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Abstract-l-Hydroxy-6-and-5-nitroindole-3-carbaldehydesarepreparedfbrthe 

firsttimefroml-methoxy-6-and-5-nitroindole-3-carbaldehydes，respectively， 

basedonthediscovelyofnovelmethylethercleavagereactionUtilizingthemas 

commonsyntheticintermediates,synthesesofseveraldaikon-phytoalexinanalogs 

areachieved． 

Wehavebeenmuchinterestedinthephytoalexinsofplantfamily,Ｃｒ"c舵ｍｅ,2becauseoftheiruniquel-

alkoxyindolestructures3andthefactweeatthesevegetablesateverymeaLTherefOre,itisimportantto 

determinewhetherthesephytoalexinsaregoodfOrouｒｈｅａｌｔｈＴｈｅｒｅｉｓａｌｓｏａｃｈａｎｃｅｔｏｆｉｎｄｎｅｗ 

biologicallyactivecompoundsamonganalogsofthephytoalexinsSo,wehavethusfarelaboratedsimple 

syntheticmethodsfOrl-methoxyindole-3-carbaldehyde4b（5a，daikon4c-phytoalexin)，brassicanalA,4゜

methyll-methoxyindole-3-carboxylate5'6(wasabi5-phytoalexin),andvariouskindsofanalogsofwasabi-

phytoalexin6Now，wewishtoreportnovelsynthesesofl-hydroxy-6-（2a）and-5-nitroindole-3-

carbaldehydes(9a),andtheirderivatives(10a,12-15)asdaikon-phytoalexinanalogs・

Ｗｅｓｅｔｔｌｅｄ２ａａｎｄ９ａａｓｃｏｍｍｏｎｓｙｎｔｈｅticintermediatestomeetourendlnordertoobtain2a，three 

routesweretriedstartingfiomindoline(1)．Sincel-hydroxy-6-nitroindole（３）isreadilyavailable 

accordingtoouｒｍｅｔｈｏｄ７ｉｎｔｗｏｓｔｅｐｓｆｒｏｌｎｌ（Schemel)，Vilsmeier-Haackreactionof3wasfirst 

attemptedj〃ｖａｊ〃togivedisappointingresultswithfOrmationofmanyproductsAsthesecondroute,we

examinedtheethercleavageofl-methoxygroupinl-methoxy-6-nitroindole-3-carbaldehyde(5b),which 

waspreparedfrom3throughl-methoxy-6-nitroindole(4).8Althoughtreatmentof5bwithtrimethylsilyl 

iodidewasunsuccessfUl，BBr3wasfOundtoprovide2aHowever,ｔｈｅｙｉｅｌｄｗａｓｎｏｔｉｍｐｒｏｖｅｄｔｏｍｏｒｅ 

ｔｈan4096undervariousexaminedreactionconditions． 
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Wetumedourattentiontochangethealkylgrouponthel-hydroxyoxygenfrommethyltobenzylgrouP 

Treatmentof3withbenzylbromideandK2CO3affbrdedl-benzyloxy-6-nitroindole（６）ｉｎ９５％yield 

SubsequentVilsmeier-Haackreactionof6affOrdedl-benzyloxy-6-nitroindole-3-carbaldehyde(7)in9696 

yieldAsexpected,benzylethercleavageof7withBBIhwassuccessfUlculminatinginthefOnnationof 

Ｚａｉｎ９７％yieldAsthethirdroute，ｗｅｃｏｎｃｅｉｖｅｄａｎｉｄｅａｔｏａｔｔａｃｋａｔｔｈｅmethylcarbonofl-methoxy 

groupin5bwithbasefOrproducing2areliedontheacidicnatureofl-hydroxyindolecompoundsPThe 

ideawasactuallyrealizedinthecasewherel,4-diazabicyclo[2.2.2]octane(DABＣＯ)wasemployedasa 

baｓｅａndtheresultsaresummarizedinTableL 

When5bwastreatedwithlmoleq・ｏｆＤＡＢＣＯｉｎＤＭＦａｔ９０ｏＣｆＯｒ３ｈ,thedesiredproduct(2a)was

obtainedin5096yieldtogetherｗｉｔｈ４５％yieldofrecovery(Entryl).ProlongedhCatingat90oCdidｎｏｔ 

ｉｍｐｒｏｖｅｔｈｅｙｉｅｌｄｏｆ２ａａｎｄｆＯｒｍｅditsdecomposedproduct（6-nitroindole-3-carbaldehyde，２b）ina 

significantyield(Entry2).TreatmentwithexcessamountofDABCOfOrlongreactiontimeatroom 

temperatureaffbrdedalmostthesameresultasinthecaseofEntryl（Entry3).Onthebasisoftbese 

obselvations，suitablereactionconditionsshowｎｉｎＥｎｔｒｙ４ｗｅｒｅｆｉｎａｌｌｙｆＯｕｎｄａｎｄｎｏw2aisavailable 

from5binmorethan９０％yield 

ThisnovelmethylethercleavagereactionwithDABCOwassuccessfUllyappliedin9696yieldfOrthe 

productionofl-hydroxy-5-nitroindole-3-carbaldehyde（，a）froml-methoxy-5-nitroindole-3-

carbaldehyde(､b),whichisavailablefromlinsixstepsthroughl-methoxy-5-nitroindole(8).３Ｊo 

ltisinterestingtonotethatwhentheaboveDABCOreactionwasappliedtodaikon-phytoalexin(5a),l-

hydroxyindole-3-carbaldehyde3‘（2c）ａｎｄｌ－[2-(4-methylpiperazin-1-yl)ethoxy]indole-3-carbaldehyde 

(10a)wereproducedin42and4996yields,respectively・TheisolationoflOasuggeststhemechanismof

theethercleavagereactionThus,ｔｈｅｎｉｔｒｏｇｅｎｏｆＤＡＢＣＯｆｉｒｓｔａｔｔａｃｋｓthemethylcarbonofl-methoxy 

groupin5aaffbrding/VLmethylammoniumsalt（11）ｗｉｔｈｏｘｉｄｅｏｆ２ｃＴｈｅｎｔｈｅｏｘｉｄｅｏｆ２ｃａttacksthe 

carbonadjacenttothepositivelychargednitrogenofllresultinginthefOrmationoflOaThedifference 

ofthenucleophilicity9betweenｔｈｅｏｘｉｄｅｓｏｆ２ｃａｎｄ２ａｗｏｕｌｄｂｅｔｈｅｍａ]orreasonwhythefOnnationof 

lObwasnotobservedatallinthereactionｏｆ５ｂｗｉｔｈＤＡＢＣＯ･ 

Ｗｉｔｈ２ａａｎｄ９ａｉｎｈａｎｄ,wenextattemptedthesynthesesofseveraldaikon-phytoalexmanalogs(Figure 

l).Treatmentof2awithallylbromideandpropargylbromideinthepresenceofK2CO3providedthe 

correspondingl-allyloxy-(12a)andl-propargyloxyderivatives(12b)ｉｎ９３ａｎｄ９３％yields,respectively 

Uponthereactionof2ａｗｉｔｈｌ,3-dibromopropane,１２candl4awereproducedintherespectiveyieldsｏｆ 

９１ａｎｄＭ・Thedimer(14a)wasreadilyobtainedin9896yieldbyeithertreatingl2cwith2aorreacting

l,3-.ibromopropanewithtwomolesof2ai、９３％ｙｉｅｌｄＴｈｅｒｅａｃｔｉｏｎｏｆ２ａｗｉｔｈｌ,12-dibromododecane

affbrdedl2dandｌ５ａｉｎ８Ｓａｎｄｌ５９６ｙｉｅｌｄｓ,respectively． 
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Similarly,thereactionofDawithallylbromideandpropargylbromideinthepresenceofK2CO3provided 

thecorrespondingl-allyloxy-（13a）andl-propargyloxyderivatives（13b）ｉｎ９０ａｎｄ９２９６ｙｉｅｌｄｓ， 

respectively・Ｕｐｏｎｔｈｅｒｅａｃｔｉｏｎｏｆ９ａｗｉｔｈｌ,3-dibromopropane，１３candl4bwereobtainedinthe

respecｔｉｖｅｙｉｅｌｄｓｏｆ９１ａｎｄ９９６・Ｔｈｅｒｅａｃｔｉｏｎｏｆ９ａｗｉｔｈｌ,12-dibromododecaneaffOrdedl3dandｌ５ｂｉｎ

８４ａｎｄｌ４９６ｙｉｅｌｄｓ,respectively・

Insummary，wehavediscoveredanovelethercleavagereactionofl-methoxyindolederivativeswith 

DABCOandsuccessfUllyapplieditfOrthefirstsynthesesofl-hydroxy-6-（2a）and-5-nitroindole-3-

carbaldehyde（0a)．Utilizingthemascommonintermediates，severalkindsofl-alkoxy-6‐and-5-

nitroindole-3-carbaldehydeswereproducedasanalogsofdaikon-phytoalexin（5a)．Theirbiological 

evaluationsandstudiesontheinteractionsofl4a,bandl5a,bwithDNAareourongoingpmjects． 

ＥＸＰＥｍＭＥＮＴＡＬ 

ＩＲｓｐｅｃｔｒａｗｅｒｅｄｅｔｅｒminedwithaHORmAFT-720spectrophotometerandIH-NMRspectrawitha 

JEOLGSX-500spectrometerwithtetramethylsilaneasaninternalstandardMSspectrawererecordedon 

aJEOLSX-102Aspectrometer､Columnchromatographywasperfbrmedonsilicagel（SiO2，lOO-ZOO 

mesh,ffomKantoChemcalColnc.)throughoutthepresentstudy、

1-Benzyloxy-6-nitroindole(6)from3-Amixtureof3(503.5ｍｇ,２．８３，mol),benzylbromide(１．９４９， 

１１．３，mol),ａｎｄＫ２ＣＯ３（１．５６９，１１３，mol）iｎＭｅＯＨ（9.0ｍL）wasstirredatrtfOr30min・After

additionofH20，thewholewasextractedwithAcOEt・Theextractwaswashedwithbrine，driedover

Na2SO4,andevaporatedunderreducedpressuretoleaveasolid,whichwascolumn-chromatographedon 

SiO2withAcOEt-hexane（1:9,Ｖ/v）ｔｏｇｉｖｅ６（718.6ｍｇ,９５％).６:ｍｐ２００－２０２°Ｃ（yellowprisms， 

recrystallizedfromAcOEt-hexane).ＩＲ(ＫBr):1508,1487,1333ｃｍ１.ＩＨ－ＮＭＲ(CDCl3)６:５．２４(ＺＨ,s)， 

6.37（ｌＨ,。d,ノー3.3,09Ｈｚ),７．２４（1Ｈ,。,ノー3.3Ｈｚ),7.32-7.41（5Ｈ,、),７．５９（1Ｈ,。,ノー8.8Ｈｚ),７９７

(1Ｈ,。｡,ﾉｰ8.8,2.1Ｈｚ),８．２３（1Ｈ,。,ﾉｰ2.1Ｈｚ).Ａ"α/､CalcdfOrCI5H12N203:Ｃ,67.16;Ｈ,451;Ｎ,10.44．

Found:Ｃ,67.25;Ｈ,4.67;Ｎ，10.25. 

1-Benzyloxy-6-nitroindole-3-carbaldehyde(7)from6-AmixtureofPOCl3（1.25ｍL,１３．６，mol） 

andanhydrousDMF(7.5ｍL,９６．４，mol)wasstirredatrtfOrl5min・Totheresultingmixture,asolution

of6(718.6ｍｇ,２．６８，mol)inanhydrousDMF(350ｍL)wasaddedandthemixturewasheatedａｔ７０ｏＣ 

ｆＯｒ９０ｍｉｎｗｉｔｈｓｔｉｒｒｉｎｇＡfteradditionofH20,thewholewasmadealkalinewithsaturateｄＮａＨＣＯ３ａｎｄ 

ｅｘｔｒａｃｔｅｄｗｉｔｈＡｃＯＥｔ・Theextractwaswashedwithbrine，driedoverNa2SO4，andevaporatedunder

reducedpressuretoleaveasolid，whichwascolumn-chromatographedｏｎＳｉＯ２ｗｉｔｈＣＨＣｌ３ｔｏｇｉｖｅ７ 

(758.5ｍｇ,9696).７:ｍｐｌ５４－１５６°Ｃ（yellowpowder,recrystallizedfromCHCl3-hexane)JＲ（ＫBr)： 

1668,1514,1340ｃｍ~'・ＩＨ－ＮＭＲ(CDCl3)６:５３２(2Ｈ,s),7.29-7.32(2Ｈ,、),7.38-7.47(3Ｈ,、),７．６７

(ｌＨ,ｓ),８．１７（1Ｈ,．｡,ノー8.8,2.0Ｈｚ),８．２７（1Ｈ,ｄ,ﾉｰ2.0Ｈｚ),８．３９（1Ｈ,ｄ,ノー8.8Ｈｚ),９．８８（1Ｈ,ｓ).Ａ"α/、
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CalcdfOrC16Hl2N204:Ｃ,６４８６;Ｈ,４０８;Ｎ,9.46.Found:Ｃ,64.56;Ｈ,４．１４;Ｎ,９３８． 

１－Hydroxy-6-nitroindole-3-carbaldehyde(2a)from7-AsolutionofBBr3inheptane(1Ｍ,０．８５ｍL， 

０．８５，mol)wasaddedtoasolutionof7(50.2ｍｇ,0.17,mol)inCHCl3(5.0ｍL)atOoCundernitrogen 

atmosphereThemixturewasstilTedatrtfOr30min・AfteradditionofH20,thewholewasextractedwith

AcOEt,Theextractwaswashedwithbrine,driedoverNa2SO4,andevaporatedunderreducedpressureto 

leaveasolid,whichwascolumn-chromatographedonSiO2withCHCl3-MeOH(95:5,Ｖ/v）ｔｏｇｉｖｅ２ａ 

(34.0ｍｇ,９７％).２a:mp211-Z13oC(decomp,yellowfineneedles,recrystaUizedfromAcOEt-hexane)． 

ＩＲ(KBr):3113,1595(br),1520,1387,1346,1279ｃｍ'・ＩＨ－ＮＭＲ(DMSO-`！b)６:８．１０(1Ｈ,｡｡,ﾉｰ8.7,2.1

Ｈｚ),８．２６(1Ｈ,ｄ,ﾉｰ8.7Ｈｚ),８．３０(ｌＨ,ｄ,ﾉｰ2.1Ｈｚ),８．７７（1Ｈ,s)９．９０（ｌＨ,s).Ａ"αﾉ.CalcdfOrC9H6N204： 

Ｃ,52.43;Ｈ,2.93;Ｎ，１３．５９.Found:Ｃ,５２．１８;Ｈ,３０２;Ｎ，13.40. 

1-Methoxy-6-nitroindole-3-carbaldehyde(5b)from4-AmixtureofPOCl3（０．９７ｍL，１０．６，mol） 

andanhydrousDMF(5.84ｍL,７５．１，mol）ｗａｓｓｔｉｒｒｅｄａｔｒｔｆＯｒｌ５ｍｉｎ・Totheresultingmixture,a

solutionof4(１．００９，５．２，mol)inanhydrousDMF(15.0ｍL)wasaddedandthemixturewasstilTedatrt 

fOr7hAfteradditionofH20，thewholewasmadealkalinewithsaturatedNaHCO3andextractedwith 

AcOEtTheextractwaswashedwithbrine,driedoverNa2SO4,andevaporatedunderreducedpressureto 

leaveasolid,whichwascolumn-chromatographedonSiO2withAcOEt-hexane（1:２，Ｖ/v）ｔｏｇｉｖｅ５ｂ 

(１．０８９，９４％)５b:mpl80-18ZoC(yellowprisms,recrystallizedfiomCHCl3-hexane).ＩＲ(KBr):1664, 

1653,1508,1342ｃｍ~１.ｌＨ－ＮＭＲ(CDCl3)６:４２８(3Ｈ,s),８．１４(1Ｈ,s),８．２２（1Ｈ,。d,ﾉｰ8.8,2.0Ｈｚ),８．４３

(1Ｈ,ｄ,ﾉｰ8.8Ｈｚ),８．４５(1Ｈ,ｄ,ﾉｰ2.0Ｈｚ),１０．０２(1Ｈ,s).Ａ"αﾉ.CalcdfOrCloH8NzO4:Ｃ’５４５５;Ｈ,3.66;Ｎ， 

12.72.Found:Ｃ,５４３２;Ｈ,３．６１；Ｎ，12.54 

1-Hydroxy-6-nitroindole-3-carbaldehyde（2a）froml-Methoxy-6-nitroindole-3-carbaldehyde（5b)： 

1)withBBr3-AsolutionofBBr3inheptane(1Ｍ,４．６３ｍL,４６３，mol)wasaddedtoasolutionof5b 

(1019ｍｇ,0.46,mol)inCHCl3（10.0ｍL)ａｔ０゜CundernitrogenatmosphereThemixturewasstirredat

rtfOr20h・AfteradditionofH20，thewholewasextractedwithAcOEt・Theextractwaswashedwith

brine，driedoverNa2SO4，andevaporatedunderreducedpressuretoleaveasolid，whichwascolumn-

chromatographedonSiO2successiveｌｙｗｉｔｈＣＨＣｌ３ａｎｄＣＨＣｌ３－ＭｅＯＨ(95:5,Ｖ/v）togiveunreacted5b 

(54.1ｍｇ,５３％)ａｎｄ２ａ(37.7ｍｇ,４０％)intheorderofelution 

2)ＷｉｔｈＤＡＢＣＯ－ＡｓｏｌｕｔｉｏｎｏｆＤＡＢＣＯ(231.0ｍｇ,２．０６，mol)inanhydrousDMF(2.0ｍL)was 

addedtoasolutionof5b(4Ｍｍｇ,０．２１，mol)inanhydrousDMF(2.0ｍL)andthemixturewasstirred 

at9０°ＣｆＯｒ３ｈＡｆｔｅｒａｄｄｉｔｉｏｎｏｆＨ２０,ｔｈｅｗｈｏｌｅｗａｓｍａｄｅａｃｉｄｉｃｗｉｔｈ６９６ＨＣlandevaporatedunder 

reducedpressuretoleaveasolid,whichwascolumn-chromatographｅｄｏｎＳｉＯｚｗｉｔｈＣＨＣｌ３－ＭｅＯＨ(95:５， 

Ｖ/v)ｔｏｇｉｖｅ２ａ(38.3ｍｇ,９０％)． 

1-Hydroxyindole-3-carbaldehyde（2c）ａｎｄｌ－[2-(4-Methylpiperazin-1-yl)ethoxy]indole-3-car‐ 

baldehyde（10a)fｒｏｍ５ａ－Ａｍｉｘｔｕｒｅｏｆ５ａ（1569ｍｇ,Ｏ９０ｍｍｏｌ）ａｎｄＤＡＢＣＯ（990.4ｍｇ,８．８０ 
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ｍｍｏｌ)inanhydrousDMF(5.0ｍL)wasstirredatlOOoCfOrl2hAfteradditionofH20,ｔｈｅｗｈｏｌｅｗａｓ 

ｍａｄｅａｃｉｄｉｃｗｉｔｈ６９６ＨＣlandextractedwithAcOEt・Theextractwaswashedwithbrine，driedover

Na2SO4,andevaporatedunderreducedpressuretoleaveasolid,whichwascolumn-chromatographeｄｏｎ 

ＳｉＯ２ｗｉｔｈＣHCl3-MeOH(97:3,Ｖ/v)ｔｏｇｉｖｅ２ｃ(60.2ｍｇ,４２％)Theacidicwaterlayerwasmadealkaline 

with896NaOHandextractedwitｈＡｃＯＥｔ､Theextractwaswashedwithbrine，driedoverNa2SO4，and 

evaporatedunderreducedpressｕｒｅｔｏｌｅａｖｅａｎｏｉｌ，whichwascolumn-chromatographeｄｏｎＳｉＯ２ｗｉｔｈ 

ＣＨＣｌ３－ＭｅＯＨ（95:5,ｖ/v）tｏｇｉｖｅｌＯａ（125.5ｍｇ,４Ｍ)．２c:ｍｐｌ５４－ｌ５６゜Ｃ（decomp,paleyellow

prisms,recrystallizedfromAcOEt-hexa､e).ＩＲ(KBr):3107,1616(br),１５５８(br),1516,1309,1238ｃｍ'・

ＩＨ－ＮＭＲ(DMSO-典)６:７．２６(ｌＨ,dt,ﾉｰ１３，７．３Ｈｚ),７．３４(ｌＨ,ｄｔ,ﾉｰ１３，７．３Ｈｚ),７．５２(1Ｈ,ｄ’た７３Ｈｚ)，

8.11（1Ｈ,。,上7.3Ｈｚ),８．４３（1Ｈ,s),９．８４(1Ｈ,ｓ),12.20(ｌＨ,brs,disappearedonadditionofD20).Ａ"α/・

CalcdfOrC9H7NO2:Ｃ,６７０７;Ｈ,4.38;Ｎ,869.Found:Ｃ,66.86;Ｈ,437;Ｎ,8.66.10a:colorlessviscous 

oiLIR(film):2939,2802,1662ｃｍ~１.ｌＨ－ＮＭＲ(CDCl3)６:２．５５(3Ｈ,s),2.80-2.90(8Ｈ,、),２．８６(2Ｈ,t，

ﾉｰ5.3Ｈｚ),4.44(2Ｈ,t,ﾉｰ5.3Ｈｚ),７．３３（1Ｈ,。t,ﾉｰ2.0,7.3Ｈｚ),７．３８（1Ｈ,ｄｔ,ﾉｰ2.0,7.3Ｈｚ),７．５０(1Ｈ,。｡，

ﾉｰ2.0,7.3Ｈｚ),７．９６(1Ｈ,s),８３０(ｌＨ,ｄｄ,ﾉｰ２０，７．３Ｈｚ),９．９８(1Ｈ,s).ＨＲＭＳ〃z/2:CalcdfOrCl6H2iN302：

287.1633.Found:287.1636. 

1-Methoxy-5-nitroindole-3-carbaldehyde(，b)from8-AmixtureofPOCl3（1.0ｍL,ｌＯ９ｍｍｏｌ)and 

anhydrousDMF(6.0ｍL,７７．２，mol)wasstirredatrtfbrl5minTotheresultingmixture,asolutionof 

８(1.029,5.31,mol)inanhydrousDMF(15.0ｍL)wasaddedandthemixturewasheatedat６０゜Cfbr2

hwithstirring・AfteradditionofH20，thewholewasmadealkalinewith896NaOHandextractedwith

AcOEt・Theextractwaswashedwithbrine,driedoverNa2SO4,andevaporatedunderreducedpressureto

leaveasolid,whichwascolumn-chromatographeｄｏｎＳｉＯ２ｗｉｔｈＣＨＣｌ３ｔｏｇｉｖｅＤｂ（1.139,97％)９b:ｍｐ 

ｌ８３－１８５ｏＣ(beigepowder,recrystallizedfromCHCl3).ＩＲ（KBr)：1672,1657,1525,1329ｃｍ－１．ＩＨ 

ＮＭＲ(CDCl3)６:４．２５（3Ｈ,ｓ),７．５７（1Ｈ,。,ノー9.0Ｈｚ),８．０５（ｌＨ,ｓ),８．２８（1Ｈ,ｄｄ,ノー９．０，２２Ｈｚ),９．２３

(1Ｈ,ｄ,ノー2.2Ｈｚ)，１０．０３（1Ｈ,ｓ).Ａ"α/､CalcdfOrC,oH8N204:Ｃ,５４５５;Ｈ,3.66;Ｎ，12.72.Found:Ｃ，

５４４１；Ｈ,3.59;Ｎ，12.73. 

1-Hydroxy-5-nitroindole-3-carbaldehyde(，a)from9b-Amixtureof9b(50.2ｍｇ,０．２３，mol)ａｎｄ 

ＤＡＢＣＯ(260.3ｍｇ,２．３２，mol)inanhydrousDMF(２０ｍL)washeatedatlOO・Cfbr3hwithstirring

AfteradditioｎｏｆＨ２０,ｔｈｅｗｈｏｌｅｗａｓｍａｄｅａｃｉｄｉｃｗｉｔｈ６％ＨＣｌａｎｄｅｘｔｒａｃｔｅｄｗｉｔｈＡｃＯＥｔ・Theextract

waswashedwithbrine,driedoverNa2SO4,andevaporatedunderreducedpressuretoleaveasolid,which 

wascolumn-chromatographedonSiO2withCHCLi-MeOH(95:5,ｖ/v)ｔｏｇｉｖｅ９ａ(48.5ｍｇ,９６％).，a:mp 

222－２２５°Ｃ(decomp,yellowfineneedles,recrystallizedfromMeOH-CHCl3).ＩＲ(ＫBr)：1618,1585, 

1560,1512,1365,1331,1292ｃｍ~'.'Ｈ－ＮＭＲ(DMSO-典)６:７．７３（1Ｈ,ｄ,ﾉｰ9.0Ｈｚ),８．２１（ｌＨ,ｄｄ,上9.0,

2.2Ｈｚ),８．７０（1Ｈ,s),８．９８（1Ｈ,ｄ,ノー2.2Ｈｚ),９．９４（1Ｈ,ｓ)Ａ"α/､CalcdfOrC9H6N204:Ｃ,52.43;Ｈ,2.93；

Ｎ，13.59.Found:Ｃ,52.35;Ｈ,2.93;Ｎ，１３．６３． 



HETEROCYCLES,Ｖｏ１．６３，Ｎｏ．７，２００４ 1６０７ 

１－Allyloxy-6-nitroindoIe-3-carbaIdehyde（12a）ｆｒｏｍ２ａ－Ａｍｉｘｔｕｒｅｏｆ２ａ（110.2ｍｇ,０．５４，mol)， 

K2CO3(295.2ｍｇ,２１，mol),andallylbromide(642.5ｍｇ,５．３，mol)iｎＭｅＯＨ（10.5ｍL)ａｎｄＨ２０（１ 

ｍL)wasstirredatrtfOr3hAfteradditiｏｎｏｆＨ２０,thewholewasextractedwithAcOEt・Theextractwas

washedwithbrine,driedoverNa2SO4,andevaporatedunderreducedpressuretoleaveasolid,whichwas 

column-chromatographedｏｎＳｉＯ２ｗｉｔｈＣＨＣｌ３ｔｏｇｉｖｅｌ２ａ（122.1ｍｇ，９３％)１２a：ｍｐｌ２０－ｌ２２ｏＣ 

（yellowneedles，recrystallizedfromCHCl3-hexane)．ＩＲ（ＫBr)：１６６６（br)，1508,1346ｃｍ-'・ｌＨ－ＮＭＲ

（DMSO-qlb)６:４．９７(2H,。,ﾉｰ6.6Ｈｚ),５３６(ｌＨ,．｡,ノー10.3,0.5Ｈｚ),５．４０(ｌＨ,ｄｄ,ﾉｰ'7.1,05Ｈｚ),６．２０

（ｌＨ,ddt,ノー17.1,10.3,6.6Ｈｚ),８．１７（1Ｈ,ｄｄ,ノー8.8,2.0Ｈｚ),８．３２（ｌＨ,。,ノー８８Ｈｚ),８．４８（ｌＨ,ｄ,ノー2.0

Ｈｚ),８．９９(ｌＨ,s),９．９５（1Ｈ,s)Ａ"α/､CalcdfOrC,ZH1oN204:Ｃ,58.54;Ｈ,409;Ｎ,ｌＬ３８､Found:Ｃ58.29； 
Ｈ,4.09;Ｎ，１１．２３． 

１－Propargyloxy-6-nitmindole-3-carbaldehyde（12b）ｆｉ･oｍ２ａ－－Ａｍｉｘｔｕｒｅｏｆ２ａ（１００．４ｍｇ，０．４９ 

，mol),K2CO3（269.2ｍｇ，１９５，mol),andpropargylbromide（1.159,9.65,mol）ｉｎＭｅＯＨ(6.5ｍL） 

ａｎｄＨ２０（ＬＯｍＬ)wasstirredatrtfOr5hAfteradditiｏｎｏｆＨ２０,thewholewasextractedwitbAcOEt， 

Theextractwaswashedwithbrine,driedoverNa2SO4,andevaporatedunderreducedpressuretoleavea 

solid,whichwascolumn-chromatographedonSiO2withCHCl3-hexane（1:2,ｖ/v）tｏｇｉｖｅｌ２ｂ（１１０７９， 

９３％)１２b:ｍｐｌ８９－１９３ｏＣ（yellowfineneedles,recrystallizedfromAcOEt).ＩＲ（ＫBr):2125,1664, 

1500,ｌ３５４ｃｍＵＨ－ＮＭＲ(DMSO-C1lb)５:３８５（1Ｈ,t,ノー2.3Ｈｚ),５２６(2H,ｄ,ノー2.3Ｈｚ),８１８（ｌＨ,。d，

ﾉｰ8.8,2.2Ｈｚ),８．３４（1Ｈ,ｄ,ノー8.8Ｈｚ),８．５３（1Ｈ,。,ノー２２Ｈｚ),９．０２（ｌＨ,ｓ),９．９８（ｌＨ,ｓ).ＭＳ'肱:２４４

(Ｍ+).Ａ"α/・ＣａｌｃｄｆＯｒＣ,2Ｈ8Ｎ204.1/8Ｈ２０：Ｃ58.48；Ｈ,3.37；Ｎ，lL37Found:Ｃ58.39；Ｈ,３３４;Ｎ，
１１．１０． 

１－(3-Bromopropoxy)-6-nitroindole-3-carbaldehyde（12c）andL3-Bis(3-fbrmyl-6-nitroindol-1‐ 

yloxy)propane(14a)from2a-Amixtureof2a(51.8ｍｇ,０．２５，mol),KzCO3（140.3ｍｇ,１．０２，mol） 

and1,3-dibromopropane（508.6ｍｇ,２．５２，mol）ｉｎＤＭＦ（５，ｍL）ｗａｓｓｔｉｒｒｅｄａｔｒｔｆｂｒ３０ｍｉｎＡｆｔｅｒ 

ａｄｄｉｔｉｏｎｏｆＨ２０,ｔｈｅｗｈｏｌｅｗａｓｍａｄｅａｃｉｄｉｃｗｉｔｈ６９６ＨＣlandextractedwithAcOEt・Theextractwas

washedwithbrine,driedoverNa2SO4,andevaporatedunderreducedpressuretoleaveasolid,whichwas 

column-chromatographedonSiＯ２ｓｕｃｃｅｓｓｉｖｅｌｙｗｉｔｈＣＨＣｌ３ａｎｄＣＨＣｌ３－ＭｅＯＨ（99:１，ｖ/v）ｔｏｇｉｖｅｌ２ｃ 

(74.8ｍｇ,９１％)ａｎｄｌ４ａ(5.1ｍｇ,９％）intheorderofelutionl2c:ｍｐｌｌＯ､5-112.5°Ｃ(yellowprisms， 

recrystallizedfromCHCl3-hexane).ＩＲ（ＫBr)：1670,1512,1344ｃｍ~'．’Ｈ－ＮＭＲ（CDCl3）６:２４４（2H 

quint,ﾉｰ6.1Ｈｚ),３．７０(2Ｈ,Ｍ=6.1Ｈｚ),４５９(2Ｈ,Ｍ=6.1Ｈｚ),８．１４（ｌＨ,ｓ),８２２（1Ｈ,ｄｄ,ﾉｰ8.8,2.2Ｈｚ)， 

8.44(1Ｈ,ｄ,ﾉｰ8.8Ｈｚ),８．４７（ｌＨ,。,ノー２２Ｈｚ),10.03（ｌＨ,s).Ａ"α/､CalcdfOrC,2HlIBrN204:Ｃ,４４０６;Ｈ，

339;Ｎ,8.56Found:Ｃ,44.04;Ｈ,3.37;Ｎ,８３８１４a:ｍｐ２５１－２５２ｏＣ（decomp,paleyellowpowder， 

recrystallizedfiomCHCl3-MeOH)ＪＲ(KBr):1662,1510,1338ｃｍ－１.ｌＨ－ＮＭＲ(DMSO-d6)６:２．４０(2Ｈ， 

quint,ﾉｰ6.2Ｈｚ),４．７４(4Ｈ,t,ﾉｰ6.2Ｈｚ),８．１８(2Ｈ,。｡,ノー8.8,2.1Ｈｚ),８３５(2Ｈ,ｄ,ﾉｰ8.8Ｈｚ),８．５７(2Ｈ,。，

ﾉｰ2.1Ｈｚ),９．１１(2Ｈ,s),９．９８(2Ｈ,s).ＭＳ〃z/2:４５２(Ｍ+).Ａ"α/､CalcdfbrC2,Ｈ１6N４０８．１/2Ｈ２０:Ｃ54.67;Ｈ，
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3.71；Ｎ，１２．１４.Found:Ｃ,54.75;Ｈ,3.56;Ｎ，12.02. 

1-(12-Bromododecyloxy)-6-nitroindole-3-carbaldehyde（12.)ａｎｄ1,12-Bis(3-mmyl-6-nitroindol-1‐ 

yloxy)dodecane(15a)from2a-Amixtureof2a(50.9ｍｇ,0.25,mol),K2CO3(136.6ｍｇ,０．９９，mol)， 

and１，lZ-dibromododecane(406.3ｍｇ,１．２４，mol)ｉｎＤＭＦ(5.0ｍL)wasstirredatrtfOr40min､After 

additionofH20，ｔｈｅｗｈｏｌｅｗａｓｍａｄｅａｃｉｄｉｃｗｉｔｈ６９６ＨＣlandextractedwithAcOEt・Theextractwas

washedwithbrine,driedoverNa2SO4,andevaporatedunderreducedpressuretoleaveasolid,whichwas 

column‐chromatographedonSiO2successivelywithCHd3-hexane（2:１，Ｖ/v）ａｎｄＣＨＣｌ３ｔｏｇｉｖｅｌ２ｄ 

(94.7ｍｇ,８５％）ａｎｄｌ５ａ（10.4ｍｇ，１５％）intheorderofelutionl2d:ｍｐ８４－８５ｏＣ(yellowprisms， 

recrystallizedfromCHCl3-hexane)．ＩＲ（ＫBr)：2918,1672,1512,1336ｃｍ~１．ｌＨ－ＮＭＲ（CDCl3）６： 

1.29-1.45（14Ｈ,、),１．５４(2Ｈ,quint,ノー7.4Ｈｚ),１．８６(2Ｈ,quint,ノー6.8Ｈｚ),１．８７(2Ｈ,quint,上6.8Ｈｚ)，

3.41（2Ｈ,t,上6.8Ｈｚ),４．３９(ＺＨ,t,ノー6.8Ｈｚ),８．１０（ｌＨ,ｓ),８．２１（1Ｈ,。｡,ノー8.8,2.2Ｈｚ),８．４１（ｌＨ,ｄ，

ﾉｰ2.2Ｈｚ),８．４２（1Ｈ,ｄ,ノー8.8Ｈｚ)，10.02（1Ｈ,ｓ).Ａ"αﾉ.CalcdfOrC2lH29N204Br:Ｃ,55.63;Ｈ,6.45;Ｎ，

6.18.Found:Ｃ,55.52；Ｈ,6.46;Ｎ,6.05.15a:ｍｐｌ３４－１３５°Ｃ（yellowpowder,recrystallizedfrom 

CHCl3-hexane).ＩＲ(ＫBr):2924,1662,1512,1336ｃｍ'.'Ｈ－ＮＭＲ(CDCl3)６:1.33-1.45（l2H,、),１．５６

(4Ｈ,quint,ノー6.8Ｈｚ)，１．８８(4Ｈ,quint,ノー6.8Ｈｚ),４．４０(4Ｈ,t,ノー6.8Ｈｚ),８．１９（2Ｈ,ｓ),８．２１（ＺＨ,。d，

ﾉｰ8.8,2.0Ｈｚ),８．４１(2H,。,ﾉｰ8.8Ｈｚ),８４１(2H,。,ﾉｰ2.0Ｈｚ),９．９９(2H,s)Ａ"αﾉ.CalcdfbrQoHj4NP8：

Ｃ,62.27;Ｈ,５９２;Ｎ,9.68.Found:Ｃ,61.95;Ｈ,５９１；Ｎ,9.49. 

1-Allyloxy-5-nitroindole-3-carbaldehyde（13a）ｆｒｏｍ９ａ－Ａｎｘｔｕｒｅｏｆ９ａ（50.5ｍｇ,０．２５，mol)， 

K2CO3（136.0ｍｇ,０．９８，mol),andallylbromide(2972ｍｇ,２．４６，mol)ｉｎＭｅＯＨ(5.25ｍL)ａｎｄＤＭＦ 

(0.5ｍL)wasstirredatrtfOr3h､AfteradditionofH20,thewholewasmadeacidicwith696HCland 

extractedwithAcOEt・Theextractwaswashedwithbrine，driedoverNa2SO4，andevaporatedunder

reducedpressuretoleaveasolid,whichwascolumn-chromatographedonSiO2successivelywithCHCl3 

andCHCl3-MeOH(95:5,Ｖ/v)ｔｏｇｉｖｅｌ３ａ(54.3ｍｇ,９０％)andunreacted9a(4.6ｍ9,Ｍ)intheorderof 

elutionl3a:ｍｐ１３２°Ｃ（colorlessfineneedles,recrystallizedfromCHCl3-hexa､e).ＩＲ（ＫBr)：1666, 

1508,1367,1335ｃｍ~'.ＩＨ－ＮＭＲ(CDCl3)６:４．８２(2Ｈ,ddd,ﾉｰ6.8,1.1,0.8Ｈｚ),５．３６(1Ｈ,ddt,ﾉｰ'7.1,1.0, 

1.1Ｈｚ),５．４４（ｌＨ,ddt,ノー10.3,1.0,0.8Ｈｚ),６．１２（ｌＨｄｄｔ,ﾉｰ'7.1,10.3,6.8Ｈｚ),７．５６(ｌＨ,。,ﾉｰ9.0Ｈｚ)，

7.98（1Ｈ,s),８．２８（1Ｈ,。｡,ﾉｰ９０，２２Ｈｚ),９．２３（1Ｈ,。,ノー２２Ｈｚ),１０．０２(ｌＨ,s).ＭＳ'肱:２４６(Ｍ+).Ａ"αﾉ．

CalcdfOrC12HloNzO4．l/8Ｈ２０:Ｃ58.01;Ｈ,4.16;Ｎ,11.27.Found:ｃ５８２１;Ｈ,403;Ｎ,ｌＬ２５・

l-Propargyloxy-5-nitroindole-3-carbaldehyde（13b）ｆｒｏｍＯａ－Ａｍｉｘｔｕｒｅｏｆ９ａ（51.2ｍｇ，０．２５ 

，mol),K2CO3（137.5ｍｇ,Ｏ９９ｍｍｏｌ),andpropargylbromide（591.6ｍｇ,４９７，mol）iｎＭｅＯＨ（５２５ 

ｍL)ａｎｄＤＭＦ(０．５ｍL)wasstirredatrtfOr5hAfteradditiｏｎｏｆＨ２０,thewholewasmadeacidicwith 

６％ＨＣｌａｎｄｅｘｔｒａｃｔｅｄｗｉｔｈＡｃＯＥｔ・Theextractwaswashedwithbrine，driedoverNa2SO4，and

evaporatedunderreducedpressuretoleaveasolid，whichwascolumn-chromatographedonSiO2 

successivelywithCHCl3andＣＨＣｌ３－ＭｅＯＨ(95:5,Ｖ/v)ｔｏｇｉｖｅｌ３ｂ(55.7ｍｇ,９２％)andunreacted9a(3.9 
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ｍ９，８％）intheorderofelutionl3b：ｍｐｌ９９－２０１ｏＣ（paleyellowprisms，recrystallizedfrom 

CHCl3-MeOH).ＩＲ(KBr):3309,2129,1672,1525,1516,1333ｃｍ'・ｌＨ－ＮＭＲ(CDCl3）６:２．７３（1Ｈ,t，

上2.4Ｈｚ),４９７(2Ｈ,ｄ,ﾉｰ2.4Ｈｚ),７．６１（ｌＨ,。,ﾉｰ9.0Ｈｚ),８．１３(ｌＨ,s),８．２８(1Ｈ,．｡,ﾉｰ9.0,2.2Ｈｚ),９．２５

(ｌＨ,。,ノー2.2Ｈｚ)，10.05（1Ｈ,ｓ).Ａ"α/､CalcdfOrC12H8N204:Ｃ59.02;Ｈ,３３０;Ｎ，11.47.Found:Ｃ，

５８８６;Ｈ,3.26;Ｎ,11.43. 

1-(3-Bromopropoxy)-5-nitroindole-3-carbaldehyde（13c）ａｎｄ1,3-Bis(3-fOrmyI-5-nitroindol-1-yl‐ 

oxy)propane(14b)from9a-Amixtureof9a(50.4ｍｇ,０．２４，mol),K2CO3（135.3ｍｇ,０．９８，mol)， 

and1,3-dibromopropane(495.0ｍｇ,２．４５，mol）ｉｎＤＭＦ（5.0ｍL）wasstilTedatrtfOr30min・After

additionofHzO，ｔｈｅｗｈｏｌｅｗａｓｍａｄｅａｃｉｄｉｃｗｉｔｈ６９６ＨＣlandextractedwithAcOEt､Theextractwas 

washedwithbrine,driedoverNa2SO4,andevaporatedunderreducedpressuretoleaveasolid,whichwas 

column-chromatographeｄｏｎＳｉＯ２ｗｉｔｈＣＨＣｌ３－ＭｅＯＨ(99:1,Ｖ/v）ｔｏｇｉｖｅｌ３ｃ(73.0ｍｇ,９１％)ａｎｄｌ４ｂ 

(5.4ｍｇ，996）intheorderofelutionl3c：ｍｐ８８－８９ｏＣ（paleyellowplates，recrystallizedfrom 

CHCl3-hexane).ＩＲ(KBr):3101,1662,1522,1329ｃｍ１.ｌＨ－ＮＭＲ(CDCl3)６:２．４１(2Ｈ,quint,ﾉｰ6.4Ｈｚ)， 

3.70(2H,t,ﾉｰ6.4Ｈｚ),４．５６(ＺＨ,t,上6.4Ｈｚ),７．６１（1Ｈ,。,ﾉｰ9.0Ｈｚ),８．０５（ｌＨ,ｓ),８．３０（1Ｈ,．｡,ノー９．０，

２．０Ｈｚ),９．２４（ｌＨ,ｄ,ノー2.0Ｈｚ),10.04（1Ｈ,s)Ａ"α/､CalcdfOrC12H1lN204Br:Ｃ,44.06;Ｈ,3.39;Ｎ,８５６．

Found:Ｃ,43.98;Ｈ,3.32;Ｎ,8.5714b:ｍｐ２３３－２３５ｏＣ(decomp,yellowpowder,recrystallizedffom 

acetone).ＩＲ(KBr):3107,1668,1516,1331ｃｍｕＨ－ＮＭＲ(DMSO-d6)６:２．３４(2H,quint,ノーＭＨｚ)，

4.68(4Ｈ,t,ﾉｰ6.4Ｈｚ),７．８９(2Ｈ,。,ノー9.0Ｈｚ),８．２４(2Ｈ,ｄｄ,ノー9.0,2.2Ｈｚ),９．００(2Ｈ,ｄ,ノー２２Ｈｚ),９．０１

(2Ｈ,s),９．９９(2Ｈ,s).ＭＳ〃z/2:４５２(Ｍ+)Ａ"α/､CalcdfOrC2lH16N408.l/ＺＨ２０:Ｃ,54.67;Ｈ,3.71;Ｎ,12.14．

Found:Ｃ,５４５０;Ｈ,3.55;Ｎ，12.06. 

1-(12-Bromododecyloxy)-5-nitroindole-3-carbaldehyde（13.）ａｎｄ1,12-Bis(3-fDrmyl-5-nitroindol-1‐ 

yloxy)dodecane(15b)from9a-Amixtureof9a(51.4ｍｇ,０．２５，mol),K2CO3（137.9ｍｇ,１．０，mol)， 

and1,l2-dibromododecane(410.2ｍｇ,1.25,mol)ｉｎＤＭＦ(5.0ｍL)wasstirredatrtfbr40min・After

additionofH20，ｔｈｅｗｈｏｌｅｗａｓｍａｄｅａｃｉｄｉｃｗｉｔｈ６９６ＨＣlandextractedwithAcOEt・Theextractwas

washedwithbrine,driedoverNa2SO4,andevaporatedunderreducedpressuretoleaveasolid,whichwas 

column-chromatographedonSiO2successiveｌｙｗｉｔｈＣＨＣｌ３ａｎｄＣＨＣｌ３－ＭｅＯＨ（99:１，ｖ/v）ｔｏｇｉｖｅｌ３ｄ 

(95.6ｍｇ,８４％)ａｎｄｌ５ｂ（10.0ｍｇ,１４％)intheorderofelutionl3d:ｍｐ６０－６１ｏＣ(paleyellowprisms， 

recrystallizedfromCHCl3-hexane)ＪＲ(ＫBr):2927,2850,1653,1525,1329ｃｍ~'、ＩＨ－ＮＭＲ(ＣＤＣｌ３)６：

1.28-146（12Ｈ,、),149-1.57(4Ｈ,、),Ｌ８２－Ｌ８９(4Ｈ,、),Ｍ１（2Ｈ,t,ノー６８Ｈｚ),４３６(2Ｈ,t,ノー６８

Ｈｚ),７．５４（1Ｈ,ｄ,ﾉｰ9.0Ｈｚ),８０１（ｌＨ,s),８．２７（1Ｈ,。d,ﾉｰ9.0,2.2Ｈｚ),９２４（1Ｈ,ｄ,ノー２２Ｈｚ),１０．０３（1Ｈ，

s).ＭＳｍ/2:４５４（Ｍ+),４５２（Ｍ+).Ａ"αﾉ.CalcdfbrC2lH29N204Br.l/8Ｈ２０：Ｃ，５５３６;Ｈ，6.47；Ｎ,6.15． 

Found:Ｃ５５２７;Ｈ,6.39;Ｎ,6.17.15b:ｍｐｌ５０－１５１°Ｃ(paleyellowfineneedles,recrystallizedfrom 

CHCl3-hexane).ＩＲ(KBr):2931,1655,1523,1329ｃｍ１.ｌＨ－ＮＭＲ(DMSO-db)６:1.26-136（ｌ２Ｈｍ)， 

1.46(4Ｈ,quint,ノー6.8Ｈｚ)，１．７５(4Ｈ,quint,ノー6.8Ｈｚ),４．４２(4Ｈ,t,ノー6.8Ｈｚ),７．８０(2Ｈ,ｄ,ノー9.0Ｈｚ)，
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８．２４(2Ｈ,ｄｄ,ノー9.0,2.2Ｈｚ),８．９５(2Ｈ,ｓ),８．９８(2Ｈ,。,ノー2.2Ｈｚ),９．９７(ＺＨｓ).ＭＳ〃z/と:５７８(Ｍ+).Ａ"α/、

CalcdfOrC3oH34N408.l/2Ｈ２０:Ｃ,61.32;Ｈ,６．００;Ｎ,9.53.Found:Ｃ,61.35;Ｈ,5.86;Ｎ,9.49. 

1,3-Bis(3-fbrmyM-nitroindol-1-yIoxy)propane（14a）ｆｒｏｍｌ２ｃ－Ａｍｉｘｔｕｒｅｏｆｌ２ｃ（10.4ｍｇ,０．０３ 

，mol),２ａ(6.6ｍｇ,０．０３，mol),ａｎｄＫ２ＣＯ３(8.9ｍｇ,０．０６，mol)ｉｎＤＭＦ(ＬＯｍＬ)wasstirredatrtfOr90 

min・AfteradditionofH20,thewholewasmadeacidicwith6％HClandresultingprecipitates(14a,１１．０

ｍｇ)werecoUectedbyfiltrationandwashedwithAcOEt・Waterwasaddedtothecombinedfiltrateand

washingandthewholewasextractedwｉｔｈＡｃＯＥｔ・Theextractwaswashedwithbrine,driedoverNa2SO4，

andevaporatedunderreducedpressuretoleaveasolid，whichwascolumn-chromatographeｄｏｎＳｉＯ２ 

ｗｉｔｈＣＨＣｌ３ｔｏｇｉｖｅｌ４ａ(3.1ｍｇ).Thetotalyieldofl4awasl41mg(98％)． 

1,3-Bis(3-fDrmyl-6-nitroindol-1-yloxy)propane(14a)from2a-Amixtureof2a(30.5ｍｇ,０．１５，mol)， 

K2CO3（41.1ｍｇ,０．３０，mol),ａｎｄ1,3-dibromopropane（１４９ｍｇ,０．０７，mol）ｉｎＤＭＦ（１．０ｍL）ｗａｓ 

ｓｔｉｒｒｅｄａｔｒｔｆＯｒ９０ｍｉｎ・AfteradditionofH20，ｔｈｅｗｈｏｌｅｗａｓｍａｄｅａｃｉｄｉｃｗｉｔｈ６９６ＨＣlandresulting

precipitates(14a,２２．４ｍｇ)werecollectedbyfiltrationandwashedwithAcOELWaterwasaddedtothe 

Combinedfiltrateandwashing,ａｎｄthewholewasextractedwithAcOEt､Theextractwaswashedwith 

brine，driedoverNa2SO4，andevaporatedunderreducedpressuretoleaveasolid，whichwascolumn-

chromatographedonSiO2withCHCl3-MeOH(99:1,v/v)ｔｏｇｉｖｅｌ４ａ(8.8ｍｇ).Thetotalyieldofl4awas 

3L2mg(93％)． 
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