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Aquantitativeanalyticalstudytodeterminetheisomerratiosofthe6-piperidones(type７)and 
2-piperidones(type５)producedbythemercuricacetate-edeticacid(EDTA)oxidationofl-(Z-aryl‐ 
2-hydroxyethyl)-3-alkylpiperidines(±)-4c,｡,ｆｈ,躯,９，i,j,and(±)-38wascarriedout・Ithasbeen
fbundthatallthesubstrateswithabenzyloxygroupinthearylmoiety,regardlessofitslocation， 

undergooxidationatthe6-positionpreferentiaUyascomparedwiththedebenzyloxyderivatives 
suchas(±)-4a,ｂ・ＣＯmpansonofthequantitativedatafi｢om4eand（±)-4fwiththosefrOm(±)-4b
indicatedthatthecjSacetatechainatthe4-positionincreasestheextentofthe6-oxidation,whereas 

alrα"sacetatechainatthesamepositionhaslittleeffbct､ThesetwoInctorsenhancethepractical 

valueofthe‘`cincholoipon-incorporatingmethod，，ｆｂｒｃｈｉｒａｌｓynthesesofthel-typeAb"ｇｊ"m 

alkaloids,inwhichthemercuncacetate-EDTAoxidationof4e,９，i,jtothe6-piperidones(type3） 
isoneofthekeysyntheticoperations， 

Keyword-1,3-disubstitutedpiperidine；mercuricacetate-EDTAoxidation；piperidone 

regioselectivefbrmation；pyridinebasequatemization；sodiumborohydridephenacylgroup 

reduction;benzylicalcoholcatalytichydrogenolysis;piperidonejrα"s-cmsomerization;piperidonc 

isomerspectroscopicdifYbrentiation 

themethoxygroupsatthe3'‐ａｎｄ４'一positionsmayhavelittleorno
regioselectivityinthelactamfbrmationTheobservedregioselCctivitywas 
high,butitwasstillencouraginglyinfavorofthedesired6-oxidationToou 
regioselectivitywasgreatlyenhance。(79:59＝75:25)7,8)ｗｈｅｎｔｈｅｓａｍｅｏｘｉenhance。(79:59＝75:25)7,8)whenthesameoxidaregioselectivitywasgreatlyenhance｡(79:59=75:Z5Wwhenthesameoxidationme中od
wasappliedtotheoriginalcompound4g(type2)duringthecourseofourchiralsyntheslsof 
thMﾉZullg伽alkaloidankorinelnthcprescntstudy,therCfbrc,weinvcstigatcdthcefIbclsof

abenzyloWo叩mthc…aticm･ictyandthcst…hcmistryofthe……maltho4-positiononthepositionofoxidation． 
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(±)－４ｆ：Ｒ＝Ｈ 

(±)－４ｈ：Ｒ＝oCH2Ph 

(±)－１７：Ｒ＝Ｈ 

(±)－１８：Ｒ＝OCH2Ph 

(±)－１６ (±)-15 

Chart２ 

separablemixtureofthetwopossiblediastereoisomersduetothediflerenceinconfiguration 
atthebenzylicposition,themixtureswereusedinthenextoxidationstepastheywere・

Forsecuringunifbrmityandfbrconvenienceofcomparisonwiththeearlierresults5a､b） 
from(±)-4a,ｂ,allthemercuricacetate-EDTAoxidations(inboiling1％aqueousAcOHfbr 

L5h）oMc-iandisolationoftheisomericpiperidones（5Ｇ－ｉａｎｄ７ｃ－ｊ）aswellas 
determinationoftheisomerratioswerecarriedoutaccordingtothepreviouslyreported 

standardprocedure､5α'b)Intheseoxidations,theconcomitantformationofsmallamountsof 
theO-acetylderivatives(types6and8)wasdetectedbythin-layerchromatographic(TLC） 
analysisofthereactionmixtures､However,treatmentofthecrudeproductswithNaOHor 

K2CO3inthework-upprocessshouldhaveconvertedthem,ifpresent,intothecorresponding 
lactamalcohols(types5and7)asinthepreviouscases,5)andthiswasactuaUysupportedbyl 
theresultsofTLCanalysis、Althoughthepiperidones（ｔｙｐｅｓ５ａｎｄ７）isolatedwerel
diastereomericmixtures,theirstructureswereconfirmedbyspectralcomparisonwith 
authenticsampleWhenev…ailablMndbythepreviouslyreportedm伽｡(IR)鋤)andl
nuclearmagneticresonance(ＮＭＲ)5.)spectralandTLC5b)criteriafbrdifferentiatingbetweenl 
the2-piperidones(type5)andthe6-piperidones(type7).Inthecasesof(±)-5cand(±)-7c,l 
thestructureswerefilrtherconhrmedbyconvertingthemintothephenoliclactams（±)－１９１ 

(87％yield)and(±)-20(77％yield)bycatalytichydrogenolysis(Pd-C/Ｈ２,EtOH-70%I 
aqueousHC1q,３－３．５ａｔｍ,roomtemp)OnsimUarhydrogenolysis,（±)-5fproducedthe’ 
川s-1actam(±)-21(63％yicld)aswellasthecな-lactam(±)-23(16％yield),whereas(±)-7fl

aMed(±)･2S､11%yicldLikewisa(±)5h…hedthe…-Ｍ劃､(±)-22(61%yield)l
aswellasthecな-lactam(±)-24(15％yield);(±)-7hgave(±)-26in90％yieldTheobservedl
川川,isomerizationofthese2-pipeMonederivativesh…precedentin…revlouslworkl) 

Itisinterestingtonotethattheoxidationof4gproduccdethyljWbrmylcincholoiponatel 
[(＋)-27]ｉｎ６％yieldbesidesthetwoexpectedpiperidones5gand7gThestructureof(＋)-271 
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TABLELTheMercuricAcetate-EDTAOxidationofthe3-EthylpiPeridineDerivatives4 

Product｡） Substrate 

Ｎｏ． Alkoxypositionn Stereochem． Combined 
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α）Allisomerratiosweredeterminedbychromatographicanalysisasreportedpreviously.…）ｂ）Fortheprimednumbers,see 
note6．ｃ）Ｔａｋｅｎｆｒｏｍｒｅｆ５ｑｄ)Besidesthetwopiperidones,ethyl/Wbrmylcincholoiponate[(＋)-27]wasisolatedin6％ 
yield．ｅ)DatahomrunsinwhichhydrolysisoftheO-acetylderivatives8jand6jtogive7iand5jwasomittedduringthework-up 
process． 

exocyclica-carbonatom;'4)theiminiumsalt29orthemorehighlyoxidizedsalt30isthemost 
likelyprecursor・

Theabovemercuricacetate-EDTAoxidationswererunintriplicateorinduplicateat 
least,andthemeanvaluesoftheisomerratiosobtainedareassembledinTableｌＩｔｍａｙｂｅ 
ｓｅｅｎｔｈａｔａｌｌｔｈesubstrateswithabenzyloxygroupinthearomaticmoiety,regardlessofits 
location,underwent6-oxidationpreferentiallyascomparedwiththedebenzyloxyderivatives 
suChas(±)-4a,hComparisonofthequantitativedatafrom4eand（±)-4fwiththosefrom 
(±)-4bindicatesthatthec応acetatechainatthe4-positionincreasestheextentofthe6-
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oxidation,whereasaZrα"sace 

maybeinterpretedasfbllows・
acetate-EDTAoxidationof 

possibleftlctorsinvolvedind 

repulsions，whichshouldbe 

approachingtheaxialC(2)-H 

CH2CO2Etgroup）fbrmedat 

tatechainatthesamepositionhaslittleeffectT 

Inpreviouspapers,５６，c)wehavesuggestedthatin 
l-aryl-2-(3-substitutedpiperidino)ethanols［type 
eterminingitsregioselectivitymaybestericand 
operativebetweenthe3-substituentandthe 

atomofthemercuratedcomplex(31:Ｈｉｎｐｈ 
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葺伽tcractionbetweentheN(1)-HgOAcandtheC(3)-EtgroupsThus,inthepreferred
AAW掌『

雲Wmnfbrmcr31,theapproachofthcacetateiontotheaxialC(2)-Hshouldbehinderedbyboth
JJ1l1J｣thcequatorialC(3)‐EtandtheaxialC(4)-CH2CO2Etgroups,andthismayaccountfbrthe 
三㎡atherhighregioselectivitywith4einfavorofthe6-oxidation,Themoststableconfbrmerof
;１hｃｍercuratedcomplexderivedfromthe伽"s-ester(±)-4fshouldbe33,andtheequatorial
4JC(4)-substituentapparentlyexertsnoinfluenceontheapproachoftheacetateiontotheaxial 
.；ＪＩＣ(2)ＨｏｒＣ(6)-HInthecasesofthe2'一benzyloxyderivatives（±)-4c,49,ａｎｄ（±)-4h,we
jassumeaprelerredconfbrmerof34-or35-type,inwhichthebenzeneringofthebenzyloxy 

ゼスgroupispresumablyattractedbythepositivelychargednitrogenwithinthesamemolecule、
ミSuchaspecificinteractionbetweenthebenzeneringandthepartialpositivechargeonthe
HnitrogenhasbeenproposedfbrlWVUisubstitutedamides16)ａｎｄｌ－(2-arylethyl)pyridones・'7）
IIntheconfbrmer34or35,theproximityofthebenzeneringandaxialC(2)-Ｈwould,together 

withtheC(3)-Etgroup,causethe2-oxidationtobecomemoreunfavorablelnspectionof 
molecularmodelssuggestedthatsimilarfbldedconfbrmationsarepossiblefbrthemercurated 
complexesderivedfiFomthesubstrates[(±)-4dand4i,j]withabenzyloxygroupatthe3'一ｏｒ
４'一position・

Suchanorientingeffbctofthe2'一benzyloxygroupwasalsoobservedwhenthe3-methyl
analogue(±)-38,preparedin95％overallyieldfTom3-methylpiperidine[(±)-3qthroughthe 
aminoketone（±)-37,wassubjectedtothesameoxidation:theisomerratio（±)-42：（±)‐ 
４０＝61:３９washigherthanthat[(±)-43：（±)-41＝55:45]reported…)fbrthedebenzyloxy 
analogue（±)-39.Thecombinedyieldof(±)-42ａｎｄ（±)-40was７６％,andtheirstructures 
weresupportedbytheresultsofhydrogenolysis,giving（±)-45ａｎｄ（±)-44,respectively 

lnconclusion，thepresentresultsconfirmthattheregioselectivityinfnvorofthe6‐ 
oxidationinthemercuricacetate-EDTAoxidationoftheoriginalcompounds4e,９，i,jis 
higherthanthatinthecaseofthemodels(±)-4a,hThisisattributabletothepresenceofthe 
benzyloxygroupand/ｏｒ3,4-cisconfigurationintheoriginalcompoundsandenhancesthe 
practicalvalueofthe“cincholoipon-incorporatingmethod，,fbrchiralsynthesesofthel-type 
川'ZgjzJmalkaloids,inwhichthemercuricacetate-EDTAoxidationof4e,９，i,ｊｔｏｔｈｅ６‐
piperidones(type３)isoneofthemostimportantsyntheticoperations． 

Experimemtal 

GeneralNotes--A11meltingpointsweredeterminedbyusingaYamatoMP-lcapillarymeltingpoint 
apparatusandarecorrected;boilingpointsareuncorrected・Unlcssotherwisenoted,theorganicsolutionsobtained
afterextractionweredriedoveranhydrousNa2Sqandconcentratedunderreducedprcssure・SeerefM`and5dfbr
detailsofinstrumentationandmeasurements,MicroanalyseswereperfbrmedbyMr､YItataniandhisassociatesat 
KanazawaUniversity・ThefbUowingabbreviationsareuse｡:ｂｒ＝ｂroad,ｄ＝doublet,。ｄ＝double-oMoublets,ｍ＝
multiplet,ｑ＝quartet,ｓ＝singlet,ｔ＝triplet・

Materials--AmongthesubstratesusedintheHg(OAC)2-EDTAoxidationstudy,thefbllOwingcompounds 
(asdiastereomericmixtures)werepreparedaccordingtothereportedprocedures:（3R’4s)-1-[2-(3,4-dimethoxy‐ 
phenyl)-2-hydroxyethyl]-3-ethyl-4-piperidineaceticacidethylester(化);g)(3R'4s)-1-[2-(Z-benzyloxy-3,4-dimethoxy‐
phenyl)-2-hydroxyethyll-3-ethyl-4-piperidineaceticacidethylester（49);7）（3Ｍs)-1-[2-(3-benzyloxy-4-methoxy‐ 
phenyl)-2-hydroxyethyl}3-ethyl-4-piperidineaceticacidethylester（4i);'０）（3R’4s)-1-[2-(4-benzyloxy-3-methoxy‐ 
phenyl)-2-hydroxyethyl]-3-ethyl-4-piperidineaceticacidethylester（4i).'1）Othersubstrateswereobtainedasde‐ 
scribedbelow 

l-(3-Benzyloxyphenyl)ethanone(10)---Asolutionofbenzylbromidc(10.269,60,mol)inacetone(ｌＯｍｌ)was 
addeddropwisetoastirredmixtureofm-hydroxyacetophenone(9)(6.819,50,mol)andanhydrousK2CO3(8.299, 
60,mol)inacetone(1001,1)Theresultingmixturewasheatedunderrefluxwithstirringfbr4h・Aftercooling,the
reactionmixturewasfilteredinordertoremovetheinsolublesohd,whichwaswashedwithacetone(20ｍl).The 
filtrateandwashingswerecombinedandconcentratedmwzcMo,andtheresidualoilwasdissolvedinbenzene(400ｍl)． 
ThebenzenesolutionwaswashedsuccessivelywithH2０，５％aqueousNaOH,andsaturatedaqueousNaCLdried， 
andconcentratedtoleaveafaintlyyellowoiLTheoilwasdissolvedinamixtureofbenzene(30ｍl)andpyridine 
(5ｍl),andthesolutionwasstirredatroomtemperatureovernightandthenfiltered・Thefiltratewaswashed
successivelywithH2０，５％aqueousHCl,andsaturatedaqueousNaCLdried,andconcentratedtoleaveapaleyellow 
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oil（lLO1g).PurificationofthisoilbyvacuumdistillationgavelO（10.169,90％)asacolorlessoil,ｂｐｌ６４ｏＣ 

(2mmHg)[1it・'8)bpl65-170oC(05mmHg)];ＭＭ/e:226(Ｍ+);IRv鯛cm~':1686(CO);ＮＭＲ(CDC13)５:258
(3Ｈ,s,ＣＯＭe),５．１１(2Ｈ,s,OCu2Ph),7.05-7.6(9Ｈ,ｍ,aromaticprotonsandOCH2Eh)． 

Z-Bromo-1-(3-benzyloxyphenyDethanone(11)－－AsolutiOnofBr2(800ｍｇ,５，mol)inCHCl3(5ｍl)wasadded 

dropwisetoanice-cooled,stirredsolutionoflO(1.139,5,mol)inamixtureofCHC13(10ｍl)andether(20ｍl)over 
aperiodoflhAfterhavingbeenstirredatroomtemperaturefbr4h,thercactionmixturewasdnutedwithether 

(15ｍl),washedsuccessivelywithHzO,ice-cold5％aqueousNaOHandH20,dried,andconcentratedtoleavea 

faintlyyellowsolid(L37g),ｍｐ４１－４９ｏＣｎ/orecrystallizationSfromhexane-ethergavell(751ｍｇ)ascolorless 
needles,mp56-57oCThemotherliquorsofthetworecrystallizationswerecombinedandconcentratedmwJc"o， 
andtheresidualoilwaspurifiedbycolumnchromatography[silicagel(309),hexane-CHCl3(1:1,Ｖ/v)]toaffbrda 

secondcrop(292ｍｇ),ｍｐ55.5-56.5.CThetotalyieldofllwas1.0439(68％)Foranalysis,crudellwasfnrther 

recrystallizcdffomhexane-ether(10:1,Ｖ/v)tofbrmcolorlessneedlcs,ｍｐ58.5-59°Ｃ;IRv鵠｡1ｃｍ~':1694(CO)；
ＮＭＲ(CDCl3)６:4.43(2Ｈ,s,COCH2Br),5.12(2Ｈ,s,OCH2Ph),7.1-7.65(9Ｈ,ｍ,aromaticprotonsandOCH2Eh)． 
A"αLCalcdfbrC15H13BrO2:C,59.04;H,4.29.Found:C,59.22;H,4.29. 

1-(2-Benzyloxy-M-dimethoxyphenacyl)-3-ethylpyridiniumBromide（13)－Asolutionof3-cthylpyridine(12） 
(9.119,85,mol)and2-benzyloxy-3,4-dimethoxyphenacylbromide19)(3109,85,mol)indrybenzene(250ｍl)was 

stirredatroomtemperatureovemight,TheprecipitatethatresultedwasfilteredofTandrecrystallizedfiPomisopropyl 
ether-EtOH（3:2,Ｖ/v)ｔｏｇｉｖｅｌ３(3Ｌ19,78％)ashygroscopic,colorlessneedles,ｍｐｌ３８､5-140.5°Ｃ(dec.);IR 

v1lWcm-1:1678(CO).Aportion(283ｍｇ,0.6,mol)ofl3wasdissolvedinH20(2ｍl),andasolutionofNaCIq 
(220ｍｇ,L8mmol)ｉｎＨ２Ｏ(1ｍl)wasaddedOncooling,theresultingmixturedepositedtheperchloratesalt(13： 

ClOrfbrBr-）(277ｍｇ,９４％),whichwasrecrystallizedfromEtOHtoafIbrdananalyticalsampleascolorless 
needles,mpl35-136oC(dec.).Ａ"α/CalcdibrC24Hz6ClNO8:Ｃ,58.60;Ｈ,5.33;Ｎ,2.85.Found:Ｃ,5869;Ｈ,5.20； 
Ｎ,2.57. 

1-(3-Benzyloxyphenacyl)-3-ethylpyridiniumBromide(14)－Asolutionofl2（1.299,12,Ⅱ､Cl)ａｎｄｌｌ(3.859, 

12.6,mol)indrybenzene(20ｍl)washeatedunderrefluxfbr4hAfterCooling,theinsolubleoilthatresultedwas 

separatedfromthesupematantsolutionbydecantationandthendissolvedinH20(100ｍl),whilethesupernatant 

wasextracteｄｗｉｔｈＨ２０，TheresultingaqueoussolutionandextractsWerecombined，washedwithbenzene,and 

concentratedj)ｗａｃ"０，andtheresiduewasdriedtogivecrudeM(5.029)asanorangeglass､Thismaterialwasdirectly 

usedinthenextreductionstepwithoutfilrtherpurification． 

（±)-Zrums-3-Ethyl-4-piperidineaceticAcidEthylEster［(±)-16]－－Thiswaspreparedfrom（±)-15bythe 

reportedmethod,'3)buttheprocedurcwasslightlymodified:Anice-cooledsolutionofcrude(±)-15,'２，１３)synthesized 
firomethyMa妬-5-ethyl-2-oxo-4-piperidineacetate2o)(2.859,13.4,mol)accordingtotheliteratureprocedure,'3)in
abs・ＥｔＯＨ(50ｍl)wasstirred,andNaBH4(1､139,30,mol)wasaddedportionwiseoveraperiodof30min・Afterthe

mixturehadbeenstirredatroomtemperaturefbr27h,acetone(2ｍl)wasaddedunderice-coohngThereaction 
mixmrewasconcentratedmyαc"０，andtheresiduewaspartitionedbyextractionwithamixtureofbenzencandH20 

ThebenzeneextractswerethenwashedwithlNaqueousHCl・Theacidwashingswerealkalifiedandsaltedoutwith

K2CO3thenextractedwithbenzeneTheresultingbenzeneextractsweredried(K2CO3)andconcentratedtoleavean 
orangeoiLTheoilwaspurifiedbyvacuumdistillation,giving(±)-16(2.359,88％overallyieldfromthelactam)asa 
colorlesspil,ｂｐ８７ｏＣ(2mmHg)[lit､'3)ｂｐ９１-92°Ｃ(bath)(q5Torr)];ＩＲｖ鯛cm~':１７３３(esterCO);ＮＭＲ
(CDC13)５:０８７(3Ｈ,t,Ｊ＝7Ｈｚ,CCH2L4E),１．２６(3Ｈ,t,Ｊ＝7.1Ｈｚ,OCH2L4且),２．６６(1Ｈ,s,ＮＨ),４１３(2Ｈ,ｑ,ノー
7.1Ｈｚ,ＯＣＵ２Ｍｅ)． 

（±)-Zruz"3-1-(3,4-Dimethoxyphenacyl)-3-ethyM-piperidineaceticAcidEthylEster[(±)-17]－－Asolutionof3,4‐ 

dimethoxyphenacylbromide1，)(7.009,27,mol)indrybenzene(40ｍl)wasaddeddropwisetoastirredmixtureof 
(±)-16(5.389,27,mol)andanhydrousKzCO3(3.739,27,mol)indrybenzene(60ｍl)overaperiodof20min,and 
theresultingmixturewasheatedunderreHuxwithstirringfbr8h・Aftercooling,thereactionmixturewaswashed
successivelywithH20andl0％aqueousHCLTheacidwashingswerealkalifiedwithK2CO3andextractedwith 
AcOEtTheAcOEtextractswerewashedwithsaturatedaqueousNaCl，dried(K2CO3),andconcentratedtoleave 

(±)-17(8219,81％)asanunstable,reddishoil;IRv鰹cm~':1730(esterCO),1675(CO);ＮＭＲ(CDCl3)６:0.86
(3Ｈ,t,Ｊ＝6.7Ｈｚ,ＣＣＨ２Ｍｅ),1.26(3Ｈ,t,Ｊ＝7.1Ｈｚ,ＯＣＨ２１４§),３．７４(2Ｈ,s,COCH2N),3.93ａｎｄ3.95(6Ｈ,seach， 

twoOMe，s),４１３(2Ｈ,ｑ,Ｊ＝7.1Ｈｚ,ＯＣｕ２Ｍｅ),688(ｌＨ,ｄ,Ｊ＝8.3Ｈｚ,Ｈ(５，)),7.60(1Ｈ,。,Ｊ＝2.0Ｈｚ,Ｈ(２，)),7.70(1Ｈ，
｡｡,Ｊ－８．３ａｎｄ2.0Ｈｚ,Ｈ(6,))． 

（±)-伽"3-1-(Z-Benzyloxy-3,4-dimethoxyphenacyl)-3-ethyl-4-piperidineaceticAcidEthylEsterI(±〕-18]－－A

solutionof(±)-16(4.789,24,mol)indrybenzene（120ｍl)containinganhydrousK2CO3(3329,241nmol)was 

stirredatroomtemperature，and2-benzyloxy-3,4-dimethoxyphenacylbromide1，)（8.779,24mmoDwasadded 
portionwise､Theresultingmixturewasstirredat50oCfbr2hAftercooling,thereactionmixturewaspouredintｏａ 
ｍｉｘｔｕｒｅｏｆＨ２０（100ｍl)andbenzene（100ｍl)Thebenzenelayer,afterseparationfromtheaqueouslayer,was 

washedsuccessivelywith5％aqueousNaOHandH2Qdried(K2CO3),andconcentratedtoleaveareddish-orange 

oil(11.729).Aportionoftheoilwaspurifiedbycolumnchromatography[silicagel,hexane=AcOEt(1:3,Ｖ/v)]ｔｏ 
give(±)-18asanunstablebrownishoil,IRv磯cm-1:1730(esterCO),1676(CO);ＮＭＲ(CDC13)5:0.81(3H,t,J＝
6.8Ｈｚ,CCH2u且),Ｌ25(3Ｈ,t,ノー7.2Ｈｚ,ＯＣＨ２１４且),3.65(2Ｈ,s,COCH2N),3.88and3.92(6H,seach,twoOMe,s)，

|lilllif1 
苣昼

悪l；

戸f:Ｉ･鑑

111 
JiIlilll 
illlil 
繋蕊

蕊．












