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Metal-Cata[yzed Tandem C-Heteroatom ttnd C-C Bond Forming Re~lctions. : New 

Synthesis ol' Isoquino[ines and Related Compounds 
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hltroduction 

Ch'.rpter l. Silver-Catalyzed Direct Addition of Nucleophiles and Pronucleophiles to ortho-Alkynylaryl A[dimines 

Leading to I ,2-Dihydroisoquinolines 

Chapter 2. Rhodium-CatEllyzed Addition of P['onuc]eophiles to ortho-Alkeny]ilryl Aldimines Leading to 

Tetrah yclro i soq u i n o I i nes Deri vatl ve s 

Chapter 3. Palladium-Catalyzed Ring Expansion Reactions 

Chaptei' 4. Pailadium-Catalyzed Int['amolecular Ene Reactions of Unacllvi[ted Imines 
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Chapter 1: The Lewis acid and/or tr~ulsition metal-c~rtaiyzecl addition of carbon nucleophiles to imines is one of the 

most importilnt methocls for the preparation of nitrogen-contilinlng compounds. In pLlrticular, Ihe direct addition ot~ 

ctu~bon pronucleophiles to imines in the pi~esence of calalysts is higilly desirdble as it represents an alom economical 

Lrpproach. Previously Yamamoto reported the first example of metal-catLt[yzed direct addition of malononitrile 

derivatives and simple ketones. such as acetone, to activateci imines. This transformation is uset'u] t'or synthesizing 

imlines and amino acid derivatives. However activated imines that bear an electron withdrawing ~Zroup on the imlne 

nitrogen atom have to be used as a substrate to induce the addition of pronL[cleophiles. Although direct Mallnich-type 

reactions of activated ketone and malonate and direct nilro-Mannich (aza-Henry) reaction catalyzed by metals and 

Bronsted acids were also reported recentiy, activated ilnines were also rec]uired in these cases. In this chapter. the 

s'ynthetic method of the fL[nctionalized 

l,2-dihydroisoquinoline skeletons through the direcl addition of various carbon pronuc]eophiles to ortho-
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 alkyllylarylaldim111esisrePorted.Wiむhol旧!slngrlleα-dhlaryaαlvatedimhlesbeal『hlgallelectro11一ヤvithdrawh19

 grouP,theadditiolltoimi1]eproceededwellp1'obablyduetoをheillsltLlformatlonofthel℃activeisoqllillolillium

 imermediate、h〕gelleralrhecollsll'uαionof1,2-dihydrolsoquhlollneframewol巳kcallbeachievedbythe肌lcleophllic

 additiontotheisoquilloliniumsalt,whicharederivedfromthecor1・espondhlgisoqllinolillesusillgacylathlgor

 alkylalingagents、Obvious]y,1hel)rese111reac重jonProeeededwithouIsuchactivationalldthecurrellm曙ansformalio11

 1)rovidesallalter]1ativemethodforthec・llstrLlctiono{『1,2-dihydl『oiso〔luhlolines.

 Chapter2:Sincetet1'ahydr・is・quin・1ines,!,2-dihydr・isoquln・lillesandtheirde1・ivativesal'ec・mpou1・ds・fgreat

interestduetotheil“biologicalandphal'maceuticall)rol)erties,dcvelopmentofefficiemsylltheticmetllodsofthese

coml)oulldshasbeenthesubjectofgreatinterest.Thep1'eparatiolloftetrahydroisoquilloHneca1]be])erformedhl

 manyways,butu1しimatelyしhelllajo1'iしyofthe1ηethodsillvolvereactiollofclassicalme{hodtikePictet-Spellglel',

 Bischler-Napieralski,andPomeran-Fritschreactions.Fo1'rillgclosure,theyllormal】yrequi1'estrongacidicconditiα1

 and/orsomeactivatiollthrollghalli]1trodLlctiollofelect1'o11-donath1991『oupsillbellzeneri119,suchasallalkoxy

 group.Althoしlghthecycliz飢ionofortho-a]kenyl-benzylalllillesisals〔)knownasapl'el)aratiollmetl]odoF

 tetrahydr()isoqLlin()lhle,thereactiollshouldbecollductedLmde1巳severebasicco11〔lition.Besidestheformatiollof

 LeしmhydroisoqLlhlolhleskeletα1,al・efficientmethodforintroductiollofcarbollunitattheC-1Positi・nhasrecelltly

 beellexploredsincelll圭myofusefulisoqLlhlolineshavesubtitllelltsatthatpositio11.Alkylatiolloracetylとttiollof

 nitrogenatomof3,4-dihydrois〔)quinoHneandlsoquhlolinecompollllds、followedbynucleophilicattackofcertaill

Ilucleophilestotheresultillgimhliumpartiswellkll()wn.Illthischapter,thedevelopmentofnewsyntheticmethod

 formultisuヒ)titutedtetrahydroisoqLlillolhlederivativesbyushlgtl'ansitionmetalcatalysts,suchasRhC1(PPhl;)11and

 Pd!(dba)11.CHC13,viatheしalldemC-NalldC-Cbolldf()rmationusingortho-alkenylarylaldimillesalld

 PronucleoPhileslsrel〕orted.Allystl『ongacidsorbasesarenotrequiredandthereaction1)roceedsundernearly

 neun'alcolldition,Thecur1'enttransformationprovidesanalte口1ativemethodfol'theconstmctiollof

 tetrahydroisoquin〔)line,whichcallbeusedasbuildhlgblocksofbioactivetetrahydroisoquinolinealkaloids.

 Chapter3:Rhlgexpansionisoneofthemostusefulmethodologiesfo1・thesynthesisofmediumsizedrhlgs,whlch

arecommolllyfoundillmanynaturalprodllcts.Itiswellknownthatthecycloadditionofelectronricholefins,sllch

asellamhlesalldenolethers,withdimethylacetylelledicarboxylategivescyclobutelleintermedlates,whichulldergo

 electrocyclicrhlgo!)ellillgtoafFordlllediしmlsizedrings.111thischapter,‡hesymileticmethodofthepyrall

 derivatives.fusedwithmediumalldIal・gelings(7-IOalld14),viathel)alladiumcatalyzedl'eactionofenynaIswith

 dimethylaceLylelledlca1'boxylateisrepo1『ted.Thereactiollproceedsthroughthecycloaddiしionofdimethyl

 acetylenedicarboxyiatetoallelectro111'ichoiefin,derivedfromthehltramolecularcyclizaしiollo'fellyllals,alld

 subsequenしrillgexpansio11.ItwasfoundthatdlecombinationofPd〔OAcLandcyclooctadiqleisasuitablecatalytic

 sysむemfbr亡hePrese11[reaαlon.

Chaptel'/i:Theimhlo-ellereactionisa1)owerflllsylltheticmethodoffunctionalizedaminecompoundshlorgallic

 syllrhesis.AlthoロghLewlsacidshavebeenoftenllsedasaαivafhlgagents,hwasesselltlahousestolchlometric

 amoしmtsofLewisacidsandthe1『eisnorel〕ortoftheLewisacid-catalyzedreactio11.Itwasknownthatreactionswere

 catalyzedbylransitiomηetalcoml)lexes.Howeve1『,itwasnecessaryむ。しlseactivatedlmhle8,havhlgelec重ron-

 withdrawhlggroupsonthellit1・ogenatom.Inthischapter,itisreportedthatthe!)ailadium-catalyzedintramolecular

 imhlo-enereactio1]withLmac重ivatedimillecompoulldstakesplace.Whellor‡ho-alkellylarylaldimhleswel'etrea‡ed

 wi重hacatalyticam・unt・fPd2(a11yl)2CI2inl,4-di・xaneat100℃,thehlt1・am・1ecttlarimin・一enereacti・npr・ceeded重・

 giveaminohldellederivaしivesingoodtol・ighyields、Analogollspalladium-catalyzedenei'eactiollofortllo-

 alkenylbenza]dehy(lesalsoproceededtogiveindenolshlgoodtohighyields、
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 論文審査の結果の要旨

 SalPrimaYlldhaS.氏は,有機金属触媒を用いた新規変換反応の開発を目的として研究を行い,様々な

 優れた分・'∫・変換プロセスの開拓に成功した。第一章と第二章では,有用な生理活性を示す天然物の基本

 骨格であるジヒドロイソキノリンおよびテトラヒドロイソキノリン骨格の新規合成法の開発について研

 究を行った。その結果,オルトアルキニルアルジミンまたはオルトアルケニルアルジミンとプロ求核剤

 とから,銀触媒とロジウム触媒を用いたタンデム型付加環化反応を開発し,それぞれ目的物を一挙に合

 成できることを示した。本反応はニトロメタンなどのプロ求核剤を直接用いることができるダイレクト

 型付加反応で進行するために,原子効率の高い環境調和型の反応である。同時にこれらの結果は,炭素

 親和性ルイス酸触媒が有機合成反応に極めて有効であることを示している。これまでルイス酸触媒は,

 主にカルボニル基などのヘテロ原子を含む官能基の活性化剤として有機合成に用いられてきた。これに

 対し本反応は,アセチレン結合やオレフィン結合に対し高い親和性を示す銀触媒やロジウム触媒を炭素

 親和性ルイス酸触媒として用いることにより達成された反応であり,概念的にも極めて独創性の高い反

 応である。第三章では新しい環拡大型反応の開発を,第四章ではパラジウム触媒をルイス酸触媒として

 用いた,触媒的イミノエン反応の開発であり,どちらの反応も触媒の特徴をうまく引き出した優れた変

 換反応である。これらの研究成果は,SalPrimaYudhaS.氏の有機合成化学に対する尽きることのない興

 味関心と,日々のたゆまない試行錯誤の繰り返しから生まれたものであり,博士論文として適している。

 以上の結果は,同氏が自立して研究活動を行うに必要な高度の研究能力と学識を有することを示してい

 る。したがって,s且lPlimaYlldhas.氏提出の'博士論文は,'博士(理学)の学位論'文として合格と認める。
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