
Nucleophilic substitution reaction of
1-methoxy-6-nitro-indole

言語: eng

出版者: 

公開日: 2017-10-04

キーワード (Ja): 

キーワード (En): 

作成者: 

メールアドレス: 

所属: 

メタデータ

http://hdl.handle.net/2297/4367URL



HETEROCYCLES,Ｖｏｌ、５５，No.６，２０ｍ 1151 

ＮＵＣＬＥＯＰＨＩＬＩＣＳＵＢＳＴＩＴＵＴＩＯＮＲＥＡＣＴＩＯＮＯＦ１－ＩｖⅢＴＨＯＸＹと6-ＮＩＴＲＯ

ＩＮＤＯＩＥ１ 

KQjiYamada,TbshiyaKawasaki,TomomiFUjita,andMasanoriSomci＊ 

ＨucultyofPharmaceuticalScicnccs,KanazawaUnivcrsity， 
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Abs"zJcj-Nuclcophnicsubstitutionrcactionofl-mcthoxy-6-nitroMolc(1)was 

cxamincdlnthcrcactionwithsodiummcthoxideorsodiumcyanidcasa 

nuclcophile，２－and3-mcthoxy-6-nitroindolcs，and7-cyano-6-nitroindolcwcrc 

obtaincd，rcspcctivcly・Anovclmcthylcnchomologationatthc3-positionwas

fOundinthcrcactionoflwithsodiummcthylsulfidcorpotassiumsaltofdicthyl 

malonatctogivc3-mcthylthiomcthyl-6-nitroindolcanditsZ-mcthylthiodcriva-

tivc，anddicthyl2-(6-nitroindol-3-yl)mcthylmalonatc，rcspcctivcly、Possiblc
reactionmcchanismisdiscussed． 

l-HydPoxyindolesarcmtcrcstingcompounds・ZmcyundcrgonuclcopMicsubstitutionreactionsandpro-
vidcvariouskindsofproductsdcpcndingonthcstructurcsofsubstratcs，nuclcophUcs，andreactioncon‐ 

ditions､３１nthispaper,wchavcfOcuscdourattcntiontothcrcactivityofl-mcthoxy-6-nitroindolc(1)witll 
ancxpcctationthatnuclcophilicsubstitutionwouldoccurmorcreadUythanothcrl-mcthoxyindolcsowing 

tothcprcscnceofastrongclectronwithdrawingnitlogroupontheindolcnucleus・

Accordingtoourprevioussyntheticmctho｡,４１wasprcparedbythcfO11owingscqucnｃｅｏｆrcactionsas 
shownmSChcmcl:１)nitrationofindolinc5(2)withH2SO4andNaNO3giving6-nitromdolmc(3)、
92％yicld,２)oxidationof3withNaWO4･2H20and30％H202affOrdingl-hydroxy-6-nitromdolc4(4) 
ｍ79％yicld,and3)mcthylationof4withMcZSO4andK2CO3orCH2N2providmglinlOOand９６％ 
yields,ｒespcctivcly・

nlcrcactionoflwithNaOMeinrcfluxmgDMFaffbrdcd6-nitroindolc6(5),Z-mcthoxy-(6),ａｎｄ３‐ 
mcthoxy-6-nitroindolcs(7)、57,22,and6％yiclds,rcspcctivcly・mcrcsultsuggestedthat2-and/br3-

cyanoindolescouldbeobtaincdwhenNaCNwasuscdasanucleophilcTooursurprisc，ｉｎfact，thc 

reactionoflwithNaCNinDMF-H20atrcfluxproduced7-cyano-6-nitroindole(8)and5asisolable 

productsinlSand4％yiclds，rcspectivcly，togethcrwithtarrymatter・Indolcshavingacyanogroupat

othcrpositionswcrcnotdctcctcdatallWhcnthereactionwascarricdoutinＤＭＳＯａｔｌ５０ｏＣ，only 

dcmcthoxylationocculTedtogive5in６２％yicld 

UponrcactionoflwithdicthyｌｍａｌｏｎａｔｃｕｓｉｎｇＫＯＺＢｕａｓａｂａｓｃｉｎＤＭＦａｔｒｃｆｌｕｘ，anintcrcstingmeth‐ 

ylcnchomologationrcactiontookplaccatthc3-positioninsteadofsimplcnucleophilicsubstimtion 

rcaction・T1ms,dicthyl2-(6-nitroindol-3-yl)mcthylmalonatc(9)wasobtaincdin38％yicldinadditionto5

in47％ｙｉｃｌｄＷｈｅｎＫＨｗａｓｕｓｃｄａｓａｂａｓｅ,thcyicldof9wassHghtlyimprovcdto40％togetherwith5 
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and7inthercspcctivcyicldsof20and５％・

nlcstructurcof9wasprovcdbythcfbllowmgtwoaltcrnativcsynthcscs・Inthcfirstroutc,gramme(10）

wasconvcrtcdtodicthyl2-(mdol-3-yl)methyhalonatc(11）ｉｎ83％yicldbyourrcaction7witlldicthyl 
malonatcusingtri-"butylphosphinc7asacatalysLRcductionoflltothccorrcsponding2,3-dihy‐ 

droindolc(12a)withtricthylsilanc8andtrifluoroaccticacidprocccdcdin8２％yicldNitrationofl2awith 

NaNo3andH2SO4providcd2,3-.ihydro-6-nitroindolcdcrivativc（12b）ｍ９２％yicldT11cn，its 

oxidationwithbubbUngoxygcnmMcOHmthcprcscnccofacatalyticamountofsalcominc9affOrdcd9 
in５６％yicldAuspectraldatawcrcidcnticalwiththoscof9obtaincdfroml・ThcsccondsynthcUctrial

uscd6-nitrograminclO(13a)asasubstratc,whichwasavailablccithcrfromlObynitrationlOaorhom5 
byMannichrcactionlObT11crcactionofl3awithdicthylmalonatcandtri-〃butylphosphinc7affOrdcdD

m67％yieldltismtcrCstingtonotcthatwｈｃｎｔｈｃｒｃａｃｔｉｏｎｏｆ５ｗｉｔｈＨＣＨＯＭｃＺＮＨwascarriedoutin 

McOH,l3bwasobtaincdin62％yicldwithoutanyfbrmationofl3a， 

ThcmcChanismfbrthcfbrmationof9couldbccxplaincdasiUustratcdmSchemcZInitialdeprotonation 

ofthel-mcthoxygroupofllibcratcsfOnnaldchydcandindolylanion(A).Ｔｈｅｎ,fO11owmgthcrcaction 

patha,ArcactswithfOnnaldehydetoproduccindol-3-ylmcthanol(B).Undcrthcrcactionconditions， 

unstablcBtransfbrmsto3-mcthylcncindolcninc(C),whichaddsdimcthylmalonatctogivＣＤ・Anothcr

possibUityisthercactionpathhAdditionofdicthylmalonatctofOnnaldchydcgivcsthcmtcnncdiatc(D)， 

whichcollapscstomcthylcncmalonatc(E).SubscqucntMichacladditionofAtoEaffOrdslthroughm 

Thefbrmationｓｏｆ６ａｎｄ７ｍｔｈｅｒｃａｃｔｉｏｎｏｆｌｗｉｔｈＮａＯＭｅｍＤＭＦｃａｎｂｃｅｘｐｌａｉｎｃｄｂｙｔｈｃＳ｣v21typc 

nuclcophUicsubstitutioｎｒｃａｃｔｉｏｎａｔｔｈｃ２‐and3-posiUons，rcspcctively，withl-methoxymoictyasa 

leavinggrouPOnthcothcrhand,fbrmationof7withoutusingNaOMc,ｔｈｕｓｕｐｏｎｒｃａｃｔｉｏｎｏｆｌｗｉｔｈＫＨ 

ｍＤＭＦ,mightbccxplaincdintermsofthcinitialhydridcadditiontolatthc3-positionfOrmingl4aand 

amcthoxidcion，whichthcnaddstoanothcrmolcculcｏｆｌｔｏｇｃｎｃｒａｔｃｌ４ｂａｎｄａｎｅｗｍｃｔｈｏｘｉdcionas 

showninSchcmc3Thcproccssisrcpcatcdaschainreaction，ｗｈｉｌｃｌ４ａａｎｄｌ４ｂｃｏＵａｐｓｃｔｏ５ａｎｄ７， 

respcctivcly． 
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Wcncxtcxamincdthcrcactionoflｗｉｔｈ15％aqucousNaSMcinrcfluxingMcOH(Schcmc4).Products 

wcrc2-mcthylthio-3-mcthylthiomethyl-6-nitroindolc(15)，５，３－mcthylthio-(16),2,3-dimcthylthio-(17)， 

3-mcthylthiomcthyl-6-nitroindoles(18)ａｎｄ７ｉｎｌ７,39,4,2,2,and4％yicldMcspcctivcly・Whcnthc
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rcacUonwascarricdoutmDME2-mcthylthio-6-nitromdolc(19)wasproduccdm１３％yieldmaddition 
to54％ｙｉｃｌｄｏｆ５，ｗｈｉｌｅｔｈｃｆｂｒｍａｔｉｏｎｓｏｆｌ５ａｎｄｌ８ｗｃｒcnotobscrvcdnlcstructurcofl8was 

confinncdbydircctcomparisonwiththcauthcnticsamplcprcparcdin９４％ｙｉｃｌｄｂｙｔｈｃｒｃａｃｔｉｏｎｏｆｌ３ａ 
ｗｉｔｈＮａＳＭｃ、

FoｒｔｈｃｆＯｒｍａｔｉｏｎｓｏｆｌ５ａｎｄｌ８，fbrmaldchydcgcncratcdfiPomlasshowninSchcmc3alsoplaysan 

importantrolc・Thccxtraprcscnccofmcthylthiogroupinthcproducts(l5andl7)mightbcaccountcdfOr

bycithcramcthylthiylradicaladdiUonand/branclcctrophihcadditionofmcthancsulfenyliongcncratcdby 
airoxidationofmethylsulfideion・

Inconclusion，thcprcscntsyntheticroutcprovidcsarcadyacccssto6-nitroindolcdcrivativcsincluding 

6-nitroindolcitselffromcheapindolmc・nlcrcactionsoflwithvariouscarbonnuclcophUcsarcm

progrcss． 

ＥＸＰＥＲＩＭＥＮＴＡＬ 

ＭｃｌｔｉｎｇｐｏｍｔｓｗｃｒｃｄｃtcrmincdonaYanagimotomicromcltingpointapparatusandarcuncorrcctcd 

lnfrarcd(IR)spcctrawcrcdctcrmincdwithaHORIBAFIL720spcctrophotomcter,andlH-NMRspcctra 

withaJEOLGSX-500spcctrometcrwithtctramcthylsUancasanmtcrnalstandard、MSspcctrａｗｃｒｃ

ｒｃｃｏｒｄｃｄｏｎａＪＥＯＬＪＭＳ－ＳＸ１０２ＡｏｒＪＥＯＬＪＭＳ－ＡＸ５ｓｐｃｃｔｒｏｍｃｔｃｒ・Columnchromatographywas

pcrfOrmcdonsilicagcl（Sio2，100-200mcsh,fromKantoChcmicalCo、Inc.）oractivatcdalumina

(A12o3,300mesh,fromWakoPurcChemicalIndustrics,Ltd)throughoutthcprcscntstudyPrcparativc 

thin-1aycrchromatography(P-TLC)waspcrfOrmcdonMcrckKicscl-gclGF254(Iypc60)(SiO2)． 

1-Hydmxy-6-nitmindole（４）fmm6-NitMndoline（３）－３０％Ａｑ・Ｈ２ｏ２(O58mL,５７

，mol)wasaddedtoasolutionof3（101.3ｍｇ,0.57,mol)andNa2W04.2H２０(18.8ｍｇ,0.06,mol） 

inMcOH(10ｍL)andH20(1.0ｍL)at0℃withstirringStirringwascontmucdatrtfOr7handthcnthc 

wholcwascxtractcdwithCH2C12・Thecxtractwaswashcdwithbrmc，driedovcrNa2SO4，and

evaporatedunderrcduccdPrcssurctoleavcanoil,whichｗａｓcolumn-chromatographedonSiO2with 

CH2Cl2-McOH(99:1,Ｖ/V)togive6-nitromdolc(5,6.1ｍｇ,７％),３(10.7ｍｇ,１１％),and４(８０１ｍｇ， 

79％)inthcordcrofclution4:mplS3-155°Ｃ(dccomp,Orange､ccdlcsrccrystallizcdfiDmCHCl3).ＩＲ 

(KBr):3240,1617,1586,1514,1332,1095cm-1.1H-NMR(CDCl3:ＣＤ30,,95:5,ＷV)６:6.43(1Ｈ， 

d,Ｊ=3.3Ｈｚ,C3-H),７．５１（1H,。,Ｊ=3.3Ｈｚ,C2-H),７．６１(1H，。,Ｊ=8.8Ｈｚ,C4-H),７．９５(1H,。d，

J=8.8ａｎｄ２．１Ｈｚ,C5-H)，８．４２（1H，ｄ,Ｊ=2.1Ｈｚ,C7-H)．ＭＳ腕/Z:１７８（Ｍ+).Ａ"α・CalcdfOr

C8H6N203:Ｃ,53.94;Ｈ,３３９;Ｎ,15.72Found:Ｃ,5403;Ｈ,3.45;Ｎ,15.73. 

1-Methoxy-6-nitmindole（１）ｆｍｍ４－Ｍｅｔｈｏｄｌ:Amixturcof4(1.6679,9.37,mol),KZCO3 

(6.4729,46.8,mol)andMc2SO4(４４５ｍL,４６．９，mol)ｉｎＭｃＯＨ(２５ｍL)wasstirrcdatrtfOrlh 

AftcradditiｏｎｏｆＨ２０，thcwholcwascxtractcdwithAcOEt・mccxtractwaswashcdwithbrinc，dricd

ovcrNa2SO4，andcvaporatcdunderreducedpressuretolcavcasoUd，whichwascolumn‐ 

chromatographcdonSiO2withCHCl3-hcxanc(1:1,ＷV)togivcl（1.799,100％).１:mp90-91oC 

(ycUownccdlesrecrystallizedfromMeOH).ＩＲ(KBr):1613,1584,1508,1339,1100,955,756,720 

cm-1.1Ｈ－ＮＭＲ(CDC13)６:４１７(3H,ｓ,CH3),６．４５（1H,。｡,Ｊ=Ｍ,０８Ｈｚ,C3-H),７．５２(1H,ｄ，
J=3.4Ｈｚ,C2-H),７．６０(1Ｈ,ｄ,J=8.8Ｈｚ,C4-H),7.98(1Ｈ,。｡,J=8.8and2.2Ｈｚ,C5-H),８．３８(1Ｈ,ｂｒ
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d,Ｊ=２２Ｈｚ,C7-H).ＭＳ雌:１９２(Ｍ+).AMCalcdfOrC9H8NZO3:Ｃ,56.25;Ｈ’4.20;Ｎ，14.58．

Found:Ｃ,56.21；Ｈ，４．１７;Ｎ，１４．７３． 

Method2:AncxccssamountofcthcrealCH2N2solutionwasaddcdtoasolutionof4(34.7ｍｇ,０．２０ 

，mol)inMcOH(3ｍL)atrtwithstirring・Aftcrconfirmingthcdisappcarcnceof4monitoringwitMIC，

thcsolvcntwascvaporatcdundcrrcduccdprcssurctolcavcasoUd，whichwascolumn-chromatographcd 

onSiO2withCHC13-hcxanc(1:1,v/V)togivcl(35.8ｍｇ,96％） 

6-MtMndole(5)，Z-Methoxy‐(6)，and3-Methoxy-6-nitroindoles（７）froml-A 

solutionofl(109.6ｍｇ,0.57,mol)inＤＩＷ(ＺｍＬ)wasaddcdtoasuspcnsionofNaOMc[prcparcd 

withsodium(1320ｍｇ,５．７４mgatom)andanhydrousMcOH(５ｍL)]ｉｎＤＭＦ(１０ｍL).TY1cmixture 

wasrcfluxcdfbr5minwithstirrmgAftcradditionoficc，ｔｈｃｗｈｏｌｃｗａｓｍａｄｃａｃｉｄｉｃｗｉｔｈ２ＮＨＣｌ，and 

cxtractcdwithAcOEt・Thecxtractwaswashcdwithbrinc，driedovcrNa2SO4，andevaporatcdundcr

rcduccdprcssurctolcavcarcsiduQwhichwascolumn-chromatographcdonAl203withbcnzcnetogive 

thclcsspolar（94.5ｍｇ）andthcmorepolarfractions（33.9ｍｇ)．ThcfOrmcrwasagaincolumn‐ 

chromatographedonSiO2withAcOEt-hcxane(1:5,Ｖ/V)ｔｏｇｉｖｃ５６(5Z､５ｍｇ,５７%).Ｔｈｅlattcrwas 

purifiedbyP-TLConSiO2,developcdthrcctimcswithAcOEt-hexanc(1:5,Ｖ/V)Extractionofthcband 

havinganRfvalucofO47-0.32withCHCl3-McOH(95:5,ｖ/V)gavc6(24.6ｍｇ,２２%)Extractionof 

thcbandhavinganRfvalucofO32-0.21withCHC13-McOH(95:5,Ｖ/V)gavc7(６３ｍｇ,６％).６:mp 

l58-160oC(yellowprismsrccrystmlizcdfromCHC13).ＩＲ(KBr)：3338,1548,1292cm-1.1H-NW 

(CDCI3)６:401(3H,ｓ,CH3),5.72(1Ｈ,。｡,Ｊ=2.2,0.7Ｈｚ,C3-H),７．４１(1H,ｄ,Ｊ=８７Ｈｚ,C4-H)，

８．００(1Ｈ,．｡,J=8.7,2.0Ｈｚ,CS-H),８．１１(1H,brs,ＮＨ),８１４(1Ｈ,。,J=ＺＯＨｚＣ７－Ｈ).ＭＳ'，j/z:192

(Ｍ+).Ａ"`uLCalcdfOrC9H8N203．l/4H20:Ｃ,54.96;Ｈ,４３６;Ｎ,14.24.Found:Ｃ,55.10;Ｈ,４．０８;Ｎ， 

14.27.7:ｍｐ176.5-178.0°Ｃ(orangcprismsrccrystallizcdfromCHCl3-hcxanc)ＩＲ（film):1556, 

1508,1331,1300,1097,1061ｃｍ-1.1H-NMR(CDCl3)６:3.29(3H,s,CH3),6.99(1Ｈ,ｄ,J=2.7Ｈｚ， 
coUapscdtosonadditionofD20，C2-H),７．７０（1Ｈ，ｄ,Ｊ=8.8Ｈｚ，C4-H),７．９４(1H，ｂｒｓ，ＮＨ， 

disappcarcdonadditionofD20),７．９８(1Ｈ,。｡,Ｊ=8.8,2.1Ｈｚ,C5-H),８２７(1H,ｄ,J=2.1Ｈｚ,C7-H）

A"αLCalcdfOrC9H8N2o3:Ｃ,56.25;Ｈ,4.20;Ｎ,14.58.Found:Ｃ,55.98;Ｈ,4.20;Ｎ,14.36. 

7-Cyano-6-nitroindole（８）ａｎｄ５ｆｒｏｍｌ－Ａｓｏｌｕｔｉｏｎｏｆｌ（101.2ｍｇ,０．５３，mol)、ＤＭＦ(５

ｍL)wasaddcdtoasolutionofNaCN(95％,818.8ｍｇ,１５．９，mol)inDIV〃(5ｍL)ａｎｄＨ２０(１ｍL)．

nlcmixturcwasrcfluxcdfbrlhwithstirringAftcrcoohng，ｔｈｃｗｈｏｌｃｗａｓｍａｄｃａｃｉｄｉｃｗｉｔｈ２ＮＨＣｌ， 

andstirrcdatrtfbrO5h・ThcrcsultantmixturcwascxtractcdwithCHCl3-McOH(95:5,Ｖ/V).Thccxtract

waswashcdwithbrinc,dricdoverNa2SO4，andcvaporatcdundcrrcduccdprcssurctolcavcarcsidue， 

whichwascolumn-chromatographcdonSiO2withCHCl3-hcxanc(4:1,ＷV)togivc5(3.4ｍｇ,４％)and 

８（14.7ｍｇ,１５％)inthcordcrofclution8:ｍｐ２３７-240℃(dccomp,ycllowfincnccdlcsrecrystalhzed 

fromAcOEt-hcxanc)ＪＲ(KBr):3271,2233,1520,1335,1105,1101cm-1.1Ｈ－ＮＭＲ(DMSO-`6)６： 

6.84(1H,。,J=3.2Ｈｚ,C3-H),７９０(1Ｈ,ｄ,Ｊ=3.2HzlC2-H),８．０６(1H,ｄ,J=8.5HzC4-orC5-H)，

8.09(1Ｈ,。,ﾉｰ8.5HzC4-orC5-H),12.76（1H,brs,ＮＨ,disappCarcdonadditionofD20).AM

CalcdfbrC9H5N302:Ｃ,57.76;Ｈ,2.69;Ｎ,22.45.Fbund:Ｃ,57.77;Ｈ,2.69;Ｎ,22.34． 

Diethyl2-(6-Mtmindol-3-yl)methylmalonate（９），５，ａｎｄ７ｆｍｍｌ－Ａｓｏｌｕｔｉｏｎｏｆｌ(49.8 

mg,０．２６，mol)inanhydrousDIV〃(２ｍL)wasaddcdtoasolutionofdicthylmalonatc(０．０６ｍし０４０
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mmol)ａｎｄＫＨ(35％dispcrsioninmincraloil,４５．７ｍｇ,０．４０，mol)inanhydrousDW(３ｍL).Thc 

mixturcwasrcfluxcdfbr5minwithstirringAftcradditionofH20undcricccooling，ｔｈｃｗｈｏｌｅｗａｓ 

ｍａｄｃａｃｉｄｉｃｗｉｔｈ２ＮＨＣ１，andcxtractcdwithAcOEt、mccxtractwaswashedwithbrine，dricdovcr

Na2SO4，andcvaporatcdundcrrcducedprcssurctolcavcarcsiduc，whichwaspurifiedbyP-TLCon 

SiO2dcvclopcdtwiccwithAcOEt-hcxanc(1:4,v/V)ExtractionofthcbandhavmganRfvalucof0.75￣0. 

59withCHCl3-McOH(95:5,Ｖ/V)gavc5(8.4ｍｇ,２０％).ExtractionofthcbandhavinganRfvalucof 

0.53-0.31withCHC13-McOH(95:5,Ｖ/V)gavcamixmrc(39.8ｍｇ)ｏｆ７ａｎｄＤ・Thcmixturcwas

column-chromatographcdonSiO2withCHCl3togivc7(２３ｍｇ,5％)and,(34.7ｍｇ,40％)inthcordcr 

ofclution9:mpl21-122℃(ycllowprismsrecrystalUzcdfiPomCHC13-hcxanc).ＩＲ(KBr):3350,1718 

(br),1504,1342,1329,1309,1055cm－１．１H-NMR(CDCl3)６:１．２１(6H,t,Ｊ=7.3HzCI13CH2)， 

3.40(2H,。,J=7.6HzlCll2CH),３．７２(1Ｈ,t,Ｊ=7.6HzCH2CH),4.11-4.21(4H,ｍ,CH3m2)，

737(1H,ｄ,Ｊ=2.5ＨｚＣ２－Ｈ),７．６７(1Ｈ,ｄ,Ｊ=8.8Ｈｚ,C4-H),８．０３(1Ｈ,．｡,Ｊ=8.8,2.0Ｈｚ,C5-H)， 

8.32(1H,ｄ,Ｊ=2.OHzlC7-H),８．５３(1H,brs,ＮＨ,disappcarcdonadditionofD20).ＭＳｍ/z:３３４ 

(Ｍ+).Ａ"α､CalcdfbrC16H18N206･1/4Ｈｚ0:Ｃ,56.72;Ｈ,5.50;Ｎ,8.27.Found:Ｃ,5680;Ｈ,5.37； 

Ｎ，８．２２． 

Diethyl2-(Indol-3-yl)methylmalonate（11）ｆｍｍｇｍｍｉｎｅ（10）－AmixmrcoflO（1.0379, 

5.96,mol),dicthylmalonatc(1.09ｍL,７．１９，mol)andtri-〃butylphosphinc7(O44mL,L79mmol)ｉｎ
ＭｃＣＮ(５０ｍL)wasrcfluxcdfbrldaywithstirring・AftcrcvaporationofthcsolvenLHZＯａｎｄＣＨＱ３

ｗａｓａｄｄｃｄａｎｄｔｈｅｗｈｏｌｃｗａｓｍａｄｃａｃｉｄｉｃｗｉｔｈ２ＮＨＣｌ，andthcorganiclaycrwasscparatcd・Thcwatcr

layerwasfilrthcrextractcdwithCHC13-McOH(95:5,Ｖ/V).Tnccombincdcxtractwaswashcdwithbrinc， 

dricdovcrNa2SO4，andevaporatedundcrrcduccdprcssｕｒｃｔｏｌｃａｖｃａｎｏＵ，whichwascolumn-

chromatographcdonSiO2withAcOEt-hcxanc(1:4,ＷV)tｏｇｉｖｃｌｌ（1.4259,83％)andunrcactedlO 

(188.0ｍｇ,１５％)inthcordcrofclutionll:ｍp66℃(ColorlcssfincnccdlcsrccrystallizcdfromCHCl3-

hcxanc)ＩＲ(fih):3352,1747,1716,1344,1298,744cm-1.1H-NMR(CDCl3)６:1.20(6H,t,Ｊ=7.1 
Ｈｚ,CH3CH2),３．３９(2H,。,ﾉｰ7.6HzCll2CH),３．７６(1H,t,J=7.6Ｈｚ,CH2Cll),4.11-4.21(4H，

ｍ,CH3CH2),７．０５(1Ｈ,。,Ｊ=２．２Ｈｚ,C2-H),７１３(1Ｈ,ddd,J=8.1,7.1,1.0Ｈｚ,C5orC6-H),７．１９

(1H,。｡｡,Ｊ=8.1,7.1,1.0Ｈｚ,C5orC6-H),７．３４(1H,ｄｔ,Ｊ=８１，１．０Ｈｚ,C4orC7-H),7.61(1H,ｄｔ，

J=8.1,1.0Ｈｚ,C4orC7-H),7.98(1Ｈ,brs,ＮＨ).ＭＳ碗に289(Ｍ+).Ａ"`zLCalcdfbrC16H19NO4:Ｃ，

66.42;Ｈ，6.62;Ｎ,４．８４.Found:Ｃ,66.37;Ｈ，6.69;Ｎ,４．７６． 

Diethyl2-(2,3-Dihydmindol-3-yl)methylmalonate（12a)fromll-Amixturcofll（1.035 

9,3.58,mol)andEt3SiH(1.14ｍL'７．１４，mol)inTFA(８ｍL)wasrcfluxcdfOr3daywithstirring 

Aftcrcvaporationofthcsolvcnt，Ｈ２０ａｎｄＣＨＣｌ３ｗｃｒｃａｄｄｃｄａｎｄｔｈｃｗｈｏｌcwasmadcalkalincwith2N 

NaOHAftcrscparatingorganiclaycr,thcwaterlaycrwascxtractcdwithCHCl3-McOH(95:5,ＷV).Thc 

combincdcxtractwaswashedwithbrinc，dricdovcrNa2SO4，andcvaporatedundcrrcduccdprcssurcto 

leavcanoil,whichwascolumn-chromatographcdonSiO2withAcOEt-hcxanc(1:4,Ｖ/V)togivcl2a 

（854.9ｍｇ,８２%).１２a:colorlcssoH・ＩＲ(film):3383,2981,1747,1728,1608,1242(br),1028,750

cm-1.1H-NⅢ(CDCl3)６:127(3Ｈ,t,J=６８Ｈｚ,ql3CH2),１２８(3H,t,J=6.8Ｈｚ,m3CH2),２．１０ 

４．１７(1H,、),2.36-2.43(1H,、),3.22-3.28(2H,、),３．４７(1H,t,Ｊ=6.8Ｈｚ),3.67-3.71(1Ｈ，

、),4.17-4.23(4H,ｍ,CH3CIl2),6.64(1Ｈ,ｄ,J=7.6Ｈｚ,C4orC7-H),6.73(1H,。t,J=1.0,7.6Ｈｚ，
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C5orC6-H),7.04(1H,ｄｔ,上1.0,7.6Ｈｚ,C5orC6-H),7.14(1Ｈ,。,Ｊ=7.6Ｈｚ,C4orC7-H)ＨＲ－ＭＳ
腕/z:CalcdfbrC16H21NO4:291.1470Found:291.1473．

Diethyl2-(2,3-Dihydm-6-nitMndol-3-yl)methylmalonate（12b)ｍｍｌ２ａ－ＮａＮｏ３(18.2 
ｍｇ,0.21,mol)wasaddedtoasolutionofl2a(51.3ｍｇ,0.18,mol)mconcH2SO4(1ｍL)undcrice 
coohngwithstirring・StirringwascontinucdatO℃ｆＯｒ３０ｍｍ・Aftcradditionoficc,thcwholcwasmadc
zlUm1incwilh2NNaOHandextractedwithAcOEt・Thccxtractwaswashcdwithbrmc，dricdovcr

NaZSO4,andcvaporatcdundcrreduccdprcssurctolcavcanoil,whichwascolumn-chromatographcdon 

SiO2withCHC13-hcxanc(2:1,Ｖ/V)ｔｏｇｉｖｃｌ２ｂ(54.4ｍｇ,９２％)１２b:orangeviscousoiLIR(KBr)： 
3392,2983,1745,1728,1520,1344cm-1.1H-NMR(CDC13)６:１．２８(3H,ＬＪ=7.1Ｈｚ,q13CH2)， 

1.29(3H,t,J=7.1Ｈｚ,CIl3CHZ),2.13-2.20(1H,、),2.38-2.44（1H,、),3.30-3.38(2H,、)，
3.43（lHLJ=7.3Ｈｚ),3.80(1Ｈ,t,Ｊ=8.3Ｈｚ),４．０１(1H,brs,ＮＨ,disappcarcdonadditionofD20)， 

4.17-4.27(4H,ｍ,CH3CI12),７．２１(1Ｈ,。,ﾉｰ8.1ＨｚＣ４－Ｈ),７．３７(1H,ｄ,ﾉｰ2.0Ｈｚ,C7-H),７．５９

(1Ｈ,。d,J=8.1,20Ｈｚ,C5-H)ＨＲ－ＭＳｍ/z:CalcdfbrC16HZON206:3361322.Fbund:3361306．
Diethyl2-(6-NitMndol-3-yl)methylmalonate（９）mml2b-Oxygenwasbubbledintothc 

suspcnsionofl2b(102.9ｍｇ,0.31,mol)andsalcominc(56.3ｍｇ,0.17,mol)ｉｎＭｃＯＨ(１０ｍL)atrt 

fbr8hwithvigorousstirring・Thcsolventwascvaporatcdundcrrcduccdprcssurctolcavcarcsidue，

whichwascolumn-chromatographcdonSioZwithAcOEt-hcxanc(1:3,ＷＶ)togivc9(57.4ｍｇ,５６％)． 

A11spectraldatawcreidcnticalwiththoscof9fromL 

Diethyl2-(O-Mtroindol-3-yl)methylmalonate（９）ｆｍｍ６－Ｎｉｔｍｇｍｍｉｎｅ（13a)－Amixturc 

ofl3alO(54.0ｍｇ,０．２５，mol),diethylmalonatc(0.056ｍL,０．３７，mol)andtri-〃butylphosphinc7
(OO3mL,0.12,mol)ｍDMF(1.5ｍL)washeatcdat60℃fbr4hwithstirring・TYlcn,diethylmalonate

（０．３７ｍL,０．３７，mol)andtrM-butylphosphmc7(0.03ｍＬ0.12,mol)wcreaddcdtothcrcaction 
mixmrcandstirredat60oCfbradditional７ｈｗｉｔｈｓtirring，Afterevaporationofthcsolvcnt，theresiduc 

wascolumn-chromatographcdonSiO2withAcOEt-hcxanc(2:1,v/V)togivc9(55.2ｍｇ,６７％)． 

１－(Ⅳ,N-Dimethylaminomethyl)-6-nitmindole（13b）ｆｍｍ５－Ａｓｏｌｕｔｉｏｎｏｆ５(53.9ｍｇ,O33 

mmol)ｉｎＭｃＯＨ(2ｍL)wasaddcdtoasolutionofHCHO(35％inwatcr,３０４７ｍｇ,３３９，mol)and 

Mc2NH(5Ｍｍwater,286.0mg,３．３４，mol)ｉｎＭｃＯＨ(２ｍL).ThcmixturcwasstirrcdatrtfOr6h 
AftcradditionofH20，thcwholcwascxtractcdwithAcOEt・mccxtractwaswashcdwithbrinc，dricd

ovcrNa2SO4，andcvaporatcdundcrrcduccdprcssurctolcavcarcsiduc，whichwascolumn-
chromatographcdonSiOZwithAcOEt-hcxanc(1:2,Ｖ/V)togivcunrcactcd5(14.5ｍ9,27％)ａｎｄｌ３ｂ 

（45.0ｍｇ,62％)intheorderofclution・lmmplll-112oC(yellownecdlcsrccrystallizcdfromAcOEト
hcxanc).ＩＲ(KBr):1604,1583,1496,1325cm-1.1Ｈ－ＮＭＲ(CDCl3)6:2.32(6H,s,ＮＭｃＺ),482(ZH， 
s，CH2),６．６２(1Ｈ，。,Ｊ=3.2Ｈ乙C3-H),７．４３（1Ｈ，ｄ,Ｊ=3.2HzlCZ-H),７．６５（1Ｈ，ｄ,Ｊ=8.8Ｈｚ，

C4-H)，８．０２（1Ｈ，。｡，Ｊ=８８，２．２ＨｚＣ５－Ｈ)，８．４４（1Ｈ，ｄ,Ｊ=２．２Ｈｚ,C7-H).Ａ"(JLCalcdfOr
C11H13N302:Ｃ,６０２６;Ｈ，５．９８;Ｎ，１９．１７.Fbund:Ｃ,60.33;Ｈ，６．０３；Ｎ，１９．０４． 
２－Methylthio-3-methylthiomethyl‐（15)，３－Methylthio‐（16)，２，３－Dimethylthio‐（17)，３‐ 
Methylthiomethyl-6-nitmindoles（18)，５，ａｎｄ７ｆｍｍｌ－Ａｓｏｌｕｔｉｏｎｏｆｌ(201.4ｍｇ,１．０５ 

，mol)andNaSCH3(１５％inwatcr,ＺｍＬ４２９ｍｍｏｌ)ｉｎＭｃＯＨ(５ｍL)wasrcfluxcdfOrlhwith 
stirring,AftcradditionofH2Qthcwholcwasmadcacidicwith2NHC1andcxtractcdwithAcOEt､Ｔｈｅ 
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cxtractwaswashcdwithbrinQdricdovcrNa2SO4，andcvaporatcdundcrrcduccdprcssurctolcavca 
soUd,whichwascolumn-chromatographcdonSiO2rcpcatcdlywithAcOEt-hcxanc(1:5,ｖ/V)togivcl5 
（47.3ｍｇ,１７%),５(67.0ｍｇ,３９%),１０(7.8ｍｇ,４%),１７(6.5,9,2%),１８(5.6ｍｇ,２%),and７(7.1 
ｍｇ,４%)mthcordcrofclution､１５:mpl84-186oC(OrangenccdlcsrccrystallizcdfromCHCl3).ＩＲ 
（KBr):3284,1614,1498,1456,1425,1288(br),1061cm-1.1H-NMR(CDC13)6:2.07(3H,s,CH3)， 
2.52(3H,ｓ,CH3),４．００(2H,ｓ,CH2),７．７５(1H,。,Ｊ=8.8ＨｚＣ４－Ｈ),８．０４(1Ｈ,。｡,Ｊ=8.8,2.2Hzl
C5-H),8.27(1H,ｄ,Ｊ=2.2ＨｚＣ７－Ｈ),８４４(1H,brs,ＮＨ,disappearcdonadditionofD20).ＭＳ腕/z：
268(Ｍ+).Ａ"`JLCalcdfbrC11H1ZN202S2:Ｃ,49.23;Ｈ,4.51;Ｎ,10.44.Found:Ｃ,49.22;Ｈ,445； 
Ｎ,１０２０．１６:mpl71-172oC(yellownccdlcsrccrystallizcdfiPomCHq3).ＩＲ(KBr):3325,1612, 
1587,1504,1325,1300,1275,1065ｃｍ－１．１H-NMR(CDC13)６:２．４０(3H,ｓ,CH3),７．５８(1H,。，
ﾉｰ2.4HzcoUapscdtosonadditionofD20,C2-H),７．８２(1H,ｄ,Ｊ=８８HzlC4-H),８．１１（1H,。d，
J=８８，２．０Ｈｚ,C5-H),８３７(1H,。,Ｊ=2.0Ｈｚ,C7-H),8.63(1H,brs,ＮＨ,disappcarcdonadditionof
D20).ＭＳ〃/z:２０８(Ｍ+).Ａ凧CalcdfbrC9H8N202S:Ｃ,５１９１;Ｈ,3.87;Ｎ,13.45.Found:Ｃ，

51.87;Ｈ,3.79;Ｎ,13.45.17:mpl97-198oC(OrangenccdlcsrccrystallizcdfromCHCl3)ＩＲ(KBr)： 
3302,1606,1583,1495,1435,1288(br),１０６５cm-1.1H-NIVm(CDC13)６:２．３６(3H,ｓ,CH3),２．６５ 
（3Ｈ,s,CH3),7.73(1Ｈ,ｄ,ﾉｰ8.8Ｈｚ,C4-H),809(1Ｈ,．｡,J=8.8,2.0Ｈｚ,C5-H),827(1Ｈ,ｄ,J=2.0 
Ｈｚ,C7-H),８．５８(1H,brs,ＮＨ,disappcarcdonadditionofD20).ＭＳ腕に:254(Ｍ+).AMCalcdfOr
C10H10NZO2S2:Ｃ,47.22;Ｈ,3.96;Ｎ,11.01.Found:Ｃ,47.14;Ｈ,3.90;Ｎ,10.9318:mpl42-143℃ 
(ycllownccdlcsrccrystallizcdffomCHCl3-hcxanc).ＩＲ(KBr):1619,1587,1504,1321,1298,1053 

cm-1.1H-NMR(CDC13)6:2.05(3H,s,CH3),3.91(2H,ｓ,CH2),744(1H,ｄ,J=2.5Ｈｚ,coHapsedto 
sonadditionofD20,CZ-H),7.79(1Ｈ,。,ﾉｰ8.8ＨｚＣ４－Ｈ),8.05(1H,。d,ﾉｰ8.8,2.2HzlC5-H),８．３５
(1Ｈ,ｄ,Ｊ=２２HzlC7-H),８．４７(1H,brs,ＮＨ,disappcarcdonadditionofD20).ＭＳ腕/Z:２２２(Ｍ+)．
肋αﾉ.CalcdfbrC1OH1ON2o2S:Ｃ,５４０４;Ｈ,4.53;Ｎ,12.60.Found:Ｃ,53.62;Ｈ,4.45;Ｎ,1222.

2-Methylthio-6-nitMndole（11）ａｎｄ５ｆｍｍｌ－Ａｓｏｌｕｔｉｏｎｏｆｌ(204.1ｍｇ,１．０６，mol)and 
NaSCH3(１５％inwatcr,ＺｍＬ,４２９，mol)inDIV疵(５ｍL)wasrcfluxcdfbrlhwithstirring・Aftcr
additionofH2Qthcwholcwasmadcacidicwith2NHC1,andcxtractcdwithAcOEt・mecxtractwas

washcdwithbrinc,dricdovcrNa2SO4，andevaporatedundcrrcduccdprcssurctolcavcasolid，which 

wascolumn-chromatographcdonSiO2withAcOEt-hcxanc(1:5,ＷV)togivclD(29.7ｍｇ,１３％)and５ 

(93.7ｍｇ,５４%)inthcordcrofclutionll:mpl32-133℃(orangcnccdlcsrccrystaluzcdfromCHCl3-

hcxanc).ＩＲ(KBr):1608,1585,1504,1456,1301(br),1065cm-1.1H-NMMCDC13)6:２．６１(3H,ｓ， 
CH3),6.52(1H,。d,J=2.2,1.0Ｈｚ,coUapscdtod,ﾉｰ1.OHzonadditionofD20,C3-H),7.52(1H,。，
J=8.8Ｈｚ,C4-H),８．０１(1Ｈ,。｡,J=８８，２．０Ｈｚ,C5-H),8.24(1Ｈ,ｄｄ,ﾉｰ2.0,10Ｈｚ,C7-H),８４３(1Ｈ，

brs,ＮＨ,disappcarcdonadditionofD20).ＭＳ腕/z:208(Ｍ+).ＡＭ・CalcdfbrC9H8N2○2S:Ｃ,51.91；
Ｈ,３８７;Ｎ，13.45.Fbund:Ｃ,５１７６;Ｈ,３８３;Ｎ，１３．４５． 

３－MethylthiomethyM-nitroindoIe（18）fmml3a-Asolutionofl3alO(50.5ｍｇ,0.23,mol） 
inNaSCH3(15％inwatcr,ｌｍＬ２１４ｍｍｏｌ)andMcOH(5ｍL)wasrcfluxcdfbr8hwithstirring､Aftcr 
additionofH2Qthcwholcwasmadcacidicwith2NHCl,andcxtractcdwithAcOEt・nlccxtractwas

washcdwithbrinc,dricdovcrNa2SO4，andcvaporatcdundcrrcduccdprcssurctolcavcasolid，which 

wascolumn-chromatographedonSiO2withCHCl3｣lcxanc(2:1,v/V)togivcl8(47.9ｍｇ,94％)． 
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