Fbund:Ｃ,25.80;Ｈ， 
1.44;Ｎ,2.95.14:mpZ24-226oC(dccomp,brownpnsms,rccrystallizcdfiPomEtOAc-McOHD・ＩＲ

(KBr):3249,1637,1531,1186cm-1.1H-NMR①MSO-a6)6:785(1Ｈ,ｓ),８．０２(1Ｈ,s),８．５４(1Ｈ， 
s),11.96(1H,brs,disappcarcdonadditionofDZO).ＭＳｍ/z:367(Ｍ+:Ｂｒ81),365(Ｍ+:Ｂｒ79).肋αﾉ．
CalcdfOrC9H5NOZBr1.1/ＺＨ２０:Ｃ,28.82;Ｈ,161;Ｎ,3.74.Found:Ｃ,28.68;Ｈ,1.51;Ｎ,3.67． 

[Method2]AsolutionofBr2inAcOH(1.5ｍL,O30mmol)wasaddcdtoasolutionofl5(1083ｍｇ， 
０．３６，mol)ｉｎＡｃＯＨ(5.0ｍL),andthcmixturcwashcatcdatlOOoCfbr6hwithstirringundcrAr 

atmosphere・Aftcrthcsamcwork-upandcolumn-chromatographyasdcscribcdinthe[ＭｅｔｈｏｄｌＬ１６

(76.9ｍｇ,56%)andl4(23.8ｍｇ,１Ｍ)wcrcobtaincd・

MethyM-Bromo-5-iodoindole-3-carboxylate（16）froml4-ExccssCH2N2inEt20was 

addcdtoasolutionofl4(13.0ｍｇ,0.036,mol)inMcOH(10ｍL)andthcmixturcwasstirrcdatrtfbr 

３０minThcsolvcntwascvaporatedundcrreduccdprcssurctolcavcasolid,whichwascolumn-chro-

matographedonSiO2withCHCl3-McOH(95:5,v/V)togivcl6(１２．１ｍｇ,９０％)． 

C-Bromo-5-iodoindole-3-carboxylicacid（14）ｆｒｏｍｌＯ－Ｅｘｃｃｓｓ１５％aqNaSMc(8.0ｍL） 

wasaddcdtoasuspcnsionofl6(50.9ｍｇ,0.13,mol)inMcOH(3ｍL)andthcmixturcwasrcfluxcd 

fbr2hwithstirringmdcrAratmosphcrcAftcradditionofH20undcricccooling,thcwholcwasmadc 

acidic(ｐＨ３)byadding8％HClandcxtractcdwithCHC13-McOH(9:1,Ｖ/V).Thccxtractwaswashed 

withbrinc，dricdovcrNa2SO4，andcvaporatcdundcrrcduccdprcssurctolcavcasolid，whichwas 

column-chromatographcdonSiO2withCHCl3-McOH(95:5,v/V)togivcl4(453ｍｇ,９２％)． 

lMethoxy･6-nitroindole-3-carboxylicacid（18a）from20-Asolutionofsodiumcmoritｃ 

(1.1869,13.1,mol)andsodiumdihydrogcnphosphatc(1.5359,984,mol)inH20(6ｍL)wasadd‐ 

cdtoasolutionof20(144.4ｍｇ,0.66,mol)and2-mcthyl-2-butcnc(3.0ｍL)inＤＭＦ(10ｍL),andthc 

mixturcwasstirrcdatrtfbrL5hThcwholcwasmadcacidic(ｐＨ3)byaddingMHClundcricccool‐ 

ing,andcxtractcdwithEtOAc・mccxtractwaswashcdwithbrinc,dricdovcrNa2SO4,andcvaporatcd

undcrrcduccdpressｕｒｅｔｏｌｃａｖｃａｓｏｌｉｄ，whichwascolumn-chromatographcdｏｎＳｉＯ２ｗｉｔｈＣＨＣｌ３－ 

ＭｃＯＨ－ＡｃＯＨ(46:1:0.1,Ｖ/V)togivcl8a(143.2ｍｇ,９２％)１８a：ｍｐ232.5卍33°Ｃ(paleycllowfine

nccdlcs,rccrystallizcdfromCHCl3-hcxanc)．ＩＲ（KBr)：1682,1516,1348,1221ｃｍ－１．１Ｈ－ＮＭＲ 
のMSO-a6)６:４２３(3Ｈ,ｓ),８．１１（1Ｈ,ｄｄ,Ｊ=9.0,2.0Ｈｚ),８２４(1Ｈ,。,Ｊ=9.0Ｈｚ),８．４６(1Ｈ,ｄ,ノ

ー2.0Ｈｚ),８．７７（1Ｈ,ｓ).ＭＳｍ/z:２３６(Ｍ+).肋αﾉ.CalcdfbrC1OH8N2o5:Ｃ,50.85;Ｈ,3.41;Ｎ，

11.86.Found:Ｃ,５０．６４;Ｈ,3.40；Ｎ，11.83． 

Methyll-Methoxy-6-nitroindole-3-carboxylate（18b）froml8a-ExccssCH2N2inEt20 

wasaddcdtoasuspcnsionofl8a（11.1ｍｇ,０．０４７，mol)ｉｎＭｃＯＨ(2.0ｍL)andthcmixturewas 
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stirrcdatrtfbrl5min・Afterevaporationofthcsolvcntunderreduccdpressurc,theresiducwascolumn‐

chromatographcdonSiO2withCHC13-hcxanc（2:1,ｖ/V）tｏｇｉｖｃｌ８ＩＤ（11.6ｍｇ,９９％)１８b：mp 

l55S-156oC(paleycllowfinenccdles,recrystaUizedfiPomCHC13-hcxanc).ＩＲ(KBr):1716,1514, 

1352,1213cm-1.1H-NMR(CDCl3)6:3.94(3Ｈ,s),423(3Ｈ,s),８．１６(1Ｈ,。d,J=９．０，２０Ｈｚ),８．１８

(1Ｈ,ｓ)，８．２８（1Ｈ，ｄ,Ｊ=９０Ｈｚ),８．４３（1Ｈ，ｄ,ノー２．０Ｈｚ).ＭＳ腕/z:２５０(Ｍ+）ＡＪｚａﾉ.Calcdfbr

C11H1ON205.1/8H20:Ｃ,５２３３;Ｈ,４．０９;Ｎ,11.10.Found:Ｃ,52.21;Ｈ,４０５;Ｎ,UlL 

1Methoxy-6-nitroindole-3-carbaldehyde（20）fbPoml-Methoxy-6-nitroindole（１，）－ 

POq3(O97mL,１０．４，mol)wasaddcdtodryDMF(５８ｍL,６３，mol)atOoCandstirringwascon‐ 

tinucdfbrl5minAsolutionoflD(１．００９，５．２，mol)indryDMF(15ｍL)wasaddcdtothcrcsultant 

mixturcaｔＯｏＣ、Aftcrstirringatrtfbr7h，H20wasaddcdtothcrcactionmixturＣａｔOoCandthcwholc

wasmadcbasic(ｐＨ10)byaddingsaMqNaHCO3・Aftcrstirringatrtfbr30minmaintainingpH10by

addingsat・ａｑＮａＨＣＯ３,thcwholcwascxtractcdwithEtOAc・Thccxtractwaswashcdwithbrine,dried

ovcrNa2SO4，andcvaporatcdundcrrcduccdprcssurctolcavcycllowsolid，Whichwascolumn‐ 

chromatographcdonSiO2withEtOAc-hexanc(1:２，v/V)togive20(1.089,94％)．２０:mpl8L182oC 

(yellowprisms,rccrystallizcdfromCHCl3-hcxanc)ＪＲ(KBr):1664,1653,1508,1342ｃｍ-1.1H-NMR 

(CDq3)ｂ:４．２８(3H,s),８．１４(1H,ｓ),８．２２(1Ｈ,。｡,J=８８，２．０Ｈｚ),８４３(1Ｈ,。,J=８８Ｈｚ),８．４５

(1Ｈ,。,J=2.0Ｈｚ),１０．０２(1Ｈ,ｓ).AJzaLCalcdfbrC10H8N204:Ｃ,54.55;Ｈ,3.66;Ｎ,12.72.Found：

Ｃ,５４３２;Ｈ,３．６１；Ｎ，１２．５４ 

Methyl5-ChloroacetyL（21a）andMethyM-Chloroacetyl-1-methoxyindole-3-carboxy・

late(22a）from2b-AnhydrousAlq3(392.7ｍｇ,２．９４，mol)andthcnasolutionofchloroacctyl 

chloridc(166.1ｍｇ,１．４７，mol)mnitrobcnzcnc(0.4ｍL)wasaddcdsucccssivclytoasolutioｎｏｆ２ｂ 

(1005ｍｇ,０．４９，mol)innitrobcnzcnc(1ｍL)andthcmixturcwashcatedatlOOoCfbrl5minwith 

stirringAftcradditionofH20withstirringundcriceCooling,thesolvcntwasevaporatcdunderreduccd 

prcssure・TYlcrcsiducwasmadcbasic(ｐＨ１１）byadding8％NaOHandextractcdwithCHC13・TY1c

cxtractwaswashcdwithbrinc，dricdovcrNa2SO4,andevaporatcdundcrrcduccdprcssurctolcavcan 

oil,whichwascolumn-chromatographcdrcpcatcdlyonSiO2withCH2d2andCHC13togivc22a(26.9 

mg,20％)and21a（71.3ｍｇ,５２％)intheordcrofclution21a:ｍｐｌ３８-139℃(palcbrownprisms， 

rccrystaUizedfiPomCHCl3-hcxanc).ＩＲ(KBr):1700,1610,1218,1178ｃｍ－１．１H-NMR(CDCl3)６： 

395(3Ｈ,s),４１８(3H,s),４．８４(2H,s),７．５５(1Ｈ,｡｡,Ｊ=8.7,1.0Ｈｚ),８０１(1Ｈ,．｡,J=8.7,17Ｈｚ)， 

8．０３（1Ｈ,ｓ),８．８０（1Ｈ,ｄ,J=1.7Ｈｚ）ＭＳ腕/z:２８３(Ｍ+:ｑ37),２８１(Ｍ+:ｑ35)Ａ'０αﾉ.Calcdfbr
C13H12NO4C1．l/8ＨｚO:Ｃ，54.99;Ｈ，4.35；Ｎ，4.96．Fbund:Ｃ，54.83;Ｈ，429；Ｎ，４．８４２２ａ:ｍｐ 

ｌ５卜158°Ｃ(colorlcsspnsms,recrystallizedffomCHCl3-hcxanc).ＩＲ(KBr):1695,1616,1437,1387,

1197cm~1.1H-NMR(CDd3)６:３９３(3Ｈ,ｓ),４２１(3Ｈ,ｓ),４７９(2Ｈ,ｓ),７８５（1Ｈ,．｡,J=8.5,Ｌ５ 
Hz),８．１２(1Ｈ,ｓ),８．１６(1Ｈ,ｄｄ,J=１５，０．７Ｈｚ),８．２６(1Ｈ,。d,J=8.5,0.7Ｈｚ)HighRcsolutionMS

腕/z:CalcdfbrC13H12NO4C1:283.0425(Ｍ+:。37)and281.0455(Ｍ+:０３５).Found:Z830427and
2810427． 

ＲＥＦＥＲＥＮＣＥＳＡＮＤＮＯＴＥＳ 
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