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SYNTHESESOFWASABIPHYIDALEXIN（1V肥THYL1-IV皿THOXⅥN-

DOLE-3-CARBOXYLAI屯)ANDITS5-IODODERIVAIIVE,ＡＮＤＴＨＥＩＲ

ＮＵＣＬＥＯＰＨＩＬＩＣＳＵＢＳＴＩＴＵＴＩＯＮＲＥＡＣＴＩＯＮＳ１ 

MasanoriSomci,＊AsukaTnnimoto,HitomiOrita,FilmioYamada,and 

ToshiharuOhta 

FacultyofPharmaceuticalScicnccs,KanazawaUnivcrsity， 

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

A6sZmcZ-AsimplcsynthcticmcthodfOrmcthyll-mcthoxyindolc-3-carbox‐ 

ylatc,aphytoalcxinisolatcdfipomW“uJbjZJjZW〕o"jaMyn.Ｅ"〃"αｗ“umbj,and

its5-iododcrivativcisrcportcdThcyundcrwcntnuclcophihcsubstimtion 

rcactionssclcctivclyatthc2-position． 

Solcdadcandco-workcrs2isolatcdmcthyll-mcthoxyindolc-3-carboxylatc3（1a)fiPomWasabi(Ｗ"肋jα
〃o"jczLsyn.Ｅ叩匂"αｗ“`H1)jasaphytoalcxin（Schcmcl).Thcydctermmcditsstructurcbydirect

comparisonwiththcauthcnticsamplc,obtainedin6％ovcraUyicldfrommdolmc(2)insixstcpswithout 

charactcrizinganyintcnncdiatcsatalLInthcsynthcsis,oursynthcticmcthodfOrl-mcthoxyindolc(3) 

fTom2withNaWO4･ZH20and3MH2○Z4wasapphcdasakcystcp・ZThccompound(1a)itsclfhad
alrcadybcensynthcsizcｄｂｙＡＣｈｃｓｏｎａｎｄｃｏ－ｗｏｒｋｃｒｓ３ｉｎｔｃｎｓtcpsfipomo-nitroanihncinpooroverall 
yicld 

Wchavcdiscloscdthatl-mcthoxyindoleshavingclcctronwithdrawinggroupsuchasfbrmyl(4a)3,5and 
acctyl6(4b)atthc3-positionrcadilyundcrgonuclcophihcsubstitutionrcactions7rcgioselectivelyatthe 
2-positionThcrefOrclwchavcbccnmuchmtcrestcdinlaand4a,bfOrdctcrminingwhcthcrthcir 

reactiviticsarccorrclatcdwithantifilngalactiviticsornotlnthisrcporLwcwishtodcscribcaneffCctivc 

andsimplcsynthcscsoflal-mcthoxyindolc-3-carboxylicacid(5),and5-iododcrivativc(6),aswcllas 

thcirnuclcophilicsubstitutionrcactionscomparingwiththoscof4ah 

First,wehavcsuccccdcdinthcsynthcsisoｆｌａｆｉＰｏｍ２ｉｎｏｎｌｙｆｉｖｃｓｔｃｐｓｗｉｔｈ５１兜ovcrallyicldT1ms，

accordingtoourprcvlousrcport,４１－mcthoxyindolc-3-carbaldchydc（4a)，aphytoalcxinfOundby 
Takasugi8aandco-workcrsfromplantfamnyC'wci/12me,wasprcparcdinthrccstepswith54％ovcrall 

yicldfrom2Furthcroxidationof4awithNaC1o29wassucccssMtogivc95％yieldof5asstablc 
colorlcssprismｓｍｃｌｔｉｎｇａｔｌ７３－１７４ｏＣ・mcscphysicaldataarcdiffCrcntfromthcrcportcdofPwhitc

powdcrmcltingatl64-165°Ｃ(dccomp)byAchcsonandco-workers､3Subscqucntmcthylationof5with 

CHZNZprovidcdaquantitativcyicldoflaasstablccolorlcssprisms,ｍｐ４５－４６ｏＣ・nlcscdataarcnot
consistcntwiththcrcportedpinkprisms,３ｍｐ39-40°Ｃ,either・Thesefactsshowthatpurclaand5are
nowproduccdfbrthcfirsttimc・

WcncxtcxamincdiodinationoflawithKIandNalO41OinTFAH201tisintcrestingtonotcthatthc 
dcsiredmcthyl5-iodo-1-mcthoxyindolc-3-ca１１〕oxylatc(6)wasproduccdprcdominantlyin6996yicld，
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whilcundersimUarrcactionconditionsthciodinationofmethylindolc-3-carboxylatc(1b)gavc5-iodo‐ 

(7),６－iodo-(8),and7-iodocompound(9)ｉｎ58,25,ａｎｄ２％yiclds,rcspcctivclymlcrcsultssuggcst 

thatthcintroductionofl-mcthoxygｒｏｕｐｗｏｕｌｄｂｃａｎｕｓｃｆＵｌｍｅａｎｓｆｂｒｒcalizingrcgiosclcctivcclcctro-

philicsubstitutionreactionsatthc5-position 

ThcstructurcofOwasprovedbycomparingitslH-NMRspcctrumwilhthatoflaThcmultiplctC(4)－ 
protonoflarcadilydisccrniblcinthcspcctrumbccauscofrcsonatingatthclowcstficldamongothcr 

protonsignalsductothcanisotropycffCctofthcmcthoxycarbonylmoicty，changcdtolMz汐couplcd

doublct（J＝２Ｈｚ)inthcspcctrumof6,provingittobc5-substitutcdcompoundSimilarrcsultswcrc 

observcdinthccascof71nthcspcctrumof8,ｔｈｃＣ(4)-protonisano肋o-andp`､朕couplcddoublc

doublctsP＝８and0.5Ｈｚ)showingittobc6-substitutcdcompoundThccompound(9)isshowntobc 

7-substitutcdindolcbccauscthcC(4)-protonappcarsasano肋o-andMz肝couplcddoublcdoublctsQ＝

8andlHz)． 

Ｗｉｔｈｌａａｎｄ６ｉｎｈａｎｄ，thcirnuclcophUicsubstitutionrcactionswcrccxamincdlllcrcactionoflawith 

cxcessl59MqucousNaSMcproduccdmcthyl2-mcthylthioindolc-3-carboxylatc（10）ａｎｄ５，ａｎｄthc 

rcsultsaresummarizcdinT2Mel・T11roughoutthcsccxpcrimcnts,fbrmationof2-mcthylthioindolc-3-car‐

boxylicacid(11)wasnotobscrved・TY1cscfactsindicatcthatoncc5isfOmlcd,itdocsnotundcrgo

nuclcophilicsubstitutionrcaction,ｉｎadditionhydrolysisofcstcrgrouｐｏｆｌＯｔｏｌｌｄｏｃｓｎｏｔｏｃｃｕｒｂｃｃａｕｓｃ 
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ofthcrcsonancc-stabnizationbythcloncpairelcctronsonthcmcthylthiosulfUratomEvcntually，under 

thcrcactionconditionsmthcＥｎｔｒｙ４，l0wasobtaincdin70兜yicldIncontrast，undcrsuchmUdcr

conditionsasrcfluxinginMcOHfOr2h，４aand4brcactcdwith１５％aqucousNaSMctogivcbrassicanal 

A8a,b(12)and2-mcthylthio-3-acctylindolc6(13)inquantitativcyiclds,rcspcctively． 
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TY1ereactionoflawithsodiumindolylmDMFatroomtempcraturcaffbrdcdmcthyl2-(mdol-1-yl)in‐ 

dole-3-carboxylatc(14)ｉｎ７７％yicld,whUethcsimilarrcactionof4aprovided2-(mdol-1-yl)indolc-3‐ 
carbaldchydc5(15)in95％yicld(Schcmc2).sodiumimidazolylrcactcdwithlainDIV雁at60℃toaffOrd
mcthyl2-(imidazol-1-yl)indolc-3-carboxylatc(16),methylindolc-3-carboxylatc(17)andunrcactcdlain 

28，１１，ａｎｄ３６％yiclds，rcspcctivcly､T11ecorrcspondingrcactionof4awithsodiumimidazolylprovided 

2-(imidazol-1-yl)indolc-3-carbaldchydc5(18)in81％yicldcvcnatroomtcmpcraturc 
Rcmarkablccnhanccmentinthcrcactivityofthcnucleopmicsubstitutionwasobscrvcdbythcintroduction 

ofhalogcnontothcindolcringThus,mcthyl2-(imidazol-1-yl)-5-iodoindolc-3-carboxylatc(10)was 

produccdin72％yicldinthcrcactionof6withsodiumimidazolylinDIV〃ａｔ６０℃,mcontrasttotheyield

of28兜inthccascofl6asdescribcdabovc．Inthcreactionof6withthemostrcactivesodiumindolyl，

theyicld(77％)ofmcthyl2-(indol-1-yl)-5-iodoindolc-3-carboxylatc(20)wasalmostthcsamcasthalof 
thecorrespondingrcactionofla 

Asrcportcdinthcpreviouspapcrs,６，１１sodiumdimcthylmalonatereactcdsmoothlywith4aand4bgivinｇ 
ｍａ,ｂａｎｄ２２，rcspcctivcly・Ontheothcrhand，thercactionoflawithsodiumdimethyhalonatcdidnot

fbrmthcdesircd23undcrvarlouscxamincdconditions，ｗｈＵｃｓｉｍｉｌａｒＫＯＺＢｕｐｒｏｍotedreactionof6 
provided24in２５％yicld． 
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Inconclusion,wcsuccccdcdincstablishmgasimplcfivcstcpssynthcticmcthodfOrlafrom２．Ｕｍｉ五ng

thcroutc，laand5wcrcobtaincdinpurcstatcｆＯｒｔｈｃｆｉｒｓｔｔｉｍｃ、RCgiosclcctivcprcparationof5-iodo

dcrivativc（６）wasalsosucccssfULAftcrcxannnmgsomcnuclcophiUcsubstitutionrcactionsof 
l-mcthoxyindolcsrcportcdinthispapcr，ｗｃｈａｖｃｆＯｕｎｄｔｈｃｏｒｄｃｒｏｆｒｃｌａｔｉｖｃｒcactivityas 
５＜1a<６＜4ｂ＜4a,whichcorrclatcswiththcclectronwithdrawingabilityofthc3-substitucnLComparisons 

ofthcscrcactiviticsandantifUngalactiviticsarcnowinprogrcss． 

ＥＸＰＥＲＩＭＥＮＴＡＬ 

ＭｅｌｔｉｎｇｐｏｉｎｔｓｗｃｒｃｄctcrmincdonaYanagimotomicromcltingpointapparatusandarcuncorrcctcdlR 

spcctrawercdctcrmincdwithaShimadzuIR-420spcctrophotomctcr，andlH-NlVmspcctrawitheithcra 
JＥＯＬＪＮＭＦＸ１００ＳｏｒＪＥＯＬＧＳＸ－５００ｓｐｃｃｔromctcrwithtctramcthylsilancasanintcrnalstandardMS 

spcctrawcrcrccordcdonaJEOLSX-102Aspcctromctcr・ColumnchromatographywaspcrfOrmedon
sUicagcl(SiO2,100-200mcsh,fromKantoChemicalCo・Inc.).Prcparativcthin-laycrchromatography
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(p-TLC)waspcIfbrmcdonMcrckKicscl-gelGF254(Typc60)(SiO2） 

l-Methoxyindole､3.carboxylicacid（５）fmml-Methoxyindole-3-carbaldehyde（4a）－A 

solutionofNaC1o2(５２３３９，５７８６，mol)andNaHZPO4･ＺＨ２０(6.7709,43.40,mol)inH20(30.0 

ｍL)wasaddcdtoasolutionof4a(507ｍｇ,２．８９，mol)ｉｍＢｕＯＨ(30.0ｍL)and2-mcthyl-2-butcnc 

(３００ｍL)at0°ＣandthcmixturcwasstirrcdfOr39hatrt・AftcradditionofH20,thewholcwas

cxtractcdwithCHC13-MeＯＨ(95:5,Ｖ/V).mccxtractwaswashcdwithbrinc,dricdovcrNa2SO4,and 

cvaporatcdundcrrcduccdprcssurctolcavcasolid,whichwascolumn-chromatographcdonSiO2with 

CHC13togivc5（523ｍｇ,９５％）５:mpl73-174oC(colorlcssprlsms,rccrystallizcdfromAcOEt‐ 

hcxanc).ＩＲ(KBr):２９１０(br),1664,1512,1450,1325,1265,1220,1085,1010,945,740,729,716, 

623cm-1.1H-NMR(CDC13)６:４．１８(3H,ｓ),７．３１(1H,ｄｔ,Ｊ=Ｌ1,7.6Ｈｚ),７３４(1H,ｄＬＪ=1.1,7.6 
ＨＺ),７４９(1H,。“=7.6,1.1Ｈｚ),８．０６（1H,ｓ),８．２４(1H,。t,Ｊ=7.6,1.1Ｈｚ).ＭＳ碗/z:１９１(M+)．

A'2αﾉ.CalcdfbrC1OH9NO:Ｃ,62.82;Ｈ,4.75;Ｎ，７．３３．Found:Ｃ,62.69;Ｈ，4.75;Ｎ,７．２１ 

Methyll-MethoxyiMole-3-carboxylate（1a）fmm5-Asolutionofdiazomcthancinethcr 

(30.0ｍL)wasaddcddropwisctoasolutionof5（252ｍｇ,１．３２，mol)ｉｎＭｃＯＨ(8.0ｍL)andthe 

mixturcwasstirrcdfOrlhatrt・ＴＹ１ｃｓｏ]vcntwascvaporatedundcrreduccdprcssurctoIcavcanoil,which

wascolumn-chromatographedonSiO2withCHC13-McOH(99:1,ＷV)togivela(268ｍｇ,９９％).１a:mp 

45-46oC(Colorlcsspnsms,rccrystalhzcdfromCHC13）ＩＲ(film):3125,2990,1700(br),1520,1490, 
1455,1440,1375，1330,1260,1210,1150,1120,1088，１０２７，９６１，７７５，７５０，７３０ｃｍ－１．１Ｈ－ＮＭＲ 

(CDCl3)６:3.91(3H,ｓ),４．１５(3H,ｓ),7.28(1H,。t,Ｊ=1,7.8Ｈｚ),７．３２(1Ｈ,。t,Ｊ=１，７８Ｈｚ),７．４６
(1Ｈ,ｄＬＪ=7.8,1Ｈｚ),７．９６(1Ｈ,ｓ),８．１７(1Ｈ,。t,Ｊ=7.8,1Ｈｚ)High-rcsolutionMS腕/z:Calcdfbr
C11H11NO3:205.0742.Fbund:205.0739． 

Methyl5-Iodo-1-methoxyindoIe-3-caIboxylate（６）ｆｒｏｍｌａ－ＫＩ(607ｍｇ,３．６６，mol)and 

NalO4(783ｍｇ,３．６５，mol)wcrcaddcdtoasolutionofla(150ｍｇ,0.73,mol)inＴＦＡ(4.0ｍL)ａｎｄ 

Ｈ２０(1.0ｍL)andthcmixturcwasstirredfbr24hatrt・AftcradditionoficcandH2Qthcwholcwas

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

cvaporatcdundcrrcduccdprcssurctolcavcanoil,whichwascolumn-chromatographcdonSio2with 

CHCl3togivc6（166ｍｇ,６９％)．６:palcycUowgumIR(KBr):1708,1523,1453,1361,1205,1084 

cm-1.1H-NW(CDCl3)６:3.91(3H,ｓ),４１３(3H,ｓ),７．２４(1Ｈ,。d,Ｊ=8.8,0.7Ｈｚ),７．５８(1H,brd，
ﾉｰ8.8Ｈｚ),７．９０(1Ｈ,ｓ),８．５２(1H,brs)High-rcsolutionMS腕/z:CalcdfbrC11H1ONO3I:330.9707．
Fbund:330.9705． 

MethyI5-Iodo‐(7)，O-Iodo.(8)，and7-Iodoindole-3-calboxylate（９）fmmMethyl 

indole-3-carboxylate（1b)－ＫI(1.7009,102,mol)andNalO4(2.1929,10.2,mol)wcreadd‐ 
cdtoasolutionoflb（300ｍｇ,１．７２，mol)inTFA(8ｍL)ａｎｄＨＺＯ(３ｍL)andthemixturcwasstirrcd 

fOr48hat20oCAftcradditionoficcandH20,thcwholcwasextractcdwithCHCl3-ＭｃＯＨ(9:1,ＷV)． 

T11ccxtractwaswashedsucccssivcｌｙｗｉｔｈａｑ、１０％sodiumthiosulfatcandbrinc,dricdoverNa2SO4,and

cvaporatcdundcrreduccdprcssurctolcavesolid,whichwasrcpcatcdlycolumn-chmmatographcdonSiO2 

withAcOEt-hcxanc(1:4-2:3,Ｖ/V)togivcl(１１ｍｇ,２%),８（131ｍｇ,２５％),ａｎｄ７(300ｍｇ,５８％)m 

thcordcrofclution､７:ｍｐ243.0-243.5°Ｃ(colorlcsspnsms,rccrystaUizcdfromMcOH).ＩＲ（KBr)： 

3200,1676,1525,1442,1192,1175cm-1.1H-NMR(CDCl3-CD30D1:1)6:３８９(3H,s),７１６(1Ｈ， 
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d,Ｊ=８５Ｈｚ),７．４８(1H,．｡,Ｊ=８５，２Ｈｚ),７．８４(1H,ｓ),８．４４(1H,。,Ｊ=２Ｈｚ).ＭＳ腕/z:301(M+)．

A"`zLCalcdfOrC10H8No21:Ｃ,39.88;Ｈ,2.67;Ｎ,465Ｆ。und:Ｃ,39.89;Ｈ,2.59;Ｎ,4.70.8:ｍｐ

238.0-238.5.Ｃ(colorlcsspnsms,rccrystallizcdfiPomMeOH).ＩＲ(KBr):3200,1670,1513,1198, 

1050,802cm~1.1H-NMR(CDCl3-CD30D,９:1)6:3.91(3H,s),7.48(1H,．｡,ﾉｰ8,2Ｈｚ),7.76(1Ｈ， 
.｡,ﾉｰ2,0.5Ｈｚ),７．８４(1H,ｓ),７．８８(1H,ｄｄ,Ｊ=８，０５Ｈｚ)．ＭＳ腕/z:３０１(Ｍ+).Ａ"cuLCalcdfOr

C10H8No21:Ｃ,39.88;Ｈ,2.67;Ｎ,4.65.Found:Ｃ,39.92;Ｈ,2.57;Ｎ,4.639:ｍｐ154.5-155.0°Ｃ 

(colorlcsspnsms,rccrystallizcdfiPomMcOH)ＩＲ(KBr):3210,1675,1444,1300,1190,780,720cm-1. 

1H-NMR(CDC13-CD30D,９:1)６:３．９０(3H,ｓ),6.98(1H,．｡,Ｊ=8,7.4Ｈｚ),７．６０(1H,ｄｄ,Ｊ=74,1 
Hz),７．９６(totallH,ｓａｎｄ。,Ｊ=３Ｈｚ),８．１１(1H,．｡,ﾉｰ8,1Ｈ４ＭＳ腕/z:３０１(Ｍ+).Ａ"`zLCalcdfOr

C10H8NO21:Ｃ,39.88;Ｈ，2.67;Ｎ,４．６５Ｆ。und:Ｃ,39.69;Ｈ，２．５１；Ｎ,4.70．

Methyl2-Methylthioindole-3-carboxylate（10）ｆｍｍｌａ－Ｅｘｃｃｓｓ15％aqucoussodiumthio‐ 

mcthoxidc(9.0ｍL)wasaddcdtoasolutionofla(62ｍｇ,0.30,mol)ｉｎＤＭＦ(3.0ｍL)andthcmixturc 

wasstirrcdfOr6hat６０℃AftcradditionofH20,thcwholcwasmadcacidicbyaddmgaqucouslNHCl 

withicc-coolmgandcxtractcdwithAcOEtmlccxtractwaswashcdwithbrinc,dricdovcrNa2SO4，and 

evaporatcdundcrrcduccdprcssｕｒｃｔｏｌｃａｖｃａｎｏｉｌ，whichwascolumn-chromatographcdonSiO2with 

CHCl3-McOH(99:１，ＷV)togivclO(47ｍｇ,７０％)and５(１７ｍｇ,２９％)inthcordcrofclution・１０:mp

lO5-107oC(colorlcssfincnccdlcs,recrystalUzcdfromCHCl3-hcxanc).ＩＲ(KBr):3300,1660(br)， 

1450,1200,1068,758cm-1.1H-MVm(CDCl3)6:2.63(3H,s),３９６(3H,Ｓ),７．１８(1Ｈ,Ｍ=7.8ＨＺ)， 

722(1H,t,J=７８Ｈｚ),７３２(1Ｈ,ｄ,J=7.8Ｈｚ),８．０３(1H,ｄ,J=7.8Ｈｚ),8.45(1H,brs).ＭＭ/z:221 

(Ｍ+）Ａ"`ZLCalcdfOrC11H11NO2So1/ＺＨ２０:Ｃ,57.39;Ｈ,5.21;Ｎ'６.O8Found:Ｃ,57.65;Ｈ,5.02； 

Ｎ,５．９６． 

Methyl2-(Indol-1-yl)indole-3-carboxylate（14）fmmla-Asolutionofindolc(１９ｍｇ,０．１６ 

，mol)inanhydrousDIV煙(2.0ｍL)wasaddcdto6MNaH(4.8ｍｇ,0.12,mol)withicecooUngand

thcmixmrcwasstirrcdfOrl5minatrt・Totheresultantsolution,asolutionofla(17ｍｇ,0.08,mol)in

anhydrousDMF(1.0ｍL)wasaddcdandthcmixturcwasstirredfOrl6hatrt・AftcradditionofH20,thc

wholewasextractcdwithAcOEtm1cextractwaswashcdwithbrmc,dricdovcrNa2SO4,andevaporated 

undcrrcduccdprcssurctolcaveanoil,whichwascolumn-chromatographcdｏｎＳｉＯ２ｗｉｔｈＣＨＣｌ３－ｈｃｘａｎｃ 

(1:1,Ｖ/V)togivcl4(18ｍｇ,７７%)１４:mpl59-160oC(colorlcssprisms,rccrystallizcdfromCHCl3-

hcxanc).ＩＲ(KBr):3210,1658,1560,1465,1442,1204,1141,1090cm-1.1H-MVmR(CDCl3)６:３．７６ 
（3H,ｓ),6.72(1H,ｄｄ,ﾉｰ3.4,07Ｈｚ),７２０(1H,。t,Ｊ=1.7,71Ｈｚ),７．２４(1H,。t,Ｊ=1.7,7.1Ｈｚ)，

7.33￣7.36(ZH,、),7.37-7.40(2H,、),7.43(1Ｈ,ｄ,J=3.4Ｈｚ),7.68(1Ｈ,。｡,J=7.1,1.7Ｈｚ),８．２４

－８．２６(1Ｈ,、),８．７１(1Ｈ,brs,disappcarcdonadditionofD20).ＭＳ腕に２９０(Ｍ+).Ａ"`JLCalcdfOr

C18H14N202.1/3H20:Ｃ,72.97;Ｈ,4.95;Ｎ,946.Found:Ｃ,72.74;Ｈ,4.84;Ｎ,9.41． 

Methyl2-(Imidazol-1-yl)indole-3□carboxylate（16）fmmla-Asolutionofimidazole（８０ 

ｍｇ,１１７，mol)inanhydrousDMF(2.0ｍL)wasaddedto6MNaH(２１ｍｇ,０．８８，mol)withicc‐ 

cooUngandthemixturcwasstirrcdfOrl5minatrt・Tothcrcsultantsolution,asolutionofla(６０ｍｇ，

O29mmol)manhydrousDMF(3.0ｍL)wasaddcdandthemixmrew8sstirrcdfOr25hat60oCAftcr 

additionｏｆＨ２０，ｔｈｃｗｈｏｌｃwasextractcdwithAcOEt・T11ecxtractwaswashcdwithbrinc，dricdovcr

Na2SO4，andcvaporatedundcrrcduccdprcssurctolcavcasolid，whichwasrecrystaUizcdfiPomMcOHｔｏ 
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givcl6(１５ｍｇ）MothcrUquorwassubjcctcdtop-TIＣｏｎＳｉ○ZwithCHCl3-MeOH(95:5,Ｖ/V)asa 

dcvclopmgsolvcntUndcrUV1ight,thcrccbandswcrcdctcctcdExtractionofthcband町value:0.96引．

80)withCHC13-McOH(9:1,Ｖ/V)affOrdcdunrcactcdla(２１ｍｇ,３６％).Extractionwiththcsamcsol‐ 

vcntasabovc,５．６ｍｇ(11％)oflbwasobtaincdfiPomthcband(lVvaluc:0.68引.50）Similarly,fUrthcr

cropofl6(５ｍｇ)wasobtaincdfipomthcband(Rfvaluc:0.29-0.18).Tbtalyicldofl6wasZOmg 

(28％)１６:mp265卍66℃(colorlessnccdlcs,rccrystallizcdfiPomMcOH).ＩＲ(KBr):1691,1460,1345,

1215,1060,745,７２０cm-1.1Ｈ－ＮＭＲ(DMSO-`6)６:3.75(3H,ｓ),７．１１(1Ｈ,ｓ),7.24(1H,。t,J=１２，
７．３Ｈｚ),7.27(1H,。t,J=1.2,7.3Ｈｚ),7.44(1Ｈ,。“=１２，７．３Ｈｚ),7.60(1Ｈ,t,J=1.2Ｈ⑳,８．０４(1H，

｡｡,J=7.3,1.2Ｈｚ),8.11(1H,s).ＭＳ雌:241(M+).AMCalcdfOrC13H11N302:Ｃ,6472;Ｈ,460；
Ｎ，１７．４２.Found:Ｃ,64.59;Ｈ，4.60；Ｎ，１７．２９． 

Methyl2-(ImidazoL1-yl)-5-iodoindole-3-carboxylate(11）fmm6-Asolutionofimidazolc 

(３４ｍｇ,０．５１，mol)inanhydrousDIVF(1.0ｍL)wasaddcdto60％ＮａＨ(１５ｍｇ,０．３８，mol)with 

icc-coolmgandthcmixturcwasstirrcdfOrlOmmatrt・Tbthcrcsultantsolution,asolutionof6(４２ｍｇ，
0.12,mol)inanhydrousDMF(2.0ｍL)wasaddcdandthcmixmrcwasstirrcdfOr23hat62oCAftcr 

additionofH2qthcwholcwascxtractcdwithAcOEt・Thecxtractwaswashcdwithbrinc,dricdovcr

Na2SO4,andcvaporatcdundcrrcduccdprcssurctoleavcasoUd,whichwascolumn-chromatographcdon 

SiO2withAcOEt-hcxanc(2:1,Ｖ/V)ｔｏｇｉｖｃｌ９(３６ｍｇ,７２％).１９:mp271-272oC(colorlcssprisms， 

rccrystallizcdfiPomMcOH).ＩＲ(KBr):1692,1490,1441,1218,1161,1062cm-1.1H-NIVm(DMSOd6） 
6:3.76(3H,s),7.11(1H,ｓ),730(1H,ｄ,J=８５Ｈｚ),７．５４(1H,。d,ﾉｰ8.5,1.7Ｈｚ),7.61(1H,brs)，

8.12(1H,ｓ),８．２９(1H,ｓ,disappcarcdonadditionofD20),８３５（1Ｈ,ｄ,Ｊ=１７町.ＭＳ腕/z:３６７

（Ｍ+）Ａ"`zZCalcdfOrC13H10N30ZI:Ｃ,42.52;Ｈ，2.73;Ｎ，１１４４.Found:Ｃ,42.38;Ｈ，2.76； 
Ｎ,１１．１６． 

Methyl2-(Indol-1-yl)-5-iodoindole-3-carboxylate（20）from6-Asolutionofindolc(１８ 
ｍｇ,０．１５，mol)inanhydrousDIV⑱(2.0ｍL)wasaddcdto60％ＮａＨ(４７ｍｇ,０．１２，mol)withicc-

coolingandthcmixturcwasstirrcdfbrl5minatrt・Tothcrcsultantsolution,asolutionof6(26ｍｇ,OO8
mmol)inanhydrousDIV〃(1.5ｍL)wasaddcdandthcmixturcwasstirrcdfbrl7.ShatrLAftcraddition

ofH20，thewholcwascxtractcdwithAcOEt・Thccxtractwaswashcdwithbrinc，dricdovcrNa2SO4，

andcvaporatedunderrcduccdprcssuretoleavcanoU,whichwascolumn-chromatographcdonSio2with 

CHCl3-llcxanc(2:1,ｖ/V)togivc20(25ｍｇ,７７％).２０:mpl92-194oC(colorlcsspnsms,rccrystallizcd 

fromCHCl341cxanc).ＩＲ(KBr):1668,1558,1273,1204,1144cm-1.1H-NMR(CDCl3)６:3.78(3H， 
s),6.72(1H,。,J=3.4Ｈｚ),７．１６(1H,。,ﾉｰ8.6Ｈｚ),7.22(1H,。t,Ｊ=1.7,7.1Ｈｚ),7.25(1H,。t,Ｊ=１７，

８．１Ｈｚ),737(1H,ｄ,Ｊ=8.1Ｈｚ),7.43(1Ｈ,ｄ,Ｊ=3.4町,7.60(1Ｈ,ｄｄ,Ｊ=8.6,17Ｈｚ),7.68(1H,。｡，
J=8.1,1.7Ｈ⑳,８．５９(1Ｈ,。,Ｊ=1.7Ｈｚ),８．８３（1Ｈ,ｓ,disappcarcdonadditionofD20).ＭＳ碗に４１６

(Ｍ+).AMLCalcdfbrC18H13N2021.1/2H20:Ｃ,50.84;Ｈ,３．２９;Ｎ,659.Found:Ｃ,50.80;Ｈ,３．０４； 
Ｎ，６．４６． 

DimethyI2-(5-Iodo-3-methoxycaIbonylindol-2-yl)malonate（24）fmm6-Asolutionof 

dimcthylmalo､ate(９６ｍｇ,0.72,mol)inanhydrousDMF(8.0ｍL)wasaddcdtoKOfBu(81ｍｇ,O72 

mmol)andthcmixmrcwasstirrcdfOrlOmmatrt・Tbthercsultantsolution,asolutionof6(60ｍｇ,0.18

,mol)inanhydrousDIV価(4.0ｍL)wasaddcdandthcmixturcwasstirrcdfbr9hat72℃・Afteraddition
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ofH20andicc,thcwholcwascxtractcdwithAcOEt-ＭｃＯＨ(95:5,Ｖ/(1)Ihccxtractwaswashcdwith 

brinc,dricdovcrNa2SO4,andcvaporatcdundcrrcduccdprcssurctoleavcanon,whichwassubjcctcdto 

p-TLConSiO2withCHC13-hcxanc(4:1,ＷV)asadcvclopingsolvcntExtractionofthcband(Rfvaluc： 

0.87-0.65)withCHC13gavcunrcactcd6(24ｍｇ,４０%).Extractionofthcband(lVvaluc:0.454.23） 

withCHq3gavc24(20ｍｇ,２５％).２４:mpl59-160°Ｃ(Colorlcssprlsms,rccrystallizcdfromCHC13-h 

cxanc).ＩＲ(KBr):1729(br),1691,1436,1260,1085,1023cm-1.1H-NMR(CDC13)６:3.81(6H,ｓ)， 
3.96(3H,s),6.23(1H,ｓ),７２０(1Ｈ,ｄ,Ｊ=8.6Ｈｚ),７．５４(1H,ｄＣＬＪ=８６，１．７Ｈ⑳,８．４６(1H,。,Ｊ=1.7

Hz),9.70(1Ｈ,brs)High-rcsolutionMS腕/z:CalcdfbrC15H14NO61:4309860.Found:430.9866.
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