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Cbapterl

Introduction and GeneralSummary

l.Introduction

AcetaLsandketaLsareimportantfunctionalgroupsthatfinduseinthepreparationofnovel

heterocycliccompounds,inpolymerS,andintheprotectionofcarbonylcompoundsoralcohoIs･

AcetalsandketalsareStableunderbasicconditionsbuthydrolyzeeasnyunderacidicconditionsto

thestartlngCarbonylcompoundandalcohol･NoticethestruCturalftaturesthatdefineacetaLfand

ketals･Inplaceofthecarbonylgroupofthealdehydeorketonefromwhichtheyarefbrmed･

acetaLsandketaLihaveate血edralcarbontowhichtwoethergroupsareattaChed･

AcetalsandketalsareSimilarinbothstruCtureandmechanismofformation･Whenever

wereftrtoproperties,1ikemechanism,thatareSharedbyboththesederivatives,些jha11reftrtQ

fhemcollectively殖･

Acetal(new):Acetal(01d)orketal(01d)･

Acetal(01d):Acompositefunctionalgroupinwhichtwoetherfunctionsarejoinedtoa

cafbonbearingahydrogenandanalkylgroup･
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Ketat(01d):Acompositefunctionalgroupinwhichtwoetherfunctionsarejoinedtoa

Carbonbearingtwoalkylgroups･

TheChemicalAbstractsnomenclatureisusedfbrmostoftheacetalsdescribedinthis

thesis･Thecompoundsarenamedeitherasdialkoxyderivativesorasderivativesofacetals･

ExamplesareShownbelow‥

JEt /へ0
1,1-DiethoxypropaneOr 2-Ethyl-1,3-dioxane

Propionaldehydediethylacetal

二;…ニ ネ
1,4-Dioxaspiro[4.5]decane 2,9-Dioxabicyclo[3･3･1]nonane

ThepnncipalreactionsandpropertiesofacetalsareSummarizedinSchemel･Acetals

canundergomostofthefunctionalgroupreactionsontheirsidechainsaslongasthosereactions

areCarriedoutunderneutralorbasicconditions.Theinertnessofacetals,likeethers,underthese

conditionshasimportantCOnSequenCeS.Natureusesacetalstoprotectbiological1yimportant

aldehydesandketonesfromunwantedreactions･Thesyntheticchemistfindsasimi1aruseof

acetalsasprotectivegroupsforcarbonylgroupsorforhydroxygroups(A)･Forinstance,under

certainconditionstheydonotreactwithGrignardreagents･Anacetalisareversibly'.hidden‖

carbonylcompound･AcetalderivativesarealsoutilizedtoprotecttwoOHgroupsofl,2-Orl,3-

diolinarigidfbrmWithrestrictedrotationarOundthebondsbetweentheOHsubstitutedcarbons

(B).ThemorestableconfbrmerOfacetalcanbepreparedunderequilibratingconditions

(thermOdynamiccontrol),inwhichstericorstereoelectroniceffectsplayamajorrolefbrthe
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StabilityoftheconformerS(CandD).Underacidicconditions,aCetalsarereacdvecentersof

molecules:(1)inthepresenceofLewisacidstheyareamenabletonucleophilicsubstitution匹);

(2)theyarePreCurSOrStOenOlderivatives(F),and(3)theleavinggroupabilityoftheROgroup

Can1eadtovinylogoussubstitutions(SN2'type;(G));(4)adeprotonationispossible(espeCial1y

withthioacetals)foruseinnucleqphilicacylations(H).

≡…=て≡…≡､千=
A.Protection B.ToPrevent

Rotation

C.EquatoriaI

Preference

OfR

M
こ二

:渋:Nu洪H(:｡獣州
E.Substitution F.Elimination G.Substitution

byNuc[eophile withDoub[e

BondShi代

Scheme l

ヂH
D.Axial

Preference

OfOR

H.Substitutionby

Deprotonation

Acetalsasprotectivegroupshavealreadyplayedanimportantroleinorganicsynthesis･

Forinstance,akeystepinthesynthesisofvitaminCinvoIvesselectiveoxidationofsorbose･To

achievethis,al1butoneofthehydroxygroupsareprotectedbyconversiontoadoubleacetal･The

authorhasbeeninterestedinthepropertiesofacetalsasfunctionalgroupsratherthanasprotective

groups･TherestillremainsamaJOrChallengeinobtainingageneralmethodologyfbr

stereoselectivecleavagereactionsofacetalsanddevelopingavarietyofusefu1methodsuslng

acetalsynthonsinorganicsynthesis･Thisthesisisdevotedtothedevelopmentofnew
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stereoselectivereactionsuslngaCetalauxiliariesandtostudiesonthemechanismofnucleophilic

Cleavagereactionsofacetals.

DuringrecentyearS,agrOWlngnumberofpapersdealingwithchiralacetalshave

demonstratedtheusefu1nessoftheseauxiliariesinasyme扇csynthesis･10fparticularinterestto

theauthorareaCetalspreparedwithdioIshavingaC2aXisofsymme叩･2Inthesecases,the

acetalcafbonisprochiralratherthanChiral･Inasimplealdehyde,withoutanyotherstereogenic

center,thereisnodifferentiationbetweenthesiandrefaceofitscatbonylgroup･Byreaction

withaC2aXiallysymmetricchiraldiolasingleacetalisformed･However,initsmoststable

conformation,forexamPle,inthecaseofadioxanenng,thisacetalnowhasoneaxialandone

equatorialRsubstituent･Itisbythesesubtleefftctsthatthesiandrefacesofwhatwasa

carbonylgrouparenowdifftrentiated(Scheme2)･3

R,･･吉H｡HR
OH

Rイ乎RH

R～･･｢へrR R′′･･｢へrR

OTO Oて0
q2AxisSymmetry

Scheme 2

neseacetalsmayundergocleavagereactionsoftheacetalring,Ortheymaybeusednear

aprochiralcentertocontrolitsreactivityandstereoselectivity･



ChiralacetalsarerOutinelypreparedbyreactlnganaldehydeoraketonewiththechiral

dioIwithazeotropICremOValofwaterinaDean-Starktrap･4Alternatively,Noyori一sprocedure5

withdesilylateddioIscanbeappliedwhenmigrationofthedoublebondofα,β-enOneSisa

seriousproblem･Finally,tranSaCetalization4isalsoausefu1processwhenanaCyClicacetalisthe

startlngmaterialandthecorrespondingcarbonylcompoundratherunstable･

MostofthechiraldioIsareCOmmerCiallyavailable.Thepncesgofromtheverycheap

tartaricacidormannitol,tOthemoreexpensive2,4-Pentanediol･Severalsimplemethodsexistfor

theireasyprepamtivesynthesis･Scheme3summarizesthemostcommonlyencountereddioIsand

theirmethodofpreparation･

註≡H
踪欝

0
0
日
H

C

CC

C

〓

〓

〓

〓

R

R
Dn

Dn

l

l

l

1

1

2

3

4

5,R=Me

6,R=んPr

7,R=¢一日ex

8,R=Ph

R～･･｢〈γRMe′′･･｢｢｢Me
OH OH

9,R=Me

lO,R=んPr

ll,R=Ph

OH OH

12

From tanaric acid:1,2,3,4,5ref6

From microbiaItransformation:5ref7,11ref8,12ref9

Fromasymmetrichydrogenation:9IlOreflO

From Sharplessosmy[ation:7I8refll

Scheme 3

Therearealsoothergeneralmethods12andsomeofmorespeci丘cinterest･Thus,7was

preparedbyhydrogenationof8,13which,inturn,WaSObtainedbyreductionofbenzoinor

benzil,followedbyresolution･14MattesonetaL･PrePared6throughboraneChem血y･15chiral

orracemicdiepoxybutanemaybeopenedtwicebyanOrganOmetallicreagent･16Finally,alarge
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amyofchiralracemicd,l-1,2-dioIsmaybeobtainedbyplnaCOltypereductivedimerization･17

TheseareuSefulforteststudiesandmaytxresoIvedbystandardmethods･18

2.Cleavage of Acetals

AcetalsareamOngthemostpopularPrOteCtivegroupsfbraldehydesandketones･4

However,underappropnateconditions,Particular1yinthepresenceofLewisacid,theymaybe

attackedbynucleophilesortheymayundergoelec叫hilicsubstitutionreactions･19

Pioneeringintheneldofchiralacetals,W･S･Johnsonlsgroup20usedanaCetalofRR-

2,3-butanediolintheircationicbiomimeticcyclizationin1976･Ofthefourstereoisomersobtained

inthis SnC14Catalyzedreaction,thetwomaJOrOneS,B andC havethe same absolute

con丘gurationatwhatwastheacetalcarbon(Scheme4)･Thatrepresentsaveryhighdegreeof

diastereoselectivityinthereactionprocess(86%d･e･)･Removalofthechiralauxiliary,by

degradation,allowedthedeterminationoftheabsolutecon丘guration･

RO

三三

≡二==

RO

A 7:93 B

=圭≡Scheme 4

RO

C 94:6 D

21%

AcetalsareeaSilycleavedandreducedbyhydrideshavingaLewisacidcharaCterSuChas

aluminumorboronhydrides･ThismethodologylSrOutinelyusedincarbohydratechemistry21for

monodeprotectionofvicinaldioIs･However,intheseexamPlestheinterestliesinthedioIpartof
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theacetalandnotinthealdehydepart･ChiralacetalswithaC2aXialsyrrmetrywerenrststudied

byRichterin1981･22Acetalsandketalsof2,3+butanedioIwerecleavedbyLiAID4WC13reagent･

SincethedioIwasracemic,thestereochemicaloutcomeofthereactionwasnotascertained;

however,thed.e.couldbemeasuredandsummarizedasinScheme5･

LiAID4/AICl3

LiAIH4/AIC】3

Scheme 5

56-98%d.e.

R:unSaturated

3-88%d.e.

R:Saturated

28-77%d.e.

ThetwoconformersAandBofkeEaLdifftrmuchlessenergetically,andbothconformers

mayreactwithequalrate(Scheme6)･Thatmightexplaintheconsiderabledecreasein

diastereoselectivity(28-77%d.e.)ascomparedtoacetals･Moreimportantly,Withunsaturated

methylketonesasstartlngCarbonylcompounds,thed･e･isalmostnegligible,thelowestbeing

wi血R:HC≡C-.

二く

-
≡ニ

Rl>R2

Scheme 6
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In the case of ketals the nng size becomes of crucialimportance for the

diastereoselectlVltyOfthereaction.Withke(aLsof2,4-PentanediolthediastereoselectlVltylS

boostedto78-96%.23▲Notonlycanaryl-a比ylketonesbeused,butalsodialky124and,mOre

interestingly,alkynyl-alkylketones25asshowninScheme7･Thestereo¢hemicaloutcomeof

thesereductionswasdeteminedbytheusualoxidation-β-eliminationsequence･

～′一･･｢〈イ

:ポ
Br2AIH

｣_.. 〉

Rl>R2

｡1人｡2

PCC

｡､人｡2

K2CO3

｡,人｡2
Rl,R2:a■ky]orary178-96%e･e･

Rl‥atky.oraryI;R2‥a-kyny180-98%e･e･

Scheme 7

Interestingly,inthesereductionswithX2AIH,thestereochemistryofthe丘nalchiral

SeCOndaryalcohoIwasfoundtobecompletelyreversedtowhatwasexpected･Infactthisresult

canbeeasnyexplainedifonetakesintoaccountthefactthattheLewisacidandthenucleophileare

thesamereagent･Thus,thestereospecificcoordinationoforganOaluminumreagenttotheoxygen

nexttotheaxialmethylgroupisfo1lowedbytheattackofthehydridesyntothecleavedcafbon-

oxygenbond(Scheme8).Wealsoreportedthatthenormalstereochemicaloutcomecanbe

restoredwithabinaryreagent,R3Sift/Lewis acid･26,27 Thislastreactionisalsohighly

diastereosdectivewithacetalsofdialkylketonesandofalkynyl-alkylketones(Scheme8)･
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′′′一･･｢〈イ

:ポ
Et3SiH

TiCl4

Rl>R2

り.L′一･一｢

0､:

Cl4T

十 H･SiEt3

R2

● ●

Scheme 8

9日

~ユ
RlへR2

76-96%e.e.

Inthecourseofourstudiesinthisneldwehavebeeninterestedinthestereoselectivityof

bicyclicacetals･28Inchapter2,thestereoselectivereductionofbicyclicacetalsanditsapplication

tothetotalsynthesisofoneoftheconstituentsofcivetcatweredescribed･Scheme90utlinesthe

generalconceptthatledtothedevelopmentofthepresenttechnology･InviewofthegroⅥng

interestinselectiveadditionsofnucleophilestochiralacetalsweinvestlgatedthedetai1ed

mechanismandstereochemicalcourseofthereductivecleavageofacetals･Thequestionswhich

havebeenthefocusofourstudiesareaSfbllows:(1)doesthereactionviaLewisacid-metal

hydridesystemproceedbyanSNl(tightionpairedtype)-OranSN2-1ikemechanism;(2)what

factors(acetalstruCture,metalhydride,Lewisacid,OrSOIvent)afftctthemechanismofthe

reac丘on?
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>ÅトH

M一日

Lewis Acid

Scheme 9

r...′′≠｡H

`■r...′′≠｡H
InviewoftheirreadyavailabilityandstruCturalunambiguity,bicyclicacetalsmaybe

consideredasexcellentpotentialprecursors･Infact,theaboveresultspemitstereocontrolled

reductionofbicyclicacetalsgeneratlngSPeCi丘cal1yeitheracisortranscyclicetherdependingon

thechoiceofreagent.

ReductivecleavagesofacetalswithorganOaluminumhydridereagents(e･g･Br2AIH,

C12AIH,DIBAH)affbrdsstereoselectivelysynreducedproducts.23,24･25,27Theobservedhigh

diastereoselectlVltyWaSaSCribdtothestereospeci丘ccoordinationoftheorgan0aluminumreagent

withoneoftheacetaloxygensfbllowedbythehydrideattacksynonthecleavedcarbon-OXygen

bond.nereactionprobablyproceedsbyatightionpairedSNl-1ikemechanism･Inchapter3,We

describethereductivecleavagesofchiralacetalsbythecombineduseofdiethylaluminumfluoride

andpentafluorophenolreagents･Thisisanewreactionforacetals,anintram01ecularMeerwein-

Ponndorf-VerleyreductiveandOppenaueroxidativereactionofacetaltemplate･Removalofthe

chiralauxiliary,fo1lowedbybase-Catalyzedβ-eliminationoftheresultingβ-alkoxyketone,eaSily

glVetheoptical1ypurealcoholing∞dyield･Wehavealsodemonstratedthatpentafluorophenolis

amoreusefuladditiveforthisnovelhydride-tranS食rreaction(SchemelO)･
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Et2A肝

C6F50日

｡,人｡2

PCC

Scheme lO

Stereoselectivealkylativecleavageofchiralacetalsviasynattackofthereagents,

however,hasnotyetbeenreported,althoughwedidreportthereductivecleavageofchiralacetals

byaluminumhydridereagents(e･g･DIBAH,Br2AIH,C12AIH)･23,24･2527sincethebeginningof

thesestudies,Wehavebeeninterestedinthepossibilityofachievlngtheretentionofthe

stereochemicaloutcomeofalkylanionattackontheacetalgroup,Which,ifsuccessfu1,WOuld

provideamethodtoobtainbothenantiomersfromasinglechiralstartingacetal(Schemell)･

～■●･･｢〈イ

ニ×芸
ヽトH
/

Retention

[可

｡,人｡2

/へ
Retention Rl,.R

Scheme ll

ll



Inchapter4,Wedescribethehighlystereoselectivealkylativecleavageofchiralacetals

derivedfrom(-)-(2R,4R)-2,4-Pentanediolbythecombineduse oftrialkylaluminum and

pentafluorophenol,andalsodescribetheselectivecleavagesofacetalsderivedfroml,3-butaJlediol

and(-)-(2R,3R)-2,3-butanediolrespectively･

neresultsofourinvestlgationsonunprecedentedselectivitiesinthereactionofenoIsilyl

etherswithavarietyofacetaltemplatesaredescribedinchapter5･

AldolreactionsareuSuallydividedintotwocategoriesdependingonthemethodof

activationoftheenolatesandcarbonylsubstrates･Mostreactionsproceedviaasix-membered

chelatedtranSitionstateassembledbyametalenolateandcarbonylcompound･29Inthiscase,the

aldoIstereoselectivityisheavilydependentonthegeometryoftheenolatedoublebond:(E)一

enolatesgenerallygivingthreoaldoIsand(Z)-enOlatesgivingerythroproducts･Theother

reactionsproceedthroughacyclictranSitionstates,andboth(E)-andq)一enOlatesgivetheerythro

adductsselectively･29･30verylittleisknown,however,Ofthestereochemistryofthetitanium

mediatedcouplingofenoIsilyletherswithaldehydes(Mukaiyamareaction),31despiteitsbroad

utilitylnOrganicsynthesis･

WechosetoinvestlgatethestereoselectlVltyOfthealdolfbrmationfrombenzaldehyde

acetalandtheenoIsilyletherofD-CamPhor,anenOIsilaneOfhighstericdemand(Scheme12)･In

thereactionofbenzaldehydedimethylacetalwiththeenoIsilyletherofD-CamPhor,theexo-threo

productwasobtainedalmostexclusively･Indramaticcontrast,however,SimilarreaCtion

conditionsbutwithbenzaldehydeacetalof3-methyl-1,3-butanediolgavetheexo-erythroisomer

exclusively･ThisreversalstronglysuggestsacruCialrolefortheacetalstruCtureOntheselectlVlty

ofthereactionandpromptedustoinvestlgatethecourseofthereactionwithawidevarietyof

acetalsundervariousreactionconditions.Detai1softhesereactionsareSummarizedinchapter5.
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ph-く:;･TBDM岳0凄ラ

ph{TMSO凄

‥∴..●●●■>99% exo-threo

TiC]3(Oi･Pr)

50% yietd

HOへキ転>99%exo-erythro

Scheme12

Chapter6containsdescnptlOnOfthedoublestereoselectivealdolreactionofα-Chiral

aldehydewithsilylenoletheruslngaPlnaCOlacetaltemplate･Thisstereoselectivereactionis

essentiallysimi1artOthediastereoselectivealdolreactionuslng3-methyl-1,3-butanediolacetal

templatedescribedinthepreviouschapter･

2-PhenylpropanalwasusedtoexaminethestereoselectlVltyOfthealdolreactionsof

reagents14and17withatypicalchiralaldehyde(Scheme13)･Thereactionofthelithium

enolateof14with2-Phenylpropanalgivesonlythetwo叩naldoIs,andaratherhighCramhnti-

Cramrati00f92:8isobserved.IntheTiC14-mediatedreactionof17withthesamealdehyde,the

Cram/anti-Cramratiois>97:3,32butthesimplediastereoselectivityisusuallylow;aldoIs18and

19areproducedinaratioof3･5:1･
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_‡-_勺

1.LDA

2.PhCH(Me)CHO

94% yield

OH O

15

+

92:8

PhCH(Me)CHO
TiCl4,CH2C12

96% yieId

OH O

78:22

Scheme13

OH O

OH O

19

BecauseithasbeenpreviouslyshownbyHeathcockandhiscolleaques33thatdiastereofacial

selectlVltylnadditiontocMhiralthioniumionsisenhancedwhenthesulfursubstituentismore

bulky,theauthorinvestlgatedtheLewisacidmediatednucleophilicsubstitutionreactionsofthe

plnaCOlacetal200f2-Phenylpropanal･AsshowninScheme14,uSeOftheplnaCOletheris

essentialtoobtainhighdiastereofacialselectlVltylnarati00f95:5;Whenthedimetbylacetal

correspondingto20isusedinthisreaction,threeβ-methoxyketonesareObtainedinaratioof

5:4:1.ToourpleasantSurPnSe,WediscoveredthataldoIs18and19wereproducedin96%yield

inaratioof94:6ifthealdolreactionmixturewaswarmedfbr-780CtoOOCpnortotheaqueous
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quench･ThelossoftheplnaCOlgrouppresumablyoccursbyTiC14-PrOmOted plnaCOl

rearrangementoftheintermediateethers･

1･TiC]4ICH2CI2I･780c

2･=20I･780c

Ph互+17
1･TiCI4)CH2CI2I･780c

2.warm to OOc

3･=20IOOc

18

Scheme14

95:5

+

94:6

19

TheLewisacid-mediatedreactionofacetalswithnucleophilessuchassilylenolethersis

apowerfu1methodfbrcarbon-Carbonbondformationandhasproventobehighlystereoselective

inmanyCaSeS･34Detai1edmechanisticstudiesareSCarCe,althoughsomemechanisticrationales

havebeenputfbrwardfortheseandrelatedreactions･34a,34c･35-40Recentcommunicationsfrom

Denmarkandcoworkersprovidestrongevidenceforamechanisticdivergenceinanintram01ecular

versionofthereaction41andgiveinfbrmadonpertalnlngtOthestruCtureSOfcomplexesofcyclic
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acetalswithBF3invarioussoIvents･42Inchapter7,tWOSetSOfexperimentsthatprovide

informationatx)utthemechamismoftheinterm01ecularreaCtionaredescribed.43

Interm01ecularSubstitution reactions of acetals can be classified to four groups,

dependingonthestruCtureOftheacetalandwhichalkoxygroupISrePlaced･Theseareillustrated

inScheme15forhypotheticalreactionswithallyl扇methylsilane･Inthisstudy,WeeXamined

reactionsoftypelandtype2･Ourresultsindicateamechanisticdivergence;aCetalsubstitution

canOCCurbyanSNl(OX∝arbeniumion)orSN2mechanism･Theoperativemechanismdepends

onthesizeoftheacetala址oxygroupandthepolarityofthesoIvent･Greaterstericbulkinthe

acetalakoxygroupandmorepolarSOIventpromoteionizationtotheoxocarbeniumion･With

acyclicacetals,StereOSelectlVltylnCreaSeSWithincreaslngStericbulkofthealkoxygroupand

increaslngPOlarityofthereactionmedium･TheenhancedstereoselectlVltyObservedwithacetals

ofsecondaryandtertlaryalcohoIsisexplainedbyperturbationoftheapproachtrqectoryofthe

nucleophilicalkeneasitattackstheoxocarbeniumion･HigheststereoselectlVltylSSeeninthe

reactionof2-(1-Phenylethyl)-4,4,5,5-tetramethyl-1,3-dioxolanewithenoIsilane;Onlyone

diastereomericproductisobtained,eVenintherelativelynon-POlarSOIventCH2C12･TheTiC14-

mediatedreactionsofcyclicacetalswithsilylenolethershowthatinthesesystemsthesubstitution

doesnotoccurbytheSN2mechanism･

RYOR
OR

Rヽ/〈〉クtypel
OR
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0了OR 0/てtype3
＼→H√type4

0R

Scheme15

3.Synthetic Application for Cleaved Products ofAcetals

AnotherexampleofcleavageofanaCetalbyeliminationratherthanbysubstitutionwas

observedinthereactionbetweencyclicacetalsandbiisobutylaluminumoranaluminumamideby

H.YamamOtOetal.Asymmetrizationofmesoketoneswas,thus,aChieved･44Thesamekindof

reagentalsoserveSfbrthekineticresolutionofsubstitutedspiroacetals(Scheme16)･45Inthese

cases,i-Bu3AlactsasLewisacidandasabasefbrtheabstractionofaprotontoaffbrdtheenol

e血er.

んBu3Al

9:1

Scheme16

17
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Itthusseemedtousthatthepossibilityoffbmingringsbyintramolecularadditionofa

terminalalcoholtoadoublebond,aSShowninScheme17,deservedtoexplored･46This

appearedparticular1ytruebecausesuchaprocesswouldresultinthefbrmationofanngthat

wouldhaveavarietyofappendageswithpredictablestereochemistry･Anefficientand

stereospeci丘cnngformationfromunsaturatedalcohoIs,WhichinturnarePreParedbyreglO-and

stereospecificringopeningofacetals,isdescribedinchapter8･(-)-Lardolurehasbeen

synthesizedbyintram01ecularCyClizationofvinyletheralcoholderivedfromsplrOaCetalvia

扇isobutylaluminumandfurtherrlngenlargementOftheaffbrdedbicyclichemiacetals･Thesame

methodwasutilizedfornewstereospecificringenlargementtOyieldmediumandlargerings((+)一

reciftiolide,eXaltolide,etC)fromsimplecycloketones･

んBu3AI

り-｣a/do/u帽

0＼ノー＼､/OH

Tt20

ilPr2EtN

OCHO /て=
｢小月ec侮わ〟由

Scheme17

18
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4.Reactionswithout Ring Cleavage

TheformationofacyclicchiralacetalmayserveOtherpurposesthanadiastereoselective

cleavagereaction･Thechiralenvironment,thuscreated,ShouldinfluencethefaceselectivityOfa

proximalprochiralcenter･Stericaswellaschelationfactorsaccountfortheobservedselectivities,

andthenatureofthedioIplaysacruCialrole･AlargearrayOfchemicaltranSformationshavebeen

investigated,Withtheacetalauxiliaryinvariousreladveposidonstothepr∝hiralcenter,eitheron

thenucleophneortheelec加phile･Ⅰねwever,thediastereoselectivereacdonofachiralnucleophile

havinganaCetalappendageisverysc訂Ce･

Inchapter9,WedescribediastereoselectiveadditionofGrignardreagentswhichhavean

adjacentchiralacetalauxiliary(Scheme18)･ChiralarylGrignardreagentsaregeneratedinsitu

ffomchiral2-halobenzaldehyde2,4-Pentanediolacetal,t-butyllithium,andmagnesiumbromide･

Thesereagentsreactwith aromatic aldehydes tomoderatediastereoselectivities･The

diastereoselectivitynOWdependsnotonlyonthetypeofacetal,butalsoonthesubstrate(general1y

analdehyde)andthekindofmetal･Simi1areXamPlesIc･47reportedbytheothergroupsareShown

inScheme19.

RIcoR2

1.トBuLi

2.MgBr2

Rl>R2

Scheme18
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イ

+ R-CHO

ね十ノ`"--'･0く○
Scheme19

OMe

OMe

.ノ

HO､､-●

20-37%d.e.

ref.47

6-15%d.e.

ref.1c

OMe

/

17%d.e.

ref.1c

5.Conclusion

Inconclusion,theauthorhasproposedseveralmethodologleSforthestereoselective

construCtionofacyclicaswellascycliccarbonframeworks･Thesemethodsareheavily

dependentontheunusualreactivitiesofanacetaltemplate･ThemaJOrCOndbutionsofthepresent

workmaybesummarizedasfo1lows:
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(1) NucleophiliccleavagesofchiralacetalsuslngVariousorganometallicreagentsare

realized.Themethodprovidesgeneralroutesfbrthepreparationofopticallyactive

dcoboIs.

(2) ReductivecleavagesofbicyclicacetalsuslngVariousorganOmetal1icreagentsarealso

realized.ThemethodprovidesanewprocessfbrtheconstruCtionofoxygen-COntalnlng

heterocyclicsystems･

(3) Anoveldiastereoselectivealdol-tyPereaCtionusingawidevarietyofachiralacetal

templatesisexplored･TheseresultssuggestacruCialrolefbrtheacetalstruCtureinthe

stereoselectivityofaldol-tyereaCtionundervariousreactionconditions･

(4) ThemechanismofLewisacid-mediatednucleoplilicsubstitutionreactionsofacetalshas

beenstudiedindetai1.Theseresultsindicatethattheoperativemechanismdependson

sizeoftheacetalalkoxygroupandpolarityofthesoIvent･

(5) AnemcientandstereospeCi丘cnngfbrmationffomunsaturatedalcohoIswhich,inturn･

arePreParedbyregi0-andstereospeci丘cringopeningofacetalshasbeendeveloped･(-)-

Lardolurehasbeensynthesizedinshortstepsbythismethod･

(6) Diastereoselectiveadditionofaphenylmagnesiumderivativebear1ng,intheortho

position,aChiralacetalauxiliaryhasbeendeveloped･ThechiralGrignardreagent

approachwasverifiedasapowerfulmethodologyforthesynthesisofopticallyactive

diarylalcohoIs.
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Chapter2

Stereoselective Reduction of Acetals.

A Method for Reductive Generation of Heterocyclic Ring Systems

Abstract:Anew syntheticprocess fbrtheconstructionofoxygen-COntalnlng

heterocyclicsystemsstartlngfrombicyclicacetalsisdescribed･Wehaveinvestlgated

themechmismandthestereochemicalcourseofthereductivdcleavageofacetals･
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Introduction

Wepreviouslydescribedthediastereoselectivecleavageofchiralacetalsderivedfromthe

condensationofunsymme扇calketonesand(-)-(2R,4R)-2,4-Pentanedioltogive,af(erremOValof

chiralauxiliary,OPtical1yactivealcohoIswithhighenantiomericpurities･1Theobservedhigh

stereoselectiveconversion ofacetals tohydroxyethers has been reportedto followthe

stereochemicalcourseshownbelow(Schemel).

ニAトH

La:LeⅥris acid

二.■.`∴こ､

Typel(retention)

Schemel

Reductive cleavage of acetals with organoaluminum hydride reagents affords

stereoselectivelysynreducedproducts･TheobservedhighdiastereoselectlVltyWaSaSCribedtothe

stereospecificcoordinationoftheorganOaluminumreagenttooneoftheacetaloxygensfo1lowed

bythehydrideattacksyntothecleavedcatbon-OXygenbond･Thisreactionprobablyproceedsby

atightionpairedSNllikemechanism(typel)･Ontheotherhand,eXpOSureOftheacetalwitha

silaneinthepresenceofLewisacidgaveanantireducedproductselectivelyviaaninvertiveSN2-
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typesubstitutiononanintermediateLewisacidcomplexorionpalrlnWhichthebreakingbond

wasattachedtothesterical1ymostaccessibleoxygen(type2)･Wehavedevelopedamethodto

glVet"thenantiomersfromasinglechiralstartlngaCetaluslngthesetworeagent-SyStemS･

SimilarObservationsarerePOrtedbyothergroups‥2BasedonJohnson.slandmark

studiesofacetal-initiatedcationicpolyole丘ncyclizations,3bothKishitsgroup4andtheJohnson

andBartlettgroup5reportedremarkablelevelsofstereoselectionintheLewisacidpromoted,

openlngOfchiralacetalsderivedfromopticallyactive2,3-butanedioland2,4-PentanedioIwith

silicon-COntaining nucleophiles(allylsilanes,6enoIsilanes,7cyanotrimethylsilane,8

silylacetylenes9)(eqsland2).Therationaleproposesthatthereactionoccursthroughan

invertiveSN2-tyPeSubstitution(type2)･

R＼∠年/MeMe

R-､∠耳ZMeMe

Me3SINu

LewIs acId

Me3SINu

Lewl$ aCld

RfMeNu

Rl?乎MeNu

Type2

Type2

(1)

(2)

Incontrast,OkuetaL･10reportedthatthealdoltypereactionofchiralacetalwhichwas

preparedfromL-menthoneand2-Substitutedl･3-PrOPanedioIspromotedbytltaniumtetrachloride

proceedsunambiguouslywiththeselectivecleavageoftheequatorialcarbon-OXygenbond

followedbytheattackofnucleophilewithretentionofconfbrmation(type1)(eq3)･Moreover,

reductionofthesameacetalwithEt3SiHinthepresenceoftitaniumtetrachloridealsotookplace

withsimi1arStereOSelectlVlty･OkuandhiscolleaguesrationalizethestereoselectlVltyaSfo110WS:

･TCoordinationoftitaniumtetrachloridewithalesshinderedequatorialoxygenmaybepreferred
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and,inasimi1arSenSe,theequatorialattackofanucleophileonthepositivelychargedsp2-

hybridizedC(1)cafbonofthementhoneskeletonbecomeshighlypreftrable･..10

Me3SINu

LewIs acId 譲へoHTy｡el(3)
InviewofthegrowlnglntereStinselectiveadditionofnucleophilestochiralacetalwe

havebeeninvestlgabJlgthede血1edmechanismandstereochemicalcourseofthereductivecleavage

ofacetals.ThequestionswhichhavebeenthefocusofourstudiesareaSfbllows:(1)doesthe

reactionviaLewisacid-metalhydridesystemproceedbyanSNl(tightionpairedtype)-OrSN2-

1ikemechanism;(2)whatfactors(acetalstruCture,metalhydride,Lewisacid,andsoIvent)afftct

themechmismofthereaction?

>AトH

M･H

Lewis Acid

Scheme 2

･㌦/鴎､/OH
Typel?

●
l
●

Type2?

Scheme20utlinesthegeneralconceptthatledtothedevelopmentofthepresent

technology.Inviewoftheirreadyavai1abilityandstruCturalunambigulty,bicyclicacetalsmaybe

consideredasaneXCellentpotentialprecursors･Unfortunately,however,StereOSelectivereductive
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cleavageoftheacetalgrouphasneverbeendevelopedtoausefu11evel,Whilethemostimportant

aspectsofdiastereoselectivereducdonofthecarbonylgrouphaveahTeadybeenassimi1atedbythe

chemicalcoⅡ皿unlty･Nevertheless,StereOCOntrOlledreductionofbicyclicacetals,ifsuccessfu1,is

expectedtogeneratespeci丘cal1yeitheracisortranscyclicetherdependingonthechoiceof

reagent･

Infact,OXygenCOntalnlngheterocyclicnngframeworksarebroadlydistributedinnature

andareOfconsiderableinterestasakeysyntheticelementofpolyetherantibiotics･11Whilea

･PlethoraofmethodsarenOWaVai1ablefbrthesynthesisofsuchringsystems,11,12technologyfbr

thestereospecificapproachisstnllacking･Thispaperdescribespromisingresults(Scheme2)fbr

efftctingsuchtranSformationsinaflexibleway･13

Preparation of Bicyclic Acetal

Bicyclicacetalshavebeenwe11studiedasamonomerofringopenlngPOlymerizationto

glVeSyntheticanalogsofpolysaccharides･14Fourkindsofacetalsusedasstartlngmaterialsof

reductivecleavagesweresynthesizedasshownbelow･

2些四rationofl･3･3-trimethyl-2･7-dioxabicyclor2･2･11heptan£｣址150xidationof2-

methyl-2-hepten-6-OneWithm-ChloroperoxybenzoicacidindichloromethaneatOOCyieldedthe

epoxyketone,Whichwasrefluxedinthepresenceofm-Chlorobenzoicacidindichloromethaneto

givethebicychcacetallingoodyield(Scheme3)･

＼㌣/

1)mCPBA

CH2C12,00c

2)retlux

Scbeme 3
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Preparationofl.4-dimethyl-2.6-dioxabicyclo[2･2･2]octane(2):A比yladonofdiethyl

methylmalonateanionwithtosylateof3-methyl-3-buten-1-01fb1lowedbylithiumaluminum

hydridereductionaffbrded2,5-dimethyl-2-hydroxymethyl-5-hexen-1-01,Whichwastreatedwith

ozoneinthepresenceof4AmolecularSievestogive2ingodyield(Scheme4)･

人ハ｡H
T$Cl

03

人/､｡,s

4A MS

Scbeme 4

1)NaCMe(CO2Et)2

2)LIA1日4

r rin f +-Fr nlinl-im hl-
-ixi1

21 t n :16

A址ylationofethylacetoacetatedianionwith4-iodo-2-methylbut-1-enederivedfrom3-methyl-3-

buten-1-Olfouowedbydecarboxylationunderabasicconditionaffbrded2-methyl-1-hepten-6-One,

whichwasoxidatedwithm-Chloroperoxybenzoicacidandrefluxedinthepresenceofm-

chlorobenzoicacidindichloromethanetOgive3ingoodyield(Scheme5)･

人〈｡H

NaOH･H20

人〈I

/人〉/J､

OL1 0L暮

んし｡Et

1)mCPBA

CH2Ct2,00c

2)retlux

Scbeme 5
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軸:Reductionofethy17-methyl-

3-OXO-7-∝tenateWhichwastheintermediateofthesynthesisof3withaluminumhydrideaffbrded

7-methyl-7-∝tene-1,3-diol,Whichwastreatedwithozoneandrefluxedinbenzenewithacatalytic

am0untOfp-tOluenesulfonicacidtogive4(Scheme6)･

Results and Discussion

T$OH

PhH,ref]ux

Scbeme`

Reactionofa solution ofbicyclic aceta14incarbon tetrachlorideatOOC with

diisobutylaluminumhydride(DIBAH)fbrl･5hproduced,afterworkupfbllowedbyshortpath

columnchromatography,thereducedalcohoIs(5and6)in84%yield(Scheme7)･Analysisby

gaschromatography(gc)oftheproductsshowedthemtocontainthetransandcisisomersina

rado92:8.

DIBAH(6eq)

CC-4,00c ＼0●●-､､､)OH･′′'一一■●0■㌦へ＼/OH
5 6

(92

Scheme 7
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SuTPrisingly,thereductiveruPtureOfthesameacetalwithtitaniumtetrachlorideinthe

presenceofdiphenylsilanefb1lowedadifftrentstereochemicalcourse･Thus･dropwiseaddition

oftitaniumtetrachlorideintoasolutionofaceta14anddiphenylsilaneat-780Cfor4haffbrdedas

majorproduct(82%yield)thecisisomer6,thestere∝hemistryofwhichwasdeteminedby

conversion(CrO3)totheknowncarboxylicacid7,aCOnStituentofcivet17(Scheme8)･Gc

analysisofthealcohoIwhichhadbeenisolatedsimplybypassageoversilicagelshowed>99%

Stere∝hemicalpunty.

Ph2S)H2(1.5 eq)
TICt4(1.2 eq)

CH2Ct2I･780c

Jone$■

Oxはat10n

Scbeme $

旬′●●●0●-､へco2日
7

Toexplorethegeneralityandscopeofthismethodintermsofringsizeandsubsdtution

pattern,SOmebicyclicetherswerepreparedandsuqectedtothedescribedsequenceleadingtoa

seriesofsubstitutedofoxocyclicsystemsingoodtoexceuentyields(eqs4and5)･

Condition

DIBAH(6eq)
CH2C]2,00C

Et3SIH(1.5 eq)
TIC14(1.2eq)
CH2C12,･780C

込oH･て某日(4)
Yield(%) cf∫ 加那

`1

`1

0.`: 55.5

42.`: 0.8
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Conditioin

DIBAH(6eq)
CH2Ct2,n

Et3StH(1.5eq)
TIC14(1.2eq)
CH2CI2,･780C

Ph2S(H2(1.2eq)
TICt4(1.2eq)
CH2Ct2,･78-･210C

Yield(%)

82

$2

7`

叫､･〔ヂOH･てヂ20日(5)
frα〝g

タ7

9,

93

Takingtogetherthepresentandthepreviousresults(fbrthereactionofchiralacetalderived

from(-)-(2R,4R)-2,4-Pentanediol),reductionofacetalwithDIBAHinnonpolarSOIventaffbrds

stereoselectivelyasynreducedproduct･Mostoftheexperimentaldatacanbeaccorrmodatedby

Scheme9.ThekeyftatureofthemechanismofDIBAHistheintermediacyoftheionpaired

species丘omwhichthetransisomericproductcanbeformedstereospeci丘cal1ybyrapidhydride

attack丘omalumhumreagenttocationiccenter･Ontheotherhand,eXPOSureOftheacetalwitha

silaneinthepresenceofLewisacidcatalystgaveanantireducedproductselec丘vely･nedramatic

difftrenceoftheseexperimentalresultsstronglysuggeststhataluminumreactionproceedsviaan

SNl-tyPemeChanism(Scheme9),Whiletheothercasesofthetitaniumcatalyzedprocessconsist

ofacoupledattackontheacetalringbyaneXternalelectrophileCriCk)andanucleophne匹3SiH),

theoverallresultsbeingantiattackonthetightionpairedintemediate(A)orSN2inversion(B)

(Scbeme■10).

DIBAH

Scheme,
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Me～･..
Me

ロ′～c=20=

Cf∫lSOmer

Tofurtherconfirmthegeneralityofthesediverseselectivities,WeneXtturnedour

attentiontothesymme打icalacetal2.Theresults(eq6)wererathersurprisingandcouldnotbe

explainedasabove･TheusualselectlVltyOfeq6mayalsobeexplainedasSchemell,namely

silanereagentShouldattackfromthelesshinderedequatorialsiteforthecationiccenter(typel)･

Condition

DIBAH(6eq)
CH2C12,n

Et3S肘(1.2eq)
SnCI4(1.2eq)
CH2Ct2,･780C

Et3SIH(1.2eq)

TIC14(1.2eq)
CH2C12,･780C

Yield(%)

5`

72

71

旬､〔ゝ
CH20日

8

Cf∫

17

ヱ4

3`

･＼〔ゝ(`)CH20日

9

Jrα〝∫

83

7`

`3

WethenexaminedthesoIventefftctonthestereochemicalcourseofaluminumhydride

reactionofbicyclicaceta12.hcontrastwiththeresultonthereductivecleavageoftheacetalof(一
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)-(2R,4R)-2,4-Pentanediol,thestereoselectivitywassigmificantlyafftctedbythenatureofsoIvent･

Tablelsummarizestheresults.

Et8S川

TIC14

Scbemell

Tablel.ReductiveCleavageof2with Aluminum Hydride Reagents･

Reagenta SoIvent Temp･Time Yield Ratiob

(Oc) (h) (%) 8:9

DIBAH CHCI3 rt 20

DIBAH CH2C[2 rt 12

DIBAH toTuene rt 20

DIBAH CC[4

D[BAH hexane

D[BAH ether

DIBAH THF

CI2AIH ether

Br2AtH ether

rt 15

止 20

.20
3

止 15

.20
0.25

.20
0.25

36 8 :92

5` 17

38 17

45 1,

33 44

81 79

51 82

71 89

72 ,7

83

83

81

5`

21

18

11

3

a6equlVOfaluminumreagentwasused･bTheratiowasdetermined

by GC analysis.
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Thereactionsinnon-POlarSOIventssuchastolueneanddichloromethanegavethe

correspondingtraTLSalcoho19vibthesynattackofhydride,While,inpolarSOIventssuchasether

and THF the reaction affbrded the cis alcoho18via theanEiattack of hydride.By

dibromoaluminumhydrideinethertheselectivityof$wasincreaseddramatically(8β=97i3)･

Thereactioninhexane,however,gaVealmostnostereoselectlVlty･Inordertoexplaintheabove

results,WePrOPOSetWOkindsofionicspecies,CandD,aSintermediates(Scheme12)･

C

non･pOlar

SOlvent

Scheme12

8

C‡∫ISOmer

,

加α那isomer

ConformationsofbothCandDweredrastica11ydiffbrent缶omthatofsubstrate2dueto

reliefstrain.Thekeyfeatureofthemechanismofthereactioninnon-POlarsoIventsisthe

intermediacyoftightionpairedspeciesDfromwhichproduct9canbeformedstereospecincally

byrapidsynattackofhydridefromaluminumreagenttocationiccenter･Ontheotherhand,inthe

reactioninpolarSOIventsthetightionspeciesDisinequilibriumwiththerelativelystablyopened

ionicspeciesCfromwhichproduct8canbefbrmedstereospecifical1ybyanantiattackof
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hydride･ThelowselectlVltyinhexaneCOuldnotbeexaminedbythissimplemechanismprobably

duetothecomplexass∝iationofthealuminumreagent･

WehavenotyetglVenanyattentiontothereglOSelectivityofthecleavedcarbon-OXygen

bondofbicyclicacetals･FigurelshowsaviewofeachLewisacid-bicyclicacetalcomplexin

whatappearStObetheenergeticallyfavorablestruCture･Thus,thestericefftctapparently

influencesthestabilitiesofLewisacid-aCetalcomplex,hencetherelativeeaseofcoordinationof

oxygenatomtoLewisacid;COnSequently,theleaststericallycongestedofseveralpossible

StruCtureSWOuldappeartObeeachoneoftheseinFigurel･

Figurel
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hsummary,thisstudyrevealedthatreductivecleavageofacetalmayproceedviaanSNl-

1ikemechanism.However,thereacdonisheavilydependentonthestruCtureOftheacetalmoiety･

WealsoconcludethattherelativestabilitiesandthestericcoIt)ugationoftheintermediateoxonium

ionmaycontroltheorientationofhydrideattack･

ExperimentalSection

General.In丘･ared(IR)spectrawererecordedonaHitachi260-10spectrometer･1H

NMRspectraweremesuredonaJNM-PMX-60(60MHz)orGX-270(270MHz)spectrometer･

13cNMRspectraweredeteminedonaFX-90Q(90MHz)spectrometer･Chemicalshif[soflH

NMRareeXPreSSedinpartspermi11iondown丘eldrelativetointernaltetramethylsilane(8=0)or

chlorofbrm(8=7.26)andof13cNMRrelativetochlorofbrm一d(8=77･1)･Splittingpattemsare

indicatedass,Singlet;d,doublet;t,triplet;q,quartet;m,multiplet;br,broadpeak･GαMS

spectraweredeterminedonaJEOLD300massspectrometer･Analyticalgas-1iquidphase

chromatography(GLC)wasperformedonSimadzuMode18Ainstrumentwithaflame-ionization

detectorandacapi11arycolumnofPEG-20MBonded(25m)usingnitrogenascarriergas･High-

performanceliquidchromatography(HPLC)wasdonewith
ShimadzuMode16Aliquid

chromatograph.Forthinlayerchromatographic(TLC)analysesthroughthiswork,Merck

precoatedTLCplates(Silicage160GF254,0･25mm)wereused･Theproductswerepuri丘edby

preparativecolumnchromatographyonsilicagelFdi-DavisonBW-300･Microanalyseswere

accomplishedattheInstituteofAppliedOrganicChemistry,FacultyofEnglneering,Nagoya

Universlty･ReactioninvoIvingair-OrmOisture-SenSitivecompoundswereconductedin

appropriateround-bottomedflaskswithmagneticstirringbarsunderanatmosphereofdryargOn･

InexperimentsrequiringdrysoIvents,ether,andtetrahydrofuran(THF)weredriedover

sodiummetal.Dichloromethanewasdistilledfromphosphoruspentoxideandstoredover4A
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molecularSieves.Unlessotherwisenoted,materialswereobtainedfromcommercialsupphersand

wereusedwithout餌rtberpuri丘cation･

Preparation of Bicyclic Acetal

Preparation ofl,3,3･Trimethyl･2,7-dioxabicyclo[2･2･l]heptane(1)･

Toasolutionof2-methyl-2-hepten-6-One(7.4mL,50mm01)indichloromethane(100

mL)wasaddedm-Chloroperoxybenzoicacid(8.6g,50mmol)atOOC･Thenthesolutionwas

stirredatOOCforlhandthenrefluxedfor2h.Thesolutionwasquenchedwithaqueoussodium

bicarbonateandtheorganiclayerwasextractedwithdichloromethanetWice,driedoveranhydrous

sodiumsulfate,COnCentratedinvacuo,anddisti11edtoglVelin75%yieldasacolorlessoil:bp

48-530C(25torr);TLC,FFO･88(Et20);IR(neat)3000,1400,1160,1150,1000,960,880cm-

1;1HNMR(CC14,60MHz)81.01(s,3H,OCCH3),1･17(S,3H,OCCH3),1･45(S,3H,

02CCH3),1.30-2.28(m,4H,(CH2)2),4･04(d,J=4･2Hz,1H,OCH)･

Preparation ofl,4･Dimethyl･2,6･dioxabicyclo[2･2･2]octane(2)･

3･Methyl･3-buten･1･01tosylate:Toamixtureof3-methyl-3-buten-1-01(8･61g,

100mmol)andpyridine(9.49g,120mmol)inlOOmLofdichloromethanewasaddedp-

toluenesulfonylchloride(19.Og,100mm01)atOOC･Theresultingmixturewasstirredatroom

temperaturefbr12h･Theproductwaspouredinto2NHClandextractedwithdichloromethane･

The organiclayerwas driedoveranhydrous sodium sulfate and concentratedin vacuo･

Chromatographyonsilicagel(hexane-ether,10:1-5:1)affbrded19･Ogof3-methyl-3-buten-1-01

tosylateasacolorlessliquid(79%)･IR(film)2950,1600,1360,1175,900cm-1;1HNMR

(CC14,60MHz)81.70(S,3H,CH3),2.43(S,3H,CH3Ar),4･07(t,J=6･4Hz,2H,CH20),

4.70(br,2H,CH2=C).

2,5･Dimethyl-2･hydroxymethyl-5-hexen-l･01:To a suspension of sodium

hydride(oilfree,20.Ommol)inTHFwasaddedethylmethylmalonate(2･44mL,20･Ommol)at
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00C.Afterstirringfbr30min,thetosylate(4･80g,20･0mm01)wasaddedandstirringwas

continuedfbr24hunderreflux.Theproductwaspouredinto2NHClandextractedwithether･

Rem｡Val｡fthedriedsoIventleftacrudewhichwastreatedwithlithiumaluminumhydride(1･52

g,40･Ommol)inlOOmLofT=funderrefluxfbr24h･AftertheexcessLAHwasdestroyedby

ethanol,theproductwaspouredinto2NHClandextractedwithether･Theorganiclayerswere

driedoveranhydrousmagnesiumsulfateandconcentratedinvacuotoglVeaCrudeoil･

Puri丘cationbycolumnchromatographyonsilicagel(hexane-ethylacetate,1:1)affbrdedawhite

solid(2.53g,80%)･mP53･8-54･50C;IR(CC14,60MHz)3100-3700(br),2920,2870,1550,

1120,885cm-1;1HNMR(CC14,60MHz)80.80(S,3H,CH3),1･73(s,3H,CH3),3･40(s,

4H,2CH20),3.73(brs,2H,20H),4.63(brs,2H,CH2=C);Anal･CalcdforC9H1802:C,

68.31;H,11.47.Found:C,68.61;H,11･17･

2:Toasolutionofthediol(1.58g,10.Ommol)indichloromethaneandmethanol(50

mL-50mL)wasbabbledozoneforlhat-780C.Aftertheexcessozonewaspurged,WaSadded

methylsulnde(1･68mL,25･0mmOl)andstirringwascontinuedatroomtemperaturefor24h

fb1lowedbytreatmentof4AmolecularSieves(3g)for24h･AftertheremovalofsoIvent,the

productwaspurinedbycolumnchromatographyonsilicagel(hexane-ether,1:1)togive2(1･03

g,73%)･TLC,FFO･72(Et20);IR(丘1m)2930･2860,1450,1390,1155,1055,1020,845cm-1;

1HNMR(CC14,60MHz)80.73(S,3H,CH3),1.13(S,3H,CH3),3･63(S,4H,2CH20);MS,

mた=142.

Preparation of (±)一Frontalin (1,5･Dimethyl･7,8･

dioxabicyc10[3.2.1]octane)(3)･

4･Iodo･2･methylbut･1･ene:Toasolutionof3-methyl-3-buten-1-Oltosylate(24g,

0.10mol)inacetone(300mL)wasaddedsodiumiodide(30g,0･20mol)atroomtemperature･

Thentheexothermicreactiontookplace,andthemixturewasrefluxedforlOh･Afterbeing

cooledtoOOC,theprecIPltatedsodiumtolueneTP-SulfbnatewasBlteredoffandwashedwith

hexane,andthesoIventswereevaporated･TheresiduewaswashedwithexcessoflO%sodium
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thiosulfatesolution,andwater,dried(MgSO4),andpurifiedbycolumnchromatographytoyielda

lightvioletoil(7.8g,40%yield)･TLC,Ff=0･70(hexane-EtOAc,5:2);1HNMR(CCh,60

MHz)81.73(S,3H,Me),2.55(t,2H,CH2I),3.20(t,2H,CCH2),4･80(d,2H,CH2=C)･

Ethy17･methyl-3･OXO･7･OCtenate:ToasolutionofLDA(44mmol)inTHF(40

mL)wasaddeddropwiseethylacetoacetate(0･51mL,20mmol)atOOCandthesolutionwas

stirredatthattemperaturefbrlh･Thentothesolutionofthedianionofethylacetoacetatewas

added4-iodo-2-methylbut-1-eneatOOC･Thereactionsolutionwasstirredatroomtemperaturefor

2h.Thereactionwasquenchedwith2NHClaqueoussolution･Theorganiclayerwasextracted

withhexanetwice,driedoversodiumsulfate,andconcentratedinvacuo.Thecrudeproductwas

giventoca･80%yield･TLC,FFO･54(hexane-EtOAc,5:2)･

Hydrolysis of Ethy17･Methyl･3･OXO･7･OCtenate and Decarboxylation of

the Acid.

2-Methyl･1･hepten-6-One:Acrudesolutionofethy17-methyl-3-OXO-7-OCtenate(Ca･

20mmol)inlOmLof50%aqueousNaOHwasrefluxedfbr2h,thencooled,aCidifiedwith

aqueousHCl,andextractedseveraltimeswithEt20･Theorganiclayerwasdriedoversodium

sulfate,COnCentratedinvacuo,andpurifiedbycolumnchromatographytoyieldl･7g(Ca･70%)of

2-methyl-1-hepten-6-One.

Epoxidation of2･Methyl･l･hepten･6･One and Cyclization to3･

Asolutionofl.26g(10.Ommol)of2-methyl-1-hepten-6-Onein25mLdryCH2C12WaS

cooledtoOOCandtreatedwith1.73g(10.Ommol)ofm-Chloroperoxybenzoicacid･Thereaction

mixturewasstirredatroomtemperaturefbr12handthenrefluxedfbrlOh･Thesolutionwas

quenchedwithsaturatedNaHCO3･Theorganiclayerwasextractedwithdichloromethane･The

extractswerecombinedandworkeduptoyield725mg(51%)ofFrontalin3whichwasdistilled

(Kugelrohr)at660C/39torr:TLC,FFO･52(hexane-EtOAc=5:2);IR(neat)2950,1390,1380,

1120,1030,850cm-1;1HNMR(CC14,60MHz)81.23(S,3H,CH3),1･30(s,3H,CH3),1･27-

1.90(m,6H,(CH2)3),3.31(d,J=7.2Hz,1H,CH20),3.76(d,J=7･2Hz,1H,CH20)･
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Preparation ofl･Methyl･2,9･dioxabicyclo[3･3･1]nonane(4).

7-Methyl･7･OCtene･1,3･diol:TotheAIH3(0･25mol)solutioninether(180mL),

preparedfromlithiumaluminumhydride(7･1g,0･19mol)andaluminumchloride(8･3g,0･63

mol)inEt20(20mL)atOOCfbr19min.ThereactionsolutionwasstirredatOOCfor8min･Then

thesolutionwasstirredatroomtemperaturefbr3h.Thereactionmixturewasquenchedwith

Water(8mL),aqueOuS2NNaOH(14mL),andwater(16mL)･Thealuminaprecipitatewas

removedby丘1tration,andorganiclayerwasconcentratedatreducedpressure･Theproductwas

Purifiedbycolumnchromatographytoyield7-methyl-7-OCtene-1,3-diol(8･1g,64%)･TLC,

や=0･2(Et20)･

Cyclization of7･Methyl･7･OCtene･l,3･diol･

Toasolutionof7-methyl-7-OCtene-1,3-diol(7.9g,50mm01)indichloromethaneand

methanol(100mL-100mL)wasbabbledozonefbr2hat-780C･AftertheremovalsoIvent,the

PrOductwassoIvedbybenzene(200mL)andtothesolutionwasaddedtolueneTP-Sulfonate(50

mg)and4AmolecularSieves(20g).Thesolutionwasrefluxedfbrllh･Theproductwas

POuredintoaqueoussodiumbicarbonateandextractedwithhexane･Theorganiclayerwasdried

OVeranhydroussodiumsulfateandconcentratedinvacuo･Thecrudeproductwaspuri丘edby

distillationwithaKugelrohrapparatuS(950C,25torr)togiveaclearCOlorlessliquid4(ca･20%):

TLC,Ff=0･47(hexane-EtOAc,5:2);IR(neat)2950,1460,1445,1380,1240,1155,1100,1075

cm-1;1HNMR(CC14,60MHz)81.00(S,3H,CH3),1.00-2.47(m,8H,4CH2),3.64(d,J=4.2

Hz,1H,CH20),3.77(d,J=4.2Hz,1H,CH20),3.93-4.40(m,1H,CHO);Anal.Calcdfbr

C8H1402:C,67.56;H,9.94.Found:C,67.30;H,10.29.

GeneralProcedure A and B for the Reductive CIeavage ofBicyclic Acetal.

Reduction of AcetaI4using Diisobutylaluminum hydride(DIBAH)(A)･

Toasolutionaceta14(142mg,l.00mmol)incarbontetrachloride(6mL)wasadded

DIBAH(6.OmLofanl.OMhexanesolution)atOOC.Afterbeingstirredfbrl.5h,themixture
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waspouredintoicecolddilutehydrochloricacidandtheproductwasextractedwithether･

RemovalofthedriedsoIventleftacrudeoilwhichwaspurifiedbycolumnchromatographyon

silicagel(hexane-EtOAc,5:1)toaffbrded2-(6-methyltetrahydropyran-2-yl)ethan01asanoil(yield

84%).Thediastereomericratiowasdeterminedbyglc(5A;=92:8)･

cisIsomer(6):GIc(1000C),tR=12･2min;TLC,Ff=0･18(hexane-EtOAc,5:2);IR

(neat)3500(br),2950,1085cm-1;1HNMR(CDC13,60MHz)81･15(d,J=6･6Hz,3H,CH3),

0.57-2.33(m,8H,4CH2),3.12(br,1H,OH),3･12-4･16(m,2H,2CHO),3･76(t,J=6･OHz,

2Ⅲ,CH20H).

transIsomer(5):GIc(1000C),tR=20･3min;TLC,FFO･10(hexane-EtOAc,5:2);IR

(CC14)3400(br),2950,1450,1380,1210,1060,1040cm-1;1HNMR(CDC13,60MHz)81･20

(d,J=6.OHz,3H,CH3),0.68-2.32(m,8H,4CH2),3･08(br,1H,OH),3･73(t,J=5･4Hz,2H,

CH20),3.50-4.33(m,2H,2CHO).

Reduction ofAceta14using Ph2SiH2･TiC14(B)･

Toasolutionof theaceta14(1.00mmol,142mg)in6mLofdichloromethanewas

addeddiphenylsilane(1.50mmol,0.278mL)at-780C･Afterthat,titaniumtetrachloride(1･2

mmol,0.6mLofl.OMdichloromethaneSOlution)wasaddeddropwiseandstirringwasfor15

min･Theproductwaspouredinto2Nhydrochloricacidandextractedwithethertwice･The

combinedorganiclayersweredriedoveranhydroussodiumsulfate,COnCentratedi7"aCuOand

purifiedbycolumnchromatographyonsilicagel(hexcane-EtOAc,5:1)togive2-(Cis-6-

methyltetrahydropyran-2-yl)ethanol(6)in82%yieldasacolorlessoil･Thediastereomericratio

WaSdeterminedbyglc(5/6=<1:99)･

ReductivecleavageoftheotheracetalswascarriedoutinthesimilarmannerS･The

physicalpropertiesandanalyticaldataofthealcohoIsthusobtainedarelistedbelow･

cis･2･(2･Hydroxy･2･prOpyl)･5･methyltetrahydrofuran:GIc(800C),tR=5･69

min;TLC,Ff=0･26(hexane-EtOAc,5:2);1HNMR(CC14,60MHz)81･03(S,3H,HOCH3),
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1.13(S,3H,HOCCH3),1.19(d,J=6.6Hz,3H,OCHCH3),1.48-2.22(m,5H,2CH2andOH),

3.54(t,J=7.2Hz,1H,C(2)H),3.70-4.22(m,1H,C(5)H).

trans･2･(2･Hydroxy･2･prOpyl)･5･methyltetrahydrofuran:GIc(800C),tR=6･84

min;TLC,FFO･26(hexane-EtOAc,5:2);IR(CC14,60MHz)3450(br,OH),2980,1390,1090

Cm-1;1HNMR(CC14,60MHz)81･03(S,3H,OCHCH3),1･37-2･20(m,4H,2CH2),3･50(br,

1H,OH),3.70(t,J=7.2Hz,1H,C(2)H),3.72-4.32(m,1H,C(5)H).

Cis･3-Hydroxy･2,2,6･trimethyltetrahydropyran:GIc(800C),tR=13.6min;

TLC,や=0･16(hexane-EtOAc,5:2);IR(CC14)3450(br,OH),2940,1450,1385,1080cm-1;1H

NMR(CDC13,270MHz)81.13(d,J=6.OHz,3H,CHCH3),1.25(S,6H,C(CH3)),1.33-2.33

(m,5H,(CH2)2andOH),3.35(t,J=3.OHz,1H,CHOH),3.47-4.08(m,1H,CHO).

frans･3･Hydroxy･2,2,6･trimethyltetrahydropyran:GIc(800C),tR=25.7min;

TLC,Ff=0･23(hexane-EtOAc,5:2);1HNMR(CDC13,270MHz)81･12(d,J=6･OHz,3H,

CHCH3),1.17(s,3H,CCH3),1.27(S,3H,CCH3),140-2.02(m,4H,(CH2)2),2.17(S,1H,

OH),3.39(dd,J=4.2and9.OHz,1HandHOCH),3.43-3.95(m,1H,CHO);IR(neat)3820

(br,OR),2990,2940,2880,1455,1380,1360,1085,1075,975cm-1.

Cis･2,5･Dimethyl･5･hydroxymethyltetrahydropyran(8):GIc(1200C),tR=7.56

min;TLC,FFO･50(Et20);IR(CC14)3050-3650(br),2910,2840,1440,1020,850cm-1;lH

NMR(CDC13,270MHz)80.80(S,3H,CH3),1.18(d,J=6.5Hz,3H,CH3),1.29-1.88(m,2H,

C(3)H2),1.64(br,1H,OH),1.64-1.80(m,2H,C(4)H2),3.18(d,J=13.5Hz,1H,C旦20H),

3.31-3.44(m,1H,C(6)H2),3.78(dd,J=13.5andl.8Hz,1H,C旦20H);Anal.Calcd for

C8HlOO2:C,66.63;H,11.18.Found:C,66.62;H,11.19.

lrans-2,5･Dimethyl･5-hydroxymetyltetrahydropyran(9):GIc(1200C),

tR=10･9min;TLC,Ff=0･50(Et20);1HNMR(CDC13,60MHz)81･05(S,3H,CH3),1･20(d,

∫=6.6Hz,3H,CH3).

Cis-2,6･Dimethyl･5･hydroxymethyltetrahydropyran:GIc(800C),TR=9.23min,

TLC,Ff=0･28(hexane-EtOAc,5:2);IR(neat)3455(br,OH),3000,2955,2890,1380,1090,

1050cm-1;1HNMR(CC14,60MHz)81.07(d,J=6.OHz,3H,CHCH3),1.12(S,3H,CCH3),
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1.12-1.85(m,6H,(CH2)3),1.97(br,1H,OH),3･22(br,2H,CH20H),3･28-3.95(m,1H,

CHO);13cNMR(CDC13,22.5MHz)817.4,18･9,21.9,19.7,33.1,66.0,71･0,73.7.

trans-2,6-Dimethyl-2･hydroxymethyltetrahydropyran:GIc(800C),tR=9.23

min;TLC,FFO･28(hexane-EtOAc,5:2);IR(neat)3440(br,OH),2990,2940,2890,1440,

1380,1080,1040cm-1;1HNMR(CC14,60MHz)81.08(d,J=6.OHz,3H,CHCH3),1.10(S,

3H,CCH3),1.20-1.88(m,7H,(CH2)3andOH),3･09(d,J=10･8Hz,1H,C宣20H),3･79(d,

J=10.8Hz,1H,C堕20H),3.28-3.80(m,1H,CHO);13cNMR(CDC13,22.5MHz)819.8,

22.6,26.8,32.1,32.8,62.9,66.9,73.6.

The StructuralAssignment for2･(6･Methyltetrahydropyran-2･yl)ethanol.

(cis･6･Methyltetrahydropyran-2･yl)acetic acid(a constituent of civet)(7).

Toasolutionof6(115mg,0.800mmol)inacetone(3mL)wasaddedthechromicacid

oxidizingreagentpersistedfbrlmin･ThemixturesolutionwasstirredforlOh･Isopropyl

alcohol(1mL)wasaddedtotheacetonesolutionuntiltheexcesschromicacidwasdestroyed.

Thesolutionwasneutralizedwithsaturatedaqueoussodiumbicarbonateandthesuspensionwas

filtered･Afterevaporationofacetone,Saturatedbrinesolutionwasadded,andthemixturewas

extractedwithetherrepeatedly･Theseparatedorganiclayerswereconcentratedinvacuoand

Chromatographyonsilicagel(hexane-EtOAc,2:1)fumished7in85%yieldasawhitecrystalline

solid:mP51-52.50Cafterrecrystallizationffompentane(1it･18mp52-530C);TLC,FFO･39

(Et20);IR(CCh)3450(br,OH),2930,1710(C=0),1070cm-1;1HNMR(CDC13,60MHz)8

1.17(d,J=6.6Hz,3H,CH3),0.79-2.00(m,6H,(CH2)3),2.52(abpartOfabxsystemwith8a

2.67ppmand8b2.36ppm,Jab=15･6Hz,Jax=6･6Hz,Jbx=6･OHz,2H,CH2CO2),3･22-4･04

(m,2H,2CHO),10.67(br,1H,OH).Thesespectraldataareidenticalwiththosereportedinthe

literature.18

(trans･6･Methyltetrahydropyan･2･yI)acetic acid:In a similarexperiment,2-

(trans-6-methyltetrahydropyran-2-yl)ethanoIwasoxidatedto(trans-6-methyltetrahydropyran-2-

yl)aceticacidin79%yieldasaco10rlessoil:TLC,Ff=0･39(Et20);IR(neat)3050(br,OH),
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2940,1710(C=0),1050cm-1;1HNMR(CDC13,60MHz)80.81-1.98(m,6H,(CH2)3),1.21

(d,J=6.6Hz,3H,CH3),2.57(abpartOfabxsystemwith8a2.41ppmand8b2.74ppm,

Jab=20･1Hz,Jax=6･OHz,Jbx=7･8Hz,2H,CH2COO),3･65-4･51(m,2H,CHO),?･80(br,1H,

0Ⅲ).

The Structural Assignment for 2-(2-Hydroxy･2･PrOpyl)一5-

methyltetrahydrofuran.

ThestruCturalasslgnmentWaSbasedonthecomparisonwiththeauthenticcisisomer

Whichwaspreparedbythehydrogenationof2-aCetyl-5-methylfuranoverarhodiumoncharCOal

catalyst,19fb1lowedbythetreatmentwithmethyllithium･

Preparation of the Authentic cisq2･(2･Hydroxy･2･prOpyl)･5･

methyltetrahydrofuran.

2-Acetyl-5-methylfuran(1.16mL,10.0mm01)inethylacetate(50mL)washydrogenated

OVerlOOmgofrhodiumoncharCOalfbr24h.Afterthecatalystwasfiltrated,remOValofthe

SOIventleftacolorlessoil･Theresidualoilwaspurifiedbycolumnchromatographyonsilicagel

toaffbrdcis-2-aCetyl-5-methyltetrahydrofuran(280mg,22%)andcis-2-(1-hydroxyethyl)-5-

methyltetrahydrofuran(296mg,23%)respectively;Cis-2-aCetyl-5-methyltetrahydrofuran:TLC,

Ff=0･34(hexane-EtOAc,5:2);1HNMR(CC14,60MHz)81･25(d,J=6･OHz,3H,CH3),2･12

(S,3H,CH3),1.1-2.3(m,4H,(CH2)2),3.73-4.33(m,2H,eHOCH).

Toasolutionofcis-2-aCetyl-5-methyltetrahydrofuran(2.20Ⅱ1mOl,280mg)inTHF(6

mL)wasaddeddropwisemethy11ithum(2.3mmol,1.6mLofl.4MsolutioninEt20)at-780C,

andthereactionmixturewasstirredfbr15minatthattemperature･Thesolutionwasallowedto

roomtemperatureandwasstirredfbr3h.Thereactionwasquenchedwithbrinesolution.The

Organiclayerswereextractedwithethertwice,dried(Na2SO4)and丘1tered.RemovalofsoIventin

VaCuOgaVeaCrudeoilwhichwaspuri丘edbycolumnchromatographyonsilicageltoaffbrd2-(2-

hydroxy-2-PrOPyl)-5-methyltetrahydrofurチnaSaCOlorlessoil(yield88%)･Thediastereomeric

ratiooftheproductswasdeterminedbyglc(transkis=8:92).
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The StructuralAssignment for3-Hydroxy･2)2I6･trimethyltetrahydropyran･

ThestruCturalasslgnmentWaSbasedonthecomparisonwiththespectralvaluesreported

intheliterature.20

The StructuralAssignment for2)5･Dimethyl･5･hydroxymethyltetrahydro･

Thecisisomer(8):80.80(S,3H,equatOrialCH3)ppm;thetransisomer(9):8

1.05(S,3H,aXialCH3)ppm･ThestruCturalassignmentsfbreachproductswerebasedonthe

comparisonwiththereportedhomologusalcohoIs:212-isopropyl-5-hydroxymethyl-5-methyl-1,3-

dioxane;thecisisomer80･72(equatorialCH3)ppm;thetransisomer81･16(axialCH3)ppm･

The structuralAssignment for2I6･Dimethyl･2･hydroxymethyltetrahydro･

pyran･

ThestruCturalasslgnmentSfbreachproductswerebyexaminationofchemicalshiftsfbr

thehydroxyethylcarbonandtwomethylcarbons:thecisisomer871･0(equatorialCH20fT),17･4

and21.9(2CH3)ppm;thetransisomer862･9(axialCH20H),22･6and22･8(2CH3)ppm･

Tbesespectraldetawerecomparedwiththosereportedintheliterature･22
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Chapter3

ReductiveCleavageof ChiralAcetals UsingDiethylaluminumFluoride･

PentafluorophenoISystem

Abstract:Thereactionofacetalderivedfrom(一)-(2R,4R)-2,4-Pentanediolanda

ketone with a diethylaluminumfluoride-PentafluorophenoIsystem produces

reductivelycleavedproductswithhighdiastereoselectlVlty･Thereactionisanew

methodfordiastereoselectivecleavageofacetals:anintramolecularMeerwein-

Ponndorf-VerleyreductiveandOppenaueroxidativereactionofacetaltemplate･
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Introduction

Wepreviouslydescribedthediastereoselectivecleavageofchiralacetalsderivedfromthe

condensationofunsyⅡ皿edcalketonesand(-)-(2R,4R)-2,4-Pentanedioltogive,afterremovalof

chiralauxiliary,OPticallyactivealcohoIswithhighenantlOPurities･1Theobservedhigh

stereoselective conversion ofacetals to hydroxy ethers has been reported to followthe

stereochemicalcourseshownbelow(Schemel).

〈 く=====コ 八 ⊂===⇒ 人

1..‥｢■.●.;1.E S H

Schemel

ReductivecleavagesofacetalswithorganOaluminumhydridereagents(e･g･Br2AIH,

C12AIH,DIBAH)affbrds stereoselectively syn reducedproducts･The observed high

diastereoselectivitywasascribedtothestereospeci丘ccoordinationoftheorganoaluminumreagent

withoneoftheacetaloxygensfo1lowedbythehydrideattacksynonthecleavedcarbon-OXygen

bond.ThereactionprobablyproceedsbyatightionpairedSNl-1ikemechanism･Herein,We

reportthereductivecleavagesofchiralacetalsbythecombineduseofdiethylaluminumfluoride

andpentafluorophenolreagents･Thisisanewreactionfbracetals,anintram01ecularMeerwein-

Ponndorf-VerieyreductiveandOppenaueroxidativereactionofacetaltemplate･Removalofthe

chiralauxiliary,fo1lowedbybase-Catalyzedβ-eliminationoftheresultingβ-alkoxyketone,eaSily
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glVetheoptical1ypurealcoholingoodyield･Inthispaperwehavealsodemonstratedthat

Pentafluorpphenolisamoreusefu1additivefbrthisnovelhydride-tranSftrreaction(Scheme2)･

Et2AtF

C6F50日

｡,人｡2

PCC

Scheme 2

Results and Discussion

Inviewoftheemciencyofthemildandstereospecificcleavageofchiralacetalsby

organ0aluminumhydridereagents,thebehavioroftrialkylaluminumwasstudiedsystematical1y･It

wassoonrealized,however,thattreatmentofacetalswithtriakylaluminumledtoamixtureof

diastereomers.OurimitialstudiesfoundtheseratherdisappolnhngreSults･Werecentlydiscovered

thatdiastereoselectivitiesofconversionofchiralacetalsderivedftomaldehydeand(-)-(2R,4R)-

pentanedioltohydroxyetherswereincreasedbythecombineduseoftrialkylaluminumand

pentafluorophenol.Inthiscase,areductiveβ-a比oxyketonewasalwaysproducedasaminor

Pr∝1uct(Scheme3)･
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Me3Al

(6eq)

toIuene C6Hld

520c

Me2AtOC6F5

(6eq)

totuene

250c

/へ

2a

Me

2a + 2b

c6H.JMe
2b

2a+2b=90%yield

2a:2b=70:30

｡/し軋
･｡6H,ノ

3

2a+2b=70%yield,3=22%yiek】

2a:2b=>99:1

Scheme 3

DuringthecourseofourcontinulngStudy,Ourinterestshavefocusedondirect

preparationofβ-alkoxyketonesfromchiralacetalanditsstereoselectivityinthecaseofchiral

acetalsderivedfromunsymme扇calketones･Thisreactionis,SOtOSPeak,anintramolecular

MeerweinPonndorf-VerleyreductiveandOppenaueroxidativereactionofacetaltemplate･

Theconversionofchiralacetal4derivedfrom2-heptanOneand(-)-(2R,4R)-Pentanediol

toβ-alkoxyketonewasinitiallychosenasamodel,andtheefftctofpentafluorophenoIwas

studied.Theresults,OfexamlnlngVariousreactionconditionsandofuslngSeVeralaluminum

reagentsasLewisacid,areSummarizedinTablel･Treatmentof4withtrimethylaluminumand

pentafluorophenolgaveratherreductivelycleavedβ-alkoxyketones5asmainproductsandalkylic

cleavedβ-alkoxyalcohoIwasnotalmostgiven(En打iesland2)･Thecombineduseofl･2

equivalentofdiethylaluminumfluorideand2･4equivalentofpentafluorophenoIwasfoundtobe

effectivefornewdiastereoselectivereductivecleavagereaction(Entries6and7)･When

56



dichloromethanewasusedasasoIvent,5wasobtainedingoodyield(91%)anditsdiastereomeric

ratiowas81:19(Entry6).WhenthereactionmediumwaschangedfromdichloromethanetO

toluene,thediastereomericrati00f5wasraisedto86:14(Entry7).Them再Orisomeraffbrded

synreducedproducts,andtheobservedhighdiastereoselectivitywassimi1artOthatofreductive

cleavagesofacetalswithorganoaluminumhydridereagents･Inaddition,itwasnotedthat,inthe

presenceofacatalyticamOuntOfdiethylalminumfluoride(10mol%)andpentafluorophenol(20

mol%)thisreactiondidnotpr∝eedevenwithheatingto800C･

Tablel.Reductive Cleavageof4with the Combined Use

OfAIL3andC6F50H

｡謎H 9人人 9人人
c5H鼻Me

･c5H㌃Me

5a 5b

Entry

A.;:簑ent崇諾箭SoIvent昔●謁㌣5:?i芸b

1 日e3At(6)

2 Me3Al(6)

3 Me2AICl(6)

4 Et2AtF(1･2)

5 Et2AIF(1･2)

6 Et2AIF(1･2)

7 Et2AIF(1･2)

toluene O→25

totuene O→25

totuene O→25

CH2CI2 0→25

CH2C12 0

CH2Ct2 0

toluene O

23 85:15

34 76:24

12 68:32

trace ･

62 82:18

91 81:19

61 86:14

AsshowninTable2,SeVeralchiralacetalsderivedfromaliphaticorarOmaticketonesare

applicablein goodyields andwithhigh
diastereoselectivitiesin thisreaction･These
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diastereoselectivitiestendtobesimi1artOthatinthereductivecleavageuslngOrganOaluminum

hydride･Inallcases,WhentoluenewasusedasasoIventinsteadofdichloromethane,

diastereoselectivityWaSimproved,buttheyieldwasratherlow･

Table2.Reductive CleavageofAcetaIswith the Combineduse

ofEt2A]FandC6F50H

Et2AIF(1･2eq)
C6F50H(2･4eq)

SoIvent,00c

｡,■Å.｡,ネ
RI R2 soIvent Yield Ratio

(%) a:b

C5Hll Me CH2Cl2 91

toluene 61

んBu Me

んPr Me

Ph Me

Ph Et

CH2Ct2 81

t01uene 69

CH2CI2 71

toluene 62

CH2C12 81

toluene 68

CH2Ct2 92

totuene 84

81:19

86:14

72:28

77:23

97: 3

98: 2

95: 5

>99:1

90:10

93: 7

EachacetalderivedffomseveraldifftrentialalcohoIswasnextexaminedfbrthis

transfbrmation.Acetalsderivedftoml,3-PrOPanedioland(-)一(2R,3R)-butanedioIwerenot
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convertedevenatroomtemperature･Acyclicacetalsderivedfrom2-PrOPanOIwereonlyhydrized

toaldehydeaftertheusualwork-uP.Therefore,thestruCtureOfacetalderivedfrom(-)-(2R,4R)-

pentanedioIwasfbundtobeasuitablesubstrateinthepresentintram01ecularhydridetransfer

Althoughthedetai1edmechanismisnotyetclear,itisassumedthatenergeticallystable

tightion-PairedintermediateisgeneratedbystereospecificcoordinationoftheEt2AIF-C6F50H

complextooneoftheoxygensofacetal:thehydrogenatomofakoxideashydrideisthen

tranSftrredfromthedirectionsyntothisdq)artmgOXygenWhichleadstotheSconngurationatthe

resultingethercarbon,aSObserved(Scheme4)･

M:Et2AIF･C6F50H compTex

Rotation
Rl

Scheme 4

59

Rlゼ0イて



TheprecisestruCtureOftheEt2AIF-C6F50Hcomplexisalsonotyetclear･However,it

shouldbenotedthat,WhenEt2AIFandC6F50Hweremixedatroomtemperature,ethanegaSWaS

notgenerated･Furtherinvestlgationstoelucidatethepresentreactionshouldbemade･

ExperimentalSection

General.In丘ared(IR)wererecordedonaHitachi260-10spectrometer.1HNMR

spectraweremeasuredonaVarianGemini200(200MHz)spectrometer.ChemicalshiftsoflH

NMRareeXPreSSedinpartspermi11iondownfieldrelativetointernaltetramethylsilane(8=0)or

Chlorofbrm(8=7.26).SplittingpatternSareindicatedass,Singlet;d,doublet;t,triplet;q,quartet;

br,broadpeak.Analyticalgas-1iquidphasechromatography(GC)wasperfbrmedonShimadzu

Mode18Ainstrumentwithaflame-ionizationdetectorandacapi11arycolumnofPEG-20MBonded

(25m)usingnitrogenascarriergas.Forthinlayer.chromatographic(TLC)analysesthroughthis

WOrk,MerckprecoatedTLCplates(Silicage160GF254,0･25mm)wereused･Theproducts

Purified by preparative column chromatography on silica ge160E.Merck Art9385.

MicroanalyseswereaccomplishedattheInstituteofAppliedOrganicChemistry,Facultyof

Englneenng,NagoyaUniverslty.ReactioninvoIvingair-OrmOisture-SenSitivecompoundswere

COnductedinappropnateround-bottomedflskswithmagneticstimngbarSunderanatomosphere

OfdⅣ訂gOn.

InexperimentsrequiringdrysoIvents,ether,andtetrahydrofuran(THF)weredriedover

SOdiummetal.Dichloromethanewasdisti1ledfromphosphoruspentoxideandover4Amolecular

Sieves.Unlessotherwisenoted,materialswereobtainedfromcommercialsuppliersandwere

usedwithoutfurtherpuri丘cation.
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Preparation of Acetals･Acetals were preparedin excellent yield ffom the

correspondingketoneand(-)-(2R,4R)一2,4-Pentanediolinthepresenceofacatalyticquantityofp-

toluenesulfonicacid.

(4R,6R)･2･Pentyl･2,4,6･trimethyl･l,3･dioxane:1H NMR(CDC13)80･90(t,

J=6.5Hz,3H,CH3),1.19(d,J=6.2Hz,6H,2CH3),1･31(S,3H,CH3),1･24-1･80(m,10H,

(CH2)4andC(5)H2),3.85-4･10(m,2H,2CHO)･

(4R,6R)･2･(2･Methylpropyl)･2,4,6･trimethyl･1,3･dioxane:1HNMR(CDC13)

80.94(d,J=6.4Hz,3H,Me),0.95(d,J=6.4Hz,3H,CH3),1･17(d,J=6･2Hz,6H,2Me),

1.33(s,3H,Me),1.40-1.86(m,5H,C(5)H2andMe2CHCH2),3･83-4･07(m,2H,20CH)･

(4R,6R)･2･(l･Methylethyl)･2,4,6･trimethyl･l,3･dioxane:1HNMR(CDC13)8

0.90(d,J=7.OHz,3H,Me),0･94(d,J=6･6Hz,3H,Me),1･13-1･21(COmPlexofdands,9H,

3Me),1.52-1.62(m,2H,C(15)H2),2･04(SePtet,J=7･OHz,1H,Me2CH),3･86-4･09(m,2H,

2CEO).

(4R,6R)･2･Phenyl-2,4,6･trimethyl･l,3･dioxane:1H NMR(CDC13)81･23(d,

J:6.4Hz,3H,Me),1.25(d,J=6.4Hz,3H,Me),1.55(S,3H,Me),1･44-1･74(m,2H,

C(5)H2),3.60-3.78(m,1H,CHO),4･11-4･30(m,1H,CHO),7･25-7･45(m,3H,Ph),7･50-

7.60(m,2H,Pb).

(4R,6R)･4,6･Dimethyl-2-ethyl-2･phenyl-1,3･dioxane:1H NMR(CDC13)8

0.73(t,J=7.4Hz,3H,CH3),1.19(d,J=6.4Hz,3H,CH3),1･21(d,J=6･4Hz,3H,CH3),

1.40-2.00(m,4H,C(5)H2andCH2CH3),3･59-3･78(m,1H,CHO),4･07-4･25(m,1H,CHO)･

GeneralProcedure for Reductive Cleavage of Acetalswith the Combined

Use of Diethylaluminum FIuoride and Pentafluorophenol･To a solutionof

pentafluorophenol(2･OMintolueneordichloromethane,0･6mL,1･2mmol)intoluene(9mL)or

dichloromethane(9mL)wasaddeddropwisediethylaluminumfluoride(1･OMinhexane,0･6mL,

0.6mmol)atOOCandthesolutionwasstirredatthattemperaturefbrlOmin･Thenasolutionof

acetal(0.5mmol)intoluene(1mL)ordichloromethane(1mL)wasaddeddropwisetothe
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solutionatOOC.Afterstirringfbrlh,theresultingmixturewaspouredinto2Naqueoussodium

hydroxide(20mL),andextractedwithhexaneforthreetimes(20mLX3)･Thecombined

organiclayersweredriedovermagnesiumsulfate,COnCentratedinvacuo･Theresiduewas

purifiedbycolumnchromatographyonsnicagel(eluant:hexane-EtOAc)togivethediastereomeric

mixtureofthecorrespondingβ-akoxyketonesasacolorlessoil･Thediastereomericratiowas

deteminedbycapillaryGCanalysisbycomparisonwiththeauthenticsamples,Whichwere

preparedbyreductivecleavagesofthecorrespondingacetalsuslngtitaniumtetrachloride-

triethylsilanesystemoruslngdiisobutylaluminumhydrideandsubsequentoxidationwith

Pyridiniumchlor∝hromate･

Thephysicalproperdesandanalyticaldataoftheβ一alkoxyketonesthusobtainedarelisted

below.

(2S,1･R)･2･(l･-Methyl･3･･0Ⅹabutoxy)heptane:GC(1000C),tR=10･8min;1H

NMR(CDC13)80.88(t,J=6.3Hz,3H,CH3),1.11(d,J=6･2Hz,3H,CH3),1･16(d,J=6･2

Hz,3H,CH3),1.20-1.50(m,8H,(CH2)4),2.17(S,3H,CH3),2･40(dd,J=5･8,15･8Hz,1H,

CHHC=0),2.72(dd,J=6.9,15.8Hz,1H,CH〃C=0),3.34-3.52(m,1H,CHO),3･95(sixtet,

J=6.2Hz,1H,CEO).

(2R,11R)･2-(1l･Methyl･3･･OXabutoxy)heptane:GC(1000C),tR=11･8min;1H

NMR(CDC13)80.88(t,J=6.5Hz,3H,CH3),1･06(d,J=6･OHz,3H,CH3),1･13(d,J=6･O

Hz,3H,CH3),1.20-1.49(m,8H,(CH2)4),2.17(S,3H,CH3),2･40(dd,J=5･4,15･4Hz,1H,

CHHC=0),2.70(dd,J=7.4,15.4Hz,1H,CfiHC=0),3.32-3･53(m,1H,CHO),3･94(Sixtet,

J=6.OHz,1H,CHO).

(2S,11R)･4-MethyI･2･(l.-methyト3一･OXabutoxy)pentane:GC(900C),tR=7･5

min;1HNMR(CDC13)80.88(d,J=6.6Hz,3H,CH3),0.89(d,J=6･6Hz,3H,CH3),1･12(d,

J=6.OHz,3H,CH3),1.10-1.22(m,1H,Me2CHCHH),1.18(d,J=6･2Hz,3H,CH3),1･33-

1.80(m,2H,Me2CHCHH),2.18(S,3H,CH3),2.42.(dd,J=5･8,15･8Hz,1H,CHHC=0),

2.73(dd,J=6.6,15.8Hz,1H,CH〃C=0),3.43-3.61(m,1H,CHO),3･87-4･05(m,1H,CHO)･
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(2R,llR)･4･Methyl･2･(l一･methyl-3一-OXabutoxy)pentane:GC(900C),tR=8.0

min;1HNMR(CDC13)80.887(d,J=6.6Hz,3H,CH3),0･895(d,J=6･6Hz,3H,CH3),1.06

(d,J=6.2Hz,3H,CH3),1.09-1.22(m,1H,Me2CHCHH),1･15(d,J=6･OHz,3H,CH3),1･41

(ddd,J=6.0,7.6,13.8Hz,1H,Me2CHCH〟),1.58-1.82(m,1H,Me2CH),2･18(S,3H,CH3),

2.41(dd,J=5.4,15.4Hz,CHHC=0),2.70(dd,J=7･3,15･4Hz,CK打C=0),3･53(dquintet,

′=7.6,6.0Ⅲz,1H,CHO),3.88-4.05(m,1H,CHO).

(2S,1-R)･3-Methyl-2･(1一･methyl･3一･OXabutoxy)butane:GC(400C),tR=33･8

min;1HNMR(CDC13)80.82(d,J=6.OHz,3H,Me),0･85(d,J=6･8Hz,3H,Me),1･05(d,

J=6.4Hz,3H,Me),1.16(d,J=6.OHz,3H,Me),1.55-1.77(m,1H,Me2CH),2･18(s,3H,

Me),2.40(dd,J=5.8,15.8Hz,1H,CHHC=0),2.74(dd,J=6･9,15･8Hz,1H,CH〃C=0),

3.22(quintet,J=6.OHz,1H,CHO),3･85-4･03(m,1H,CHO)･

(2R,1-R)･3･Methyl･2･(l.･methyl･3一･OXabutoxy)butane:GC(400C),tR=32･9

min;1HNMR(CDC13)80.86(d,J=6.8Hz,3H,Me),0･88(d,J=6･8Hz,3H,Me),1･01(d,

J=6.4Hz,3H,Me),1.13(d,J=6.2Hz,3P,Me),1･65(septet,J=6･8Hz,1H,Me2CH),2･18(S,

3H,CH3),2.40(dd,J=5.4,15.O Hz,1H,CHHC=0),2･70(dd,J=7･3,15･O Hz,1H,

CfiHC=0),3.14-3.29(m,1H,CHO),3.84-4.02(m,1H,CHO)･

(1S,l-R)･1･(l.･Methyl･3一-OXabutoxy)･1･phenylethane:GC(1200C),tR=26･6

min;1HNMR(CDC13)81.21(d,J=6.2Hz,3H,Me),1.42(d,J=6･4Hz,3H,Me),2･04(S,3H,

CH3),2.41(dd,J=6.1,15.4Hz,1H,CHHC=0),2･66(dd,J=7･0,15･4Hz,1H,CHHC=0),

3.74-3.92(m,1ⅠもCHO),4.55(q,J=6.4Hz,1H,CRO)･

(1R,llR)･l-(1一･Methyl･3一･OXabutoxy)･1･phenylethane:GC(1200C),tR=29･7

min;一1HNMR(CDC13)81.06(d.J=6.2Hz,3H,CH3),2･21(s,3H,CH3)･Otherresonances

couldnotbediscemedforthisminorisomer.

(lS,1.R)･l-(l■-Methyl･3l･OXabutoxy)-l･phenylpropane:GC(1300C),

tR=22.1min;1HNMR(CDC13)80.88(t,J=7.4Hz,3H,Me),1･20(d,J=6･2Hz,3H,CH3),

1.50-1.90(m,2H,CH2CH3),2.02(S,3H,CH3),2･40(dd,J=6･0,15･3Hz,1H,CHHC=0),
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2.63(dd,J=6.8,15.3Hz,1H,CH〃C=0),3.81(Sixtet,J=6･2Hz,1H,OCHMe),4･24(dd,

J=6.2,7.2Ez,1H,PbC〃),7.20-7.40(m,5H,Ph).

(lR,llR)･1-(1.･Methyl･3一･OXabutoxy)･1･phenylpropane:GC(1300C),

tR=23.7min;1HNMR(CDC13)81.01(d,J=6･2Hz,3H,Me),2･20(S,3H,Me),2･47(dd,

J=6.0,15.6Hz,1H,C打HC=0),2.82(dd,J=6.4,15･6Hz,1H,CHHC=0),3･91(Sixtet,J=6･2

Hz,1H,OCEMe).OtherresonanCeSCOuldnotbediscernedfbrthisminorisomer･
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Chapter4

Stereoselective Alkylative Cleavage ofChiralAcetals:

Retention of the Stereochemistry

Abstract:Thereactionofacetalderivedfrom(-)-(2R,4R)-2,4-Pentanediolandan

aldehydewithatrialkylaluminum-PentafluorophenoIsystemproducesalkylatively

cleavedproductswithhighdiastereoselectivity･Theobservedstereochemicaloutcome

isfo1lowedbythealkylanionattacksyntothecleavedcarbonoxygenbond･
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Wepreviouslydescribedahighlychemo-andstereoselectivecleavageofacetalsderived

ffom(-)-(2R,4R)-2,4-PentanedioIwithorganotitaniumreagents･1Thereactionproceedsunder

mi1dconditionsinexcellentyieldandhighchemoselectivitytogive,afterremovalofauxiliary,

chiralalcohoIsofhighenantlOPurities･Inaddition,COmPlexationofchiralacetalsandtitanium

tetrachloridefbllowedby treatmentwithn-buty11ithiumalsoresultsinfbrmationofthe

correspondingn-butylatedalcohoIswithhighstereoselectlⅥty･Johnsontsgroupdisclosedsimi1ar

resultswithorganolithiumandGrignardreagentsinthepresenceoftitaniumtetrachloride･2

Closelyrelatedreactionswithdialkylcopperlithiuminthepresenceofboron扇且uoridewerealso

publishedbyAlexakis.group･3 Alltheabovereactionstookplaceviaantiattackofthe

alkylmetal1icreagentstothecleavedcarbon-OXygenbond(Schemel)･

R2ZnorRLil

TiCl4

FMgXorRLi2

TiCI4

R2CuLi3

BF3

Scheme l

●

｡.人｡

Stereoselectivealkylativecleavageofchiralacetalsviasynattackofthereagents,

however,hasnotyetbeenreported,althoughwedidreportthereductivecleavageofchiralacetals

byaluminumhydridereagents(e･g･DIBAH,Br2AIH,C12AIH)･1b･4sincethebeginningofthese

studies,Wehavebeeninterestedinthepossibilityofachievlngtheretentionofthestereochemical

outcomeofalkylanionattackontheacetalgroup,Which,ifsuccessful,WOuldprovideamethodto

obtainbothenamiomersfromasinglechiralstartingacetal(Scheme2)･
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Scheme 2

Herein,WerepOrtthehighlystereoselectiveakylativecleavageofchiralacetalsderived

from(-)-(2R,4R)-2,4-Pentanediolby the combined use of trialkylaluminum and

pentafluorophenol,andalsodescribetheselectivecleavagesofacetalsderivedfroml,3-butanediol

and(-)-(2R,3R)-2,3-butanediolrespectively･

Inviewoftheefnciencyofthemildandstereospeci丘ccleavageofchiralacetalsby

aluminumreagents,thebehaviorofbialkylaluminumhasbeenstudiedsystematically･Itwassoon

realizedthattreatmentofacetalsintoluenewith扇alkylaluminumledtoamktureofdiastereomers･

SeveralexamplesofthisreactionareglVeninTablel･TheseratherdisappolntlngreSultsare

consistentwithacommoninversion.typealkylationoforganoaluminumreagentsinnon-POlarOr

lesspolarSOIventssuchashexane,tOluene,Ordichloromethane･Theresultsmaybeattributedto

theaggregatedformOfthealuminumreagent･
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Tablel.Alkylative Cleavage of Acetals Using R3Al･

～′■･･｢〈イ
OYO

R●

R3Al(6eq)

totuene
R-/へR

Major diastereomer

Fr R Temp(Oc) YieId(%) Ratio

C6H13 Me 52

【40

【53
Et 52

¢･C6日ll Me

Et

Ph Me

Et

Bu-C≡C Me

Et

52

【49
50

25

25

50

50

90 70:30

a

b

】

]

3

4

2

5

_

■

_
_

7

6

7

4

99 87:13

87 78:22

95
66:34】a

85 94: 6

60:40

86 91: 9

88 51:49

66 82:18

aDichloromethaneWaSuSedasasoIvent.

bHexanewasusedasasoIvent.

CInthiscasethedesiredproductcouldnotbeseparatedwithby-PrOducts

bycolumnchromatography･

Wefoundincidental1ythatthecombineduseof扇alkylaluminumandpentafluorophenoI

wasefftctiveonthestereoselectivecleavageofchiralacetalderivedfrom(-)-(2R,4R)-2,4-

pentanediol･ThenewprocessisillustratedandseveralexamplesofthistransformationareglVen

inTable2.Thisreactionwasclear1ymorereactiveandstereoselectivethantheabovereaction
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withoutpentafluorophenol.Inthisreactiontheβ-hydroxyketonewasgiveninlowyieldasaby-

product･InthecaseofarOmaticacetalthedesirablecouplingproductwasglVenaSalowyield･

While,Onthecontrary,theside-reaCtionwasincreased･Theby-PrOductwaspresumably

producedbyanintram01ecularMeerwein-Ponndorf-Verleyreductivecleavage･5

Table2.AlkylativeCleavageofAcetalsUsingR3Al･C6F50H System･

′′′一●0
R3Al(6eq)
C6F50H(6eq)

toluene
Rl/へR

Major diastereomer

l

｡/し軋･｡,ノ
2

1 1 2

RI R Temp(Oc) Yie[d(%) Ratio Yie[d(%)

C6日13 Me 25

Et 25

¢･C6日ll Me 25

Et 25

Ph Me O

Et O

Bu-C≡C Me 25

Et 25

70 >99:1 22

70 93: 7 18

70 >99:1 21

87 >99:1 0

49 82:18 37

41 97: 3 34

57 >99

64 97

1 37

3 0

Next,WeeXaminedthereactionofacetalsderivedfrom(-)-(2R,3R)-2,3-butanediolfbr

thepurposeofreducingthesidereactionofanintramOlecularhydridetransfer･Someofour

resultsareSummarizedinTable3.Theuseof2,3-butanediolinsteadof2,4-PentanedioIclearly

diddepressthesidereaction･However,thisreactionoftheacetalofdioxolanetypewasaslower
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pr∝eSSthanreaCtionoftheaboveacetalofdioxanetyPe･Thestereoselecdvityonthereactionwas

raisedbytheadditionofpentafluorophenolinthesamewayasacetalderivedfrom2,4-

Pentanediol.

Table3.Alkylative Cleavage ofAcetals Derived from2I3･Butanediol･

H M｡｡Al(6e｡,｡ノーOH

OYO
R●

toluene R･/′＼Me

Major diastereomer

R- Additivea Temp(Oc)Yield(%) Ratio

C6H13 C6F50H 51

51

Ph C6F50H 25

25

21 >99:1

62 86:14

70 82:18

70 65:35

aMe3Al(6eq)andC6F50H(6eq)werepremixedbeforeadditionoftheacetal･

Finally,We eXamined the reaction ofacetals derivedfroml,3-butanedioIwith

trialkylaluminumorthe扇alkylalumiun-PentanuOrOPhenoIsystem･ThistypeOfacetalrepresents

anespeciallyinterestingsituation,becausethe2-POSition(derivedfromthealdehydecarbon)

becomeschiralintheacetalization,andiftheacetalcaneXistinthemorestablediequatorialformof

2SR,4RS-Cis-COmPOund,扇alkylaluminumwouldbeexpeCtedtohavestereospeci丘ccoordination

tothatoftheacetaloxygenswhichislesshindered;6hencethestereoselectlVltyOnthisreaction

shouldgenuinelyrepresentsynorantidirectionalselectlVltyOnattaCkofalkylaniontocleaved

carbon-OXygenbond･TheresultsareSummarizedinTable4･Inthistypeofacetal,the

stereoselectlVlty On this reaction with trialkylaluminumis preferable to that with the

trialkylaluminum-PentafluorophenoIsystem･Asaresult,thelowerstereoselectivityofthereaction
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inthepresenceofC6F50HcanbeadequatelyunderstoodintermSOfaslightlyextended

OXOCarbeniumionpairintermediateviaapolarityofC6F50H･Thereactiondidnotproduceβ-

hydroxyketoneasaby-Pr∝luct･

Table4.Alkylative Cleavage ofAcetals Derived fromlI3･Butanediol･

R3Al(6eq)

toluene

0/＼一へoH

Rl〈R

Major diastereomer

RI R Temp(Oc) YieId(%) Ratio

¢･C6日ll Me O

Et 25

Ph M¢ 0

Et

25

【69 >99:1】a
57 >99 : 1

【47 >99:1】a
92 94: 6

【81 83:17】a
91 96 : 4

【58 93:7]a
87 96: 4

aInthiscase,R3AlandC6F50Hwerepremixedbefbreadditionoftheacetal･

TheprecisestruCtureOftheR3Al-C6F50Hcomplexisalsonotyetclear･However,it

shouldbenotedthat,WhenR3AlandC6F50Hwerepremixedatroomtemperature,anequivalent

gasofRHwasgeneratedintoluene,butwasnotgeneratedinCH2C12･Furtherinvestlgationsto

elucidatethepresentreactionshouldbemade･
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ExperimentalSection

General.Infrared(IR)wererecordedonaHitachi260-10spectrometer･1HNMR

spectraweremeasuredonaVarianGemini200(200MHz)spectrometer･ChemicalshiftsoflH

NMRareeXPreSSedinpartspermi11iondown丘eldrelativetointernaltetramethylsilane(8=0)or

chlorofbrm(8=7.26).SplittingpatternSareindicatedass,Singlet;d,doublet;t,triplet;q,quartet;

br,broadpeak･Analyticalgas-1iquidphasechromatography(GC)wasperformedonShimadzu

Mode18Ainstrumentwithaflame-ionizationdetectorandacqpillarycolurrmofPEG-20MBonded

(25m)usingnitrogenascarriergas･Forthinlayerchromatographic(TLC)analysesthroughthis

work,MerckprecoatedTLCplates(Silicage160GF254,0･25mm)wereused･Theproducts

purifiedbypreparativecolumnchromatographyonsilicage160E･MerckArt9385･

MicroanalyseswereaccomplishedattheInstituteofAppliedOrganicChemistry,Facultyof

Englneenng,NagoyaUniverslty･ReactioninvoIvingair-OrmOisture-SenSitivecompoundswere

conductedinappropnateround-bottomedflskswithmagneticstimngbarSunderanatomosphere

OfdryargOn.

InexperimentsrequiringdrysoIvents,ether,andtetrahydrofuran(THF)weredriedover

sodiummetal.Dichloromethanewasdisti11edfromphosphoruSPentOXideandover4Amolecular

sieves.Unlessotherwisenoted,materialswereobtainedfromcorrmercialsuppliersandwere

usedwithoutfurtherpuri丘cation･

Preparation of Acetals･Acetalswerepreparedin excellentyieldfromthe

correspondingaldehydesandchiraldioIs,e･g･(-)-(2R,4R)-2,4-Pentanediol,(-)-(2R,3R)一2,3-

butanediol,1,3-butanediol,inthepresenceofacatalyticquantltyOfp-tOluenesulfbnicacidor

Pyridiniump-tOluenesulfbnate･

Thephysicalpropertiesandanalyticaldataofthethusarelistedbelow･

(4R,6R)一4,6-Dimethyト2･hexyl･l,3･dioxane:Physicalpropertieswereidentical

withthoseofreported･1b
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(4R,6R)･2-Cyclohexyl-4,6･dimethyl･l,3-dioxane:Physicalproperties
were

idemicalwiththoseofreported･1b

(4R,6R)-4,6･Dimethyl･2-phenyl-1,3･dioxane:Physicalpropertieswereidentical

withthoseofreported･3b

(4R,6R)一4,6･Dimethyl･2･･(1一･hexnyl),l,3･dioxane:IR(film)2980,2950,

2880,2270,1400,1380,1180,1155,1140,1110,1035,1000,920cm-1;1HNMR(CDC13)8

0.89(t,J=7.5Hz,3H,CH3CH2),1･02-2･03(m,6H,CH3CH2CH2andCHCH2CH),1･26(d,

J=6.2Hz,3H,CH3),1.39(d,J=7･2Hz,3H,CH3),2･24(dt,J=1･5,7･2Hz,2H,CH2C≡C),

3.93-4.11(m,1H,CHMe),4.38(m,1H,CHMe),5･56(t,J=1･5Hz,1H,CHC≡C)･

(4R,5R)･2･Cyclohexnyト4,5･dimethyI･1,3･dioxolane:Physicalpropertieswere

identicalwiththoseofreported･3b

(4R,5R)･4,5･Dimethyl･2･phenyl･1,3-dioxolane:Physicalproperties
were

identicalwiththoseofreported･3b

(2SR,4RS)･2･Cyclohexyl･4,5･dimethyl･1,3･dioxane:IR(film)2980,2930,

2870,1460,1380,1330,1175,1135,1115,1040,1010,985cm-1;1HNMR(CDC13)80･80-

1.85(m,13H,C-C6HllandOCH2CH3),1･18(d,J=6･2Hz,3H,CH3),3･58-3･75(m,2H,

ocHMeandOCHH),4.05(ddd,J=1･4,5･0,11･4Hz,1H,OCH〃),4･19(d,J=5･4Hz,1H,

OCHO).

(2SR,4RS)･4,5･Dimethyト2･phenyl-l,3-dioxane:Physicalproperties
were

identicalwiththoseofreported･3b

GeneralProcedure for Alkylative Cleavage of Acetals with

Trialkylaluminum･Toasolutionofacetal(0･5mmol)insoIvent(15mL)wasaddeddropwise

trialkylaluminum(2･OMinhexane,1･5mL,3･Ommol)atOOC･Thereactionmixturewasstirred

atthesuitabletemperature･Aftercompleteconversion,theresultingmixturewaspouredinto2N

aqueoussodiumhydroxide(20mL)･andextractedwithhexanefbrthreetimes(20mLX3)･ne

combinedorganiclayersweredriedovermagnesiumsulfate,COnCentratedinvacuo･nereSidue
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waspurifiedbycolumnchromatographyonsilicagel(eluant‥hexane-EtOAc)togivethe

diastereomericmixtureofthecorrespondingalcohoIsasacoloriessoil･

GeneralProcedure for Alkylative Cleavage ofAcetalswith the Combined

useofTrialkylaluminumandPentafluorophenol･Toasolutionofpentafluorophenol

(2.OMintolueneordichloromethane,1･5mL,3･Ommol)intoluene(15mL)ordichloromethane

(15mL)wasaddeddropwisetrialkylaluminum(2･OMinhexane,1･5mL,3･Ommol)atOOC･The

solutionwaswarmedtoroomtemperatureandstirredatthattemperaturefbrlh･Thenasolution

ofacetal(0.5mmol)intoluene(1mL)ordichloromethane(1mL)wasaddeddropwisetothe

solutionatOOC.Thereactionmixturewasstirredatthesuitabletemperature･Aftercomplete

conversion,theresultingmixturewaspouredinto2Naqueoussodiumhydroxide(20mL),and

extractedwithhexanefbrthreetimes(20mLX3).Thecombinedorganiclayersweredriedover

magnesiumsulfate,COnCentratedinvacuo･Theresiduewaspuri丘edbycolumnchromatography

onsilicagel(eluant:hexane-EtOAc)togivethediastereomericmixtureofthecorresponding

alcohoIsasacolorlessoil.

ThediastereomericratiosweredeterminedbyGCanalysisbycomparisonwiththe

authenticsamples,Whichwerepreparedbyalkylativecleavageofthecorrespondingacetalsuslnga

titaniumtetrachloride-dialkylzincsystemloratitaniumtetrachloride-diakylcopperlithiumsystem･3

Inthecaseofsomeadductsitwasnecessarytopreparethecorrespondingacetatesinorderto

obtainabase-1ineseparationofthetwopeaks･

Thephysicalpropertiesandanalyticaldataofthealcoholthusarelistedbelow･

(2R,l･R,3tR)･2･(3･･Hydroxy･ll･methylbutoxy)octane:4c TLC,Rf=0･39

(hexane-EtOAc,5:2);GC(1100C),tR=18･3min(AIcoholfbrm);IR(film)3750-3100,2970,

2930,2870,1465,1380,1340,1160,1120,1080,1060,1025cm-1;1HNMR(CDC13)80･89

(t,J=6.5Hz,3H,CH3),1･14(d,J=6･OHz,3H,CH3),1･18(d,J=6･2Hz,3H,CH3),1･20(d,

J=6.2Hz,3H,CH3),1･20-1･70(m,12H,CH3(CH2)5andCHCH2CH),3･36(br,1H,OH),

3.42-3.60(m,1H,CHO),3.80-3.98(m,1H,CHO),4･04-4･23(m,1H,CHO)･
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(2S,1･R,3･R)-2･(3･･Hydroxy.1･･methylbutoxy)octane:1b TLC,Rf=0･39

(hexane-EtOAc,5:2);GC(1100C),tR=16･9min(AIcoholform)･

(3R,1tR,31R)･3-(3,･Hydroxy-1一-methylbutoxy)nonane:TLC,Rf=0･44

(hexane-EtOAc,5;2);GC(1300C),tR=12･2min(Acetatefbrm);IR(丘1m)3750-3100,2970,

2930,2870,1465,1380,1340,1160,1120,1080,1060,1025cm-1;1HNMR(CDC13)80･89

(t,J=7.4Hz,6H,2CH3),1･19(d,J=6･4Hz,6H,2CH3)･1･22-1･75(m,14H,CH3(CH2)5,

cH2CH3andCHCH2CH),3･20-3･44(m,2H,OHandOCH),3･77-3･93(dquintet,J=4･1,6･2

Hz,1H,OCH),4.05-4.23(m,1H,OCH)･

(3S,1･R,3tR)･3-(3t･Hydroxy･1･･methylbutoxy)nonane:1b
TLC,Rf=0･49

(hexane-EtOAc,5:2);GC(1300C),tR=10･3min(Acetatefbrm)･

(1R,1･R,3tR)･1･Cyclohexyl･1･(3･･hydroxy･1一･methylbutoxy)ethane:4c

TLC,Rf=0.45(hexane-EtOAc,5:2);GC(1300C),tR=15･4min(Acetateform);IR(film)3750-

3100,2980,2930,2860,1460,1380,1335,1345,1160,1130,1100,1080,1060cm-1;1H

NMR(CDC13)80.80-1･80(m,13H,C-C6HllandCHCH2CH),1･06(d,J=6･2Hz,3H,CH3),

1.13(d,J=6.2Hz,3H,CH3),1･16(d,J=6･2Hz,3H,CH3),3･23(quintet,J=6･2Hz,1H,

CHO),3.48(d,J=3.OHz,1H,OH),3･72-3･92(m,1H,CHO),4･01-4･18(m,1H,CHO)･

(1S,1･R,3･R)･1･Cyclohexyl･l･(3t-hydroxy･l･･methylbutoxy)ethane:1b

TLC,Rf=0.45(hexane-EtOAc,5:2);GC(1300C),tR=12･9min(Acetateform);1HNMR

(CDC13)80･80-1･80(m,13H,C-C6HllandCHCH2CH),1･05(d,J=6･4Hz,3H,CH3),1･15

(d,J=6.2Hz,3H,CH3),1･17(d,J=6･2Hz,3H,CH3),3･18-3･33(m,2H,OHandCHO),

3.70-3.86(m,1H,CHO),4.02-4.21(m,1H,CHO)･

(1R,11R,31R)･1･Cyclohexyl･1-(3t･hydroxy･l.-methylbutoxy)propane:

TLC,Rf=0.49(hexane-EtOAc,5:2);GC(1400C),fR=13･8min(AIcoholfbrm);IR(丘1m)3750-

3100,2980,2940,2870,1460,1430,1380,1345,1315,1280,1165,1125,1105,1080,1065,

1025,1000,970cm-1;1HNMR(CDC13)80･80-1･85(m,15H,C-C6Hll,CH2CH3and

cHCH2CH),0.85(t,J=7･4Hz,3H,CH2CH3),1･13(d,J=6･2Hz,3H,CH3),1･15(d,J=6･2
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Hz,3H,CH3),1.15(d,J=6.2Hz,3H,CH3),3･03(q,J=5･4Hz,1H,C-C6HllCHO),3･56(d,

J=2.8Hz,1H,OH),3.73-3.89(m,1H,CHO),4･03-4･21(m,1H,CHO)･

(lS,1.R,3-R)-1･Cyclohexyl･1-(3.･hydroxy,1一･methylbutoxy)propane:

TLC,Rf=0.49(hexane-EtOAc,5:2);GC(1400C),tR=12･9min(AIcoholform)･

(1R,1･R,3･R)･1･(3一･Hydroxy･1･･methylbutoxy)･1･phenylethane:4c TLC,

Rf=0.35(hexane-EtOAc,5:2);GC(1700C),tR=7･8min(AIcoholfbrm);IR(film)3750-3150,

2980,2950,1460,1380,1165,1125,1095,1060,1040,1030,765,710cm-1;1HNMR

(CDC13)81.07(d,J=6･4Hz,3H,CH3),1･18(d,J=6･6Hz,3H,CH3),1･40(d,J=6･4Hz,3H,

CH3),1.44-1.54(m,1H,CHCHHCH),1･66-1･84(m,1H,CHCH〃CH),3･26(br,1H,OH),

3.68-3.84(m,1H,MeCH),4.08-4.26(m,1氏MeCH),4･57(q,J=6･4Hz,1H,PhC椚,7･20-

7.40(m,5H,Ph);Anal.Found.C,73.71;H,12･72･C13H2002Calcd･:C,73･63;H,12･36%･

(lS,1･R,3･R)･1･(3･･Hydroxy･1･-methylbutoxy)･1･phenylethane:1b･3b TLC,

Rf=0.35(hexane-EtOAc,5:2);GC(1700C),TR=6･5min(AIcoholfbrm);1HNMR(CDC13)8

1.07(d,J=6.2Hz,3H,CH3),1.1召(d,J=6･2Hz,3H,CH3),1･42(d,J=6･2Hz,3H,CH3),

1.49(t,J=5.7Hz,2H,CHCH2CH),2.65(d,J=3･OHz,1H,OH),3･48-3･64(m,1H,MeCHO),

3.94-4.13(m,1H,MeCHOH),4.52(q,J=6.2Hz,1H,PhCH),7･20-7･40(m,5H,Ph)･

(1R,1-R,3-R)･1･(3.･Hydroxy･ll･methylbutoxy)･1･phenylpropane:TLC,

Rf=0.39(hexane-EtOAc,5:2);GC(1700C),tR=8･6min(AIcoholfbrm);IR(film)3750-3150,

2980,2940,2890,1470,1460,1380,1160,1125,1110,1090,1060,1020,760,700cm-1;1H

NMR(CDC13)80.81(t,J=7･4Hz,3H,CH3),1･02(d,J=6･4Hz,3H,CH3),1･18(d,J=6･2

Hz,3H,CH3),1.40-1.90(m,4H,CH3CH2andCHCH2CH),3･25(d,J=2･2Hz,1H,OH),

3.65-3.80(m,1H,CH3CHO),4･05-4･25(m,1H,CH3CHOH),4･28(t,J=6･6Hz,1H,PhCH)･

7.20-7.40(m,5H,Ph);Anal.Found･C,75･67;H,9･67･C14H2202Calcd･‥
C,75･63;H,

9.97%.

(1S,l･R,3･R)･l･(3･･Hydroxy･1.･methylbutoxy)･1･phenylpropane:TLC,

Rf=0.39(hexane-EtOAc,5:2);GC(1700C),tR=7･Omin(AIcoholfbrm);1HNMR(CDC13)8

0.86(t,J=7.3Hz,3H,CH3),1･06(d,J=6･4Hz,3H,CH3),1･18(d,J=6･OHz,3H,CH3),
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1･44-1.90(m,4H,CH3CH2andCHCH2CH),2.76(d,J=3.2Hz,1H,OH),3.50-3.65(m,1H,

CH3CHO),3.95-4.14(m,1H,CH3CHOH),4.22(dd,J=6.0,7.4Hz,1H,PhCH),7.20-7.40

(m,5H,Pb).

(lR,1-R,3,R)･2･(3.･Hydroxy･l.･methylbutoxy)･3･OCtyne:4c TLC,Rf=0.44

(hexane-EtOAc,5:2);GC(1300C),TR=14.9min;IR(film)3750-3130,2980,2940,2890,1460,

1380,1330,1160,1130,1080,1050,1020,950cm-1;1HNMR(CDC13)80.88(t,J=7.1Hz,

3H,CH3),0.90-1.73(m,6H,CH3(CH2)2andCHCH2CH),1.15(d,J=5.8Hz,3H,CH3),1.26

(d,J=6.2Hz,3H,CH3),1.36(d,J=6.8Hz,3H,CH3),2.17(dt,J=1.8,6.8Hz,2H,

CH2C≡C),2.70-2.80(br,1H,OH),3.87-4.18(m,2H,CH(CH3)OHandOCHCH3),4.27(tq,

J=1.8,6.4Hz,1H,C≡CCHCH3).

(1S,1-R,3.R)･2･(3.･Hydroxy･1.･methylbutoxy)･3-OCtyne:4c TLC,Rf=0.47

(hexane-EtOAc,5:2);GC(1300C),tR=8.8min(AIcoholfbrm);1HNMR(CDC13)81.15(d,

J=6.OHz,3H,CH3),1.21(d,J=6.4Hz,3H,CH3).Otherresonancescouldnotbediscernedfor

thisminorisomer.

(1R,l.R,3-R)･3･(3一･Hydroxy･1.-methylbutoxy)･4･nOnyne:4c TLC,Rf=0.33

(hexane-EtOAc,5:2);GC(1300C),tR=19.1min(AIcoholfbrm);IR(film)3750-3100,2980,

2950,2900,1470,1390,1340,1160,1130,1105,1085,1060,1020,Cm-1;1HNMR(CDC13)8

0.91(t,J=7.OHz,3H,CH3),0.98(t,J=7.2Hz,3H,CH3),1.18(d,J=6.2Hz,3H,CH3),1･30

(d,J=6.4Hz,3H,CH3),1.10-1.76(m,8H,CH3(CH2)2,CHCH2CH,andC≡CCHCH2CH3),

2.22(dt,J=2.0,6.8Hz,2H,CH2C≡C),2.30-3.00(br,1H,OH),3.90-4.20(m,3H,CC≡CHO,

OCHCH3,andCH(CH3)OH).

(lS,l.R,3-R)･3･(3一･Hydroxy･1一･methylbutoxy)･4･nOnyne:4c TLC,Rf=0.44

(hexane-EtOAc,5:2);GC(1300C),10.9min(AIcoholfbrm);1HNMR(CDC13)81.15(d,

J=6.2Hz,3H,CH3),1.21(d,J=6.4Hz,3H,CH3).Otherresonancescouldnotbediscernedfor

thisminorisomer.

(2R,1,R,2-R)･2･(2一･Hydroxy･1㌧methylpropoxy)octane:3b TLC,Rf=0.41

(hexane-EtOAc,5:2);GC(1000C),tR=21.Omin(Acetatefbrm);IR(film)3750-3100,2990,
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2940,2870,1460,1380,1120,1090cm-1;1H NMR(CDC13)80.67-1.63(m,10H,

CH3(CH2)5),0･89(t,J=6.8Hz,3H,CH3),1.07(d,J=6.OHz,3H,CH3),1.12(d,J=6.OHz,

3H,CH3),1.14(d,J=6･2Hz,3H,CH3),2.35-2.87(br,1H,OH),3.20(quintet,J=6.2Hz,1H,

CH(CH3)OH),3･38-3･60(m,2H,C6H13CHandOCHCH3)･

(2S,1-R,2-R)･2･(2一･Hydroxy･1.･methylpropoxy)octane:3b TLC,Rf=0.41

(hexane-EtOAc,5:2);GC(1000C);tR=19.2min;1HNMR(CDC13)80.88(t,J=6.8Hz,3H,

CH3),1･11(d,J=8.OHz,3H,CH3),1.14(d,J=8.OHz,3H,CH3),1.15(d,J=6.2Hz,3H,

CH3),1･20-1･70(m,10H,CH3(CH2)5),1.85-2.60(br,1H,OH),3.21(quintet,J=6.OHz,1H,

CH(CH3)OH),3.36-3.59(m,2H,C6H13CHandOCHCH3).

(lR,1-R,2-R)･1･(2一･Hydroxy･1一･methylpropoxy)･1･phenylethane:3b TLC,

Rf=0･31(hexane-EtOAc,5:2);GC(1300C),tR=17.2min(AIcoholfbrm);IR(丘Im)3800-3050,

3000,2960,2920,1460,1385,1100,770,710cm-1;1HNMR(CDC13)80.94(d,J=6.2Hz,

3H,CH3),1･17(d,J=6.4Hz,3H,CH3),1.47(d,J=6.6Hz,3H,CH3),1.83-2.80(br,1H,

OH),3･33(quintet,J=6･2Hz,1H,CHCH3),3･61(quintet,J=7.OHz,1H,CHCH3),4.53(q,

J=6.4Hz,1H,PbC〃CIi3),7.20-7.40(m,5H,Ph).

(1S,l.R,2.R)･1･(2一･Hydroxy･1.･叩ethyIpropoxy)･l･phenyIethane:3b TLC,

Rf=0･31(hexane-EtOAc,5:2);GC(1300C),14.6min(AIcoholfbrm);lHNMR(CDC13)81.05

(d,J=6･4Hz,3H,CH3),1･12(d,J=6.OHz,3H,CH3),1.46(d,J=6.6Hz,3H,CH3),1.60-

2･45(br,1H,OH),3.09(dq,J=7.2,6.2Hz,1H,CHCH3),3.54(quintet,J=6.6Hz,1H,

CHCH3),4.57(q,J=6.4Hz,1H,PhCHCH3),7.25-7.45(m,5H,Ph).

(lRS,1-RS)･l･Cyclohexyl･1･(3l･hydroxy･1l･methylpropyl)ethane:TLC,

Rf=0･28(hexane-EtOAc,5:2);GC(1300C),tR=17.8min(Acetatefbrm);1HNMR(CDC13)8

1･07(d,J=6･OHz,3H,CH3),1.10(d,J=6.2Hz,3H,CH3),0.75-1.90(m,13H,C-C6Hlland

CH(CH3)CH2CH20H),2･20-2･85(br,1H,OH),3.22(quintet,J=6.2Hz,1H,C-C6H11CH),

3.57-3.90(m,3H,OCHCH3andCH20H);Anal.Found:C,71.91;H,12.12.C12H2402Calcd.:

C,71.95;H,12.08%.
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(1SR,1-RS)･1,Cyclohexyl-1･(3一一hydroxy･1'･methylpropyl)ethane:TLC,

Rf=0･28(hexane-EtOAc,5:2);GC(1300C),TR=16･3min(Acetatefbrm);1HNMR(CDC13)8

0.50-1.95(m,13H,C-C6HllandCH2CH20H),1.05(d,J=6.4Hz,3H,CH3),1.15(d,J=6.O

Hz,3H,CH3),1.95-2.65(br,1H,OH),3.12(quintet,J=6.OHz,1H,C-C6HllCH),3.43嶋3.86

(m,3H,OC〝CH3andC穐OH).

(1RS,l-RS)1･Cyclohexyl･1･(3一･hydroxy,1一･methylpropyl)propane:TLC,

Rf=0.44(hexane-EtOAc,5:2);GC(1300C),tR=24.2min(Acetatefbrm);1HNMR(CDC13)8

0･60-1･85(m,15H,C-C6Hll,CH3CH2andCH2CH20H),0･84(t,J=7･4Hz,3H,CH3CH2CH),

1.09(d,J=6.2Hz,3H,CH3),2.55-3.30(br,1H,OH),3.40(q,J=5.4Hz,1H,C-C6HllCH),

3.60-3.90(m,3H,OCHCH3andCH20H);Anal.Found:C,72.92;H,12.09.C13H2602Calcd.:

C,72.85;H,12.23%.

(1SR,11RS)1･Cyclohexyl･1･(3一･hydroxy･1一･methylpropyl)propane:TLC,

Rf=0.44(hexane-EtOAc,5:2);GC(1300C),tR=21.9min;1HNMR(CDC13)80.87(t,J=7.4

Hz,3H,CH3CH2CH),1.13(d,J=6.2Hz,3H,CH3).0therresonancescouldnotbediscerned

fbrthisminorisomer.

(1RS,1■RS)･l･(3l･Hydroxy･1l･methylpropyl)･1･phenylethane:TLC,

Rf=0.16(hexane-EtOAc,5:2);GC(1700C),tR=10.0min(AIcoholfbrm);IR(丘1m)3750-3050,

3110,3080,3060,3000,2950,2900,1500,1460,1380,1360,1335,1315,1290,1220,1150,

1100,1075,1060,1040,1025,1010,760705cm-1;1HNMR(CDC13)81.04(d,J=6.4Hz,

3H,CH3),1.42(d,J=6.6Hz,3H,CH3),1.55-1.95(m,2H,CH2CH20H),2.60(t,J=5.3Hz,

OH),3.65-3.95(m,3H,OCHCH3andCH20H),4.55(q,J=6.4Hz,1H,PhCHCH3),7.15-

7.40(m,5H,Ph);Anal.Found:C,74.19;H,9.34.C12H1802Calcd.:C,74.19;H,9.34%.

(1SR,1-RS)･1･(3,･Hydroxy･1一･methylpropyl)･l･phenylethane:3b TLC,

Rf=0.16(hexane-EtOAc,5:2);GC(1700C),tR=8.4min(AIcoholfbrm);1HNMR(CDC13)8

1.16(d,J=6.2Hz,3H,CH3),1.42(d,J=6.6Hz,3H,CH3).0therresonancescouldnotbe

discernedforthisminorisomer.
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(1RS,1-RS)･1･(3.･Hydroxy･1一･methylpropyl)-l･phenylpropane:TLC,

Rf=0.27(hexane-EtOAc,5:2);GC(1700C),TR=11.5min(AIcoholform);IR(丘lm)3770-3050,

3100,3075,3050,2975,2950,2890,1500,1460,1390,1345,1140,1095,1060,1020,760,

705cm-1;1HNMR(CDC13)80.83(t,J=7.4iiz,3H,CH2CH3),0.98(d,J=6.4Hz,3H,CH3),

1.45-1.90(m,4H,CH2CH20Hand CH3CH2),2.55-3.10(br,1H,OH),3.40-3.95(m,3H,

OCHCH3andCH20H),4.25(t,J=6.6Hz,1H,PhCHO),7.10-7.45(m,5H,Ph);AnalFound:

C,74.91;H,9.64.C13H2002Calcd.:C,74.96;H,9.68%.

(1SR,1-RS)･1-(3一･Hydroxy･1.-methylpropyl)･1-phenylpropane:TLC,

Rf=0.27(hexane-EtOAc,5:2);GC(1700C),tR=9.3min(AIcoholfbrm);1HNMR(CDC13)8

1.32(d,J=6.4Hz,3H,CH3),4.10(t,J=6.6Hz,1H,PhCHO).0therresonancescouldnotbe

discernedfbrthisminorisomer.
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Chapter5

Diastereoselective AldoISynthesis Using AcetalTemplates

Abstract:StereoselectlVltyOftheMukaiyamareaCtionisdramaticallychangedbythe

StericftaturesofacetalstruCtureS.Inthereactionofbenzaldehydedimethylacetalwith

theenoIsilyletherofD-CamPhor,theexo-threoproductisobtainedalmostexclusively･

Indramaticcontrast,however,SimilarreaCtionconditionsbutwithbenzaldehydeacetal

Of3-methyl-1,3-butanediolgivetheexo-erythroisomerexclusively･
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Aldolreactionaredividedintotwocategoriesdependingonthemethodofactivationof

theenolatesandcarbonylsubstrates.Mostreactionsproceedviaa six-membered chelated

transitionstateassembledbyametalenolateandcarbonylcompound･1Inthiscase,thealdoI

StereOSelectivityisheavilydependentonthegeome叩Oftheenolatedoublebond:(E)-enOlates

giving,general1y,threoaldoIsand(Z)-enOlatesgiveerythroproducts.Theotherreactionsproceed

through acyclic transition states,andboth(E)-and(Z)-enOlates give the erythro adducts

Selectively･1,2verylittleisknown,however,Ofthestereochemistryofthetitaniummediated

COuPlingofenoIsilyletherswithaldehydes(Mukaiyamareaction),3despiteitsbroadutilityin

Organicsynthesis･Wereporthereinresultsofourinvestlgationsonunprecedentedselectivitiesin

thereactionofenoIsilyletherswithavarietyofacetaltemplates･

ph-く:;･TBDMSOl

Ph{TMSO凄

TiCl4

>99% yield

TiCl3(OiJPr)

..･･･■>99% exo-threo

(eq.1)

50% yield

HO〈ネ史>99% exo-erythro

(eq.2)

WechosetoinvestlgatethestereoselectlVltyOfthealdolfbrmationfrombenzaldehyde

acetalandtheenoIsilyletherofD-CamPhor,anenOIsilaneofhighstericdemand.Thus,a
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solutionofbenzaldehydedimethylacetal1indichloromethanewascooledto-780Candtitanium

tetrachloridewasaddeddropwise･EnoIsilane4wasthenadded,andthemixturewasstirredfbr

15min.Afterusualworkup,theexo-threoproductwasobtainedalmostexclusively(eq･1)･4In

dramaticcontrast,however,Simi1arreaCtionconditionsbutwiththeacetaloftype3gavetheexo-

erythroisomerexclusively(eq･2)!4ThisreversalstronglysuggestsacruCialrolefortheacetal

struCtureOntheselectlVltyOfthereactionandpromotedustoinvestlgatethecourseofthereaction

withawidevarietyofacetalsundervariousreactionconditions･Someofourresultsare

summarizedinTablel.

Tablel.CondensationofEnoISilaneSOfD-CamPhorwithBenzaldehydeAcetals

Acetala EnoISilanea LewisAcida Temp･Product IsomerRatioC

(Oc)(%Yield)b E‥Td

TiCI4
-78

TiCI3(OiJPr) -78

TiC[3(OiJPr) -78

>99 <1:99

99 24:76e

72 27:73

TiCI4 0 61 9:91

TiC]3(Oi･Pr) -78
87 33:67

TiCI3(OiJPr) -90
43 37:63

TiC[3(Oi･Pr)-78 50f >99:1g

aAcetal:EnoISilane:LewisAcid=1.0:1.2:1.2.bIsolatedyield･CThestructural

asslgnmentWaSbasedonlHNMRanalysisandratiosweredeterminedbyHPLCassay･

dE=erythro,T=threo･eTheratiowasdeterminedbytheisolationofeachisomerby

chromatography･f28%yieldofthealdoIproductwasalsoproducedinthiscase･gRatio

wasdeteminedbylHNMRanalysis･
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Table2.CondensationofEnoISilaneSWithAcetals

Acetala EnoISnanea LewisAcida ProductbIsomerRatiod Ae Bf

(%Yield)C E:Tg E:Tg E:Tg

10-OTMS
9･BBNOTf 95 78:22 92:8

TiCl4 95 76:24

9-BBNOTf 83 73:27

TiCl4 39 54:46

3 0- OTBDMS 9･BBNOTf

TiCl4

59 15:85

73 14:86

25:75h

OTBDMS

IM当u.
2

0TMS

3M当u.OTBDMS

IM㌧くh
2

9-BBNOTf 99 6:94f 5:95i

TiCl4 73 3:97

TiC[3(OiJPr)･ 43 3:97

9･BBNOTf

9-BBNOTf

9･BBNOTf

99 86:14 84:16

64 79:21

55 73:27

5:95

47:53

aAcetal:EnoISilane:9-BBNOTf=1.0:1.2:1.00rAcetal:EnoISilane:TiCh=1.0:

1.2:1.2.bReactionat-780C.CIsolatedyield･dInthereactionofl,thestereochemistry

wasdeterminedbyanindependentsynthesisofeachisomer･Forothercases,theether

bondwascleavedbyoxidation-eliminationsequencetoproducethecorrespondingaldoIs

whichwereanalyzedbylHNMR･IsomerratiowasdeteminedbyHPLCanalysis･eref･

6.らef.7.gE=erythro,T=threo.href.3.1ref･5･
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InordertoexplorethegeneralityandscopeoftheabovereversalstereoselectlVltyOn

aldol-tyPeSynthesisbasedonacetalstruCtureS,SOmeenOIsilyletherswerepreparedandtheir

reactionsexaminedwithvariousacetals･TheresultsareshowninTable2･Intheacetalsoftype

l,mOStreaCtions5stereoselectivelyaffbrdedanerythroproductindependentofthegeometryof

theenolatedoublebond･6TheseresultsareCOnSistentwiththereactionofenoIsilyletherand

aldehydedimethylacetalinthepresenceof扇methylsilyltrifaltedevelopedbyNoyorietal･60n

theotherhand,theresultsfromaceta13showedatrendsimi1artOthatdiscussedbyHeathcocket

al･fbrthereactionoftitaniumcatalyzedcouplingofenoIsilyletherswithaldehyde･7

ThequestionofwhyeachacetalreactswithenoIsilyletherswithsuchdiverseselectivity

ismostintngulngbutfarfromanswerableatpresentinviewofthelackofknowledgeofthe

natureofcoordinatedacetalsinsolution.8

ExperimentalSection

GeneraI.Infrared(IR)spectrawererecordedonaHitachi260-10spectrometer.1H

NMRspectraweremeasuredonJNM-PMX600rVarianGemini-200spectrometers.The

ChemicalshiftsareeXPreSSedinpartspermilliondown丘eldfrominternaltetramethylsilane(8=0).

Splittingpatternsareindicatedass,Slnglet;d,doublet;t,扇plet;q,quartet;m,multipltt;br,broad

Peak･Analyticalgas-1iquidphasechromatography(GLC)wasperfbrmedonSimadzuMode18A

instrumentWithaflame-ionizationdetectorandacapillarycolumnofPEG-20MBonded(25m)

usingnitrogenasacarriergas･High-PerfbrmanCeliquidchromatography(HPLC)wasdonewith

ShimadzuMode16Aliquidchromatograph.Forthinlayerchromatographic(TLC)analyses

throughthiswork,MerckprecoatedTLCplates(Silicage160GF254,0.25mm)wereused.The

PrOductswerepurifiedbypreparativecolumnchromatographyonsilicagelFuji-DavisonBW-

300.MicroanalyseswereaccomplishedattheInstituteofAppliedOrganicChemistry,Facultyof

Englneenng,NagoyaUniverslty･ReactioninvoIvingair-OrmOisture-SenSitivecompoundswere
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COnductedinappropnateround-bottomedflaskswithmagneticstirringbarsunderanatmOSPhere

Ofd巧打gOn.

InexperimentsrequiringdrysoIvents,ether,andtetrahydrofuran(TfU)weredriedover

SOdiummetal.DichloromethanewasdistilledfromphosphoruSPentOXideandstoredover4A

molecularSieves･Unlessotherwisenoted,materialswereobtainedfromcommerCialsuppliersand

WereuSedwithoutfurtherpuri丘cation.

Preparation of EnoISilanes･EnoIsilanes were prepared by quenching the

COrreSPOndinglithiumenolatewithtrimethylchlorosilaneortert-butyldimethylsilylchlorosilane･

Representativepr∝eduresfo1low:

Procedure A(Preparation ofTrimethylsilylEnoIEther).Asolutionoflithium

diisopropylamidein50mLofTHFwaspreparedintheusualwayfroml.7mL(12mmol)of

diisopropylamineand7.OmLofal.58Msolutionofn-butyllithiuminhexane.Tothissolution

WaSaddedl.52g(10.Ommol)of(1R)-(+)-CamPhorat-780C.Theresultingsolutionwas

a1lowedtostandat-780Cfbrlh,1.3mL(10.Ommol)oftrimethylsilylchloridewasaddedinone

POrtion,andthereactionmixturewasallowedtowarmtOrOOmtemPeratureandstirredfbrlh.

ThesoIventofthereactionmixturewasremovedwitharotaryevaporatorandthecrudeproduct

WaSdisti11edthroughwithashort-PathdistillationapparatuSunderreducedpressuretoaffordl.86

g(83%)Qfacolorlessliquid,bp800C(5.OtoIT).

2･Trimethylsilyloxy･1,7,7･trimethylbicyclo[2.2.1]hept･2-ene(5):TLC,

Rf=0.92(hexane-EtOAc,5:2);IR(mm)2900,2350,1620,1330,1250,1140,920,900,840

Cm-1;1H NMR(CC14)80.53(S,3H,CH3),0.67(S,6H,2CH3),0.73-2.10(m,5H,

CH2CH2CH),4.40(d,J=3.4Hz,C=CH).

Procedure B(Preparation oftert･ButyldimethylsilylEnoIEther).Asolution

Ofl･10mmoloflithiumdiisopropylamidein30mLofdryTHFwascooledto-780Candadded9

mLofHMPAwasadded･Tothisrapidlystirredsolutionwasaddedl.52g(10.Ommol)of(1R)-

(+)-CamPhor.Afteranadditiona130minaト780C,3.2mL(11mmol)oft-BuMe2SiCIwasadded.

86



Thismixturewasstirredfor2mhat-780Candthenallowedtowamtoroomtemperatureoverl

h.Thereactionmixturewaspouredinto20mLofpentaneinaseparatOryfunnelandwashedwith

60mLofwater,thelayerswereseparated,andthepentanelayerwasdried(MgSO4)･ThesoIvent

wasremovedwitharotaryevaporatorandthecrudeproductthusobtainedwasdisti11edthrougha

short-Pathsti11toaffbrdaquantitativeyieldofthepurinedproduct･

2･tert･Butyldimethylsilyloxy-1,7,7･trimethylbicyclo[2･2･1]hept-2･ene(4):

bp1800C(11torr);IR(film)2950,2350,1620,1330,890,840cm-1;1HNMR(CC14)80･00

(S,3H,SiCH3),0.04(S,3H,SiCH3),0.62(S,3H,CH3),0･77(S,6H,2CH3),0･83(S,9H,t-

Bu),1.0-2.2(m,5H;CH2CH2CH),4･4(d,J=3･6Hz,1H,C=CH)･

PreparationoftheotherenoIsnaneSWaSCarriedoutinthesimi1armannerS･Thephysical

prppertiesandanalyticaldataoftheenoIsilanesthusobtainedarelistedbelow･

1･Trimethylsiloxy･1･CyClohexene:bp740C(20torr);IR(film)2930,2350,1670,

1190,890,850 cm-1;1H NMR(CC14)8 0.00(S,9H,3CH3),1･2-2･2(m,8H,

CH2CH2CH2CH2),4.73(m,1H,C=CH)･

1･terE･Butyldimethylsilyloxy-1･CyClohexene:bp1200C(8torr);TLC,Rf=0･78

(hexane-EtOAc,5:2);IR(film)2910,2850,1670,1250,1190,1180,890,840,770cm-1;1H

NMR(CC14)80.00(s,6H,2CH3),0.80(s,9H,t-Bu),1･2-2･2(m,8H,CH2CH2CH2CH2),

4.5-4.8(m,1H,C=CH).

(Z)･4,4･Dimethyl･3･trimethylsilyloxy･2-pentene:bp80-1000C(22torr);IR

(丘Im)2970,2370,1670,1260,1150,850cm-1;1HNMR(CC14)80･00(S,9H,3CH3),0･82(S,

9H,t-Bu),1.30(d,J=7Hz,3H,CHCH3),4.30(q,J=7Hz,1H,CHMe)･

(Z)-4,4･Dimethyl-3･terL-butyldimethylsilyloxy-2-pentene:bplOO-1100C(5

torr);IR(film)2950,2350,1670,1320,1150,770cm-1;1HNMR(CC14)80･00(s,6H,2CH3),

0.82(S,9H,t-Bu),0.87(S,9H,t-Bu),1.3(d,J=7Hz,3H,CHCH3),4･3(q,J=7Hz,1H,

C〃Me).
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(Z)･1-Phenyl･1･trimethylsilyloxy･1･prOpene:bp1400C(6torr);IR(film)2450,

1250,1060,880,840cm-1;1HNMR(CC14)80･00(S,9H,3CH3),1･6(d,J=7Hz,3H,

CHCH3),5.1(q,J=7Hz,1H,CHMe),6･8-7･4(m,5H,Ph)･

(Z)･1･Phenyl･1･terE･butyldimethylsilyloxy･1･prOpene:bp1800C(20torr);IR

(film)2975,2950,2880,1660,1330,1260,1060,880,850,790cm-1;1HNMR(CC14)80･00

(s,6H,2CH3),1･1(S,9H,t-Bu)･1･8(d,J=7Hz,3H,CHCH3),5･1(q,J=7Hz,1H,CHMe),

7.1-7.6(m,5H,Pb).

Preparation ofBenzaldehyde
Acetal･

Benzaldehyde dimethylacetal(1)‥Themixtureofbenzaldehyde(3･OmL,30

mmol),Orthofomicaciddimethylacetal(4･4mL,40mmOl),andammoniumnitrate(160･1mg,2

mmol)inmethanol(2mL)wasstirredatroomtemperaturefbrlday･Thesolutionwasquenched

withsaturatedaqueoussodiumbicarbanate･Theorganiclayerswereextractedwithhexanetwice,

dried(Na2SO4)andnltered･RemovalofsoIventinvacuogaveacrudeoilwhichwaspurifiedby

distillationwithaKugelrohrapparatuS(870C,18tort)togivebenzaldehydedimethylacetalasa

colorlessoil(aquantitativeyield)･TLC,Rf=0･60(hexane-EtOAc,5:2);IR(film)2400･1100,

1050,700cm-1;1HNMR(CC14)83.2(S,6H,2CH3),5･4(S,1H,OCHO),7･1-7･5(m,5H,

Ph).

2･Phenyl･1,3･dioxane(2):Themixtureofbenzaldehyde(1･02mL,10mmol),1･3-

propanediol(0･94mL,13mmol),andp-tOluenesulfbnicacid(10mg)inbenzene(20mL)was

heatedatrefluxfbr2.5hwithcontinuousazeotropICremOValofwater･Aftercoolingtoroom

temperature,themixturewaspouredintoaq･NaHCO3eXtraCtedwithhexanetwice･The

combinedorganiclayersweredriedoversodiumsulfateandconcentratedinvacuo･Disti11ation

withaKugelrohrapparatusaffbrded2-Phenyl-1,3-dioxaneasawhitecrystallinesolidina

quantitativeyield･TLC,Rf=0･46(hexane-EtOAc,5‥2);IR(CC14)2370,2350,1120cm-1;1H

NMR(CC14)81.1-1.6(m,1H,CH2),1.7-2.6(m,1H,CH2),3･6-4･4(m,4H,20CH2),5･3(S,

1H,OCRO),7.1-7.6(m,5H,Ph).
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Preparationoftheotheracetalswerecarriedoutinthesimi1armanner･Thephysical

properdesandanalyticaldataoftheacetalsthusobtainedarelistedbelow･

2･Phenyl･l,3･dioxolane:TLC,Rf=0･54(hexane-EtOAc,5:2);1HNMR(CC14)8

3.92(S,4H,2CH20),5･70(S,1H,CHO2),7･13-7･60(m,5H,Ph)･

4,4･Dimethyl･2･Phenyl･l,3･dioxane(3):bp1800C(9torr);TLC,Rf=0･56

(hexane-EtOAc,5:2);IR(film)2980,2360,2330,1150,1090cm-1;1HNMR(CC14)81･3(S,

3H,CH3);1.4(S,3H,CH3),1･6-2･5(m,2H,CCH2),4･0(dd,J=2,9Hz,2H,OCH2),5･5(S,

1H,OCHO),7.0-7.5(皿,5H,Pb)･

GeneralProcedure for the Reaction ofEnoISilaneswith
Acetals･To a

stimngsolutionofl･Ommolofacetaland15mLofCH2CH2at-780Cwasaddeddropwise

titaniumtetrachloride(1.2mmol,1･2mLofl･OMsolutionindichloromethane)or9-BBNtriflate

(1.Ommol,0.5mLof2･OMsolutioninhexane)･Thecomplexwasstirredfor3minandl･2

mmolofenoIsilanewasaddedbysynngeovera20secperiod･After15min,thereactionwas

quenchedwithbyrapidlyipjectlng15mLofwater･Themixturewaswarmedtoroom

temperatureandtheaqueouslayerwasseparatedandextractedwithtwo30mLportionsofether･

ThecombinedorganiclayersweredriedoverMgSO4andthesoIventwasremovedwitharotary

evaporator･ThecrudeproductwaspurinedbycolumnchromatographyonsilicageltoglVethe

purealdol-tyPeadducts･TheproductwasexaminedbyHPLCtodeterminetherati00fisomers･

(lR,3S,αS)･3-(α･Methoxybenzyl)･1,7,7･trimethyl【2･2･1】bicycloheptan･2･

one(exo･erythroisomer)‥HpIc,tR=5･6min(hexane-EtOAc,30:1);TLC,Rf=0･60(hexane-

EtOAc,5:2);IR(CC14)2370,1750,1100cm-1;1HNMR(CC14)80･82(s,3H,CH3),0･94(S,

6H,2CH3),1.1-2･6(m,6H,CH2CH2CH,CH=0),4･1(d,J=8Hz,1H,CHO),7･0-7･5(br,

5H,Ph).

(lR,3S,αR)･3･(α･Methoxybenzyl)･1,7,7･trimethyl【2･2･l]bicycloheptan･

2･One(exo-threoisomer):Awhitecrysta11ine;HpIc,tR=2･58min(hexane-EtOAc,30:1);

TLC,Rf=0.48(hexane-EtOAc,5:2);IR(CC14)2370,1750,1110cm-1;1HNMR(CC14)80･80
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(S,6H,2CH3),0.87(s,3H,CH3),1.1-2.0(m,5H,CH2CH2CH),2.3(d,J=8Hz,1H,

CHC=0),3.1(S,3H,OCH3),4.1(d,J=8Hz,1H,CHO),6.9-7.5(m,5H,Ph).

(1R,3S,α∫)-3-(α･(3･Hydroxyethanoxy)benzyl)･1,7,7-

trimethyl【2･2･1]bicycloheptan･2･One(exo･erythroisomer):鱒plc,tR=12.4 min

(hexane-EtOAc,78:22);TLC,Rf=0･24(hexane-EtOAc,5:2);1HNMR(CC14)82.25(d,J=8

Hz,1H,CHC=0),4.33(d,J=8Hz,CHO).

(1R,3S,αR)･3･(α･(3･Hydroxyethanoxy)benzyl)-1,7,7･

trimethyl【2･2･1】bicyc10heptan-2-One(exo･threoisomer):HpIc,tR=7.79min(hexane-

EtOAc,78:22);TLC,Rf=0･24(hexane-EtOAc,5:2);1HNMR(CC14)80.83(s,3H,CH3),

0･92(S,3H,CH3),0･93(S,3H,CH3),1.10-2.12(m,5H,CH2CH2CH),2.38(d,J=10Hz,1H,

CHC=0),3･00-3･77(m,4H,2CH20),4.27(d,J=10Hz,1H,CHO),7.03-7.53(m,5H,Ph).

(1R,3S,αS)･3･(α･(3･Hydroxypropanoxy)benzyl)･1,7,7･

trimethyl【2･2･1]bicycloheptan･2･One(exo･erythroisomer):HpIc,tR=5.4min(hexane-

EtOAc,5:2);IR(CC14)3450,2400,1760cm-1;1HNMR(CC14)80.83(S,3H,CH3),1.0(S,

6H,2CH3),1･2-2･6(m,7H,CH2CH2CHCHandOH),3.2-3.8(m,4H,20CH2),4.2(d,J=8

Hz,1H,CIiO),7.ト7.4(br,5H,Pb).

(1R,3S,αR)･3･(α･3･Hydroxypropanoxy)benzyl)･1,7,7･

trimethyl[2･2･l]bicycloheptan･2･One(exo･threoisomer):HpIc,tR=11.2min(hexane-

EtOAc,2:1);TLC,Rf=0･17(hexane-EtOAc,5:2);IR(CC14)3540,2980,2380,1750cm-1;1H

NMR(CC14)80･82(S,3H,CH3),0.90(S,3H,CH3),1.1-2.1(m,7H,CH2CH2CHandCH2),

2･3(d,J=9Hz,CHC=0),3･1-4･0(m,3H,CH20H),3.4(t,2H,CH20),4.2(d,J=9.6Hz,1H,

CHO),7.0-7.6(br,5H,Ph).

(1R,3S,αS)･3･(α-(1,l･Dimethyl･3-hydroxypropanoxy)benzyl)･1,7,7･

trimethyl【2･2･1】bicycloheptan･2･One(exo･erythroisomer):TLC,Rf=0.23(hexane-

EtOAc,5:2);IR(CC14)3400,2980,1740,1040cm-1;1HNMR(CC14)80.7-2.7(m,24H,

5CH3,CH2CH2CHCH,CH2C,andOH),3･65(t,J=6Hz,2H,CH20),4.6(d,J=8Hz,1H,

CHO),7.0-7.5(br,5H,Ph).
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erythro-2-MethoxybenzyIcyclohexanone:HpIc,tR=8.6min(hexane-EtOAc,20:

1);TLC,Rf=0.50(hexane-EtOAc,5:2);IR(film)2940,1700,1440,1100cm-1;1HNMR

(CC14)81･1-2･6(m,9H,CH2CH2CH2CH2CH),3･2(s,3H,OCH3),4･7(d,J=4Hz,CHO),

6.8-7.4(m,5E,Pb).

threo-Methoxybenzylcyclohexanone:HpIc,短=19.1min(hexane-EtOAc,20:1);

TLC,Rf=0.40(hexane-EtOAc,5:2);IR(film)2930,1720,1460,1100,700cm-1;1HNMR

(CC14)80.7-2.9(m,9H,CH2CH2CH2CH2CH),3.1(S,3H,CH3),4.5(d,J=8Hz,1H,CHO),

6.8-7.6(m,5日,Pb).

erythro･2･(3･Hydroxypropanoxy)benzylcyc10hexanone:HpIc,tR=9.7min

(hexane-EtOAc,2:1);TLC,Rf=0.12(hexane-EtOAc,5:2);IR(film)3450,2950,2870,1710,

1080,700cm-1;1HNMR(CC14)81.1-2.7(m,13H,CH2CH2CH2CH2CHandCH2CH20H),

3･5(t,J=5.6Hz,2H,CH20H),3.6(t,J=5･6Hz,2H,CH20),4.8(d,J=3.6Hz,1H,CHO),

6.9-7.5(m,5日,Pb).

threo･2･(3･Hydroxypropanoxy)benzylcyclohexanone:HpIc,tR=20.1min

(hexane-EtOAc,2:1);TLC,Rf=0.07t(hexane-EtOAc,5:2);IR(film)3450,2950,2870,1720,

1110,710cm-1;1HNMR(CC14)80.8-2.9(m,12H,CH2CH2CH2CH2CHandCH2CH20H),

3.4(t,J=6Hz,2H,CH20H),3.6(t,J=6Hz,2H,CH20),4.5(d,J=8Hz,1H,CHO),7.1-7.5

(m,5R,Ph).

erythro･2･(1,l･Dimethyl･3･hydroxypropanoxy)benzylcyclohexanone:HpIc,

tR=8.6min(hexane-EtOAc,5:2);TLC,Rf=0.15(hexane-EtOAc,5:2);IR(CC14)3450,2950,

1710,1030cm-1;1HNMR(CC14)dO.9(S,3H,CH3),1.2(s,3H,CH3),1.3-2.8(m,12H,

CH2CH2CH2CH2CHandCH2CH20H),3.6(t,J=6Hz,CH20),5.1(d,J=3.6Hz,CHO),6.8-

7.5(m,5H,Pb).

threo･2･(1,l･Dimethylq3･hydroxypropanoxy)benzylcycIohexanone:HpIc,

tR=15.Omin(hexane-EtOAc,5:2);TLC,Rf=0.10(hexane-EtOAc,5:2);IR(film)3470,2950,

1720,1060,1030cm-1;1HNMR(CC14)80.89(S,3H,CH3),1.2(S,3H,CH3),1.4-3.0(m,
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12H,CH2CH2CH2CH2CHandCH2CH20H),3･6(t,J=6Hz,2H,CH20),5･0(d,J=6Hz,1H,

CHO),6.8-7.4(m,5H,Pb)･

erythro･1rMethoxy･2)4)4･trimethyl-l･phenylpentan･3･One:HpIc,tR=17･6min

(hexane-EtOAc,200:1);TLC,Rf=0･63(hexane-EtOAc,5:2);IR(film)2980,2370,1707,

1460,1103cm-1;1HNMR(CC14)80.66(d,J=7Hz,3H,CH3),1･2(s,9H,t-Bu),2･9-3･4(m,

1H,CHMe),3.0(S,3H,OCH3),4.1(d,J=9･6Hz,CHO),7･0-7･4(br,5H,Ph)･

threo･l･Methoxy･2,4I4･trimethyl･1･phenylpentan･3-One:HpIc,tR=15･3min

(hexane-EtOAc,5:1);TLC,Rf=0･63(hexane-EtOAc,5:2)･

erythro･1･(3･Hydroxypropanoxy)･2,4,4･trimethyl･1･phenylpentan-3･One:

tR=16.4min(hexane-EtOAc,5:1);TLC,Rf=0･25(hexane-EtOAc,5:2)･

threo-l･(3･Hydroxypropanoxy)･2,4,4･trimethyl･l･phenylpentan･3-One:

HpIc,tR=12･5min(hexane-EtOAc,5:1);TLC,Rf=0･25(hexane-EtOAc,5:2);R(film)3470,

2980,1720,1490,1460,1100,710cm-1;1HNMR(CC14)80･71(d,J=7･5Hz,3H,CH3),1･2

(S,9H,3CH3),1.5-1.9(m,2H,CH2CH20H),2･1(br,1H,OH),4･3(d,J=10Hz,PhCHO),

7.2-7.5(m,5H,Ph).

erythro･l･(1,1･Dimethyl･3･hydroxypropanoxy)･2,4,4･trimethyl･1･

phenylpentan･3･One:HpIc,tR=17･6min(hexane-EtOAc,10:1),TLC,Rf=0･32(hexane-

EtOAc,5:2);IR(CC14)3500,2930,1420,1310cm-1;1HNMR(CC14)80･67(d,J=7Hz,3H,

CH3),0.98(S,3H,CH3),1.1(S,3H,CH3),1･2(S,9H,t-Bu),1･55(t,J=6Hz,2H,CCH2),

2.3(br,1H,OH),2.9-3.6(m,3H,CH20andMeOH),4･3(d,J=10Hz,1H,PhCH),7･1-7･5

(m,5H,Pb).

threo･1･(1,1･Dimethyl･3･hydroxypropanoxy)･2,4,4･trimethyl-1･

phenylpentan･3･One:HpIc,tR=26･8min(hexane-EtOAc,10‥1),TLC,Rf=0･27(hexane-

EtOAc,5:2);IR(film)3450,2970,1700,1360,1020,695cm-1;1HNMR(CC14)80･62(d,

J=7Hz,3H,CH3),0.81(S,3H,CH3),1.0(S,3H,CH3),1･2(s,9H,t-Bu),1･4-1･8(m,2H,

CH2C),2.8(br,1H,OH),2.9-3.8(m,3H,CH20H),4･55(d,J=10Hz,1H,PhCH),7･0-7･4

(皿,5H,Ph).
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erythro･3-Methoxy･2･methyl･l,3･diphenyl-1･prOpanOne:HpIc,tR=15･3min

(hexane-EtOAc,15:1);TLC,Rf=0･48(hexane-EtOAc,5‥2);IR(fum)3480,1680,1610,1460,

1230,980,700cm-1;1HNMR(CC14)81･1(d,J=7･6Hz,3H,CH3),3･0-3･9(m･2H,CHMe

andOH),4.9-5.2(m,1H,CHO),6･9-8･1(m,10H,2Ph)･

threo･3-Methoxy-2･methyl･1I3･diphenyl･1-prOpanOne:HpIc,tR=22･3min

(hexane-EtOAc,15‥1);TLC,Rf=0･46(hexane-EtOAc,5:2);1HrMR(CC14)80･9(d,J=7･6

Hz,3H,CH3),4.6-4.9min(m,1H,CHO)･

erythro･3-(3･Hydroxypropanoxy)･2-methyl･l,3･diphenyl-1,prOpanOne:

HpIc,tR=12･3min(hexane-EtOAc,3:1);TLC,Rf=0･15(hexane-EtOAc,5:2);R(film)3400,

1650,1440,1080,960,690cm-1;1HNMR(CC14)81･3(d,J=7Hz,3H,CH3),1･4-2･0(m,

2H,CH2CH20H),2･4(br,1H,OH),3･0-4･1(m,4H,OCH2CH2CH20H),4･5(d,J=7Hz,1H,

CHO),6.7-8.1(m,10H,2Pb)･

threo･3-(3･Hydroxypropanoxy)･2･methyl･1,3･diphenyl-1･prOpanOne:HpIc,

tR=10.5min(hexane-EtOAc,3:1);TLC,Rf=0･15(hexane-EtOAc,5:2);1HNMR(CC14)8

0.82(d,J=7Hz,3H,CH3),2･2(br,1H,OH),4･4(d,J=8Hz,1H,CHO)･

erythro･3･(l,l･Dimethyl･3･hydroxypropanoxy)･2･methyl･1,3･diphenyl･1-

propanone:HpIc,tR=32･0min(hexane-EtOAc,7:1);TLC,Rf=0･20(hexane-EtOAc,5:2);IR

(film)3450,2970,2930,1680,1445,965,895cm-1;1HNMR(CC14)80･53-2･2(m,11H,

3CH3andCH2CH20H),2･9(br,1H,OH),3･15-4･10(m,3H,CH20HandCHMe),4･8(d,

J=7.4日z,1H,CHO),6.8-8.2(m,10H,2Ph)･

threo･3･(1,1･Dimethyl･3･Pydroxypropanoxy)･2･methyl･l,3･diphenyl･1･

propanone:HpIc,tR=29･1min(hexane-EtOAc,7‥1);TLC,Rf=0･20(hexane-EtOAc,5‥2);1H

NMR(CC14)84.75(d,J=9Hz,1H,CHO)･

The StructuralAssignmentfor Aldol･Type Adducts･Thestereochemistries

(erythroorthreo)ofthealdol-tyPeadducts,fbrmedbythereactionofenoIsilanesand
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benzaldehydedimethylacetal,WeredeteminedbycoⅢparisonwiththeauthenticsamplesprepared

stereoselectivelybyNoyori一smethod･

Thestereochemishies(exoorendo,erythroorthreo)of(1R,3S)-3-(α-methoxybenzyl)-

1,7,7-trimethyl[2.2･1]bicycloheptan-2-OneWeredeteminedbylHmanalysis:theexo-erythro

is｡mer82.i6(d,J=8Hz,1H,C(3)H),2.50(d,J=4Hz,1H,C(4)H);theexo-threoisomer8

2.30(d,J=8Hz,1H,C(3)H),1･1-2･0(m,5H,CH2CH2C(3)H)･

Thestereochemistries(erythroorthreo)oftheotheraldol-tyPeadductsweredetemined

byitstransfbrmationintothealdoIproducts(‥aremOValofauxiliaryfromaldolethers)･

RemovalofAuxiliary.Preparation ofAldol･

(1R,3S)･3･(α･Hydroxybenzyl)･1,7,7-trimethyl【2･2･1]bicycloheptan･2･

one.Thediastereoisomericmixtureof(1R,3S)-3-[∝-(3-hydroxypropanoxy)benzyl]-1,7,7-

trimethyl[2.2.1]bicycloheptan-2-OneS(exo-erythro/exo-threo,33:67)(269mg,0･85mmol)was

dissoIvedindichloromethane(5mL)andpyridiniumchlorochromate(647mg,3mmol)added･

ThemixturewasstirredatroomtemperatureunderargOnfor2hinaflaskprotectedfromlight･A

saturatedaqueoussodiumbisulfite(10mL)waspouredintotheresultingsuspensionandthe

separatedorganiclayerswereconcentratedinvacuo･Columnchromatographygaveketo

aldehydesasacolodessoil(217mg,81%)･

ToasolutionofN-benzylmethylammoniumtrifluoroacetate(2･8mm01)inbenzene(10

mL),WhichwaspreparedfromN-benzylmethylamine(0･36mL,2･8mmol)andtrifluoroacetic

acid(0.22mL,2.8mmol),WaSaddedthemixtureofketoaldehydes(217mg,0･69mmol)

dissoIvedinbenzene(2mL)at500C.AfterlOminthesolutionwaswashedwithwater･The

organiclayerswereextractedwithethertwice,driedoverMgSO4,COnCentratedinvacuo,and

chromatographyonsilicagelaffbrdedl14mg(83%)ofa31:69mixtureofexo-erythroandexo-

threoisomers,reSPeCtively･

exo･erythroIsomer:TLC,Rf=0.39(hexane-EtOAc,5:2);IR(CC14)3480,2980,

1750,1460,1020cm-1;1HNMR(CDC13)80.86(S,3H,CH3),0･98(S,3H,CH3),1･01(S,
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3H,CH3),1.34-1.71(m,3H,C(5)H(endo)C(6)H2),1･92(Sbr,1H,OH),1.98-2･15(m,1H,

C(5)H(exo)),2.40(d,J=8Hz,1H,C(3)H(endo)),2.52(d,J=6Hz,1H,C(4)H),4･76(d,J=8

Hz,1H,OCH),7.25-7.64(m,5H,Ph).

exo･threoIsomer:Awhitecrysta11ine;TLC,Rf=0.45(hexane-EtOAc,5:2);IR

(CC14)3500,2950,1720,1460,1410,1030,1020cm-1;1HNMR(CDC13)80.91(S,3H,

CH3),0.96(s,3H,CH3),1.05(S,3H,CH3),1.17-1･74(m,4H,C(5)H2C(6)H2),1･80-1･93

(m,1H,C(4)H),2.25(d,J=10Hz,1H,C(3)H(endo)),4.55(S,1H,OH),4･90(d,J=10Hz,

1H,CHO),7.32-7.37(m,5H,Ph).

NuclearOverhauserenhancementexperimentswerecarriedoutwithexo-erythroandexo-

threoisomersrespectivelyat500MHz･Witheachisomerthedoubletforthehydrogenofbenzyl

POSitionwasirradiated･Forexo-erythroisomerenhancementwasobservedofhydrogenslgnalof

methylgroup(81.01(S,3H,CH3)ppm).Forexo-threoisomerenhancementwasobservedof

hydrogensignalofmethylgroup(81.05(S,3H,CH3)ppm)･

Removalofauxiliaryoftheotheraldoletherswerecarriedoutinthesimi1armanner･The

PhysicalpropertiesandanalyticaldataofthealdoIsthusobtainedarelistedbelow･

erythro･2･Hydroxybenzylcyclohexanone:HpIc,tR=5･7min(hexane-EtOAc,5:

1);TLC,Rf=0.34(hexane-EtOAc,5:2);IR(CC14)3510,2950,1710,1570,1550cm-1;1H

NMR(CC14)81.2-2.7(m,9H,CH2CH2CH2CH2CH),2.8(d,J=3Hz,1H,OH),5･25(dd,

J=3,3Hz,1H,CHO),6.9-7.5(m,5H,Ph).

threo･2･Hydroxybenzylcyclohexanone:HpIc,tR=8.7min(hexane-EtOAc,5:1);

TLC,Rf=0.24(hexane-EtOAc,5:2);IR(CC14)3500,2950,1710,1460,1140,1050cm-1;1H

NMR(CC14)80.77-2.8(m,9H,CH2CH2CH2CH2CH),3.65(d,J=3Hz,OH),4･65(dd,J=3,

8Hz,CHO),6.8-7.6(m,5H,Ph).

erythro･l･Hydroxy･2I4I4･trimethyl･1･phenylpentan-3-One:HpIc,tR=10･7

min(hexane-EtOAc,15:1);TLC,Rf=0.47(hexane-EtOAc,5:2);IR(丘1m)3430,2980,2370,

1705,990,665cm-1;1HNMR(CDC13)81.04(d,J=2.2Hz,3H,CH3),1･08(S,9H,t-Bu),
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3.19-3.31(m,1H,CHMe),3.51(d,J=1.4Hz,1H,OH),4･91(dd,J=1･4,3･9Hz,1H,CHO),

7.15-7.36(m,5H,Ph).

threo･l･Hydroxy･2)4I4･trimethyl･l･phenylpentan･3-One:HpIc,tR=9･5min

(hexane-EtOAc,5:2);TLC,Rf=0.47(hexane-EtOAc,5:2);IR(CC14)3500,3000,1710,1480,

1460,990cm-1;1HNMR(CDC13)81.02(d,J=7Hz,3H,CH3),1･03(S,9H,t-Bu),3･19(d,

J=5.8Hz,1H,OH),3.21-3.39(m,1H,CHMe),4･77(dd,J=5･8,7･OHz,1H,CHO),7･17-

7.39(m,5Ⅲ,Pb).

erythro･3-Hydroxy･2･methyl-1I3･diphenyl-1･prOpanOne:HpIc･tR=15･3min

(hexane-EtOAc,15:1);TLC,Rf=0.48(hexane-EtOAc,5:2);IR(film)3480,1680,1610,

1460,1230,980,700cm-1;1HNMR(CC14)81･1(d,J=7･6Hz,3H,CH3),3･0-3･9(m,2H,

CHMeandOH),4.9-5.2(m,1H,CHO),6.9-8･1(m,10H,2Ph)･

threo･3･Hydroxy･2･methyl･1I3･diphenyI･1･prOpanOne:HpIc,tR=23･3min

(hexane-EtOAc,15:1);TLC,Rf=0･48(hexane-EtOAc,5:2);1HNMR(CC14)80･9(d,J=7･6

Hz,3H,CH3),4.6-4.9(m,1H,CHO)･
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Chapter6

NewStereoselectivePropanal′PropanoicAcidSynthonsforAldoIReactionsl

Abstract:Wehavedevelopedshort,COnVenientsynthesesof4,4-dimethyl-5-hexen-

3-One(6)andthederivedtrimethylsilylenolether7,Whichmaybeusedfbr

stere｡Selectivefbrmationofsynandantiβ-hydroxycarbonylcompounds･The

obviouslimitationofthenewreagentsisthatothergroupsthatreactwithlithium

aluminumhydrideorleadtetraacetatecouldprovideavenuesfbrsidereactions･
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Ithasbeenwe11establishedthatreactionsofperfbrmedmain-grOuPmetalenolateswith

aldehydesshowacorrelationbetweenenolategeometryandaldolrelativeconfigurationifthe

nonreactlngCarbonylligandisstericallybulky･2
Forexample,2,2-dimethyl-3-PentanOne

undergoesdeprotonationtoglVeaZenolate,WhichreactswithaldehydestoglVenSynaldoIsof

highstereochemicalpurity(eql)･3conversely,thetrimethylsilylenolethersofsuchketones

undergoanti-SelectiveLewisacidmediatedaldolreactions(eq2)･4

0 0Li

RCHO,BF3

RCHO

Rj坊
=‡~l=-

Rj坊siMe3
一

=盲~l==ニー

OH

R与CHOR人√R･
Scheme l

(1)

(2)

TocapitalizeonthishighaldoIstereoselechvlty,Wedevelopedaldolreagent3･3,5,6Like

2,2-dimethyl-3-PentanOne,ketone3givesaZenolatethatreactswithavarietyofaldehydesto
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givesynaldoIsthatcanbecleavedbyperiodicacidtogiveβ-hydroxyacids,7reducedandthen

cleavedbyperiodatetogiveβ一hydroxyaldehydes,80rtreatedsequentiallywithanalkyllithium

reagentandperiodatetoprovideβ-hydroxyketones(Schemel)･9

Reagent3anditsrelativeshavebeenemployedinseveralsynthesesassyn-Selective

propanalorpropanoicacidsynthons･10AstruCturallyrelatedsynthon,ethyltritylketone,also

undergoeshighlysyn-Selectivealdolreactions;theresultingtritylaldoIsmaybereductively

cleavedwithlithiumtriethylborohydride,afterprotectionofthesecondaryalcohol･11

InsplteOfitsutility,however,ketone3haslimitations･AcaseinpolntisinLewisacid

mediatedadditi｡nSOfitsq)一血ethylsilylenolethertoaldehydes･Althoughthisreagentishigh1y

anti-Selectivewithsamplealdehydes,itislessselectivewithα-alkoxyaldehydes,Perhapsbecause

ofunwantedcoordinationoftheLewisacidbytheα-(trimethylsilyl)oxygroup･12Toremedythis

denciency,Wehavedevelopedanother2,2-dimethyl-3-PentanOneanaloguethathasallofthe

desirablepropertiesof3,Withouttheundesirableftatureofa(trialkylsilyl)oxygroup･Thenew

reagent,ketone6,issimplypreparedasshowninScheme2byreactionoftheGrignardreagent

derivedffomprenylchloride13withpropanoylchloride;ketone6isobtainedin77%yield･14

Treatmentofthederivedlithiumenolatewithtrimethylsilylchlorideaffordsthe扇methylsilylenol

ether7in75%yield.

//し〈｡.･㌢♭4 5

1.LDA,THF

2.Me3SiCI

1.Mg,THF

2.EtCOCl

(77%)

∠…■~■三=､

7

Scheme 2
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Thereactions summarizedineq3and4werecarriedoutto assessthe simple

diastereoselectlVltyOfreagents6and7･Asexpected,reaCtionofthelithiumenolatewith

benzaldehydeaffbrdssynaldo18,WhereastheTiC14-mediatedreactionof7withthesame

aldehydeprovidestheantialdo19･BothaldoIsareObtainedinadiastereomericpuntyof>97:3

(high-neldlHNMR).

OTMS

＼J>ぐ
7

OH

A

C

LDPh_

_

1

2

瑚5仙ド

PhCHO,TiC[4

CH2C12,･780c

(63%)

OH O

2-Phenylpropanalwasusedtoexaminethestereoselectivityofthealdolreactionsof

reagents6and7withatypicalaldehyde･Thereactionofthelithiumenolateof6with2-

phenylpropanalgivesonlythetwosynaldoIs,andaratherhighCram/anti-Cramratioof92:8is

observed(eq5)･IntheTiC14-mediatedreactionof7withthesamealdehyde(eq6),the

Cram/anti-Cramratiois>97:3,15butthesimplediastereoselectivityisunusuallylow;aldoIs12

andlOareproducedinaratioof3･5:1･

BecauseithasbeenfbundthatdiasterepfacialselectlVltylnadditionstoα-Chiralthionium

ionsisenhancedwhenthesulfursubstituentismorebuky,16weinvestlgatedtheLewisacid

mediatednucleophilicsubstitutionreactionsofthepinacolacetal(13)of2-Phenyl-2-PrOPanal･As

showninScheme3,TiC14-mediatedreactionof13withreagent7providesa95:5mixtureof14

and15ifthereactioniscarriedoutandquenchedaト780C･ToourpleasantSurPnSe,Wediscover

thataldoIs12andlOarePrOducedin96%yieldinaratioof94:6ifthealdolreactionmixtureis
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warmedfor-780CtoOOCpnortotheaqueousquench･ThelossoftheplnaCOlgrouppresumably

occursbyTiC14-PrOmOtedpinacolrearrangementOftheintermediateethers･Useofthepinacol

etherisessentialtoobtainhighdiastereofacialselectlVlty;Whenthedimethylacetalcorresponding

t｡13isusedinthisreacdon,threeβ-methoxyketonesareObtainedinaratioof5:4:1･

1.LDA

2.PhCH(Me)CHO

(94%)

OH O

10

PhCH(Me)CHO
TiCI4JCH2C]2

(96%)

OH O

92:8

78:22

OH O

11

OH O

10

Finally,WehavedemonstratedtheconversionofthenewaldoIstomoreusefu1β-

hydroxycarbonylcompoundsasshowninScheme4･Reductionofa24:1mixtureofaldoIs12

andlOwithlithiumaluminumhydrideprovidesamixtureofdioIsthatisoxidizedwithlead

tetraacetatet｡amixtureofβ-hydroxyaldehydes･17Reductionofthelattermixtureprovidesa

mixtureofdioIs16(57%)and17(5%)･ThetransfbrmationdepictedinScheme4isimpressively

chemoselective,COnSideringthefactthatoneofthesecondaryhydroxygroupsishomoallylicand

lO3



theotherishomobenzylic.OtherexamplesofthePb(OAc)4-mediatedconversionofsuch

homoallylicalcohoIstoaldehydeswi11bereportedincormectionwithapaperdetailingtheuseof7

fbraniterativeionextensionprocess･18

1･TiC.4ICH2CT2I･780c

2･=20I･780c

Ph互+7
1･TiC14ICH2C12I-780c

2.warm to OOc

3■=20IOOc

12

Scheme 3

95:5 15

+

94:6

10

Inconclusion,Wehavedevelopedshort,COnVenientsynthesesofketone6andthe

derivedtrimethylsilylenolether7,Whichmaybeusedfbrstereoselectiveformationofsynand

antiβ-hydroxycarbonylcompounds･Theobviouslimitationofthenewreagentsisthatother

groupsthatreactwithlithiumaluminumhydrideorleadtetraacetatecouldprovideavenuesforside

reactlOnS.
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OH OH

LiAIH4

12 + 10

Pb(OAc)4

OH

16

ExperimentalSection

LiAIH4

CH20H･Ph7㌦cH20H
Scheme 4

General.Unlessotherwisenoted,materialswereobtainedfromcommercialsources

andusedwithoutfurtherpurification･AllreactionswereperfbrmedunderadryN2atmOSPhere･

Tetrahydrofuran(THF),diethylether･andbenzeneweredistilledfromsodiumhenzophenone

ketylimmediatelyprlOrtOuSe･Dichloromethanewasdistilledfromcalciumhydride･

chromatographywasperformedwithsilicage160(E･Merk,DarmStadt),100-120mesh,Withthe

indicatedsoIvents.Analyticalthin-layerchromatographywasperfbrmedonprecoatedglassplates

(250m,Silicage160,E･Merk,DarmStadt)･1HNMRand13cNMRspectraweremeasuredin

CDC13SOlution･Jvaluesareinhertz･
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4,4･Dimethyl･5･hexen･3･One(6).14Ina500-mL,three-neCked,rOund-bottomed

flaskequlPPedwithathermOmeter,arefluxcondenser,andamagneticstimingbarWerePlaced

magnesiumturnings(21･6g,0･9mol)andlOOmLofTHfunderN2･Asmallpieceofiodineand

ca.0.2mLofprenylchloride13wereaddedat250C･AfterlOmin,thedisappearanCeOfiodine

colorindicatedtheinitiationofthereaction.Thereactionmixturewascooledto-10to-150Cand

thenwasdilutedwith60mLofTI肝.Asolutionofprenylchloride(31.5g,0･3mol)in200mL

ofTHF*asaddeddropwiseoveraperiodof3hwithvigorousstiming･Thereactionmixturewas

allowedtowamtoroomtemperatureandwasstirredfor30min･ThesolutionoftheGrignard

reagentwastransferreddropwiseoveraperiodoflhat-780C,Viacannula,intoalOOO-mLflask

containing52.5mL(0.6mol)ofpropanOylchloridein200mLofTHF･Theresultingmixture

wasallowedtowarmtOrOOmtemPerature,Stirredfbr2h,andpouredintoILofwater･The

organiclayerwasremovedandtheaqueouslayerwasextractedwithtwolOO-mLportionsof

ether.ThecombinedorganiclayerswerewashedwithlLof2MNaOHand500mLofbrine･

Afterdrying,thesoIventwasremovedbydistillationthroughalO-in･Vigreuxcolumnat

atmosphericpressure･Theresidualoilwasdistilledatreducedpressuretogive29･Og(77%

yield)ofketone6asacolorlessoil,bp72-740C/40Torr･IR(film):3100,2980,1720,1630,

1460,1100,980,920cm-1.1HNMR(250MHz):85･93(dd,1,J=10･5;17･4),5･14(dd,1,

J=17.4,0.7),5.13(d,1,J=10.5,0･7),2･49(q,2,J=7･2),1･23(S,6),1･00(t,3,J=7･2)･13c

NMR(50.78MHz):8213.6,142.6,113.8,50.6,30･4,23･5,8･1･Anal･CalcdfbrC8H140‥C,

76.14;H,11.18.Found:C,75.95;H,11.27･

(Z)･3,3･Dimethyl･4･【(trimethylsilyl)oxy]･1,4･hexadiene(7)･Toasolutionof

diisopropylamine(15･4mL,110mmol)in200mLofTHFwasadded53mLofBuLi(105rrmol,

1.98Minhexane)inlOminatOOC.Afterbeingstirredfor15min,thesolutionwascooledto-

780Cand12.6g(100mmol)ofketone6wasaddedoveraperiodoflOmin･Afterbeingstirred

forl.5h,(CH3)3SiCl(13.9mL,110mmol)wasaddedat-780C,andthemixturewasa1lowedto

warmtO250Candstirredovernight･Thereactionmixturewaspouredinto400mLofpH7

phosphatebufferandextractedwiththree50-mLportionsofpentane･Thecombinedorganic
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1ayerswerewashedwithtwo200-mLportionsofthephosphatebuffer,driedoverMgSO4,

concentratedwitharotaryevaporator,anddistilledtogive17･8g(90%yield)ofether7,bplO3-

1060C〃5Torr.IR(film):3090,2960,1660,1640,1250,1140,1080,900,905,845cm-1.1H

NMR(250MHz):85.87(dd,1,J=10.6,17･5),5･05(dd,1,J=17･5,1･3),4･98(dd,1,J=10･6,

1.3),4.64(q,1,J=6･7),1･52(d,3,J=6･7),1･13(s,6),0･21(S,9)･13cNMR(50･78MHz):8

157.1,146.3,111.2,99.4,42･6,25･5,11･7,1･1･Anal･CalcdfbrCllH220Si:C,66･60;H,

11.80.Found:C,66.64;H,11.54.

(1S*,2S*)･1･Hydroxy･2,4,4･trimethyl･l･phenylhex･5･en･3-One(8)･Toa

stirringsolutionofl.55mL(11mol)ofdiisopropylaminein35mLofTI廿wasadded5･5mL

(11mmol)ofa2MsolutionofBuLiinhexaneatOOC･After15min,thesolutionwascooledto-

780Candl.26g(10mmol)ofketone6wasaddedover5min･Afterbeingstirredfbr30min,

1.06g(10mmol)ofbenzaldehydewasaddeddropwise,andthesolutionwasstirredfbr30min･

Thereactionwasquenchedwith50mLofsaturatedNfL4Clandextractedwiththree20-mL

portionsofether･ThecombinedetherlayersweredriedoverNa2SO4andconcentratedtoglVe

2.21g(95%)ofthetitlecompoundasacolorlessoil･1HNMR(250MHz)‥87･28(m,5),5･76

(dd,1,J=10.5,17.5),5.18(dd,1,J=17･5,<1･0),5･16(dd,1,J=10･5,<1･0),4･84(d,1,

J=4.2),3.48(brs,1),3.20(dq,1,J=4･2,6･9),1･17(S,3),1･08(S,3),1･02(d,3,J=6･9)･13c

NMR(50.78MHz):8217.4,141.1,140.4,127.4,126.6,125･4,114･6,51･0,46･4,22･2,22･0,

11.6.

(lS*,2R*)･1･Hydroxy･2,4,4･trimethyl･1･phenylhex･5･en･3･One(9)･Toa

mixtureoflO6mg(1.0mm01)ofbenzaldehydeand291mg(1･5mm01)ofether7in5mLof

CH2C12at-780CwasaddeddropwiseO.11mL(1･Ommol)ofTiC14･After30minthereaction

mixturewaspouredinto20mLoflNHCl,theorganiclayerwasseparated,andtheaqueous

layerwaswashedwithtwolO-mLportionsofCH2C12･Thecombinedorganiclayerswere

washedwith20mLofbrine,driedover(MgSO4),andconcentratedtogiveanoil･Thiscrude

productwaschromatographedonsilicagel,uSing5:1hexane/ethylacetateaseluant,tOObtain

136mg(63%)ofaldo19asacolorlessoil･IR(film):3500,2980,1710,1635,1500,1015,995,
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925,775,710cm-1.1HNMR(250MHz):87･28(m,5),5･80(dd,1,J=17･4,0･8),5･14(dd,

1,J=10.6,0.8),5.11(dd,1,J=10･6,0･8),4･71(d,1,J=7･4),3･27(dq,1,J=7･4,7･0),3･05(br

s,1),1.16(S,3),0･94(d,3,J=7･0)･13cNMR(50･78MHz):8217･7,142･8,141･6,128･2,

127.6,126.4,114･4,72･2,51･5,47･5,22･9,22･8,16･6･Anal･CalcdforC15H2002:C,77･55;

Ⅲ,8.68.Found:C,77.17;札8･66･

Reaction of theLithium Enolate of Ketone6with2･Phenylpropanal･A

solutionofLDA,PreParedfromO･24mL(1･70mm01)ofdhsopropylamineandO･62mLofa2･42

MsolutionofBuLi(1.50mmol)inhexane,inlOmLofTHFwascooledto-780Cand189mg

(1.5mmol)ofketone6wasslowlyadded･Afterstirringfbr30minat-780C,0･134g(1･O

mmol)of2-Phenylpropanalwasadded･After15minat-780C,WaterWaSaddedandthesolution

wasworkedupintheusualmannertoprovide249mg(95%)ofa92:8mixtureofaldoIslOand

ll,aSShownbylHNMR spectroscopy･The pure aldoIs wereisolatedby gravlty

chromatographyonsilicagel･

(2R*,3S*,4R*)･3･Hydroxy･4,6,6･trimethyl･2･phenyloct･7･en･5･One(10)･

TLC:Rf=0.44(5.1hexane/ethylacetate)･1HNMR(250MHz)‥85･61(dd,1,J=10･5,17･3),

5.01(d,1,J=10.5),4.89(d,1,J=17･3),3･69(dd,1,J=0･8･9･8),3･50(d,1,J=0･8),2･68-2･84

(m,2),1.36(d,3,J=6･8),1･06(S,3),1･00(d,3,J=7･0)･13cNMR(50･78MHz):8219･1,

143.9,140.5,128.3,127･3,126･4,115･2,75･7,51･3,42･8,40･1,22･5,18･7,10･1･

(2R*,3R*,4S*)･3･Hydroxy･4,6,6･trimethyl･2･phenyloct･7･en･5･One(11)･

TLC:Rf=0.38(5.1hexane/ethylacetate)･1HPMR(250MHz):87･21-7･34(m,5),5･93(dd,1,

J=10.0,17.8),5.26(d,1,J=10･5),5･25(d,1,J=17･0),3･77(d,1,J=9･0),3･31(dq,1,J=1･8,

7.3),3.25(S,1),2･76-2･83(m,1),1･25(S,3),1･19(d,3,J=7･3),1･09(d,3,J=7･0)･

TiC14･PromotedReactionofEther7with2･Phenylpropanal･Toamixtureof

O.134g(1.Ommol)of2.phenylpropanalandO･238g(1･2mmol)ofether7inllmLofCH2C12

wasaddedO.13mL(1.2mmol)ofTiC14Slowlyat-780C･Afterbeingstirredfbr15min,the
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brightyellowreactionmixturewasquenchedat-780CbyrapidadditionoflOmLofsaturated

NaHCO3.Themixturewasextractedwithtwo50-mLportionsofetherandthecombinedether

layersweredriedandconcentratedtoobtain251mg(96%)ofa78:22mixtureofaldoIs12and

lO,aSjudgedfromthelHNMRspectrum･ThepurealdoIswereobtainedbychromatographyon

Silicagel.

(2R*,3S*,4S*)･3･Hydroxy･4,6,6･trimethyl･2･phenyloct･7･ene･5-One(12)･

TLC:Rf=0.38(5.1hexanekthylacetate)･IR(film)‥3520,2950,1710,1460,1000,715cm-1･

1HNMR(250MHz):87.16-7.34(m,5),5･88(dd,1,J=10･5,17･5),5･12(d,1,J=16･5),5･11

(d,1,J=11.5),3.75(dd,1,J=6.8,12･3),3･00-3･14(m,1),2･79-2･93(m,1),2･38(d,1,

J=6.8),1.30(d,3,J=7.0),1･19(S,3),1･17(S,3),1･10(d,3,J=7･0)･13cNMR(50･78MHz):

8218.2,144.5,128.3,127･6,126･2,113･9,51･1,42･9,23･5,16･0,14･5･Anal･Calcdfbr

C14H2402:C,78･40;H,9･31･Found:C,78･12;H,8･99･

(2R*,3S*,4R*)･3･Hydroxy･4,6,6-trimethyl･2･phenyloct･7･en･5･One(10)･

TLC:Rf=0.44(5.1hexanekthylacetate)･ThismaterialwasidenticalbylHNMRwiththesample

obtainedasthemaJOrPrOductintheforegolnglithiumenolatereaction･

2-(1･Phenylethyl)･4,4,5,5-tetramethyl･1,3･dioxolane(13)･Amixtureof

O.670g(5.0mm01)of2-PhenylpropanalandO･590g(5mmol)ofpinacolin25mLofbenzene

washeatedunderrefluxwhilewaterwascontinuouslyremovedwithaDean-Starktrap･Afterlh

thesolutionwascooledtoroomtemperatureandO･2gofNaHCO3WaSadded･ThesoIventwas

removedundervacuumandtheresiduepurifiedbyflashchromatography190nSilicagel,eluting

with20:1hexane/ethylacetate,tOObtainl･02g(87%)ofthepureacetal･IR(丘1m)‥2980,1605,

1500,1450,1370,1100,980,770,700cm-1.1HNMR(250MHz)‥87･27(m,5),5･08(d,1,

J=5.4),2.87(dq,1,J=5･4,7･2),1･32(d,3,J=7･2),1･18(S,3),1･14(S,3),1･08(S,6)･13c

NMR(50.78MHz):8142.4,128.5,127.9,126･4,103･6,81･7,81･6,45･1,24･11,24･06,22･2,

22.1,16.2.Anal.CalcdfbrC15H2202:C,76･88;H,9･46･Found:C,77･04;H,9･34･
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TiC14･PromotedReactionofAcetal13with2･Phenylpropanal･Toastirring

solutionofO.234g(1.0Ⅱ皿Ol)ofacetal13andO･238g(1･2mmol)ofether7inllmLof

cH2C12WaSaddeddropwiseO･13mL(1･2mm01)ofTiC14at-780C･After15min,themixture

wasallowedtowarmtOOOCandstirred30min,andthebrightyellowmixturewasquenchedby

rqpidadditionoflOmLofsaturatedNaHCO3atOOC･Themixturewasextractedwithtwo50-mL

portionsofether･Thecombinedorganiclayersweredriedandconcentratedtoobtain251mg

(96%)ofa94:6mixtureofaldoIs12andlO,aSjudgedbylHNMR･ThepurealdoIswere

obtainedbychromatographyonsnicagel･

ConversionofAldoIs12andlOtoDioIs16and17･Toasolutionof260mg

(1.Ommol)ofa94:6mixtureofaldoIs12andlOinlOmLofetherwasadded38mg(1･O

mmol)ofLiAlI屯atOOC･Thesolutionwasstirredfbr38mg(1･Ommol)ofLiAIH4atOOC･The

solutionwasstirredfbr5minandallowedtowarmtOrOOmtemPerature･After30min,the

mixturewasquenchedatOOCbytheslowadditionoflOmLoflNHCl･Themixturewas

extractedwithtwo20-mLportionsofether,andthecombinedetherlayersweredried即gSO4)

andconcentratedtoobtain253mg(96%)ofadiastereomericmixtureofdioIs･Toasolutionof

thismaterialinlOmLofCH2C12WaSadded443mg(1.Ommol)ofPb(OAc)4at-780CunderN2･

Themixturewasstirredfbr2hat-780CandallowedtowarmtOrOOmtemPerature･Afterl･5h,

ca.0.5gofsilicagelwasadded(for丘1trationaid),themixturewasnltered,andthefiltratewas

c｡nCentratedtoobtainadiastereomericmixtureofβ一hydroxyaldehydesasanOil･Thiscrude

materialwasdissolvedinlOmLofetherand38mg(1.Ommol)ofLiAIH4WaSaddedatOOC･

Thissolutionwasstirredfbr5minandallowedtowarmtOrOOmtemPerature･After30minthe

mixturewasquenchedatOOCbytheslowadditionoflOmLoflNHCl･Theresultingmixture

wasextractedwithtwo20-mLportionsofetherandthecombinedorganiclayersweredriedand

concentratedtoobtainasolid.Flashchromatographyonsilicagel,uSing5:2hexanekthylacetate

aseluent,gaVelllmg(57%)ofdio116,mP54-550C,andlOmg(5%)ofdiol17,Oil･
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(2R*,3S*,4R*)･2･Methyl-4･phenyIpentane-1,3･diol(16).TLC:Rf=0.14(2:

1hexanekthylacetate).1HNMR(250MHz):87.21-7･32(m,5),3･73-3･77(m,1),3･56-3･61

(m,2),3.12(brs,1),3.01(dq,1,J=4.6,7.0),2.47(brs,1),1･71-1･88(m,1),1･31(d,3,

J=7.0),0.96(d,3,J=7.0).

(2R*,3S*,4S*)･2･Methyl･4･Phenylpentane-1,3･diol(17)･TLC:Rf=0.09(2:

1hexanekthylacetate).1HNMR(250MHz)‥87･16-7･30(m,5),3･96(dd,1,J=1･9,9･6),

3.57-3.70(m,2),2.82(dq,1,J=9.8,6･8),2･48(brs,1),1･65(brs,1),1･35-1･50(m,1),1･37

(d,3,′=6.8),0.94(d,3,J=7.0).

ThespectraldatafbrthesetwodioIsareinagreementwithdatareportedbyMatsumoto

andco-WOrkers20andwerefbundtobeidenticalwiththespectraofsamplespreviouslyprepared

inthislaboratory･21

Registry No.4,503-60-6;5,2190-48-9;6,78186-80-8;(Z)-7,124400-14-2;8,

124400-15-3;,,124400-16-4;10,124400-17-5;11,124509-16-6;12,124509-17-7;13,

124400-18-6;14,124400-19-7;15,124508-29-8;16,1245080-30-1;17,124508-31-2;

CH3CH2C(0)Cl,79-03-8;CH3CH(Ph)CHO,93-53-8;PhCH(CH3)CH(OH)CH(CH3)CH(OH)-

C(CH3)2CH=CH2,124400-20-0;PhCH(CH3)CH(OH)CH(CH3)CHO(StereOisomerl),124400-

21-1;PhCH(CH3)CH(OH)CH(CH3)CHO(StereOisomer2),124508-32-3;Pinacol,76-09-5･
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Chapter7

on theMechanismofLewis･Acid･MediatedNucleophilic
Substitution

Reactions of Acetalsl

Abstract:Lewis-aCid-mediatednucleophilicsubstitutionofacetalscanoccurby

directdisplacement(SN2)oroxocarbeniumion(SNl)mechanisms･Withacyclic

acetals,StereOSelectlVltylnCreaSeSWithincreaslngStericbulkofthealkoxygroupand

withincreaslngPOlarityofthereactionmedium･TheenhanCedstereoselectlVlty

observedwithacetalsofsecondaryandtertlaryalcohoIsisexplainedbyperturbationof

theapproachtrajectoryofthenucleophilicalkeneasitattackstheoxocarbeniumion･

Higheststereoselectivityisseeninthereactionof2-(1-Phenylethyl)-4,4,5,5-

tetramethyl-1,3-dioxolane(4)withenoIsilane5;Onlyonediastereomericproduct(9s)

isobtained,eVenintherelativelynon-POlarSOIventCH2C12･TheTiC14-mediated

reactionsofcyclicacetals18c,18t,25,and28withsilylenolether5showthatin

thesesystemsthesubstitutiondosenotoccurbytheSN2mechanism･
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Introduction

TheLewis-aCid-mediatedreactionofacetalswithnucleophilessuchassilylenolethers

andallylsilanesisapowerfu1methodfbrcarbon-Carbonbondfbrmation2andhasproventobe

highlystereoselectiveinmanycases･3DetailedmechanisticstudiesareSCare,althoughsome

mechanisticrationaleshavebeenputforwardfortheseandrelatedreactions･20,3a･3c,4,5･6･7,8

RecentcorrmunicationsfromDenmarkandcoworkersprovidestrongevidenceforamechanistic

divergenceinanintramolecularVerSionofthereaction9andgiveinfbrmationpertalnlngtOthe

struCtureSOfcomplexesofcyclicacetalswithBF3invarioussoIvents･10Inthispaper,WerePOrt

twosetsofexperimentsthatprovideinfbrmationaboutthemechanismoftheintermolecular

reaction.11

Intermolecular substitutionreactionsofacetals
can beclassifiedinfourgroups,

dependingonthestruCtureOftheacetalandwhichalkoxygroupISrePlaced･Theseareulustrated

inSchemelfbrhypotheticalreactionswithallyltrimethylsilane･Inthisstudy,Wehaveexamined

reactionswithofTypelandType2･Ourresultsalsoindicateamechanisticdivergence;aCetal

substitutioncanOCCurbySNl(OXOCatbemiumion)orSN2mechanisms･Theoperativemechanism

dependsonthesizeoftheacetalalkoxygroupandmorepolarityofthesoIvent･Greatersteric

bulkintheacetalalkoxygroupandmorepolarSOIventpromoteionizationtotheoxocarbenium

ion.

=._.;■~一三/｣ト
ノ＼r人♂

0＼/〈､一OH
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CrOMe
/→C｢
＼→HO

Schemel

OMe

Type3

Type4

Results.A.Effect of Alkoxy Group on Stereochemistry of TypelAcetal

Reactions

Acetalsl･3werepreparedbyreactionof2-Phenylpropanalwithmethan01,ethanol,2-

propanol,reSPeCtively･Thet-butylacetalcannotbepreparedbythismethodbecauseof

eliminationtoglVeanenOlether･However2-PhenylpropanalreactswithpinacoltoglVeaCeta14,

areasonablesubstituteforthedi-t-butylacetal･

ROH,H+

H+
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Reactionsofacetalsl-4werecarriedoutwiththe扇methylsilylenoletherderivedfrom

Pinacolone･ReactionswerecarriedoutinmethylenechloridewithTiC14aSCatalyst･Resultsare

summarizedinTablel.

ph～oR･ズご:こR=Me

R=Et

R=んPr

+

左
hP

TiC14

ph一しT¶仙･Ph一してハV仙OR O

R=Me

R=Et

R=んPr

5
P

H

OR O

R=Me

R=Et

R=んPr

Meへ業

9s



Tablel･Stereochemis打yofAcetalSubstitutionReactions(Scheme4)

Enby Acetal Conc･,M SoIvent Temp.,Oc sy血ti Products Yield,%

1 1 0.2

2 1 0.2

3 1 0.2

4 1 0.02

5 1 0.2

6 1 0.2

7 2 0.2

8 3 0.2

9 3 0.2

10 4 0.2

CH3CN
-40toO

CH3CN O

CH2C12
-78

CH2C12
-78

toIuene
-78

hexane
-78

CH2C12
-78

CH2C12
-78

toluene
-78

C什2Cl2
-78

4.4:1 6s:6a 92

2.9:1 6s:6a lOO

2.5:1 6s:6a 84

2.6:1 6s:6a 89

1.3:1 6s:6a 83

1.3:1 6s:6a 31

3.6:1 7s:7a 90

7.3:1 8s:8a 82

2.2:1 8s:8a 82

>50:1 9s 94

ThemaJOrisomersfromreactionofacetalsland2with5wereshowntobethesyn

isomers6sand7sbyindependentsynthesisfromaldo110･Anattempttopreparealkoxyether

8sbythismethodfailed,SOthestruCtureOfthemaJOrisomerftomreactionofaceta13with5is

asslgnedbyanalogy.

,叫CCN

P

●

_

1

2

DMSO

(15･20% overall)

119

=一丁三三==1≡-

6s:R=Me

7s:R=Et



Thestereochemistryofthesoleisomerfromthereactionofacetal4with5isinferredto

besynonthebasisofthefbllowlng･AsshowninScheme2,4reactswith12toglVeamixture

ofdiastereomericproductsinaratiooflO:1･Thismixturewasreducedtoadiol,Whichwas

treatedwithtrimethylsilylbromidetoremovetheplnaCOlgroup･ThismaJOrPrOductofthis

mixturewasidenticaltothediol(15)producedfromauthenticsynβ-hydroxythioester16,

obtainedbytheTiC14-mediatedreactionof12with2-Phenylprppanal･

?Sit･BuMe2 TiCI4

ph左+よ■三ニ4 12 〒1_……1≡~LiAIH4

(64%)

ph/しr＼/O日

日業,｡Me3SiBr

(90%)

ph⊥cHOヱph⊥JYS仙→ph｣★〉OH16

Scheme 2
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Onefurtherexperimentwascarriedout.AsshowninScheme3,anequlmOlarmixtureof

acetals17and18wastreatedwithsilylenolether5andTiC14inmethylenechloride.Under

theseconditions,β-alkoxyketones19and20wereeachobtainedin30%yield;heptanaland

nonalwereeachobtainedin20%yield.CrossoverproductsinwhichethoxylSaSSOCiatedwith

C6H130rPrOPOXyWithC8H17WerenOtObserved･

C6H13CH(OEt)2 + C8H17CH(OPr)2 + 5

17(0.5eq) 18(0.5eq) (1･Oeq)

TiCl4(0･5eq)

CH2CI2I･780c

c6H.,/ULB｡･c8H.7人Jし仙･C6H13CHO･C8H17CHO
19(30%) 20(30%) (20%) (20%)

Scheme 3

Results.B.Stereochemistry of Type2AcetalReactions

Acetals22t and22c were prepared by reaction of dio12lwith nonal･The

con丘gurationsofthetwoacetalswerereadilyestablishedbythevicinallHNMRcoupling

COnStantS;JacislO.5Hzin22tand<1.Oin22c.

TheTiC14-PrOmOtedreactionsofboth22tand22cwithsilylenolether50CCurredin

goodyieldtogivel:1mixturesofdiastereomers(±)-23and(±)-24･Tofu11yinterpretthis

result,itwasnecessarytocarryoutcontrolexperimentstoshowthattheobservedl:1ratioof

productswasnottheresultofacetalequilibration･Infact,reaCtionof22cwithTiC14inCH2C12

aト780Cfbr15minutesfollowedbyNaHCO3quenChatthesametemperaturegaverisetoal:1

mixtureof22cand22t.When22twastreatedwith2equlValentsof5andO･2equlValentsof

121



TiC14underthesameconditions,therewasobtainedin50%yieldal:1mixtureoftheR*,S*

andS*,S*diastereomericproducts[(±)一23and(±)-24]alongwith50%ofunchanged22t･

Similartreatmentof22caffbrdedin33%yieldal:1miⅩtureOf(±)-23and(±)-24alongwith

67%yieldofunchanged22c･ThesecontroIsshowthat,although22tand22careequilibrated

underthereactionconditions(presumablyviatheoxocarbeniumion),theequilibrationisslower

thanreactionwith5.12

Ph/てOH
21

22t or 22c

トBu

+ C8H17CHO

H+

(80%)

c8H.7-f遥一PhH Ha

22t

5,TiCI4

～
/

Ph

0＼/へ､/OH +

C8日17

(±)-23
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simi1areXPerimentswerecarriedoutwithacetals25and28,derivedfrommeso-2,4-

pentanediol,(Scheme4)･Forcomparison,identicalexperimentswerecarriedoutwithacetals35

and38,derivedffom(R*,R*)-2,4-Pentanediolandthesametwoaldehydes･Inallfour

experimentstheinitialhydroxyketoneswereoxidizedtodiketones･Mixtures26/27and36n7

eachgavediketones31and32,Whereasmixtures29/30and39/40gavediketones33and34･

Foreachofthefburexperiments,diastereomerratiosweredeteminedbylHNMRandGC･

Resultsa工eSummarizedinTable2.

Table2.Stereochemis町OfAcetalSubstitutionReactions(SchemelOandll)

E呵Ace血26:27 29:30 36:37

39:40笥号31=3233:34濁音

1 25 83:17 69 82:18 97

2 28 70:30 86 71‥29 86

3 35 95‥5 94 95‥5 >99

4 38 89‥11>99 89:11 84
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Rギ之H

25:R=C8日17

28:R=Ph

TiCl4

CH2CI2

+5~｢
H｡/U｡｡

｡/し叱u26:R=C8日17

29:R=Ph

｡よJ､｡｡
｡/し八Ⅷ

31:R=C8日17

33:R=Ph

0 0

｡/し八Ⅷ
36:R=C8日17

39:R=Ph

Rギ平･5日

35:R=C8日17

38:R=Ph

TiCI4

CH2Ct2
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27:R=C8日17

30:R=Ph

PCC

｡よJ､｡｡
｡/三〉町仙

32:R=C8日17

34:R=Ph

PCC

0 0

｡/ヱ〉町仙
37:R=C8日17

40:R=Ph

Scheme 4



AgeneralmechanisticschemefbrtypelacetalreactionsisputfbrthinScheme5fbr

acetalsof2-Phenylpropanal(A)･IfproductsDandEresultfromSNlattackonanoxocarbenium

ionourpreviousworksuggeststhatthediastereofacialpreferenceofFshouldincreasewith

increaslngStericbukofR･13IfDandEarisefromBandCbytheSN2mechanism,theefftctof

Ronthestereochemitryofthesubstitutionreactionishardertopredict･Ifthedecomplexationof

BandCisslowerthansubstitution,theD/Eratiowoulddependontherelativeratesof

complexationofthediastereotopICalkoxygroupsanditislikelythatthestereoisomerratiowould

beapproximatelyl‥1andindependentofthenatureofR･IftheequilbriumbetweenAandBis

fast,theD爬ratiowoulddependontherelativeheatsoffbrmationofthediastereomeric

complexesandontheirratesofreactiontoglVeDandE･

TheexperimentsummarizedinScheme3ru1esoutreversibleformationoffree

ox∝arbemiumionsunderthereactionconditions･SubstitutioncouldoccurbytheSN2mechanism

orbytheSNlmechanismbywayoffreeoxocarbeniumionsprovidedreactionoftheintermediate

oxocarbeniumionswith5arefasterthanreactionwithC14TiOR･Reactionviaoxocarbeniumion

palrSarealsonotru1edoutbythisexperiment･

TheresultsinTablel(cf.entries3,7,8,10)showthatthereisaneffectofthesteric

bulkofthealkoxygrouponthestereochemistryoftheacetalsubstitutionreactioninthedirection

expectedfbrtheSNlmechanism･ThereisalsoasoIventeffect;Withmethylacetalland

isopropylaceta13theproductsyn/antiratioincreaseswithincreasingsoIventpolarity(Cf･entries

l,3,5,6andentries8,9)･The4‥1ratioofisomersobtainedinthereactionofacetallwith5in

acetonitri1eisanormalCram/anti-Cramrati0for2-Phenylpropanalandmayrepresentstheintrinsic

diastereofacialpreferenceoftheoxocarbeniumion(Scheme5,F,R=Me)･Thenearlyl:1ratio

ofstereoisomersresultingfromthisreactioninthenonpolarSOIventshexaneandtoluenesuggests

thatlreactsbytheSN2mechanismorviaoxocarbeniumionpalrSinthesesoIvents･The2･5:1

ratioobservedinCH2C12ismostconsistentwithamixtureofSN2andoxocarbeniumionpalr
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mechanisms.Theabsenceofanefftctofconcentrationonstereochemistry(Tablel,entries3and

4)wouldseemtoru1eoutSNlreactionthroughdiss∝iatedionsinthissoIvent･14

Thesimplestexplanationofthedataisthatacetals3and4reactessentia11ycompletelyby

theSNlmechamisminCH2C12,andaceta12reactspartlybythismechmism･Itisreasonablethat

dissociationtoanoxocarbeniumionwouldbefavoredbystericrepulsionofthealkoxygroupsin

complexesBandC(Scheme5)･

phJlん仙･

TiC14

D + E

D

†

,hん三こTrC...6R

B

h℃Ti
■ユL■-

C

＼ /

Scheme 5

Theexperimentaldesignfbrthetype2acetalstudyisshowninSchemes6and7･The

acetaloxygensinacetals22tand22careenantiotopIC･Thus,aSShowninScheme6,if

substitutionoccursbytheSN2mechanism,22twouldgivetheR*,S*diastereomer(±)-23and
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22cwouldgivetheS*,S*diastereomer(±)一24･Ontheotherhand,ifsubstitutionoccursbythe

sNlmechanismbothacetalsshouldgivebothdiastereomericproducts(Scheme7)･Althoughthe

facesoftheox∝arbeniumionarediastereotopic,litdel,4-aSyrrmedcinductionisexpectedanda

near1yl:1mixtureofR*,S*andS*,S*diastereomersisexpectedbythismechanism･

Scheme 6
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c8H17でトphOTi●Ct4

(S,月)-23 + (月,月ト24

●

(月,S)一23 + (S,S)-24

Thesamesituationho(dsfor22c;anaPPrOXimatel:1mixture

ofdiastereomersshou]d resuIt.

Scheme 7

Theresultsofthestudyofcyclicacetals22cand22tarequltedefinitiveandonly

consistentreplacementbytheSNl(OXOCafbeniumion)mechamism･Withthemesoacetals25and

28thesituationisidenticaltothatdescribedfbr22tand22c.Thus,ifreactionoccursbythe

SN2mechanism,both25and28shouldgiveal:1mixtureoftheS*,R*,S*andR*,S*,R*

enantiomers.Ontheotherhand,ifsubstitutionoccursbytheSNlmechnismbothacetalsshould

glVeamixturebothdiastereomericproducts･TheresultsinTable2indicatethatthereaction

mechanismmustbecompletelyorlargelySNl･
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Theresultsofthisstudy,Particularlythoseobtainedffom25and28,raiseaninterestlng

questionabouttheonglnOfstereoselectlVltyinJohnson･schiralacetalsubstitutions,Whichhave

beenexplainedbyinvokingtheSN2mechanism･4･5Itwasforthisreasonthatacetals35and38

wereexamined.AsseeninTable2,theresultsobtainedwiththesetwoacetalswerequalitatively

simi1artothoseobtainedwith25and28･Inboththenonalandbenzaldehydeseries,themeso

acetalgivesslighdylowerdiastereomerratiosthandosethechiralacetal･

Insummary,thebulkofourevidence,eSPeCiallythebehaviorofcyclicacetals22t,22c,

25,and28,POlntStOtheSNlmechanismfbracetalsubstitution･How,then,doweaccountfbr

theresultsobservedfbracetals35and38,andfbrhighstereoselectlVltySeeninsubstitution

reactionsofJohnson-tyPeaCetalingeneral?Theanswertothisquestionmaybethatthereactions,

atleastofthetype2acetalsinCH2C12,OCCurthroughoxocarbeniumionpalrS,andthatinsome

cases,thesetightionpalrSbehaveverymuchasthoughthesix-memberedringlSStillintact･

undertheacidicconditionsoftheirformation,aCetals22cand22texistinanequilibriumratioof

l:1anditisnotlikelythatcomplexationwithTiC14COmPlexeswouldperturbthisratio･Ifthe

geometriesofthetwoionpairsGandFcloselyresemblethoseof22cand22t,itisexpectedthat

attackontheox∝arbemiumionwouldbestereorandom･

ontheotherhand,thecomparableionpairsHandIderivedfromchiralacetals35and

38arelikelytodifftrslgni丘cantlyinenergy,Sinceithasbeenshownthatisastrongpreftrence

fbrcomplexationofthedioxaneoxygennexttotheaxialmethylgroup･11Inthesecases,attaCkof

nucleophileonthemoreexposedsifaceofHwouldbequltereaSOnable,andwouldapproximate

theresultsexpectedfromtheSN2mechanism･TheslightlylowerstereoselectlVltySeenWiththe
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benzaldehydeacetal38wouldbeconsistentwithsomereactionthroughaneXtendedconformerOf

H/Ⅰ.

Rカ
Withmesoacetals25and28theLewisacidhasnochoicebuttocomplexanoxygen

nexttoanequatorialmethylgroup･Asaresult,thepseudo-CyClicionpairJmightbesufnciently

disfavoredthatsomereactionoccursthroughsomeextended,nOnion-Pairedconformer･Again,

thelowerstereoselectlVltySeenWiththebenzaldehyde-derivedaceta128isconsistentwiththis

notlOn.

｢乞
H

J

Thus,thestereochemistryobservedinsubstitutionsoftype2acetalsinCH2C12under

TiC14CatalysiscanbeadequatelyunderstoodintermSOfapredominateoxocarbeniumionpalr

mechanism.WithtypelacetalsoftertlaryandsecondaryalcohoIsthestereochemicaltrends

observedargueStrOnglyfbrasubstitutionmechanisminvoIvingeitherfreeoxocarbeniumionsor

ionpalrS･FortypelacetalsofmethanolandprlmaryalcohoIstheevidenceisnotqulteSO

de丘nitive,andsubstitutionsmayoccurpartlybytheSN2m,Chanism･
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ExperimentalSection

General.Unlessotherwisenoted,materialswereobtainedfromcommerCialsources

andusedwithoutfurtherpuri丘cation･A11reactionswereperformedunderadrynitrogen

atmosphere･Tetrahydrofuran,diethylether,and
benzene were distilled from

sodium伽nzophenoneketyl,dichloromethaneandacetonitrileffomcalciumhydride,and

dimethylformamideffomcalciumsulfate･MeltingandboilingpolntSareunCOrreCted･

chromatographywasperfbrmedwithSilicaGe160(E･Merk,DarmStadt)100-120mesh･

Analyticalthin-1ayerchromatographywasperfbrmedonprecoatedglassplates(250m,SilicaGe1

60,E.Merk,DarmStadt)･The200MHzIHNMRspectrawereobtainedonaVarianGemini200

spectrometerinCDC13andarerePOrtedasfbllows:Chemicalshift(relativetointernal

tetramethylsilaneasO･Oppm(multiplicity,numberofprotons,COuPlingconstantsinhertz)･R

spectraweremeasuredasthinfilmstonNaClunlessotherwiseindicated･CapillaryGCwas

performedwithaSimadzumode18Agaschromatographequippedwithaflame-ionizationdetector

andnitrogen(0･75kg/cm2)asacarriergasusingaO･2mmX25mbondedPEG-HTcapillary

column.Highperformanceliquidchromatography(HPLC)wasdonewithaSimadzu6A

instrumentuSlnga4･6rr皿X25cmJascoFinepakSncolurrm･Microanalyseswereaccomplished

attheInstituteofApphedOrganicChemis町,FacultyofEnglneering,NagoyaUniversity･

l,1･Diethoxyheptane(17)･Amixtureofl･4mL(10mmol)ofheptanal,2･49mL

(15mmol)oftriethylorthoformate,andlOmgofN勒NO3inlmLofethanoIwasstirredfbrlO

hatOOC.nemixturewaspouredinto20mLofNaHCO3SOlutionandtheresultingmixturewas

extractedwiththree20-mLportionsofether･Thecombinedorganiclayersweredriedover

Na2SO4andconcentratedinvacuo･Thecrudeproductwaspuri丘edbyflashchromatographyon

silicagel,elutingwith50:1hexane′抽ylacetate･neCOmbinedproductfractionsweredistiued

withaKugelrohrapparatuS(bathtemperature900C,8torr)togivel･32g(70%)of17asaclear,

colorlessoil.Theproductwasmorethan98%purebyGC(13QOC,tR=2･9min)･TLC,Rf=0･35
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(hexane-EtOAc,19:1);IR(film)2950,1465,1380,1140,1070cm-1;1HNMR(CDC13)80･90

(t,J=6.OHz,3H,CH3),1･20-1･40(m,8H,(CH2)4),1･21(t･J=7･1Hz,6H,20CH2CH3),

1.53-1.70(m,2H,CH2),3･50(dq,J=9･4,7･1Hz,2H,20CHHCH3),3･65(dq･J=9･4,7･1Hz,

2H,20CHHCH3),4･49(t,J=5･7Hz,1H,CH(OEt)2)･Anal･CalcdforCllH2402:C,70･16;H,

12.85.Found:C,70.02;H,13.20.

1,l･Dipropoxynonane(18).Amixtureofl･72mL(10mm01)ofnonanal,1･87mL

(25mmol)ofpropanol,andlOmgofpyridiniump-tOluenesulfbnatein50mLofbenzenewas

refluxedwithcontinuousazeotropICremOValofwaterfor2h･Aftercoolingtoroomtemperature

themixturewaspouredinto20mLofNaHCO3SOlution･Thebenzenelayerwasdriedand

evaporatedandtheresultingcrudeproductwaspuri丘ed丘rstbyflashchromatographyonsilica

gel,elutingwith25‥1hexane/ethylacetate,andthenbydisti11ationusingaKugelrohrapparatuS

(bathtemperature1500C,7torr)･Therewasobtainedl･78g(73%)ofacetalasacolorlessoil,

morethan98%purebyGC(1300C,tR=6･2min)･TLC,Rf=0･57(hexane-EtOAc,5:2);IR

(丘1m)2980,2950,2890,2870,1460,1130,1090cm-1;1HNMR(CDC13)80･89(t･J=6･5Hz,

3H,CH3),0.95(t,J=7.3Hz,6H,20CH2CH2CH3),1･20-1･40(br,12H,(CH2)6),1･50-1･70

(m,6H,20CH2CH2CH3andC打2),3･39(dt･J=9･2,6･8Hz,20CHH),3･55(dt,J&9･2,6･8Hz,

2H,20CfiH),4.49(t,J=5.8Hz,1H,CH(OPr)2)･Anal･CalcdfbrC15H3202:C,73･71;H,

13.20.Found:C,73.71;H,13.57.

Reaction ofAcetals17and18with SilylEnoIEther5･Toamixtureof94･2

mg(0･50mmol)ofacetal17,122mg(0･50mmol)ofacetal18,and172mg(1･00mmol)ofsilyl

enolether5in8.OmLofCH2C12WaSaddedTiC14(0.50mLofal･00MCH2C12SOlution,0･50

mmol),dropwiseat-780C.Afterstirringfor30minat-780Ctheresultingyellowsolutionwas

pouredinto20mLofNaHCO3SOlutionandextractedwiththreelO-mLportionsofether･The

combinedorganiclayersweredriedoverMgSO4,COnCentrated,andchromatographedonsilicagel

elutingwith40:1hexanekthylacetate･Ketoethers19and20(159mg,60%)wereobtainedasa

colorlessoil.1HNMRandcapillaryGCanalysisofthecrudeproductshowedthepresenceof
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19,20,heptanal,andnonalinaratioof3:3:2:2･NeitherstartlngaCetalsnorotherketoethers

werepresentbyGC(1300C)･AuthenticsamPlesof19and20wereobtainedfromthereactions

ofsilylenolether5withacetals17and18,reSPeCtively･

2,2･Dimethyl･5･ethoxyundecan･3･One(19)･GC,1300C,tR=7･6min;TLC,

Rf=0.62(hexane-EtOAc,5:2);IR(丘1m)3000,2950,2900,1720,1490,1470,1380,1100cm,

1;1HNMR(CDC13)80･89(t,J=6･4Hz,3H,CH3),1･10-1･18(m,3H,OCH2CH3),1･14(S,

9H,t-Bu),1.20-1･54(m,10H,(CH2)5),2･44(dd,J=5･4,16･8Hz,CHHC=0),2･83(dd,

J=7.0,16.8Hz,1H,CfiHC=0),3･49(dq,J=2･2,7･OHz,2H,CH20),3･76-3･90(m,1H,

EtOCH).Anal.CalcdfbrC15H3002:C,74･33;H,12･47･Found:C,74･21;H,12･63･

2,2･Dimethyl･5･prOpyltridecan･3･One(20)･GC･1300C,tR=22･1min;TLC,

Rf=0.64(hexane-EtOAc,5:2);IR(丘1m)2990,2950,2880,1720,1480,1270,1380,1100cm-

1;1HNMR(CDC13)80･89(t,J=7･4Hz,6H,2CH3),1･14(S,9H,t-Bu),1･20-1･62(m,14H,

(CH2)7),2･43(dd,J=5･4,16･8Hz,1H,CHHC=0),2･83(dd,J=6･9,16･8Hz,1H,CHHC=0),

3.30-3.47(m,2H,OCH2),3･75-3･88(m,1H･OCH)･Anal･CalcdfbrC18H3602:C,76･00;H,

12.75.Found:C,75.98;H,12.93･

Heptanal･GC,1300C,tR=2･5min･

Nonanal.GC,1300C,tR=3.2min･

GeneralProcedure for the Preparation of Acetals25I28I35,and38･A

mixtureoflO.Ommoloftheappropriatealdehyde,1･15g(11･Ommol)of2,4-Pentanediol

(mixtureofmesoandchiralisomers),andasmallamountofpyridiniump-tOluenesulfbnatein25

mLofbenzenearerefluxedunderaDean-Starktrapfbr4h･Tothecooledsolutionwasadded50

mLofNaHCO3SOlutionandtheresultingmixturewasextractedwiththree20-mLportionsof

hexane.Thecombinedorganiclayersweredried(MgSO4)andconcentratedunderreduced

pressure･Thediastereomericacetalswereseparatedbyflashchromatographyonsilicagel,eluting

withhexane/ether.Theproductswereobtainedascolorlessoilsinatotalyieldthatwasnear1y

quantitative･
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(4R*,6S*)･4,6･Dimethyl-2･OCtyl･1,3･dioxane(25)･TLC,Rf=0･44(hexane-

EtOAc,10:1);IR(丘1m)2970,2900,1470,1390,1190,1180,1140,1010cm-1;1HNMR

(CDC13)80.88(t,J=6･4Hz,3H,CH2CH3),1･20-1･68(m,16H,(CH2)7andC(5)H2),1･22(d,

J=6.2Hz,6H,2CH3),3.71(ddq,J=2.6,12.4,6･2Hz,2H,20CHMe),4･52(t,J=5･2Hz,1H,

CHO2).Anal.CalcdfbrC12H1602:C,74･97;H,8･39･Found:C,74･98;H,8･39･

(2S*,4R*,6R*)･4,6･Dimethyト2･OCtyl･1,3･dioxane(35)･TLC,Rf=0･35

(hexane-EtOAc,10:1);IR(丘Im)2940,2880,1460,1380,1160,1150,1110,1010cm-1;1H

NMR(CDC13)80.89(t,J=6･5Hz,3H,CH3),1･18-1･64(m,15H,(CH2)7andC(5)HH)･1･22

(d,J=6.2Hz,3H,CH3(equatorial)),1･36(d,J=7･OHz,3H,CH3(axial)),1･84(ddd,J=6･2,

11.6,13.2Hz,1H,C(5)fW),3･95(ddq,J=2･4,12･2,6･2Hz,1H,CH(axial)Me),4･31(dq,

J=6.2,7.OHz,1H,CH(equatorial)Me)･Anal･CalcdfbrC12H1602:C,74･97;H,8･39･Found:

C,74.97;H,8.33.

(4R*,6S*)･4,6･Dimethyl･2･phenyl･1,3･dioxane(28)･TLC,Rf=0･31(hexane-

Et20,10:1);IR(丘1m)2970,1380,1340,1180,1120,1060,1030,700cm-1;1HNMR(CDC13)

81.29(d,J=6.2Hz,6H,2CH3),1･30-1･50(m,1H,CHH(axial)),1･60(dt,J=13･0,2･7Hz･1H

,CfiH(equatorial)),3･93(ddq,J=2･7,12･6,6･2Hz,2H,2CHMe),5･51(S,1H,PhCH),7･25-

7.40(m,3H,ArH),7･45-7･55(m,2H,ArH)･Anal･CalcdfbrC14H2802:C,73･63;H･12･36･

Found:C,73.63;H,12.70.

(2S*,4R*,6R*)･4,6･Dimethyl･2･phenyI･1,3･dioxane(38)･TLC,Rf=0･22

(hexane-Et20,10:1);IR(film)2980,1380,1160,1140,1050,1000,700cm-1;1HNMR

(CDC13)81.29(d,J=6･OHz,3H,CH3(equatorial)),1･44(ddd,J=1･0,2･4,13･2Hz,1H,

cHH(equatorial)),1･49(d,J=7･OHz,3H,CH3(axial)),2･00(ddd,J=6･0,11･7,13･2Hz,1H,

cHH(axial)),4.20(ddq,J=2･4,11･7,6･OHi,1H,CH(axial)Me),4･74(dq,J=6･0,7･OHz,

CH(equatorial)Me),5･84(S,1H,CHO2),7･25-7･40(m,3H,ArH),7･45-7･55(m,2H,ArH)･

Anal.CalcdfbrC14H2802:C,73･63;H,12･36･Found:C,73･63;H･12･68･
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GeneralProcedure for the Reactions of Acetals25I28I35Iand38with

SilylEnoIEther5･ToamixtureofO･50mmoloftheacetaland129mg(0･75mmol)ofsuyl

en｡1ether5in8.5mLofCH2C12WaSaddedTiC14(0･50mLofal･00MCH2C12SOlution,0･50

mmol),dropwiseaト780C･Afterstirringfbr30minaト780C,theresultingyellowsolutionwas

pouredinto20mLofNaHCO3SOlutionandextractedwiththree20-mLportionsofether･The

combinedorganiclayersweredried(MgSO4),COnCentratedunderreducedpressure,and

chromatographedonsilicagelwithhexanekthylacetateaseluent･Theresultingdiastereomeric

mixtureofhydroxyketoneswasanalyzedbyHPLCorGC;individualisomerswerenot

SeParated.

(5R*,1-R*,3-S*)･2,2･Dimethyl-5･(3一･hydroxy･1l･methylbutoxy)tridecan･

3･One(26).GC(1900C),tR=16･6min;TLC,Rf=0･46(hexane-EtOAc,5:2);1HNMR

(CDC13)80.89(t,J=6･5Hz,3H,CH3CH2),1･08(d,J=6･OHz,3H,CH3),1･12(S,9H,t-Bu),

1.14(d,J=6.2Hz,3H,CH3),1･20-1･70(m,17H,(CH2)7,C(2T)H2,andOH),2･38(dd,J=4･5,

16.5Hz,1H,CHHC=0),2.80(dd,J=7.9,16･5Hz,1H,CtiHC=0),3･70-4･08(m,3H,

C(31)HC(21)H2C(1･)HOC(5)H)･Anal･CalcdforC20H4003:C,73･12;H,12･27･Found:C,

72.97;H,12.48.

(5S*,1.R*,3-S*)･2,2･Dimethyl･5･(3一･hydroxy･1.･methylbutoxy)tridecan･

3･One(27).GC(1900C),tR=15･Omin;TLC,Rf=0･41(hexane-EtOAc,5:2);1HNMR

(CDC13)81.15(S,9H,t-Bu),2･62(dd,J=6･6,17･6Hz,1H,CHHC=0)･Otherresonances

couldnotbediscernedforthisminorisomer.

(5S*,11R*,3-S*)･2,2･Dimethyl･5･(3l･hydroxy･1一･methylbutoxy)･5･

phenylpentan･3･One(29)･HPLC,tR=13･4min(hexane-EtOAc,15:2;2･OmL/min);TLC,

Rf=0.28(hexane-EtOAc,5:2);1HNMR(CDC13)81･03(d,J=5･2Hz,3H･CH3),1･039(S,

9H,t-Bu),1.12(d,J=6.OHz,3H,CH3),1.30-1･75(m,2H,MeCHCH2),2･54(dd,J=4･5,16･5

Hz,1H,PhCHCHH),3.11(dd,J=8.5,16.5Hz,1H,PhCHCH〃),3･40-3･60(m,1H,CHOH),

3.60-4.00(m,2H,MeCHandOH),5.05(dd,J=4･6,8･4Hz,1H,PhCH)･7･20-7･40(m,5H,

C6H5).Anal.CalcdfbrC18H2803:C,73･93;H,9･65･Found:C,73･93;H,9･97･
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(5S*,l-S*,3.R*)･2,2･Dimethyl･5･(3l･hydroxy･1l･methylbutoxy)･5･

phenyIpentan･3･One(30)･肝LC,tR=16･3min(hexane-EtOAc,15:2);1HNMR(CDC13)8

0.89(d,J=6.2Hz,3H,CH3),1.047(S,9H,t-Bu),1･14(d,J=6･2Hz,3H,CH3),2･63(dd,

J=4.6,17.6Hz,1H,PhCHCHH),3.04(dd,J=8･4,17･6Hz,1H,PhCHCHH),4･94(dd,

J=4.5,8.5Hz,1H,PhCH).Otherresonancescouldnotbediscernedfbrthisminorisomer･

(5R*,1-R*,31R*)･2,2･Dimethyl･5･(3l･hydroxy･1一･methylbutoxy)tridecan･

3-One(36).GC(1900C),tR=16.0min;TLC,･Rf=0･43(hexane-EtOAc,5:2);IR(film)3700-

3200(br),3000,2950,2900,1720,1470,1390,1140,1090cm-1;1HNMR(CDC13)80･89(t,

J=6.4Hz,3H,CH3CH2),1.13(S,9H,t-Bu),1.14(d,J=6･2Hz,3H,CH3),1･18(d,J=6･2Hz,

3H,CH3),1.20-1.74(m,17H,(CH2)7,C(2一)H2,andOH),2･41(dd,J=4･8,16･8Hz,1H,

CHHC=0),2.79(dd,J=7.6,16.8 Hz,1H,CHHC=0),3･78-4･18(m,3H,

C(31)HC(2一)H2C(1一)HOC(5)H).Anal･CalcdfbrC20H4003:C,73･12;H,12･27･Found:C,

73.13;H,12.50.

(5S*,11R*,31R*)･2,2･Dimethyl･5･(3l･hydroxy･1t･methylbutoxy)tridecan-

3-One(37).GC(1900C),tR=14.3min.

(5S*,1-R*,31R*)･2,2･Dimethyl･5･(3一･hydroxy･1一･methylbutoxy)･5･

phenylpentan･3･One(39)･HPLC,tR=12･3min(hexane-EtOAc,15:2;2･OmL/min);TLC,

Rf=0.29(hexane-EtOAc,5:2);1HNMR(CDC13)81･04(S,9H,t-Bu),1･06(d,J=6･2Hz,3H･

CH3),1.17(d,J=6.2Hz,3H,CH3),1･38-1･53(m,2H,CH2CHMe),2･55(dd,J=4･6,16･7Hz,

1H,PhCHCHH),2.63(S,1H,OH),3.09(dd,J=8･4,16･7Hz,1H,PhCHCfm),3･47-3･63(m,

1H,CHOH),.393-4.10(m,1H,CHOCHMe),4.96(dd,J=4･6,8･4Hz,1H,PhCH),7･20-7･40

(m,5H,C6H5).Anal.CalcdforC18H2803:C,73･93;H,9･65･Found:C,73･93;H,9･95･

(5R*,l-R*,31R*)･2,2･Dimethyト5･(3一･hydroxy･l.･methylbutoxy)-5･

phenylpentan･3･One(40)･HPLC,tR=11･8min(hexane-EtOAc,15:2;2･OmL/min);1H

NMR(CDC13)84.88(dd,J=3.4,9.4Hz,1H,PhCH)･Otherresonancescouldnotbediscerned

fbrthisminorisomer.
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GeneralProcedure for the Oxidation of Hydroxy Ketones26/27,29/30,

36/37,and39/40.AsolutionofO.40mmolofthehydroxyketoneand172mg(0･80mmol)

Ofpyridiniumchlorochromatein2･OmLofCH2C12WaSkeptatroomtemperaturefor12h･After

theadditionoflOmLofNaHSO3SOlutionthemixturewasextractedwiththreelO-mLportionsof

ether.Thecombinedorganiclayersweredried(MgSO4),COnCentrated,andchromatographedon

silicagelusinghexanekthylacetateaseluanttOgiveamiⅩtureOfthehydroxyketonesasa

colorlessoil.ThediastereomericratiowasdeteminedbyHPLCorGC.

(5R*,l-R*)･2,2-Dimethyl･5･(1一･methyl･3l･OXObutoxy)･5･phenylpentan･3･

one(33).HPLC,tR=10.3min(hexane-EtOAc,10:1;2.OmL/min);TLC,Rf=0.35(hexane-

EtOAc,5:2);1HNMR(CDC13)81,067(S,9H,t-Bu),1.16(d,J=6･OHz,3H,CHCH3),1.98

(S,3H,CH3CO),2.33(dd,J=5.6,15･OHz,1H,MeCHCHH),2･50(dd,J=4･5,16･4Hz,1H,

PhCHCHH),2.56(dd,J=7.2,15.O Hz,1H,MeCHCHH),3･09(dd,J=8･8,16.4Hz,1H,

PhCHCHH),3.70-3.87(m,1H,MeCH),4.97(dd,J=4.5,8.8Hz,1H,PhCH),7.20-7.40(m,

5H,C6H5).Anal.CalcdfbrC18H2603:C,74.45;H,9･02･Found:C,74･44;H,9･21･

(5S*,l-R*)･2,2･Dimethyl･5･(1l･methyl･3一･OXObutoxy)･5･phenylpentan-3-

one(34).HPLC,tR=9.8min(hexane-EtOAc,10:1,2.OmL/min);1HNMR(CDC13)81.073

(S,9H,t-Bu),1.01(d,J=6.2Hz,3H,CH3),2.17(S,3H,CH3CO),4･90(dd,J=4･0,8･6Hz,

1H,PhCH).Otherresonancescouldnotbediscernedfbrthisminorisomer.

(5R*,llR*)･2,2-Dimethyl-5･(1l-methyl･3t･OXObutoxy)･5･tridecan･3-One

(31).GC(1900C),tR=13.Omin;TLC,Rf=0.50(hexane-EtOAc,5:2);IR(film)2980,2950,

2870,1720,1470,1460,1370,1140,1090cm-1;1HNMR(CDC13)80.89(t,J=6.5Hz,3H,

CH2CH3),1.10(d,J=6.2Hz,3H,CHCH3),1.135(S,9H,t-Bu),1･20-1･50(m,14H,(CH2)7),

2.38(dd,J=5.7,15.4Hz,1H,CHHCOMe),2.41(dd,J=5･2,16･6Hz,1H,CHHCOBu(),2･68

(dd,J=7.0,15.4Hz,1H,CH〃COMe),2.77(dd,J=7.0,16.6Hz,1H,CIiHCOBut),3･84-4･04

(m,2H,CHOCHMe).Anal.CalcdfbrC20H3803:C,73.57;H,11･73･Found:C,73･55;H,

12.01.
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(5S*,1-R*),2,2･Dimethyl･5･(1.･methyl･3l･OXObutoxy)･5･tridecan･3･One

(32).GC(1900C),tR=11･4min;1HMR(CDC13)81･147(S,9H,t-Bu)･Otherresonances

couldnotbediscernedfbrthisisomer.
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Chapter8

Stereospecific Cyclization ofVinylEther AIcohoIs･

Facile Synthesis of(･)･Lardolure

Abstract:Anefncientstereospeci丘cnngformationfromunsaturatedalcohoIs,Which

intumarepreparedbyreglO-andstereospecificnngopenlngOfacetals,isdescribed･

(一)-Lardolurehasbeensynthesizedbyintram01ecularCyClizationofvinyletheralcohol

derived丘･OmSPlrOaCetalviatriisobutylaluminumandfurthernngenlargementOfthe

affbrdedbicyclichemiacetals･ThesamemethodwasutilizedfbrnewstereospeCific

nngenlargementtOyieldmediumandlargenngSfromsimpleketones･
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Wereporthereanewmethodofringfbrmationthatwebelievehasconsiderablepotential

inorganicsynthesis･Wepreviouslydescribedthattriisobutylaluminumisapowerfu1reagentfbr

thetranSfbrmationofacetaltovinylether(1+2)･1Itthusseemedtousthatthepossibilityof

formlngnngSbyintram01ecularadditionofateminalalcoholtoadoublebond,aSShownin2■-

3,deservedtobeexplored･2Thisappearedparticular1ytruebecausesuchaprocesswouldresult

intheformation ofarlng thatwouldhave avariety ofappendages withpredictable

StereOChemistry.

(CHパ1

J･β〟3月J

Tf20･

i･Pr2EtN

Phl(OAc)2

･l2,加/｣ ビ●●､♪
7

Reactionofasolutionoftheaceta14withexcesstriisobutylaluminumaト780CfbrO･5h

andOOCfor5hproducedtheeliminationproduct5inanessentiallyquantitativeyield･1Thecrude

vlnyletherthusobtainedafterextractiveworkupwasexposedtotriflicanhydridein
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dichloromethaneinthepresenceofexcessdhsqpropylethylamineat-780Cfor3htoproduce,after

workupwithaqueousaceticacid,thecyclizedhemiaceta16in>95%yield･Someoftheresultsare

TheproducedhemiacetalswereeasilyconvertedtolactonesbythemethodofSuglnOme,3

Suarez,40rNagao･5Forexample,hemiacetal6wasquantitativelytransfbrmedtothemedium

ringiodolactone7(1.1equivofiodobenzenediacetate,1･Oequivofiodineincyclohexaneunder

irradiationatroomtemperature)･4Themethodthusprovidesafacileroutetolargeandmedium

ringlactonesinastereospecificway,Whichwasdemonstratedbythesynthesisof(+)-reCifeiolide

(12)6,7fromlO(entry80fTablel)(photochemicalringopeningfbllowedbytreatmentwith

DBU)andexaltolide(15-Pentadecanolide,13)8fromll(entry9)(Photochemicalringopening

fo1lowedbyreductionwithtributyltinhydride)･

13

Wedrawattentiontothefactthatineliminationofacetalsderivedfromprochiralketones

(entries6and7)withtriisobutylaluminum,anaSymmetricdeprotonationreactiontakesplace

(selectivity:>9:1),9thusleadingtoopticallypurehemiacetalafterthecyclizationpr∝eSS:Addition

oftriisobutylaluminumtotheaceta18preparedfromprochiralketonefo1lowedbycyclizationas

abovegavehemiaceta19(entry60fTablel).Afteronerecrystallizationofthecrudeproduct,all

ofthechiralcentersofthemoleculewerefoundtobehomogeneous(Seealsoentry7)･

ItispresumedthattheannulationreactionproceedsthroughapureSN2-1ikemechanism,

namelyinversionofstereochemistryatthehydroxyfunction･Evidencefbrthecompleteinversion

wasobtaineduponelimination(WithDBUat900C)fo1lowedbyhydrogenation(Pd/C)fromiodo
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lactone7.Inthiscase,it was assumedthathydrogenation should give amixtureof

diastereoisomers.Indeed,thecrudereactionmixture丘･Omhydrogenationof14revealedtwo

peaksonGCanalysis,Whileexposureoftheiodolactonewithtributyltinhydride-AIBNinT肝

underrenuxfumishedquantitativelylactone15asasoleproduct･

14

ノ♪

だ〕･･､♪
15

wenowdemonstratetheeffectivenessofthisapproachstartlngWithsimpleketone1610

whichcanbetransfbrmedinto(-)-Lardolure(22),11theaggregationpheromoneoftheacaridmite,

LardogbphusKonoi,inshortsteps(Schemel)･Understandardcyclizationconditionsthe

hemiacetal18wasobtainedin83%yield,mP78-800Cafteronerecrystal1ization･Ringopenlng

withiodobenzenediacetategavetheiodolactone(88%),Whichwasfurthertransfbrmedtolactone

19quantitativelywithtributy1tinhydride･AdditionofanexcessofDIBAHat-780Cproducedthe

dio120(92%).Selectivemonotosylation(64%;1･2equivofTsCl,Pyridine-DMAPat-200C)

followedbyexposureofthemonotosylatewithexcessdimethylcopperlithiuminethergave21in

92%yieldwiththedesiredcarbon丘ameworkanddesiredstereochemistry･Formylationof21

(95%;fomicacidat650C)thenledtopheromone22,12whichwasidenticalwiththeauthentic

materialkindlyprovidedbyProftssorKertiiMori･

子十
17

…‡誓おAI旬.
83%
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Phl(OAc)2

l2Iわv

88%

DIBAH

92% HO

･㌦
Bu3SnH

quntitative

20

HCO2日

95%

%･パニ〕･､㌦
19

21

OCHO

22

Schemel

Thesynthesisof22describedhereinisstraightfbrwardwithfullstereocontrol･Its

brevitystemsfromtheefftctivedovetaningofnewannulationprocess･
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TabJelJntramo[ecutar Cyclization of VhyIEther ATcoho]s

entry aceta[ Vlny]ethera hemlacetalC l(完う

づチ

♂

♂

♂＼

♂
4

6

工笹

7仙Jタ､

8(タ､

9くず

※

ザOH
～･･･｢へ′

α00日

rへ

び00日
､､Yへ

び00日
～･･･｢へ′

ひ:OH
れ■･r､′b

′ひ00日
′････r〈′b

仙β00日

(すH

ワnH

づ転

勤･･･小

〔艶

〔艶/

〔艶･･♪
6

主

席●●♪

仙上製･･♪

戊･･･小

く苧

79

68

75

87

>95

>95

87

85

83

a)Thecrudeproductswereusedfbrthenextreactionwithoutpurincation･b)Diastereoradoof>9:1･See

ref･9･C)Mixtureofanomers･ 146



ExperimentalSection

General.MeltingpolntSWeretakenonaShimadzuMM-2apparatusandare

uncorrected.Infrared(IR)spectrawerereCOrdedonaHitachi260-10spectrometer･The200

MHzIHNMRandthe50MHz13cNMRspectrawereobtainedonaVarianGemini200

spectrometer･ChemicalshiftsoflHNMRareeXPreSSedinpartsperminiondown丘eldrelativeto

internaltetramethylsnane(8=0)orchloroform(8=7･26)andof13cNMRrelativetochlorofbrm-d

(8=77･1)･Splittingpatternsareindicatedass,Singlet;d,doublet;t,triplet;q,quartet;m,

multiplet;br,broadpeak･OpticalrotationsweremeasuredonaJascoDIP140polarimeter･

Analiticalgas-1iquidphasechromatography(GLC)wasperformedonaGasukuroKogyoMode1

3700rSimadzuMode18AinstrumentWithaflame-ionizationdetectorandacapillaryCOlurrmof

pEG-20MBonded(0.25mmX25m),PEG-HTBonded(0･25mmX25m),OrOV-101(0･25

mmx25m)usingnitrogenascarriergas･Forthinlayerchromatographic(TLC)analyses

throughthiswork,MerckprecoatedTLCplates(Silicage160GF254,0･25mm)wereused･The

productswerepuri丘edbypreparativecolurmchromatographyonsnicage160E･MerckArt9385･

MicroanalyseswereaccomplishedattheInstituteofAppliedOrganicChemistry,Facultyof

Engineenng,NagoyaUniverslty･ReactioninvoIvingair-OrmOisture-SenSitivecompoundswere

conductedinappropnateround-bottomedflaskswithmagneticstirringbarSunderanatOmOSPhere

OfdryargOn･

Inexperimentsrequiringdry.soIvents,ether,andtetrahydrofuran(THF)weredisti11ed

fromsodiumbenzophenoneketyl･Tolueneandbenzeneweredriedoversodiummetal･

DichloromethanewasdistilledffomphosphoruSPentOXideandstoredover4AmolecularSieves･

(-)一(2R,4R)-2,4-PentanedioIwaspurchasedffomWakoPureChemicalIndustriesLtd･andafter

checkingtheopticalpurity;[a]23D=-41･20(C9･99,Chloroform)･(一)-(3R)-1,3-ButanedioIwas

purchasedffomAldrichChemicalCompany,Inc･andaftercheckingtheopticalpurity;[α】24D=-

29.60(Cl.00,ethanol)･Unlessotherwisenoted,materialswereobtainedfromcommercial

suppliersandwereusedwithoutfurtherpuri丘cation･
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Preparation of Acetals･Acetalswerepreparedinexcellentyieldfromthe

correspondingketoneandl,3-diolinthepresenceofacatalyticquantityOfp-tOluenesulfonicacid

orpyridiniump-tOluenesulfbnate･

2,2･Diethyl･5,5-dimethyl-l,3･dioxane:TLC,Rf=0･61(hexane-EtOAc,5:2);IR

(film)2950,2880,1470,1460,1160,1140,1105,960･920cm-1;1HNMR(CDC13)80･91(t,

J=7.6Hz,6H,2CH2C旦3),0.97(S,6H,2CH3),1.73(q,J=7･6Hz,4H,2C旦2CH3),3･49(S,

4H,2CH20).

(7R,9R)･7,9-Dinlethyl･6,10･dioxaspiro[4･5]decane:TLC,Rf=0･53(hexane-

EtOAc,10:3);IR(丘1m)2990,2960,2900,1385,1355,1335,1200,1155,1130,1110,990

cm-1;1HNMR(CDC13)81.22(d,J=6.4Hz,6H,2Me),1･58-1･96(m,10H),3･98(SePtet,

J=6.6Hz,2E,20CH).

1,5･Dioxaspiro[5.5]undecane13:TLC,Rf=0･47(hexane-EtOAc,5‥2);IR(film)

2970,2900,1180,1160,1120,990cm-1;1HNMR(CDC13)81･35-1･95(m,12H,(CH2)5and

CH2),3.92(t,J=5.6Iiz,4H,2(CH20))･

2･Methyl･1,5･dioxaspiro[5･5]undecane13:TLC,Rf=0･47(hexane-EtOAc,10:3);

IR(丘1m)2950,2880,2370,2340,1450,1370,1170,1160,1115,940cm-1;1HNMR(CDC13)

81.17(d,J=6.2Hz,3H,Me),1.30-2.06(m,12H,(CH2)5andCH2),3･79(ddd,J=1･7,5･5,

11.5Hz,1H,CH20),3.98(dt,J=3.1,11.5Hz,1H,CH20),3･94-4･12(m,1H,CHO)･

(2R,4R)･2,4･Dimethyl-1,5･dioxaspiro[5･5]undecane(4)1‥TLC,Rf=0･58

(hexane-EtOAc,10:3);IR(丘1m)2980,2950,2880,2380,2340,1540,1160,1090cm-1;1H

NMR(CDC13)81.20(d,J=6･4Hz,6H,2Me),1･30-1･73(m,12H,(CH2)5andCH2),3･99

(SePtet,J=6.4Hz,2H,2CHO)･

(2R,4R)･2,4,9･Trimethyl･1,5-dioxaspiro[5.5]undecane(8):Physical

propertieswereidenticalwiththoseofreported･9b

(2R,4R)一2,4･Dimethyl･9･(1,1-dimethylethyl)･l,5･

dioxaspiro[5.5]undecane:Physicalpropertieswereidenticalwiththoseofreported･9b
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(2R,4R)･2,4,8,10･Tetramethyl･1,5･dioxaspiro[5･5]undecane(17):Physical

propertieswereidenticalwiththoseofreported･9b

(2R)･2･Methyl･l,5･dioxaspiro[5･7]tridecane:82%yield･TLC,Rf=0･50

(hexane-EtOAc,5:2);IR(丘1m)3000,2950,2890,1480,1460,1395,1175,1155,1120,990,

970cm-1;1HNMR(CDC13)81･17(d,J=6･OHz,3H,CH3),1･36-1･70(m,12H,6CH2),1･76-

1.86(m,2H,CH2),1･92-2･18(m,2H,CH2),3･79(ddd,J=1･8,5･6,11･7Hz,1H,OC旦H),

3.97(dt,J=3･4,11･7Hz,1H,OCHn3･93-4･08(m,1H,C珪Me);Anal･Found‥C,72･63;H,

11.19.C12H2202Calcd･:C,72･68;H,11･18%･

1,5･Dioxaspiro[5･11】heptadecane:88%yield･TLC,Rf=0･53(hexane-EtOAc,5:

2);IR(nlm)2950,2880,1470･1120,1100cm-1;1HNMR(CDC13)81･23-1･50(m,18H,

(CH2)9),1･65-1･85(m,6H,3CH2),3･90(t,J=5･7Hz,4H,2CH20);Anal･Found:C,75･05;H,

11.84.C15H2802Calcd･:C,74･95;H,11･74%･

GeneralProcedurefortheDeprotonationofAcetals･Toasolutionofacetal

(1.Ommol)indichloromethane(10mL)wasaddeddisobutylaluminum(2･OMinhexane,2･O

mL,4.Orrmol)at-780C･Stirredwasthesolutionatthattemperaturefbr30min,andatOOCfor6

h.Itwaspouredinto2Naqueoussodiumhydroxide(60mL)･andextractedwithether(20mL)･

Thewaterlayerwassaturatedwithsodiumchloride,andextractedwithethertwice(20mLX2)･

Thecombinedorganiclayersweredriedovermagnesiumsulfate･Concentratedinvacuogavea

crudeproductofvinyletheralcohol･Thisproductwasusedfbrthenextstepwithoutfurther

Purification･

GeneralProcedure for theIntramoIecular Cyclization of VinylEther

AIcohoIs.AcrudeproductofvinyletheralcohoIpreparedasdetailedabovewasdilutedin

dichloromethane(10mL)andNN-diisopropylethylamine(1mL)･Aftercoolingat-780C,

trifluoromethanesulfonicanhydride(210uL,1･2mmol)wasaddedtothissolution･Afterstirring

fbr3h,theresultingmixturewaspouredintosat･aqueOuSSOdiumhydrogencarbonate(50mL),
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andextractedwithetherfbrthreetimes(20mLX3).Thecombinedetherextractswerewashed

successivelywithlNsodiumhydrogensulfateandconcentrationinvacuoaffbrdedacrude

product,Whichwasdilutedin50%aqueousaceticacid(1･2mL)andacetone(15mL)･After

stirringatambienttemperatureovemight,thesolutionwasdilutedwithwater(30mL),and

extractedwithether(30mLX3).Thecombinedetherextractswerewashedwithsat･aqueOuS

sodiumhydrogencarbonate and brine,driedoversodium sulfate-POtaSSiumcarbonate,

concentratedinvacuo.TheresiduewaspurinedbycolumnchromatographyonsilicageltoglVea

colodesssolidoroil,Whichcanberecrystalizedfrompetroleumether･

2･Ethyl･2･hydroxy･3)5)5-trimethyltetrahydropyran:79%yield･TLC,Rf=0･45

(hexane-EtOAc,5:2);IR(film)3700-3200(br),2980,2900,1475,1468,1080,1065,1005,

955cm-1;0.83(S,3H,Me);0.90(d,J=6.8Hz,3H,Me),0･97(t,J=7･6Hz,3H,Me),1･03(S,

3H,Me),1.05-2.00(m,6H,CH2C(OH)C(3)HC(4)CH2),3･12(dd,J=2･6,10･8Hz,1H,

OC辻H),3.65(d,J=10.8Hz,1H,OCH珪)･

(3R,5S)･3,5･Dimethyl･1･hydroxy･2･OXabicyclo[4･3･0]nonane:68%yield･

TLC,Rf=0.23(hexane-EtOAc,10:3);R(film)3700-3150(br),2990,2950,2380,1120,1070,

1000cm-1;1HNMR(CDC13)80.90(d,J=6.8Hz,3H,Me),0･99-2･16(m,10H),1･16(d,

J=6.4Hz,3H,Me),2.28-2.29(br,1H,OH),3･89-4･05(m,1H,OCH);【α]26D=-3･580(cl･00,

ether).

1･Hydroxy･2･OXabicyclo[4.4.0]decane:75%yield･Physicalpropertieswere

identicalwiththoseofreported･3･14

l･Hydroxy･3･methyl･2･OXabicyclo[4･4･0]decane3,14:87%yield･TLC,

Rf=0.31(hexane-EtOAc,10:3);IR(CC14)3610,3000,2950,2930,2890,2370,2350,1560,

1550,1530,1080,1070,1060,990,980cm-1;1HNMR(CDC13)81･14-2･01(m,10H),1･16

andl.20(dandd,J=6.2and6.4Hz,3H,Me),1･90(S,1H,OH),2･01-2･46(m,3H,

C宣2C(OH)CB),3.69-3.78and4.03-4.18(mandm,1H,OC旦Me)

(3R,5S)･3,5･Dimethyl･1-hydroxy･2･OXabicyclo[4･4･0]decane(6):>95%

yield.TLC,Rf=0･30(hexane-EtOAc,4:1);mp‥52-530C;IR(nujolmull)3600-3300(br),1460,
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1380,1215,1105,975cm-1;lHNMR(CDC13)80･86(d,J=6･5Hz,3H,Me),1･40(d,J=6･3

Hz,3H,OCHC珪3),0･90-1･78(13H),4･06-4･19(m,1H,CH3C宣0);【α]23D=37･20(Cl･00,

ether).

(3R,5S,8S)･1･Hydroxy･3,5,8-trimethyl･2･0Ⅹabicyclo[4･4･0]decane(9):

>95%yield.TLC,Rf=0･28(hexane-EtOAc,4:1);mP:97-980C;R(nujolmull)3550-3300(br),

1740,1465,1380,980cm-1;1HNMR(CDC13)80･86(d,J=6･4Hz,3H,Me),0･93(d,J=6･O

Hz,3H,Me),1.14(d,J=6･3Hz,3H,OCHC旦3),0･90-1･79(12H),4･09-4･19(m,1H,

CH3C宣0);【α】23D=27.50(Cl･01,ether)･

(3R,5S,8S)･3,5･Dimethyl･8･(1,l･dimethylethyl)･1･hydroxy･2･

oxaspiro[4.4･0]decane:87%yield･TLC,Rf=0･20(hexane-EtOAc,4:1);mP:90-9lOC;IR

(nujolmu11)3600-3300(br),1460,1385,1220,1160,1090,985･935cm-1;1HNMR(CDC13)8

0.86-0.95(COmPlexofdands,12H,Me,andt-Bu),0･90-2･40(12H),1･15(d,J=6･2Hz,3H,

C旦3CHO),4･10-4･20(m,1H,CH3C宣0);[α]23D=55･40(Cl･07,ether)･

(3R,5S,7R,9S)･1･Hydroxy･3,5,7,9･tetramethyl･2･OXaSpiro[4･4･0]decane

(18):83%yield･TLC,Rf=0･45(hexane-EtOAc,4:1);mP:78-800C;IR(CC14)3640,2980,

2950,2900,2400,2360,1565,1550,1260,1205,1170,1100ilOOO,990cm-1;1HNMR

(CDC13)80.71-1･33(m,4H),0･88(d,J=6･6Hz,3H,Me),1･05(d,J=6･6Hz,3H,Me),1･06

(d,J=6.4Hz,3H,Me),1･12(d,J=6･4Hz,3H･Me),1･45-1･99(m,7H),4･04-4･20(m,1H,

OCH);Anal.Found:C,73･45;H,11･54･C13H2402Calcd･:C,73･52;H,11･41%･

(11R)･l-Hydroxy･1l･methyl･12･OXabicyclo[6･4･0]dodecane(10):85%

yield.TLC,Rf=0･12(hexane-EtOAc,5:2);IR(film)3460,2950,2880,1710,1475,1460,

1385,1150cm-1;1HNMR(CDC13)81.17(d,J=6･2Hz,3H,CH3),1･10-2･15(m,15H,

C(3)H2C(4)H2C(5)H2C(6)H2C(7)H2,C(9)H2C(10)H2andOH),2･25-2･70(m,3H,C(2)H2and

C(8)H),3.60-3.85(m,1H,C辻Me);Anal･Found:C,72･44;H,11･35･C12H2202Calcd･:C,

72.68;H,11.18%.

l･Hydroxy･16-OXabicyclo[10.4･0]octadecane(11)‥83%yield･TLC･Rf=0･11

(hexane-EtOAc,5:2);IR(film)3450,2950,2900,1720,1480,1080cm-1;1HNMR(CDC13)8
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1.12-1.86(m,23H,(C艶)2CH(C旦2)9andO珪),2･42(ddd,J=4･6,7･6,17･OHz,1H,CC珪H),

2.51-2.66(m,1H,CH),2.63(ddd,J=4.6,7.6,17･OHz,1H,CCH珪),3･54-3･72(m,2H,

OCH2);Anal.Found:C,75.04;H,11.94.C15H2802Calcd･:C,74･95;H,11･74%･

GeneralProcedure for theIodolactonization of Bicyclic Hemiacetals.The

followlngPrOCedurewasmodi丘eduponthebasisofSuareztsmethod4forthesynthesisof

medium-Sizedlactones.Asolutionofhemiacetal(1.Ommol),iodobenzenediacetate(98%,360

mg,1.1mm01),andiodine(250mg,1･0mmOl)incyclohexane(20mL)wasirradiatedwith

stirringby250WtungstenBlamentlampfbr90min･Theresultingsolutionwaspouredinto

aqueoussodiumsulnte(30mL),andextractedwithether(20mLX3)･Thecombinedorganic

layerswerewashedwithaqueoussat･SOdiumhydrogencarbonate(30mL)andbrine(30mL),

driedovermagnesiumsulfate,COnCentratedinvacuo･TheresiduewaspuriBedbycolumn

chromatographyonsilicagel(eluant:鮎stwithhexane,thenhexane-EtOAc)togiveacolorlessoil

Ofthecorrespondingiodolactone･

(7S,9R)･6･Iodo･7,9･dimethylnonanolide(7):>95%yield･TLC,Rf=0･48

(hexane-EtOAc,10:3);IR(film)2965,2940,2880,2360,2350,1740,1460,1260,1240cm-1;

1HNMR(CDC13)81.18(d,J=6.6Hz,3H,Me);1･29(d,J=5･2Hz,3H,Me),1･43-2･25(m,

8H,(C堕2)3CHIandMeCHC旦2)),4.70-4.79(m,1H,CHI),5･10-5･17(m,1H,OCH),2･25-

2.36(m,1H,CH2CO2),2.58(dt,J=15.6,4.6Hz,1H,CH2CO2)･

(3S,5R,7S,9R)･6･Iodo･3,5,7,9･tetramethylnonanolide:88%yield･TLC,

Rf=0.35(hexane-EtOAc,10:1);IR(CC14)2970,2930,2355,2340,1725,1560,1540,1520,

1510,1455,1230,1110,1000,980cm-1;1HNMR(CDC13)80･80-1･99(m,6H),0･99(d,

J=6.4Hz,3H,Me),1.00(d,J=6.2Hz,3H,Me),1.22(d,J=6･2Hz,3H,Me),1･22(d,J=6･2

Hz,3H,Me),1.30(d,J=6.6Hz,3H,Me),2.04-2.40(m,3H),4･91(m,1H,CHI),5･19-5･29

(m,1H,OCH);Anal.Found:C,46.17;H,6.96.C13H2302Icalcd･:C,46･16;H,6･87%･

(11R)･8･Iodo･11･methyl･11･undecanolide:76%yield･TLC,Rf=0･58(hexane-

EtOAc,5:2);IR(film)2960,2900,1750,1465,1265,1240,1215,1160cm-1;1HNMR

152



(CDC13)81.25(d,J=6.4Hz,3H,CH3(majorisomer)),1･26(d,J=6･2Hz,3H,CH3(minor

isomer)),1.10-2.57(m,16H,8CH2),4.16-4.32(m,1H,CHI(minorisomer)),4･48(quintet,

J=6.4Hz,1H,CHI(m可Orisomer)),4.92-5.09(m,1H,C宣Me(minorisomer)),5･23(dquintet,

J=3.0,6.4Hz,1H,C宣Me(majorisomer));Anal.Found:C,44･48;H,6･61･C12H2102Icalcd･:

C,44.46;Ⅲ,6.53%.

12･Iodo･15･pentadecanolide:81%yield.TLC,Rf=0･59(hexane-EtOAc,5:2),IR

(film)2950,2900,1750,1470,1460,1250,1190cm-1;1HrMR(CDC13)81･18-2･12(m,22H,

(C勤)2CHI(C珪2)9),2.35(t,J=7.OHz,2H,CH2C=0),4･03-4･31(m,3H,OCH2andCHI);

Anal.FoundC,49.20;H,7.53.C15H2702Icalcd.:C,49.19;H,7.43%.

GeneralProcedure for the Deiodogenation ofIodolactones･A mixture of

iodolactone(3.1mm01),tributyltinhydride(2.5mL,9･3mmol),AIBN(100mg),andTHF(65

mL)wasrefluxedfor40min.Thereactionmixturewasdilutedwithreagentgrade(undried)ether

(100mL).DBU(1.7g,11mmol)wasaddedtothereactionmixtureandthentitratedwithO･1M

iodinesolutioninether･Duringthistime,DBU-hydroiodideprecIPltatedasawhitesolid･After

theiodinecolorjustpersisted,thesolutionwastransftredtoashortcolumn(SiO2);aftersolution

withether(50mL),thesoIventwasremoved.Theresiduewasalmosttin-free･[ThisDBU

workupprocedurewassuggestedbyD･P･Curranetal･15]Theresiduewaspuri丘edbycolumn

chromatographyonsilicagel(eluent:firstwithhexane,thenhexane-EtOAc)togiveacolorlessou

Ofthecorrespondinglactone･

(7R,9R)･7,9･Dimethylnonanolide(15):Quantitative yield･TLC,Rf=0･33

(hexane-EtOAc,4:1);IR(film)2950,2890,2370,2350,1735,1455,1252,1095,970cm-1;1H

NMR(CDC13)80.80-1.69(m,10H),0.93(d,J=6.OHz,3H,Me),1･26(d,J=6･OHz,3H,Me),

1.85-2.33(m,2H),2.43-2.59(m,1H),4.88-5.02(m,1H,OC±CH3);Anal･Found:C,71･65;

H,10.96.CllH2002Calcd.:C,71.68;H,10･96%･

(3S,5S,7R,9R)-3,5,7,9-Tetramethylnonanolide(19):Quantitativeyield･TLC,

Rf=0.43(hexane-EtOAc,10:1);IR(film)2980,2950,2900,2380,2360,1740,1465,1315･
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1245,1180cm-1;1HNMR(CDC13)80･77-2･25(m,10H),0･87(d,J=5･4Hz,3H,Me),0･90

(d,J=6.6Hz,3H,Me),0･95(d,J=6･4Hz,3H,Me),1･25(d,J=6･4Hz,3H,Me)･2･31(dd,

J=1.1,8.7Hz,2H,CH2CO2),4･89-5･03(m,1H,OCH);Anal･Found:C,73･42;H,11･42･

C13H2402Calcd･:C,73･52;H,11･41%･

Exaltolide(15･Pentadecanolide,13)8:95%yield･TLC,Rf=0･59(hexane-EtOAc,

5:2);mP:30･5-31･00C;IR(film)2950,2890,1750,1470,1360,1245,1180,1120cm-1;1H

NMR(CDC13)81.20-1･50(m,20H,(CH2)10),1･55-1･75(m,4H,2CH2),2･34(t,J=6･7Hz,

2H,CH2C=0),4.15(t,J=5･4Hz,2H,CH20);Anal･Found:C,75･06;H,11･88･C15H2802

calcd.:C,74.95;H,11.74%.

Transformation of19into(･)-Lardolure(22).

(3R,5R,7R,9R)･3,5,7-Trimethyl･1,9･decanediol(20):Toasolutionof19

(0.903g,4.25mmol)intoluene(30mL)wasaddeddropwisediisobutylaluminumhydride(1M

inhexane,12.8mL,12.8mmol)at-780C.Stirringwascontinuedfor3hatthattemperature･

ThereactionmixturewaspouredintoicelNhydrochloricacid,eXtraCtedwithetherrepeatedly,

driedovermagnesiumsulfate,COnCentratedinvacuo･Theresiduewaspurifiedbycolumn

chromatographyonsilicagel(eluent:hexane-EtOAc,4:3)togiveacolorlessoil(846mg,92%

yield)･TLC,Rf=0･3(hexane-EtOAc,1:1);IR(丘1m)3570-3070(br),2975,2940,2375,2350,

1460,1185,1060cm-1;1HNMR(CDC13)80･75-1･82(m,13H),0･88(d,J=6･6Hz,3H,Me),

0.907(d,J=5.6Hz,3H,Me),0･91(d,J=6･8Hz,3H,Me),1･21(d,J=6･OHz,3H,Me),3･58-

3.78(m,2H,C旦20H),3･84-3･98(m,1H,･C旦OH);Anal･Found:C,71･85;H･13･25･

C13H2402Calcd･:C,72･15;H,13･07%･

(3R,5R,7R,9R)･l･P･Toluenesulfonyl･3,5,7･trimethyト9･decanol:Toa

solutionof20(0.60g,2.8mmol),DMAP(50mg),andpyridine(0･97mL,12mmol)in

dichloromethane(3mL)wasaddedTsCl(0.63g,3.3mmol)at-200CunderargOn･Stirringwas

continuedfbr5.5hatthesametemperature･Itwasworkedupwithwater,eXtraCtedwithether･

Theorganiclayerwaswashedwithhydrochloricacid(1N),driedoverMgSO4,COnCentratedin
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vacuoandpuri丘edbycolurrmchromatographyonsilicagel(eluent:hexane-EtOAc,3:1)togivea

colorlessoil(0.66g,1.8mmol,64%yield)･TLC,Rf=0･55(hexane-EtOAc,1‥1);IR(film)3700-

3150(br),2960,2935,2365,t2340,1455,1355,1185,1165,1095,945,815,665cm-1;1H

NMR(CDC13)80･69-1･81(m,12H),0･82(d,J=6･6Hz,3H,Me),0･83(d･J=6･4Hz,3H,Me),

0.89(d,J=6.6Hz,3H,Me),1･21(d,J=6･OHz,3H,Me),2･47(S,3H,ArC旦3),3･84-4･00(m,

1H,C韮OH),4.03-4.15(m,2H,C珪20Ts),7･37(d,J=8･2Hz,2H･Ar),7･81(d,J=8･2Hz,2H,

Ar);Anal.Found:C,64･77;H,9･31･C20H3404Scalcd･:C,64･82;H,9･27%･

(2R,4R,6R,8R)･Trimethyl･2･undecanol(21)‥Toasolutionofcuprousiodide

(2.73g,14･3Ⅱ皿01)inether(18mL)wasaddedmethyllithium(1･5Msolution,19･1mL,28･6

mmol)at-780Cunderargon･Itwasstirredat-200Cfbr4h･Asolutionoftosylate(0･656g,

1.79mm01)inether(10mL)wasaddedtoitat-780C･Stirringwascontinuedfbr2hat-200C･

Thereactionmixturewasworkedupwithaqueousammoniumchloride,eXtraCtedwithether,dried

overmagnesiumsulfbnate,COnCentratedinvacuo,andpurifiedbycolumnchromatographyon

silicagel(eluent:hexane-EtOAc,6:1)togiveacolorlessoil(354mg,1･65mmol,92%yield)･

TLC,Rf=0.38(hexane-EtOAc,4:1);IR(film)3600-3150,2985,2940,2885,2860,2380,2340,

1455,1375cm-1;1HNMR(CDC13)80･73-1･80(m,20H),0･85(d,J=6･2Hz,3H,Me);0･91

(d,J=6.8Hz,3H,Me),1･21(d,J=6･2Hz,3H,Me),3･88-3･98(m,1H,CHO);Anal･Found･C,

78.37;H,14.25.C14H300calcd･:C,78･41;H,14･13%･

(lR,3R,5R,7R)･l,3,5,7･Tetramethyldecylformate(22)11:Amixtureof21

(313mg,1.46mmol)andfomicacid(8･2mL)wasstirredfbrl･5hat650C･Itwasthenpoured

intoice-Sat･aqNaHCO3andextractedwithhexane,driedovermagnesiumsulfate,COnCentratedin

vacuo.Theresiduewaspuri丘edbycolumnchromatographyonsilicagel(eluent:hexane-EtOAc,

50:1)togiveacolorlessoil(336mg,1･39mmol,95%yield)･TLC,Rf=0･25(hexane-EtOAc,

50:1);IR(film)2975,2950,2900,2.380,2350,1740,1465,1390,1190,1140cm-1;1HNMR

(CDC13)80.83-1･80(m,6H),0･84(d,J=1･2Hz,3H,Me),0･87(d,J=1･8Hz,3H,Me),0･90

(d,J=2.2Hz,3H,Me),1･28(d,J=6･2Hz,3H,Me),5･13-5･22(m,1H,MeC旦0),8･08(S,1H,

ocHO);13cNMR(CDC13)814･55,20･10,20･34,20･51,20･71,21･04,26･60,27･36,29･83,
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39.10,43.15,45.50,45.67,69.26,161.42;【α]25D=-3･640(C7･88,hexane);GLC(instrument,

GasukuroKogyoMode1370;COlumn,OV-101,25mXO･25mmatlOOOC+0･50C/min;Carrier

gas,N2,5kgkm2)Rt66･35min･Anal･Found:C,74･24;H,12･59･C15H3002Calcd･:C,74･30;

H,12.50%.ThelHNMRand13cNMRspectraandcapi11aryGCretentiontimewereidentical

withthoseofthenaturalpheromone･11

C｡nVerSion of 7 to a Diastereoisomeric Mixture of(7S,9R)･7,9-

Dimethylnonanolideand15･Amixtureof7(1･10mmol,0･362g)andDBU(1･10mmol,

0.175mL)washeatedto900C.Stirringwascontinuedfor30min･Thereactionmixturewas

workedupwithaqueousammOniumchlorideandextractedwithether,driedovermagnesium

sulfate,COnCentratedinvacuoandpurifiedbycolumnchromat?graPhyonsilicagel(eluent:

hexane-EtOAc,20:1)togive14(isomericmixtureof5-Olefinand6-01efin)asacolorlessoil

(70.7mg,35%yield)･14(5-01enn):TLC,Rf=0･50(hexane-EtOAc,4:1);1HNMR(CDC13)8

0.83-2.53(m,9H),0.94(d,J=5･OHz,3H,Me),1･18(d,J=5･OHz,3H,Me),5･05-5･38(m･

3H,OC旦MeandC旦=CB).14(6嶋01efin)‥TLC,Rf=0･50(hexane-EtOAc,4:1);1HNMR

(CDC13)80.83-2･53(m,10H),1･34(d,J=6･OHz,3H,Me),1･75(S,3H,CH=C辿d,5･05-5･38

(m,2H,C塁=CandOC珪)･

Toasolutionof14(70.7mg,0.39mmol)inmethanol(1･1mL)wasaddedlO%Pd-C

(4mg)andthenthereactionatomospherewassubstitutedforhydrogengas･Stirringwas

continuedfor5hatroomtemperature･Thesolutionwasmtrated･Themtratewasconcentratedin

vacuoandpurinedbycolumnchromatographyonsiucagel(eluent:hexane-EtOAc,50‥1)togive

amixtureof(7S,9R)-7,9-dimethylnonanolideand15asacolorlessoil(47･6mg,66%yield)･

GLCanalysisshowedamixtureof(7S,9R)-7,9-dimethylnonanolideand15presentina56:44

rati0,reSPeCtively･TLC,Rf=0･33(hexane-EtOAc,4:1);IR(film)2960,2885,2375,2345,

1730,1460,1245,1145,1100,965cm-1;1HNMR(CDC13)80･86-1･67(m,8H),0･88(d,

J=6.8Hz,3H,Me(7S)),0.93(d,J=5.8Hz,3H,Me(7R)),1･26(d,J=6･2Hz,3H,Me(7R)),

1.30(d,J=6.6Hz,3H,Me(7S)),1･74-2･28(m･4H),2･37-2･56(m,1H),4･88-4･97(m,1H,
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CH3C宣0(7S)),5.03-5.14(m,1H,CH3C堕0(7R))･GLC(instrument,GasukuroKogyoMode1

370;COlumn,PEG-20MBonded,25mXO･25mmatlOOOC+0･50C/min;Carriergas,N2,5

kg/cm2)Rt32･8min(44%,(7R)),39･9min(56%･(7S))･Anal･Found:C,71･67;H,10･86･

CllH2002Calcd･:C,71･68;H,10･96%･

Transformation of(11R)-8･Iodo･11･methyl･11･undecanolideinto(+)･

Recireiolide(12).

ProcedurefbrDehydroiodination.ThehinderedamidineDBU(5mL)and(11R)-

8-iodo-11-methyl-11-undecanolide(2.14g,6･59mm01)weremixedtogetherandheatedinanoil

bathat85±50C.Heatingandstirringwerecontinuedfor40minaftertheappearance(about3

min)ofawhiteprecipitateorsymP.Thereactionmixturewasworkedupwithhexane,driedover

magnesiumsulfate,COnCentaratedinvacuo･andpuri丘edbycolurrmchromatographyonsilicagel

(eluent:hexane-EtOAc,20:1)togivea59:31:2:7mixtureofthefburdiastereoisomeric

olefiniclactones((8E)-11-methyl-8-undecen-11-01ide(12),(7E)一11-methyl-7-undecen-11-01ide,

andtwootherminorcisisomers)asacolorlessoil(1.26g,98%yield)･Althoughwehadno

independentprooffortheassignedstereochemistryoftwominorcisisomers,(8E)-isomer

127,16,17and(7E)-isomer17werechromatographica11yandspectral1yidenticalwiththeone

reportedintheliterature･Chromatographicseparationoftheisomericolefiniclactones,uSlng

silicagelimpregnatedwithsilvernitratebyimmersingsilicagel(E･Merck)intoa12･5%(w/v)

solutionofsilvernitrateinacetonitri1eandthendriedfbrldayunderreducedpressure(vacuum

pump)andhexane-ethylacetate(500:1)astheeluent,gaVePure12･SilicagelTLCplateswere

immersedbrieflyina12.5%(w/v)solutionofsilvernitrateinacetonkileandallowedtoair-dryin

thedarkovernight.GLC(instrument,SimadzuMode18A;COlumn,PEG-HTBonded,25mX

O.25mmat1300C+0.50Chnin;Carriergas,N2,0.75kgkm2)Rtll･6min((8E)一isomer12),12･9

min((7E)-isomer),13.6min((Z)-isomer),13･9min((Z)-isomer)･

(8E)･isomer12:TLC,Rf=0.17(hexane-EtOAc,20:1);IR(film)3000,2950,2890,

1740,1240,1170cm-1;1HNMR(CDC13)81.252(d,J=6.2Hz,3H,CH3),1･04-2･48(m,
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14H,(CH2)6and CH2),5.08-5.27(m,1H,C旦Me),5･24-5･36(m,2H,CH=CH);

【α】24D=+71.180(cl.03,CHC13);lit･7b[α]D=+700(cl,CHC13)･

(7E)･Isomer:TLC,Rf=0･14(hexane-EtOAc,20:1);1HNMR(CDC13)81･247(d,

J=6.2Hz,3H,Me),4.78-4.94(m,1H,CHO),5･08-5･36(m,1H,C韮=CH),5･47(ddd,J=4･8,

9.2,14.3Hz,1H,CH=C宣).
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Chapter9

ChiralArylGrignardReagents･Generation

and Reactionswith CarbonylCompounds

Abstract:ChiralarylGrignardreagentsaregeneratedinsituffomchira12-

halobenzaldehydeacetal,t-butyllithium,andmagnesiumbromide･Thesereagents

reactwitharOmaticaldehydestomoderatediastereoselectivities･
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Thechiralacetalmethodplaysanincreaslnglyimportantroleinasymmedcsynthesis･1

wehaveshownthattheLewisacidcatalyzedcouplingofchiralacetalswithvariousnucleophilic

organometallicreagentsproceedsinahighlydiastereoselectivemanner,ultimatelyprovidinga

routefbrgeneratlngChiralsecondaryalcohoIsinhighchemicalandopticalyields･2,3Especially

six-memberedringacetalsderivedffom(2R,4R)-Or(2S,4S)-PentanedioIsreactwithexcellent

diastereoselectivitiestoglVePrOductsfromwhichtheacetalauxiliarylSeaSilyremoved･3

Asymmetricinductionproducedbytheacetalderivedfrom(-)-(2R,4R)-2,4-Pentanediolisascribed

toastereospeci丘ccoordinationoftheLewisacidtooneoftheacetaloxygens･

Aspartofaprogramaimedatexploringascopeandlimitationsofchiralacetal

methodology,WenOWrePOrtdiastereoselectiveadditionofGrignardreagentswhichhavean

a句acentchiralacetalgroup･

Results and Discussion

ChiralarylGrignardreagent2wasreadilypreparedasshowninSchemel‥Acetalization

of2-bromobenzaldehydewith(-)一(2R,4R)-2,4-Pentanediol,1ithiationwitht-butyllithium,and

finallytransmeta11ationwithmagnesiumbromide･ThereactionsoftheGrignardreagent2with

variouscarbonylcompoundswerecarriedoutintoluene-etherat-780C･Someofourresultsare

listedinTablel･Usinganaromaticcarbonylcompoundastheelectrophile,2gavehigh

diastereoselectivityprovidingthepredominantproduct3a(Entriesl,4,and5)･Theless

stereoselectlVlty,Ontheotherhand,WaSObtainedinthereactionswiththeotherorganometallic

reagents(Entries2,3,andlO)andthereactionswithaliphaticaldehydes(Entries6and8)･

よcHO′`一■■●n
H+,benzene

refIux
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1.トBuLi

2.MgBr2

3a

TsOH

3a/3b

RIcoR2

Rl>R2

3b

Schemel

THF-H20

500c

NNH2

KOBuI

DMSO,rt

Scheme 2
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EvidencefbrthestereochemicalcourseoftheprocessdepictedinSchemelwasobtained

bythetranSfbrmationshowninScheme2･Theproduct3a(Rl=Ph,R2=H;88%de)inEntryl

wasconvertedintophenyl-0-tOlylmeyhanol(6)whose
stereochemistries were already

established.4Thus,hydrolysisof3awithp-tOluenesulfbnicacidaffbrdedhemiacetal4,Which

wasfurtherconvertedtohydrazone5byhydrazine･Treatmentof5bypottasiumt-butoxidegave

thecompound6([α]23D=-0･530,Cl･0,benzene)having申eS-COnfiguration･4The

stereochemistriesofthemaJOrPrOduct3aoftheothercasesweretentativelyasslgnedffom

mechanisticanalogy.

Althoughthedetai1edstereochemicalcourseisnotascertained,thefbrmationof3aas

predominantproductsmaybereasonablyexplainedbytheattackoftheGriganrdreagentsfromre-

facesideinthestructureoforganometallicreagentonthere-faceofthecarbonylcompoundsas

showninFig･1･Namely,themagnesiummetalisintramolecular1y丘xedbyastereospecific

coordinationtooneoftheacetaloxygenatomsleadingtotheformationofthefive-memberedring

struCture.Thenelectrophuesapproachtothelesshinderedsideofthemagnesiumreagentasinthe

丘gure.

Fig.1.

3a

ThestudydescribedaboveillustratesthesuitabilityofopticallyactivealcohoIs･One

obviousadvantageofourmethodologyisthatproduct3acouldbefurthertransfbrmedintoother

newchiralcompoundsbyadiastereoselectivecleavageoftheremalnlnghomochiralacetalgroup･
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TabTel.Grignard Reaction vibHomochira[AcetaI

Entry Substrate RIcoR2 Yje[d(%) Ratio

RI R2 3a:3b

Ph H 91 94: 6

2a)

3b)

10b)

ま≡デ

73

50

P･CF3C6H4 H 72

Ph Me 34

トBu H 85

PhCH=CH H 66

C･Hex H 69

Ph H 47

50

72:28

60:40

89:11

83:17

82:18

74:26

65:35

82:18

73:27

a)Ti(0んPr)4WaS uSedinstead of MgBr2･

b)RIcoR2was added afterIithiation.
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ExperimentalSection

General.TheIRspectraweredeteminedona=itachi260-10spectrometer･ThelH

NMRspectrawererecordedonaVarianGemimi-200spectrometer,uSingTMS(tetramethylsilane)

asaninternalstandard･SplittingpatternSareindicatedass,Slnglet;d,doublet;t,triplet;q,quartet;

m,multiplet;br,broad･ThemicroanalyseswereperfbrmedattheInstituteofAppliedOrganic

Chemistry,Faculty ofEnglneerlng,NagoyaUniverslty･Analyticalgas-1iquid phase

chromatography(GLC)wasperfbrmedonGasukuroKogyomode1370instrumentSWithaflame-

ionizationdetectorandacapillarycolurrmofPEG-HT(0･25X25000mm)usingnitrogenasthe

carriergas.Etherandtetrahydrofuran(TRF)weredistilledffombenzophenoneketyl･Toluene

andbenzeneweredriedoversodiummetal･Allexperimentswerecarriedoutunderanargon

atmosphere･Purificationoftheproductwascarriedoutbycolumnchromatographyonsilicagel

Fuji-DavisonBW-300.(一)-(2R,4R)-2,4-PentanedioIwaspurchasedfromWakoPureChemical

Ind｡StriesLtd.andusedaftercheckingtheopticalpurity;【α】23D=-41･20(c9･99,Chloroform)･

Unlessotherwisenoted,Otherchemicalswerepurchasedffomcommercialsuppliersandused

withoutfurtherpuri丘cation･

GeneralMethod for Preparation of HomochiralAcetals･Themixtureof

correspondingaldehydeorketone(10･Ommol),P-tOluenesulfbnicacid(10mg)and(-)-(2R,4R)-

2,4-Pentanediol(1･14g,11･Ommol)inlOmLofbenzenewasrefluxedwithcontinuous

azeotropICremOValofwaterfbr2h･Theresultingmixturewaspouredintosaturatedsodium

hydrogencarbonateandtheproductwasextractedwithtwicewithhexane･Theorganiclayers

weredriedovermagnesiumsulfateandconcentratedinvacuo･Puri丘cationofthecrudeoilby

columnchromatographyonsilicagel(hexane/ethylacetateaseluent)affordedthecorresponding

acetal･Thephysicaldataofacetalsarelistedbelow･

(4R,6R)･2･(2･Bromophenyl)･4,6･dimethyl･1,3･dioxane(1):Quantitativeyield;

IR(CC14)2986,1366,1148,1129,996cm-1;1HNMR(CDC13)81･31(d,J=6･2Hz,3H,
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C(equatorial)H3),1･40-1･52(m,1H,H(equatorial)CH),1･55(d,J=6･8Hz,3H,C(axial)H3),

1.92-2.10(m,1H,H(axial)CH),4.24(dqd,J=2･4,5･9,11･8Hz,1H,OCH(axial)CH3),4･48

(m,1H,OCH(equatorial)CH3),6･13(S,1H,02CH),7･19(dt,1H,J=1･8･7･6Hz,ArH),7･35

(dt,1H,J=1.3,7.7Hz,ArH),7.53(dd,1H,J=1･3,7･7Hz,血H),7･74(dd,1H,J=1･8,7･7

Hz,ArH).Anal.(C12H1502Br)C,H･

(4R,6R)-2･(2･Bromophenyl)･2,4,6･trimethyl･1,3･dioxane:Quantitative yield;

IR(丘1m)3000,2950,2375,2350,1460,1440,1385,1378,1275,1245,1185,1175,1130,

1030,970,765cm-1;1HNMR(CDC13)81.26(d,J=2･6Hz,3H,C(equatotial)H3),1･29(d,

J:2.6Hz,3H,C(axial)H3),1.46-1.67(m,2H,CH2),1･70(s,3H,02CCH3),3･55-3･72(m,

1H,OCH(axial)CH3),4.12-4.29(m,1H,OCH(equatorial)CH3),7･14(dt,J=1･8,7･6Hz,1H,

ArH),7.32(dt,J=1.4,7.6Hz,1H,ArH),･61(dd,J=1･4,7･8Hz,1H,ArH),7･81(dd,J=1･8,

7.8Hz,1H,ArH).Anal.(C13H1702Br)C,H･

GeneralProcedure for the Grignard Type Coupling of the Homochiral

Acetal.Toasolutionoftheacetal(0.5mm01)intoluene(3mL)wasaddedt-butyllithium(0･26

mL,0.6mmol,2.32moldm-3inpentanesolution)at-780Candtheresultingyellowsolutionwas

stirredatOOCfor30min.Aftercoolingto-780C,aSOlutionofmagnesiumbromide(1･0mm01)in

ether(3mL)(preparedinanotherflaskfrommagnesiumtumings(29･2mg,1･2mmol)andl,2-

dibromoethane(0.0862mL,1.0mm01)atroomtemperaturefbr30min)wasaddedat-780C,and

after30min,thecorrespondingaldehyde(0.5mmol)wasaddedatthesametemperature･The

mixturewasstirredat-780Cfbr30min,POuredintoaqueousarrmoniumchloride,eXtraCtedwith

ether,anddriedovermagnesiumsulfate･EvaporationofsoIventsandpurificationoftheresidue

bycolumnchromatographyonsilicagel(hexane/ethylacetateaseluent)gavethecorresponding

hydroxyacetals(3aand3b)･ThediastereomericratiooftheadductswasdeteminedbylH

NMR･Thephysicalpropertiesandanalyticaldataoftheadductsobtainedarelistedbelow･

(4R,6R)･4,6･Dimethyl･2-[2･(α･hydroxybenzyl)phenyl】･l,3-dioxane(3,

Entriesl,2,and3):IR(CC14)3461(OH),2999,2956,1453,1381,1156,1134,1106,1036,
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1019,996,763,696cm-1;1HNMR(CDC13)81･30(d,J=6･2Hz,3H,C(equatorial)H3),1･47

(d,J=7.O Hz,3H,C(axial)H3),1･97-2･12(m,1H,H(axial)CH),1･33-1･43(m,1H,

H(equatorial)CH),3･72(d,J=3･5Hz,1H,OH(3aisomer)),3･95(d,J=4･8Hz,1H,OH(3b

isomer)),4.21(dqd,J=2.2,6.2,12.2Hz,1H,OCH(axial)CH3),4･48-4･60(m,1H,

OCH(equatorial)CH3),5･92(s,1H,02CH(3bisomer)),6･08(S,1H,02CH(3aisomer)),6･34

(d,J=4.8Hz,1H,CHOH(3bisomer)),6･43(d,J=3･5Hz,1H,CHOH(3aisomer)),7･10-7･65

(m,9H,ArH).Anal.(C19H2203)C,H･

(4R,6R)･4,6･Dimethyl･2･[2･(4･trifluoromethyl-α･hydroxybenzyl)phenyl】･

1,3-dioxane(3,Entry4):IR(丘1m)3400(OH),2975,2930,2880,1615,1455,1410,1375,

1320,1140,1020,925,860,810,758cm-1;1HNMR(CDC13)81･27(d,J=6･OHz,3H,

C(equatorial)H3),1･47(d,J=7･2Hz,3H,C(axial)H3),1･39-1･53(m,1H,H(equatorial)CH),

1.95-2.10(m,1H,H(axial)CH),3.91(d,J=3･7Hz,1H,OH(3aisomer)),3･93(d,J=2･6Hz,

1H,OH(3bisomer)),4.13-4.28(m,1H,OCH(axial)CH3),4･44-4･57(m,1H,

OCH(equatorial)CH3),5･92(S,1H,02CH(3bisomer)),6･05(S,1H,02CH(3aisomer)),6･44

(d,J=3.7Hz,1H,CHOH(3bisomer)),6.51(d,J=2･6Hz,1H,CHOH(3aisomer)),6･97-7･65

(m,8H,ArH).Anal.(C20H2103F3)C,H･

(4R,6R)･4,6-Dimethyl･2-[2･(l･hydroxy･l･phenylethyl)phenyl】･l,3･

dioxane(3,Entry5):IR(丘1m)3423,2993,2943,1443,1373,1155,1135,1036,985,925,

758,700cm-1;1HNMR(CDC13)81.08(d,J=8.OHz,3H,C(equatorial)H3),1･28(d,J=8･OHz,

3H,C(axial)H3),1.25-1.50(m,1H,H(equatorial)CH),1･75-2･00(m,1H,H(axial)CH),3･46-

3.66(m,1H,OCH(axial)CH3),4.24-4.41(m,1H,OCH(equatorial)CH3),5･31(S,1H,02CH

(3bisomer)),5.61(S,1H,02CH(3aisomer)),6･79-8･40(m,9H,ArH)･Anal･(C20H2403)C,

H.

(4R,6R)-4,6･Dimethyl･2･[2･(l･hydroxy･2,2･dimethylpropyl)phenyl】一l,3･

dioxane(3,Entry6):IR(film)3450,2970,2950,2880,1372,1125,1031,983,753cm-1;1H

NMR(CDC13)80.97(S,9H,t-Bu),1･25(d,J=6･2Hz,3H,C(equatorial)H3),1･46(d,J=7･O

Hz,C(axial)H3),1.39-1.51(m,1H,H(axial)CH),1･92-2･08(m,H(equatorial)CH),2･16(d,
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J=2.6Hz,1H,OH(3aisomer)),2.27(d,J=2.OHz,1H,OH(3bisomer)),4.16(dqd,J=2･2,

6.2,12.4Hz,1H,OCH(axial)CH3),4.40-4.54(m,1H,OCH(equatorial)CH3),4･83-4･86(m,

1H,CHOH),6.22(s,1H,02CH),7.26-7.75(m,4H,ArH).Anal･(C17H1603),C･H･

(4R,6R)-4,6･DimethyI･2･[2･(1･hydroxy-3･phenyl･2･prOpenyl)-phenyl]･

1,3-dioxane(3,Entry7):IR(film)3450,3040,2980,2945,2880,1500,1450,1408,1380,

1159,1135,1108,1041,990,928,760,699cm-1;1HNMR(CDC13)81･30(d,J=6･OHz,

C(equatorial)H3),1.43-1･58(m,1H,H(equatorial)CH),1･52(d,J=6･8Hz,3H,C(axial)H3),

1.98-2.14(m,1H,H(axial)CH),3.58(d,J=3.OHz,1H,OH(3aisomer)),3･66(d,J=3･4Hz,

1H,OH(3bisomer)),4.26(dqd,J=2.6,6.0,12.OHz,1H,OCH(axial)CH3),4･53(m,1H,

OCH(equatorial)CH3),5.94-5･99(m,1H,CHOH),6･15(S,1H,02CH),6･52(dd,J=4･7,16･O

Hz,CH=CHPh),6.88(dd,J=1.7Hz,16.OHz,CH=CHPh),7･21-7･63(m,9H,ArH)･Anal･

(C21日2403)C,H.

(4R,6R)･4,6･Dimethyl･2･[2･(CyClohexylhydroxymethyl)phenyl】･1,3･

dioxane(3,Entry8):IR(film)3443,2973,2918,2700,1440,1373,1148,1125,1100,1033,

980,918,753cm-1;1HNMR(CDC13)81.28(d,J=6.OHz,3H,C(equatorial)H3),1･49(d,

J=6.8Hz,3H,C(axial)H3),1.92-2.08(m,1H,H(axial)CH),0.89-2･18(m,12H,C6Hlland

H(equatorial)CH3),4.20(dqd,J=2･1,6･0,12･OHz,1H,OCH(axial)CH3),4･40-4･54(m,1H,

OCH(equatorial)CH3),4.72(dd,J=2.6,8.OHz,1H,CHOH(3bisomer)),4･80(dd,J=2･6,8･2

Hz,CHOH(3aisomer)),6.08(S,1H,02CH(3aisomer)),6.12(S,1H,02CH(3bisomer)),

7.24-7.67(m,4H,ArH).Anal.(C19H2803)C,H･

(4R,6R)-2,4,6,Trimethyl-2･[2･(α･hydroxybenzyl)phenyl]･1,3･dioxane(3,

Entries9andlO):IR(film)3500,2980,2948,1450,1382,1248,1178,1162,1121,1039,

1019,962,921,765,739,700cm-1;1HNMR(CDC13)81.25-1.30(m,6H,2CHCH3),1･52-

1.82(m,2H,CH2),1.78(S,3H,02CCH3),3.70-3.81(m,1H,OCH(axial)CH3),4･02(d,1H,

J=4.OHz,OH),4.21-4.32(m,1H,OCH(equatorial)CH3),6.40(d,J=3･8Hz,1H,CHOH(3a

isomer)),6.61(d,J=5.O Hz,1H,CHOH(3bisomer)),6.98-7.66(m,9H,ArH)･Anal･

(C20H2403)C,H.
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pr｡CedurefbrtheConversionof3a/3bto6.Themixtureof3a/3b(94:6,1･24

g,4･2mmol),P-tOluenesulfbnicacid(200mg),Water(15mL),andTHF(15mL)wasstirredat

500Cfor5h.Thenthemixturewaspouredintosaturatedsodiumhydrogencarbonateaqueous

solutionandextractedwithether.Thecombinedextractsweredriedovermagnesiumsulfate,

filtered,andevaporated･Columnchromatography(gradientelution,hexane/ethylacetate,5:2)

gave4asacolodessoil(0･863g,98%yield)･

Toasolutionof4(0.863g,4.1Ⅱ皿01)preparedasdetailedaboveinethanoIwasadded

hydrazinemonohydrate(0･971mL,20rrmol)atroomtemperature･Af[erWarmingto50-700C,

themixturewasstirredatthesametemperaturefbr8h･Aftercoolingtoroomtemperature,the

resultingsolutionwasconcentratedinvacuo･Colurrmchromatography(gradientelution,Et20)

gave5asacolorlessoil(0･731g,79%yield)･

Toarapidlystirredmixtureofsublimedpotassiumt-butoxideandanhydrousdimethyl

sulfbxide(20mL)wasaddedasolutionof5inanhydrousdimethylsulfbxide(20mL)inavery

smallportionsoverlhperiod･Thesolutionturneddeepgreen･Stirringwascontinuedfbr30

min.Itwasworkedupwithwaterandextractedwithdichloromethane･Theorganiclayerwas

washedwithwater,dried,andconcentratedinvacuo.Colurrmchromatography(gradientelution,

benzene)gave6(455mg,71%yield)･

3･Phenyl･2･OXaindan･1･01(4)‥1HNMR(CDC13)83･51and3･57(d,J=7･4Hz,

1H,OH),6.13(S,1H,CHPh(transisomer)),6･36(d,J=7･4Hz,1H,CHPh(Cisisomer)),6･61

(d,J=7.4Hz,1H,CHO2(transisomer)),6･72(dd,J=1･7･7･4Hz,1H,､cHO2),7･05-7･53(m,

9H,ArH).

2･(α･Hydroxybenzyl)benzaldehyde hydrazone(5):1HNMR(CDC13)85･49

(br,3H,NH2andOH),5･99(S,1H,PhCH),7･10-7･44(m,9H,ArH),7･82(S,1H,CH=N)･

Phenyl-0･tOIylmethanol(6):1HNMR(CDC13)82･30(d,J=5･OHz･1H,OH),

2.25(S,3H,CH3),6･00(d,J=5･OHz,1H,CHOH),7･12-7･55(m,9H,ArH)･The%eeofthis

170



compound([α]23D=-0･530,Cl･0,benzene),deteminedffomlHNMRbyashiftreagent

Eu(bた)3,WaS72乳
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