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GreetingsfromtheChairmanofISPC08 鐵繍篭

WelcometoISPCO8!

Onbehalfoftheorganizingcommittee,Iwouldliketoextendawholeheartedwelcometoallthe
participantstoISPCO8,theFirstintemationaISymposiumonProcessChemistry,inconlunction
withthe2008SummerSymposiumoftheJapaneseSocietyfOrProcessChemistry(JSPC).
JSPCwasfoundedin2001,justthebeginningofthiscenturyiafterseveralsymposiaandsincere

discussionsbetweenprocesschemistrydirectorsofindustriesanduniversityprofessors.

JSPCaimstopromoteandencouragethedevelopmentofprocesschemistryinvariousdirections
amongmembers.Processchemirryincludessyntheticchemistryianalyticalchemistry,chemical
technology,solidstatechemistry,environmentalscience,regulations,patentproblemandsoon,to
mentionbutafew.

JSPChasregularsymposiatwiceayear,summerandwinter,afterthefOundationcommemorative

symposiumwasheldin2002.MembersofJSPCbelongtoindustries,especiallypharmaceutical
ones,manufacturersofintermediates,universities,andsoon.Thenumberofparticipantsto

symposiaisyearlyincreasing.Furthermore,JSPChasaseminarcalled{IProcessChemistry

Lounge"inwhichallparticipantswillstayinthesameaccommodationanddiscussallareasof
processchemistry.

JSPCbelievesthattheSocietywillhaveakeyfeaturetoadvanceandimproveprocesschemistryin

thiscentury.ltisourgreatpleasuretoholdtheintemationalsymposium,ISPCO8,thisyear,

organizedbyJSPC.

Processchemistrynowoccupiesanimportanthubpositionbetweensubstancecreativechemistry

andtheircommercialproduction・Withoutitsstrongactivity,nousefulcompoundswouldbe

producedinanefficientmanneronalargeindustrialscale.

ISPCO8willbeatrulyintemationalsymposiumcoveringallaspectsofprocesschemistry.

Thesymposiumwillincludekeynotelecturesbytoprunnersofprocesschemistryintheworld,

selectedshortcommunications,posterpresentations,andexhibitions.Mutualunderstandingamong

participantswillbeactivelydeepenedincoffeebreakofthelectures,welcomereception,and
banquet.

Kyoto,thesymposiumplace,isahistoricalcitywhichwasthecapitalofJapanfrom794untill868

beforethecaptalwasmovedtolbkyo.lthasareputationworldwideasJapan'smostbeautifulcity,

andyouwilldiscoversomanyunparalledcollectionsofpalaces,temples,andshirines.Ybucould

enjoythesebeautifulandhistoricalplacesinadditiontotheSymposium.

づ雌‘M"rnM叫蝿膨
TakayukiShioiri

ChairmanoftheOrganizingCommitteeofISPCO8

PresidentoftheJapaneseSocietyforProcessChemistry
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'IbshiroKonoike

HironaoSajiki

ShigemSoda

YOoTanabe

KiyoshiTbmioka

TakahikoAkiyama

HidetsuraCho

Kenjilnoue

KQjiKagara

SatoruKuraoka
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(BetaChem)

(KeioUniv.)

(Wako)

(WasedaUnivb)



TbParticipantsofTheFirstInternationalSymposiumonProcessChemistly(ISPCO8)

*Thosewhohadregisteredinadvanceareadvisedtoshowtothereceptionistsbefbreentering

thevenuethe1℃gistrationconfinnationsthatwehadpreviouslymailedtothem.Name-card

holdersal℃tobecollectedafierthesymposium.

*Neitherphotographingnorvideotapingisallowedatthesymposium.

*Pleasesetcellphonestosilentmode.

*Lightclothesarerecommendedfbrthesymposium.

*AcloakroomiSavailable.

ToPosterPBEsenters

*Posterpresentersneednotcheck-inatthereceptiondesks.

*ThevenuefbrtheposterpresentationisAnnexHall.Posterpl℃sentersneedtohavetheir

postersinplaceby2:30p.m.,July29,atthelatestandkeepthemupfbrtwodays.Pleasestart

puttingthemawayat4:30p.m.,July30,whenthepoStersessionisscheduledtoend,and

finishby6p.m.,whenthesymposiumistocometoaclose.

*OralpresentersneedtocometothefrontoftheentranceoftheMainHallatthefbllowing

times:

12:40p.m.onJuly291:lOp.m.onJuly30
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TheFirstlnternationaISymposiumonProcessChemistry(ISPCO8)
(TheJapaneseSocietyfOrProcessChemistry2008SummerSymposium)

15:30-17:00

17:00-19:00

8:30

9:00-9:10

9:10-9:50

(K-1)

(KeynoteLecture)

9:50-10:20

(K-2)

(KeynoteLecture)

10:20-10:35

10:35-11:05

(K-3)

(KeynoteLecture)

11:05-11:35

(K-4)

(KeynoteLecture)

11:35-12:05

(K-5)

(KeynoteLecture)

12:05-13:00

Program

(MainHallisusedunlessothen"isestated.)

ul28(Mon

Registration

WelcomeReception(BanquefHa"Swan)

Tue

Registration

OpeningRemarks TakayukiShioiri(MejOUn/v:,Japa")

FromMilligramstoTbns:Thelmpo噸nceofSynthesis&Process

ResearchintheDevelopmentofNewDrugs

MartinKarpf(FHo"mann-LaRoche,Swjize""の

Cha"TbshiroKonoike(S/7ﾉOnogjJaPa")

StreamliningSynthesisviaC-HOxidation

M.ChristinaWhib(L加肱ofﾉ肋70jSjUﾉｶana-Champabn,USA)

Cha"HironaoSajiki(G肋助a"n.("W,Japan)
C◎能eBreak

DesignofDynamicSaltCablysGBasedonAcid-BaseCombination

Chemistry

Kazuakilshihara(AlagOyaUniM,Jman)

Cha"YOoTanabe(KWanse/Ga加伽（"7/vL,Japan)

Enzymo-Me値ⅡicDynamicKineticResoiutionasaNew1bolfOrChiral

Synthesis

MahnJo◎Kim(PohangUnjMofScf&7ec.,Korea)

Cha"Kenjilnoue(Kaneka,Japan)

MatchingChemistrywithChemicaIEngineeringfOrOptimumDesign

andPerformanceofPharmaceuticaIProcessing

AniruddhaB.Pandit(UﾉWofMumba4伽da)

Cha"KOjiKagara(OI7aﾉa,JaPan)

Lunch(BanquefHa"Sakura)

I



13:00-14:30

14:30-16:30

16:30-16:35

16:35-17:05

(K-6)

(KeynoteLecture)

17:05-17:45

(K-7)

(KeynoteLecture)

18:00-20:30

9:00-9:40

(K-8)

(KeynoteLecture)

9:40-10:10

(K-9)

(KeynoteLecture)

10:10-10:40

(K-10)

(KeynoteLecture)

10:40-10:55

10:55-11:25

(K-11)

(KeynoteLecture)

OraIPresen"tion

(1P-03,1P-20,1P-22,1P-24,1P-31,1P-38,1P-43,1P-49,1P-55)

ChajrTbshiakiMase(Banyu,Japan)

PosterPresenbtion(1P-01～1P-75)(AnnexHa"

Break

B◎ronReagenbinProcessChemistry:ExcellentlbolsfOrSelective

Reductions

KarIMatos(BASFCoﾉpo喧加",USA)

CI7a"TYOshiharulwabuchi(7bhokuUniv.,Japan)

AsymmetricOxidationwithHydrogenPeroxide,anEffectiveand

WrsatileOxidant

1SutomuKabuki(Kyus加Un/M,JaPan)

Cha"MasakatsuShibasaki(Unilfof7bkyo,Japan)

Banquet(BanquetHa"Sakuﾉa)

Cha"TKinichi~Iadano(KejOUnﾉv.,Japan)

Ju Wpq

ProcessDevelopmentofHIVIntegraselnhibitorS-1360

TbshiroKonoike(ShわnogjJapan)

CharlchiroShinkai(BefaChem,Japan)

AnEntirelyNewMethodologyfOrSynthesizingPerfiuorinated

Compounds

TakashiOkazOe(AsahjGﾉass,Japan)

Cha"TNoritadaMatsuo(SumjiomoCI7em.,Japan)

NewMethodsfOrtheFunctionalizationofAromaticCompounds

KeithFagnou(Un/ifofOtiawa,Canada)

Cha"YUjiroHayashi(7bkyoUnivlofScience,Japan)

C◎什eeBreak

ByproductmFreeC-CBondFormationviaCamlyticHydrogenation

andTransbrHydrogenation

MichaelJ・Krische(Unﾊof7exasaiAusi"7,USA)

Cha脈砲kahikoAkiyama(Gakus加加Un/vb,JaPan)

Ⅱ



Lecture)

11:25-11:55

(K-12)

(KeynoteLectl

ll:55-13:00

13:00-13:30

13:30-14:30

14:30-16:30

16:30-16:35

16:35-17:05

(A-1)

(A-2)

(A-3)

17:05-17:45

(K-13)

(KeynoteLecture)

17:45-17:50

17:50-18:00

CommercializationofaSodiumHydrideMediabdArylationProcess

MarkButchko(EWL"USA)

Cha"NorioHashimoto(Asie"s,Japan)

Lunch(BanqueiHa"Sak【"a)

GeneraIAssemblyofJSPC

OralPresenbtion

(2P-02,2P-08,2P-18,2P-30,2P-37,2P-49)

Cha"YasushiMurai(Me"Seka,Japan)

PosterPresenmtion(2P-01～2P-74)(AnnexHa"

Break

JSPCAwardfOrExcellence2007Lecture

Cﾉ7a"Takumilanaka(Wako,Japan)

ProcessdevelopmentofakeybuildingblockfOranti-AIDSdrugsby

prolinecablyzedenatio-selectivedirectcrossaldolreaction

砲鱈uyalkemoto*,YosukeWabnabe,JunichiTbmokawa,

1akehikoKawakami,YasuoUekib,IsaoKurimoto

(SumjiomoChem.,Japan)

CablyticReductionofCarboxamidesbyHydrosilanes

HideoNagashima*,HidehiroSasakuma,NariakiHarada,

HironoriTSubumi,YukihiroMotoyama

(KyIJs伽Un/vL,Japan)

DevelopmentofOne-potSynthesisofNewAntiarthriticDrug

CandidabS-2474withHighE-Selectivity

TakemasaHida*,KabuoOda,HideoNogusa,TbshiakiMasui

(ShﾉOnogjJapan)

DesignSpacefOrDrugSubsbnce-theApproachusedfOr

Vandebnib

DavidHaywood(AsiyaZeneca,UK)

CI7a"Kunisukelzawa(Aﾉﾙ7OmOfO,Japan)

ReleaseofJSPCAwardeesfOrExcellence2008

ClosingRemarks Kiyoshi~mmioka(KyotoUn/vb,Japan)
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PosterProgram

July29(mle)

OralPresentation13:00-14:30(MamHan)

DiScussionl4:30-16:30(AnnexHan)

◆OralPresenter

1P-01

1P-02

1P-03､

1P-04

1P-05

1P-06

1P-07

1P-08

1P-09

1P-10

1P-11

ANewEtheI℃alSolvent:CycloPentylMethylEther(CPME)fbrProceSSlnnovation

andGreenChemistly

KiyoshiWatanabe*(ZeonCoIporation,Japan).

asuhiroTbrisawa(TakasakiUniversityofHealthandWelfare,Japan)

EfficientApproachestoS-AllWl-N-allqrlmothioureas

:SynthesesofHistamineH3AntagonistClobenpropitandltsAnalogues

HirokiYOneyama,MifilyuYasunaga,LisaAraki,ShmyaHarusawa*

(OsakaUniversityofPhannacemicalSciences,Japan)

KoutaHatano,AtSushiYamatodani(OsakaUniversityjJapan)

APracticalSynthesiSofthePDE4inhibitorKW-4490

ArtaYanagiSawa*,KoichiroNishimura,TbtsuyaNezu,KyqiAndo,AyakoMaki,

Eiichirolmai,Shin-ichiroMohli(KyowaHakkoKog/o,Japan)

Solvent-reeSynthesisofHeterocyclesUsingCarbonDioxide(1atm)

TakumiMizuno*,TakeoNakai,MasatoshiMihara

(OsakaMmicipalTechnicalResearchlnstimte,Japan)

AOne-PotPrOcedureibrAcetylationorTrinuoroacetylationofAmines

UsmgAceticAcidorTiPinuoroaceticAcidasanAcylatingReagent

asuoKikugawa*,JunpeiOtaka,NaohiroOshima,HiroshiYamazaki,TakesiSakamoto

(JosaiUniverSity5Japan)

HighlyStereoSeleCtivea-O-sialylationwithN,N-Ac,BoclaurylthiosialosidemCPME

Kiyoshinfeda*,KeisukeMiyamoto,MasayukiSato

(SchoolofPharmaceuticalSciences,UmversityofShizuoka,Japan)

ProPertiesofdioltypesilicamthechromatographyseparation

KazunoriNobuhara*,MitsuhiroKamimura,Takakolnoue,MakotoKawai,RyUjiOrii

(FUjiSilysiaChemicalLtd.,Japan)

RecycleeffectonMass-TransferEfficiencylmprovementinMulti-PassMassExchangers

Chii-DongHo*,JIsWeiTil(TamkangUniversityiTbiwan)

MolecularsievessupportedPdcatalyst(Pd/MS5A)fbrchemoselectivehydrogenation

TbmohiroMaegawa*,MasatsuguKato,AyakoThni,TbhmTakahashi,YasmariMonguchi,

HironaoSajiki(GifilPharmaceuticalUmversity>Japan)

Regioselectiveprotectionofsugarscatalyzedbyorganotin

YUkiKubo*,YosukeDemizu,OsamuOnomura(NagasakiUmversityjJapan)

ProcessDevelopmentusingautomatedreactor-kineticsofnitrosoreaction-

TakashiNaka*,YasmariTakayasu,HiroShiIwamura

"itsubishiTanabePharmaCorporation,Japan)
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1P-12

1P-13

1P-14

1P-15

1P-16

ChangeinneuronaggregationandneuritefaSciculationonEVALmembraneS

modifedwithdi""erentdiamines

Tai-HorngYoung*(NationalTaiwanUmversitybTaiwan)

PI℃cessDevelopmentofaNovelNaIonchannelBlockerE2070

ManabuKubota*,AtsushiKamata,NaoyukiShimomura(EisaiCo.,Ltd.,Japan)

CopperecatalyzedC-Hactivation/C-Obondfbrmationfbrthesyntheshofbenzoxazoles

SatoshiUeda*,HidekoNagasawa(GihlPhannaceuticalUniversityjJapan)

PhotocuringofAclylatedDendrimer

Syang-PengRwei*(NationalTaipeiUmversityofTbcmology,Taiwan)

AsymmetricSynthesisofCyclicAza-Morita-Bayl"-HiUmanReactionPmducts

UsmgPd-DIAPHOXCatalystSystem

TもtsuhiroNemoto*,TakashiFukuyama,KazumiKakugawa,YilkoMaruyama,YasumasaHamada

(ChibaUniversit)GJapan)

1P-17PdIPEI:PartialhydrogenationcatalyStofallWneStoalkenes

ShigekiMori*,TbmoyukiOhkubo,Takashilkawa,AkilaKume,TbmohiroMaegawa,

YasunariMonguchi,HironaoS"iki(GihlPhannaceuticalUniversityjJapan)

1P-18Designandconstructionofbiocatalystfbrmultistepreaction,

anddevelopmentofbiotransfbrmation-organicsynthesiScompositeprocess

-Processdevelopmentofchiralintermediate(EVAL)-

MotokoHayashi*,NorihiroKimoto,HiroakiYamamoto,Kiyoshilkura,NaohiroHashikawa

(DaicelChemicallndustries,Ltd.,Japan)

1P-191ndustrialScaleApplicationofUmicoI⑱'sLeadingEdgeCatalyStS&TEchnologies

YoshiakiHoriguchi*(UmicoreJapanK.K.,Japan)

1P-200ControlofPrimaryNucleationbyUtrasoniclITadiation

IzmniHirasawa*(WasedaUmversityJapan)

1P-21DMEAD:ASeparation-FriendlyReagentfbrMitsunobuReaction

KazutakeHagiya,YasuhiroSakamoto,MasaoMiytake,HikaruTanaka,HidekiTatsumi

(TbyoK"eiKogyoCo.,Ltd.,Japan)

TakashiSugimura(UniversityofHyogo,Japan)

1P-22eAnEfficientSynthesisofthePKCbInhibitorJTTLO10

UsingaNovelCyclopropaneRing-OpeningReactionwithlndole

Takashilnaba*,MasahiroTanaka,MinonlUbukata,TakahlmiMatsuo,Katsutakaasue,

KatsuyaMatsumoto,YasuyUkiK"imoto,TakashiOgo(JapanTbbaccolnc.,Japan)

1P-23SomeCasestudiesofProcesschemistryatShanghaiChemParmer

DevelopmentofaPracticalRoutefOrtheManufactureof3-DeoxyRibosederivatives

YUnaqiangLi*,JianchmLiao,WeihuaHe(ShanghaiChemPartneI;China)

1P-24◆IbwardsAdvancedMolecularBuild-upmOne-PotbyCatalyticMulticomponentReaction

KiyoseiTakasu*,TbhmTanaka,YuOgawa,YoshUiTakemoto(KyotoUniversitybJapan)

1P-25SyntheticMethodofColorless4-Carbamoylimidazorium-5-olate

ChihiroKondo*,YusukeHiguchi,NobuoKato(OsakaUmversitybJapan)

MakotoSunagawa(Tbib/oHeiseiUmversity;Japan)
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1P-26NovelPalladium-on-CarbonCatalyst,Pd/CIPh2SI,fbrChemoselectiveHydrogenation

YUkioTakagi,MasatoshiYoshmura*,ShinobuTakao,TbmotemMizusaki

(N.E・ChemcatCorporation,Japan)

HironaoSajiki,asunariMonguchi,TbmohiroMaegawa,AkinoriMori

(GifilPharmaceuticalUniversitybJapan)

1P-27HydrogenationofAromaticNuclei:PracticalSynthesisCyclohexanolDerivatives

Kiichir℃Yaguchi*,AkiraAkashi,TbmohiroMaegawa,YasunariMonguchi,HironaoSajiki

(GihlPhamlaceuticalUmversitybJapan)

1P-28TransitionMetalCatalyzedConstructionofIndoleNucleusunderCOConditions

YasuhiroSakurai*,YasuoSirai,TbmohisaUtsunomiya,NorioTanaka

(NissanChemicalIndustries,Ltd.,Japan)

1P-29SynthesisofCarbonylCompoundsthroughAerobicPhoto-oxidation

Akichikaltoh,NorihiroTada,Shin-ichiHirashima*,HirokiNakayama

(GinlPhannacemicalUniversityiJapan)

1P-30Designanddevelopmentofnewcatalystsystems

:Palladium/BRmPfbrefficientcouplingreactions

TbhmKobayashi*,KenSuzuki,NobomSayo

(TakasagolntemationalCoIporation,JaPan)

1P-31･DevelopmentofProtectingGroupFreeCatalyticO-SelectiveAcylationofAminoalcohols

TakashiOhshima*,Takanorilwasaki,YusukeMaegawa,YIJkikoHayashi,KazushiMashima

(OsakaUnivrsityjJapan)

1P32DevelopmentofRecyclableRutheniumCatalystsfbrAembicOxidation

UtilizingPolyM-mopmpylacrylamide)-BasedPolymer

HiromiHamamoto*,YasuyoshiMiki(KinkiUniversityiJapan)

MasahiroKudoh,HideyoTakahashi,HideakiNtsugari,Shirolkegami(TEikyoUniversityjJapan)

1P-33Pd/C-catalyzeddehalogenationofaromatichalidesanditsapphcationtodegradationofPCBs

Shinjilshihara*,Akikoldo,TbmohiroMaegawa,YasunariMonguchi,HisamitsuNagase,

HironaoS可iki(GihlPhamlaceuticalUniversityjJapan)

SueoWada(NagaraBionicsCo.,Ltd.,Japan)

1P-34SyntheticStudiesonaNR2BAntagonist

AkiraOgawa*,OsamuSaku,NorikoKoizumi,TEutomuMatsumura,TbmokazuWatanabe,

KoichiroNishimura,IwaoChUjo(KyowaHakkoKogyo,Japan)

1P-35TbtalSynthesmofNamralProductsUsmgaRadicalCascade

TbuyoshiTaniguchi*,Hiroyukilshibashi(KanazawaUniversitybJapan)

1P-36Productionofchiralammesincludmgadamantylgroupsbyoptical1℃solution

TaichiAkimoto*,TetsuroWatadani,ShigekiNmomura,YUkioTakahashi

(DaitoChemicalCo.,Ltd.,Japan)IsaoFUjii(TbkaiumversityjJapan)

1P-370rganicsynthesisutilizingtetrahydropyran-boroncomplex

HiroshiYasuda*,YoshihikoMaeda(ShowaDenkoK.K.,Japan)

TakeshiOriyama,RyoichiChiba(IbarakiUniversitybJapan)

1P-380ConstructionofQuaternalyChiralCenterbyAsymmetricn･ansfbrClaisenRearrangemant

KazuhikoWtabe,KazumiOkuro,MasaruMitsuda*(KanekaCorporation,Japan)
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1P-39

1P-40

1P-41

ScafmroldApproachfbrSomd-phaseynthesisofqumazolmederivatives

YOngCai*,HongjmZhang,Yong)ingYu(ChemikCo.,Ltd.,China)

YandongZhang(ZhejiangUniverSityiChma)

DesignandSynthesisofMacrosphelideAza-analogues

YiltaKobayashi*,YUjiMatsuya,HideoNemoto(UniversityofTbyama,Japan)

SynthesisandBioactivityofMacrosphelide-basedArtificiaICompounds

YtjiMtsuya*,TakanoriKawaguchi,KanwalAhmed,Qmg-LiZhao,TakashiKondo,HideoNemoto

(UniversityofTbyama,Japan)

1P-42Ru/C-catalyzeda-positionselectiVedeuterationofalcohols

YiltaFUjiwara*,Yilyalnagaki,YasmariMonguchi,TbmohiroMaegawa,HironaoSmiki
(GifilPhamlaceuticalUniversityjjapan)

1P-430Pd/C-catalyzed,Solvent-fi℃eandSolid-PhaseSuzuki-MiyauraCoupmngReaction
YUkiFUjita*,ShotaHashimoto,TbmohiroMaegawa,YasmariMonguchi,HironaoSajiki
(GifilPhamlaceuticalUniversityjJapan)

1P-44Practicalsynthesisofhetembiarylderivatives

AzusaTbutsui*,SatokoSako,YoshiakiKitamura,TakahiroUdzu,TbmohiroMaegawa,

YasunariMonguchi,HironaoSajiki(GifilPhannaceuticalUniversityjJapan)

1P-45MildhydrogenationofcarbonylcompoundsusingPt/Casacatalyst

YOuheilwasaki*,YUtaFUjiwara,YasmariMonguchi,TbmohiroMaegawa,HironaoSajiki
(GihlPharmacemicalUniversityjJapan)

1P-46Pd/C-catalyzed,ligand-freeSuzuki-Miyaurareaction

YasmariMonguchi*,YoshiakiKitamura,SatokoSako,TakanoriKurita,TbmohiroMaegawa,

HironaoSWiki(GihlPharmaceuticalUmversitybJapan)

1P-47Meerwein'sreagent-CatalyzedSol-GelPolycondensatiOnSGivmgSilanolFreeSnicagel

TbyoshiShimada*,YogeshJorapurm,YbshifilmiMaegawa,HirokiNakagawa,TakemHasegawa

(NaraNationalCollegeofTechnologig,Japan)

NorihiroMizoshita,TakaoTBni,ShinjiInagaki(TbyotaCentralR&DLabs.,Inc.,Japan)

1P-48DevelopmentofSeparationandAnalysisMethodfbrAbPeptide

BasedonBiomembraneAbnormarity

~MembraneChipAnalysisCanBrightenaPotentialAspectofAIzheimerDisease

TbshinoriShimanouchi*,Haruyukilshiil,VuThiHuong,KeiichiNishiyama,HiroshiUmakoshi,

RyoichiKuboi(OsakaUniversitybJapan)

1P-49eBiomembranePr℃cessChemistlyandSeparationTbchnology

~DesignandDevelopmentofAntioxidativeLmOWmeinOne-Pot

BasedonMolecularRecognitionFunctionofLiposome

HiroshiUmakoshi*,LeQuocTilan,KengoMorimoto,TbshinoriShmanouchi,RyoichiKuboi

(OsakaUniversity;Japan)

1P-50AutoxidationResistantCyclopentylMethylEther(CPME)

KazuhisaSakakibara*,HayatoHosino(YokohamaNationalUmversitybJapan)

KiyoshiWatanabe(ZeonCoIporation,Japan)

1P-51Dirhodium(ID-CatalyzedEnantioselectiveHetero-Diels-AlderReaction

MasahiroAnada*,TakuyaWashio,YuudaiWatanabe,NaoyukiShimada,ShumchiHashimoto

(HokkaidoUniversityjJapan)
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1P-52

1P-53

1P-54

1PE55､

1P-56

1P57

1P-58

1P-59

1P60

1P-61

1P-62

1P-63

1P-64

1P-65

1P-66

1P-67

EnZ)me-catalyzedenantiomericresolutionoftamifluintermediates
ManabuHamada*,SeiichiroOgawa,TbshinoriHigashi,KeikOmami,KazuoUmezawa,

TakeshiSugai(KeioUniversitylJapan)

NakamuraKaoru(KyotoUniversityjJapan)

StudiesofSolventEffectsintheSelectiveMonohydrolysisofSymmetricDiesters

SatomiNiwayama*,HeilenWang,HanjomgCho(TexasTbchUniversityうUSA)

YOshikazuHiraga(HimshimaUniversitybJapan)

EsterificatiOnofPolyalcoholmwater

RisaMaeda*,YuusakuYOkoyama,HiroakiOkuno(TbhoUniversityjJapan)

Chemists'Scale-UpChallenges

AsayukiKamatani*(PfizerGlobalReseal℃handDevelopment,UK)

TEmplateSynthesiSProcessofPorousPolymers

Wei-ChiLai*,Shen-ChenTSeng(TamkangUniversitybTaiwan)

ChemicallmmobinzationofDNAonporousPVDFmembranesfbrbiomedicalapplications

Dar-JongLm,Hsu-HsienChang,Liao-PingCheng*(TamkangUmversityjTaiwan)

Dong-TSamnLin,Tai-HomgYOung(NationalTaiwanUmversity@Taiwan)

GraftpolymerizationofPoly(vmylacetate)toaCornStarch

andtsBlendswithPolyhydroxybutyrate

Trong-MingDon*,Wei-WeiShm(TamkangUmversityiTaiwan)

ChiralBronstedAcid-CatalyzedEnantioselectiveFriedel-Crafts

AllWlationoflndolewitha,b-UnsaturatedKetones

TbubasaSakamoto*,Junjiltoh,KoheiFuchibe,KeUiMori,TakahikoAkiyama

(GakushumUniversitybJapan)

ChiralBmnstedAcid-CatalyzedEnantioselectiveAza-DarzensReaction

TbhruSuzuki*,KoheiFuchibe,KeiiMori,TakahikoAkiyama(GakushumUniversitybJapan)

DMSOPromotedSN2'ReactionofOrganozincCompounds

KQjiKobayashi*,HiroshiNaka,YoshmoriKondo(TbhokuUmversitybJapan)

NewsyntheticmethodsbyusingMACreagents

TbmoyukiKawamura*(KwanseiGakumUmversitybJapan)

KenjiYatsuzuka,MasakiKamiya,HisaoNemoto(TheUniversityofTbkushima,Japan)

ConciseSynthesisofOligosaccharidesUsmgFluorousMethod

KenjiOsumi*,KohtaroGoto,YilrikoHirose,MamoruMizuno(TheNoguchilnstimte,Japan)

Friedel-CraftsAcylationofActivatedAromaticCompoundsUsmgaCatalyticAmountofZmc

MasatoshiMihara*,HirokiSuzuki,TakeoNakai,Tbshiyukilwai,Takatoshilto,TakumiMizmlo,

TbshmobuOhno(OsakaMunicipalTbchmcalResearchlnstimte,Japan)

Ybshiolshino(AsahiChemicalCo.,Ltd.,Japan)

DevelopmentofImmobilizedPhosphoniumBromidefbrCycncCarbonatefromEpoxide
TakashiSakai,YoshihiroTbutsumi*,TadashiEma(OkayamaUmversity>Japan)

Tbtalsynthesisofhalipeptms

KazuishiMakino*,SousukeHara,YOuheiKoma,MasaruSakaguchi,YasumasaHamada

(ChibaumversitybJapan)

Microbialreclamationofsquidpensfbrtheproductionofproteasesandbiofertilizer

San-LangWang*(TamkangUmversityJaiwan)
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1P-68

1P-69

1P-70

1P-71

1P-72

1P-73

1P-74

1P-75

ANovelSynthesisof3-SulmnylphenolS

YasuhiroSato*,SmaoMitsui,HidekiThtsumi(TbyoKaseiKogyoCo.,Ltd.,Japan)
OrthO-SelectiveCross-CouplingofDihalobenzeneDerivatives

Shmpeilshikawa*,KeiManabe(RIKEN,Japan)

Chemo-StructuralProcessesmPolyhydrosUanes

LiviuSacarescu*,MihaelaSimionescu,GabrielaSacarescu

(PetruPomlnstimteofMacromolecularChemistryjRomania)

PolysnaneStrucmreswithConfbrmatiOnalPhotocontrol

GabrielaSacarescu*,LiviuSacarescu,MihaelaSimionescu,GabrielaEHitruc

(PetruPoniInstimteOfMacromolecularChemistlMRomania)

MicrowaveASsistedHydrosilylationProcesses

MihaelaSimionescu*,GabrielaSacarescu,LiviuSacarescu

(PetruPomlnstimteofMacromoleCularChemistrybRomania)

IonelMangalagiu(Al.I.ClizaUmversitylRomania)

RegioselectiveDiels-AlderReactionsofSilylbenWnes

:ConvergentSynthesisofPolysubstitutedBiaryls

Sho-ichiTakayanagi*,Takashilkawa,YUkiMorikawa,ShinyaMohri,MasayaTSubakiyama,

MasahiroEgi,ShUjiAkai(UniversityofShizuoka,Japan)

YasufilmiWada(OsakaUmversitybJaPan)

YasuyukiKita(OsakaUmvbandRitsumeikanUnivb,Japan)

Mo-AuComboCatalysisfbrRapidl,3-RearrangementofPropargylAlcohols

intoq,8-UnsaturatedCarbonylCompounds

MasahimEgi,NobomFUjiwara*,YoshikoYamaguchi,ShUjiAkai

(UniversityofShizuoka,Japan)

RadicalAllWlationsofCarbonylCompounds

JmYomgLee*,MismLee,SmggakKim(KAIST;Korea)
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July30(Wed)

OralPresenta伽n13:30-14:30(MamHall)

Discussionl4:30-16:30(AnnexHan)

◆OralPreSenter

2P-01Chlormegasfreesynthesisofisothiazolol5,4-blpyridin-3-ones

MasaoShimizu*(NationallnstimteofAdvancedlndustrialScienceandTbcmologg,Japan)

YusukeHiguchi,TakeoKonakahara(Tbb'oUniversityofScience,Japan)

2P-02､Theasymmetricreactionofacetaldehydecatalyzedbyorganocatalysis

YUjiroHayashi*,Takahikoltoh,SeliArtake,Hayatolshikawa(TblWoUniversityofScience,Japan)

2P-030vercomingThelssuesOfPreciousMetalContaminationWithinCatalySedReactions

DavidJ.Evans*,MohammedNisar;ThomasE.O・Screen,MichaelR・Pitts,

AngusJ.RStewart-Liddon(ReaxaLimited,UK)

2P-04AsymmetricSyntheSisofdihydrobenzofilransandchromansviaplanarchiralenolates

TbmoyukiYOshimura*,KeisukeTbmohara,TakeoKawabata(KyotoUnversity,Japan)

2P-05TbwardstheGram-ScaleSynthesisofSpongistatinl

HelmutKrau",AlejandroDieguez-Vazquez(UniversityofCambridge,UK)

2P-06EnzymaticResolutionandEvaluationofEnantiomersofcis-5'-Hydmxythalidomide

TakeshiYamamoto*,MasayukiTakashima,ShuichiNakamura,NorioShibta,TakeshiTbm

(GraduateSchoolofEngineering,NagoyalnstimteofTbchnologig,Japan)

2P-07EnantioselectiveSynthesmofSpirobnactamsviathemtramolecularDoubleBuchwald

-HartwigReaction

KazuhiroTakenaka*,Noriyukiltoh,HiroakiSasai(OsakaUniverSitybJapan)

2P-080AternarycomplexreagentfOranasymmetricconjugateMichaeladdition
oflitbinnmesterenolateswithenoates

YasutomoYamamoto*,HirokazuSuzuki,YormobuYasuda,KiyoshiTbmioka

(KyotoUniversityjJapan)

2P-09Synthesisandspectroscopicpropertiesofnovelazodyesderivedfromphthalimide

HyunyungLee,OhtakKwon*,JaehongChoi(Kyun"ookNationalUniversitylKorea)

WilsonJung(EastwellCo.,Ltd.,Korea)

2P-10Synthesisofalkali-clearablephthalimidyldyesandtheircolorimetricproperties

HyunyungLee*,OhtakKwon,JaehongChoi(KyungpookNationalUniversityKorea)

WilsonJung(EastwellCo.,Ltd.,Korea)

2P-11CatalyticEnantioSelectivePetasisReaction

Naotolnakoshi*,EricNJacobsenGIarvardUniversityiUSA)

2P-12EnantioSelectiveConjugateAdditionofHydrazinestoa,b-UnsaturatedimideS

SynthesisofChiralPyrazolidmones

2P-13

TakahiroSoeta*(KanazaawaUmversitybJapan)MukundRSibi(NorthDakotaStateUniversityjUSA)

Thestudyofin-simmonitoringtoradicalpolymerizationprocess

usingbyfibermidinfraredspectroscopy

DaisukeSasakura*,KazuoOsaki,TSuyoshiMiuraemkerOpticsK.K.,Japan)
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2P-14

2P-15

2P-16

2P-17

2P18･

2P-19

2P-20

2P-21

2P-22

2P-23

2P-24

2P-25

CatalyticasymmetrichydrogenationusingenvironmentconsciousnewBmAPpolymer

Yoshmoriakamatsu*,GakutoGoshima,NaomiTakenaka(KyoeishaChemicalCo.,Ltd.,Japan)
KenjiTbribtake,HiroshiShibaguchi,TbyohiroNagano,TbyoshiShmada

(NaraNationalCollegeofTbchnolo"Japan)

ImprovingtheenantioselectivityofCandidaantaI℃tiCanpaSeBfbrkinetiCI℃solution

ofbutyltetrahydrofilran-2-carboxylate

SqjungPark*,SuhyunJung,SeongsoonPark(SungshmWomenisUniversitylKorea)

CarbonNanofibeFSupportedMetalNanoparticlesasEfficientCatalyStS

fbrHydrogenationReactions

YUkihiroMotoyama*,MikihiroTakasaki,KenjiHigaShi,KeitaTbUji,HideoNagashima

(KyushuUniversitybJapan)

ThePolymer-SupportedDirhodium(mCatalySt

fbrAsymmetricmtramolecularC-HInsertionReactions

KqjiTakeda*,TBdashiOhara,MasahiroAnada,HisanoriNambu,ShumchiHashimoto

(HolkaidoUniversityJapan)

NovelAsymmetricCatalyticOxidationApproachtoEsomeprazole

JianLiao*,TianTian,JinZhu,JmgenDeng(ChineseAcademyofSciences,China)

EnantioselectiveMichaelAdditionReactionusingFBSM

ThtsuyaFurukawa*,SatoshiMizuta,ShuichiNakamura,NorioShibta,TakeshiTbm

(SchoolofEngineering,NagoyalnstimteofTbcmologIW,Japan)

EnantioselectiveSynthesisof(R)-ConvolutamydmeAwithNovelN-Heteroarylpmlmamide

NoriyukiHara*,HirokiNakashima,ShuichiNakamura,NorioShibta,TakeshiTbm

(SchoolofEngineering,NagoyalnstimteofTbchnology,Japan)

OrganocatalyticEnantioselectiveHydrophosphonylationofSulfbnylimmes

HavmgHeteroalylsulfbnylGroup

AkikoYamamura*,HirokiNakashima,ShuichiNakamura,NorioShibta,通keshiTbm

(SchoolofEngmeermg,NagoyalnstimteofTechnoloal",Japan)

ANovelC2-SymmetricChiralBis(imidazolme)Ligands

:HighlyEnantioselectiveFriedel-CrahsAllqrlationofmdoles

withEthyl3,3,3-Trifluoropyruvate

YUkoNakamura*,KotaroTbUji,KengoHyodo,ShuichiNakamura,NorioShibta,TakeshiTbm

(SchoolofEngmeering,NagoyalnstimteofTechnoloWW,Japan)

Chemoselectivehydrogenationofnitrofimctionalitiesmthepresenceofolefins

usingOs/C-catalyst

MutsumiSato*,KeijiOono(恥hkoPureChemicalmdIEtries,Ltd.,Japan)

Y"mariMonguchi,TbmohiroMaegawa,HironaoSajiki(GihlPhamlaceuticalUniversityDJapan)

PreparationmethodofPd/C(en)catalystinwater

KeijiOono*,MutsumiSato(WakoPureChemicallndustries,Ltd.,Japan)

Y"unariMonguchi,TbmohiroMaegawa,HironaoSJiki(GihlPharmaceuticalUniversitybJapan)

SolventefWectonoxidationofallWlbenzeneusinghydrogenperonde

TakeoNakai*,Tbshiyukilwai,MasatoShiMihara,Takatoshilto,TakumiMizuno

(OsakaMmicipalTbchnicalResearchlnstimte,Japan)
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2P-26Cinchonaalkaloid-catalyzedasymmetricaldol-typel℃actionsusingtrmuompyruvates

ShimchiOgawa*,HiroyukiFUjimoto,Norihitolida,ShuichiNakamura,NorioShibta,TakeshiTbm

(SchoolofEngineering,NagoyaInstimteofTbchnologg,Japan)

2P-27Ring-OpeningReactionofq-and8-PmenemHot-CompressedWaterwithoutAdditives

TbmomiKawahara*,TbshiyukiSato,AkikoKawai=Nakamura,Hiizulwamura,TbshihikoHiaki

(NihonUmversity;Japan)

KiwamuSue(NationallnstimteofAdvancedlndustrialScienceandTecmoloaig,Japan)

2P-28SynthesisofPolyaceneinHot-CompressedWaterwithoutAdditives

TakenoriSawada*,TbshiyukiSato,AkikoKawai-Nakamura,Hiizulwamura,TbshihikoHiaki

(NihonUniversityiJapan)

KiwamuSue(NationallnstimteofAdvancedlndustrialScienceandTecmology,Japan)

2P-29Pd-perovskiteappliedtocatalyticorganicreaction

MitsuhiroYamada*,HiroyukiMorikawa,JunzoNokami,Shun-ichiMurahashi

(OkayamaUniversityofScience,JaPan)

YOshikiHayakawa,KimiyoshiKaneko(HokkoChemicalIndustlyCo.,Ltd.,Japan)

2P-30eOptimizationofCIystallizationExperimentsUsmgln-P1℃cessParticleSizeCharacterization
:LasenetecandPVM

EricJHultanen*,BenjammSmithMettleraTbledoAutoChem,Inc.,USA)

2P-31EHicientCatalyticPI℃cessUsmgDendriticCatalySt

Ken-ichiFUjita*,TakahitoMuraki,MasatoKUjime(AIST;Japan)

2P-32PmcessDevelopmentofMCP-1RantagonistTEI-EOO526

HilDakiMakino*,AsahiKawana,YOshinoriSatou,TakumiTakeyasu(TeUinPhamlaLimited,Japan)

2P-33Newsynthesesofdialylketonesanddianyllｼ2-diketoneS

:NucleophilicaroylationwitharylaldehydesbyN-heterocycnccarbenecatalysis

YumikoSuzuki*,ShinyaOta,YoshinoriFukuta,AbuBakarMd.,TakaShiTanoi,MasayukiSato

(UniversityofShizuoka,Japan)

2P-34Thedevelopmentofmicrochemicalprocessdevelopmentaimingtheperfectcontrol

ofexlplosiveatmospheI⑫

Tbmoyalnoue*,SatoshiHamakawa,FUjioMizukami,(CCP-AIST;Japan)

YOshikumKikutani(MT;Japan)KazumaMawatari(KAST;Japan)

TakehikoKitamori(KAST;TheUniversityofTbkyo,Japan)

2P-35SynthesisofBenzazOles

YUheiYamamoto*,TakahiroItoh,TbsiakiMase(BanyuPhamlaceutical,Japan)

2P-36RapidParallelDevelopmentmrThreeAdenosmeA11A2aReceptorAntagonists

RyokiOrii*,HiroyoshiMtsubara,TakashiKikuchi,NorioHashimoto,ShunsukeGoto

(AstellasPhannalnc.,Japan)

2P-37.ProcesSlntensificationAssistedbyZeohteMembranes

Tbmoyalnoue*,TakakoNagase,asuhisaHasegawa,YoshimichiKiyozumi,SatoshiHamakawa,

FUjioMizukami(CCP-AIST;Japan)TbshikazuNiShide(NihonUmversitybJapan)

2P-38DevelopmentofPolymermcarceratedOsmmmCatalysts

YasmoriTilchiya,*RyoAkiyama,HidekazuOyamada(ERATO,JST;Japan)

ShuKobayashi(TheUnivhofTblWo;ERATO,JST;Japan)

2P-39BasicSmdyonSeparationbyMildAdsorptioninSupercriticalCO2

KazuyukiChihara,*MaiHikita,WadaTaichi,RyotaSuzuki(MeMiUniversitybJapan)
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2P-40

2P-41

2P-42

2P-43

2P-44

2P-45

2P-46

2P47

2P-48

2P-49､

2P-50

2P-51

2P-52

2P-53

Mild,powerful,androbustacylationandtosylationutilizingN-methylimidazole佃MI)agents
:synergyeffectofdiffbrentaminebaSeS

HidehlmiNaktsUji*,MamiMorimoto,KanakoUeno,YooTanabe

(KwanseiGakumUmversitybJapan)

Highlystereocomplementalymethodfbrthepl℃parationoftri-substimtedolefins

anditsapplication2-alylcarbapenemsynthesis

KanakoUeno*,HidefilmiNaktsUji,YooTanabe(KwanseiGakumUmversitybJapan)

DevelopmentofasymmetricTi-ClaisencondenSationdiI毛ctedfbrproCesschemistry

:applicationtoasymmetrictotalsynthesesoftwonamralproducts

RyoheiNagase*,MikikoSugi,YumikoOguni,TbmonoriMisaki,YooTanabe

(KwanseiGakumUniversityjJapan)

Catalyst-freeEfficientReactionsinDMSO

TbmokoKakinuma*,RyoichiChiba,Ktsuyukilwanami,MasaruAoyagi,TakeshiOriyama

(IbalakiUniversityjJapan)

BF3･THP-promoted[3+2]CycloadditionofN-TbsylaziridineswithNitriles.

HitomiUrai*,RyoichiChiba,TakeshiOriyama(IbarakiUmversitylJapan)

HiroshiYasuda,YbshihikoMaeda(ShowaDenkoK.K.,Japan)

AttractiverOleofsugaresterW/OmicroemulsionphaseOnlipidhydrolysis

bylipaSetoprovidehighestreactivity

AkiUehara*,MasanaoImai,IsaoSuzUki(NihonUniversitybJapan)

ProductionofbiodieselfiomalgalonuSmgmicrowave-basedtransesterificationprocess

Ching-AnPeng*,Guen-YenChen,Wen-Yi'Ibai(NationalTaiwanUniversityjTaiwan)

Highlycis-selectivesynthesisofa,b-unsamratedamidesbyHorner

-WadSworth-Emm⑪nsreaction

KaoriAndo*,YUkoTarumi(GifilUniversityJapan)

CinchonaAIkaloids/TMAFCombination

-CatalyzedNucleophnicEnantioselectiveTrinuoromethylationofAIylKetones

HimyukiKawai*,SatoshiMizuta,HimyukiFUjimoto,AkitiSmendalBShuichiNakamura,

NorioShibta,TakeshiTbm

(GraduatedSchoolofEngmeering,NagoyalnstimteofTechnology,Japan)

Scaleupofhydrogenationreactionsincontinuousprocesses

LaszloUIge*,(ThalesNanoInc.,Hungary)

SynthesisofPVDEg-PMMAbyAtomThpansferRadicalPolymerization

Dar-JongLin*,Liao-PingCheng,Chm-LiangLin,Chang-LiLin(TamkangUniversitybTaiwan)

EffectofLigandsonPd-CatalyzedHydroarylationofEthylPropiolate

TbugioKitamura*,JuzoOyamada(SagaUniversitybJapan)

TbtrabutylammoniumFluoride-InducedDehydrobrominationofVinylBromides

toTErminalAcetylenes

MasaruOkutani,YijiMori*(MeijoUniversitybJapan)

AZADOs:HighlyActiveOxidationCatalystsfbrAlcohols-DEcovelyandCharacterization-

MasakiTbmizawa*,MasatoshiShibuya,YusukeSasano,IwaoSuzuki,FabioPichieITi,

Ybshiharulwabuchi(TbhokuUniversityjJapan)

－11－



2P-54

2P-55

2P-56

2P-57

2P-58

2P59

2P-60

2P-61

2P62

2P-63

2P-64

2P-65

2P-66

2P67

2P-68

NewappmcationofoxoammoniumSalt-basedcatalysts

MasatoshiShibuya*,MasakiTbmizawa,TakahisaSato,Yoshiharulwabuchi

(TbhokuuniversitMJapan)

AerobicoxidationofalcoholsusmgAZADOs

Ybshiharulwabuchi,MasatoshiShibuya,MasakiTbmizawa,YUjiOsada*,YusukeSasano

(TbhokuuniverSityjJapan)

PracticalSynthesisofHighlyEfficientOrganocatalystsibrOxidationofAlcohols

:AZADO,1-Me-AZADOandABNO

YuSukeSasano*,MasatoshiShibuya,MasakiTbmizawa,Yoshiharulwabuchi

(TbhokuUniversityjJapan)

Oxidativedegradationanalysisoforganicethers

ArataKimura*,HayatoKitoh,AtsumiMiyake(YokohamaNationalUniversityjJapan)

KiyoshiWatanabe(ZeonCorporation,Japan)

Mildpreparationofsubstitutedindolizmesandindolefmmsmplearomaticprecursors

using(trimethylsnyl)diazomethane

SeanPBrown*,LiushengZhu,MarcVmolratana,JulioCMedina(Amgen,USA)

Non-degradedexpressionandone-steppurificationofyeastALD6enzymeinE・coli

Wei-JyhShiah,Yu-ChmChen,Mmg-KaiChem*(TamkangUniversityJaiwan)

Reusablechaperone-conjugatedmagneticnanobeadsinproduction

ofafimctionallyactivebiocatalyst

SuhyunJung*,SeongsoonPark(SungshinWomen'sUmversityiKorea)

DeveropmentandappncationofodorlessthiolI℃agents

ManabuMatoba*,TbtsuyaKajmoto,ManabuNode(KyotoPhannaceuticalUniversityJapan)

DevelopmentOfselectiveC-NbondcrevageutilizingN-halosuccinimide

TSunefilmiWatanabe*,NoboruHayama,TakahiroKatoh,MinonlOzeki,T℃tSuyaK4imoto,

ManabuNode(KyotoPhaImaceuticalUmversitypJapan)

ConstructionofThreeContiguousStereogenicCentersviaAsymmetricMichaelAddition

UsingChiralAminoEtherasaChiralReagent

ShmsukeOchi*,MinomOzeki,TakahiroKatoh,TetsuyaKajimoto,ManabuNode

(KyotoPhannaceuticalUniversitylJapan)

Adsorptionkineticofchitosanfromthreesou1℃e

Feng-ChinWu*(NationalUmtedUniversitypTaiwan)

Adsorptionkineticofchitosanfi･omthI℃esource

Ru-LingTbeng*(NationalUnitedUmversityjTaiwan)

BioconversionofaromaticcompoundsUsingEscherichiacoliexpressingCytochI℃meP450

TbshihikoOtomtsu*(KNCLaboratoriesCo.,Ltd.,Japan)

Synthesisofindolederivativesundermicr℃waveconditiOns

Li-JianMa*,ZhenwuMei,TbmoyoKusuyama,Tbutomulnokuchi(OkayamaUniversityjJapan)

High-performancemethodofTEMPO-oxidationofalcohols

ZhenwuMei*,Li-JianMa,TbutomuInokuchi(OkayamaUniversityjJapan)

HiroyukiKawahlchi(TbyamaNationalCollegeofTechnology,Japan)
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2P-69

2P-70

2P-71

2P-72

2P-73

2P-74

HighlyEnantioSelectiveDynamicKineticResolutionofl,2-DialylethanolS

byaLipase-RutheniumCouple

SolKim*,YmKyungChoi,YmwoongKim,CheolwooKim,JaiwookPark,Mahn-JooKim
(POSTECH,Korea)

NewOne-PotSynthesisofMalonicAcidDerivatives

Akichikaltoh*,NorihiroTada,HirokiNakayama,NaohikoKanai

(GifilPharmaceuticalUmversityjJapan)

Nickel/Lewisacid-catalyzedcarbocyanationreactionofunsamratedcompoudns

YOshiakiNakao*,AkiraYada,ShiroEbta,Yasuhh℃Hirata,TbmoyaYilkawa,TamejiroHiyama
(KyotoUniversityJapan)

Nickel/Lewisacid-catalyzedhydroheteroarylationreactionofalkynes

KyaloStephen*,KanyivaYoshiakiNakao,TamejiroHiyama(KyotoUniversityjJapan)

DynamicKineticResolutionofPrmaryAmmesbyLipase-PalladiumCocatalysis

KiwonHan*,YoonKyungChoi,CheolwooKim,JaiwookPark,Mahn-JooKim(POSTECH,Korea)

MicronizationofPharmaceuticalCompoundsbySupeI℃riticalFluidTbchnology
Yan-PingChen*(NationalTaiwanUniverSityjTaiwan)

MuoiTang(ChineSeCultureUniversityjTaiwan)
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KeynoteSpeakers'Profile

MartinKarpfr.Hoffmann-LaRoche,Switzerland)

M.ChristinaWhite(Univ.ofIllinois,Urbana-Champaign,USA)
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KazuakilshiharamagoyaUniv.,Japan)

MahnJooKim(PohangUniv.ofSci.&Tec.,Korea)

AniruddhaB.Pandit(Univ.ofMumbai,India)

KarlMatos(BASFCorporation,USA)

TsutomuKatsuki(KyushuUniv.,Japan)

ToshiroKonoike(Shionogi,Japan)

TakashiOkazoe(AsahiGlass,Japan)

KeithFagnou(Univ.ofOttawa,Canada)

MichaelJ.Krische(Univ.ofTexasatAustin,USA)

MarkButchkoEliLilly,USA)

DavidHaywood(AstraZeneca,UK)
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1965－1971

1972

1973－1977

1978

1979

1980－1984

1981

1984

1985

1985－1995

1985－2000

1988

1991

1994

since2000

2006

CURRICULUMVITAE

MartinKarpf

StudiesofNaturaISciences,UniversityofZUrich

DiplomainChemistry,UniversityofZUrich

DoctoraIDisseltationwithProf.A､S.Dreiding,UniversityofZOrich
''Onが7eWay加、ブ2-io75-membeﾉedR/ngSj/stems"

Post-doctoralfellowwithProf.A.S・Dreiding

PostdoctoralfellowwithProf.CDjerassi,StanfordUniversity

-Synthesisofopticallyactivecyclopropanederivatives
-Synthesisofmarinesteroids

Headassistant,UniversityofZD｢ich
Researchworkaimingatanappointmentasuniversitylecturer

AwardoftheSwissChemicaISocietyforthe'DjScoveﾉyofaNoveﾉ刀7e"刀aﾉReac-
伽、わril7eSyn"7es/Sof5-membeﾉedRj)7gS)/siems''

InauguralDissertation(Habilitation)"Oﾉpa"/CS)"7"7es/SatHﾉ"Tempeﾉature.･D/S-

coveﾉγ)ﾉ"vesi/ga加na"dAppﾉﾉCa伽〃of"7eα豈A/kynoneC)/cﾉﾉSa加､〃

VenialegendiforOrganicChemistry,UniversityofZUrich
LecturerattheUniversityofZOrich

GroupleaderattheSynthesis&ProcessResearchDepaltment,Non-ClinicalDe-

velopmentofthePharmaDivisionofF.Hoffmann-LaRocheLtd,Basel,dealing
withsynthesis&processresearchfornewpharmaceuticals

PromotedtoDeputy

RocheLecturer"ChemicalProcessResearchon!'7~/7eS)/""7e"CPﾉ℃b/emsE"-
COLﾉnieﾉedbeiweenResea『℃/7a"dPﾉodLﾉc伽"'’

PromotedtoScientincExpert

HeadofSynthesis,ProcessResearch&Catalysis

PromotedtoDistinguishedScientist
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M・ChristinaWhite

M.Christina'M1itewasborninAthens,Greecewheresheliveduntiltheageof
five.ShereceivedherundergraduatedegreeinbiochemistryatSmithCollege,whereshe
workedwithProfessorSmartRosenfeldintheareaofhost-guestchemistry.Afterabrief
stintinthebiologygraduateprogramatJohnsHopkinsUmversityworkingwith
ProfessorChristianAnfmsen,shebeganherdoctoralsmdiesinchemistryunderthe
directionofProfessorGaryPosner.Duringthattme,sheinitiatedthehybridVitaminD3
analogprograminhisgroUp.

1n1999,shejoinedProfessorEricJacobsen'slabsatHarvardUniversityasan
NIHpostdoctoralfellow.Duringthistime,shedevelopedthefirstsymheticallyusefUl
methanemonooxygenase(MMO)mimicsystemfbrcatalyticepoxidationswithhydrogen
peroxide.Christinabeganherindependentcareerasamemberofthechemistryfacultyat
HarvardUniversityinJulyof2002.Shejoinedthedepartmentofchemistryatthe
Universityoflllinoisinthesunnnerof2005,wheresheiscurremlyanAssistant
ProfessorofChemistry.Hergroup'sresearchinterestscenteraroundthedevelopmentof
highlyselectiveC-Hfmctionalizationmethodsfbrstreamlimngtheprocessofcomplex
moleculesynthesis.ShehasreceivednumerousawardsincludingtheCamilleandHenry
DreyfiJsNewFacultyAward(2002),theNSFCAREERAward(2006),theEliLilly
GranteeAward(2007),theAlffedP.SloanResearchFellowship(2008),theBMS

Unrestricted"FreedomtoDiscover"Grant(2008),andthePfizerAwardfbrCreativityin
OrganicChemistry(2008)
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CURROCULUMVITAE(14May,2008)

KazIRakiIshihara

Furo-cho,Chikusa,Nagoya464-8603,Japan

Phone:+81-52-789-3331;Fax:+81-52-789-3222

E-mail:ishihara@cc・nagoya-uacjp

BIRTH
－

BirthedatAichiPrefbcmre,Japanon26Apri1,1963

EDUCATION

㎡
Ｈ

B.ofEng.,Sch.ofEng.,NagoyaUniversity(1985);M.ofEn9.,Grad.Sch.ofEng.,NagoyaUniversity(1987);D
En9.,Grad.Sch.ofEng.,NagoyaUniversity(1991)[VisitingscholarunderthesupervisionofProfessorClayton
HeathcockatDepartmentofChemistly,UniveIsityofBerkeley,Califbrnia,USAfbrthreemonthsinl987.]

POSITIONSHELD

PostdoctoralFellowunderthesupervisionofProfessorE.J.CoreyatHarvardUniversiO,USA(1991);Assistant
Professor,Grad.Sch.ofEng.,NagoyaUnivelsity,Japan(1992);AssistantProfessor,Grad.Sch.ofEng.,Nagoya
University,Japan(1994);AssociateProfessor,ResearchCenterofWasteandEmissionManagement,Nagoya
University,Japan(1997);AssociateProfessor,Grad.Sch.ofEng.,NagoyaUniversiO',Japan(2001);Professor,Grad
Sch.ofEng.,NagoyaUniversity,Japan(2002)

HONORS&AWARDS

JSPSFellowshipfbrJapaneseJuniorScientists(1988-1991)
YamadaScienceFoundationFellowshipfbrSmdymgAbroad(1991-1992)

ThelO'''InoueResearchAwardfbrYoungScientists(1994)

The45'hYoungChemistAwardiomtheChemicalSocietyofJapan(1996)
ThiemeChemistlyJoumalAward(2001)

The2''dGreen&SustainableChemistlyAwardiieomtheMinisterofEducation,Culture,Sports,Scienceand

Technology(2003)

ThelsiJSPSPrize(2005)

BCSJ(BulletinoftheChemicalSocietyofJapan)Award(2005)

LectureshipAwards(fi･omKoreaandTaiwan)in"Ou1IntemationalConferenceonCutting-EdgeOrganic
ChemistlyinAsia(2006)

Japan/UKGSCSymposiumLectureshipinJapan/UKGreenSustainableChemistlySymposium(2007)
The21stJapanlBMSciencePrize(2007)

ｊ
ｊ
ｊ
ｊ
ｊ
ｊ

ｌ
２
３
４
５
６

１
く
ｌ
く
く
Ｉ

(7)

(8)

(9)

(10)

(1l)

PRINCIPLEAREASOFRFsERACH

1981-199iSmdiesonstereoselectivereactionsofchiralacetals

1991-1992DesignofasymmetricDiels-Aldercatalysts

1992-DesignofchiralBrgnstedacid-Lewisacidcombinedcatalysts
1995-Designofsuperacids

199eDesignofdehydrativecondensationcatalysts

1999-Designofartificialcyclasesfbrsynthesizingopticallyactivepolycyclicterpenoids

2000-Designofrecoverableandreusablecatalysts

2002-Designofacid-basecombinedcatalysts

Hiscurrentresearchisthedevelopmentofcatalyticorganicreactionsandprocessesdil･ectedtowardsgreenchemistly

PUBLICATIONS

Communicationsandfilllpapers:143;Patents:47;ReviewsandBooks60;Interpretivearticles21;Lecturesat
InternationalConfbrences:31
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Mahn-JooKim

DepartmentofChemistry

PohangUniversityofScienceandTbchnology

Pohang,Korea

際、

戸
一

BriefCV

KIM,Ma加一Joo(b.1955),BS.1977,KangwonNationalUmversity;MS.1981,SeoulNational

Umversity(J.Suh);Ph.D､1987,HarvardUmversity(GMWhitesides);PostdoctoralFellow,1987-

1988,TexasAMUniversity(C.-H.Wong);GuestSciemist,1996-1997,TheScrippsResearch

Institute(C-HWong);Assistant,Associate,andFullProfessor,1988-present,POSTECH.Oﾉgα"'ic,

E刀勾ﾉm'e,q"Ⅳα"oCJIe"fis":asymmetricsynthesisbybiocatalysis,nanocatalysis,and

nanobiocatalysis;functionalizationandapplicationsofnanomaterials.

Tel:82-54-279-2112,Fax:82-54-279-0654,E-mail:mjkim@postech.ac.kr.
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Name

DateofBirth

Designation

EducationalBackground

BIO-DATA

Dr.A.BPandit

7thDecember,1957
UGC,ResearchScielltist'C',ProfessorwithUniversitylnstimteof
ChemicalTechnology(UICT),UniversityofMumbai

B.Tech.(Chem),InstimteofTechnology,Banal･asHinduUniversity,
1980.

Ph.D.(Tech),UDCT,1984.

Profbssional/TeachingeXperience:
AssociateLecturer:UDCT,1984

ResearchAssociate:Dept.ofChem.Eng.,Cambridge,U.K.,1984-1990
UGCResearchScientist,'B'(Reader'sGrade):UDCT,Mumbai,1991-1995
UGCResearchScientist,'C'(Professor'sGrade):UDCT,1996onwards

ImportantAwardS:

P"RA.RajadyaksllaBestTeacheraward,UDCT,1995,1997,2000,2Qq1,2004,2006,
2007.

VASVIKaward,1996

Fellow,MaharashtraAcademyofSciencesl997
ISTE-IPCLawardfbrguidingworkofMr・ShrikantPalaskarawardedasSecondbest
Master'sthesisawardonNationallevel,1998

INAEawardfOrguidingtheworkofMr.NileshVichareawardedasBestM・Tech.
Innovativeprojectaward,2000
IIChE-AIteniisBiotechawardfOrguidingtheworkofMr.NileshVichareawarded
astheBestMaster'sthesisonNationalLevel,2000
IIChE-Herdiliaawardibrexcellenceinbasicresearch,2001

BestpaperpresentationawardatCHEMCON-2002onnationallevelco-authoredwithMs.
PreetiSangave,2002

DistinguishedAlumnusaward,InstituteofTechnology-BanarasHinduUniversity,2004
IIChE-Dr・Dr．A､V.Ramarao'sFoundanonawardfbrtheBestPh.D・Thesis/Research

awardinChemicalEngineering/Technologyfbrtheyear2004(Guide)
FellowshipoflndianNationalAcademyofEngineering(2006)
FellowshipofIndianAcademyofSciences(2008)

ResearchInterests:MultiphaseReactors,CavitationPhenomena,ThinfilmDynamicsand
Envil･onmentalEngineering.

SignifIcantresearchachieVements:
Combinationofexcellenttheol･eticalanalysisandinnovative,simpleexperimentaltechniqueshas

leadtothedevelopmentofpel･fbrmancecorrelationsfbrmultiphasereactorsandhasresultedintonovel
reactol･modificationsandreactorstoenhancethespecificperfbrmanceparameters.Theworkinthearea
ofhydrodynamiccavitationislikelytobringthisemergingtechnologyinthefbrefi･ont,whichhasbeen
languishing,intheconfinesoflaboratory.

Auniquecreativeapproachofusingtheftmdamentalinfbrmationtodevelopperfbrmance
correlationsandexplanationfbranomalousbehavioul･hasresultedintoafbcusseddesignmethodsand
criteriafbrcommonlyusedmultiphasecontactorsandsomenovelcavitationbasedl･eacto1･s.Severalof
thesedesignsareinsuccessfillcommercialoperation.
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ニーョーOーー

KarlMatos,Manager,Research&NewProductDevelopmentatBASFCorporationat

EvansCity,Pennsylvania,wasbominl970inNewHaven,Connecticut(USA).He

receivedhisB.S.inl991andPh.D.inl998underthesupervisionofProfessorJohnA.

SoderquistfifomtheUniversityofPuertoRico.HisgraduateworkattheUniversityof

PuertoRicofbcusedonthemechanisticfeaturesoftheSuzuki-Miyauraalkylgroup

transferandorganoboraneconversionswithborabicyclo[33.2]decanes.Inl999,he

workedasapost-doctoralresearchassociatewithProfessorJohnA.Soderquist

(UniversityofPuertoRico)todevelopascaleableprocesstopreparechiral

borabicyclo[3.3.2]decanederivativesfbrasymmetricsynthesis・Aitercompletinghis

post-doctoralassignment,hejoinedCalleryChemicalCompany(nowpartofBASF

Corporation)in1999.HisindustrialscientificworkhasinvoIveddevelopinglarge-scale

processesofnewboronreagentsfbrtechnologiessuchastheSuzuki-Miyauracoupling

reactionandoptimizingkeyparametersintheasymmetricreductionofketoneswiththe

Coreycatalyst.
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CurriculumvitaeofTsutomuKatsuki

CunEntEmploymemandStatus:

ProfessorofChemistry

bus加UniVersiW
Addresses: DepartmentofChemisUy,FaculWofScience,GraduateSchool,

yushuUniversiW,Hakozaki,Hgashiku,Fukuoka812-8581
Fax:+81-92-""2-2607

E-man:katsuscc@mbox.nc.lgushuPu.acjp

September23,1946

Saga,Japan

DateofBirth:

PlaceofBirth:
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EdUcation:
●

ProfssionalEXperience:
1971-1988ResealchAssociar,KyuShuUniveIsiW

(withProfessorMasaruYamaguchi)

PostdoctolalFenowうStanhdUniveISib'

andMassachusettslnstituCofTec肋ology

(wiihProfessorK.BanyShaIpless)
ProfessoIKyudluUniveIsiW

1979-1981

1988-p1℃sent

Cun･entResearchlnfrest

constructionofnewmetal~basedasymmeUiccatalystsanddevelOpmemof

ecologicallysustainableandsfreoselectivemednodsfbr
chemicaltlansfbmlation.chemicaltranglbnnation．

Awaldandlectureshio

InoueScienceAward(1996)

SynthencOIganicChemishyAwald,Japan(1998)

MolecularChiraliWAward(2001)

AwardfbriheChemicalSocieWofJapan(2002)

RycjiNoyoriPIize(2005)
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CURRICULI爪IVITAE

ToshiroKonoike
宝

、

CMCDeVelopmemLaboratories,

Shionogi&Co.,Ltd

1-3,KuiseTerajima2-chome,Amagasaki,

Hyogo660-0813,Japan

Phone:81-6-6401-8305;Fax:81-6401-1309

■：

E-mail:toshiro.konoike@shionogi.co.ip

BIRTH:

1948,Osaka,Japan.

EDUCATION:

B､S､:1971,FacultyofEngineering,KyotoUniversity(ProfessorT.Matsuura)

M.S:1973,FacultyofEngineering,KyotoUniversity(ProfessorT.Saegusa)

Ph.D、1976,KyotoUniversity,Kyoto,Japan(ProfessorT.Saegusa)

Major:Organicsynthesis,organo-copperandsilverchemistly

Dissertation:.GSyntheticChemistryviaMetalEnolatelntennediate"

EMPLOYMENTHISTORY:

1976-1990:ResearchScientist,ShionogiResearchLaboratories

1984-1986:Postdoctoralfellow,ProfessorAlanP.Kozikowski,Universityof

Pittsburgh,Pennsylvania

1990-1994:Manager,DrugDiscoveryResearchLaboratories

1994-1997:DeputyManager,DrugDiscoveryResearchLaboratories

1997-2000:GeneralManagerofOrganicProcessR&DLaboratories

2000-2004:GeneralManagerofManufacturingTechnologyR&DLaboratories

2004-2008:GeneralManagerofBulkChemicalsProcessR&DLaboratories

2008-:PrincipalScientistofCMCDevelopmentLaboratories,Shionogi&(Shionogi&Co

RESEARCHAREAS:

Syntheticchemistryofantibiotics

Medicinalchemistryofcardiovasculardrugs

Asymmetricsynthesisofenantiopuredrugs

Processchemistryofphannaceuticals
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CURRICULUMVITAE(May,2008)

TakashiOkazoe

ShinyurakuchoBldg.,1-12-lYurakucho,Chiyoda-ku,TolO'0100-8405,Japan
Phone:+81-3-3218-5448;Fax:+81-3-3218-7858

E-mail takashi-okazoe@agc.co.ip

BIRTH

BirthedatSapporo,Japanon25April,1961

EDUCATION

BachelorofEngineering,FacultyofEngmeering,KyotoUniversity(1985);
MasterofEngineering,GraduateSchoolofEngineering,KyotoUniversity(1987)

POSITIONSHFID

Researcher,ResearchCemer,AsahiGlassCo.,Ltd.(1987);

GroupLeader,ResearchCemer,AsahiGlassCo.,Ltd.(1999);
Manager,PlanningandCoordinationOffice,AGCChemicals,AsahiGlassCo.,Ltd.(2006)

AWARDS

The48IIITechnologyAwardfromtheSocietyofSyntheticOrganicChemistry,Japan(2006)

PRINCIPLEAREASOFRESERACH

DeVelopmentofnuorinatedpharmaceuticals
Developmentoffluorinatedmaterials
PlanningofR&Dstrategy

1987-1997

1997-2005

2005-

PUBLICATIONS

ConnnunicationsandfUllpapers:24;
Patents:100;
Reviews:2
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KeithFagnou,AssociateProibssor

DEGREES:

PhD.OrganicChemistry,UniversityofToronto,2002(Supervisor:MarkLautens)
M.Sc.OrganicChemistly,UniversityofToronto,2000
B.Ed.,UniversityofSaskatchewan,1995

EMPLOYMENTHISTORY;

2007-presentAssociateProfessorwithtenure,UniversityofOttawa

2002-2007AssistantProfbssor,UniversityofOttawa

1998-2002GraduateSmdentinOrganicChemistly,UniversityofToronto,Dept.ofChemistly

1999/2000NSERCSummerResearchAssociate,AstraZenecaResearchCenter,Montreal,PQ

1995-1996HighSchooITeacher,EcoleCanadienneFran9aise/St.JosephHSSaskatoon,SK
1990-1998NavalReserveOfficer(Lieutenant(N)),Dept.ofNationalDefbnse

ACADEMICHONOURSANDAWARDS(Since2003):
SloanResearchFellow2008

MerckProcessAward2007,2008

EliLillyGrantee,2007-2009

NSERCAcceleratorSupplementGrantee,2007-2009

AmgenYounglnvestigator'sAward2007

AstraZenecaAwardfbrChemistly2007

UniversiWofOttawaResearchChairinNovelCatalyticTransfbrmations2007-2012

UniversiO/ofOttawaYoungResearcheroftheYearAward2006

IchikizakiAwardfbrYoungChemists2006
BoehringerlngelheimYounglnvestigatorAwardinOrganicChemistly2005
CottrellResearchScholarAward2005

IchikizakiAwardfbrYoungChemists2005
Premier'sExcellenceinResearchAward2004

JohnCharlesPolanyiPrizeinChemistly2003

＝

幸

、

RECENTPUBLICATIONS:

4!C2,C5andC4AzoleMOxideDirectAlylationlncludingRoomTemperatureReactions''Campeau,L.-C.3Bertrand-
Laperle,M.jLeclerc,J-P.;Villemure,E.jGorelsIO',S.;Fagnou,K.J:小".Cﾙe"7.Wc.2008,ノ3(),3276-3277.
cGSite-Selectiveqp2andBenallicSp3Palladium-CatalyzedDirectAlylation''Campeau,L.-C・ぅSchipper,D・ぅFagnou,K..X
ﾉ4m.C/7e"16Soc.2008,ノ30,3266.

s$HighYieldingPalladium-CatalyzedlntramolecularAlkaneArylationReactions''La廿ance,M.;Gorelsky,S､1.うFagnou,K.

.ﾉ:""1.Cﾙe"7.Sりc.2007,ノ29.14570-14371.

c:ElementsofRegiocontrolinPalladium-CatalyzedOxidativeAreneCross-Coupling''Stuart,D.;Villemure,E.;Fagnou,K.
‘ん4"7.Che"7.Soc.2007,ノ29,12072-12073.

6&CatalyticCross-CouplingReactionswithUnactivatedArenes"Stuart,D.R.;Fagnou,K.配彪"ce2007,3ﾉ6,1172-1175.
"Palladium-CatalyzedBenzeneArylation:IncorporationofCatalyticPivalicAcidasaProtonShuttleandaKeyElementin
CatalystDesign''Lafrance,M.;Fagnou,K.J:"ﾉ".Cﾙeﾉ".Sbc.2006,ノ28,16496-16497.
1'Palladium-CatalyzedDiazineN-OxideCrossCouplingReactionswithAIylChlorides,BromidesandlodidesI'Leclerc,J.-
P.;Fagnou,K.ﾉｲ"gew.Cﾙe"II)7fEdL2006,",7781-7786.
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BiographicalSketch-ProfEssorMichaelJ.Krische
UniversityofTexasatAustin

P

1l

BiographY:ProfbssorMichaelJ.KrischeobtainedaB.S.degreeinChemistryfi･omthe
UniVersityofCalifbrniaatBerkeley,whereheperfbrmedresearchunderthetutelageof
ProfessorHenryRapoport.AfteroneyearofsmdyabroadasaFulbrightFellow,he
initiatedgraduateresearchatStanfbrdUniversityunderthementorshipofProfessorBaITy
TrostasaVeatchGraduateFellow.FollowingreceiptofhisPh.D.degree,heworkedwith
Jean-MarieLehnattheUniversiteLouisPasteurasanNIHPost-DoctoralFellow・InFalll999,ProfEssorKrischewas

appointedAssistantProibssorattheUniversityofTexasatAustin.HewaspromoteddirectlytoFullProfbssorinFall
2004andinFall2007hereceivedtheRobertA.WelchChairinScience.

SelectedHonorsandAwards:NovartisChemistlyLecmreship(2008),PresidentialGreenChemistlyAward(2007),

DowpharmaPrize(2007),ACSEliasJ.CoreyAward(2007),SolviasLigandPrize(2006),SocieWofSyntheticChemistly
JapanLecmreship(2005),Johnson&JohnsonFocusedGivingAward(2005),DreyiilsTeacherScholarAward(2003),
Alfi･edP.SloanResearchFellowship(2003),CottrellScholarAward(2002),FraschFoundationAwardinChemistry
(2002),LillyGranteeAward(2002),NationalScienceFoundation-CAREERAward(2000),MaitredeConference,
Coll6gedeFrance(1999),NIHPost-DoctoralFellow(1997),VeatchGraduateFellow(1995),SigmaXiGrantee(1991),
FulbrightFellow(1990)

ResearchInterests:Asymmetrichydrogenationaccountsfbroverhalfthechiralcompoundsmadebyman,withstanding
physicalorenzymaticresolution.WhereasconventionalhydrogenationinvoIvesC"60"djbll"α"O",ourresearch
establisheshydrogenationasamethodfbrC-C6o"djb"刀α"o".Wehaveshownthathydrogenationandtransfbr
hydrogenationmaybeusedtocouplediverse7t-unsamratedreactantstocarbonylcompounds,iminesandevenalcohols
offeringabyproduct-ii･eealtemativetostoichiometricallyprefbrmedorganometallicsinarangeofclassicalC=X(X=0,
NR)additionprocesses.ThesestudiesrepresentthefirstsystematicefFortstoexploithydrogenationinC-Ccouplings
beyondhydrofbrmylationanddefineadepartureけomtheuseofprefbnnedoIganometallicreagentsincarbonyladdition.
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SelectedPublications
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G(Diasterco-andEnantioselectiveHydrogenativeAldoICoupllngofVinylKetoncs:DeSignofEfibctiveMonodentatcTADDOL-Likc
PhOSphoniteLigands,''Bee,C;Hall,S.B・;HaSSan,A.;Iida,H.,KriSche,M.JJ;""1.Che"l."c.2008,ノ30,2747.

"EnantioselectivelridiumCatalyzedlmineVinylationOplicallyEnrichedAllylicAminesvidAlbne-ImineReductiveCouplmgMediated
byHydrogen,''Barchuk,A;Ngai,M-Y.;Krische,MJ,ﾉ:』"1.α肥"l."c.2007,ノ29,12644

､､EnantioselectiveReductiveCouplingofAcetylene[oMArylsulibnyllminesW"RhodiumCatalyzedC-CBondFonningHydrogenation:
(Z)-DienylAilylicAmineS,"Skucas,E.;Kong,J-R.,Krische,MJ.J:』脚.α肥"I.Mc.2007.ﾉ21,7242.

@$EnantioSciec[iveRedUctiveCoUplingofl,3.EnyncstoHe'にrocyclicAromaticAldehydesandKetoneSWqRhodiumCatalyzedAsymmetric
Hydrogenation:MechanisticlnsightintotllcRoleofBrgnsledAcidAdditives,''Komanduri,V・;Krische,MJ.J;〃"2.C/le"】."c.2006,ノ28,
16448.
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MarkA･Butchko,Ph.，。

EliLillyandCompany

TippecanoeLaboratories,TL31

1650LillyRoad

Lafayette,m47909-9201

(765)477-4602

butchko_mark_a@lillycom

E""cα〃0〃

UniversityofNotreDame:Ph.D.mChemstly,2000.DoctoralRese

directionofProfessorXavierCreary.nlesis:〃〃αmo/ec"〃γCa7･6e"e

Req"q"ge"7e"な：母zﾌe""le"/αﾉα"dmeoﾉ･e"cqI肋噸“

King'sCollege:B.S.,Chemistry,1994.

DoctoralResearchunderthe

E兀刀erie"Ce

-EliLillyandCompany,TippecanoeLaboratories(Lafayette,1N):

2000-2003.･SeniorOrganicChemst,ChemicalProcessR&D

20"-2005:PrincipalResearchScientist,ChemicalProcessR&D

20“-2008.･Manager,ManufacnmngScience&Technology

-EliLillyandCompany,LillyTechnologyCenter(Indianap01is,1N)

2008-:Manager,QualityAssurance,ChemicalProcessR&D

4re"ofExper･je"ce

MechanisticOrganicChemistry

ChemicalProcessResearch&Development

ManufacturingScience&Technology

ActivePhannaceuticallngrediem(API)Commercialization

ProcessValidation

cGMPManufacturing

ProcessSafetyManagemem

一
』
一
】
一
一
一

P座6〃cα"0"3

Creary,X.;Butchko,M.A

2001,66,1115-1121.

Creary,X.;Butchko,MA

"6-TrimethylsilylCyclopropylcarbenes",JEOrgC/2e"@

Creary,X.;Butchko,MA.@GTheBicyclo[2.2.2]octylCarbeneSystemasaProbefbr

MigratoryAptitudesofHydrogentoCarbenicCenters",.M"'.CJIe"z.Sbc2001,123,
1569-1578.

Creary,X;Butchko,MA@@6-SilylcarbenesfifomlsolableDiazosilaner,

J:OJ9Cﾙe"7.2002,6Zll2-18.
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DrHaywoodreceivedhisBScandPhDdegreesfromtheUniversityofKentat
Canterbury,andca｢｢iedoutpost-doctoralworkinsyntheticphotochemirryatthe
UniversityofLondon,befOrejoiningGlaxoasadevelopmentchemistinl980.

HeworkedonanumberofdevelopmentprOiectsintheChemicalDevelopment

departmentbeforetransferringtotheGlaxomanufacturingorganisationinl990.
ThreeyearslaterhemovedtoSingaporetomanagetheplantandprocess
commissioningofthenewmulti-purposefacilityatGIaxo'ssitethere.Upon
completionofthisworkhemovedbacktotheUKandbecameTechnicalDepartment
HeadatGlaxo'scephalosporinmanufacturingfacilityinUIverston,Cumbria.

FoIIowingthemergerwithWelcome,healsotookonresponsibilityfOrthetechnical
departmentbasedatWelcome'sDartfordsiteandforOutsourcinggroupwhichhad
theresponsibilityforidentifyingandcarryingouttechnologytransfertoexternal
suppliersofintermediatesandBulkDrug.

HeleftelaxoWelcomeinl997andjoinedAstraintheUKasthelocalHeadof
ProcessR&D.OverthenextfewyearshedevelopedtheUKgroupbefOretaking
overasVPattheMacclesheldProcessR&DgroupfOllowingthemergerwithZeneca
In2002hewasmadeGIobalVPofProcessR&D.Hisgroupcurrentlyconsistsof
~800staffbasedonfOursites;twointheUK,oneinS6dei-talje,Swedenandonein

Bangalore,India.

BesidesbeingVPofGIobaIProcessR&D,D｢HaywoodisalsotheChairmanof
AstraZenecalndiaPvt・Ltd.andSiteManageroftheCharnwoodR&DSiteintheUK
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KeynOteLeCture

K-1

<一夏歎一〕蝋,毅繼FromMilligramstoTbns:TheImportanceof

Synthesis&ProcessResearchintheDevelopment

ofnewDrugs

MartinKaJpf

Synthesis&ProcessResearch,EHomnann-LaRocheLtd
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StreamliningSynthesisviaC-HOXidation
M.ChrigtinaWhite

DepartmentofChemistry,Universityoflllinois,Urbana,Il

USA

K-3

Ph
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RCN_
SOJPh
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DesignofDynamicSaltCatalystsBasedon

Acid-BaseCombinationChemistry
KRzn'9tiIshihara*

GraduateSchoolofEngineering,NagoyaUniversity ○謎
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Enzymo-MetamcDynamicKineticResolution

aSaNewTbolfbrChiralSyntheSis

*Mahn-JooKimandJaiwookPark

DeparmlentofChemishy

PohangUmversityofScienceandT℃chnologX

Pohang,Korea
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K-5

ChemistryMatchingChemistrywithChemical

EngineeringfbrOptimumDesignand

PerfbrmanceofPharmaceuticalProcessing

AniruddhaB.Pandt

Chem.Eng.Dept・mCTJMumbai4000191ndia
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BoronReagentsibrProcessChemistly:ExcellentTOOIsfbrSelectiveReductions

KarlMatos*,ElizabethR.BurkhardLBrianM.Coleridge
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AsymmetricOxidationwithHydmgen
Peroxide9anEHectiveandVersatile
Oxidant

TSutomuKatSlDki

DepartmentofChemistryy,GraduateSchool,Kyushu
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K-8

ProcessDevelopmentofHIVIntegraseInhibitor
S-1360

TbshiroKonoike*

CMCDevelopmentLaboratories,Shionogi&Co.,Ltd.
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NewMethodsfbrtheFunctionalizationof

AromaticCompoundS

KeithFaglou*

Dept・ofChemistJXUmversityofOttawa,Canada
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FormationofC-CBondsviaCatalyticHydrogenationandTransferHydrogenation
MichaelJ.Krische*
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CommercializationofaSodiumHydrideMediated

AIylationProcess

Ma*A・BIntchko

EliLillyandCompanXManufacturingScience&

Teclmolo野面ppecanoeLaboratories,Lafayette,IN(USA)
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Processdevelopmentofakeybuildingblockibr
anti-AIDSdrugsbyprolinecatalyzedenatio-
selectivedirectcrossaldolreaction

Tbtsuyalkemoto,*YbsukeWatanabe,Jun-ichiTbmokawa,

TakehikoKawakami,YasuoUekita,IsaoKurimoto

FineChemicalsResearchLaboratolX

SumitomoChemicalCo.,Ltd.
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DevelopmentofPracticalandScalableSynthesis
ofaThirutheniumClusterCatalystandAmide-
Sel"tiveSilaneReduction
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Akichikaltoh,*NorihiroThda,HirokiNakayama,

NaohikoKanni

GihlPharmaccuticalUmversityb
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I2P-71

Nickel/LewisAcid-catalyzedCarbocyanation

ReactionofUnsaturatedCompoundS

YOshiakiNakao,*AkiraYada,ShiroEbata,Yasuhiro

Hirata,TbmoyaYUkawa5TamdiroHiyama

KvotoUniversitv

Ni/LewisAcidcat.R'CN

R'-c"+"2-=-R,--~~1,",
R1=Ar,Allyl,AIkynyl,AIkenyl,AIkyl

R2,R3=H,alkyl,(CH2)nFG,Ar,SiMe3

12P-72

＜〕､鼻R3R1

R2-R3
R2

Ni/LewisAcidcat.
＞‘

"R,
toluene

highlyregio-and Me2N
stereoselective

R2

Nickel/LewisAcidCatalyzedhydrohetero-

arylatiOnandHydrocarbamoylationof
UnsaturatedBonds

KyaloStephenKanyiva,*Hiroakildei,YbshiakiNakao,

TamQjiroHiyama

GraduateSchoolofEngineering,KyotoUniversity

●㈱R1

O
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12P-73

DynamicKineticResolutionofPrimaryAmines

byLipase-PalladiumCocatalysis

*KiwonHan,YOonKyungChoi,ChelwooKim,Jaiwook

Pmk,Mahn-JooKim

PohangUniversiWofScienceandTbchnoloW
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1ZP-74

MicronizationofPharmaceuticalCompoundsby

SupercriticalTbchnology

Yen-MmgChen(1),Yan-PmgChen｡(1)andMuoiTang(2)

Dept.ofChemicalEngineering,(1)NationalTaiwanUniversi"

(2)ChmeseCulmreUniversitXTBipeisTaiwan
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K-1(KeynoteLecture)

FromMilligramstoTons:TheImportanceofSynthesis&Process
ResearchintheDevelopmentofnewDrugs

MartmKalpf

Synthesis&ProcessResearch
TeChnicalSciences,PharmaceuticalsDivision

F.Ho缶nann-LaRocheLtd

CH-4070BaselSwitzmland

耐α"i".k"狸厄'℃chebco"

Anessentialpartofthemultidisciplmarydevelopmemprocessofnew,innovativephannaceu-
ticalsisthesearchfbrandthedevelopmentandproductionofnovelbiologicallyactivecom-

pounds.Inthiscontextorganicsynthesisnotonlyplaysakeyroleinthesearchfbrnewclini-
calcandidatesbutalsorepresentsanindispensabletoolfbrthesubseqUentexploration,
evaluationanddevelopmentofshort,e伍ciem,safe,reproducible,scalable,economicaland
ecologicalproductionromeswithtechnicalpotential．InadditiontotheprOblemsofstructural
andstereochemicalcomplexity,thenewsynthesishastotakeimoaccountthebasicreqUire-
mentsandlimitationsofapotentialmdusmalprocess.

Inthecurrentpresentationtheroleandimportanceofsynthesis&processresearchincluding
catalysismthedevelopmentprocessofnewdrugs廿omthediscoverychemistrysynthesisup
totechnicalroutewiUbediscussedandexemplifedonvariousexamplesshownbelowin
viewoflargescaleproductionreqUirements・Thelecturewillconcentrateonthesynthetic
strategiesandtacticsappliedtodrugcandidatesinordertocreateontimetechnicallyfeasible
chemicalsynthesessuitablefbrhlrdnertechnicaldevelopmentandoptimizationaimingathl-
turelargescalemdustrialproduction.
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Forleadingreferencessee:

XemcalR.Birk,M.Karpf;K.Piintener,M・Scalone,M.Schwindt,U.Zutterj""jq2006,
60,561;OFgPFoc・Res.&Dev.2007,inpress.

mviraseW・Goehring,S・Gokhale,H・Hilpert,F.Roessler,M・SChlageter,P・Vogt,C〃j"fjq
1”6,”,532．

TaminuS.Abrecht,P.Harrington,H.Iding,M.Karpf;R.Tmssardi,B・WirZ,U.Zutter,
αj腕j"2004,ゴ8,621;"""2007,6I,93.
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K-2(KeynoteLecture)

StreamliningSynthesisviaC-HOxidation

M.ChnstinaWhite*

DepartmentofChemistry,RogerAdamsLaboratory,
Universityoflllinois,Urbana,IL61801,USA

Amongthefrontierchallengesinchemistryinthe21stcenturyare(1)increasingcontrol
ofchemicalreactivityand(2)synthesizingcomplexmoleculeswithhigherlevelsof
efnciency.AIthoughithasbeenwelldemonstratedthatgivenampletimeandresources,
highlycomplexmoleculescanbesynthesizedinthelaboratory,toooftencUrrent
methodsdonotaIIowchemiststomatchtheefnciencyachievedinNature.Thisis
particularlyrelevantfOrmoleculeswithnon-polypropionate-likeoxidationpatterns(e.g.
TaxoI).TraditionalorganicmethodsfOrinstallingoxidizedfunctionalityrelyheavilyon
acid-basereactionsthatrequireextensivefunctionalgroupmanipulations(FGMs)
includingwastefulprotection-deprotectionsequences.Duetotheirubiquityincomplex
moleculesandinertnesstomo､organictransformation,C-Hbondshavetypically
beenignoredinthecontextofmethodsdevelopmentfOrtotalsynthesis・Highlyselective

6)2
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､MCS2004,726,1346

OL2005,Z223
ACIEE2006,45,8217
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,隅CS2007,729,7274
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N"CO2Me
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OBn

LmearC-"

Amma"。〃

15examples
MCS2008,ブ30,3316

」L贈走〆(Et)2N
alkyl

Br

3･C◎"胴onentB砲ncIDedC"15examples
Oxim"ve，船CS2008,ブ30,3316.CO叩伽g Oxi函猷on

MaCro伯cわ"肱aJon

13examples 14examples 13examples

､MCS2006,728,9032、隅CS2006,72al5076JACS2005,727i6970

oxidationmethods,similartothosefOundinNature,fOrthedirectinstallationofoxygen,
nitrogenandcarbonfunctionalitiesintoallylicandaliphaticC-Hbondsofcomplex
moleculesandtheirintermediateswillbediscussed・UnlikeNaturewhichuseselaborate

enzymeactivesites,werelyonthesubtleelectronicandstericinteractionsbetweenC-
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Hbondsandsmallmoleculetransitionmetalcomplexestoachievehighselectivities.
OurcurrentunderstandingoftheSeinteractionsgainedthroughmechanEticstudieswill
bedisCussed.NoveistrategiesfOrstreamliningtheprocessofcomplexmolecule
SynthesiSenabledbythesemethodswillbepresented.Collectively,weaimtochange
theWaythatComplexmoleculesareconstructedbyredenningthereactivityprinciplesbf
C-Hbondsincomplexmoleculesettings.

Forfurtherreadingpleasesee

AliphaticC-HOxidation:

● Chen,M.S.;White,M.C.@IAPredictablySelectiveAliphaticC-HOxidation
ReactionforComplexMoleculeSynthesis."Scje"Ce,2007,378,783-787.

AllylicC-HOxidation:

･DelCamp,J.H.;Whit.,MC.:'SequentialHydrocarbonFunctionalization:Allylic
C-HOxidation/VinylicC-HArylation."JAm・Chem・Soc.2006,728,15076-
15077．

･Fraunhoffer,K.J.;Prabagaran,N.;Sirios,L.E.;White,M.C."Macrolactonization
viaHydrocarbonOxidation.''JLAm.Chem.Soc.2006,728,9032-9033.

oChen,M.S.;Prabagaran,N.;Labenz,N・;White,MC."SeriaILigandCatalysis:A
HighlySelectiveAllylicC-HOxidation.''J.Am.Chem.Soc.2005,727,6970-6971.

● Chen,M.S.;White,M.C.@$ASulfoxide-Promoted,CatalyticMethodfOrthe
RegioselectiveSynthesisofAllylicAcetatesfromMonosubstitutedOlefinsviaC-
HOxidation."J.Am.Chem・Soc.2004,726,1346-1347.

AIIylicC-HAmination:

●

●

Reed,S.A.;White,M.C.℃atalyticlntermolecularLinearAllylicC-HAmination
viaHeterobimetallicCatalysis."JAm.Chem.Soc.,2008,730,3316-3318.

Fraunhoffer,K.J.;White,MC."syn-1,2-AminoAIcoholsviaDiastereoselective
AllylicC-HAmination.''JLAm.Chem・Soc.2007,729,7274-7276.

StreamliningSynthesisStrategies:

●

●

Covel1,D.J.;Vel･meulen,N.A.;Labenz,N.A.;White,M､C.!!PolyolSynthesisvia
HydrocarbonOxidation:DeNovoSynthesisofL-Galactose."AngewLChem.，伽t
EdEngi2006,45,8217-8220.

Fraunhoffer,K.J.;Bachovchin,D.A.;White,MC.!!HydrocarbonOxidationvs.C-
CBondFormingApproachesforEfficientSynthesesofOxygenatedMolecules.”
Org.Leit.2005,7,223-226.
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K-3(KeynoteLecture)

DesignofDynamicSaltCatalystsBasedonAcid-BaseCombinationChemistry

Ka"'HkilShihara*

GraduateSchoolofEngmeering,NagoyaUniVersity

Furo-cho,Chikusa,Nagoya464-8603,Japan

ishihara@cc.nagoya-u.acjp

Acid~basecombinedcatalystsbealingversatilefimctionscanbecreatedbytheselfEassemblybetween

acidicandbasicmoleculeswhicharedesigned.'Inparticulaljdynamicsaltcomplexesarevery

attractiveasartificialenzymesbecauseoftheirstructuralflexibilitylikenaturalenzymes.Recentlyjwe

developedseveralhighlyfimctionaldynamicsaltcatalystsbasedontheacid-basecombination

chemistxy.’

BullqrdiarylammoniumpemafluorobenzenesulfbnatescatalyzedthedehydratiVecondensationofan

eqUimolarmixtureofcarboxylicacidsandalcoholsunderheatingconditionsinheptaneevenwithoutthe

removalofwaterproduced.2'3Thesedynamicsaltcomplexesbehaveasreversemicelles.2c
DesignofAmmoniumSaltCatalystfortheDehydrativeCondensationCatalysis

全

P
臣
I

1CO2H+R20H R1CO2R2+H2
heptane

Ac"varedpめゎnsares"ITDUn*dby油鱈ehydrqphobjbsubs"他enrs，

DMAPisanexcellentnucleophiliccatalystfbrtheacylationofalcoholswithcarboxylicanhydrides.

Ingeneral,theacylationiscarried'outinthepresenceofstoichiometricamountsoftertiaryaminesuch

asi-Pr2EtNinsuitablesolventsbecause RecycleofPolystyrene-SUpponedDMAP

carboxylicacidswereproducedtogetheresters.

Wefbundthattheacylationproceededwelleven

intheabsenceofanyauxiliarybasesunderRoH+(Rco)20

、ルR

b人oノ
"垣"on

(5-10mol%)Huuノ
ROCO卜P『

SOlVent-hFeeCOnditiOnS.4(1.1equiv)'t,base･andsoivent-iree

Chiralammoniumsaltof(R)-1,1'-bmaphthyl-2,2'-disulfromcacidand2,6-diphenylpyridine

catalyzedtheenantioselectiveMannich-typereactionofMCbz-andMBoc-aldimineswith

1,3-diketonesand3-oxocarboximides.5
DesignofChiralAmmoniumSaltCatalystsfortheMannich-typeReaction
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ChiralammoniumsaltofH2N-L-Phe-L-Leu-N(CH2CH2)2-reducedtriammeandHXcatalyzedthe

enantioselective[2+4]and[2+2]cycloadditionreactionsofd-(acyloxy)-ord-(phtalimido)acrolems

thoroughthecorrespondingaldmimumintermediates.6Thus,syntheticallyvaluableopticallyactive

α,d-dialkyl-substimtedq-hydroxyaldehydesandq-aminoaldehydederivativesweresynthesized.

DesignofChiralAmmoniumSaltCataystsfor[2J4jand[2+2]CycloadditionReactions

R

宮

ChiralCu(II)cation-冗complexofL-phenylalanineamidewasahighlyeffectivecatalystfbrthe

enantioselective[2+4]and[2+2]cycloadditionreactionsofnotonlyq-unsubstimtedaclylamidesbm

alsopropiolamides.7The[2+4]cycloadditionreactionofcyclicdieneswithacetylenicdienophiles

mayprovideaconcisemethodfbrthepreparationofchiralbicyclic2,5-dieneligandcandidatesfbrthe

asymmetriccatalysisofRhandlr.Tothebestourblowledge,thisisthefirstexampleofthe

enantioselective[2+2]cycloadditionreactionofalkynes.

DesignofSmall-moleculeChiralCataystsBasedonCation=EInteraction
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Re"ren唾s

l.Foranaccount,see:Ishihara,K.;Sakakura,A.;Hatano,M.砂"ﾉe"2007,686.

2.(a)Ishihara,K.;Nakagawa,S.;Sakakura.j;""."e腕.Sりc.2005,127,4168．(b)Sakakum,A.;Nakagawa,

S.;Ishihara,K.Zb"q〃eめわ"2006,62,422.(c)Sakakura,A.;咽htanabe,H.;Nakagawa,S.;Ishihara,K."em.

"sia".X2007,2,477.(d)Sakakura,A.;Nakagawa,S・;Ishiham,K.Ⅳ"rz"rPF℃わcok2007,2,1746.

3.ForPh2NH20Tf;see:(a)Wakasugi,K・;Misaki,T:;Yamada,K.;Tanabe,YZb"q〃虚""Le".2000,41,5249.

ForC6FsNH30Tf;see:(b)Funatomi,工;WakaSugi,K.;Misaki,正;Tanabe,Y:GFでe""ew.2006,8,1022.

4.Sakakura,A.;Kawajiri,K.;Ohkubo,T.;Kosugi,Y;;Ishihara,K.J:4"'.Cﾙem.Sbc.2007,/29,14775.

5.Hatano,M.;Maki,工;Arinobe,M.;Moriyama,K.;Ishihara,K.tobesUbmitted.

6.(a)Ishihara,K.;Nakano,K､､ﾉ:44"7."e"1.Sbc.2005,127,10504;ﾉ27,13079(additionsandcorrections)．(b)

Ishihara,K.;Nakano,K..ﾉ:』碗.Cﾙe碗."c.2007,129,8930．(c)Ishihara,K.;Nakano,K.tobesubmitted.

7.(a)Ishihara,K.;Fushimi,M.OJgLerf2006,8,1921.(b)Ishihara,K.;Fushimi,M.;Akakura,M.4cc.“e碗．

Res.2007,40,1049．(c)Ishihara,K.;Fushimi,M..L4碗.me"2."c.2008,130,ASAR
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K-4(KeynoteLecture)

EnZymo-MetanicDynamicKineticResolutionasaNewTbolfbrChiralSynthesis

*Mahn-JooKimandJaiwookPark

DepartmentofChemistry,PohangUniversityofScienceandTeclmolo圏§

San-31Hyqjadong,Pohang790-784,Korea

mjkim@postech.ac.kr

WearedevelopingmethodsusingenZymeandmetalincombinationfbrthedynamickineticresolution

(DKR)ofracemicmolecules.'Inthisapproach,enzymesareusedastheenantioselectiveresolution

catalystsandmetalormetalcomplexesasthelacemizationcatalysts(Schemel).
X Y

EnzR
W －

人/~R R

(R)(R)

|’ Metal

X Y

EnzS言

一

/~R /~R

（町 （町

SChemel・Dynamickineticresolutionbyena/me-metalcombmation

Intensivesmdieshavebeendonetosearchfbrhighlyefficientracemizationcatalysts.Itwasfbundthat

Ru-basedcomplexeswerehighlyeffectiveastheracemizationcatalystsfbrtheDKRofsecondaryalcohols.

Theywerecombinedwith(R)-selectivelipaseor(S)-selectivesubtilismfbrtheconversionofawiderange

ofsecondaryalcoholstothecorresponding(R)-or(S)-estersviaDKR・Inmanycases,hiJlenantiomeric

excesses(98-99%ee)wereobtainedwithyieldsapproachinglOO%(Scheme2).2

Ｒ
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Scheme2.DKRofsecondaryalcoholsbyenZyme-metalcombmations
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AnimmobilizedPdnanocatalyst,Pd/AIO(OH),waspleparedastheracemizationcatalystfbr

theDKRofprimalyamines.hWaShighlyaCtiveandrecyclable・Thee伍cientDKRsofboth

benzylicandaliphaticammeswereaCcomplishedbythecombmationofalipasewiththePd

nanocatalyst(Scheme3).InmostCases,highyieldsandexcellentopticalpuritieswere
obtained.3

WH2
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Scheme3・DKRofprimaryaminesbyenzyme-metalcombmations

Ret1℃nces

l.Reviews:(a)M.-J.Kim,YAhn,J.Park,Cz"x印加.BjaeCﾙ"olb2002,13,578.(b)

M.-J.Kim,YA1m,J.Park,B""LKbzChe"7.Wc.2005,26,1.(c)YAlm,S.-B.K

o,M.-J.Kim,andJ.Park,CoorzZChe"r.Reu2008,252,647.(d)M.-J.Kim,J.Pa

rk,andY;Ahn,Biocq"Wni〃的eP〃α""acez"iCq/m7dBiOrecﾙ"oﾉ咽ノルdzAs"ies,Pat

el,R.N.,Ed.,CRCPress:BocaRaton,F1,2007;Chapter8,pp249-272．(e)M.-J.

Kim,J.Park,YAIm,andO.R.Krisma,Fi"z"でD舵c"o"s加BわCa""is,Matsuda,

T､N.,Ed.,EIsevier:Amsterdam,TheNetherlandS,2007;Chapter4,pp59-80.

2.(a)J.H.Choi,YH.Kim,S.H.Nam,S.mShin,M.-J・Kim,J.Park,""gewCWe

"."r.Ed.2002,",2373．(b)M.-J.Kim,Y;I.Chung,YK.Choi,H・K.Lee,D.

Kim,J.Park,.X4"7.C"e"2.Sbc.2003,125,11494.(c)J.H・Choi,YK.Choi,YH.

Kim,E､S・Park,E.J.Kim,M.-J.Kim,J・Park,､IOFgChe"7.2004,59,1972．(d)N.

Kim,S.-B.Ko,M.S.Kwon,M.-J.Kim,J.Park,,ﾉ:OFgC〃e碗.2007,",6860.(e)

S.-B・Ko,B.Baburai,M.-J.Kim,J.Park,OgLe".2008,10,1295．(f)M・-J.Kim,

YK.Choi,S.Kim,D.Kim,K.Han,S・-B.Ko,J.Park,@gLe"、2008,10,1295.

3．(a)M.-J.Kim,W-H・Kim,K.Han,YK・Choi,J.Park,OFgLe".2007,9,1157.

(b)K.WHan,J.Park,M・-J.Kim,､IOJgCﾙe耐.inpress.
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K-5(KeynoteLecture)

MatchingChemistrywithChemicalEngineeringfbrOptimumDesignandPerformanceof
PhannaceuticalProcessing

Abstract:

ProfA.B.Pandit

ChemicalEngmeemgDepartmem
InstimteofChemicalTechnology,

Mamnga,Mumbai400019
India

Thesuccessofphannaceuticalmdustryiscontrolledbytwoimportantfactorsviz.

Discoveryofnewmolecule/drughavmgmedicmalpropertiesandTranslatmgthelaboratory

scalemanufacturingpracticestoindustrialproductionscale.

Mostofthetime,theabovetwoactivitiesareperfionnedinseriesi.e.firstthe

moleculeisdiscovered;itssynthesisstraategiesarestandardizedandthenhandedovertothe

manufacturingteam.Themanufacturingteamfacesmanydifficultiesinthescalmgupofthe

laboratoryscaleprocessesasduringthesynthesisactivities,theequipmemsandstrategies

usedfbrconductingthereactions,separationandpurificationprocessesarenotamenableto

thesCaleupasthesefactorsaregenerallyignoredbythechemistsinvolvedmthesynthesis

work.

Forsuccessfillimplementationofthetransfbnnationfomlabscaletomdustrialscale

technology,achemistandachemicalengineerneedtoworktogether・Thechemistwill

understandthealtemativeroutesofsynthesis,operatmgconditionsfbrthesame,whilethe

chemicalengineerwillkeeponputtmgrestrictionsandlimitationsonthesebasedonthe

availableknowledgebaseofthevariousunitoperationsinvolvedinthesame・Manyatimes

thetimespanoftheseunitoperationssuchasfiltration,drying,mixmg,heattransferare

significantlydifferemonlaboratoryandindustrialscale,whichaffectstheyield,conversion,

purityetc.sometimesrenderingtheindustrialprocesseseconomicallyunviable.

Inthepresemtalk,theroleofchemicalengineeringunitoperationsinaddressingthe

aboveissueswillbediscussedwithsomespecificexamples.Reactionandreactor

engineeringdesignconcepts,selectioncriteriafbrequipmentssuchasthoserequiredfbr

crystallization,filtrationanddryingwillbediscussed.Somecommemsonthelimitationsof

theavailableequipmentstotranslatethelaboratoryscaleprocessestomdustrialprocesses

willalsobemade.Anoptimizedstrategyfbrthedrugdevelopmemandmanufacturingwillbe

proposed.
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K-6(KeynoteLecture)

BoronReagentsfbrProcessChemistny:ExcenentReagentsfbrSelectiveReduction

KarlMatos*,ElizabthR.Burkhardt,BrianM.Coleridge

BASFCorporation,1424Mars-EvansCityRoad,EvansCity,PA16033

karl.matos@basfcom

BoranesandborOhydridereagentshavefbundmilitymsynthesisroutestoanumberofphannaceuticaland
otherproducts.Boronreagentshavebecomeincreasmglyimportantfbrcatalyticreactionsandotherorganic
transfbnnationsofhighlycomplexftmctionalizedmolecules.Someofthehigllightsincludeasymmetric
reductions,Suzuki-Miyauracross-couplingandthembPoductionofhlnctionalgroupssuchasalcoholsand
ammes.Becauseoftheiruniquepropertiesandhighselectivities,thesereagentshavebecomeavaluablepartof
theorganicchemistIytoolboxandfbundtheirwayintoanumberofcommercialapplications.

Reductiveaminationofaldehydesandketoneswithboranesisanimportanntdirecttransfbnnationof
carbonylcompoundsintoamines.AminesareubiquitousfimctionalitiesincunPemdrugsandaCtive
phannaceuticalintermediates.Inthisimportanntcarbon-nitrogenbondfbnningprocess,aldehydesor
ketonesarereactedwithammonia,primaryorsecondaryaminesinthepresenceofareducingagentto
produceprimary,secondaryandtertiaryamines,reSpectively.htheinterestofefficiemprocesses,the
imennediateimineisnotpre-fbnned.Therefbre,thereducingagemusedmustbestabletoconditions
fbrthe腕s"〃fbrmationoftheimineor伽numionsincewaterisaco-product.haddition,the
reductionoftheketoneoraldehydemustbeslowerthaniminefbnnationandreductiontoavoid
alcoholby-products

Inordertosuccessfilllycanyoutadirectreductiveamination,thechoiceofthereducingagemis
verycritical・Threeacidstablereducingagemsaresodiumcyanoborohydride,sodium
triacyloxyborohydrides,andamineboranes・Industrialuseofsodiumcyano-borohydrideisunattractive
duetotoxicityandthelargeexcessneeded・Sodiumtriacetoxyborohydride,STAB,althoughquite
selectivefbrreductiveamination,hasonlyonehydrideandisinsolubleinmostcommonorganic
solvents.haddition,STABisoffenusedinexcessandcannotbemilizedmproticsolvemssuchas
methanolwhichfavorsiminefbnnation・Catalytichydrogenationhaslimitedusewithcompounds
conta加ngdoublebonds,triplebondsorhydrogensensitivefimctionalitiesinthesubstrate.Other
reagemsarenon-selectiveintheirreducingpropertiesoraredecomposedmacidicmediaprecluding
an加s"zJdirectreductiveamination.

Amineboranesareeffectivel巳agemstocarryoutreductiveaminationsduetotheiracidstabilityand
fimctionalgroupcompatibility.Amineboranesderivedfifomprimaryorsecondaryaminessufferftom
incorporationoftheamine,therefbre,areonlyappropriatefbrreductionofpre-fbnnedimines.Amine
boranesderivedfomtertiaryamineoraromaticaminesdonotincorporateimotheimineimennediate.
Ingeneral,tertiaryamineboranecomplexesaremuchlessreactivethanaromaticamineborane
complexes.

Althoughpyridmeborane(PYB)hasbeendemonstratedinsuccessfhlreductiveaminations,evenat

嬢瀧も撫識登監澱:&慨呈継謡謡嚇鞠縦葺,撫烹淵雛ble
boraneinreductiveaminations・Sinceliquidreagentscanbeeasilycontainedandtransferredfrom
drumsorcylmdersviapipes,wehavedesignedaliqUidaromatiCamineborane,5-ethyl-2-
methylpyridineborane(PEMB).ThennaltesthavedemonstratedthethennalstabilityofPEMBis
greaterthanpyridineborane.

BecauseofthestrongimeractionofthemtrogeninpyridinecompoundswithLewisacidicborane,5-
ethyl-2-methylpyridmeborane(PEMB)isrelativelystabletowardShydrolysis(5%perdayin
water/THF)andmethanolysis(6%perday).PEMBishigmysolubleintetrahydrofijranandtoluene,
uptoatleast70wt%,butitisessentiallyinsolubleinaliphatichydrocarbonsolvents.
InSUmmary,theadvantageouspropertiesofPEMBaretheliquidphysicalstate,thethennalstability

atambiemtemperatures,andtheslowreactionwithproticsolvents・ThesecharacteristicsofPEMB
makeitanattractiveamineboranefbrselectedreduCtions.TheutilityofPEMBinreductive
aminationsaredemonstratedmthisarticletopromotethiscompoundasadirectreplacementfbrPYB.
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AsymmetricOxidationwithHydrogenPeroxide,anEffectiveandVersatileOxidant

TbutomuKatsuki

DepartmentofChemistxym,FacultyofScience,GraduateSchool,KyushuUniversity

Hakozaki,Higashi-ku,Fukuoka812-8581,Japan

katsuscc@mbox.nc.kyushu-u.acjp

Asymmetricoxidationisapotenttoolfbrintroducingftlnctionalgroup(s)toorganiccompoundsandithas

beenwidelyuSednotonlymlaboratolyresearchbutalsophannaceuticalandagrochemicalindustrials・ThuS,

manyexcellemcatalystsfbrasymmetricoxidationhavebeenintroducedandhighstereoselectivityhasbeen

achievedmmanyoxidations・Howevel;enhancementofecologicalsustamabilityaswenas

selectivitiesinchemicaltranshrmationisstronglyrequiredhrrealizmggreenchemistry

Ecologicalsustamabilityoforganicoxidationsignifcantlydependsontheoxidantandsolvent.

Thus,mtensiveemrthasbeendevotedtodevelopmentofasymmetricoxidationsusingahighly

atom･e&cientandgreenoxidantthatco･produceonlymnocuouswaste.

ActiveoWgencomentofhydro"nperoxideisashighas47%anditgeneratesonlywateraffertheoxygen

atomtranSfemmparticulaI;aqueoushydrogenperoxideiscommerciallyavailable,cheap,andeasy-tohandle.

Thus,asymmetricoxidationusmghydrogenperoxideastheoxidantisacun･enttopicofmterest.

WefbcuSedourattentiononadivalentnaml℃ofhydrogenperoxidethatallowsachelatefbnnationwitha

metalion・WefIrstexammedasymmetricoxidationofsulfijesuSmgdi-IL-oxoTi(salen)complexascatalyst

mthepresenceofureahydrogenperoxideadduct.Theoxidationproceededwithhighenantioselectivityand

goodchemicalyields;howeveI;thisreactionconditioncouldnotbeappliedtoasymmetricepoxidation.'

R3(44-catalyst(1mol%),30%H202

、
R1

CH2C12,RT,24h

N

SChemel "talyst:O-N-NH-O=L

壬”R1

upto99%ee
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FommatelXwediscoveredthatdi-IL-oxoTi(salalen)

complex,oneiminobond-I℃ducedderivativeofsalen ､ , Q

割‘感:"㈱:諺
complexes(salalen=salen/salanhybrid),selvedasan

efficientcatalystfbrasymmetricepoxidation(Schemel).'M
/－、
、〃

AlthoughtheStructureofthecatalystwascomplexanditS
salancomplex:O-NH-NH-O=L‐.~~ー~ー~‐~‐‐~－－~ーーー一一・.…”‐ｰ｡－J一・．ークマ､"…r△ーLー…＆し卓Ar=Phoro-MeOC6H4

Figurel
synthesisisnotvelyeasybwefbundthatdi-IL-oxoTi(salan)

complexwhichcanbereadilysynthesizedservesasthecatalystasefficientlyasthetilanium(salalen)

complex(Figurel).3Moreover;thisprocedurecanbeappliedtothesynthesisofacid-sensitiveepoxidein

thepr己senceofphosphatebufferonamolarscale.41tisnotewoIthythattheprocedureusmgthe

metal(salalen)complexcanbesuccessfilllyappliedtotheasymmetricepoxidationofnon-activatedolefins.5

Werecentlyreexaminedasymmetricoxidationusmghydrogenperoxideasoxidantandfbundthatan

aluminum(salalen)complexefficientlycatalyzedasymmetricoxidationofsulfidesusingaqueoushydrogen

peroxide.5MoreoveI;wefbrthefirsttimeachievedhighlyenantioselectiveoxidationofsulfidesusmg

aqueoushydrogenpemxidemwaterwithoutaddmganydeteIgentbyusmgiron(salan)complexascatalyst.6

InthispapeI;wewilldiscussthepotentialofaqueoushydrogenperoxideasthetenninaloxidantfbr

asynunetricepoxidationandoxidationofsulfides.

1）

2）

3）

B.Saito,TXKatsuki,Zb""〃α加"Le"､2001,42,3873-3876.

K.Mtsumoto,YSawada,B.Saito,KSakai,TKatsuki,J4"gewCﾙe"."ZEZZ2005,44,4935-4939.

a)Y;Sawada,K.Matsumoto,S.Kondo,H.Watanabe,工Ozawa,K.Suzuki,B.SaitoandT.Ktsuki,

""geww.Che碗.肋fEtf2006,45,3478-3480.b)K.Mtsumoto,YSawada,and工Katsuki,$"'陀砿2006,

3545-3547．

YShimada,S.Kondo,Y;Ohara,K.Matsumoto,and工Katsuki,S"だ"2007,245-2447.

a)工Yamaguchi,K.Mtsumoto,B.SaitoandTMKatsuki,""gewChe".l>MEZf2007,46,4729-4731.b)

K.Matsumoto,TYamaguchi,J.FUjisaki,B.Saito,and工Ktsuki,C"e"7."simzJ:2008,3,351-358.

H.EgamiandrKatsuki,.ル4"1.C"el".Sbc.2007,129,8940-8941.

ｊ
ｊ
４
５

6）
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PrOcesSDevelopmentofHIVIntegraselnhibitorS-1360

TbshiroKonoike

CMCDevelopmentLabolatories,Shionogi&Co.,Ltd.

l-3,KuiSe-Tbrajima2-chome,Amagasaki,Ibrogo660-0813,Japan

toshiro.konoike@shionogi.cojp

ImpactsofprocesschemishyonSpeeddevelopmentandmanufacturingcostisdescribedmthelecture.

ApracticeofprocesschemistryisshownusmgadrugcandidatefbrAmS,fbcusmgonsafetyjenvironment,

robusmessandproductivityofthesyntheticprocessofS-1360,apotentinhibitorofHIVmtegrase.

AdiscovelyrouteofS-1360wasalongmulti-Stepsynthesisandithadanumberofdrawbacksfbra

largescalepreparation.Tworeactants,benzylacetylfilran(BACF)andtriazoleester(HTCE),fbrthe

Claisenreactionwerepreparedbyamulti-stepsynthesisinapooryield,andstrongbaseLDAemployed

fbrtheClaisenreactionisexpensive.AbulkytritylgoupfbrprotectionofHTCEisnoteconomicalm

tennsofatomeconomyDanditrequiredtediousproceduretol℃moveamtylresidueafterdeprotection.

InordertoestablishaneHicientandscalablesynthesisofS-1360,wehavesolvedthoseissueswhich

mcludedpracticalsynthesisofstartingmaterials,economicalconditionsfbrtheClaisenreaction,andan

eHicientprotection-deprotectionsequence.T11efinalsyntheticschemeisshowninSchemel.Stalting

materialBACFwaspreparedfrom2-acetylfiJranand4-fluorobenzylchloridebytheFriedel-Crafts

allO'lationbyaqueousZnC12.Avarietyofvinyletherswassurveyedfbrapl℃tectingreagentofHTCEto

Schemel・PilotProduCtionofS-1360

ZnCl2

Orf-0-HF
O

at85｡C2eq.
43％

Claisenreaction

0 O〆Ｆ

｜
幟0

BACF O OH
2

"蕊〆
JL｡/ DteCtiOnlLMJH.cdepH

N－N

Ei｡｡C" TsOH

THFHTCE

(MeO)Me2C･TCE OOH

S-1360

analkoxyallqllprotectivegroup,and2-methoxypropenewasconsequemlyselectedfbr

1-metho)W-l-methylethylprotectivegroup.TheClaisenreactionwascaITiedoutuneventfilllywhen

sodiummethoxideinmethanolwasemployedmplaceofLDA-THFinadiscovelyroute,andthefinal

intennediate2wasisolatedbydilutionofthereactionmixturebymethanol・Thefinaldeprotectionwas
facile,andS-l､Owasprecipitatedbydilutmgthemixturewithwatem
RefI℃nces

(1)Izumi,K・;Kabaki,M;Uenaka,M.;Shimizu,S・O7gP7ocessRes.Dev.2007,",1059.

(2)Shimizu,S・;Endo.工;Izumi,K・;Mikamiyama,H・qgPmcessRes.DelM2007,",1055.
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AnEnnl℃lyNewMethodologyfbrSynthesizingPerfluorinatedCompounds

TakasmOkazoe,*HirokazuTakagi,DaisukeShirakawa

AGCChemicals,AsahiGlassCo.,Ltd.

ShinyulakuchoBldg.,1-12-1Yurakucho,Chiyoda-ku,Tbbro,100-8405,Japan

takashi-okazoe@agc.cojp

Perfluorinatedcompoundsareimportantprecursorsfbrmaterials,whichareusedasaboththennally

andchemicallyresistantmaterialinindustrialareas,andarebuildingblocksespeciallymrecemmedical,

andphannaceuticalapplications.'However;ithasbeendifficulttosynthesizenewperfluorinated
compoundsbecausethereactivityoffluorinatedcompoundsisrestricted.

Liquid-phasedirectnuorinationisapowerfilltooltomakeperfluorinatedcompounds.2Especially,
ExnuoreLagowelementalnuorineprocessiseffectiveundermildconditions.3Lagowaaﾉ.reporteddirect
fluorinationofnonfluorinatedcompoundswithrelativelysimplestructure.

nleliquid-phasedirectfluorinationofasmallmoleculesuchasamonomerprecursorwasexamined,

howevelBitwasnotappmpriatefbralargescale.4alnsomecases,reactionmthevaporphaseduetohigh
volatilityofthesubstratepartlytookplaceandledtoanexplosion.

Inordertosolvethisproblem,wehavedevelopedthePERFECTprocess(Schemel).4aTYJename

66PERFECT''istheabbreviationofPERF7"or加α"o"qfα〃邸re"edgo"zpoz‘極咋刀励e7・加αノ

e""2加α"o"・ByemployingamgheFmolecmarweightpaltially-nuorinatedester3,whichissynthesized
fomnonfluorinatedalcohollandperfluorinatedacylfluoride2,asthesubstratefbrdirectfluorination,
anydanger℃usvapoFphasereactionscanbeavoided.

"R卿典叉隠債，

777e"刀aノ

3

典且RF

4

5

Schemel.Typical"PERFECT''process

RF2
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ByusingthePERFECTprocess,variousperfluoroacylflUoridescanbesynthesized・TheSynthesisof
perfluorinatedpropylvinylethel;whichisthemonomerofperfluoroalkoxycopolymer(PFA),the
synthesisofvariouiperfluoroacylfluorides,andthesynthesisofthemonomersfbrionexchange
membrane(Flemion@)havebeenacheived.4Whenasecondaryalcoholisemployedasthehydrocarb5n
startingmaterial,thecolTespondingperfluorinatedketoneisobtained・s

TYlismethodologyhasadvantagesoverotherdirectnuorinationmethodsasfbllows.(1)Itavoids
dangerousvapolzphasereactionbyemploymgasubstrate,whichhasalowervaporpressure.(2)It
Significantlyincl℃asesthesolubilityofthesubstrateintheperfluorinatedsolventusedfbrtheliquid-phase
nuorination,comparedtonon-nuorinatedestem(3)Itiseasiertosynthesizethepartially-fluorinated
substmatebecauseperfluorinatedacylnuoridesareavailablefomtheconvemionalmanufiacturingprocess.

ExamplesofthebmldmgblocksderivedfromtheG6PERFECT''productareshownmScheme2.

一斗一R慣℃OF一幽一一RF,_cFH.RF1aOCF=CF2-

【RF1:RF1aOCF(CF3)-

U一

％
F

RF1bCF=CF2
【RF':RF'bCF2CF21

5

|‘ RF'1

？F3

RF℃F20/CEb_】卜RFp【君【】【．

↓’
RF'CF20CF=CF2

RF'CH20H

i､△onNa2CO30rglassbeads.ii.A.

iii.CF3CF(-O-)CF2,MtlF.iv.H20.v.edudion
Ⅵ.AinasoIvent.vii.Kl.viii.RH3MgX

Scheme2・BmldingblocksderivedfiPomthe66PERFECT''product

ByutilizingtheG6PERFECT''method,wehavecreatedanewfluorinatedsurfactant,andanew

lubricantfbrharddiskdrives6.Thesynthesisofmoleculesfbrthesematerialswillalsobediscussed.

Refrences

la)THiyama,O堰α"qβ"Or加eCowpo""",SprmgeriBerlm,2000.b)R.D.Chambers,〃"oγ伽e加

O7gzz77iCC方emiS"2"dEti,Oxfbrd,2004.

2J.Hutchinson,GSandfbrd,rm.C"〃Cﾙg".1997,193,1.

3正R・Bierschenk,TJuhlke,H・Kawa,R.J.LagowjUSPQre"r5093432,1992.

4a)mOkazoe,K・Watanabe,M・Itoh,D.Shirakawa,H.Murohlshi,H.Okamoto,S.Tatemtsu,""$""方．

Caral2001,343,215.b)工Okazoe,K.Watanabe,M.Itoh,D・Shirakawa,H.Murohlshi,H・Okamoto,S.

TatematSu,｡IFY"o7･加eCﾙe".2001,"2,109.c)工Okazoe,E.Murmotani,K.Watanabe,M.Itoh,D.

Shirakawa,K・Kawahara,I.Kaneko,S・Tatematsu,｡IFY"oy･加eChem.2004,125,1695.d)工Okazoe,K.

Watanabe,M.Itoh,D.Shirakawa,K.Kawahara,S・Tatematsu,.XFY"""eC"e伽.2005,I26,521.

5TMOkazoe,K・Watanabe,M・Itoh,D.Shirakawa,H.Takagi,K.Kawahara,S.Thtemtsu,B"ﾉZChe".mc.

4加.,2007,80,1611.

6D.Shirakawa,K.Sonoda,K.Ohmshi,EEEZ)･q77s.A娩廻".,2007,43,1.
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NewMethodsfbrtheFunctionalizationofAromaticCompounds

*KeithFgnou

Centr℃fbrCatalySisReSearchandlnnovation,DepartmentofChemistry,UniversityofOttawa,10Marie

Curie,Ottawa,ON,CanadaKIN6N5

keith.faglou@uottaawa.ca

Whiletransitionmetalcatalyzedcrosscouplingshavebeensuccessfilllyemployedwithawiderangeof

halidesandorganometallics,somesubsUateclassesstillposesignificantchallenges.ThisisthecaSewith

2-pyridylorganometallics,whosefiPequentmstabilityanddifficultsynthesisseverelylimitstheirapplication.

Forexample,whilethecouplingof2-halopyridineswitharylboronicacidsiswellprecedented,theinhel℃nt

inStabilityof2-pyridylboronicacidmakeSSuccessfillcross-couplmgswiththisnucleophilerare.Inrecent

years,directarylationhasemergedasanattractivealtemativetotypicalcross-couplingreactions・Indirect

arylation,oneofthepI℃-activatedcross-couplingpartners(typicallytheorganometallicspecies)isreplaced

byanunhmctionalizedarene.Consistentwithanelectmphilicaromaticsubstimtion(SEAr)pathway,

electron-richheterocyclicareneshavefeturedprommemlyinrecentdevelopments.Whilesomesimple

arenescannowbeuseddirectarylationreactionswith7r-electron-deficientheteroarenes,suchasazinesand

diazmes,remamsachallengmggoal.

AnunderlymgchallengeassociatedwithdirectarylationisthatallaspectsofreactivityaregOvernedby

theinherempropertiesoftheheterocycleitselflnnon-idealcases,thiscancomplicateissuesof

regioconholand/ornecessitatetheuseofvelyfbrcmgreactionconditions・Methodstomanipulatethe

reactivityoftheheterocyclicsubstratearethusmvaluable,especiallyifneworimproved

reactivity/Icgiocontrolcanbeachieved.Azoledirectarylationreactions,whicharebelievedtobe

facilitatedmmostcasesbyazole7t-nucleophilicityatC5andC-HacidityatC2,areillustrative.Inmost

cases,arylationatC5isprefelTed,althouJlthefbrmationofC5/C2doublearylationside-productsis

commonplace.C2arylationhasbeenachievedthroughtheuseofcopperadditivesandpalladiumcatalysis,

butabroadlyapplicableprocessremainstobeidentified.Velyhighreactiontemperamresarecommonly

requiredandasuccessfillC4arylationhasnotbeendeScribed.

ThispresentationwilldescribetheuseofazineanddiazineMoxidesascommerciallyavailableoreasily

prepared,mexpensive,benchstablereplacementsfbrproblematic2-metallaazines,diazinesandazoleS.

DirectarylationI℃actionsofpyridmeMoxidesoccurmgoodyieldwithcompleteselectivityfbrthe

2-positionwithawideangeofarylchloridesandiOdides・WhileachievmgreactivitynPomdiazine

substratesmayhavebeencomplicatedbythepresenceofthefiPeenitrogenatomthatcouldbindandpoison

thecatalystandthefactthattheyaremore7t-electron-deficientandlessnucleophilicthanpyridineNLoxides,

excellentreactiviyisalsoobtainedwithmanyofthesesubstrates.Forexample,abroadrangeofpyrazme
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andpyridazine7VLOxidesreactinhighyield･MorechallengmgarePyrimidineJVLoxides,Whichrequil℃the
useofacopperco-catalysttoachieveacceptableoutcomes. nlispresentationwillalsodescribehowthe

JVEoxidegoupnotonlyimpartsadramaticincreaseatallPOsitionsofazolesubstrates,butalsochangesthe

weakazolebiasfbrC5>C2arylationtOareliableC2>CS>C4reactivityprofile.T11ispermitshigh

yielding,regioselectiveandroomtemPeraturearylationatC2,highyieldmgarylationatC5,andthefirSt

examplesofarylationatC4-providingauniqueoppommityfbrexhaustivefimctionalizationtheazolecore.

ThispresentationwillalsodealwithaspectSofregioselectivityandreactivityandhighligltstheUseofthe

MoXidecl℃ss-couplingstlateg/inthepreparationofmedicmallysiglificanttargets.Anoverviewof

ongoingmechanisticsmdieswillalsobepresentedthatshouldprovideinsightmtotheI℃asonsfbrdle

beneficialreactivityimpartedbytheJVEoxidefragmentinarenecross-couplmgsthatmayhaveborader

significanceinthefimctionalizationofotherarenesviathistrateg/.
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Forma伽nofC-CBondsviaCatalyticHydrogenationandransferIbrdrogena伽、

MichaelJ・Krische

UniversityofTexasatAustin,DepartmentofChemit]yandBiochemishy

1UniversityStation(A5300),AuStin,Texas78712

mkrische@nail.utexas・edu

Asymmetrichydrogenationaccountsfbroverhalfthechiralcompoundsmadebyman,withstandmg

physicalorenzymaticresolution.WhereasconventionalhydrogenationmvolvesC-Hbo"〃ﾌｧ"α"o"90ur

reSear℃hdemonstratesthatcatalytichydrogenationmaybeexploitedasageneralprotocolfbrCLC加刀d

んγ腕aio".Specifically5wehaveshownthathydrogenationmaybeusedtocouplediverse7t-unsaturated

reaclantstocarbonylcompoundsandimmes・Bymterceptmgorganometallicthatarisetransientlyunder

hydrogenationconditions,oneovercomesthenecessiO/ofutilizmgprefbnnedorganometallicreagentsma

rangeofclassicalC=X(X=O,NR)additionprocesses,includmgaldoladdition(viaenone-carbonyl

coupling),carbonylandiminevinylationtofnmishallylicalcoholsandamines(Viaalkyne-carbonyland

allWne-immecoupling),andcarbonylallylation(viaallene-carbonylcouplmg).

Undertransferhydrogenationconditionsemploymgisopropanolastenninalreductant,relatedC=X(X=O,

NR)additionprocessesaI℃achieved.Additionall弘町takingadvantageofhydrogenalreadyembedded

withmanalcoholicreaclant,onemayachievecarbonyladditionfomthealcoholoxidationlevel,

repl巳sentingadirectmethodfbrthefbrmalC-Hfimctionalizationofalcohols.T11us,carbonyladditionis

achievedwithequalfacilityfromthealdehydeoralcoholoxidationlevel・Bytakingadvantageofthisnew

conceptfbralcohol-unsaturateC-Ccoupling,wehavedevelopedcatalyticprotocolsfbrhighly

enantioselectivecarbonylallylationfiPomthealdehydeoralcoholoxidationlevelemployingallylacetateas

theallyldonon

ThesesmdiesrepresentthefirstsystematiceffbrtstoexploithydrogenationmC-Ccouplmgsbeyond

hydrofbnnylationanddefineadeparturefromtheuseofprefbnnedorganometallicreagentsmcarbonyl

andimmeaddition・Futuresmdieswillfbcusontheactivationoffeedstockchemicals(e.g.alpha-olefins,

glycerolandbio-ethanol)mhydrogenativeandtransferhydrogenativeC-Cbondfbmmgprocesseswith

goalofachievmgmexpensiveandbyproduct-fieeroutestousefillchiralbuildingblocks.
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CommercializationofaSodimm町drideMediatedAIylationProcess
MarkA・Butchko(EliLilly,USA)

TheuSeofsodiumhydrideinafilll-scaleconnnercialmanufacturingprocesswillbepresented・Anoverviewof

theinitialsyntheticroutefbrduloxetinednlgsubstancewillbeprovidedasanexample・Palticularemphasiswill

beplacedonthearylationreactionconditionsthathavebeenusedtomanufacturethepenultimateintennediate

toduloxetine・ThepotemialinteractionbetweensodiumhydrideandDMSOsolvemtofbnndimsylanionwill

bediscussedprimarily,alongwithappropriatecontrolsthathavebeenestablishedtoensureasafemanufacturing
proceSS.

O
｜｜

/S~
＋ NaH －一

O
llロU

＋

/S､CH2Na
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DesignSPaCefbrDrugSubstance-approachusedfbrvandetanib

DavidHaywood*

AstraZenecaGlobalProcessR&D,AstraZenecaR&DCharnwood

BakewellRoad,LoughboroughLE128ABUK

david.haywood2@astrazeneca.co.uk

QualitybyDesigl(QbD)isaconcepmalapproachtothedevelopmentofmanufacmringprocessesfbr

phannaceuticalsbeingchampionedbytheFDA.Theohiectiveoftheapproachistoassurethesafetyand

efficacyofmedicinesbydevelopingrobustwell-understoodmanufacmringprocessestailoredtomeet

theseneeds.Fundamentaltotheapproachistheidentificationofthecriticalqualityattributesrequiredof

theproductandtrackingthesebackthmughthemanufacturingprocesstoidentifyandunderstandthekey

driversaffectingthesequalitymeasures.Byfbcusingprocessdevelopmentactivitiesonunderstanding

andcontrollingthekeyfactorsthatimpactthecriticalqualityattributesofthedrugproduct,qualitycanbe

"designedinto''themanufacturingprocesSes.TheAZapproachhasI℃liedextensivelyontheapplication

ofanalyticalandmechanisticchemistlyskillstoachievecompIehensiveprocessunderStanding.

ThebenefitsofthisapproacharethatitsupportsaRightFirstTimemanufacturingphilosophybasedon

meetingtherequirementsofthedrugproductandpromisesgI℃aterI℃gulatolyflexibilityfbrcontinuing

processimprovement・SomeofthechallengeslieinI℃alisingthesebenefitsfbrAPImanufacmreto

supportthechallengesfacinglifecyclemanagement.

AspectsoftheQbDapproachwillbeillustratedwithexamplesfi℃mthedevelopmentofvandetanibthatis

progressingthroughtheFDパspilotprogramfbrthenewphannaceuticalqualityassessmentsystem

(PQAS).
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Processdevelopmentofakeybuildingblockfbranti-AIDSdrugs

byprolinecatalyzedena伽-selectivedirectcrossaldolreac伽、

TetsuyaIkemoto,*YOsukeWatanabe,Jun-ichiTbmokawa,

TakehikoKawakami,YasuoUekita,IsaoKurimoto

FineChemicalsResearchLaboratoryDSumitomoChemicalCo.,Ltd.，

3-l-21,Utajima,Nishiyodogawa-ku,Osaka555-0021,Japan

ikemotot2@sc.sumitomo-chem.cojp

Abis-tetrahydrofilranyl(bis-THF)moietyhasbeenutilizedmthedesignofanumberofpotent

IHVproteaseinhibitors・MucheffbIthadbeengiventothesynthesisof(3R,3aa6aR)-hexahydrofill･o

[2,3-6]fUran-3-ol(bis-THF-ol)1,1)howevel;filrtherimprovementofthesyntheticmethodisstillrequired

f℃manindustrialpointofview.

Ontheotherhand,muchattentionhasbeenfbcusedonoIganocatalysisrecentlysincethegoup

ofListandBarbasrepoItedonthemtramoleculardirectcross-aldolreactionbetweenketonesand

aldehydesin2000.2)1n2002,MacMillan'sgroupreportedontheprolinecatalyzedhighlyenantioselective

directcrossaldolreactionbetweenaldehydes.3)Itwasatrulyamazmgreportindeed,howevel;wefeltthat

mdustrialapplicationwasnotsoeasyfbrthefbllowmgreasons.Thecontentofthedesiredproductmthe

reactionmixmlewouldbelowbecauseanexcessamountofaldehydeswouldhavetobeusedinorderto

obtamapracticalyield,andasaresultvariouskindsofundesiredandunstablecross-aldolandselfLaldol

productswhichpossesssimilarpropertieswouldbeproduced.Therefbreitwasthoughtthatthe

purificationwouldbediHicultatanindustriallevel.

BnO/ーノーCHO+BnO/~CHO
2 3

H2,Pd/C
－

H+

OH

＋

OH
■■■

1(99%ee)Epi-1(96%ee)

1/印jbl=4:1

L-Proline

一

DMF

cat.TEMPO
一

NaOCI

－92－

Je。瓦B，
BnO/Y℃HO+BnO/~/ACHO二

OHOH

A " " - 4 S y " 4

0

K-Selearide
-

5

>99.9%ee

afterrecrysbllizaion

OH

1

>99.9%ee

dr99.9:0.1



Howevel;ifthedirectcross-aldolreaQtionbetweenaldehydeZandaldehyde3successfillly
proceedstogivethedesired4""b4asamaiorproduct,itseemedthatitmightbepossibletoconvertthis

aldehydetothestablebis-THF-ollbymtroducingthecyclizationprocesssequentiallyandseparatmgit
fromothernon-cyclizedaldoladducts・TYluswetriedtheprolinecatalyzeddirectcross-aldolreaction

betweenlequivalentofaldehydeZand2equivalentofaldehyde3mdimethylfbnnamide(DMF).
Fortunatelythereactionproceededvelywelltoobtam4"雄4asamajorproduct・Thealdoladduct

obtainedwasextractedwithre"-butylmethylether(TBME)andconcentratedunderreducedpr℃ssure.
Howevel;thealdoladductwaSgraduallydecomposedevenat30℃whentheconcentrationtimewas

prolonged.Thuswedecidednottoconcentratethesolution.ThatistosaMthealdoladductsmTBMEwas

addedtothesolutionof2-propanoland35%HCl,andhydrogenizedmthepresenceoflO%Pd/Cundera

preSSm℃ofO.5MPa.Asaresultwesuccessfilllyobtainedthedesiredbis-THF-olland助測.Howeverwe

noticedthattheyieldtendedtobelowerwhenthereductiontimewasprolonged.Wethoughtthatthiswas

duetothemstabilityofthealdoladductmthepreSenceofthestrongacid.Thusweriedthedropwise

additionofcooledaldoladductinTBMEwithapressurepumptothereactionvesselcontainmgthe
mixmreofPd/C,HClaqueoussolutionand2-propanolpressurizedbyhydrogenatO.5MPabefbrehand.As

areSult,theyieldwasstabilizedataround60%(1+"jL1)evenwhentheadditiontimewasprolongedto

12h.Thepl℃ductwassuccessfilllyobtainedbysmgledistillationasamixtureofbis-TIr-oll(99%ee)
and助測(96%ee)("即測=4:1).

nloughthepul℃compoundlwasofcourseobtamedbyconventionalcolumnchromatographyb

itsseparationwasdiHicultbyindusbialmeans,fbrexamplebydistillation.Fulthennoreundesired助f1

hadtobediscarded・Thuswetriedtoconvertthemitureland助ふ1totheketoneSbyTEMPOoxidation.

Theoxidationproceededsuccessfilllytogivetheclystallineketone5(98%ee),fbllowedbysingle

reclystallizationfiom2-propanoltoaffbrdanalmostpurepmduct5(>99.9%ee)witharound80%isolated

yield・Thenwefinallytriedthediastereoselectivereductionofketone5,SimpleNaBH4reductionat-15℃

showedhighdiastereoselectivity(dj=98:2)togivebis-TIT-Ollwith94%isolatedyield.T11oughthiswas

alreadyasatisfactolyresultfbrus,wealsotriedotherreductionconditions.Asaresult,wewereableto

reducetheketone5tobis-THF-ollinaquantitativeyieldwithadiastel℃oselectivityof99､9:0.1byuSing
K-selectride@at-70℃・

Insummary,wehavefbundapracticalmethodfbrthesynthesisofbis-THF-ollusmgaprolme

catalyzedenantio-selectivedirectcrossaldoll℃actionasthekeyreaction.ThiSmethodwassuccessfillly

scaled-upandproventobeenvironmentallyfriendlyandeconomicalonanindustrialscale.

Re企祀nces

1)Forarepresentativeexample,see:Ghosh,A.K.;Chen,Y.距"qα"e"o"Le"1995,36j505.

2)List,B.;Lemel;R.A.;Barbas,C.E,m..X4"7.Cﾙe"7.Soc､2000,I22,2395.

3)(a)Northrup,A.B・;MacMillan,D・WC.､ZJ4瓶.C〃e"1.Soc.2002,124,6798.(b)NoIthrup,A.B・；

Mangion,1．K.;Httche,F.;MacMillan,D.WC.』"gewChe"I.,"ZEヒメ2004,43,2152.
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Devel叩mentofPracticalandSCalableSynthesisofaTTirutheniumClusterCatalyst
andAmide-SelectiveSilaneReduction

HideoNagashima,*HidehimSasakuma,NariakiHaIada,HimnoriTbutsmm,andYilkihimMotoyama

InstimtefbrMamrialsChemistIyandEngineering,

GradduteSchoolofEnginee血gSciences,KyushuUniversity

6-l,Kasuga-koen,Kasuga,FUkuoka816-8580,Japan

nagasima@cm.kyushu-u.acjp

Amruthemumcarbonylclusterhavinganacenaphthyleneasaface-caappingligand(1)isstabletoair

andmoisture,andcanbestoredunderaerObicConditionsfbroverayear.TreatmemoflwithhydID3ilans

resultsmfacileactivationoftheSiHbondleadmgtocatalytichydrosilylationofalkenesandalkynes,

hydrosilane-reductionofaldehydes,ketones,andcarboWlicacidderivatives,ring-openingpolymerization

ofcyclicethers,andadditionpolymerizationofvinylethers(Schemel).Wereportedearlierasynthetic

routeoflfomRu3(CO),2andacenaphthylene(purity>99%),mwhichthemixturewasheatedinh"1ane

underrefluxfbr36h,andtheresultingcrudeproductwaspmhedbysilicagelcolumnchromatography

fbrremovalofasmallamountofaby-product,(lla,112,T13,T15-acenaphthylene)Ru4(CO)9.Thismethodis

reliablebuthasdrawbaksmthehigh-costofcenaphthylenewith>99%pmty"14,700/100mg)and

chromatographicpurificationusingalargeamoumofsolvents(ether2.6Landhexanel.5Lfbrisolation

oflgramofl).ThereareapparentlyprOblemsmthecostandlalge-scalesynthesisofl.Wereportherean

improvedandpracticalsyntheticprocedureoflwithexcellemsaftyandcost.

Schemel

ヱロ■。

O)2

R〆、
届

【。■二

Ｈ
Ⅲ
Ｅｌ

－

Ｏ

Ｔ
Ｏ

３

H

Rﾉ、声Sj+
Si

】h

】卜

司阜■■=

ThefrststepissynthesisofRu3(CO),2,mwhichtreatmemofl5.8gofRuCl3.3HzOwithCO(30

atm)mmethanolatl30｡Cmr24h.TIlereactionwithnostirringfbllowedbyslowcoolingofthereaction

mixturetoroomtemperatureresultsininstantbrmationofRu3(CO)12asoIangecrystals.PureRu3(CO)12

isavailablein77%isolatedyieldbywashingofthecrystalswithmthanol・Thesecondstepistreatmentof

theresultingRu3(CO),2with80%purityofacenaphthylene.Acenaphthylenewith80%purityischeapand
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commel℃iallyavailable(¥7,400/25g),whichcontains20%ofacenapthene.nneacemphthylene(80%)

in"-heptaneisallowedtoreactwithRu3(CO),2(10.Og)atl20｡Cfbr48htogivelasorangesolids.

Dumgthereaction,acenaphthene,whichisnotreactivewithRu3(CO),2,beingIcmovablebywashingthe

cmdelwithhexaneanerthereaction.T11ecmdelcontainsasmallamoumoftheRu4by-product;

howevenitiseasilyremovablebyecrystallizationfifomamxmreofCHzClzandhexane.TYleyieldofl

bythismethodreaches93%(Scheme2).Theprocedureusingcheapandlowpurityacenapthyleneand

skippingthechromatographicpurificationstepresultsmloweringthecostofl,onetwelahasmuchas

thaatoflwiththeorigmalpocedure.

Scheme2

品i
acenaphthylene

CO(30atm)(>80%punty)

Wu(CO)'
CO

RuCl3(H20)3
MeOH

130｡C,24h

（77％）

"-heptane

120｡C,48h

（93％）

(CO)2

15.8g 9.5g

AsshownmSchemel,therutheniumclusterlcatalyzesvariousoIganicandpolymersynthesis.One

ofthemostusehllreactionsishydrosilanereductionofcarboxamides.Inatypicalwample,treamlemof

凡Ⅳとdimethyl-3-phenylpropionamide(lOmL,56mmol)withPhMezSiH(19mL,123mmol)mthe

presenceofl(365mg,0.56mmol)inTHP(4.5mL)atroom"mperamrefbr75mngave

凧坪dimthyl-3-phenylpropylaminein91%yield(8.32g),whichisreportedinOIganicSynthesis.

Interestingdiscoveryi"cselectivepoisomng''ofthecatalystspeciesbyammes.Therateofthehydrosilane

reductionof凡Ⅳらdemethyldecanamide(amide)iscomparedwithmethyldecanoa"(ester)and2-decanone

(ketone);experimentssuggesttheorder;amides≧esters>ketonesindleabsenceofanmes.Additionofl

eqUiv.ofEtgNtothereactionmediumcompletelykillsthereactivityofhydrosilanestowardsthereduction

ofestersandketoneswithremainingthereactivityofamides.ApplicationofthisEtaNe&cttoreduction

ofamidoestersandamidoketonesresultedmselectivereductionofamideswithremamngtheother

carbonylhmctionsintact(Scheme3).RelatedpapersarelistedinReferences.

Scheme3
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DevelopmemofOne-potSynthesisofNewAntiarthriticDmgCandidateS-2474withHigh

E-Selectivity

TakemasaHida,*KatsuoOda,TbshiakiMaSui,HideoNogusa

CMCDevelopmentLaboratories,Shionogi&Co.,Ltd.

l-3,KuiseTbraima2-chome,Amagasaki,Hyogo660-0813,Japan

CMe3

S－24741

一Et

⑥-(5)-(3,5-Di-re"butyl-4-hydroxybenzylidene)-2-ethyl-1,2-isothiazolidine-1,

1-dioxide(S-2474,1),whichwasdiscoveredatShionogiResearchLaboratories,
Me3C

showspotentinhibitolyeffectsonbothcyclooxygenase-2(COX-2)and
HO

5-lipon'genase(5-LO)andisailticipatedtobepromisingasanantiarthritic

dmg・'ThestereoselectivefbnnationofEbolefInanddevelopmentofashortroute

arekeypomtinthisstudyandthedetailsarediscussedinthispresentation.

SyntheticrouteofS-2474onmedicinalchemistly

Weall℃adyhadtwosyntheticroutesofl,howeverthereweresomeploblemsfbrindusWeall℃adyhadtwosyntheticroutesofl,howeverthereweresomeploblemsfbrindustrialmanufacmring

mthefbllowmg.Theoriginalsyntheticr℃ute(Schemel)requiI℃dfivereactionsandchromatogaphic

purificationbecausedehydlaationof6producedtheZbisomer7ofS-2474asaby-product(EｿZ=84/16).nle

overallyieldwasonly19.8%.Anothersyntheticroutewasdevelopedbylnagakietal.usingaquinone

methidederivativeasanequivalentoftheprotectedp-hydroxybenzaldeydederivative(Scheme2).2Although

theovemllyieldwasimprovedto71.2%andthegenemtionof7couldbecontrolled,thisroutehada

problemwithrespecttoscale-upmanufacmring.Qumonemethidederivative9underwentsublimationand

itsprepaJationrequh℃daveryhightemperamrereactioninvacuo(160･C,20-100mmHg).

SchemelFirstgenerationroute(medicinalroute).

JOC瀞．
浄嬰…薊：

Me3C~=~/CHO

●－－"･“HO

CMo,(餅捌)2HO

Me3C

事識，
一Et

-2+HO
p-TsOH、夕,▽･函ドー0つ噂I'CMe3 CMe3-60･CCMe3f'~'…n CMe3

3 467(z)2

Scheme2Secondgenerationroute(Kilo-Labroute).

琵 而膵:轍|智鞭･鴬
HC(OMe)3

2－墜一

8 9 10

DevelopmentofpmcessmuteofS-Z474(telescopingandone-potprocess)3

WedevelopedanewSyntheticroutefbrpilotmanufacturing.Aldol-typecondensationofZand5was

calTiedoutwithLDA･T11eresultingmixmrewasquenchedunderacidicconditionatroomtemperamre,and

thenchlorinationofhydroxygoupanditsdechlorinationwithaq.NaHCO3gavelwithhighELselectivity
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(Scheme3).Thesethl℃ereactionswerecaITiedoutwithtelescopedprocess・TYleisolatedyieldoflwas
82.5%.Thisroutedoesnotneedanyseverereactionconditionsanditwasapplicablefbrpilotscale
manufacturing・HoweverwefilIthertriedtodevelOpmuchbetterprocessasdescribedmthefbllowmg
section.

Carefillmonitoringofthereactionshowedthataverysmallamountoflwasgeneratedwhenthelithium

saltofllwasquenched,TheyieldoflseemedtobeaHPPectedbytheexothennicheatofquenchmg.We
estimatedthatlwasobtaineddirectlywithoutchlormationanddechlorinationandoptimizedthedehydration
condition.ThedehydrationprefelTedthebasicconditiontotheacidic.Additionofwaterandheatmgto
50-90｡Cgavelasasingleisomeronthebenzylidenedoublebond(Scheme3,fomlltol).TYleisolated
yieldoflwas84､1%.

Scheme3Telescopedprocessofl

琵 1
usaHcfll

？Q,OIR侭LDA

25.C
－

DMl

2＋5 1

Reactionmechgnism

Aldolcompoundllisamixmreofthreoandelylhro

isomerS・Zbisomer7couldbegivenbyE2elmmationof

threoisomer;howevernoZLiSomerwasdetectedmthis

one-potprocess.Weclarifiedthereactionmechanismviathe

qumonemethidefbrmasshownmFigurel・Infact,

dehydIationofprotectedphenolCﾌ-methoxybenzenetype)

derivativedidnotproceed・Wehypothesizedthatphenoxide

anions,threoisomerllaandelythroisomer1lb,wouldgive

thesameintemlediateAwhichiscontrolledbysteric

hmdmnceofthesulfbnylandthealylgroups.

－ 7
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RetI℃nce

l.Inagaki,M.;Tburi,正;Jyoyama,H.;Ono,T;Yamada,K.;Kobayashi,M.;Hori,Y;Arimura,A;Yasui,K・；

Ohno,K・;Kakudo,S.;Koizumi,K・;Suzuki,R.;Kato,M.;Kawai,S・;Matsumoto,S.､スハ化成C舵碗.2000,¥3,

2040.

2.Inagaki,M.;Haga,N・;Kobayashi,M.;Ohta,N.;Kamta,S.;Tburi,T.@IOFgC"e"7.2002,6Z125.

3．Oda,K.;Hida,r;Sakata,工;Nagai,M.;Sugta,Y;Masui,工;Nogusa,H.,qgPJ℃cesS,Res.Deuin

preSS.

－97－



Abstracts

PosterPresentation

1P-01～1P-75

July29

－99－



1P-01

ANewEtherealSolvent:CycloPentylMethylEther(CPME)

hrProcesslnnovationandGreenChemistly

*KiyoshiWatanabe',YasuhiroTbrisawa2

'SpecialtyChemicalsDivision,ZEONCORPORATION,

1-6-2Mamnouchi,Chiyoda-ku,Tbb'o,100-8246,Japan,kw@zeon.cojp

2FacultyofPharmacybTakasakiUniversityofHealthandWelfare,Takasaki,Gmlma370-0033,Japan

1.PhysicalPropertiesofCPMEcomparedtovariousethers
●

OMe CPMEisanewprocesssolventwithsuchpreferablecharactersashighboilmgpoint

(106｡C)withsmallevaporationenergblowfbnnationofperoxides,relativetability

underacidicorbasicconditions,fbnnationofazeohopeswithwat"lowaHimityfbr

waterandcoupledwithnaITowexplosionrange.

acomposition=CPME:83.7,HzO:16．3

bcomposition=MeTHF:89.4,H20:10.6

ccomposition=MTBE:96．5%,H20:3．5

2.CPMEfbrProcessInnovationandGreenChemistly

Pinnerreactionisselectedasarepresentativeexample・Nitrilescanreactwithmethanolinthepresence

ofg・HClmetherstogiveimidates･HCl,veryimportantintennediatesfbrthesynthesisofheterocyclic

compounds.Wesurveyedthisreactionbothmtheconventionalsystem(dioxane-ether)andinCPME

system.Theconventionalconditionshavemanydisadvantages;1)useoftoxicdioxane,2)dangerous

concentlationprocesswithethers,and3)instabilityofethersunderacidicconditions.Ontheotherhand,m

CPMEsystem,productscanbeobtamedmhighyieldonlybyfiltration/washingbecauseofthelow

solubilityofsalt,thehiglhydrophobicityofCPMEandit'sstabilitytoacidicmedia.

SolventunificationbythesingleuseofCPMEmakesaseriesofunitoperations(reaction,work-up,

－100－

CPME THF 2-MeTHF MTBE Et20 Dioxane

Density(20℃)[g/cm3]
VaporspecifIcgravity(air=1)

Boilingpoint【℃】

Meltingpoint[℃］

Viscosity(20℃)IcP】

Surfbcetension(20℃)[mN/m]

vaporizationenergy(bp)[Kcal/kg]

Specificheat(20℃)IKcal/k9･K]
Rehactiveindex(20℃）
■■■■■■■4■■■－q■■■ーq■■■ーー■■■■■■■■ロ■■■ロ■■■q■■■ーー,■■

Solubilityparameter[cal/ml]
DielectricconStant(25℃）

Dipolemomgpt[Q1．．一‐‐
Azeotropicpointwithwater[℃］

Solubilityinwater[g/100g]
Solubilitvofwaterinthesolvent『ロ/100匡1

0．86

3．45

106

<.140

0.55

25．17

69．2

0.4346

1.4189
－ q ■ ■ ■ q ■ ■ ■q■■■■■■■q■■

8.4

4．76

1.27(calcd.)
ーq■■■ーーーq■■

83(a)

1.1(23℃）
0.3（23℃）

0.89

2.49

65

-108.5

0．55

26．4

98．1

0.469

1．407
B■■■q■■■q■■■q■■■ー

9.5

7．58

1．7
■■■■ーーq■■■ー

“
四
四

0．85

2．97

80

-136

0.6(25℃）
Unknown

89．7

Unknown

1.406
■■■q■■■■■■■ー■■■■I■■

8.52

7

Unknown

一一斤⑦
14

4．4

－1■■

0．74

3.1

55

-110

0．35

19.8

81．7

0．51

1．369
ーーq■■■ーー

Unknown

2.6

1．4
■ ■ ■ ■ q ■ ■ ■ ー ■ ■ ■ ■ I ■ ■ ■

52.9(c)
4.8

1.4

0．71

2．56

34．6

－116．3

0．2448

17.3

86.08

0．5385

1．353
■■■q■■■q■■■■■■■■

7.4

4.197

1.12
■■■ー■ﾛ■■－6

34．2

6.5

1．2

1.03

3．3

101

11．8

1.31

33.74

98.6

0.41

1.422
■■q■■■ー■■■■■■

Unknown

2.227

0．45
■■ロ■■■ー■■■■I■■

87．8

四
重

Flashpoint[℃］

Ignitionpoint[℃］
LogPow

Explosionrange[v01%】

-1

180

1.59

1.1-9.9

-14.5

205

0．47

1.84-11.8

-11

270

Unknown

1．5－8．9

-28

224

0.94

1.6-8.4

-45

180～190

0．89

1.85-48

12

180

-0.42
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isolation)simpleandshort,soCPMEcancontributetoGSCmthefbllowingviewpoints.
(1)Reductionofthewastesandwater

(2)Replacememofthehazardousordangeroussolvems

(3)RecoVeIyandreuseofCPME
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b)VVor~k-upofcPMEprcce=sisonlyfiltratn。rmandWaShing.

3.ConclIISion

CPMEcanthuscontributetomanystagesmmodemsynthesisfomlaboratolytoplantscaleoperation.

AttractivefeamresofCPMEaresunnnarizedmthefbllowingschemeandotherapplicationsare

summarizedinihereviewarticleshownbelow.

●
●
●
●
●
◆

／
梨
２
３
４
５
６ｋ

、
乱ZかααかeFセα〃〃‘es

lowaccumulationofperoxide

highhydrophobicity

highboilingpoint,lowmeltingpoint

lowheatvaporization

relativelystabletoacidorbaseconditions

narrowexplosionrange ノ

Attractive
》

Solvent

ttractive

Solvent

、
可

PrOCeSSSOlVent:ReplacementofToluene,HalogenatedHydrocirbons
- -

、1.脚･ocessIMzo秒αZ加〃

①reductionofvariablecost
画禰asteVVaterandsOlVent

②reductionoffixedcost

｡sirnpleprocessbytelescoping

･shortoverallreactiontimes,miniInumapparatus

･reductionofwastes:water,solVent(CO2)

ノ･aVoiddangerouscoInpounds:Et20

Refrence

1.Watanabe,K.;Yamagiwa,N.;Torisawa,Y・OFgPFocessRes.Dev.2007,",251.

2.ZeonCorporation,SpecialtyChemicalsDivision,CPA極α"αIOg&Zbc""icqIDqm(2006)
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EfficientAppmachestoJAllWl寓肌allWl加伽OuR℃aS:

SymhesesofHmtammeH3Anta"nistClobe叩mpitandItsAnalogues')

HilokiYbncyama',MifilyuYasum"',LisaAIaki',Koulalhtano2b
AtsushiYamatodani2,ShmyaIhmsaawa'*,

'OsaloUnivasityofPhamncaIticalScialces,4-20-1,Nasahala,Takatsuld,Osaka569-1094,Japan

2D"artment戯Bioinmmlatics,GraduamSchoolofAmedHealthScialces,FaqlltyofMedicinebOsakaUniveIsiOL

Osab5654871,apan

hamsawa@gbAOups.acjp

SAllg/lisothioulmslandtheirsaltsl･HXal℃可nthesizdbymainlyrmcnngthiourmswithallWlhalides,andother

methodshavebeallittleemployedsobl:T11q/al℃cmcialinmrmmia"brthesynthesisofguanidinesand

henocycncsys"ns.hrmaItyears,theisothiourmPfimctionalgcuphasbeenincrmsinglymundmawidemnge

ofbiolOgicallyactivemolecules,mcludingNOsymhase-inhibimrsandNat/Cag+exclnnFIzinhibitoms.

Ontheotherhand,thehistamineH3rmeptorGI3R)isapI"napticaumreceptorthatismainlylocalizedmthecentral

nervoussymm(CNS)andactstoma血lamthebiosyndlesisandrelmse㎡histaminefomhistamineigcneurons.

H3RalmmnistsincI園secaItralhismminelevelsandmaytherebebeusefllfbrthetrmtmemofavarietyofCNS

diaold創冒,including園nngdsordelBschiz"hlB血Im℃olepsX"n"syandcOglitivedisordas,andattemondehcit

hyperactivitydismder(ADHD).AmongHBRantagonists,clObenpmpi(1a),whichwasdevelopedbyTimmemlan

andco-wolkeIs,hasbeenwidelyusedmphamlacologyasapota]tpototypeofH3Ranmgonists.')

恥胞heIemrepmttwoe缶cientsyndneticappmchestoSdlq/lisothioulmsl.刀血particulalFP,oneapplmchinvolves

directCleavaJoftheNCObmld㎡坪acylふaUWnsothiourm5withhydlazmelWdratestartmg廿om

3-phα】ylpmpionylis"yanateGPD,poducingclobenpmpimhiglyieldsandmasholttime(Schanel).Synthetic

methodusingthePPIFyelammursmsm51%ovelallyieldwithinl"sthan2dayshmn2.Incontrast,

Tmmemumetal.'Smethod"veonlylO%ovelallyieldofla･2HBrusingthesameamine2,andtheImction"

4.dllmObm可肚nouIm6widl4(5)-(3七mm叩rWyl)hmdamle･HBr(7)Zvela･2HBrmonly26%yieldmder

reauxmahanolfbr6days(Scheme2).')
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Cf.Timmermanetal.ismethod

]ngr.『ア
N

魚
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Scheme2

TbdemonstrartheapphcabilityofthismethodusingPPLseveIalanalguesofclObalpr"nwaeyndlesizd:the

prEcursorof'zsl-hbelediod叩henp"itlnovelp毛arboranne-conminingisothiouIms(1bandlc),pWidineanalgue

(1d,FUB661),andnovelpyITDMdineandmoIpholine(1e)analglesFig.).
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Ｘ
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1d:X=CH2(FUB661)
1e:=O

Fig.

Amongthem,bmmmicrodialysis匂叩erimentsshoweddlatFIB661andmoIpholineanalguesleincIEas"

modeI菰鯰lyhistaminemleasebyl30-140%andl40-150%I℃SPeCtivelyb

Mnmdil℃cmourinteresttodlealnnativesynthesis㎡clob副】pr"itusingintlamolecularamidecl園Ⅳa"widluse

of2-nitlq)henylcetylisothiocyanam(NIM.SyntheticmethodusingtheNPAIgaveclObenpl叩並mmurs["psm

54%ovelallyieldwithinlessthan2days6Dm2(Scheme3).
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Scheme3

TheutilityofthosetwoapproacheswaspIDvedbythesyndlesesofclObenplq)itanditsanalOgues.T11etwo

appmchesare匂〈pecbdtosupplyavarietyofH3RMMnndcandida[shavingtheisodniom巳amoieWbywhichdleir

biolOgicalactivitiescouldbeassessed.

l)H.T1mmemlanerq/.,EWr@IAfdC77e"1.,"511(1992);2)S・mnEawaerqI.,｡IOFgd7e"7.,73,2096(2008)
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APracticalSyntheSiSOfthePDE4inhibitol;KW-4490

ArataYanagisawa,*･↑KoichiroNishimura,TbtsuyaNezu,KyqiAndo,

AyakoMaki,EiichiroImai,andShin-ichiroMohri

SakaiResearchLaboratories,PharmaceuticalResearchCenter,KyowaHakkoKogyoCo.,Ltd.

l-l-53,Takasu-cho,Sakai-ku,Sakai,Osaka,590-8554,Japan

arata.yanagisawa@kyowa.cojp

KW-4490wasidentifiedatKyowaHakkoasapotentphosphodiesterase4(PDE4)inhibitorfbrthe

treatmentofasthmaandchronicobstructivepulmonalydisease(COPD).!Theoriginalsynthesiswas

suitablefbrgram-scaledelivery,butnotfbrlaIge-scaleproduction(Schemel).AIyllithiumadditionto

ketone4wasproblematicbecauseoflowyield,poorl℃producibility,andnecessityofcolumn

chromatographyduetodifficultyinclystallizingalcohol3.Ontheotherhand,thefbllowingcyano

substitutionwashigh-yieldandrobust､2Withtheconceptthattheintennediatecation2isstabilizedbythe

oxygensubstituents,weenvisionedthatcyclohexene7mightbeanewprecursorfbrnitrilelinpl℃senceof

Brgnstedacidandcyanidesource(Schemel),eventhoughhydrocyanationofsuchhighlysubstituted
．3

olefinshasbeenvelylimited.

SCheme7.Originalrouteandproposedappro
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OMe
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Suzuki-Miyauracrosscouplingofboronicacid8andenoltrinate9,preparedffom5and4,respectively,

gavecyclohexene7.Then,7wassuljectedtoscI℃eningofvariousBrgnstedacidsinpresenceof

tlimethylsilylcyanide・AsaI℃sult,theproposedhydrocyanationdidproceedwhentriflicacidwasused

(Scheme2).UseofaslightlyexcessamountoftriflicacidthantlimethylsilylCyanidewasessential,which

impliesthatI℃sidualtrinicacidgeneratescation2.

Withsomeissuesinlalge-scalepreparationofboth8and9,wehaveestablishedmorescalablesynthesis

of7(Scheme3).1,2-Dibromoethanetreatmentofcatechol6,selectiveFriedel-Craftsacetylation,and

vinylGrignardadditionaffiordedalcoholll.Withoutpurification,11washeated(ca.100｡C)inpresence

ofpyridiniump-toluenesulfbnateandethylaclylate.Quickfbrmationofdienel2andsubsequent
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Scheme2・Acid-mediatedhydrocyanationof7

OMe

〕 TMSCNTfOHYield

1.5eq.0.5eq、2%

2．Oeq2．1eq、92%

OMe
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癖刀
OMe
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PdﾉC,PPh3・
K2CO3,DME-H20

93％．

CO2Et

･7 ･ . " 1 i c i s

CO2Et

1(cisﾉtmns=62ﾉ38)

conversiontoDiels-Alderadduct7wereobservedinone-pot..Ca､l6%ofl℃gio-isomerof7wasfbrmed,

butwassuccessfilllyremovedbyreclystallization・Aftertheabovehydrocyanationprocessof7,recovely

oftrans-1viabase-inducedisomerizationwasrequiredbecaUseofthepoorcis/transselectivity・With

observationthatcis-1islesssolublethantrans-1,weconductedclystallization-induceddynamicresolution

ofcmdel(cis/trans=62/38).Insolutionstate,theisomerizationstoppedatthennodynamicequilibrium

point(75/25),butinslunystate,theratiocameupto99/l.Finally,hydrolysisofcis-1gaveKW-4490.

Scheme3･ProcessrouteviaDeiIs-AIderandcrystallization-induceddynamicresolutionofcis-1

OMe
〆℃o2EtroMe

蒜

OMe
1)K2CO3,85%9MeOMe

蜜:〕室:〕-篝-“な｡"－
OH2)AcCI,AICI3

81％
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' 0!$ "!2｣:
11 12

OMe

:，92％

-=-/N
See

scheme2

CO2Et

crudel

Cisﾉ廿ans=62ﾉ38

tBuOK(0.1eq),EtOH,60･C
+Hexane(poorsolvenり

slur可

CiSﾉtrans=99ﾉ1

(equilibriumpoint=7325)
90%

OMe OMe

．
N

C O 2 E t C O 2 H

cis-1 KW4490

Insummary,thesynthesiswasachievedin7stepsand37%overallyield,andproducedmultikilogram

quantitiesofKW-4490.Inthepostersession,generalityoftheacid-mediatedhydrocyanation,and

impmvementoftheDiels-Alder1℃gioselectivitywillbepresented.

RetrenceS

fCurrentaddress:MedicinalChemistlyResearchLaboratories,PhannaceuticalResearchCenteIB1188Shimotogari,

Nagaizumi-cho,Sunto-gun,ShizUoka,411-8731,Japan.

l)a)YanagawaK・the26thmedicinalchemistrysymposium,Sagamihara2007,2P-29.b)OhshimaE.;Yanagawa

K.;ManabeH.;Mikil.;MasudaY.PCTInt.Appl.WOO164666Al,2001.

2)Murtake,H.;Ntsume,M.形"α"e飾り〃1990,46,6331.

3)NoIthM.inComprehensiveOIganicFunctionalGroupTransfbrmations,Pelgamon,Oxfbrd,1995:Vbl.3,p.614.
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Solvent-freeSynthesiSOfHeterOCyCleSUSingCarbonDioxide(1atm)

TakumiMizuno,*TakeoNakai,MasatoshiMihara

OsakaMunicipalTbchnicalResearchlnstimte

l-6-50,Mormomiya,Joto-ku,Osaka536-8553,Japan

tmizuno@omtri.city.osakajp

IHEQuinazolme-2,4-dionederivativeshavebeeninterestingfbrtheirbiologicalactivitieS,andhavebeen

widelyusedasakeystructureofmedicmeS・Forinstance,7-chloro-1HLquinazoline-2,4-dioneisan

importantintemediateofmedicines(FK366(Zenarestat.)andKF31327)．FK366(Zenarestat@)showed
theeHectfbranaldosereductaseinhibitoIBandwasproducedfbraremedyofcomplicationsofdiabetes

mellitus,andKF31327wasdevelopedasaheartdiseaselemedyandanimpotencemedicine・AIso,

6,7-dimethoxy-lHLquinazoline-2,4-dioneisakeyintennediatefbrthepmductionoftheeffective

q,-adreneIgicblocker(Prazosin,Bunazosin,andDoxazosin),areusefillfbrantihypertensives.

SupeI℃riticalcarbondioxideasasubstimtionfbrorganicsolventsisofageatimportance,becauseofboth

fbrthemxicityfbrhumanandtheenvironmentalproblemsofoIganicsoIvents.Recently>weshoweda

successfUlresultofsynthesisoflHEquinazoline-2,4-dionesinexcellentyieldswithsupelcriticalcarbon

dioxide(100am,80.C)aSaI℃actantandasolvent,inthepresenceofDBU(0.lequiv.).!Howevel;itis

noteasyl℃actionproceduI℃usinghighp[℃SSm℃ofcarbondioxide.

Therefbre,ifsolven卜命eesynthesisofsubstimtedlHLquinazoline-2,4-dionesfrom2-aminobenzonitriles

usingonlycarbondioxide(latm)andcatalyticamountofbaseisestablished,itwouldbeoneoftheideal

oIganicreactions.

Then,undersoIvent-fi･eeconditions,1HLquinazoline-2,4-dioneswereaffbldedingoodtoexcellentyields

廿om2-aminobenzonitrileswithonlycarbondioxide(latm)andcatalyticamountofbase(DBUorDBN).

Forexample,6,7-dimethoxy-lHBquinazoline-2,4-dionewhichisanintennediateofmedicineswas

synthesizedsuccessfilllyina97%yield,usingO.2equiv.ofDBUunderCO2(lam)atl20｡C.2

C
NH2

c<X*c｡｡
CN

DBU(0.2equiv.)
－

1atm,120oC,4h
C
83%O

SchemeshowsaplausiblepathwayfbrthefbnnationoflHEquinazoline-2,4-dionefiPom

2-aminobenzonimlewithcarbondioxideaidedbycatalyticamountofDBU.Thecarbonylationwith

carbondioxidegeneratesacarbamatesaltinthepresenceofcatalyticDBU.Then,nucleophilic

cyclizationfbllowedbyreaITangementbythewayofisocyanateintennediateaffbrdsthefinalproduct・In

thisI℃actionsystem,fbnnationofisocyanateintennediateassistedbyo-cyanogroupseemstobe

important.
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Next,wealsodevelopedheterocyclesynthesiswithcarbondioxide(latm)undersolvent-fi℃econditions.

Hetemcycliccompound(9ffindeno[2,1-cnpyrimidine-2,4(IH3H)-dione)wasaffbrdedingoodto

excellentyieldsthroughanintennediarbyThorpereaction,廿omo-phenylenediacetonimlewithonly

carbondioxide(latm)andexcessamountofbase(DBUorDBN)atl20｡C.
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5.0eq.:70%

RefeI℃nces

l)T.Mizuno,T.Iwai,YIshino,亜"てJ"eC加"Le".,2004,45,7073.

2)TMizuno,M.Mihara,TNakai,TIwai,TIto,S)""hesiF,2007,2524.
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AOne-PotProceduI℃fbrAcetylationorTrinuor℃acetylationofAminesUsingAceticAcidor

TrinuoroaCeticACidaSanACylatingReagent

YasuoKikugawa,*JmpeiOtaka,HiroshiYamaZaki,NaohimOshima,andTakeshiSakamoto

FacultyofPhaImaceuticalSciences,JosaiUniversitybl-lKeyakidai,Sakado,Saitama350-0295,Japan

】ku2a帆aa1osa】.ac､1［

Theacetylationandmfluoroacetylationofamnogroupsareimportannthmdamentaltransfbnnationsin

oIganicchemistryAvarietyofreagents,catalysts,andmethodsfbrMacetylationandMtrifluoroacetylationhave

beenreported.Mostofthese,howeveI;havedrawbacksandlimitationsduetoeitherfbnnationofundesirable

by-productsand/orhandlingissuesonaplantscale.ConsideringtheimportanceofMacetylationand

Ⅳさtrifluoroacetylationmlaboratoryandmdustly,aneHicientandconvementMacylationmethodisstilldesirable.

Tbthisenditisevidentthattheuseofaceticacidormfluoroaceticacidaloneisbotheconomicallyand

environmentallyadvantagCous.

Inthepresentsmdy5wehavedevelopedanenvironmentally-andeco-hiendlyacetylationoririfluoroacetylation

methodusingaceticacidorlrifluoroaceticacidasanacetylatingreagent.

AcetylationOfAmines

Thereactionofamlinewithaceticacidfirstappearedinl912・Miillerreportedthatanilinereactedwithaceticacid

underrenuxremovinggeneratedwaterhPomthereactionmixturetoamordacetamlideinhighyield.!

Wehaveundertakentheexaminationofthismethodandfbundthatamlineswereacetylatedinaceticacidinhigh

yieldwithoutremovinggeneratedwaterdmngreaction.TheresultsarepresentedinTablel.

Ph(CHjnNHR(4a,b~6a,｡R-PhNH2(1)RPPhNHCOCX3
（2:X=H;3:X=F）4a:IF1,R=H5a:、=1，R=COMe6a:n=1,R=COCF3

1a:R=H､'.b:IF2,R=Hb:IF2,R=COAにb:IF2,R=COCF3
1b:R=2-Me 1f:R=4-COOEt PhCHMeNHR(4c,5c)PhCH2NMeR(4d,5d)
1c:R=4-OEt

1g:R=3=NO24c:R=HSc:R=COMe4d:R=H5d:R=COMe
1d:R=4-OH

1h:R=4=NO21e:R=4-Cl"u.x､~~L､､"zMPh-piperazine(49坪Ph-NLCOMe-piperazine(59

Tablel.AcetylationofaIylammesinreflunngAcOH Table2.Acetylationofaliphaticaminesinrefluxing
WlenecontamngAcOH

ReactionYield

time(h)Pmduct(%)
Starting
compound StartingAcOHReaction_.Yield

compoundmol・eq.time(h)Pmduct(%)
ａ
ｂ
ｃ
ｄ
ｅ
ｆ
ｇ
ｈ

２
２
２
２
２
２
２
２

８
０
０
８
４
７
５
７

９
７
９
７
９
８
８
８

ａ
ｂ
ｃ
ｄ
ｅ
ｆ
ｇ
ｈ

ｌ
１
１
１
１
１
１
１

６
３
５
８
率
５
４
８

ａ
ａ
ｂ
ｃ
ｄ
ｅ
ｅ

５
５
５
５
５
５
５

95

93

95

91

89

86

22＊

鞄
“
帖
虻
刎
坐
牝

５
幅
軍
６
８
率
率

５
２
５
５
５
５
壁

*Solvem:AcOHalone.SeeTbblel.
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Next,wehaveappliedthemethodofacetylationofarylaminestoacetylatealiphaticamines.However,the

1℃actionproceededonlyinpooryields.Weexammedreactionconditions,andfbundthatwhentheamoumof

aceticacidwasreducedto2-5molareqUivalemstoanamineinrenuxingxylene,theyieldswere

dramaticallyincreased.Acetylationofawidevarietyofaliphaticamineswassuccessfillwithoutremoving

waterfbnnedinthereactionandgavethedesiredcompoundsingoodtoexcellemyields・Theresultsare

presemedinTable2.

TrinuoroacetylationofAmines

hitially5weexamnedthelrifluoroacetylationofimlme(1a)withtrifluoroaceticacid(TFA)mvarioussolvents

Table3.TIinuoroaceWlationofaminesmrenuxmg)grlene(Et20,THETFA,toluene,andxylene).Theuseof

largeexcessofTFAprovidedtheTFAsaltofannme

"::ndMeihod．溌冴Poduct(%)
Yield

alone・WhentheamountofTFAwasreduce,theyield

4aA5.55a94(92)bwasdramaticallyincreased.A5．5Sa

A75b864bA75b860nthebasisofthesepreliminaryresults,the

4cA2Sc6 8 ( 9 8 ) bAScA2Sc68(98)｡applicationofthisproceduretovariousamineswas
4dR6.5BB6.55d62(95)b

mvestigated・TheresultsaI℃presentedinThble3・In
4e A3Se92

thiscaseitisworthnotingthatthepresenceof
1fA2.55f88

5glgA25g94elecEon-withdrawinggoupssuchasmtro,esteLand
1hB5.55h89cmoro""oupsmamlmesfacilita"sthe厚OupS

4aA56a(90)b
trifluoroacetylation,whereastheeleclron-releasmg

4b A56b (70)b
grouphaslessaneHect.However;useofpyridimum

aA:TFA(2eq)wasused.B:TFA(4eq)wasurd.
Uifluoroaceta"insteadofTFAimprovedtheyields

bPyridmiumtlifluoroacetatewasusedmsteadofTFA.
verymuch.Athigh"mperature(150｡C),thereaction

betweenTFAandanaminehastworoutes,oneofwhichistofbnnasaltbythenucleophilicattackoftheamne

tothehydrogenandtheotheristofbnnanamidebythenucleophilicattackoftheamineonthecarbonylcarbon.

ThepresenceofafreeamneandTFAinthereactionmixm℃is1℃quil℃dfbrbifluoroacetamdefbnnation.

R1R2NH2+
<FR1R2NH+CX3COOH="R1R2NCOCX3+H20

CX3COO-一一
"=HorF)

Schemel

InexcessTFAsolution,theconcenbationofaheeamneisreducedbecauseoffbnnationoftheTFAsaltandthis

resultsmlesse価cientamidefbrmation.AdditionofanequimolaramountofpyridinetoTFAiseHectivemthe

irifluoroacetylationofrathersronglybasicamlineswhichhavePKavaluessimilartopyridine｡

Lowcostandavailabilityofthereagent,andtheeaseofoperationandworkupmakethismethodausefilladdition

totheavailablemethodologies.

RetIEnces

l.MilleI;R"e""ke"Z召"""91912,341049.
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Highlystereoselectiveq-O-sialylationwithMVLAc,BoclaulylthiosialosideinCPME

Kiyoshilkeda,*KeisukeMiyamoto,MasayukiSato

此hoo/(yPhar腕aCe""cq/S℃ie"ces,Mfiver3i"QWIjZ"o",

52-I】ﾉZz",S"ﾉ'zJgn-",y'iz"oka-shi,422-8526jJtZpα〃

ikeda@ys2.u-shizuoka-ken.acjp

MAcetylneuraminicacid(sialicacid,Neu5Ac)anditsvariousanalogsarecriticalcomponentsofmany

glycocoIUugatesinvoIvedinbiologicallyimportantligand-receptorinteractions・IThedevelopmentofan

efficientmethodofO-sialylationhasbeenachallengingtaskinthefieldofsialicacidchemistly､20ne

impoltanttrendfbcusesontheutilizationofthethioglycosideofsialicacidsfbrmilderandstereoselective

O-glycosylation.MatsuokagmuprepoItedthioglycosideofsialicacidswithalaulylmoietytoavoidthe

unpleasantodorofthiolsemployedfbrthioglycosidefbnnation,anditsapplicationtostereo-selectiveO

sialylation.3Wereportthepl℃palationofnovelMMdiacylanalogsofsialicacid2withalaulylthiomoiety

andtheirapplicationtostereoselectiveO-sialylation.4AsshowninSchemel,threelaulylthioglyCosides

withNHAc,NAc2and凡ⅣLBoc,AcattheC-5position(2a,2band2c,respectively)andaNWLBoc,Ac

phenylthioglycosideZdweresynthesizedandtestedfbrtheirreactivityandu-selectivityinsialylation.
r〕に

[】【］

１
－

ＣＣ雰
姻

ｇ
Ｎ
Ｉ
ｐ

e
2Me

r）0個

に鍵。１
■
一
■
■
、

争
心
－
０
や

甲
▲
■
■
？

O2Me

Schemel.Reagentsandconditions:(i)1-dodecanethiol,BF3OEt2,CH2CI2,rt,24h,84%;(ii)isopropenylacetate,PTSA,65℃,17h,89%;

(iii)Boc20,DMAP,THF,refiux,4h,99%;(M1)thiophenol,BF3OEt2,CH2CI2,rt,24h,89%,2)Boc20,DMAP,THF,renux,20h,90%.

Theglycosylationbetween2band1.5molarequivalentof3ausing3.0molarequivalentofNISand1.0

molarequivalentofTfOHandMS3AinCH3CNat-40｡Cgavetheglycoside4ain70%yield(q:6=1:

1.8,entlyl).Asmallincrementofq-selectivityof2cglycosylationwith3awasobserved(79%,q:6=

l.3:1,ently2).Highq-selectivityincondensationof2cwith3ainCPMEwasobserved(85%,q:6=10:

1,ently3).Thesialylationof2awith3ainCPMEwasnonselective,togetherwiththefbrmationofthe2,3-

dehydroglycalderivative(11%,ently4).Theglycosylationof2dwith3acatalyzedbyNIS/TfOHinCPME

at-40｡Cgave4bininferioryield(59%)andq-selectivity(q:6=6:1,ently5).Whenthereactionof2c

with3bwascaITiedoutinCH3CNat-40｡C,anincrementofq-selectivitywasobserved(62%,q:6=2.2:

1,ently6).Thesialylationof2cwith3binCPMEat-40｡Cshowedremarkableimprovementinboththe

glycosylationyield(quantitative)andd-selectivity(onlyq-anomer,ently7).Couplingof2awith3bin

CPMEat-40｡Cresultedinthefbrmationof4ewith77%(q:6=l.9:1,ently8).
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Tablel.GlycosylationreactionwithC-5N･protectedsialicacidderivatives2a･d

i
A AR30H

3a,b

－

NIS,TfOH 礁廻兵J菌”

誇こ23．N

口

O2Me

4a-e:R1=H,Ac,Boc１
１
５
ｈ

比
Ｐ

吃
雲

Ｃ
序

一
一
０

２
Ｃ

Ｒ
印

０Ｃ
二

△
Ａ
１

二
Ｒ

１
く

Ｒ
ｄ

ｊ
Ｉ
、
《
二

院
》
０

《
グ
ー
、
Ⅱ
″

，
霞

、
副
Ｈ

２
２

銅
ｑ

ｌＣ
二

二
序

２
Ｒ
Ｇ

０
Ｏ

Ｈ
Ｂ

一
一
一
一

１
１

Ｒ
Ｒ

く
く

ａ
Ｃ

２
２

EntlyGIy"syldonor2Glymsylacceplor3Condition PrCdu堂4 Yield%(αﾉ6ratb)

拳
“。

A

1 3a C卜hCN,･40.C

－0伽｡。ァ｡(↑:1鋤
2b

蜂
A

CH3CN,-40｡C2 3a 79(1.3：1）2c

Omo｡2

ｂ
ｂ
４
４CPME.~40℃3 3日2C 85(10：1）

蜂CPME,。40.C4 3a2a

－0N｡，アア('ﾕ'’2

ｃ
ｂ
４
４CPME,◇40.C5 3a 59(6：1）2．

6 3b CHFN,-40℃2C 62(2.2：1）

7 CPME.~40°C2c 3b quant.(uonIy）

8 3b2口 CPME.●40°C 77(1.9：1）

RemovaloftheMBocgmupof4bwithYb(OTf)3-SiO2orTFA-CH2CI2gave4cin84%or96%yield,

respectively.DeprotectionoftheMBocgroupof4dwithYb(OTf)3-SiO2smoothlyproceededtogivetheNL

Acsialoside4ein81%yield(Scheme2).TransfOrmationofN,N-Ac,Bocgroupof4bintoanMglycolyl

groupwaseasilyperfbrmedviaselectiveNLdeacetylationoftheAc-MBoccarbamate,fbllowedby

subsequentBocgroupremovalof4fandreacylationtogive4g(Scheme3).
i)Orii）

4b－4c

in）

4．－4e

Scheme2.Reagentsandconditions:(i)Yb(OTT)3-SiO2,rt,

鴫
e

ii）

O"･曹一AoH2

⑧

i）
4b－

HzO"
49

(i)1)NaOMe,MeOH,rt,2h,2)AC20.pyridine,rt,24h,

2(1：4）.『t,1h;2)AcOCH2COCI,pyndine,rt,24h,90%

Scheme2.Reagentsandconditions:(i)Yb(OTT)3-SiO2,rt,Scheme3・Reagentsandconditions:(i)1)NaOMe,MeOH,rt,2h,2)AC20.pyridine,rt,24h,

48h,84%;(ii)TFA-CH2CI2(1:4),rt,1h,96%;(iii)Yb(OT1)3･75%overtwosteps;(ii)1)TFA-CH2CI2(1:4),rt,1h;2)AcOCH2COCI,pyndine,rt,24h,90%

SiO2,rt,48h,81%.overtwosteps.

Insummary,thecombinationofthe5-N-Bocgroupoflaurylthiosialoside2candCPMEasasolvent

enhancedthereactivityandq-selectivityofthesialyldonorduringsialylation・Weal℃currentlyapplying

thismethodologytothesynthesisofotheroligosaccharides.

1.Rosenberg,A.BioﾉogjqfSiα"c,4cj伽;Plenum:NewYork,London,1995.

2.Boons,G.-J.;Demchenko,A.V.Chem.Rev.2000,/00,4539.

3.Matsuoka,K.era/､'た〃αﾙe"o"Le".2004,4j,9383.

4.Ikeda,K.αα/・’た〃αhe‘かo"Le".2007,48,7431.
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Propertiesofdioltypesilicainchromatographyseparation

KazunoriNobuhara,MitsuhiroKamimura,Takakolnoue,MakqtoKawai,RyUjiOrii

FUji-SilysiaChemicalCo.,Ltd.

2-1846Kozqji-ch,okasugai-shi,Aichi487-0013,Japan

nobuhara@fUji-silysia.cojp

SurfacemodificationofsilicahasbeenattemptedtoacquiI℃uniqueadsorptionproperty.AIso,ithas

beendevelopedatechniquetointroducehydroxylbondonsilicasurface');howeveI;dioltypesilicawas

notwidespreadinchmmatographyfieldbecauseasmalladvantagewasfbund.Wel℃viewedthe

productionprocessandcharacteristicsofdiolsilicaandfbundoutuniquepropertieswhichordinarysilica

doesn'thaveatnonnalphasechromatographyb

(Surfacecharacteristicsofdiolsilica)

蕊蕊Si-0-Si-C3H6-0-CH2-CH-CH2(Nuetral)
OHOH

Alcoholichydroxyl(C-OH)withoutionicityexsistonsilicasurface.

MildhydrogenbOndoccuronthesurface.

(Surfacecharacteristicsofsilicagel)

灘:剛“．｡。,…N驚く
Ionicadsorptionbetweensilanolbondandamine

Silanolbondsonsilicasurihcearepolarizedandindicatehighhydrogen-bonding.AIso,acidic

characteristicsshowionicstrongadsorptionagainstbasiccompounds.

Thefigurel-3showthechromatogramsofstandardsubstancesbydiolsilica,silicagelandNHsilica.

TheresultsofseparationbyDiolsilicaareexcellentseparationinspiteofneutral,acidic,andbasic

compounds.Ontheotherhands,pyridineofbasiccompoundcannotbeelutedbysilicageland,phenolof

acidcompoundcannotbeelutedbyNHsilica.

(Conditions)

Column

Mobilephase

Fiowrate

Detector

:CartridgeSize60(28xlOOmm)

:10%ethylacetate/n-hexane(w/W)

:28ml/min

:UV254nmO.32aufS

－112－

Samples

1.Benzen

2．Dibutylphthalate

3．Phenol

4.Pyridinc

(to)

(neutralcompound)

(acidiccompound)

(basiccompound)
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IIsilicacanbeappliednonnalphasechromatographyandhasfbllowinguniquepropertiescompal℃。DiolsilicacanbeappliednonnalphasechromatographyandhastOllowmguniquepropertlescompal℃d

withordinalysilicagel.

Silicagel:Si-OH(Silanolbond)snQongadsorption,minuscharge

Diolsilica:C-OH(Alcoholichydmxyl)mildadsomtion,neutralcharge

l・Sameseparationpropertyassilicagelwithweakerpolarcharacteratnonnalphase.

2.SpecificstrongadsoIptionproperWagainstphenoliccompounds.

3.Nostrongadsorptionpropertylikeasilicagelandsupe㎡orseparationpropertytobasic

compounds.

Reh℃nce

(1)@PorousSilica'K.K・UngerEIsevierScientificPublishingCompany(1979)
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ReWcleeffectonMass-TransferEfficiencyImprovementinMulti-PassMassExchangers

Chii-DongHo,*JfWeiTil

Dep2mnentofChemicalandMaterialsEngineering,TamkangUniversity

151Ymg-ChuanRoad,Tamsui,Thipei25137,Taiwan

cdho@mail.tku.edu.tw

TYlemasstransferphenomenaofamulti-passmassexchangerwiththreepenneablemembranesinserted

wasinvestigatedtheoreticallyinthissmdybAnextemalrecycleoperationwasalsoappliedtothe

multi-passmassexchangertoimprovethemasstransfereffIciencyofdevice・Thetheoreticalbnnulation

wasdevelopedbasedonmassbalanceandtheanalyticalsolutionswe1℃obtainedbyusingtheorthogonal

expansiontechniqueandtheeigenfimctionexpandinginpowerseries.Comparedtothesingle-pass

deviceswithoutmembraneinsertedandextemalrecycle,thetheoreticalI巳sultsshowedthatthe

considerablemass-transferefficiencyimpmvementcanbeobtainedwhilethe1℃cycleratioandchannel

thicknessratioal℃suitablyselectedundertheoperatingconditionsofintel℃St.

Theworkingdimensionsofthemulti-passexchangerarethickness"lengthL,andwidthB(>>"),the

thicknessoffbursubchannelsq,6,canddare"G,",",andMprespectivelybandthesubchannel

thicknessIatioaI℃6.6=〃も/"and6"=W隅．Theinsertingmembranesaretheidealmemblanesand

thesolutecandiHilsefieelythroughthemembrane.Thismasstransferproblemofmultish℃amsystems

isso-calledconiugatedGIaetzproblems・Thetheoreticalmodelofthemulti-passmasSexchangeris

developedbythefbllowingassumptions:constantphysicalpropertiesoffluid,negligibleendeffbctsand

axialdiffilsioneffects,andnoconcentrationpolarizationonthepenneablemembranes・ThetheoI℃tical

concentlationdistributionscanbesolvedbyusingtheorthogonalexpansiontechniqueandthe

eigenfimctionexpandmginpowerseries・Themass-transfere伍ciencyofthemulti-pasSmassexchanger

withextemallecyclecanbeexpI℃ssedbytheaverageSherwoodnumbelt

Thecalculatingl℃sultsoftheoutletconcentlationandaverageSherwoodnumbersandareillustlatedin

thissmdyTheresultsshowthatboththeoutletconcentrationandtheavelageSherwoodnumbers

increasewithincreasingthemass-transferGreatznumbeIBGzm,andwithdecreasingthesubchannel

thicknessratioandrecyclelaatio.Comparingtothesingle-passdevices,themembrane-inserted

multi-passmassexchangerswithrecycleperfonnhighermass-transferefficiency・Inaconclusion,the

masstransferefficiencyofamassexchangercanbeimprovedbyintroducingtherecycleoperationand

insertingthemembranes.
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MolecularSievesS叩portedPdCatalyst(Pd/MS5A)fbrChemoselectiveHydrogenation

TbmohiroMaegawa,*MasatsuguKatoh,AyakoTani,TbhruTakahashi,YasunariMonguchi,HironaoSajiki

LabolatolyofMedicinalChemistrybGifilPhannaceuticalUniversity.

5-6-IMitahora-higashi,Gifil,502-8585,Japan

maegawa@gifil-pu.acjp

Intmduction

Anumberofheterogeneouscatalystssupportedbysyntheticpolymel;activatedcarbon,silicagelor

aluminaarewidelyutilizedinavarietyoffields.Palladiumoncharcoal(Pd/C)isoneofthemostusefill

heterogeneouscatalysts,especiallyfbrthehydrogenationofdiveIseoIganiccompoundsbysome

advantagessuchasreadyavailabilityjeaseofstorageandhandlingandreusability.Theinhomogeneous

namreishowever;pmblemofactivatedcarbonmadefi℃mnatulally-derivedpeatorsawdustanditmight

causethedifferenceofthecatalystactivityofPd/C.ltisimportanttodevelopnovel,reproducibleand

heterogeneousPdcatalystssupportedbyartificialmaterialspossessingconstantqualitybTherefbre,we

chosethezeoliteasthesupportfbrtheheterogeneousPdcatalyst.Molecularsieves,akindofzeolites

possessingmicroporousstructure,areusedasdehydratingreagentanditcanalsoabsorbsmallmolecules

suchasPdnanopaIticles・TherefbreweplanedtopreparethezeolitesupportedPdcatalystwhichwouldbe

expectedtoplaythehydrogenationcatalystaswellasthesmallcageandI℃actionfieldfbrthereaction.

ExperimentalIEsult

WehavealI℃adydevelopedthefibroin(silkprotein)supportedPdcatalyst(Pd/Fib)fbrthechemoselective

hydrogenation.TbpreparethezeolitesupportedPdcatalyst,weemployedthesimilarproceduretothe

preparationofPd/Fib(Schemel).ThesolutionofPd(OAc)2andmolecularsieve5A(MS5A)inCH30H

wasstirredatroomtemperaturefbr6daysthenfilteredandwashedwithCH30HandHzO・DIyingthe

collectedgraysolidinvacuofbr3daysaffbrdedthe5%Pd/MSSAcatalyst.

Pd(OAc)2+MS5A

dry(3days)
－

A『,rt,6days

PdﾉMS5A

HCHO

FiltEionwash(CH30H,H20)

－、一差一
AcOH

Schemel・PreparationofPd/MSSA

Wefirstconductedthehydrogenationof2-bena'Ioxy-2'-propenylbenzene(Tablel,EntIyl)toexamine
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thectalystactivityof5%Pd/MS5A.

Consequently6thechemoselectivehydro-

genationproceededandonlythealkenewas

reducedI巳mainingthebenzyletherunderthe

conditions.Tbdevelopthe5%Pd/MS5Aasa

chemoselectivehydrogenationcatalyst,we

examinedthehydrogenationofvarious

substrates.Thereduciblefilnctionalitiesunder

thePd/Ccatalyzedhydrogenationconditions

suchasbenZylethel;bena/lestel;MCbz,

ammaticcarbonylandsoon,aretorelantfbrthe

5%Pd/MS5Acatalyzedhydrogenationconditions.

Onlyless-hinderedalkene,alkyneandazide

filnctionalitiesarereducedundertheconditions.

Surprisinglyinitrogroupremainintact(Tablel,

Ently6)whileitiswell-knownthatthenitro

groupishighlysusceptibletothe

hydrogenation.Sincenitrocompoundscanbe

widelyutilizedasrowmaterialsof

phannaceuticalsandpesticides,itisimportant

todevelopthehydrogenationmethodofthe

otherreduciblefilnctionalgoupsinthe

presenceofanitrogroup・When Ⅱnbl

substratecontaininganitrogroupwas with

hydrogenatedunder5%Pd/MS5A-

catalyzedconditions,theonlyalkene

andalkynefimctionalitieswere

Tablel.5%MS5AcatalyzedlWdmgenation

5%Pd/MS5A(10wt%)へ--■一一旦一一且一

Substrate Pmdu"

H2,CH30H,rt,24h

EntlySubstrate Product Yield

(％）

!C[eXC(BX
99

2 95

ｈＰ

ｎＢ２０Ｃ

Ｔ
ｏ
ｈＰ ｈＰ

ｎＢ２０
・

Ｃ

Ｙ
ｏ
ｈＰ

3 100

4 100
､/､Nz､"

C比
~/､NZ､Z

C唾

5 100

/－0

入
ｏＮ

Ｏ

勺

胡
抑
．
。

6 95

recovely

7 75O

FDP

NH2

Thble2､5%Pd/MS5Actalyzedhydrogemtionwiththesubstla

withmtrogmup

5%Pd/MS5A(10wt%)
－

H2,CH30H,rt,24h

Substrate Pmdud

smoothlyreducedwithoutaffecting-=--
Ently

thenitrogPoup(Table2).Fulther
Substrate Product Yield

(％）
applicationofthe5%Pd/MS5A-

I

catalysttothehydrogenationof

diversesubstratesandthestrucmral

andphysicalcharacterizationsofthe
2

catalystareinprogress.

O2N 94O2N

｡且。／、、
／、／

92

MeO MeO

〆、／、／、Nq Z､Z~Z､NO23 100
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RegioselectiveprotectionofsugarScatalyzedbyorganotin

*YukiKubo,YOsukeDemizu,OsamuOnomura

GraduateSchoolofBiomedicalSciences,NagasakiUniversitybl-14Bunkyo-machi,Nagasaki852-8521,

Japan

onomura@nagasaki-u.acjp

Modifiedsugarsarebiologicallyimportant,andwidelyusedinmedicinal,phannaceutical,andagriculmral

chemistry.Sincetheirpreparationfisomeasilyavailablesugarsneedstediousprotectionanddeprotectionof

severalhydroxylgoups,itisworthwhiletodevelopversatiletoolfbrtheregioselectiveprotectionoftheir

hydroxylgroups.Lastyeal;Hung')reportedone-potprotectionofcarbohydrates,andKawabata?)exploiteda
catalyticone-stepprocesshrI℃gioselectiveacylationofP-glcopyranoside.Inthecaseofbothmethods,there

issomelimitationofsubstrates.Ontheotherhand,wehavereportedtheselectivemonobenzoylationof

1,2-diolsusingorganotincatalyst,3)Thiscatalyticsystemisbasedontheconceptthatacoordinationof

l,2-diolswithtinionmightfbnnanactivatedfive-memberedintennediateinwhichthecoordinated

hydroxylgroupismuchactivatedthanthoseofun-coordinatedonesandthemonobenzoylatedproductswere

obtainedwithhighefficiency.Wewishtopresenthereintheapplicationofthiscatalyticsystemtothe

regioselectivecontinuousprotectionofseveralq-andP-pyranosides.

輔

愈
和
Ｈ

陸
Ｏ

Ｔ
Ｏ
ＨＨｑ

mviOuswork

患:x::熱禦:x::
TT悪

quantitativeyield

or邸nOlmcalast

(1)一一一一

Base,XhCI
Me

OMe

RegiOSeleCtiVePmteCtion

First,wetriedmonobenzoylationofmethylq-glucopyranosidelausingMe2SnC12(0.05eq)asacatalyst,

DPEA(2.Oeq)asabase,andBzCI(1.2eq)(Eq､2).Asaresult,2-GbenzoylatedcompoundZawas

regioselectivelyobtamedin82%yield.

蝿"｡｡…"鴛鯛｡…叫鼠蝋_。H

methylq 82%yie!d
･glucoWIanoside

la 2a

Tablelsummarizesthemonobenzoylationofseveralmethylq-andP-pyranosideslb-f(Eq.3).Methyl

P-glucopyranosidelbwasmonobenzoylatedatthe6-positionin79%yield(entlyl),whilemethyl

q-galactopyranosidelc,6-galactopyranosideld,andmethylu-mannopyranosidelewereprotectedatthe

3-position(entries2and3).MonobenzoylationofmethylP-xylopyranosidelfoccuredatthe4-positionto

give2fin68%yield(ently4).
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BzCI(1.2eq)

MezSnCl2(0.05eq)
DIPEA(2.0eq)
－ (3)PrmuCt(2b-0Sugar(1b-0

Tablel

EntrySUgar Product YieldEniry Sugar YieldPmduct

O HOH

3士垂“螺鎚．‘"“3H

OMeOMe

methylq

-mannopyranoside

OBz

:5鶚・"｡”，”H

OH

味菖&OMo!．H

HO

methylp

･glucopyranoside

1

O H OH

．"鶏"･蹄．｡鶏“ 筋腫三急f"｡2f68%HH孜聿OMelf
Bz

4
0H

2cq:84%

2dp:78%

methylp

-xylOpyranoSide
metlwlu-orp-

-galactoWranoside

Next,thedifferentialprotectionof2-O-benzoylatedZaweredonestepwisecatalyzedbyMe2SnClzas

fbllows(Eq.4).NamelyD2awasregioselectivelytosylatedtoafMoId6-OLtosylated3ain88%yield,then

transfbmedinto3-O-re"-butoxycarbonyla"d4ain93%,andfinally4-O(diphenyl)phosphated5awas

obtainedin95%yield・Tbtalyieldfbr4stepswas64%.

蝿 卿･喝蝿' ‘
2a 3a 4a

82%yield88%yield93%yield

鶴亀 (4)

Me

5日

95%yield

"%yiddnr4ste"

Conveniemly;compounds5aand3fhavetosyloxysubstimentwhichisagoodleavinggroup.TheI℃action

withNaN3throughSN2mechanismproceededsmoothlytogivetheazides6aand4fwithmoderatetogood

yield(Eq､5).

'鰈"為辮“4陰，

5a

NaN3(1.5eq)
15-CrOwn-5(0.l")
－

DMF,80℃,3days 境:"．B“5工三毫旨?"・
耐O
Boc綱

函
M e

4f

42%yield

3『“

71%yield

Insummary,wehaveaccomplishedtheregioselectiveprotectionofseveralu-andP-pyIanosideswithhigh

regioselectivity.Detailswillbepresentedduringthepostersession.

Ref1℃nces
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ProcessDevelopmentUsingAutomatedReactor

-KineticsofNitmsoReaction-

TakashiNaka,*YasunariTakayasuandHiroshiIwamura

PmcessChemistryResearchDepartment,MitsubishiThnabePharmaCorporation

14,Sunayama,Kamisu,Ibaraki314-0255,Japan
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Nitrosoderivativeofethylacetoacetateistheimportantintermediatebrthesynthesesof

nitrogencontaimngcompounds.Howeverbsaftyissuerelatedtothethermalstabilityofthe

nitrosocompoundisenvisaged.Hereinwereport

八八八八｡眉'宝5扇面差｡塵ttheprocessdevelopmentofnitrosationofehyl
NaNO2(1eq)

AAE NOH

mMEoAacetoacetate(AAE)usingseveralkindsofEOA

automatedreactorsinthereactionenthalpypointof
●

v 1 e w

1.Advantage2410TMexperimentl)

Advantage2410TMisusefllbrthereaction

screeningwithparalleltube(2-10mlj・TY(｡C)

andTi(｡C)canberecordedduringthereaction.

NitrosationofAAEwashirlycleanandthe

additionofNaNO2aqueoussolutionwas

exothermic(Figurel).Furthermore,heat

evolutioncouldbecontrolledwithNaNO2supplyb

"Xm℃I.Advantage2410TMexperiment

2.MultiMaxTMexperiment2)

MultiMaxTMisusehllbrthereaction

optimizationwithparanelreactor(20･50mlj@ThP

(｡C),Ti(｡C)canberecordedduringthereaction.

U･A(WｿIOcanalsobeestimated.Nosignifcant

residualreactionenthalpywasobserved(Figure

2)．Approximatereactionenthalpywas

determinedtobel38kJ/mol(AAE).Onthebasis

ofconstantspecifcheatcapacitMtheadiabatic

"Zzzz汐2MultiMaxTMexperiment

６
１
１
０
日

temperaturerisewasestimatedat244K.Theseresultsrequiredmoredetanedsaftyassessment

becausethermalstabilitytestsabouttheproduct(EOA)mdicatedaselfheatingexothermonset

atl44｡C.
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3.RC1TMexperiment2)

RC1TMisusehllbrtheaccurate

measurementofreactioncalorimetry.ThP(｡C),

町(｡C)canberecordedduringthereaction.

U･A(W/IOandCpr(J/kg･K)canalsobe

estimated・Thereactionenthalpywas

determinedtobel27kJ/mol(AAE)(Figure

3).Onthebasisofanexperimental

determinationofspecifcheatcapacityithe

adiabatictemperaturerisewasobservedat

221K.

"tmFaRC1TMexperiment

】圧

4.SuperCRCTMexperiment3)

ReactionrateandkineticparameterwereestimatedusingSuperCRCTMhrthepurposeof

saftyevaluation(Figure4).TheArrheniusplotsuggestedthereactionratedependencyonthe

reactiontemperature(Figure5).Theseresultssuggestedthereactionrateofnitrosationcouldbe

controlledundertheoperationconditions.

F贈z22℃4SuperCRCTMeXperiment 五逆m汐鼠Arrheniusplotofnitrosation
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InsummarMW,wehavereportedtheprocessdevelopmentofnitrosationusingautomated

reactors.Thereactionscreeningincludmgexothermicbehaviorwasperhrmed・Theapproximate

andtheaccuratereactionenthalpyweredetermined.Thekineticanalyseshrthesa企w

evaluationwereperformed.Essentialanddetanedsetsofdataonmtrosationwereconectedand

theprocesshralargescalemanubcturingwasestablished.

Refrences

1)Advantage2410TMisavailablehomBiotage.http:"Www.biotage.com

2)MultiMaxTMandRC1TMareavailablehomMettlerTbredo.http:"Www.mt.com

3)SuperCRCTMisavailableffomOmnicalTもchnologylnc・htm:"Www.omnicaltech・com
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InstituteofBiomedicalEngineexing,NationalThiwanUniversit肌瞳ipei,Thiwan

thyoung@nm.edu.tw

Abstract

Inthepresentstudyiwemodifiedpoly(ethylene･co-vinylalcohol)(E,脇Ijmembranesbythe

covalentbondingofdiamineviaepoxidationofsurbcehydroxylgroupstoanalyzetheeHect

ofgrafeddiaminewithdiHbrentcarbon-chainlengthontheculturedcerebellargranule

neurons・Morphologicalstudiesshowedneuronsseededonthediamine･immobilizedEVAL

membranewereabletosurviveandregeneratewith允rmationofanextensiveneuritic

network.Furthermore,culturedneuronsshowedthatthepresenceofdiaminewithdifrent

carbon･chainlengthwascapableofprovidingamagicenvironmenttoefctivelyregulate

theneurondevelopment,butmediatedneuronalactivitywithequalencacyLTheshort･chain

aminestimulatedneuronaggregationandneuritefasciculation,whereasthelong

carbon-chaindiaminemaintainedsingleneurondistributionwiththedebsciculatedfature

oftheneurite・Althoughitisknownthatpositivelychargedaminemoleculescaninteract

directlywithcellsurfaceproteoglycanstomediatecenattachment,thisstudyfilrther

demonstratedthattheterminalprimaryaminewithdiHbrentcarbon-chainlengthis

involvedinmediatingcenularresponsetoregulateneuronmigrationandguidanceof

neuritegrowthpattern.Thisindicatesadelicateinteractionofneuronwiththeimmobilized

diaminemoleculesontheEMLmembranesurface.

RegultggndDigcuggion

Itiswendocumentedthatthephysicalandchemicalcharacteristicsofbiomaterial

surfacegoverncellularresponsesandultimatelyaftctthesuccessoftissueengineering

applications.Forneuroncells,amine-contaimngmaterialsareknowntoplayarolein

neuronalsurvivalbyioniCinteractionsbetweenspecifcpositivelychargeddomainsand

negativelychargedsulfateandcarboxylategroupsofthecellsurfaceproteoglycans[1,2].The

objectiveofthepresentstudywastodeterminewhetheraminebondedtodiHerent

carbon･chamlengthhavedifrentinnuencesonneuronalbehaviormWfrnThiswas

achievedbyimmobilizingdifrentchain-lengthdiaminesontheEVALmembrane.These

preparedmembranesappearedsimilarsurfacemorphologiesandcontactanglesas

determinedbycomprehensivesurfaceinvestigation.

First,fveaminesafctedtheneuronalactivityinasimilarmannerLHoweverismall
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alterationsinchainlengthresultedinobviouschangesinneuronaggregationandneurite

outgrowthpattern.CellsculturedonEVALmembranesmodihedwithshortercarbon･chain

diaminesshowedagreatertendencytoaggregate,renectingtheinfluenceofsubstrateon

cellmigration・ConverselME,砥Lmembranesmodifedwithlongcarbon･chaindiaminesuch

asl,6-diaminohexaneallowedcellstoadheremorefirmlythanothermembranes.Phase

contrastimagesshowedthatonlynon-aggregateddistributionanddefasciculatedpattern

wereonmembranesduringthecultureperiod.Suchphenomenawerenotattributableto

difrencesinthesurfacemorphologiesandhydrophobiceffbctsofmodifiedsubstrates,since

allpreparedmembranesexhibitedthedensestructurewithsimnarcontactangles・Thus,it

islikelynotonlyterminalprimaryamineitself;butalsothecarbon･chainlengthofdiamine

actdirectlyontheneuronandneuritemigrationinsomewayb

Insummary,neuronalresponsetotheterminalprimaryammescanbeaHectedby

subtlechangesincarbon-chainlength.Itisnotclearwhycarbon･chamlengthcangovern

theircenresponsenow.However;ourresultsshowedneuronsaremorelikelytoattach

frmlytoEVALmembranesimmobilizedwithlongcarbon-chaindiamine.Itisreasonableto

assumethatneuronsfbrmaggregatesonEVALmembranesmodifedwithshort

carbon-chaindiaminesviamigrationafercloseintercenularcontactcanbereached.

Achesonetalhypothesizedthatabalancebetweentheinteractionsofcell-sUbstrateand

cell-cenplaysakeyroleindeterminingcellmigration[3].Whenneuronsareseededonthe

lowneuron･adhesivesurface,dominanceofcell･cellinteractionresultsincellaggregation

sincethecell-substrateinteractionistoolowtoobstructcellmigration.Therehre,the

substratesurfacefacilitatesneuronmigrationandneuronaggregationisenhanced.

Simnarly;changesinthedegreeoffasciculationalsorenectashiainthebalancebetween

thesetwocompetingfbrces・Decreaseofneurite-substrateinteractionresultsinneurite

migrationtoproducethickerbscicles・Converselyjenhancementofcell･substrateinteraction

makesneuronmigrationandaggregationmoredificult・Thus,theincreasedpresenceof

methylenegroupsareassumedtoincreasetheflexibilityofimmobnizeddiamine,andin

turnthepositivelychargedaminesareeasiertointeractwithcensurfaceproteoglycans,

whichmayaccountfbrtheobservedoverallinhibitioninneuronandneuritemigrationon
themodifedEVALmembranes.

Re企睡nces

HaradaJ,SugimotoM,BrainResl997;753:251･259.

AbeK,ChuPJ,ShirahataA,SamejimaK,SaitoH,BrainResl997;766:281･284.

AchesonA,SunshineJL,RutishauserU,JCenBioll991;114:143-153.
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ManabuKubota*,AtsushiKamada,KenFurukawa,HiroshiKuroda,MamoruMiyazawa,YilichiKimoto,

andNaoyukiShimomura
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m-kubota@hhc.eisai.cojp

Intmduction:

E2070(1)isbeingdevelopedasanovelNa-ionchannelblockerfOrthetreatmentofpainassociated

withdiabeticneuropathyandpost-herpeticneuralgia.MedicinalsyntheticrouteofE2070(1)isshownin

Schemel.Inthisroute,1)improvementoffOnnylationstep,and2)eliminationoftwocolumn

chromatographypurificationswereconsideredascriticalsubjectsfOrprocessdevelopment.

Schemel・MedicinalSyntheticRouteofE2070(1)
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SinceLiTMPmediatedfbrmylationgavelowtotalmassrecovery(Ihblel,entryl),weassumedthatthe

instabilityofpyrazineaniongeneratedfromLiTMPwasissue.Thenweappliedmagnesiumreagents

whichhadbeenreportedasstrongbase(Ihblel,entry2,3).')'2)AninitialattemptusingHauser'sreagent

revealedthatexcessequivalentwasrequiredtoobtainmoderateyield(Ihblel,entry2).Thisindicateda

possibnityoftheexistenceofactivespeciesinHauser'sreagentbySchlenk-likeequilibrium(Figurel).

Thblel･ComparisonbetweenLiTMPandMagnesiumreagents

entlybaseequiv.temp(｡C)yieldof3(%)yieldof2(%)

茸:諾〔
OBul)baseiequiMﾉ,鰭mp.,THF

〔鳶
1L汀MP
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FigurelSchlenk-likeequilibriumhypothesis
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Basedonthehypothesis,weapplied(lPr2N)2MgfOrD20quenchingexperimenttocheckanion

fOnnation(Ihble2).Asexpected,3equivalentoffPr2N)2Mggave77%D-incorporation(Ihble2,entry

2).WespeculatedthattheinsuHicientincorporationwasduetoprotonationbydiisopropylamine

regeneratedbydeprotonation.IIlordertosolvethisissue,(iPr2N)MgBuwasdesigned,inwhichtheBu

groupwasexpectedtoworkasascavengerofdiisopropylamine・Thismagnesiummonoamidereagent

affOrded85%ofD-incorporationwith2equivalent(Ihble2,entry3).Theresultsoffbrmylationreaction

(Thblel,entry3,4)wellrenectedtheresultsoftheseD20quenchingexperiments.

Thble2.StudyofAnionFonnationbyD20QuenchingExperiment

鴬｡..旦篭雲〔
2THF

臆.売豐r[:x:．｡*[鴬･。〔
2-M 22.,

entrymetalamideequiv.temp(｡C)time(h)D-conv.(%)')2+2-D(%)2)
L汀MP

(やr2N)2Mg

(やr2N)MgBu

３
３
２

０
０
０

５
２
２

－
。
－

1．5

2．0

14

１
２
３

％
％
％

８
９
７

５
９
９

■■

77％

85％

1)Determinedby7鼎NMRanalySiS
2)DeterminedbyGCanalysis.Theyieldof2+2-Drenectsthestabilityof2.M

Using(Pr2N)MgBuwhichwaSpreparedfifomBu2Mg,wesucceededindevelopingnewandpractical

fOrmylationprocess(Scheme2).3)Zbihebestqfo"rk7zowledge,rhiSwKzsihe/i)Wex""1Pleqf"e

"'αg"es〃"Z"ZO"Oα"1jifebej"gqpp"edro成花αα"jo〃/b""α"o"Qf"ete'onm"α"cco"mo""ds.

Additionally,eliminationoftwochromatographicstepsWasalsoachievedasresultsoftheimprovementof

thefOrmylationstepandthesuccessfillisolationof5asoxalicacidsaltwithexcellentpurity・TTledetail

oftheprocessdevelopmentwillbeintroducedinthepostersession.

SChemf2. ProcedurefOrpilotmanufacturingof4
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Re舵Ⅱ℃nces:

1.Review;Knochel,PetalAngew.Chem.Int.Ed.2003,42(36),4302andreferencescitedtherein.

2.(a)Eaton,RE.etal.ル4"z.me"1.Sひc.,1989,IZI,8016(b)ScmecklerlWetalJBO'g"e"z.

1995,60,8414(c)Shnai,M.;Kondo,Y,etalJZ"e".Wc.,匙施"Z》切"sI,2001,442-444

3.A・Kamada,M.Kubota,PCrint・Appl・WOO5/030714,2005.
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Overthepastdecades,transition-metalcatalyzedintramolecularC-N/ObondfOrmingreactionhas

proventobeanmtegralprocessfbrthefbrmationofC-N/Olinkagesmthesynthesisofheterocyclic

compounds.'Whilethereactionprovidesdesirableproductsbycouplmgofanarylorvmylhalideswithan

WOnucleophileswithextrusionofthehydrohalicacid,theoverallprocessrequiresprehalogenationstep.

ApotentiallymoreeHicientprocesswouldmvolveoxidativecouplmgofanunfunctionalizedarene

directlywithN/Onucleophiles,thusobviatmgthenecessityfOrprehalogenationofthesubstrate.Wepaid

attentiontothefactthataminoacylgoupservedasdirecmggroupmseveralonhoC-HfUnctionalization

ofanilides,andenvisagedthat,benzoxazolescouldbeproducedviao施加C~Hbondactivationand

subsequentmtramolecularcouplingwithamideoxygenoftheannides.

InordertoexaminethefeasibilityoftheTablel・Copper-catalyzedcyclizationofN-phenylbenzamide

mtramolecularoxidativeC~Ocoupling,wefirstM

ol苫，伽両畿勗O<""examinedthereactionofbenzanilidela.After

screeningofarangeoftransition~metalsources'Entrycucatalyst(mol%)Temp(｡c)Gas(1atm)Yield(%)a
solventsandtemperamre,wefOundthatthereaction

1Cu(OTf)2(20)140Air39

occuredino-xyleneinthepresenceofCu(OT92(202Cu(OTf)2(20)160Ai｢89b
3Cu(OTf)2(20)1400281

mol%)atl40｡Cunderanatmosphereofairto4CniOTMOil466250
provided2-phenylbenzoxazoleZain39%yield2MIWW,11Q2'¥

6Cu(OAc)2(20)1400211

(Ihblel,entryl).Higherreactiontemperatures7cu(cIo4)2(20)1400238
8CuCI2(20)140020

couldincreaseyield(entry2).Furtherinvestigations960BfiZOil406;O
revealedthatthedesiredbenzoxazolecouldbeaYieldofisolatedproduct.b1,2･dichiorobenzenewasusedas

soIvent.

obtainedin81%yieldunderO2atmosphereat

140｡C(entry3).WhentheamountofthecatalystwasreducedtolOmol%undertheO2condition,yield

wasdroppedto50%(entry4).Modificationofcoppersourcehadgreatinfluenceonthereactionoutcome.

ThereactioncouldproceedwiththeuseofCu(OTり,Cu(OAc)2orCu(ClO4)2,albeitwithloweryield

(entries5-7).Ontheotherhand,CuCl2orCuBr2didnotaffordanydesiredproduct,smallamountof

o-halogenatedproductwasdetectedinstead(entries8-9).Substituentdiversitywasachievedusingthe

optimzedreactioncondition(1hble2).Thereactionofbenzanilideswithelectron-donatingallWloralkoxy

goupatthe"aaorp"qpositiongavethecorrespondingbenzoxazolesinhighyield(Ihble2,entriesl-2

and9-10).Stericallydemandingorthosubstitutedsubstratesprovidedthecorrespondingbenzoxazolesin
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moderateyield(entriesllandl2),indicatingthat

stericcongestionaroundtheamidedecreasesthe

reactioneHicacy.

Thepresenceofeitherhalogenor

electron-withdrawinggoupswastoleratedbut

resultedinslightlydecreasedreactivityandsome

recoveredsubstrate(entries4-8andl6).The

regioselectivityofthecyclizationmarkedlydepends

onthearenesubstiments・Thus,C~Obond

fbrmationtookplaceexclusivelyattheless

stericallyhinderedpositioninthereactionof"1e"

methyl-ormethoxy-substitutedaI血des,togive

2-'disubstitutedbenzoxazoles(entries9andlO).

N-(Naphthalen-2-yl)benzamidealsocyclized

exclusivelyatthelessstericaUyhindered6-position

(entryl3).Ontheotherhand,thesubstratewitha

pyrrolidme-2-onegoupatthe"emposition

cyclizedatthemorestericallyhinderedpositionto

give2-7-disubstitutedbenzoxazoleasthesole

productin81%yield(entryl5).Similarresults

wereobtainedmrthesubstratewith"le"

methoxycarbonylsubstituentwhichcyclized

exclusivelyatthe2-positionoftheanilidetogive

2-7-disubstitutedbenzoxazoles(entryl6).

Substimentdiversityofthe2-arylgroupwasalso

achieved.Fromthereactionsofvarioussubstrates

withsubstituentsatp"qqpositionofthebenzamide

Table2・Synthesisofsubstituted2-arylbenzoxazoles.
H
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aYieldsofisola!edproduct.bWith41%subsiraterecovery.cReactiontime=48h
bWilh39%substraterecovery.

ring,thecorresponding2-arylbenzoxazoleswereobtainedingeneraUygoodyield(entriesl7-22).

Thiophen-2-ylgroupringcouldalsobeintroducedattheC2positionofthebenzoxazole(entry23).

Insummary,wehavedevelopedanovelcopper-catalyzedintramolecularoxidativeC-Ocoupling

reactionfOrtheefficientsynthesisof2-arylbenzoxazolesfromreadilyavailablebenzanilides・Thecatalytic

cyclewasachievedbyuseofmolecularoxygenasterminaloxidantthatproducewaterassoletheoretical

by-product・Sincethisapproachshouldofferadvantagesinturmsofsimplicityandperfonnance,including

lowcost,harmlessnessandhighregioselectivity,itmayadequatelycomplementthecommonlyused

proceduresfbrthesynthesisofbenzoxazoles.

1)G・Evindar,R.A.Batey,｡IOFgChe"7.2006,71,1802;G.Evindar,R.A.Batey,OgLe".2003,5,

133.

－127－



1P-15

PhotocuringofAclylatedDendrimer

Syang-PengRwei*,

InstimteofOIganicandPolymericMaterials,

NationalTaipeiUniversityofTbcmolo圏ら
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Abstract

InthissmdybPDSCwasutilizedtomomtortheUVcuringprocessfbrdendrimerandlmear

oligomerwithvariousacrylatedgoups.Experimentalresultsshowthatevenwithinaslight

mcreaseofMWfbrthelinear-ypeoligomers,aremarkablemcreaseinviscosityagainstthebranch

numberwasobserved.Incontrast,adendriticoligomercontaimngthesamenumberofbranches

doeshavemuchlowerviscositybFurthennore,theconversiOnofhydroxylgroupsintoacrylicgroup

fbrthedendritic-typeoligomerwouldmakethevisCosityslightlydecreaseduetotheextinguishing

ofthehydrogenbonds・RegardingtotheeHectofacrylatedbranchnumberonthecuringreaction,

theconversionandcuringratewasfbundtoincreasefirstandthenreachesthemaximumatthe

numberof5.Theaccelerationofdoublebondreactionwihnadensegroupofmultiacrylatesites

causestheimtialrise,howeveI;thestericeffectofthebranchestohinderthesimultaneous

hFee-radicalpropagationresultsmanegativetendencyasthebranchnumberfilrthermcreasema

curingprocessofdendrimers.Finallyltheinhomogeneityofcrosslinkingdensityfbrdendrimers

causelesshardnessandlowerTdvaluesthanthelinearones.Nevertheless,cureddendrimerwithl9

acrylatedbranchescanprovideafilmwithlowviscosityisatisfiedhardness(6H),reasonableTd

(290｡C)andsuperiorrefiPactiveindex(1.5).

KaywoJ曲:UVcuring,Photo-DSC,linearoligomer;dendrimelBacrylatedbranchnumber
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AsymmetricSynthesisofCyclicAza-Morita-Baylis-HillmanReactionProducts

UsingPd-DIAPHOXCatalystSystem

TbtsuhiroNemoto,*ThkashiFukuyama,KazumiKakugawa,YukoMaruyama,and

YasumasaHamada

GraduateSchoolofPhannaceuticalSciences,ChibaUniversity

l-33,Yayoi-cho,Inage-ku,Chiba263-8522,Japan

tnemoto@p.chiba-u.acjp

Catalyticenantioselectiveaza-Morita-Baylis-Hillman(aza-MBH)reactionprovidesfimctionalized

chiralallylicamines・Tbdate,severalasymmetriccatalystsfbrintennolecularaza-MBHreactionhave

beendeveloped.Incontrast,therearenoI℃portsofacatalyticasymmetricintramolecularaza-MBH

reaction．DeracemizationofcyclicMBHadductderivativesusingPd-catalyzedasymmetricallylic

aminationisanalternativestrategytosynthesizechiralaza-MBHadducts・IThesebackgroundsiedusto

examinethistypeoftransfbnnationusingPd-chiraldiaminophosphineoxide(DIAPHOX)catalystsystems.

Inthispresentation,wereportageneralandhighlyenantioselectivesynthesisofaza-MBHadductsusing

Pd-catalyzedasymmetricallylicamination､2

WefirStSeleCtedaSymmetriCallyliCaminatiOnTablel.OptimizationofiheReactionConditions
of2-methoxycarbonyl2-cyclohexenolderivatives2

OOCOOM･"Ww%)".nM<withbenZylamineasthemodelreact1on,becauseMeo人人BSA(3equiv)oHN/､PhM.｡人人
●

｣℃ 人CMeO

0

thecyclicproductssuchas3aarenotreadily.~/SW;M'(6MZrH)に〆thecyclicproductssuchas3aarenotreadilycH3cN(0.2M),24h
2-..｡~･.､~.=".''.~...(S)-3a

accessibleusingtheasymmetricaza-MBHreactionentryDIApHoxtcmp.yieldee

熟毒繋離醗鵬､Ⅷ灘灘・
難竜＃鑿簔鵜

鄙

derivative(31%ee)wereusedassubstrates,allylic7'
8b

aminationofcarbonatederivativeZproceededin
1a:X=H,Y=H,R=C6H5 1d;X=CFj,Y=H,R=C6HS

thepresenceof2.5mol%of[773-C3H5PdCI]2(5 1b:X=H,y=H,R=1-naphthylle:X=OCH3,Y=H,R=C6HS
1c:X=H,Y=H,R=2-naphthyllfEX=OCH3,Y=OCH3,R=CbH5

mOl%OfPdCatalySt)andlOmOl%Of(SRp)-1aat95mol%ofthcPdcaialystandlOmol%oflwcrcuscd.
62mol%ofthePdcatalystand4mol%oflwereused.

4｡C,affbrding3ain91%yieldand87%ee.The

effectoftheligandstructurerevealedthattheintroductionofelectron-donatinggroupsontothearomatic

ringsattachedtothenitrogenatomsincreasestheenantioselectivity,andthe3,4-dimethoxy-typeligand

(S;Rp)-1fwasbestfbrasymmetricinduction.Moreover,enantioselectivitywasincreasedwhenthereaction

wasperfbnnedatalowertemperature.Using2mol%ofPdcatalystand4mol%of(SIRp)-1ficyclic

product3awasobtainedin99%yieldwith99%ee(ently8).

Havingdevelopedefficientconditions,wenextexaminedthescopeandlimitationofdifTerent

substrates.When2mol%ofPdcatalystand4mol%of(SiRp)-1fwereused,asymmetricallylicamination
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of2usingvariousaminesproceededefficientlytoprovidethecorrespondingproductsinexcellentyield

andenantiomericexcess.Othercyclicsubstrateswithafive-memberedringandaseven-memberedring

werealsoapplicabletothisreaction,affbrdingthecorrespondingchiralallylicaminesin91%eeand84%

ee,respectively.Furthermore,asubstratewithanitrilegroup,aswellastheWeinrebamide-typesubstrate,

couldbeutilizedfbrthisreactionsystem,givingthecorrespondingpmductsinexcellentyieldand

enantiomericexcess.Inaddition,asymmetricallylicaminationofl,3-diphenylallylcarbonatede㎡vative

proceededat4｡Ctoprovidethecorrespondingproductin89%ee.

'IbdemOnStratetheUSefillneSSOftheSeChiralallyliCSchemel.DiastereoselectiveModifications
amines,severaldiastereoselectivemodificationswel℃ pd(OH)2-C

QNHZLDA

翼ざ
H2,then

perfbrmed(Schemel).Botholefinhydrogenationand3aZggZ型哩MeO｣''･allylbromideO弓雨:一88％

debena/lationof3ausingPd(OH)2-C,fbllowedby4~/(dr=13:')5（dr＝13:1）

protectionof!heresultingfi･eeaminewitha')"9WHTopd(oH)2.c9hIHTol)TSCI
NEt3

」も上;『側･･もcarbobenzyloxy(Z)group,affbrdedthecyclic3b且ｪa-MeO
98％

α""-6-aminoacidderivative4in88%yieldasasingle(2sieps)6~z(y"=5:');（2sにps）（SW7:an〃＝5:1）

diastereomer.Ontheotherhand,protectionof3bwitha ONHBn9WHBnTBHP

拍器:誤”姑
PhMgBr

3h-=-Ph
tosylgroup,fbllowedbytreatmentwithTFA,gave3h-W

α,6-unsaturatedester6in98%yield.Thisproductcould

betransfbrmedintothecyclicS)"'-6-aminoacid

derivative7withgooddiastereoselectivity(S)ﾉ":α"〃＝

5:1).Theusefilinessofthesecompoundswasfilrther

1）

Ns 2）

OHNBn

負鐵
Ph

"･H21"e,
OBnN-Ns

無 ”
、

demonstrated､Anerthefbnnationoflithiumenolateof4,

diastereoselectivealkylationwasperformedusingallylbromideasanelectrophile,afFoIdingtheproduct
withanall-carbonquaternalystereocenterin73%yieldwithhighdiasteleoselectivity(dr=13:1).Weinreb

amide-typeadduct3hreactedwithaGrignardreagentat-40｡Ctoprovidethecorrespondingenone8in
99%yield.ThisenonecouldbeconvertedintoU,6-epoxyketone9andS)′"-α""-1,3-aminoalcohollOina

highlydiastereoselectivemannerblnaddition,conversionof8intoaノVEnosyl-protectedcompoundll,

fbllowedbytreatingwithNaBH4,gaveq)"7-qy"-1,3-aminoalcoholl2withexcellentdiastereoselectivity.

References.l)TroSt,B.M.;OsIob,J.D.』J4m.C〃e"？."c.1999,ノ2ﾉ,3057.2)(a)Nemoto,T;Fukuyamar;Yamamoto,E.;

Tamura,S.;Fukuda,T.;Matsumoto,T.;Akimoto,Y.;HamadaY.OPg.Le".2007,9,927.(b)Nemoto,T.;Tamura,S.;Sakamoto,

T.;HamadaY.submitted.3)Nemoto,T.;Masuda,T.;Akimoto,Y.;Fukuyama,T.;Hamada,Y.OIg,Le".2005,7,4447.
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Pd/PEI:Partialhydrogena伽ncatalystofalkynestoalkenes

ShigekiMori,*'IbmoyukiOhkubo,Takashilkawa,AkiraKume,TbmohiroMaegawa,YasunariMonguchi

andHironaoS可iki

LaboratoryofMedicinalChemistlMGifilPhannaceuticalUniversity

5-6-IMitahora-higashi,Gifil,502-8585,Japan

yakuhin@gifU-pu・acjp

Theselectivepartialhydrogenationofalkynestoalkenesrepresentsanimportantclassofchemical
transfbnnationsthathavefbundextensiveuseintheconstructionofenonnousbioactivemolecules,natural

products,industrialmaterialsandsoon.Theimportanttransfbrmationhasmainlybeenaccomplished
underordinalyhydrogenpressureatroomtemperatureusingheterogeneoustransitionmetalcatalystssuch

astheLindlarcatalyst[Pd/CaCO3-Pb(OAc)2inconiunctionwithquinoline]',Pdc2,phosphinatedPIPd3,
Aunanoparticle4,andNinanoparticlesstodatealthoughthesmoothover-reductionofZgZIgFsubstimted

(tenninal)allO'nestothecorrespondingalkanesusuallyproceeded.Therefbre,muchattentionhasbeen
attractedfbrthedevelopmentofnovelpartialhydrogenationcatalystofallO'nes(including

"o"o-substimtedalkynes)toalkenesthatcanprovideexcellentselectivitywithoutanyadditivesanq/or

pretl･eatments.

Recently,wehavedevelopedchemoselectivehydrogenationmethodsbytheadditionof
nitl･ogen-containingbasesasacatalyticpoisontothereactionmedia､6Moreover,wehavedevelopedthe
palladiumoncarbon-ethylenediaminecomplex[Pd/C(en)]asanisolablechemoselectivehydrogenation
catalyst.7DuringourfilrthereffbrttodevelopanewPdcatalystfbrthehydrogenationpossessingthe

FigurelStructureofPEIdifferentchemoselectivity,wefbundthatpolyethyleneimine(Figurel:PEI,

汁 十branchedpolymer,averagemolecularweightapproximately25,000)isfi､*H, iCHzCH,likelytobeagoodcarrierofhighlypoisonedPd(0)metal.Thus,wemadea
CH2CH2NH2

challengetodevelopPEI-poisonedPdcatalyst[Pd(O)-PEIcatalyst]fbrthe

partialhydrogenationofalkynesincludingbothJwo"o-anddiesubstimtedalkynestoalkenes.8
AfterthedetailedinvestigationfbrthepreparationofthePd(0)-PEIcatalyst,wedevelopedthegeneral

preparationmethodsthatwereindicatedinSchemel，First,theMeOHsolutionofdeaerated-PEIwas
pouredintotheroundbottomflaskcontainingPd(OAc)2underAratmosphere.Next,theresulting
rust-coloredsolutionwasstin℃dunderH2atmosphereatroomtemperamrefbr24handthesolution

graduallychangedthecolortoblack.Afterconcentration腕vac"o,theblackgummy5%Pd(O)-PEI
catalystwaSobtained・WhenthecatalystwasappliedfbrthehydmgenationofdYEsubstitutedalkynes,the
partialhydrogenationproceededwithexcellentselectivityregardlessofallO/loralylsubstituents(Figure
2)．
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SchemelPreparaUonMethOdofPd(O)･PEICatalyst

①ハ
山の’

(OAdrPEI-MeOH
ution(rustCdmed)"1.De

1.n,24h
一

2CO雁e､廿載“

5%Pd(O}PEI
catalySt

(dack)Q④

hydrogenationof"Io"o-substituted(tenninal)WenextappliedthePd(O)-PEIcatalysttothepartial

alkynes(Figure3).Amazinglybavarietyof

〃o"o-substitutedalkynespossessinganalkyloralyl

groupwereselectivelyhydrogenatedtoalkenesalthough

thesolvent-tuning(additionoruseofthecoordinating

soIventsuchasdioxane)wasnecessaly.Furthennore,

otherreduciblefimctionalitiessuchasMCbzprotective

group,benzylesteI;ben"letherandO-TBSgroupcould

universallybetoleratedunderthehydrogenation

conditions.8

I Figure2
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DesignandConstructionofBiocatalystfbrMultistepReaction,

andDevelopmentofBiotransfbrmation-OrganicSynthesisCompositeProcess

-ProcessDevelopmentofChirallntermediate(EAL)-

MotokoHayashi,*a)NorihiroKimoto,;')HiroakiYamamoto,Kiyoshilkura,NaohiroHashikawa

LifeScienceDevelopmentCenter,CPICompany,DaicelChemicalIndustries,Ltd.

1-1Shinko-cho,Myoko,Niigata,944-8550Japan

biochem@daicel.cojp

a)CorporateR&DCenter,R&DManagement,DaicelChemicallndustries,Ltd.

1239Shinzaike,Aboshi-ku,Himeji,Hyogo,671-1283Japan

EⅦL(M[1-(S)-(ethoxycarbonyl)butyl]-(S)-alanine)isanimportantintermediatefOranACEinhibitor,

whichismadeupofopticallyactiveunnaturalaminoacidL-norvaline(L-Nva,(S)-2-aminopentanoicacid).

WedevelopedeconomicalprocessfbrEVALwithanericientprocessfOrL-Nvausingbiocatalytic

reactionsbynoveldesignedrecombinantmicroorganism,fOllowedbychemicalsyntheticsteps.

1．L-NvaPmcess

WeworkedoutourstrategyfOrenzymaticderacemizationofDL-aminoacid・StartingfromDL-amino

acid,D-aminoacidisconvertedintoL-aminoacid,whereasL-aminoacidremainsunchanged,togive

L-aminoacidintheoreticallylOO%yield.IncaseofL-Nva,ithasadditionaladvantagesbecausethe

DL-aminoacidiscommerciallyavailableatalowprice.ConversionofD-NvatoL-Nvacanbedivided

intotworeactions,oxidativedeaminationofD-Nvatocorrespondingketoacid,2-oxopentanoicacid

(KVA),fOllowedbyreductiveaminationortransaminationofKVAtoL-Nva・Weplannedtodesign

novelbiocatalyst,whichcanperfOrmthesereactionsbymultipleenzymesysteminsinglecell.The

processwouldbethemostefficientbecausewecanconductthereactionwithgoodreproducibilityby

one-timecultivationofsinglemicroorganism.

Our､rategyismadeupoffOurtacticsandeachtargethasbeenachievedasfOllows:

1)D-aminoacidoxidasefOrthefirststep;ScreenedandfOundfromCα"didaboj"j"〃(CbDAO),

2)L-phenylalaninedehydrogenasefOrthesecondstep;ScreenedandfOundfrom刀Zer"ZOQC""oﾉ"yces

"er"ledi"s(TiPheDH),

3)Solventresistantenzymewhichregeneratecoenzyme(NADH)andisessentialfOrthereductive

amination;SelectedmodifiedfOrmatedehydrogenasefromM'cobaaer"mvqcc"e(McFDH),and

4)Catalase,whichdecomposehydrogenperoxidethatdegradesNva;Introducedgeneofcatalase.

WeconstructedaplasmidexpressingthesefOurgenesofenzymes,andintroduceditinto&cﾉze"c〃αco/j

HB101.AlthoughallfOurenzymesexpressedwithhighefficiency,ourinitialattemptofderacemization

usingthisrecombinantEco/iresultedL-Nvainonly70%yieldremainingl2%ofKVA・Weassumed

thatthisisbecauseofdifferenceofrequiredreactionconditions.Oxidativedeaminationrequiresoxygen,
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whereasreductiveaminatiOniscarriedoutunderanaerobiccondition・So,thereactionconditionswere

optimized,inwhichtheoxidativedeaminationtoKMヘwasperfOrmedunderaerobiccondition,andthen

aerationwasstoppedfOrreductiveaminationtoL-Nva.Asaresult,reactionyieldwasimprovedin90%

yieldwith>99.9%e.e.WealsodevelopedpurificationprocessfromthereactionmixturetogiveL-Nva

ofhighpurityinhighyield.

DL-Norvaline

1)D.4minoacidNH

ﾗ梁宰-ヘノLC｡｡H
2)L･Aminoacid

／～i、dehydog…eWH'
ア了COOH7~T/YeFCO

KVA'､L･Nva

H20NLNADH,NfM･H20,NAD.

’cO2--HcooHLLcO2HcooH

へ災も｡｡Ⅲ
D-Nva

OH

O2 H2O2

1~｡
H20+0･502

WH2
言

／、／~COOH
L-Nva

3)Formate

dehydrogenase
(soIventresistanり

A erobic一Anaerobic

- -－－§一一C onditionCondition

Figu1℃1.DeracemizationofDL-NvatoL-Nva

2．EVALProcess

EVALwasderivedfromL-NvabytheprocessshowninFigure2atpilotplantscale.

Inourscale-updevelopment,thereweresomeissues.Oneofthosewassafetyissueatthecouplingof

L-Nva-OEtwithD-LA(OTb)-OBnwhichisaderivativeofD-lacticacid.Inourlaboratoryprocess,

D-LA(OTb)-OBnwasaddedintoL-Nva-OEtatonetimeandthereactionwasconductedwithnosolvent.

Itwasdifficulttocontrolreactionspeedwithproperheatremovalatlargescale.Fortheissue,we

succeededtomodifysomereactionconditionstoassuresafetywithkeepingthereactionperfOrmance.

AnotherissuewasdiastereomerfOrmationatthecoupling.ThereactionwentbySN2atq-positionof

D-LA(OTb)-OBntogive(SiS)isomer,butsome(S;R)isomerwasfOrmed.inaddition,amountofCR)

isomervariedbyunknownfactor,whichhasn'tbeencertainyet・WetriedtoreducethefOrmationof(S

R)isomer,andSimultaneouslysoughtaltemativeresolutionS・Asaresult,weestablishedarobust

crystallizationprocedurefOrEVALtoremoveundesireddiastereomerefficiently.
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－ － 言
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Figure2・ManufacturingProcessofE,偽L
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IndustrialScaleApplicationofUmicore'sLeadmgEdgeCatalysts&Tbchnologies

YoshiakiHoriguchi*

PreciousMetalsChemistrybUmicoreJapanKK

AoyamaBuilding5ihflool;2-3Kita-Aoyamal-chome,Minato-ku,TblOﾉo,107-0061,Japan

yoshiaki.horiguchi@ap・umicore.com

Umcol巳isaninternationalgroupfbcusingonmetalsandmaterialssciences・ItsBusmessUnitPrecious

MetalsChemistrymanufactur･esandprovidesworld-widebulkscalepreciousmetalchemicalsand

catalysts,alOngwithcustomisedmetalseparationandrecovelytechnologies,allowingitsCustomersto

developreliableandcosteffectivereactionprocesses・Inthispaper;wewouldliketoShowthreeclasses

ofourhomogeneouspreciousmetalcatalysts,whichisdedicatedtomdusmalapplicationsinlife
science/hnechemicalmdu§tries.

1.mghlyActiveNHeterocycncCarbene-PdCatalystsfbrVariousCouplingReactions

Umicorehasdeveloped,mindusmalscales,N-heterocycliccarbene-Pd(NHC-Pd)catalysts,NeolystTMCX
series,licensedbyMatthiasBellerandSteveNolan.

｡｡Y●、
曇孚認

C1－門－0

α，
PEPPSI

@R@

、ぶ~″ ‘劇、

CX11 CX21CX23CX31 CX32 CX41

ThesecatalystsexhibitveIyathFactivepropertiesandcatalyticperfbnnancesfbrprocesschemstsas

fbllows:1．airstablebothduringstorageandreaction,2．simplecatalysisprotocolswithouti"s"

preparation,3.veryhiglcatalyticperformanceingeneral,4.verylowcatalystloadingpossible,uptolO

ppmtothesubstrate,5.versatilecouplingreactionspossible(Suzuki-Miyauracoupling,Kumadareaction,

Negishireaction,Heckreaction,carbonylation,ketonearylation,Buchwald-Hartwigamination,etc),6.

broadrangeofarylhalidesapplicable(Ar-Cl,Ar-O'Iband,Het-Cl),7.robust,reproducibleprocess

possiblewithoutvigorousail暹廿eeoperations,8．potentiallyeasywork-upfbrremovalofPdresidue.

FollowingtablesshowsomeexamplesofSuzUki-MiyauracouplmgandBuchwald-Hartwigamination.

…けgfuC鰯1
0“咽写‘

Koa8
、puj.”陣m

-Q_f-､-%_C-"､"｡':e-GR,…C－”-G月,……""…
AP

RRA職"・('1.贈酷Gh ぽC-GR,…g…g'“p麺…
…1⑧….創些砲

”･C

厩，西国9‘殖⑮9V中1．b8．~師ALX…垂．
O號甲A焼X恥'画vca函 I“、画仇ly心臓】‘…罰

､酷．韻一が

｡q｡-･8"

旧 83

｡。，‘｡,,oece
↑

鞄・沁○鳶》-働細｡，2

H II

３
秒

１
１

３
ｍ
邸
ｃ

両
、

回

》

崎 鯛
蛭

1 s梨

~ 裁 T ■ c x 詞 391

'『､cCQ("･蝿｡-。『鰯c-C-O|." 恥get““輯t“画基Md*浄曲1T,副”･･恥c亜紀.1.“即誼1K0曲』‘9.9m画･edLg'､“

'動』証ゆa卸1mLo9率幼dYm煙av｡…｡｡t堀』‘”亀

唖
α

・
願

－
１
晒

函
輌

沖
垂

》
郵

一
》

Ｇ
Ｏ
■
‐函

ｄ垂》
幽

唾託
函

郊
唖

唾
秤

一
睡、

当

》
《
》

－136－



Q・㈲曾刷”
0 鳳璽NCt｡

【団(1…》

KO唾DME

『､0m鯨、”fat画9 《=》-"‘“雀 0脚〈卿’
R2

ｎ

｜
》

錘ｃ”
》

a･ylnalaoaminocqLMi'pg',P℃y'"(%)a
Im剴兜）

一一町■一一一一一一一1－■可由一■…■一一一一一一

1m雨1m

dq"CM.,":
…？釦卜餌⑨

GCC蜘
一趣I癌 1…

i先)E
p『0.画ChIOrI的amme

咽
“

、
〔
Ｏ
〕や

り
や

Ｃ
Ｃ
Ｃ串

〔
紬
〕

ＣＨ

C X 215h

CX認2．5n

CX3 12h

CX型釦恥、

的
的
噸
、

画
埋
卿
煙

Ｃ
Ｃ
Ｃ
Ｃ

評
醸
伽
畑

20h

20h

5h

5min

も

船
津
一

｜｜
I

１
１

１
吋
唖
唖

15mm

1h

釦卜

“卜
。

”
”
ね
銅

dc,"Icc
泌
錘
画
煙

Ｃ
Ｃ
Ｃ
Ｃ

海
野
髄
”

2Ch

l5h

6h

1．5h

－

錘

睡１
０●

■
■
０

●℃

●

《
釦

侭
梱
一

や
》
》

》
画

》

Ｍ

ぶ
り

《
碗
一

》
釦
吋

Ｒ
、
価

JReMmmc"dmofB:aMChlOn"，1,,.:am“､1.1mm01;…yBimCXc錘副輝&1m創%:KOBU
1.1mmol:DME.1mL.blsola!gdytgl".amrageo1TwonJns.WolurthorCOnv""on

「

2.Ru-BasedMetathesisCatalysts

ThereareaseriesofRuごbasedmetathesiscatalysts,NeolystTMMseries,伽mthefirstgenemtiontothe
thirdgeneration.ThesecatalystsexhibithighperformancesinROMP,RCM,andCMapplications,
comparabletotheGrUbbscatalysts.Umicoreoffersuserfiendly正includedsupplyBresultingmroyalty
ffeeusagefbrtheconnnercialproduction.

-く比

鱗寡霞一、』会穿
Cl

こ〕 C
“

M41M2 M3M1

’

3.PreciousMetal-LigandComplexesfbrHigmyEffectiveAsyn皿netricHydrogenations

Umicorehasexpertisetodevelopandmanufacturebroadrangeofpreciousmetal-ligand(ML)complexes,
ChiralystTMseries,asdepictedbelowinindusmalscales.Thistechnologywouldenableprocesschemsts
todevelophighlyeffIcientasynnnemchydrogenationprocesses.MLcomplexesprovideyouthe
fbllowingbenefitscomparedto加s"〃systems:1.potentiallyhigher%ee,chemcalyield,s/candlessside

reactions,2.enhancedstabilityofMLcomplexescomparedtopreciousmetalprecursorsandchiralligands,
3.simplifIedprotocolwithout"s"〃catalystsfbnnation,4.mcreasedprocessstability:robustprocess,5.
potentialbettercostperfonnancecomparedto加s""system.
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ControlofPrmalyNucleationfbrOrganicSubstancebyUltrasonicIrradia伽、
●●●

*IzumiHirasawa,TakanoriKodera,NaokiKommami,,MasahiIoKumtani

MajorinAppliedChemistxybGraduateSchoolofAdvancedSci.&Engr:,WasedaUniversity@

3-4-1,OhkUbo,Shinjyuku,Tbb'ol69-8555,Japan

izumih@wasedajp

Thepurposeofoursmdyistoundrstandul#asonicprimarynucleationphenomenafbrconrollmgfinal

productsizeviathenumberofprimarynuclei.

InourprevioussmdMtheeHectofultrasoniciITadiationonthenumberofnucleiwasmvestigatedmthe

samesupersaturatedcondition,asal℃sulttwonovelphenomenawereobserved.Firstlybtherewasaregion

whereulhasomcinadiationinhibitsprimarynucleation.Secondly5aspecificamountofenel圏'wasneeded

toactivateprimarynucleation.Fromtheseresults,itwasexpectedthattheultmsonicenerarneededto

activateprimarynucleationhasacertainrelationtotheenergynecessaIytofbnnastablenucleus.

T11eremI℃,wemvestigatedthethreequeries;whetherulUasonicinadiationinhibitsandactivatesprimary

nucleationatotherdegeesofsupersaturationornot,whetherthefinalcrystalsizerelatestothenumberof

nucleiornotlandwhethertheultrasonicenerg/neededtoactivateprimarynucleationrelatestodleenerg/

necessarytofbrmaStablenucleus,ornot.

BatchcoolmgcrystallizationexperimentsweredonetoobservetheeHectofsupersaturationand

ultrasoniciITadiationconditions(outputantirradiationtime)onmductiontimefbrprimalynucleation,

numberofcrystalsandaveragesizeofproductcrystalsmoIganicsubslancesystem.

Firstly5ultrasonicilTadiationinhibitsandactivatesprimarynucleation,detenninedbydegreeof

supersaturationandultIasonicinadiationconditions・Secondlyblhefinalclystalsizemcreasedordecreased

duetothenumberofnuclei,whichcontributestothequalityofploductcrystals.Therefbre,itwas

mdicatedthatutrasonicenergycouldcreateadesiredcrystalsizebyobtammgsuitablenucleation.

Thirdl)ftheultrasonicenegyneededtoactivateprimarynucleationEcrfrdecreasedwithdecreasesin

theenegynecessarytofbnnastablenucleusAGc,fr.Fromthisresult,wecanproposethecriteriato

detennmetheeHectofultrasoniciITadiationontheprimarynucleationbyshowmgthediagams

correlatingAGcri!withEcri!(Figurel).

ThiskindofrelationshipwasrecoglizedinAIginme,Vanillin,andEthylParaben,andcorrelatedinthe

samefigure,althoughthetendencieswerediHeremaHectedbythekindsofsUbstances,Fmperatureand

volumetricratioofsolvem.EffectoftemperatureandvolumetricrationofsolventiaconsideredtoaHect

notonlysuersamrationlatio,butalsocavitationeneIWb

Andapplicationofsono-crystallizationisalsodiscussed・Sono-cIystallizationprocesshasbeendeveloped

byProsonixCo.,LtdmEngland,andmanyexpermentsweredonetoverifiﾉtheapplicabilitytothe

phamlaceuticalfield.AuthorsstartedcooperationsmdywithPI℃sonixCo.,Ltd..Authorshaveproposed
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thesono-clystallizationprocess,asshowninFigure2
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DMEAD:ASeparation-FriendlyReagentfOrtheMitsUnObUReactiOn

KazutakeHagiya,*､''2YasuhiroSakamoto,IMasaoMiyatake,'HikaruTanaka,'Hideki'Iatsumi,'

ThkashiSugimur32

/C/Ie"7jcqZsRese"℃力Ce"reJ;ThyoK上zseiK咽′oCo.,LJZf

2900,""e-C"o,乃knscgo-C収めOgo,676-0082,J上やα〃

【股L.･

2GmdzJ"e配〃OOﾉqf""eriq/Sbie"ce,[ﾉ"iversi"qが加go

Simpleseparationprocessisindispensableinfinechemicalproductioniftheta唱etproductis

accompaniedwithalargeamountofco-products.Removalofco-productsisgenerallyachievedby

extraction,reclystallization,distillation,orcolumnchromatography.Amongthesemethods,column

purificationisusefillinalaboratoly.smallscalesynthesis.HoweveITitmaynotbeemployedfbralalge

scaleproductionbecauseofproductivity,cost,andenvironmentalissue.TheMitsunobureactionis

popularwithoIganicchemiststosynthesizephannaceuticals,agrochemicals,andbioactivenatural

products,buthastheco-productproblem・Thisreactioniscarl･iedoutwithastartingalcohol,a

pronucleophile(carboxylicacids,phenols,thiols,imides,etc.),triphenylphosphine,anddiethylor

diisopropylazodicarboxylate(DEAD,EtOOC=N=N-COOEtorDIAD,iPrOOC=N=N-COOjPr)togivethe

correspondingproduct・Thespecialfeatureofthel℃actionisthecompletestereoinversionatanalcohol

fimction.Howevel;astoichiometricamountoftriphenylphosphineoxideandthehydrazinedicarboxylate

fi･omDEADorDIADisalsogenerated,whichcausetheincreaseofproductioncostandenvironmental

burdeninala唱escaleproduction.EspeciallyDremovalofthehydrazinedicarboXylatefromDEADor

DIADisdifficultfbrthereasonofthemoderatesolubilityinsolventsandpolaritybTbcircumventthis

problem,manyseparation-friendlyreagentsalternativetoDEADandDIADhavebeendeveloped.(')'(2)'(3)

Stillthesemethodshavetheproblemsincostandavailability.

Here,wehavedevelopedDi-2-methoxyehylazodicarboxylate(DMEAD,1)asthenewMitsunobu

reagenttosoIvethisproblem.Co-produceddi-2-methoxyethylhydrazinedicarboxylate(2)iseasily

Oseparablebyextractionwithwaterandisreusabletoproduce

DMEAD.(4)DMEADhasbeencommercializedbyTbyoKasei/O､/~O八N.NTO~/~O/
KogyoCo.,Ltd.inJapan.Inthepostersession,wewillO

DMEAD(1)describethephysicalproperty,applicationfbrtheMitsunobu
Figurel・StructureofDMEAD(1)

reaction,andtheadvantages.

DMEAD(1)iseasilypreparedintwostepsfi･omhydrazinehydrateand2-methoxyethylchlorofbnnatein

goodyield(Schemel).Thesolubilityof2,whichisalsoaco-productintheMitsunobureaction,isvely

goodinwater(0．55g/mL)incomparedwithchlorofbrm(0.25)andethylacetate(0.l),etherandtoluene

(<0.01).TheobservedsolubilitysupportsourmoleculardesignintendedtoseparateZafterthereaction

byextractionwithwaterb
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SChemel・PreparationofDMEAD(1)

ThedecompositiontemperatureofDMEADisTablel・DSCanalysisofthereagents
Decomposition

Reagent Ener圏/

Temp･(｡C)(J/g,EX5fi;mic

lowerthanthatofDEADandDIADbyDSC

(Differentialscanningcalorimetly)analysis(Thble

l.),buttheclystallineDMEADmusthavean
DMEAD(1)210930

advantageinthestabilityatrt.Infact,DMEAD DEAD2271090

maintaineditscrystallinefbrmfbrmorethanthree DIAD2491000

monthsatrtandoveroneyearat5｡C.

TheusefillseparationandreuseprocessoftheMitsunobureactionwasdemonstlatedbyusingDMEAD

(Figure2.)asfbllows:toasolutionof(S)-2-octanol(2g,15.4mmol)of96%enantiomericexcess(ee),

benzoicacid(16.9mmol),andtriphenylphosphine(16.9mmol)indiethyletherwasaddeddropwisea

diethylethersolutionofDMEAD(16.9mmol)atrt.Aftertwohours,thereactionmixturewaswashed

withwatenandtheaqueouslayerobtainedwasre-extractedwithdiethylether.Theaqueouslayer

containedonlythehydrazinedicarboxylate2,andrecovelyofsufficientlypure2toreusewas

accomplishedbyasinglereclystallizationin75%yield(basedontheemployedamountofDMEAD).

TheoIganiclayerwasdried,concentrated,andsuspendedinhexane.Afterthefiltrationofthesluny,

79%yield(basedontheemployedamount)oftriphenylphosphineoxidewasobtainedasaclystalline.

ThefiltratewasconcentratedandpurifIedbyashortcolumnchromatographytogivethe(R)-benzoate

productin89%yield(96%ee).

WecouldovercometheseparationissueoftheMitsunobureactionbythemoleculardesignofDMEAD.
SholtColumnReaction__Filtration－－－－．

OCOPh

C6H,$

96%ee

89%yield

OH

/~C6H13

96%ee

inether
+PhCooH+pph3｣E_gmgL

(1.1equiv.)(1.1equiv.)

＋

JII

Oﾉ95
_→"Lave

b光(>99％F
，鼻穴■炉内、面凸ﾓニ

I

XaneI【』rl』、PHI呪,『

9％yleld
.n肌、I』rF

O 9H O=PPh3

/○一0人N"NTO-O>/o－｡JLNNYo-｡/O

DMEAD(1,1.1equiv.) Hydrazine2

Figure2・AprocedurefbrtheMitSunobureactionbyusingDMEAD

Reml℃nces:(1)Forreviews,see:R.Dembinski,Ej"gJRqgCbe"7.2004,2763;S.Dandapani,D.R

Curran,C"eﾉ".E"脆仏2004,10,3130.(2)J.C.Poupon,A､A.Boezio,A･B.Charette,""g琶収C〃e".,"M

Eヒメ2006,45,1415.(3)B､H.Lipshutz,D.W.Chung,B.Rich,R.Corral,QgLe".2006,8,5069.(4)

Preliminalyresultswerereported.T.Sugimura,K.Hagiya,Che"7.Le".2007,36,566.
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AnEmcientSynthesisofthePKCPlnhibitorJTT-010UsingaNovelCyclopropanemng

OpeningReactiOnwithIndOle

Takashilnaba*,MasahiroTanaka,MmoruUbukata,TakahlmiMatsuo,KatsutakaYasue,

KatsuyaMatsumoto,YasuyukiKaimoto,TakashiOgo

CentralPhannaceuticalResearchInstimte,JapanTobaccoInc.

l-1,Mulasaki-cho,TakatSukiOSaka,569-1125,Japan

takashi.inaba@imsjti.cojp

WerecentlyidentifiedJTr-010,anewstrucmralclassofproteinkinaseC-6(PKC6)-selective

inhibitorthatpossessesindole-filsed,chirallysubstitutedpyITolidineasacore.'Inthissymposium,we

presentanewsyntheticroutetoindole-filsedpyITolidinesviaacyclopropanering-openingreaction,which

wasappliedsuccessfilllytothesynthesisofJTT-010.
H

JTT-010 旬
=OH

Keylntermediate:1

PKCPselediveinhibnor

IC50=2.3nM(62)倉一NH2・MsOHIC50=2.3nM(62)Keylntermediate:1

TheefficiencyofJrr-OIOproductiondependsonthepracticalityofthepreparationofkey

intermediatel,whichisanmdole-filsed,chirallysubstimtedpyITolidine.Inourearlydiscoverystage,the

preparationoflinvolvedanengmaticmethod,whichrequiredmultipleprotection-deprotectionandcolumn

chromatograPhyseparationsteps.!Bergman'sandEllman'sgroupindependentlysynthesizedoneofour

PKC6mhibitorstodemonstratetheeffectivenessoftheirasymmetricRh-catalyzedC-Hbondactivationof

l-allylindoles・AIthoughthisroutewasstlaightfbrward,theeeofther"ultingsyntheticequivalentoflwas

90%.2

Tosynthesizelefficientlyinanopticallypurefbnn,weenvisionedaone-steptandembond

constructionusmgachirallysubstimtedcyclopropaneringopeningreaction・ARerseveralattempts,we

fbundthatthereactionoflactone-fUsedcyclopropane3a,obtained廿om(R)-epichlorohydrinanddiethyl

malonateinonestep,withindole2proceededsmoothlyinthepresenceofK2CO3inDMFtogivethe

desired4in76%yield(Schemel).ThemechanismofthisreactioninvoIvesnucleophilicattackbythe

nitrogenatomof2onthecyclopropanemethylenecarbonof3atogenerateacarbanionthatisstabilizedby

theestergoups.ThecarbanionattacksthecarbonatomthatbearstheTsOleavinggrouptocompletethenet

insertionofanindoleN(1)-C(2)unit,therebygeneratmgchirallysubstimtedpyITolidine4(Schemel).

Whenthenon-filsedcyclopropane3bwasemployedinsteadof3a,thedesiredpyITolidinewasnotobtained.

Thehigherreactivityfbundin3aisthoughttoarisefi･omitshighlyshainedlactone-fUsedstructure.By

takingadvantageofthecharacteristicfeamresofindole-2-aceticacidsandindole3-carboxylicacids,the

threecarboxylgroupsin4couldberemovedsimultaneously.Bysimpleaikalinehydrolysisfbllowedby
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heatingunderacidicconditions,theone-potripledecarboxylationwasaccomplishedtoquantitativelyafYbrd

opticallypurel.

Schemel

’多
Em

S:I
＋

tK2CO3ノDMF

85℃

-TsO-
→

H

2 3a 4(76％）

(NaOHthenHCI)X36mes
inrenuxingEtOH

4 －

(one-pot)

-3CO2
(.､雪艫、

3b.,－－
） を一OH

1(quant.)
－

1wasconveltedto8through5,6,and7withone-potGabrielsynthesisfbllowedbyCbzprotection

(78%overallyieldfrom4).One-potsequentiaireplacementofeachoftwochlorineatomsof9with8and

thenwithaniline,al]ansfbrmationthathasnotbeenrePortedpreviouslyfbranNBunprotectedmaleimide,

providedlO・HydrogenolysisoftheCbzprotectionwithPd-carbonfbllowedbyreclystallizationgavell

from8in51%yield.11wasthentransfbrmedtoaMsOHsalttoprovideJTT-010(Scheme2).Consequently,

theincorporationofthenovelcyclopropanermg-openingreaction(Schemel)andtheone-potsequential

replacementreactionusing9(Scheme2)dramaticallyshortenedthesyntheticroutetoJTT-OlO.Thenew

routecontainsnochromatographicseparationorlow-temperaturereaction.
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Inthissymposium,wealsowouldliketopresentsynthesisofotherindole-andimidazole-ftlsed

pyrrolidinesusingthecyclopropanering-openingreactionshownhere(Chartl).Pyn･olidinesfinsedwith

heteroaromaticsareoffenfbundasacorestructureinavarietyofcompoundsofbiologicalmterest,in

additiontothePKCmhibitorsidentifiedbyusandothers.

Chartl

幻 ◎◎ ２
０

”
て

Et

2Et

O2Et
CI

t

References:1)Bjoo電.A化臥Che".2006,ノ4,5781.2)@･g.Le"､2006,8,1745.3)QgLe"2007,9,3331.
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SomeCasesmdiesofPmcessChemistIyatShanghaiChemPartner

DevelopmentofaPracticalRoutefbrtheManufactu歴⑪f3-DeoxyRibosede面vatives

*YuanqiangLi,JianchmLiao,WeihuaHe

ProcessChemistryDepamnent,ShanghaiChemPaItnerCo.,Ltd.

720CailunRoad,ZhangjimlgHi-techPark,PudongNewA!℃a,201203Shanghai,China

yqli@chempartne'tcn

Formanyyears,thedesiglofmodifiednucleosideshasbeenafocalpoimibrreseaI℃hinmedicinal

chemistlybRecentlyDanumberofmodifiednucleosideswith3-deoWriboseunitwel℃fbundexhibitinga

broadspecmmofintriguingactivitiesasanti-virusandanti-mmorleagents,andsomeofthel℃agentshave

all℃adyenteI℃dclinicaltmils・Uptonowう曲elBpoltofsynthesis3-deoxyribosederivativesal℃Iare,andthe

existingmethodsonlybeappliedonsmallscale.AlongwiththeincreasedIBquiI℃mentof3-deoxyribose

derivatives,anewsyntheticroutewhichisplacticalfbrthemanufacmringoflalgequantityishiglllydesil℃｡、

WehavedevelopedSeveralnewproceSseswhichallowedustoplepare3-deoxyribose(TPF)derivativeS

fromkgscaletohundI℃dkgscale.

ThefirstnewroutewasstarrdwithD-Xylose(Schemel),thekeyofthismuistheiodinationofthe

加tennediateA3,fbllowedbydeiodinationtogivethe34eoxyintennediateA5.Thisroutecanbecamedout

onkgscale,andthetotalyieldis39%・ThedrawbackofthisrouteisthatalltheintermediatesaI℃liquid,and

couldnotbepurifiedbycrystallization,whichcausedthedifficultyinpurificationofthefinalproduct.The

finalproductneedstobepurifiediVcolumnchromatogaphyBandsometimeitcannotmeettherequil℃d

specifIcation.

Schemel

HO

、狸ぞOH｣jgg
6Hacgge95％

Dxylose、

12,Ph3p
－

toluene

80%

AcO

A1

A4

HCIHO
－

95％

H3PO2,AIBNAcO
－

90％

A5

AcO

AcO

、こ2孑竣OAc
OAc

TPF

AnewprocesshasbeendevelopedandisshowninScheme2・Thesynthesisstartswithadenosine,

whichisCommercialavailable.ThekeysCpisthedebrominationreactionoftheintennediateB2,whichis

nonnallyonlyoccun℃dunderirmdiationorusingtoxicHgCNasdebrominationleagent.Anovel
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debrominationconditionfbrBZwaSinvestigated,whichgavethe3-deoxyriboseintermediaCB3mhigl

yield.Thewholestepofnewroutel℃ducestofivestepscomparingto6stepsoftheD-xyloseroute,andthe

totalyieldwasimprovedto48%.IntennediatesBZandB4canbepurifiedbycrystallization,anda

purificationconditionfbrTPFwasalsodevelopedaswell.Theproductionof3-deoxyribosederivativescan

becaITiedoutinhundI℃dkgscale.

SCheme2

翁
N

《
HO

W
H O O H

Adenosine

CH3C(OEt)3
－

TsOH,CH3CN
90%

翁 “翁
N

〈
HO

W一憲一-ﾍ”
〈

v弩｝難tOAc
B1

翁"…”輝
N

〈
AIBN,H3PO2AcO

w 一雨一w
-

dioxane

88%OAc OH

B 3B4

B2

A”

泡ぞ“A唾O
一

80% OAc

TPF

ThedetailedinfbnnationoftheprocessdevelopmentofthispIniectwillbeclamedmthepostersession.
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TbwardsAdvancedMolecularBuild-upinOne-potbyCatalyticMulticomponentReaction

KiyoseiTakasu,｡TbhmTanaka,YUOgawa,andYoshliTakemoto

GraduateSchoolofPharmaceuticalSciences,KyotoUniversityb

YoshidaSabIo-ku,Kyoto606-8501,Japan

kay-t@phann.kyoto-u.acjp

Avarietyofnammlandnon-namralsubstancesthatcontainpolycyclicringsandanassortmentof

stereogeniccen"rshavebeenfbundtoexhibitathactiveandspecificbiologicalactivities・Owingtothis,

WntheticoIganicchemistsal℃constantlyconfontedwiththetaskofdevelopingnewI℃actionsthatcanbe

usedtopleparethesecomplextaIgetsinconcisefashionsstaltinghomsimpleand1℃adilyavailablemaCrials.

AninnovativestIatea'developedfbrthispurposereliesontheuseofhighlyconveIgentcascadereactions

andmulticomponentreactions.Majoradvantagesofthese,inwhichmultiplecovalentbondsarefbnnedin

singlesteps,includeoperationalsimplicitybtme-andcostsaving,atomeconomyBenvironmentalbenignancyb

andapplicabilitytodiversity-orientedsynthesisandcombinatorialchemistlybAlotofleseaI℃hershave

developedavarietyofcascadeandmulticomponentreactions.Incaseoftypicalcascadeand/or

multicomponentreactions,ar℃activesite(fimctionality)ofanintennediate,whichisproducedinthe

previousstep,isdiI℃ctlyutilizedinthesubsequentbond-fbnningreaction(Figurela).Thus,themodeof

multiplebond-fbnnationinthecascadereactionwouldbesimplydefinedbythesubstrates・Onthecontrary,

weintrigued,iftheI℃activesitefbnnedinthepreviousstepcanmovetoanotherpositionselectivelyduring

thecascadereaction,varietymodesofmultiplebond-fbnnationcanbeachievedinasingleOperation(Figure

lb).Wewishdescribehereincascademulticomponentreaction,whichconsistsof(4+2)cycloaddition,

isomerization,and(2+2)cycloaddition,togivehighlyftmctionalizedbicyclo[4.2.0]octanesfromI℃adily

availablesubstIates・Itsrelatedchemistlyalsowilibediscussed.

Welecentlyreportedcascade(4+2)-(2+2)cycloadditioncatalyzedbyanacidiccatalyst,suchastriflic

imide(TfiNH),asillustratedinSchemel.''2Thus,Diels-Alderreactionof2-siloxydiene2withenonel

givessilylenolether4,andthen(2+2)cycloadditionoffbnned4withq,6-unsamratedester3affiolded

tricyclo[6.3.0.03.6]undecane5・Inthepmcess,thesilylenolethermoietyfbnnedintheinitials"directly

'一"だ
E+ト

ー
打
§

一
剛

首
一

㎡
気

、
、

⑧
㈹

q■■■

0

､へ〔
R

’一Ⅷ岬､壼工：弐一"､へ〔:､ざ
Nu

in｡rconveEion

Figmel.Examplesfbrthemodeofcascademulticomponentreaction.

Aboldlinemeansanewlygeneratedbondinthecascadereaction.(a)thereactivesitefbnnedintheinitiaistepdirectlyl℃actswith

thenextsubstrate(traditionalmode).(b)thel℃activesitefbnnedintheinitialstepmovestoanotherposition,andthenreactswiththe

nextsubstlate(advancedmode).
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participatesinthesubsequentbondfbnnationreaction・DuringthecourseofourcontinuoussmdXwehave

fbundTfiNHcatalyzesisomerizationofkineticallystablesilylenolethersintothennodynamicallystableone

(Scheme2).
I
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Schemel.TfiNH=catalyzed(4+2)-(2+2)cascadecycloaddition(Aboldlinemeansanewlygcneratcdbond.)
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Scheme2.TGNH-catalymdisomerizationofsilylenolethe応．

Withoptimizedconditionsfbrtheisomerizationinhand,wedesigledanewcascademulticomponent

I巳actioninvoIvinganisomerizationpI℃cessduringacascadereaction(Scheme3).Afteramixmeofland

29wastI℃atedwithacatalyticamountofTGNHat-40oCtofUmishintemedia6IWDielsAlderreaction

andthesubsequentisomerization,additionofaclylate3totheresultingmixmrefilmished

tricyclo[6.3.0.02'5]undecane7.Theproductcouldbeeasilypurifiedbyclystallizationafterhydrolysisinto8.
Thepositionofthel℃activesite(silylenolethermoiety)selectivelychangesduringthecascadereaction.As

theresult,thediffbremmodeofmultiplebond-fbnnationcanbeachieved(Schemeslvs3).Itisnotewolthy

thatTfiNHctalyzesthI℃emechanisticallydistinctI℃actions,suchasDiels-AlderI℃action,isomerizationof

silylenolethel;(2+2)cycloaddition,inone-pot・Weexpectthatourdevelopedcascadeprocesswouldbea

powerfillstratea/fbrconstructionofstrucmrallycomplexmolecules,suchasnamrallyoccurringsubstances,

inarapidmannem
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Scheme3.TfINH-catalyzed(4+2)-isomerization-(2+2)cycloadditionreaction(Aboldlinemeansanewly

generatedbond.)

ReOl.Inanaga,K.;Takasu,K.;Ihara,M.』ﾉ4碗.mew．sりc2004,126,1352-1353.

2.Takasu,K・;Inanaga,K.;Ihara,M.た〃α方e鋤℃〃Le"2008,inp1℃ss．
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SyntheticMethodof4-Carbamoymmdazolium-5-olate

ChihiroKondo,*qYusukeHiguchi,qMakotoSunagawa,bandNobuoKatoq
anlelnstimteofScientificandlndustrialReseaI℃h,OsakaUniversity

8-l,Mihogaoka,Ibaraki,Osaka567-0047,Japan

bDepartmentofPhannaceuticalScience,TもikyoHeiseiUniversity
2289,Umido,Ichihara,Chiba290-0193,Japan

ckondo33@sanken.osaka-u.acjp

Bredinin(1)isanucleosidetypeofcompoundcontainingan
O

imidazolderivativeasabaseunitandwasisolatedhomthe

culmrefiltrateofEi<pe"jcj"j""6〃ｾ雌α""腕M-2166ml974.It

isreportedthatlshowsselectivecytotoxityagainstL5178Ycells

derivedfifommalignantlymphomaofmouse.l)Today,1is

H,､_.fL
NH2 0

禅
H2N

OHOH

clinicallyusedasanimmunosuppressiveagent.
1 2

Theaglyconeofl,4-carbamoylimidazolium-5-olate(2)(SM-108)

alsohaspotentantitumoractivitiesagainstvarioustumorsand,especially,hastheexcellentmedicinal

propertiesfbrmyelodysplasticsyndromes(MDS).2)MDSisthehematopoieticstemcellsdisorder

characterizedbyperipheralcytopeniasincombinationwithahyperplasticbonemarrow.Theproblemisthat

somepatientswithMDSarepronetocontractacutemyelocyticleukemia(AML)withinmonthstoafew

years.Thoughtherateofprogressionofsymptomsisrelativelylowbtherehasbeenfewchemotherapiesfbr

MDS・Therefbre,2hasattractedattentionasacandidateofanewchemothempeutic.Acmally,thePhasell

clinicaltrialhadbeenconductedbySumitomoPhannaceuticalsCo.,Ltdinl980s.However,the

developmentofldiscontinuedbecauseofthelimにdmarketabilityinthosedaysandtheinstabilityof2.

HoweverpasthenumberofpatientsofMDSisinceasmgnowadays,wetriedtosolvethelatterproblemto

leadthephannaceuticaldevelopmentof2onceagain.

2hasbeenconventionallysynthesizedbythe

condensationr-nofaninomalonamide(3)withSchemel･ConventionalsyntheticmeihgPof20

熱尚卿蝿当生笙i篁空生“triethylorthofbrmateorfbrmamidineacetate(SchemeH2N
1).3)However,thedark-blue-coloredby-productsare

producedmthissyntheticprocessandtheremovalof 3 2

thecolorantsbyrecrystallizationand/orthecharcoal

treatmentareinvain.Thepurificationmethodbyuseofanionexchangeresmhasbeenreportedtoobtam

highly-purecolorless2.4)However,theuseofalargeexcessofresinisnotsuitablefbranindustrialprocess.

Hence,wedecidedtoimprovethesyntheticroutetoobtaincolorant-freeZdirectly.

Whenthereactionwasconductedintheairjalgongasorasealedmbe,thedegreeofthecoloringofcrudeZ

wasrestramedinthisorderbTherefbre,itisclearthatoxidationprocessmustbeinvolvedinthecoloring

process・Besides,acolorlessaqueoussolutionofpurified2tumedblueinafewweeks.Contrarily,an

aqueoussolutionofthesaltof2withbenzenesulfbnicacidisstableandnocolorationwasobservedeven
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aherafewmonths・Theseobservationsclearlydemonstratethat2isstableundertheacidicconditionsand

thecolorationproceedsinbasicandoxidativeconditions・Acmally,bothofthereaclant3andtheproduct2

canactasbase,andtwoequivalentsofammoniaaregenerateddmngthecondensationreactionmcaseof

theuseoffbrmamidineacetate.Thekeytodevelopanewsyntheticprocedurewastheselectionofan

appreciatereagent,andtheamountandthestrengthofacidtomaintainthereactionmediumslightlyacidic.

Wefbundthatorthofbnnateisthechoiceasareagentbecauseacatalyticamountofthestrongacids

acceleratedthecondensationmeactionfi9om3to2,whereasacidicconditionssignificanUyretardedthe

reactionrateofthecondensationbetween3andfbrmamidineacetate・Then,weinvestigatedacidsthatcan

maintainappropriateacidityofthereactionmedium.Asaresult,benzenesulfbmcacidwasthebestchoiceto

aHbrdthecolorlessandcrystallinesaltof2,becausethesaltprecipitatedouthomthemediumduringthe

reactionand,therefbre,theacidityofthemediumwascontrolledneadyconstantfiPomthebeginningtothe

endpointofthereaction.

TYlenewsyntheticprocedureisshownbelow.Firstly,crude3obtainedbyammonolysisofdiethyl

aminomalonatewaspurifiedasasalt(4)withbenzensulfbnicacid.Thesalt,4,couldbeuseddirectlytothe

condensationreactionwithtrimethylorthofbrmatemethanolaHbrdedcolodesssalt(5)of2mgoodyieldby

simplefiltrationafterthecompletionofthereaction・Fmally,wesucceededingettingcolodess2by

neutralizing5withsodiumhydrogencarbonate,takingadvantageofthediHerenceofthesolubilitywith

sodiumbenzenesulfbnate(Scheme2).

Scheme2・NewsyntheticpmceduresfOrcolorant-free2

｡＃子｡壜淵鵲:青胤釧,謀苧頃?彗鶚筈晨鶚”Et

OO82%OO83%

4

0

5

O

菊
hSQ型型gg2←H2N

H20IAcelone
quant.

2

ThissyntheticprocessofSM-108(2)isquitesimpleandsuitablefbrlarge-scalepreparation.Furthennore,

benzenesulfbnicacidsalt(5)of2canbestoredwithoutanydecompositionovermonths.
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NovelPalladium-on-CarbonCatalyst,Pd/CIPh2S],fbrChemoselective町drogenation

TbmoteruMizusaki,SmnobuTakao,MasashiEndo,*MasatoshiYOshimura,YUkioTakagi

TbchnicalCemerofChemicalCatalysts,N.E.ChemcatCorporation

678,Ipponmatsu,Numazu,Shizuoka,410-0314,Japan

masatoshi.yoshimura@ne-chemcat.cojp

AkinoriMori,TbmohiroMaegawa,YasunariMonguchi,HironaoSajiki

DepartmemofMedicmalChemisbybGifilPhamlaceuticalUniversity

5-6-1,Mitahora-higashi,G血502-8585,Japan

Palladium-on-carboncatalystisapopularcatalystfbrhydrogenation.Butduetoitshighreactivity,

thectalystnormallycannotdistinguishthefimctionalgroupsonsubsrates.Sajiki!etal.recently

reportedonthenovelpalladium-on-carboncatalystmodifiedwithdiphenylsulfidewhichshowsexcellem

selectiviWonhydrogenationreactions.Forexample,mthecaseofbenzylcinnamateasasubstlaate,

10%Pd/C[Ph2S]showslOO%selectivitytowardthehydrogenationofthedoublebondkeepmgbengl

protectinggroupuntouched,whilethebenzylprotectmggroupwereliberatedonourstandardcatalyst

(10%Pd/C)underthesamecondition. TTliscatalystshowshydrogenationselectivitytoward

carbon-carbondoublebond,triplebondsormtrogroupsovercarbonyls,benzylorbenZyloxycarbonyl

pmtectinggoups･

0

○
､、／、c/Bnl0%Pd/C{PhzS]

H20.15…,50C◇

0

YieldlOO%

Schemel

/Bn

今くー妄○

0

Abomtheprepamationofthiscatalyst,characteristicaboutthiscatalystisthatitistoleranttothe

excessivedopeofdiphenylsulfideanditsreactivityisrelativelyunafrectedbytheamountofdiphenyl

sulfideintroducedonthecatalyst,whileothersulfhrcontainingcompoundsareoftenstronglypoisonousto

palladiumandtheirexcessivedopeonthecatalystendsupinthecompletelossofreactivity.Thismeans

thatthiscatalystiseasytoprepare,butstillexcessofdiphenylsulfideonthecatalystcanbeelutedintothe

reactionmediaduringthereactionandcanbethecontaminanttotheproduct・Inthiswork,weoptimized

theamomtofthediphenylsulfideaddedtoPd/Candfbmdnotonlythattheelutionofdiphenylsulfide

canbeminimized,butalsothereactivityisimproved(Fig.1).

－150－

H



｜|I 1400

12”一
Ｆ
》
一
匡
唇
一
一
巴
』
．
Ｍ
匡
画
〕
一
』
⑳
唾
。
』
ロ
エ
エ I

1“0

800

Hydrogenrequired

ofdoublebond

forthehydrogenation

０
叩
的
４

Reactionconditions:

benzylcinnamatel0.69,

10%Pd[Ph2S]20Gn9(0.4Inol%),

H20.15MPa,50C.

200

⑬0

0 1020304050

TimeAnin

Fig.1．Hydrogenconsumptionduringthehydrogenationreactionofbenzylcinnamate.

Asshowninthefirstnmmtherecyclmgtest(Tablel),thesulfilrcomeminthereactionmediaanerthe

reactionwasonlylppmwhichwasorigmally5"mbefbretheoptimizationofthepreparaationprocess.

Tablel・Resultsofthecatalystrecyclingtestonthehydrogenationofbenzylcilmamate

I

卜

Thiscatalystwasalsoprovedtobembustontherepeatedusage.Itsreactivityandselectivityis

unchangedthroughoutthetest(uptoStimes).Thispossibilityofcatalystrecyclingcanbeadvantageous

fomtheeconomicalpointofview.

Regardingtheroleofdiphenylsulfide,althoughsomedataisreportedmtheliterture,itstilllen

ambiguous.Inthiswork,severallO%Pd/C[Ph2S]sampleswithdifferentamountofdiphenylsulfidewere

analyzedbyXPS,EPMA・TheseresultsarecomparedwithothersamplesdopedwithanothersulfUr

containingcompound・Thedetailedresultsandthespeculationontheoriginofselectivityin

hydrogenationreactionswillbediscussedinthepresentation.

Reference

1.A.Mori,'EMizusaki,M.Kawase,工Maegawa,YMonguchi,S.Takao,YGTakagi,H.Sajiki,"血砂"・

CQK2008,350,406.

口

－151－

▲巳
LL

LLI
bL
LL

酉

L

L
I
LLL

‘ど斜3馴 … 3

生ド

心

日ダ .I､bLPPgb
"LpP凸陛斗ョ

一

L守
●

L全 八澱
鐸

鈴
簾
凶

醤

#ofnmg Conversion[%] SeleCtivity[%] Pd[ppm] S[ppm]

1 100 100 ＜1 1

ワ
ー 100 100 <1 1

3 100 100 1 ＜1

4 100 100 ＜1 1

5 100 100 ＜1 1



1P-27

HydrogenationofAromaticNuclei:PracticalSynthesisofCyclohexanolDerivatives

KiichiroYaguchi,*AkiraAkashi,TbmohiroMaegawa,YasunariMonguchi,HironaoSJiki

LaboratolyofMedicinalChemistly5GifilPhannaceuticalUniversity.

6-l,Mitahora-higashi5-chome,Gifil,502-8585,Japan

【Introduction】

Cyclohexanolderivativesareimportantintennediatesofnamralproducts,phannaceuticals,chemicalraw

materialsandSoon.Therearesomesyntheticmethodsofcyclohexanolderivatives,fbrexample,(1)the

oxidationofcyclohexanederivativesand(2)thereductionofcyclohexanonederivatives,althoughthey

stillhavesomeproblems,suchaslowselectivityandlimitationoftheapplicability.Thehydrogenationof

phenolderivativesisoneofthesignificantmethodsfbrthesynthesisofcyclohexanols・Suchmethodsale

effectivefbrtheindustrialprocessalthoughthedrasticconditions(fbrexample:additionofastrongacidor

baseandhighreactiontemperamI巳andpressure)arenecessalybecauseoftheresonancestabilizationof

thearomaticring.Therefbre,thedevelopmentoffacileandmildhydrogenationmethodofphenol

derivativeshasbeenstronglydesired.Recentlywehavedevelopedaconvenientandeificient

hydrogenationofaromaticringscatalyzedbyheterogeneouslO%Rh/C(80｡Cinwaterunder5atmof

hydrogenpressure,Schemel,的"7た".2006,1440).Itisapplicabletothehydrogenationofdiverse

aromaticcompoundsincludingtheheterocyclesundermildandneutlalconditions.

Schemel

Ｒ
ＲＣ

噂

Ｒ
Ｒ

Ｏ
や
㈱

10%Rh/C(10wt%),H2(5atm)

H20,80｡C
"euiraﾉcondi"ons

WhiletheuseofRh/Casacatalystisratherdifficultfbrtheapplicationofthismethodtotheindustrial

processinpointofcost,theRu/C-catalyzedreactionwillbeamuchmorecost-effectiveandapplicable

method・WerecentlyfbundthehydrogenationofphenolicnucleiwasalsoachievedunderlO%

Ru/C-catalyzedmildreactionconditions(Scheme2).

Scheme2

10%RuﾉC(10wt%),H2(5atm)

‐OHO
/－、
、_／-OHO 0 H20,80｡C,24h
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【ExperimentalResults】

TboptimizethereactionconditionsofRu/Ccatalyzedhydrogenationofphenol,wefirstexaminedthe

effectofsoIvents・Thehydrogenationproceededeificientlyinalcoholicmediaandj-PrOHwaschosenas

thebestsoIventofthisreaction.

Thepresentreactionwaswidelyapplicableto

thereductionofdiversephenolicnuclei.

Phenolwaseasilyhydrogenatedat60｡Cfbr3

hunder5atmhydrogenpressure(Tablel,

Entlyl).Otherphenolderivativesbearing

electron-donatingandelectron-withdrawing

groupswel℃alsohydrogenatedtothe

correspondingcycloaliphaticalcohols(Entries

2-4).WhilethehydrogenationofbisphenoIA,

whichisusedasasynthonoffimctional

materials,wasnotcompleteat60｡C,the

increaseofthereactiontemperatureto90｡C

waseffectivefbrthecompletionofthe

hydrogenation(Ently5).Furthennore,the

applicationofadditionalheatandH2pressure

tothereactionledtothecompletionofthe

nuclei-hydrogenationofevenrelatively-stable

substrateS.Infact,estronewascompletely

hydrogenatedini-PrOHatl20｡CunderlO

atmofhydrogenpressurewhereasthereactio

pressure(Scheme3).

Scheme3

Tablel.Ru/CCatalyzedHydrogenationof

VariousPhenols

10%Ru/C(10wt%),H2(5atm)

-QHO

R
○HO

R

j-PrOH,60｡C,Time

Conv.

（％）

Time

EntrySubstrate
(h)

Product

０
０
０
０
０

０
０
０
０
０

１

１

１

１

１

Ｈｏ

ｅ

叩

Ｍ

鮪

０
℃
領

０
Ｏ
Ｈ
Ｈ

Ｏ
ＨＨ
ＯＨ

ａ

４
１

３
５
８２
２Ｈ

ｅ

Ｏ

Ｍ

伽

恥

。
ｂ
鷲６

０
Ｏ
Ｈ
Ｈ

Ｏ
ＨＨ
、

１
２
３
４
５
aAt90｡C.

atmofhydrogenwhereasthereactionwasnotcompletedat90｡Cunder5

H

牙牙
10%Ru/C(10wt%),H2

jLPrOH,24h
5atm,90｡C,50%

10atm,120｡C,100%
HOHO

Estrone
一 ｰ ー ‐ － － 9 － ー ｰ ー フ ー ぜ ゞ ” ー

ThepresentreactioncouldprovideanenvironmentalfiPiendlyandpracticalmethodofthehydrogenation

ofphenols.Thismethodwillprovidethenewstrategyfbrthesynthesisofcyclohexanolderivativesinthe

industrialscale.
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TraEDs前⑪nMetalCatalyzedConstructionOflndoleNucleusunderCOCondi伽nS
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ThetIansitionmetal-catalyzedreductiveN-heteroCyclizationofoIganicnitrocompounds

emplWingcarbonmonoxideasthestoichiomericreductantisapowerfillandessentialtoolfbr

constructionofN-containedheterocycles').AmongthevariousN-containedheteroCycles,indole

isoneofUlemostin"I℃stingringbecauseofitspotentialityasthesubstrucmreofbiologically

activecompoundsmphannaceuticalandagochemicalfield.TherehavebeenI℃portedseveral

transitionmetal-catalyzedindolesynthesesinthepresenceofCOsofan;butthWutilizes

2-nitrostyrenederivativesasastartmgmaterialandcompaIativelyexpensivemetalcatalyst2).

Fromtheviewpoimofaccessibilitytopl℃1℃quisitematerialandcostofcatalyst,the

developmentofeHicientandversatilesyntheticmethodisdesiI℃｡、

NissanChemicallndustries,LTD.hasjustlaunchednewfilngicideLeimaJP,whichshows

excellentactiviWagamstvmedownymildew5potatolateblightandolherplantdiseasescaused

byPhycomycetesfimgi.hthecourseofprocessresearchfbrtheefficientSynthesisofindole

moieWofLeimay5wehavefbundnewsyntheticapproachesstartmgfiomI℃adilyaccessibletwo

difYbrentsubstlates,(E)-6-nitrostyreneland2-nitrophenylacetone2(Schemel)3).Herein,we

wishtoreportthatreductivecyclizationoflandZinthepl℃senceoftransitionmetalcatalysts

underCOatmospher巳,producingsubstimtedindoles3ingoodtoexcellemyields.

域側。．‘""'一隻甥L_/OX

宣」
F

0

号 = Ⅳ 勵豊鶚一一ぬく葱N,〆N-SO2NMe2 R

IM1=Mx(CO)y
Leimay(Fungicide)2a-b

Schemel

Firstthel℃actionof(E)羽-nuoro-8-nitrostyI℃nela(R,=ERz=Me)intolueneinthepl℃sence

ofcatalyticamountofmetalcarbonylcomplexwasexaminedandtheresultsaresummarizedin

Tablel.WhenusingCo2(CO)8,Ru3(CO)12,Rh6(CO)16andFe(CO)5asacatalyst,thereaction

proceededandgavetheexpected6-nuoro-2-methylindole3ainmodestyields(entlyl-4).From

theeconomicalpointofviewitwasttlactivethattheI巴actionproceedediVironcatalyst.

EncouragedbythisI℃sult,variousironcatalystswerescl℃ened,thenitwasfbundthat

[CpFe(CO)2]2wasthemostefficientcatalystmthisreactionand3awasobtainedin76%yield

(ent'y6).Tbprobethescopeofthisiron-catalyzedreaction,varietiesofsubstimted(E)-8

ｎＢ
Ｇ鋤

４《
函
恥
●剛

ｒ◎

劃

２
二

《
尻
２【
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泰
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-nitmsWI℃neweresuhiectedtotherepresentaiveI℃actionconditions:4mol%[CpFe(CO)2]2in

toluene,TheresultsaresummarizedinTable2・T11esubstituentefWectofR,onthepI℃ductyield

wasnotclearlyshown(emyl-3).Incontmstltheyieldwashignlyaffも"dbyRzanditwas

incleasedasthealkylchainbecamelong(enl]y4-6).WeassumethatthisisduetothestabiliW

ofthenitrBneintermediate,althoughnofilrthermechanisticinsigntsaI℃availableatthistime.

Tablel.ReductiveWclizationofla(Ru=ER2=Me)Table2.ReductiveWclizationofla-fm3a-fcatalyzd"
to3acataly配d"metalcarbonylcomplex ICpFe(CO)ZiZ

ik"2)"[群僻’entrycatalyst ｡”謎唖覺1脇zIWEW[濡僻.'cMW･.'
Co2(CO)8

Ru3(CO)12

Rh6(CO)16

Fe(CO)5

Fe3(CO),2

【CpFe(CO)J2

０
５
０
０
０
０

６
６
６
６
５
７

190

190

190

190

120

120

５
５
５
５
６
５

佃
幻
加
轤
０
花

１
２
３
４
５
６

函
Ｈ
酔
〆
〆
〆

恥
恥
恥
Ｈ
恥
昼

50

50

50

50

70

50

120

150

120

120

120

120

100

100

81

38

100

99

１
２
３
４
５
６

５
７
５
７
５
３

“
調
郎
０
花
醒

’

’
1

Readionconditions;substrEt93mmo!,"talyst4mQI%(IUPLReactionconditions;substrate3mmo!,ICpFe(CO)J24mol%,
3-6),5mo1%(njn2),scIventtoluene,a)DeterminedbyHPLC.solventtoluene,a)DebrminedbyHPLC.

'IbapplyabovectalyticI℃actiontoanothersubstrates,filrtherinvestigationwascontinued

anditwasdiscoveredthat2-nitrophenylacetonederivatives2canbeadopted(Thble3).Thus,

reactionof2a(R3=ER4=Me)intolueneinthepresenceof4mo1%[CpFe(CO)2]2at120℃fbr

5hunderPco50kgf7Cm2gave3ain91%yield(ently4).Othercatalystsystemssuchas

Ru3(CO),2-1,10-Phen,PdCI2(PPh3)2-SnCI2werealsoeffective(entry5-6).Inadditionthe

fimctionalgoupsonthebenzeneringthataregenelallysensitivetohydrogenationconditions

likeBI;CI,OBnaI巴compatiblewiththisIeactionconditions(Table4).
Tab1e3・Reductivecyclizationof2a(R3=ER一Me)to3acatalyzedby Table4･FunctionaltolemnceofsQBbStmtes

varioustmnsition-metalcatalyst4mol%

リコミ辞"。』X篁卿｡器篶壽｡”
PCO temptimeyielda)conv･a）

entrycatalyS!｡dditivO(kbXm2)IBE｢~iWW.MMj

’

１
２
３
４
５
６

Fe(CO)5none

Fe2(CO)9none

Fe3(CO),2none

【CpFe(CO)J2none

Ru3(CO),21,10.phenb)

PdCI2(PPh3)2SnCI2

200

200

200

120

150

120

４
４
４
５
５
８

慨
循
打
馴
卯
妬

ね
沌
酬
”
”
叩

１
１

０
０
０
０
０
０

５
５
５
５
５
２

I

substrate ield(%

3Fe3(CO),2none5020041781/､sz~/Me

cN墓,｡”4[CpFe(CO)J2none5012059199
Br

5Ru3(CO),21,10.phenb)50150590100

6pdCI2(pPh3)2SnCI220120886100.RY､/YMeR=CI2c94

cRg"｡:::L""Reactionconditions;substrate3mmol,catalyst4mol%(runl-5),5moi%
(run6),additive8mol%(mn5),50mol%(run6),solventtoluene(mnl-5)
dioxane(run6),a)DeterminedbyHPLC,b)1,10-phenanthroline
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(1994).(d)B.C.SoderbeIgandJ.A.ShriveI;.ZdgChe".,5838(1997).
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Oxidationisamostimportanttransfbrmationinorganicsynthesis;however,thesereactionsessentially

involvetheuseoflargequantitiesofheavymetalsandcomplexorgamccompounds,whichgeneratelarge

amountofwaste,andarenotatanenvironmentallybenign.Ontheotherhand,recently,catalyticoxidation

processeswithmolecularoxygen,whichgeneratelitUewaste,havebeenreportedbymanyresearchers.

Molecularoxygenhasreceivedmuchattentionasanultimateoxidant,sinceitproducestheoreticallyonly

waterwithacertainsuitablecatalystandisinexpensiveandoflargeatomefficiencythanthatofother

oxidants.Withthisbackgroundinmind,weexaminedaerobicphoto-oxidation,andobtainedthefOllowing

findings.

1.AembicPhoto-⑪苅dationunderUVIrradiation、

WefOundthatamethylgroupatthearomaticnucleusandalcoholswereoxidizeddirecdytothe

correspondingcarboxylicgroupsinthepresenceofacatalyticamountofbrominesourcessuchasLiBIB

aq.HBrandBr2underUVirradiation(<400nm)(Iablel).')AliphaticprimaryalcoholsaHOrdthe
correspondingcarboxylicacidsinmoderateyields;howeverlaliphaticsecondaryalcoholswerelessreactive

thanprimaryalcohols(entriesl-3).Thecorrespondingbenzoicacidswereobtainedinhighyieldregardless

ofanelectron-donatingorelectron-withdrawinggroupataromaticnucleuswhenusingbenzylalcohols

(entries4-6).Heterocycliccompoundsalsoaffordedthecorrespondingcarboxylicacidsinhighyields

(entries7and8).Althoughanelectron-donatmggroupataromaticnucleus,ingeneral,enhancedthereaction

rate,anelectron-withdrawinggroupretardeditwhenusingamethylgroupatthearomaticnucleusas

substrate(entries9-13).

TablelAerobicPhotooxidationunderUVIrradiationinthePresenceofaq.HBr

O2,hv(UV)

substrateaq.HBr(0.2equiv.)
(63M3)-mmFrprodu"MeCNMeCN,10h

product yield(%)aproductyield(%)alentry substratesubstrateentry

Ｈ
Ｈ
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２

２

０
２
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０
Ｃ
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Ｃ

Ｏ

Ｏ
・

《
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Ｎ
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Ｃ
Ｃ
Ｎ
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Ｈ

Ｏ
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Ｈ２Ｏ
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Ｒ
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４
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一
一
一
一
一
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Ｒ
Ｒ
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Ｈ
Ｏ
０
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Ｒ
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２
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４
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６
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ｄ
ｄ
ｄ
ｄ
ｄ

８
７
０
３
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９
８
５
５
８

C
９
２
叩

９
９
１ CC C

aAllyieldsarefOrpure,isolatedproducts,bThereactionwascarriedoutusingO.14equiv,ofaq.HBr・cThereactionwascarried
outfOr20h.dThereactionwascarriedoutinEtOAc・eThereactionwascarriedoutfor36h.
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2.AerobicPhoto-0xidationUnderVISIrradiati0n．

Thereactionmentionedabovebecomessafe,economicalandsteadyjandtheequipmentismoreeasily

installed,ifvisiblelight(VIS)fromafluorescentlampisapplicableinsteadofUVfromahighpressure

mercurylamp.ThisisthedrivingfOrceofourcontinuedwide-rangingstudiesonthisoxidationwithanew

brominesource,andwehavefOundthatMgBr2･OEt2issuitablefOrthispurpose(Ihble2).2)Aliphatic

primaryalcoholsaffOrdedthecorrespondingcarboxylicacidsingoodyields;however,secondaryalcohols

werefOundtogivetheproductsinmodestyields(entriesl-3).BenzylalcoholswerealsofOundtogivethe

correspondingbenzoicacidsinhighyield(entries4-11).Furthermore,3-thiophenemethanolafGorded

3-thiophenecarboxylicacidin81%yield(entriesl2).血山ecaseofamethylgroupatthearomaticnucleus,

anelectron-donatinggroupataromaticnucleusacceleratesthereactions,andamordedthecorrespondmg

carboxylicacidsinhighyield(entriesl3-15).Althoughanelectron-withdrawinggoupretardedthereactiOn,

yieldoftheproductswerehighfOralongerreactiontime(entriesl7andl8).

Table2AerobicPhotooxidationunderVisiblelrradiationinthePresenceofMgBr2･OEt2･

O2

fiuorescentlamp(VIS)

substrate MgBr2･OEt2(0.2equiv.)
product

(0.3mmol) EtOAc(5mL),10h
withoutstirring
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二
二
二
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ｎ
Ｒ
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Ｒ
Ｒ
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酬
酬
“
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じ
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Ⅳ、
１
２
３
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８
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ｅ Productyield(%)asubstrateentry

Ｈ
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Ｏ
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２
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一
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３
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１
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１
１
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C C
C

aAllyieldsareforpure,isolatedproducts.bThereactionwascarriedoutfOr36h,c4-Ch!orobenzoicanhydridewasalsoobtainedin
25%yield.

ThisnewfOrmofoxidationreactionisinterestinginkeepingwiththenotionofgeenchemstryduetothe

non-useofheavymetalsandhalogenatedsolvents,wastereduction,useofmolecularoxygenandsafe

reagents.
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IIlthepharmaceuticalandchemicalindustries,Pd-catalyzedcrosscouplingreactionshaveoftenbeenused

fOrcarryingoutkeybondfOrmations，Whilemanyphosphinesandcarbeneshavebeenknownasthe

ligandsthateHicientlymediatecarbon-heteroatomandcarbon-carbonbondfOrmations,thereisstilla

demandfOrligandsthatenabletoopenuptheoptionsinordertoapplytovarioussubstrates.

InitialeHOrtstowardsthecouplingreactionwithapplicablearylhalideshaveusedgenerallyavailable

phosphineligandssuchas(o-tolyl)3PandBnWAP.')AlthougharylbromideshavesuccessfUllybeenused

fOrcouplingreactions,employmentoflessactivearylchlorideshashadlimitedsuccess.Considering

applicationsfbrindustrialprocesses,thechoiceofarylchlorideisextremelysignificantbecauseofits

lowercostandbetteravailability.

CharacteristicsthateHicientligandsreportedrecentlyhaveincommonareelectron-ricmessandsteric

hindrance､2)TbdevelopamoreeHectivephosphineligandbystrengtheningthesecharacteristics,we

designedtwotypesofnewphosphineligands,BRIDPs，Basedonavinylphosphinestructure,aseriesof

diphenylvinylphosphines,vBRIDPsweresynthesized.3)Amethylsubstituentattheq-positiononthe

phosphinecouldmaketheligandmorestericallyhinderedaroundthephosphorus・Tbincreaseelectron

densityoftheligand,the6-positionwassubstitutedbytwophenylmoietieswherecouldenjoymodifying

withsubstituentgroups.Ontheotherhand,acBRmPsseriesfeaturedbyacyclopropanestructurewas

designedtoaddthemoreincreasingconnnoncharacteristicstovBRIDPs.4)Thecyclopropanebroughtthree

hinderedalkylsubstituentstothephosphomsaseffectivetrialkylphoshpinesuchasr-Bu3PandAd2PBu.5)

Inthepointthataspatialrelationshipbetweenaphosphorusandaphenylgroupontheligandsinnuences

thereactivitybcBRIDPsvirtuallyhavethesameasvBRIDPsandothers.6)

vBRIDP Cy-vBRIDP cBRIDP CV-cBRIDP

vBRIDPs cBRIDPs
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Pd-catalyzedcarbon-nitrogenbondfbrmationhasbecomeanimportantsyntheticreactioninthepast20

years.First,weexaminedthegeneralcouplingreactionofarylhalideswithaminesusingCy-vBRIDR

whichwasoneofthemosteHectivephosphinesamongtheBRmPsseries・Acatalystsystemthatconsists

ofPd/Cy-vBRIDPwasactivefOrthereactionofarylchlorides・Forexample,thereactionofcmorobenzene

withdiphenylaminegavemphenylaminein95%yield・Bothelectron-richandelectron-poorarylcmorides

couldbealsoconvertedtothecorrespondingtertiaryaminesfromsecondaryamines.
’

ＨＮ
Ｑ
。

Pd(OAcL(1mo1%)

Cy-"RIDP(2mol%)

○+CI

NaO･Bu,toluene

100oC,3h
I

’

APd/℃BRIDPssystemefficientlycatalyzedthearylaminationofarylcmoridesaswell・Thereactionsof

chlorobenzenewithcarbazolewassuccessfUllycompletedin3htoafEordNbphenylcarbazolein94%.

【(7r･allyl)PdCI12(O.5mol%)

"RIDP(2mol%) ◎○
m-O-ONH+CI

NaO-Bu,xylene

120oC,3h 。◎ 94％

’
Inaddition,Suzuki-Miyauracouplingreactionsandq-arylationofketonesusingthePd/BRIDPscatalytic

systemweresuccessfUlfOrbothelectron-richandelectron-poorarylcmorides.

R1 R2 Iｲ兀一aⅡvnpdCll－イn－gmnI雛l R1 R2I(兀-allyl)PdCll2(0.5mol%)
"RIDP(2mol%)

｡．Ⅲ｡""-O！
K2CO3,toluene

80oC,3hー ー ー p ‐ ■ ■

R1=H,R2=o･CO2Me;96%
R1=pbMe,R2=p-OMe;96%
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Overthelastfewdecades,thequestfbrthemosteconomicwaystothefbnnationofchemicalbondshas

becomeamatterofincreasingimpoltanceamongbothindustrialandacademicresearchunits.Thus,in

ordertodevelophighlyatom-economicalandenvironmentallybenignsyntheticprocess,wehavefbcused

onthedevelopmentofhighlyselectiveandpracticaldirectcatalyticl℃actions・Recently5wedeveloped

thedirectconversionofesterstooxazolinesusingacatalyticamountofanoveltrifluoroacetate-bridged

IL-oxo-tetranuclearzincclusterZn4(OCOCF3)60.!Becausethiscatalysisproceedsthroughacylationand

cyclodehydrationreactions,whichutilizeacoopelativemechanismofzincionssimilartothatof

aminopeptidaseandefficientmultimetalliccatalysts,thezincclusterisexpectedtoefficientlycatalyzethe

acylationofalcoholsinamannersimilartometalloenzyme.Infact,wefbundthatthezincclusteris

highlyeificientcatalystfbrtransesterificationofvariousmethylesterswithvariousprimalyandsecondary

alcohols､2ThemildI℃actionconditionsenabledtheI巳actionsofvariousftmctionalizedsubstratesto

proceedingoodtohighyield.Alarge-scalereactionundersoIvent-fi℃econditionsproceededwithalow

E-factorvalue(0.66),indicatingthehighenvironmentalandeconomicaladvantageofthepresentcatalysis.

CF3

CF3

X｡OざL
FG

1.25mol%)｡ZE(,25m｡,%)｢GgkOkﾒFG'O

gL｡"o≠H｡oFG."=｡『艦､州叩｡剛ield)
FG

o r+

soIvent-free,100｡CMeOH

FG=Boc,Cbz,andFmoccarbamates,acetal,amide,ie"Buester,enone,triene,etc.

(example) Zn4(OCOCF3)6

~ヘノLOMe≠HOへ人一凹u_~へ叉｡へ人
O

"eali

(puri柵脇i･"匡翻(133mL,1.Omol)(131mL,1.2mol)100℃,43h

Acylationofalcohols(esterification)andamines(amidation)isoneofthemostfilndamentalandwidely

usedreactionsinbothoIganicandbiologicl巴actions.Asthenucleophilicityoftheaminogroupismuch

greaterthanthatofthehydroxylgroup,theaminecanbeselectivelyacylatedtogivethecorresponding

amide,eveninthepl℃senceofexcessalcoholsand/orwatel:Thischemoselectivityhasbeenwellutilized
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fbrseveralhighlyefTiCientamidationleactionssuChastheSchotten-Baumannreactionsいα的α).Onthe

otherhand,selectiveO-acylation(pα的c)isquitediffYCulttoperfbnninoldinalyoIganicreaction,even

thoughlipasecatalyzeshighlyselectiveO-acylationinthepresenceofprimaryalkylamines・Whenan

aminoesteristalgeted,theonlyfeasiblerouteisindirectprotection-deprotectionpr℃cessincludinginsim

protectionwithacid(p"h6).Therequirementfbrsuchamultisteptransfbnnationdecreasesthe

atom-economyofthisprocess・Moreovel;somenotableexceptionaside,anyacylation,including

esterificationandamidation,usingcarboxylicacid,acidchloride,oracidanhydriderequiresa

stoichiometricamountofthecondensingl℃agentorbaSe,resultinginthefbnnationofmoI℃thana

stoichiometricamountofunwantedchemicalwaste・Tbcomplywiththedemandfbranenvironmentally

benignpIocess,1℃versingthenonnalchemoselectivityofpathaandminimizingwasteal℃velyimportant.

Theidealmethodleadingtothedevelopmentofanewtransfbnnationwithoutusingprotectinggroupsisa

dil℃ctcatalyticconversionofaminoalcoholtoaminoesterinahighlychemoselectivemannerC)qIhc);

howevel;therearenoexamplesofsuchareactionusinganartificialcatalyst・Here,weshowthat

acylationusingthezincclusterefficientlycatalyzesahighlychemoselectiveacylationofhydroxylgroups

intheprcsenceofprimalyandsecondalyalkylaminogroupstoaffbldthecolTespondingestersinhigh

yields.3Furthennore,thepresentmethodcanbeappliedtothedirectconversionofaminoalcoholstothe

correspondingaminoesters,providinganoptionfbrdevelopinganewtransfbnnationwithouttheuseof

protectinggroups.Ourstrategytowardsachievingtheseresultswastoassemblemetalionstobea

staltingpointfbrthedevelopmentoffUrtherenzyme-likechemoselectivereactions.

.arhaEWafJDn（H’C【】内H！【】O【】IH』（】01

O

o人R
0

つ人屑H2N

引勿『、弓EW昂伽、、〃掴、貝円周『②r〃j函fjnnlIHⅡ【月【脂

(example)
OCOPhoHzn4(OcocF3)6o/､-ocoph/~-oH

Cr･"=鶚鶚=MCrohOCHN,､､Cr
O

Ph人OMeH2N､。
＋

time
(1.2equiv)､'''!=99%notdetected

、
Ｉ
／

／
、

Ohshima,T;Iwasaki,T;Mashima,K.Che胴.Co"".2006,2711.

Iwasaki,TX;Maegawa,Y;Hayashi,M;Ohshima,T;Mashima,K・よO7gChe"7.加p花“・

Ohshima,T;Iwasaki,TK;Maegawa,Y;Yoshiyama,A.Mashima,K..X4"7.Che"7."c.2008,130,

2944.
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Duetosignificantadvantagesoverhomogeneouscatalystssuchaseaseofrecovelyandrecycling,atom

utilitybandenhancedstabilitybsolid-supported(heterogeneous)catalystshavegainedincreasingattention

inthelastfewyears.Thedevelopmentofheterogeneouscatalyticoxidationsystemsthatusemolecular

oxygenasaprimaryoxidant,whichisreadilyavailableandproduceswaterasthesoleby-product,isof

paramountimportance.IManyattemptshavebeendirectedtowardtheheterogenizationofsolublecatalytic

species,andvarioussuppoltswithdifferingphysicalpropertieshavebeenexplored.Theuseofinorganic

suppolts,suchashydroxyapatite,microporouszeolite,mesoporoussilica,etc.,iseffectiveinthecreation

ofrecyclableaerobicoxidationsystems.Incontrast,examplesofmetalcatalystssuppoItedonfimctional

polymersfbraerobicoxidationarestilllimited,eventhoughtheymaypossessmultifUnctionaladvantages

andcouldallowmaterialapplications.

polymersPoly(Misopropylaclylamide)[PNIPAAm]-basedpolymershave

intrinsicallytemperature-responsivebehaviorandundelgothennally

reversiblechangesbetweenwateFsolubleand-insolublestatesacrossa

lowercriticalsolutiontemperatul℃(LCST)fi℃m30oCto40･C.Owing

tothisuniquechalacteristic,theyhavebeenappliedinvariousfields

suchasdrugdeliverysystems,columnpackingmaterials,andcell
culmresubstrates・hthecourseofourresearchontheutilizationof

そCH2-9H*
C=O

NH

人
PNIPAAm

Poly(Misopropylaclylamide)

PNIPAAmasacatalystsupportmaterial,PNIPAAm-boundcatalystwasfbundtobeusefillinthe

developmentofrecyclableoxidationsystems3・WereporthereanoveldesignofaPNIPAAm-bound
rutheniumcatalystdevelopedfbruseinconjunctionwithmolecularoxygen.

Rmheniumcomplexeshavegreatpotentialfbrthecatalyticoxidationreactionofvariouscompounds.

Amongtherutheniumcomplexes,thepemthenateionshowspromisingcatalyticpropertiesfbrvarious

oxidativetransmnnations・Tbtrapmpylammoniumperruthenatealoneisanactivecatalystfbrtheoxidation

ofalcoholsifthewatercanberemoved肋s"〃byaddingactivatedmolecularsievestothereactionsystem.

Althoughtheuseofapolystyrene-basedresinyieldedpolymeFboundpeITuthenate,itisstillquitedifficult

torecycle,possiblyduetooxidativedegradationofthepolymersuppoIt.

Schemeland2showthepreparationofthenewPNIPAAm-boundrutheniumcatalysts(2).ThePEG

block-containingPNIPAAmchain(1a)waseasilypreparedusingtheazocompound

4,4'-azobis(4-cyanovalericacid)-PEGcopolymer(VPE-0201)asapolymerizationinitiatoI;whilethe
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｜

’

cross-linkedPNIPAAm(1b)waspreparedusingAIBNinthepresenceofcross-linkingagent.Subsequent

complexationwithpeITuthenateinwateraffbrdedthenewpolymeFboundrutheniumcatalyst2Aand2B.
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口 PEG-PINIPAAm-Ru(2A)showedhighlyactivityintheoxidationofalcoholtocarbonylcompoundswith

molecularoxygen,whilecross-linked-PNIPAAm-Ru(2B)waseffectivefbrtheoxidativebialylcoupling

reactionofnaphtolsandsubstimtedphenolswithmolecularoxygen・Inaddition,theI℃coveredcatalyst

couldalsobeusedfbrconsecutivereactionswithoutanysignificantlossofcatalyticefficacyinbothcases

(Schemes3and4).

Scheme4
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R-CHOR-CH20H

(b:瞬繍!)
Insummalylwedevelopedapolymer-suppoltedmtheniumcatalystanddemonstrateditsefficiencyin

aerobicoxidation.TheutilityofthePNIPAAmversionofaheterogeneouscatalystandeaseofcatalyst

preparationmayoffermultifimctionaladvantagesinftlrtherapplications.Inaddition,theresultsdescribed

herewillenhancetheutilityofPNIPAAmpolymersinthefieldoforganicsynthesis.
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Polychlorinatedbiphenyls(PCBs)hadbeenusedasinsulatingfluidsfbrtlansfbnnersandotherelectrical

equipments,sincetheywererecognizedaspersistentorganicpollutants(POPs)whichpossiblycause

cancerolyandhonnonedisruption.Theproduction,importanduseofPCBsweretotallyprohibitedinl974,

andallPCBwastesmustbelegallydisposedinenvironmentalsoundmannerbyJulyb2016inJapan.PCB

degradationmethodssofardeveloped,howevel;haveaseriousproblem;thesemethodsrequireharsh

conditionssuchashighheat,highpressure,andstronglybasicconditionsduetothechemicalstabilityof

PCBs.ThetimelimitfbrthePCBwastedisposaliscomingupsoon.Therefbre,theimmediate

developmentofsafeandreliablePCBdegradationmethodsisexpected.

Recently,wefbundtheuseofEt3Nremarkablyandselectivelyenhancedthecatalyticactivityofpalladium

oncarbon(Pd/C)towardthehydrodechlorinationofaromaticchioridesunderhydrogenatmosphere.')･2)

ThedechlorinationmethodutilizingPd/C-Et3NsystemcouldbeappliedtothedegradationofPCBsand

DDT;3)~5)andtheconstructionofPCBdegradationplantisnowinprogress.6)Inthissymposium,wewill

presentthenovelcatalyticPCBdechlorinationmethodundermilderconditionswhichneverrequire

hydrogengas.

Whenamixtureofp-chlorobenzoicacidasamodelsubstrate,10%Pd/C(10wt%ofthesubstrate),and

magnesiummetal(1.5equiv)inMeOHwasstirredatroomtemperatureundernitrogenatmosphere,the

dechlorinationwascompletedwithin24h・Othermetalinplaceofmagnesiumwasalsoinvestigated,butit

wasfbundthatmagnesiumwasthebestchoice.ThecombinationofPd/C-Mg-MeOHwasthenappliedto

thedechlorinationofavarietyofaromatichalides.Asaresult,aromatichalidesthatbeareitheran

electron-donatinggroup(Tablel,entlyl-4)orelectron-withdrawinggroup(Tablel,ently5-8)onthe

benzeneringwereefTicientlydehalogenatedintheabsenceofhydrogen.Wefinallyappliedthepresent

dehalogenationmethodtothedegradationofPCBs・Althoughtheadditionof2.2equivofmagnesium

metaltowardstheaveragechlorinenumberperamolecule(ACN)wasnecessalyiAroclorl242(ACN=ca.
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3.l)underwentcomplete

dechiorinationwithintwo

hourstogiveanontoxic

biphenylasasingleproduct

(Schemel).

Furthermore, the

dechlorinationofbothAmclor

1248(ACN=4.0)andAmclor

1254(ACN=5.0)also

smoothlyproceeded.

TablelDehalogenationofaromatichalides

N2(balloon)
10%Pd/C(10wt%)

Mg(l.5equiv)
R2R,

ー

MeOH

It,24hR

Conversion

（％）

Substrate
Ently

RI Rぅ
～

100(86）

100(70）

100(71)

100(69)

100(81)

100(70)

100(91)

100(82）

-CI -OH1

-CI2 -NHっ
一

ThepresentPd/C-catalyzed

dehalogenationofaromatic

halidesinthepresenceof

magnesiummetalwas

achievedatambientpressure

andtemperatureunderinactive

gasatmosphere (without

hydrogengas).Themethod

couldbesuccessfilllyapplied

tothedegradationofPCBs

basedonthedechlorination.

TheSeresultSarevely

promisingfbrthedevelopment

ofthePCBdegradationplant

withhighsafety.
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ConveEionyieldsweredetenninedbyGC-MassandisolatedyieldswereindicatedinparentheSis

10%Pd/C(lOwt%)

Mg(2.2equivvs・CI#)

N､,MeOH,It,2h
in

－

CI

Biphenyl
(m+n=3.09)

SchemelDegradationofAroclorl242(PCBs)
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ProcessdevelopmentofselectiveNMDA/NR2BantagonistlIisdescribed・Thesynthesisfeatures

asymmetricreductionofbeta-aminoketone2.

Compoundlwasoriginanysynthesizedbythecouplingofpiperidinederivative9withprotected

chloroalcohol6,whichwaspreparedbyasymmetricreductionofalfa-cmoroketone4withRh-diaminecatalyst

11reportedbyNoyoriandco-workers2(Schemel).Thkingintoaccountthelarge-scalesynthesis,thisroute

hadseveralissues・Thoughtheasymmetricreductionofchloroketone4wascamedoutintheearlystageof

thesynthesis,theresultingchiralalcohol5wasunstableunderbasicconditionsandithadtheproperlyof

racemizingineasy(Figurel).TherefOre,theprotection-deprotectionprocessofthehydroxygoupwas

necessary.R1rthennore,itseemedtobepreferabletopreventtheuseofCH2C12(whichmightcausea

negativeenvironmentimpact)intheFriedel-CraftsreactionandMgmetalintheGrignardreaction(which

washighlyexothermicandpotentiaUyuncontrollablereaction).Forthesereasons,wedecidedto

investigateanaltemativestrategyfOrthelarge-scaleproductionofl.

H HH
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Wefbcusedtheasymmetricreductionofbeta-aminoketone2toobtainthechiraltargetcompoundl(Scheme

2).Thoughwealsotriedtheopticalresolulionofracemiclusingthediastereomericsaltmethodsorthe

enzymaticmethodsatthesameinstance,theywerefailed.

Thebeta-aminoketone2waseasilypreparedbythesubstitutionreactionofpiperidinederivative9

chloroketone4.Inthesynthesisof4,weimprovediheFriedel-CrafIsreactionconditionsIouse
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chloroacetylchlorideinsteadofCH2Cl2asasolvent・Ontheotherhand,weestablishedaltemative

methodfOrthepreparationofGrignardreagentusingthehalogen-Mgexchangereactionof

2-bromothiophenewithiPrMgCl.Undertheseconditions,thereactionproceededatlO℃andthe

exothermicheatwascontrollablebyadjustingthedroppingrateofIPrMgClsolution.

Consideringtheasymmetricreductionofketones,agreatnumberofreagentsandcatalystshavebeen

reported.Amongthem,wechosefOurdiHerenttypesofmethod(Figure2)andtriedasymmetric

reductionofaminoketone2.TheoxazaborolidinelOmediatedasymmetricreductionwithboranegave

complexmixture.Althoughdesiredalcohollwasobtainedwithhighenantioselectivity(91%ee)bythe

asymmetrichydrogenationusingRh-phosphinecomplexl2,pressurizedconditionwasrequiredandthe

conversionratiowaslow.BoththetransferhydrogenationwithRh-diaminecatalystll3andasymmetric

reducionby(-)-DIP-Cl¥gavealcohollingOodyieldwithhighenantioselectivity(99%eeand95%ee,

respectively)．Regardingthetransferhydrogenationwithcatalystll,thereactioncompletedonlywhen

HCO2HwasusedasthehydrogendonorbOntheotherhand,itwasfOundthattheadditionofiPr2NEtwas

essentialfOrproceedingthereductionby(-)-DIP-Cl.Afteroptimizationoftheprocessofbothreaction

conditions,wecarriedouttheproductionofseveralhundredgramsofl.Astheresults,theprolongation

ofthereactionperiodwasobservedinthetransferhydrogenationmethod,andwewereconcemedthe

reproducibilityofreactioninfUrtherscale-up.ThustheDIP-ClwasselectedasthereducingagentfOr

largescaleproductionandtheprocesswasdemonstratedonmulti-kilogramscale.
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Radicalcyclizationhasbeenapowerfilltoolinorganicsynthesis・Inparticular;thereactionisefficientin

thesynthesisofcomplexpolycyclicnamralproducts.

Recentlylourinvestigationontheregioselectivetyofradicalcyclizationsdiscovered6-exoand7-e"伽

selectiveradicalcyclizationontoenamides.ITreatmentofenamidelwithBu3SnHinpresenceofACN

(1,1'-azobiscyclohexanecarbonitrile)gave6-exocyclizationproduct2,whereas,enamide3gave7-e""

cyclizationproduct4.

Bu3SnH
ACN

一

toluene

reflux

7-endo

BuFnH
ACN

一

toluene

reflux

6-exo

CQ<t

Br

3

CO箔Et

Br

l 2Me 4

Weassumedthatthelaterprocesswasusefblfbrtheconciseconstructionofazepineskeleton.Herein,we

wishtoreportthesuccessfUltotalsynthesisofstemonamidesandcephalotaxineusingaradicalcascade

involving7-e""selectivecyclizationontoenamides.

Stemonamide(10)andisostemonamide(11)wereisolatedfiFomtherootsof"e"Io"αﾉ叩o"icqthatare

usedinJapaneseandChinesefblkmedicine.2Thecomplextricyclicskeletonofthesealkaloidswaseasily

constructedbyusingaradicalcascade.Treatmentofenamide6,whiChwaspreparedfrom

l,2-cyclopentanedione(5)in4steps,withBu3SnH/ACNinboilingtoluenegaveamixmreoftwoisomers

8and9,through7-e"伽cyclizationof6fbllowedby5-e"血cyclizationoftheresultantU-amidoylradical

7.Compounds8and9wereconvertedto(i)-stemonamide(10)and(i)-isostemonamide(11)through

somechemicaltransfbnnations,respectively､3

I’
／、

1－／
Bu3SnH
ACN

Br－~－－－委
toluene

renux
酒

O

H O

↓
↓

一

55％

765

皇0--り．喪 旬、一巡狸

H－－－＞
一

H
＋

（1:1）8 9

stemonamide(10)isosbmonamide(11)
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Similarly5asymmetrictotalsynthesisof(-)-cephalotaxine(16),isolatedfromplantsofCW)ﾙαわ庇zx妬

familywhoseextractionshowedpotentantileukemicactivityb4wasachievedusingaradicalcascade

involing7-e""selectivecyclizations.Treatmentofopticallyactivecompoundl3,whichwasprepared

fromdiethylD-tartrate(12),withBu3SnH/ACNinboilingchlorobenzenegavearadicalcascadeproductl5

viaradicalintennediatel4inastereoselectivemannemSubsequentchemicaltransfbnnationofcompound

15,involingdeprotection,oxidation,O-methylationandreductionofcarbonylgroups,provided

(-)-cephalotaxine(16).

’ 1
Bu3SnH
ACN

一

PhCI

renux

EC2

さ-ぐ｡2Et_=二一
HOOH

12

⑦
イI】F馬【

】P烏《

130TBDPS 140TBDPS

プー〈 。一
認｜’

O TBDPSOMe

l5 (-)-cephaloExine(16)

AbovesuccessfUlradicalcascadegaveusthewaytothecomplexpolycyclicskeletonofalkaloids.Further

smdiesdirectedtowardsynthesisofotheralkaloidsandtheirderivativesusingtheradicalcascadestrate"

arenow1nprogress.
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IImroductionl

Racemicrimantadine,RSLl-(I-adamantyl)ethylamine(RSLADEA),possessessomeamagonisticproperties
againstN-methyl-D-aSparticacid(NMDA)aridisusedasananti-parkinsonicdrUg.')RSLADEAisalsoan
ofallyadministeredantiviraldrugUsedtotreatandpreventinfluenzaAinfection.2)Previousstudiessuggest
thattheM2coatproteininvirusenvelope,aprotonchannel,playsanimportantroleinthesusceptibilityof
influenzaAvirustoinhibitionbyRSLADEA.Theproductionofchiralamineshasgreatimportanceinthe
pharmaceuticalindustry,suchaschiralswitch.Ontheotherhand,adamantanederivativeshavebeen
appliedtoelectricaloroptoelectricalmaterialsbecauseofitssignificantphysicochemicalproperties:
transparencyindeep-UVtoVisregion,hightemperatureresistance,lowpermittivityandsoon.Inthe
fiontier,excimerlaserexposure(ArF)hasbeenappliedingemiconductorproductions,andthisprocess
requiresaphotoresistmadefifomadamantanederivatives.3)Potentiallychiralcontrolofadamantane
derivativeswilleducesomeorientedstructureandpolarizationpropertyinmaterials.

ThechiralresolutionofRSLADEAhasbeenreportedusinggaschromatogaphymethod,

4)､5)butitisnotsuitablefbrpracticaluse.Opticalresolutionandasymmetricsynthesis
aretheprimechoiceofmethodologiestoobtainsynthetichomochiralcompounds.
RSLADEAandopticalresolutionagentshavebeenappliedinthediastereomersaltsepaIation'
hthissmdylwefbcusonproductionofchiralADEA,andclarifytheinherentstructuresof
R-ADEAdiastereomersaltwith(S)-2-phenoxypropionicacid(SLPPA)byX-rayanalysis.

H2

RS－ADEA

[Methods&Resmts]
Resolution:RS-ADEAandresolvingagent,whichisoneenamiomerofPPA,ibuprofen,ketoprofen,
2-phenylpropomcacid,2-(2-naphtyl)glyconicacid,tartaricacidanddibenzoyltartaricacid(R,R-BzTA),
weredissolvedinanaqueousacetoneatrenux.Thesolutionswereslowlycooledatroomtemperamre,and
diastereomersaltswereobtainedafierafewdaysinvials.AsaiesofobtainedADEAcomplexeswere
giveninThblel・ThebondingratiosofADEA~toresolutionagemsweredeterminedbyIH-NMRandnon
aqueoustitration.TheabsoluteconfigurationsoftheresolvedADEAweredeterminedbycomparingtheir
sPecificrotationsignswiththatfromR-ADEA/SLPPAcomplex,whichabsoluteconfigurationwasdirectly
determinedbyfbllowingX-rayanalysis.Theenantiomeric
puritiesweredeterminedbyHPLCanalysiswithchiralseparation
columnaftermodificationbyp-tert-butylbenzoicchloride・The
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firstopticalseparationswithSLPPAandR,R-BzTAshowhigh
resolutioneHiciencies.PPAwasselectedb"auseofitsversatile

resolvingagentandchemicalstabilityagainstracemizationand
decomposition.ThecomplexwithSLPPAwererecrystallized
fromvariousoIganicsolventssuchasmethanol,ethanol,
2-propanol,acetonitrileandsoon,butcrystalsfiomaqueous
soIventsofmethanol,ethanolandacetonewereofhigher

enantiomericpurityAfierthesecondcrystallizationwithSLPPA,
theenantiomericpuritywasdeterminedtobe>98%ee.Afieracid
treatment,R-ADEAhydrochloridesaltwasrecoverdfiFomorganic
solution. SLPPAisalsorecycledbydoubledecomposition.
FromthemotherliquorexcludedSLPPA,SLADEAhydrochloride
saltwassimilarlyseparatedwithR-PPA・Itshowsthattheprocess
waseasyandpracticaltobeobtainedenantiomersofADEAshown
inFig.’．

Table2Crvstalandexperimentaldata

Fonnula

Fonnulaweight

CIystalsystem

Spacegroup
Z

q/A

6/A

c/A

6／｡

"/A3

Dx/gcm･3
No.ofrenectionsused

28max/｡withCuKa

RI

(A/o)max

脅

R-ADEA/SPPA

CIzH22N/C9H903
345.47

Monoclinic

m，
2

13.l､6(2)

7.0015(2)

lO.6319(3)

100.05(8)

964.4(5)
l.192

2187

149.8

0.063

<0.0001

X-rayanalysis:OneplanarcolorlesscrystalofR-ADEA/
S-PPAcomplexwithasizeofO.4xO．3xO.3mmwasused
fbrdiffiactionexperiments.ThecIystalandexperimental
dataaregiveninTable2.Thestmctureofcomplexwith
S-PPAwassolvedbydirectmethodsandrefinedbythe
filll-matrixleast-squares・Theabsoluteconfigurationwas
chosentocorrespondtothatofSLPPA.Non-hydrogen
atomswererefinedamsotropicallybAllthehydrogen
atomswererefinedisotropicallybAllcalculationswere

鞭萱D(1

caITiedoutwiththeprogrampackageWinGX32. Fig.2CrystalStructureofR-ADEA/S-PPA
ORTEPdlawingofR-ADEA/S-PPAisshowninFig.2.

ThecrystalstructuredemonstratesthemolecularrecognitionbetweenR-ADEAandSPPAwithhydrogen
bondandCH…兀interaction.Thedeprotonated3PPAmoleculeshaveanalmostidemicalstrucmre,aswe
havealreadyreported､6)､7)TheR-ADEAmoleculealsodisplaysadeprotonatedstructure,whichisnovelin
theCambridgeStructuralDatabase.

Physicochemcalproperties:Thephase-transitionsofR-ADEAhydl℃chloridesaltwasmeasuredbyDSC
equipmem:Shimadzulnst・Co'Ltd3DSC-60;N2gasnowlOOmL/min;3.2xlO~3gofsamples;aheatingrate
of5Kmin~'fiom297to573K.R-ADEAhydrochlorideisheatstableupto513K,inwhichtheexothermic
reactionwasobserved.

[Conclusions]

WeconfirmedareproducibleopticalseparationprocessofR/S-ADEAusmgPPA.Highpurityenantiomers
wereobtainedbydecompositionviadiastereomersaltfbnnation.TheabsoluteconfIgurationwasdirectly
definedbyX-rayanalysis,inwhichthemolecularrecognitionsystemofdiastereomersaltwascleared.

[Reibrences]

l)EvidenteVG;AdlerCHetal.,Clinicalneuropharmacology(1999),22(1),30-2.
2)KoffWC;KnightV,J.ofvirology(1979),31(1),261-3.
3)Takechi,S;Kaimoto,Yetal,J.ofPhotopolymerSci.andTech.(1992),5(3),439-45
4)FukudaEK;EdomRWJ.ofChromatogaphy(1988),431,343-352
5)FukudaEK;GarlandWAetal.,BiochemicalChromatography(1992),6,12-15.
6)Watadam,T;Takahashietal.,AnalyticalSci.Online(2004),20,xl41-x142.
7)FUjii,I;Watadam,Tetal.,AnalyticalSci.Online(2006),22(4),x75-x76.
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Thesynthesis,propelties,andreactionsoftheborontrifluoride-tetrahydropyran(BF3-THP)complexand

borane-tetrahydropyran(BH3-THP)wereexamined.BF3-THPmaybeisolatedasapurematerialonlyafter

reduced-pressuredistillation;itsstrucmrewasconfinnedbyNn眼.Itwasalsoclarifiedinathermal

decompositionexperimentthatBF3-THPrapidlydecomposesatappmximately200･C.BF3-THPshowsa

sligltlyweakerLewisaciditythanBF3-Et20,andithasthefbllowmgadvantages:minimalchangeincolor

duringstorageunderambientaiI;limitedamountofsmokmgowmgtomsensitivitytohumiditylandsmall

changesinpurityjallofwhichmakeiteasytohandleandstore・BF3-THPisusedasacatalystincationic

polymerizations.Incontrast,itiseasytopreparetheBH3-THPcomplexwhenBH3isabsorbedbyTHP.

ThestoragestaabilityofBH3-THPiSmuchhiglerthanthatofBH3-THF.Itwasclarifiedthatreactivityand

selectivityofBH3-THPareequivalenttoBH3-THFduringhydroborationandreductionreactions.

BF3-n悪complex

量辿竪ig:BF3-THPwassynthesizedbymtroducmgBF3gastoTHP.Thecnldeproductwassubjectedto

reduced-pressuredistillation(bp､55･C/15mmHg)toobtamBF3-TIPof99%purityormore(yield:91%).

Strucmre:Inthe'H-NBHIR(Fig.1)and'3C-N1唾(Fig.2)spectra,ashiffofOCH2toalowermagneticfieldwas

observedmBF3-THPcomparedwithTHPalone・ThistendencyisalsoobservedintheSpectraofBF3-Et20

andEt20・Therefbre,wespeculatethatTHPexistsasacomplexratherthanindividually・Withrespectto

11BaNB皿(160MHZ,intemalstandardboricacid,-19.52ppm),achemicalshiftsimilartothatobservedfbr

BF3-Et20andBF3-THPwasfbund,whichalsosupportsthenotionthatBF3-THPeXiStsasacomplex.
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Figl!H-NMR(500MHz,TMS)Fig2!3C-NMR(126MHz,CDCI3)

迦m:ThethennaldecompositionofBF3-THPwascarriedout・Figure3showstheresultsfbr

differentialscanningcalorimetry(DSC).AsshownmFig.3,itwasfbundthatBF3-THPproducesheat

graduallyatapproximatelyl90｡Candrapidlyatapproximately200｡C.
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MiQn:Cationicpolymerizationwascarriedout.Inthepolymerizationofmethylstyrene,thereaction

proceedsatalowertempei･amre,themolarmassofthepolymerishigleI;andthepolymerismoreactive

whenBF3-THPisusedasacatalyst(Fig.4).Inasolvent-fiPeereaction,thepolymerizationisunconUollable,

anditisalsodiffIculttocontrolthereactionwhenBF3-Et20isusedasacatalyst.Ontheotherhand,amild

polymerizationtakesplacesandthereactioniseasytocontrolwhenBF3-THPisusedasacatalyst.
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Fig3DSCofBF3-THPFig4Cationicpolymerizationofmethylstyrene
BH3-THPcOmplex

旦辿血堅ig:Diboraneisproducedusingsodiumborohydrideanddimethylsulfatemdiglyme・Thediborane

producedisabsorbedbyTHPtopreparetheBH3-THPcomplex.T11econcentration(0.82mom)waS

measuredusmgagasburette.BH3-THFwaspreparedusingashnilarmethod.

Strucml℃:Analysesofproton,carbon,andboronNﾊ眼ofBH3-THPwerecaITiedout.Althoughthe

presenceofBH3mTHPwasconfirmed,concreteprooffbritsexistenceinthefbnnoftheBH3-THPcomplex
wasnotobtained.

旦里"m:BH3-THP(complex?orsolution?),BH3-THF(complex?orsolution?),andBH3-THF(reagent)

werestoredatroomtemperature(approximately30｡C)duringsunnnertoevaluatetheirstaabilitiesmterms

oftherateofalcoholpmduction,whichisassociatedwiththedecompositionofthecyclicether(Fig.5).For

bothcomplexed(?)andreagentBH3-TT凪theamountofthedecomposedmaterial,n-butanol,gadually

increaSed,whereasfbrBH3-THP,thefbnnationofthedecomposedmaterial,n-pentanol,wasnotobserved.
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Fig5Stabilityofborane-cyclicethercomplex Fig6Hydroborationoftenninalolenn

Reaction:Thehydroborationofatenninalolefin(Fig.6)werecarTiedoutusmgBH3-THP. Nodiml℃ncein

thereactivitXselectivityBandproductyieldbetweenBH3-THPandBH3-THFwasobservedduringeither

reaction・THP-derivedby-productswerealsonotdetected.BH3-THPshowedareactivityequivalenttothat

ofBH3-THF,andthestoragestabilityofBH3-THPwasexcellent.
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ConstructionofQuaternaryChiralCenter

byAsymmetricTransferClaiSenRearrangement
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Asymmetricsynthesishasmaderemarkableprogresssincethemiddleofthe20thcentury.

Pioneersinthisrealmrealizedavarietyofasymmetricreactions(e.g.;asymmetrichydrogenation,

epoxydation,aldoltypereaction,DielsAlderreaction,andotherreactions).Plentyofresearchershave

beenstrugglingtodevelopadvancedasymmetricreactionsthatproceedhighlystereoselectivelyfOrawide

rangeofsubstrates・Nowadays,itseemsasifanychiralmoleculescouldbeproducedbytheasymmetric

synthesisreportedintheabundantliterature・However>mostoftheprocessresearchersknowthattherestill

remamseveralproblemstobesolvedfOrpracticalpreparationsofvaluablechiralproducts.

ConstructionofaquaternarystereocenterisatypicalsubjectfOcusedasanewfifontierofthe

asymmetricsynthesis・Especiallyifewmethodshavebeenreportedfbrgeneralsynthesisofthequaternary

chiralcompound,inwhichthechiralcarbonatomisbondedtofburdifferentcarbonsubstituents.

(R)-2-Ethyl-2-hydroxymethylhexanoicacidderivative(1)isanimportantcompoundasakey

intermediateofhypolipidemics.IthasaquaternarychiralcenterbondedtofOurdiHerentcarbongroups,

twoofwhicharesimilarsimplealkylchains,ethyland"-butylgroup・Thisstmcturalfeatureposedour

challengefOraneHicientasymmetricsynthesisofl・SignificanteHectenoughfOrchiraldiscrimnation

mightnotbeexpectedbyanyenantioselectivemanner(includingsimpleopticalresolution)becauseof

highsimlarityofstericorelectrostaticpropertyamongthecarbonsubstituents.

、
■ ■ ■

CO2R

1
OH

Thcklingaprocessdevelopmentofcompoundl,wefbundasymmetrictransferClaisen

rearrangementwasapowerfulmethodologyfOrintroducingchiralityonthequaternarycarbonatomwith

carbonsubstituents.Thus,asshowninSchemel,chiralityoftheallylicmoietyin4,introducedbysimple

chiralalcohol3,wastransferredinhighratiotothenewlyfOrmedquatemarycarbonatomoncomplicated

compound5.
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Thecompound2,preparedfromethyl"-butyrateandethylfbnnateaccordingtoTbnabe'smethodwas

condensedwiththechiralalcohol3inthepresenceofMgCl2togivetheenolether4.Itisnoteworthythata

singlegeometricisomerof4wasobtainedinthisreaction・Claisenrearrangementof4to5waspromotedby

variouselectrondeficientmetalcatalysts.ThebestresultwasobservedinMg(OH)2catalyzedreactionintenns

ofachemicalyieldandasymmetrictransferefficiency.Finallybtheq-fbnnylester5washydmgenatedby

RaneynickelcatalystunderanatmosphericpressureofH2togivetargetcompoundl.'Ibtalsyntheticprocessto

1issummarizedinScheme2.
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Insummary,wedevelopedanewmethodologyfOrconstmctingquaternarychiralcenterbonded

tofburdifferentcarbonunitsbyusingasymmetrictransferclaisenrearrangement.Withthistechnology,

complicatedchiralcompoundlwassynthesizedfromsimplechiralcompound3inhighyieldandhigh

asymmetriceHiciency.
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ScafWoldApproachfOrSolid-phasesynthesisofquinazolinederivatives
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QuinazolinecompoundshavebeenweⅡｲecogmzedfbrtheirphannacologicalpropertiessuchas

anticonvulsant,sedative,antihypertensive,vasodilatorbantHnflammatorybantibiosis,phosphodiesterase

inhibitorsandfibrinogenreceptorantagomsts.

Fivedifferentstructuresofquinazolinesweresynmesizedonsolidphaseusing

4"morog7muoroも弧troqUinazolineasanewscarold.Startingfromaldehyderesin,arylamneswere

attachedontheresinbyreductiveaminationreaction.TheresinJ)oundarylamineswerethenreactedwith

4℃moro-7fluoro､-nitroquinazolinetoaffordcorrespondingstrucmreF'.Basedonthereactions

betweenresinboundcompoundFandvariousbundmgblocks,differentquinazolinederivativeswere

synthesized.

-C；、②CHO+H2N

CI

O2N

C
F

－

NaBH3CN

DMFJHAc

O2N

C
F

F

g､NC"

R1

SChemelSolid-PhaseSynthesisofSca㎡bldF

Thereactionofresin-boundcompoundFandaminoacidmethylestersfbnowedbyreductionof

mtrogroupandringfOnnationreactionaffordedqumazolinederivativeswithstructureA.TheSNAr

reactionofresm-boundcompoundFandalblamnesfbllowedbyreductionofmtrogoupandimidazo

ringfbnnationwithalblaldehydesarordedquinazolinederivativeswithstrucmreB.Thereactionof

resin-boundcompoundFandalblamnesfbnowedbyreductionofmtrogroupandringfbnnation
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reactionbytriphosgeneaffordedquinazolinederivativeswithstructureC.Thereactionofresin=bound

compoundFandalkylamnesfOllowedbyreductionofmtrogroupandthionylatedringfbnnation

reactionbyCSzafWordedquinazolinederivativeswithstructureD.Thereactionofresin七ound

compoundFandsubstimtedacetylenesfOnowedbyreductionofmtrogoupandringfbnnationreaction

catalyzedbyPdcomplexarordedquinazolinedeIivativeswithstructureE(Scheme2).

R1

謀！
R1 Ｈ

Ｎ
ま
Ｎ
序

０

R1

CC
Ｎ
く
Ｎ
津

３Ｒ
、
〆

／
Ｉ
、

CBA

R1

C4J【：H【

R1

O2N

CC
F

。nF『

Scheme2Solid-phaseSynthesisofQuinazolinederivatives

ThescreemngofsynthesizedquinazolineslibrariesindiHerentassaysfbridentificationofactive

compoundswmbereportedinduecourse.

Ref:

1)YandongZhang,YOngpingYu,etal・エamb."em.,9(1),9-11,2007
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Macrosphelides,16-memberednaturalmacrolidecompounds,havebeenreportedtoexhibitpotent

cell-celladhesioninhibitoryactivity,immunosuppressiveactivity,andanti-tumoractivity.Wehave

recentlydiscoveredthatsomeofnaturalmacrosphelidesanditsanaloguescanactivateapoptoticprogram

inhumanlymphomaU937cells・Thestmcturalcharacteristicsofmacrosphelidesareassociatedwith

epothilones,naturalmacrolideswhichpossessthesamel6-memberedlactonefi･amework.Epothilones

havebeenreportedtoexhibitextraordinarilypotentcytotoxicityandinduceapoptoticcelldeath.Wehave

previouslyreporteddesignandsynthesisofnovelhybridcompoundscomposedofthel6-membered

trilactonecorestructureofmacrosphelidesandthethiazole-containingsidechainofepothilones､aimingat

increaseofapoptosisinducingactivityofmacrosphelides(Figurel).Thesestudiesledtodiscovelyof

somehybridcompoundsshowingthesignificantlyimpmvedactivity.

Figurel.HybridizationofMacrosphelidesandEpothilones
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Becauseithasalsobeenreportedthatreplacementofapartoftheepothiloneskeletonwithanitrogen

atomremarkablyaffectsthebioactivityofepothilones,wedesignednovelmacrosphelide

lactam-analoguesasapartofstructure-activityrerationshipstudy(Figure2).

Figure2.NoveIMacrosphelideLactam-analogues
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Thesynthesisofthelactam-analogueswasinvestigatedbasedonanefficientsyntheticstrategyof

naturalmacrosphelideswehavealreadydeveloped,takingadvantageofitsbroadapplicability.In

practice,threechiralblocks(12),(13)and(14)werepreparedfi℃mmethyIMBoc-L-alanate(9),methyl

L-lactate(10)andmethyl(S)-3-hydroxybutyrate(11),respectivelyaccordingtoestablishedmethods.

Thentheywerecombinedandcyclizedtoaffbrdthelactam-analogues(1)-(8)withahighefficiency

(Figure3).

Figure3.SynthesisofLactam-analogues(1)-(8)
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Inadditionto(1)-(8),wehaveachievedsynthesisofMmodifiedlactam-analogueshavinga

thiazole-containingsidechain,takingthepreviousfindingintoconsideration.

Inthiscase,weappliedreductiveaminationofvariousaldehydeswith(15),commonsynthetic

intermediateof(1)-(4),leadingtothesynthesisoflO-azaderivativeshavingvariablesidechainsonthe

nitrogenatom.

Figure4・SynthesisofMmodifiedLactam-analogues
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NowwearetlyingtointroducetheothersidechaintolO-azamacrosphelidesands)'nthesisof

MmodifYedl6-azamacrosphelides.Inthissymposium,wewillreportdetailsofefficientsynthesisof

macrosphelideaza-analoguesandtheirbioactivities.
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Organicmoleculesderivedfi･omnaturalresourceshaveprovidedarichpoolofnewdrugdiscovery.

Becausenaturalproductsthemselvesofienpossessundesirablepropertiesfbrapracticaldrugsuchas

seriousside-eiTectsandinstabilityinlivingcelIs,eveniftheyexhibitanidealbiologicalactivit)/invitro、

an.6altificial''structurerationallydesignedconsideringbioactive66natural''productstructuremayprovidea

novelandusefillleadfbradiscovelyofanewtherapeuticagent.Wehavebeenengagedinthestudies

directedtowarddesign,synthesis,andbiologicalassessmentofthecompoundshavingasimplified.

hybridized,ormodelstructureinspil℃dbyvariousnaturally-occurringcompounds.Forthein-depthSAR

researchesandtheproductionofnewmedicine、developmentofel¥icient,simple、short-sIep.and

high-yieldingsyntheticprocessisanessentialtask.

Macrosphelides,whosestructuralcharacteristicisacommonl6-memberedtrilactone什amework.have

beenreportedtoexhibitpotentinhibitolyactivityagainstadhesionofhumanleukemiaHL-60cellsto

human-umbilicalveinendothelialcells(HUVECs).Inaddition,macrosphelideBandrelatingcompounds

havebeenfbundtoexertinhibitolyactivityagainsttumorcellgrowth(coIon26-L5adenocarcinomacells).

Thesestudieshaverevealedthatmacrosphelidescanbeapotentialleadcompoundfbrdevelopmentofa

newanticancerchemotherapeuticagent.lnthecourseofourstudiesonmacrosphelides,wefirstibundthe

apoptosis-inducingactivityofseveralmacrosphelideS.Twostrategieshavebeenutilizedfbradvancing

thesestudies;1)synthesisofsimplifiedcorestructuresofmacrosphelidesandtheirdivergent

derivatization,and2)newdesignofmacrosphelide-epothilonehybridcompounds.

(1)MacroSDhelideCOre(MSCOre)Stratef

Weenvisagedthatthesimplifiedcorecompounds(MSCores)mightserveasapotentialprecul･sorofa

varietyofmacrosphelideanalogues,includingnaturalcompounds,throughvariouschemicalmanipulations

(Schemel).
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ThisMSCorestrategyhasseveraladvantagesasfbllows;(1)allthreechiralcentersinMSCores(1and2)

canbederivedfi･omasolechiralblock,methyl3-hydroxybutyrate(3),(2)availabilityofbothenantiomers

ofmethyl3-hydroxybutyrate(3)makesaccessibletotwotypesofMSCoreaswellastheirnon-natural

enantiomers,(3)thesimplifiedstructuresofMSCorescomparedtothoseofthenaturalcompoundsallow

thesyntheticroutestobevelysimple(IIsteps,overall37.2%),makinglalge-scalesynthesispossible､(4)

variouschemicaltransfbrmationsofMSCoreswillbeapplicableatthe8-andl4-allylicpositionsandthe

CO『Uugatedenonemoieties,providingalargenumberofmacrosphelide-likecompounds.

Biologicalevaluationofseveralderivativessynthesizedbyabovestrategyledtodiscovelyof

apoptosis-inducingactivityagainsthumanlymphomaU937cells(particularly,X=Y=O).

(2)DesignandS nthesisofMacrosphelide-EDothiloneHvbridCompounds

Toimprovethepotentialofmacrosphelidesasananticanceragent,weundeltooknewmoleculardesignof

severalartificialmacrosphelides.Wetooknoticethatthestructuralcharacteristicsofmacrosphelidesare

associatedwithnaturalmacrolideepothilones,possessingthesamel6-memberedlactonefi･amework.

Epothiloneshavebeenreportedtoinhibitmicrotubuledynamicsinlivingcelisandconsequentlyexhibit

extraordinarilypotentcytotoxicity.Inaddition,epothilonesareknowntoinduceapoptoticcelldeath,

whichissuggestedtohaveclosecorrelationwiththetumorcellgrowthinhibitolyeffects.Thus、we

designednovelhybridcompounds(4)composedofthel6-memberedtrilactonecorestructureof

macrosphelidesandthethiazole-containingsidechainofepothilones(Scheme2).
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Scheme2.DesignofHybridCompoundsofMacrosphelidesandEpothilones

Thesyntheseswereaccomplishedstartingfi･omreadilyavailablechiralunits(5,6,and7)througha

successiveesterificationsequenceandsimplefilnctionalgroupmanipulations.Examinationofthe

apoptosisinducingactivityrevealedthatsomeofthehybridcompounds4exhibitedsignificantlyimproved

activityatlllMconcentration．ltisanimportantnotethatnoneofthenatural-typemacrosphelides

displayedanyapoptosisinducingabilityatthesameconcentlation.

Inthissymposium,wewillpresentdetailsoftheefficientsynthesiSofmacrosphelide-basedcompounds、

utilizingoperationallysimplereactionsequences.
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yakuhin@gifil-pu.acjp

Deuterium-labelledcompoundsarewidelyusedassolventsfbrNMRspectroscopy,toolsfbrthe

elucidationofmetabolismandreactionmechanism,andsoon.Accordingly,theincreaseindemandfbr

deuterium-labelledcompoundshasledtoacceleratethedevelopmentofefficientsynthesesofdeuterated

compounds.Especially,aregioselective-deuterationmethodofalcoholsiseffectivefbrdetenninationof

complicatecompounds,suchasglycosides,bythesimplificationof'HNMRcharts・Theregioselective

deuterationatu-positionsofthehydroxylgroupinsecondaryorprimaryalcoholshasbeenmainly

achievedbythreemethods:1)stoichiometricdeuteride-additiontocarbonylcompounds(ketonesand

aldehydes)usingdeuteratedre血cingreagents(NaBD4andLiAlD4),2)transitionmetal-catalyzed

deuterogenationofcarbonylcompounds,3)H-DexchangereactionwhichcandirectlyincolPorate

deuteriumatomintotargetmaterials.However,thesefbnnermethodshaveseveralproblemsinrespectto

costs,handlingandatomefficiencyondeuteriumsources・GenerallyH-Dexchangereactionisapowerfill

methodtopreparedeutemtedcompounds,althoughtherearequiteafewregioselectivedeuteration

methodsatvicinal-OHofalcoholswerereported.

WehavepreviouslyreportedanefficientPd/C-catalyzedH-Dexchangereactionofalkylbeznene

derivatives',aminoacids2,nucleosides3,andhydrocarbons4inD20asadeuteriumsourceunderhydrogen

atmosphere.

雛。鼠Furthennore,wehavealsoreportedSchemel"

=-D3COH

」牝anovelPd/C-catalyzedH-D

/L比exchangereactionofaliphatic､~7D2o,160",z4h'''92tlbe xchangereactionofaliphaticDD
92

secondaryalcoholsandketonesvia

redoxreactionss(Schemel).

Duringthecourseoftheseinvestigations,wefbundthatRu/CefficientlycatalyzestheregioselectiveH-D

exchangereactionattheadjacentpositiontoahydroxylgroupofthealiphaticsecondaryalcohol

(u-position)(Scheme2).Herein,wereportthatregioselectiveH-Dexchangereactionofaliphaticalcohol

utilizingRu/C-H2-D20systemefficientlyandregioselectivelyproceededundermildreactionconditions.

Scheme2
OH OH

Ru/C,H2(1atm)

／桃/L卜追一丁両面T-
100

regioselectivedeuteration
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Tablel
IExperimentalresultsl

OHCatalvst_H､(lam)OHFirst,weexaminedthedifferenceofthecatalystactivityamong Catalyst,H2(lam)

人叱下--桃variouscarbon-supportedtransitionmetalcatalyststowardthe

deuterationof2-decanol(Thblel).Ru/Cwasonlyaneffective
EntryCatalyst(lOwt%)Dcontent(%)

catalystfbrtheregioselectivedeuterationattheu-position(Entryl),
110%Ru/C87

andotherheterogeneouscatalystswerenoteffectivefbrthedesirable
210%Pd/C--a

deuteration(Entries2-6).Afierfilrtheroptimization,thebestresult
310%Rh/C--a

oftheefficiencyofdeuteriumincorporationwasachievedwith5%
410%IIYC--a

Ru/Cat50｡C.
b

510%Pt/C

Next,variousalcoholswereemployedunderoptimizedconditions
610%Au/C--c

toexplorethescopeofthereaction.Inthecaseofprimary
a)Ketonesweredetectedby'HNMR.

alcoholsandpolyols,althoughtheapplicationofheatat80｡CwasbjB"ahCMgae"ai,y~mm
required,variousaliphaticalcoholswerequantitativelydeuteratedc)Otherpositionswereslightlydeuterated.

(Figurel).

Figurel
Theseresultsencouragedustocan･youtthefUrther

5%Ru/C(20wt%),H2(latm)

’
’

Substrate

OH

Substrate-dhapplicationofthisreactiontothecarbohydrates.
D20,T℃mp,Time

AlthoughthedeuterationofD-glucosegaveno96

"｡nticip"edglucose-d7,[heprodua,…dtobeH/ifｨも
100』

99%(50｡c,3h)94%(50｡c,3h)88%(80｡c,24h)deuteratedsorbitolaccordingto'HNMRanalysis.

ハx･""daW"""f:"驚罵篭襄綴證駕○入””。。郷
86%(80｡C,24h)100%(80｡C,24h)89%(80｡C,24h)

Insummaryjwehavedevelopedtheu-positionFigurez
5%Ru/C(20wt%),H2(Iatm)律r,fiwP画一、食暫r,han‘TPF回、ハ侭へ両〃､Fn1;両1勺、十;八，1ハハトヘ1厘、selectiveH-Dexchangereactionofaliphaticalcohols

utilizingRu/C-D20-H2system.Thismethodcanbe

camedoutundermildreactionconditionsand

eificientlyincorporatethedeuteriumatomsusingD20,

whichistheattractivedeuteriumsourceinrespectto

lowcostandtoxicity.OurongoingeffbrtsaI℃seeking

toexpandthescopeandlimitationofthismethodand

toprobethereactionmechanism.

Sugars Sugars-4!
D20,80oC,24h

窯
OH

八
Ｗ

Ｌ
①HO H

HOOH

IOO％deuterated

(94%yield)

DD

96％deulerated

(100%yield)

｜

Reibrences

(l)Oig.Le".2004,6,1485;CWem.E"雁.ﾉ:2007.ﾉ3,4052;砂"ﾉe"2002,1149;Cbe"2.E"鷹､ﾉ62008.

（2）砂"ノe"2005,845.(3)〃どremC)ﾉcﾉ"2005,66,361.(4)"4"gewCWe"7."r.EM,inpress

(5)､ﾉ:Ojg.CWe"1.2007,72,2143.
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Pd/C-catalyzed,Solvent-freeandSolid-phaseSuzuki-MiyauracouplingReaction
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LaboratoryofMedicinalChemistry,GifuPharmaceuticalUniversity

5-6-1Mitahora-higashi,Gifu,502-8585,Japan

yakuhin@gifu-pu.acjp

Abstract:Pd/Cisoneofthemostusefulheterogeneouscatalystsinorganicsynthesis,becauseitcanbe

safelyhandledandremovedfromthereactionmixturebyasimplefiltration・Recently,wefoundthat

Pd/C-catalyzedSuzuki-Miyauracouplingreactionefficientlyproceededonlybyblendingthesolidsubstrates,

inoIganicbaseandlO%Pd/Cundersolvent-free(solid-phase)reactionconditions(Schemel).

SChemel・Suzuki-MiyauraCouplingReactionunderSbんe"'てβでeReactionConditions

O2N-OBr+MeO-0B(OH)2
(Solid)(Solid)

10%Pd/C,Cs2CO3,Air

NoSoﾉventlOO｡C,24h

Isolatedyield90%

O2N-0－0OMe

(Solid)

Thepalladium-catalyzedSuzuki-Miyauracouplingreaction,whichinvoIvesthecross-couplingreaction

betweenarylhalidesandarylboronicacids,isoneofthemostpowerfulandconvenientsyntheticmethods

forthepreparationofbiarylderivativesthatareoftenfoundasthestructuralunitinthepharmaceuticals,

agrochemicals,naturalproducts,andfunctionalpolymers.TheSuzuki-Miyauracouplingreactionhasmany

advantagessuchastoleranceofawiderangeoffunctionalgroups,lowtoxicity,easyhandlingofreagents

andsoon.Wehaverecentlyreportedamildandefficientligand-freePd/C-catalyzedSuzuki-Miyaura

couplingreactionatroomtemperatureinthepresenceofamildinorganicbaseinaqueousoralcoholic

media.’

SoIvent-freecatalyticprocessesinorganicsynthesis,whichcanreducetheconsumptionofenvironmentally

unfriendlysolventsandthesizeofthereactionvessels,wouldbeabletoachievethesignificantenergy

saving・Inspiteofthegreatpromise,thesolvent-freecatalyticreactionshavebeenhardlyexamined,sincean

efficientcontactofasolidcatalystwithasolidsubstratehasbeenrecognizedtobeanabsoluterequirement

forthesmoothreactionprogress.Recently,wefoundthatthesoIvent-freehydrogenationefficiently

proceededonlybyblendingthesoliddiphenylacetyleneasasubstrateandacatalyticamountofPd/Cunder

hydrogenatmosphere(balloon)atroomtemperature(Scheme2),andwehaveestablishedthegeneralityof

thesolvent-freehydrogenationmethod・2

Scheme2HydrogenationofDiphenylacetyleneunderSb/ve"&たeConditions

(Solid)

】％Pr 】‐I《】【

NoSoﾉvemrt,2.5h

quantitativeconversion
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Herein.wereportaligand-andsolvent-freePd/C-catalyzedSuzuki-Miyauracouplingreactiononlyby

blendingthesolidsubstratesaninorganicbase,andheterogeneousPd/C

catalyst.

Afterthedetailedoptimizationofthereactionconditions,wefoundthat1.5

mol%of10%Pd/Ccatalyzedthereactionof4-bromonitrobenzenewith

4-methoxyphenylboronicacid(1.5equiv)inthepresenceof1.5equivof

Cs2CO3asthebaseusingaconstant-temperatureincubator(ca.100℃）

(Fig.1).Wethenexploredthescopeandlimitationsoftheapplicablesubstrates

forthecoupling('Ihblel).

AsshowninTablel,awiderangeofarylbromidesweresmoothly

cross-coupledwitharylboronicacids,suchas4-methoxyphenylboronicacid,

2-methoXyphenylboronicacid,and4-acethylphenylboronicacid,toaffordthe

correspondingbiarylsingoodyields.Itisnoteworthythatthecross-coupling

reactionbetweensolidsubstratescouldproceedtogivethesolidproductsunder

absolutesolid-phaseconditions.

鍵
一声 ●

８
８
目
日
日
日
日

一
！

１
３
０
．
国
日
日

！

一
Fig.lconstant-temperature

incubator

TablelScopeandLimitation

RD-B『÷・一B(OH)2
R'

〃･so'EM:W:4｢Re-G"
10%pd/C,Cs2CO3

Entry R R' Yield(%)

１
２
３
４
５

Ｑ
ｑ
Ｑ
Ｎ
Ｑ
〕

Ｎ
Ｎ
Ｎ
ｃ
Ｎ

４
４
牛
４
４

4-MeO

2-MeO

4-COMe

4-MeO

4-CH3

”
叩
、
配
河

Inconclusion,wehavedeveiopedaPd/C-catalyzed,soIvent-freeandsolid-phaseSuzuki-Miyauracoupling

reaction.Thismethodologycanprovideafacile,efficientandenvironmentallyfriendlyheterogeneous

processduetothesimplicity,thewideapplicabilityofsubstrates,theuseoflesstoxicreagentwithoutany

ligandsandsolvents.Tbthebestofourknowledge,thisisthefirstreportforthegeneralsynthesisofvarious

biarylcompoundsbytheheterogeneouscatalyzedcross-couplingreactionundersolvent-freeconditions・We

willintroducemoredetailsincludingpracticalproceduresabouttheSuzuki-Miyaurareactionunder

solid-solid-solid-phases.
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Suzuki-Miyauracouplingreaction,whichinvoIvesthepalladium-catalyzedcross-couplingreaction

betweenalylhalidesandarylboronicacids,producesbialylskeletonsoftenincludedaspaltiaIstructuresin

pharmaceuticals,naturalproductsandfimctionalmaterials・SignificantefTbrtshavebeenfbcusedonthe

developmentofthecombinationofpalladiumcatalystSandligandsfbrtheefficientreactionprogress.Most

developedprotocoIs,however;usedhomogeneouscatalystswhicharedifficulttohandleandremovefiPom

thereactionmixture・FurthennoI℃,theyaremainlyapplicabletotheconstructionofsimplenon-hetero

alyl-alylunits,andareusuallydifficulttoapplytotheSynthesisofheterobiarylcompounds.

Recentlyiwehavedevelopedanefficientnon-heterobialylSuzuki-Miyauracouplingreactionusing

Pd/C-Na3PO4-50%i-PrOHcombinationwithoutligandsatroomtemperature,')butthereactionsystemwas

notapplicabletothecouplingofheteroarylboronicacidandnon-heteroalylbromide・ARerconsiderable

explorationofthereactionParameters'SchemelSuzuki_Miyauracouplingbetween4-bromobenzeneand
wefbundthattheapplicationofheat4-dibenzofi'ranboronicacid

○
○ ◎○

(80｡C)wasthemostimportantvariable

c[R"歴一C-e｢+O2N
toenhancethereactionprogress;the

O2N
reactionof4-bromonitrobenZenewith

arylboronicacid(1.1equiv.),10%PdﾉC(3.5equiv.)､50%j-PrOH,rtO%

4-dibenzofUranboronicacid(1.5equiv)arylboionicacid(15equiv.)､10%PdﾉC(3.5equiv.),50%j-PrOH.80.C98%

inthepl℃senceofl0%Pd/C(3.5mol%

asPdmetal)andNa3PO4・12H20Scheme2Suzuki-Miyaulacouplingofarylbromidewithheteroalylboronicacid

(3.5equiv.)in50%j-PrOHatlo%PdﾉC(3.5mol%)
R,g-､.Na3PO4･12H20(3.5equiv)R

eer+Heier9afy'-a(｡H)2".."Mf;o8HeteroaIyl80｡Cwascompletedwithinlh
(1.5equiv)．．，:＋LnO0久．｡：へ1』

with98%yield.

AsshowninScheme2,awide

rangeofnon-heteroalylbromides

bearinganelectron-withdrawing

Q ◎。
○○C NO2R

bearlnganeleCtrOn-WlmdraWlng98%NO2ﾛー職灘％
72％

grouporanelectron-donating一一

◎0groupclearlyreactedwith

heteroalylboronicacids.2)

Wenextinvestigatedthe

couplingbetweenheteroalyl

C
C
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bromidesandnon-hetroalylboronic
Scheme3Suzuki-Miyauracouplingofheteroatylbromidewitharylbomnicacid

Theacids.Thereactionsof
10%PdﾉC(3.5mol%)

2-bromopyridinewithaseriesofu_･_､'l_｡,fX-IF,,,､."NasPo4･12H20(a5equivl､__,_'-XR
e･(OH),"":roH｡『卜p『:¥~"OHeteroaryl-Br+

electron-neutraltoelectron-rich
(1.5equiv) 80｡C

phenylboronicacidsproducedthe

宛．:熟desiredheterobiarylproductSin

94-97%yields.However,theuse 号
96％

of4-chloroboronicacidor3-and

4-bromopyridinesassubstrateswas

incompleteevenaffer2411,while OMe OMeOMe
97%a--~- 98%a 98%a

progressthel℃actionprogresswaS
aj-PrOHwasusedasthesolvent.

remarkablyimprovedini-PrOHin

placeof50%i-PrOHasthe
Scheme4Suzuki-Miyauracouplingofheteroarylbromidewithhetemalylboronicacid

soIventandthedesired

10%Pd/C(1.Omoi%)

productswereprovidedin..."_..".,~~"NH3bbr･MM.M-Heteroaryl'-Heteroalyl2Heteroaryll-B｢+Heteroaryl2-B(OH)2
morethan95%yields jLPrOH,80℃

(1.5equiv)

(Scheme 3).Further

applicationofthel℃action

conditionstothecoupling

betweenheteroalylboronic

acidsandheteroalyl

bromideswassuccessfillly

achievedtogivethe

0
、
派 C0

100%75%91%

◎◎
M e

C
94%H70%

correspondingheterobialyl

compoundsingoodyields(Scheme4).2)ltisnoteworthythatthepresentprotocolisapplicabletothe

cross-couplingofsulfilr-containingheterocycles,sincethereactionofsuchsubstrateshaspreviouslybeen

plaguedbyseverallimitationsinvoIvingprotodeboronation(hydrolysisorsoIvolysis)andcatalyst

poisoningofthesulfilratom.

Wehavedevelopedamildande稲cientprotocolfbrtheligand-freeandheterogeneousPd/C-catalyzed

heteroSuzuki-Miyauracouplingreaction.2)Tothebestofourknowledge,thismethodoloa/isthefirstto

bereportedwhichhaswidespreadapplicationfbrthesynthesisofvarioushetrobialylcompoundsusinga

heterogeneouscatalystunderligand-freeconditions.Weanticipatethatthisapproachwillofferan

alternativesyntheticstrategyfbrthepracticalconstructionofheterobialylcompounds.Inthissymposium,

wewillalsopresentthereusetestofthecatalystandtheapplicationofwet-typePd/Cinsteadofdly-type

oneanddiscussthewatereffectonthecross-couplingreaction.

Refbrences:1)(a)Maegawa.Tetal.Cﾉ12"1.EI"gJ2007．ノ3.5937-5943．(b)Kitamura・YLetal.7b"αﾙe鋤℃".2007．63,
1059flO602.

2)KitamuraYetal.(yle腕,〔､o耐加"".2007.5069-5071.
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IIntroductionlReductionofcarbonylgroupsisaconvenienttooltopreparecorrespondingalcohols.Ithas

beenmainlyachievedbythreemethods:l)Hydride-additionusingstoichiometricamountofreducing

reagents(NaBH4andLiAlH4),2)enzyme-catalyzedbiochemicalreduction,3)transition-metalcatalyzed

hydrogenation・Especially,transition-metalcatalyzedhydrogenationisofadvantageonindustrialand

laboratory-scalereductionsinrespecttohandlingandlowcost.

Heterogeneoushydrogenationofketoneispreferabletohomogeneousoneintennsofeasywork-up,

reuseandapplicationtoindustry.However,theharshconditionssuchashightemperamreand/orpressure,

acidicorbasicconditionsandeXcessamountofcatalystarerequired,especiallyfOraliphaticcarbonyl

compounds.Therefbre,thedevelopmentofefficientandmildhydrogenationofcarbonylgroupscatalyzed

byheterogeneouscatalystshasbeendesired. Schemel

85－●

DuringourcontinuoussmdyoftheH-DexchangeQ

人ｹｩreaction,wefbundthatPd/CcatalyzetheH-D

exchangereactionofaliphaticketonederivatives
D20,160｡C,24h龍c器

CD3
55

ロハじuaug唇にaCLluno1a皿pnaucKeloneuenva[1vcs70

accompaniedwiththereductionofthecarbonylgroup(Schemel,､ﾉ:OJg."em.2007,72,2143).After

optimizationofreactionconditions,Pt/Cwasfbundtobeaneffectivecatalystfbrthehydrogenationof

aliphaticketonesundermildconditions(Scheme2).Wedescribethattheefficienthydrogenationof

carbonylcompoundsatroomtemperamreunderordinaryhydrogenpressure.
Scheme2

Q10%Pt/C(10wt%),H2(1atm)9QH

丑i』；+/器』；人ケウH2O(2mL),rt,3h
”e〃曲りge""0"〃α坤伽α睡虎em""""cecd"dα"""此rO'戒""""4加ge"prEss"""

Tablel

IExperimemtalresilltsl'a｡2'~"___OH
O9Catalyst,H2(1atm)

ノトヶケFirst,wesmdiedthedifferenceof

ﾉやチCyclohexane(2mL),rt,1h
thecatalystactivityamongvarious

･Yieldwasdeterminedby'HNMR

carbon-supportedtransitionmetal

catalysts(Tablel)．Interestinglyjthe

reactionproceededonlywithPt/Cor

Rh/Candtheotherheterogeneous

catalystswerenoteffectivefbrthe

Yield Yield Yield

Catalyst
(％）

Catalyst
(％）

Catalyst
(％）

10%Pt/ClOO 10%Pd/CNR 10%1IJCNR

10%Rh/C79 10%Ru/CNR 10%Au/CNR

reaction.ItisobviousPt/CwasthemosteffIcientcatalystfbrthehydrogenationof2-decanone.
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Wealsoinvestigatethesolventeffectofthe

proceededincyclohexane,H20andTable2

Suli-PrOH,andcyclohexanewaschosen
（0.§

asthemosteffectivesolvent.

Inthecaseofaliphaticketonesasasubstrate

includingstnlcmrallyrigidcholestanoneand

adamantanone, hydrogenationefficiently

proceededtogivethecorrespondingsecondaly

alcoholsinquantitativeyieldswithhigh

selectivity(Table2,Entriesl-6).

TheseresultsencouragedustocaITyoutthe

filrtherapplicationtoaromaticketones(Table2,

Entries7and8).Althoughsmallamountof

cyclohexanederivativesderivedfiFomthe

hydrogenationofboththeketoneandaromatic

ringweredetectedon'HNMR,hydrogenationof

ketonesefficientlyproceededandcorresponding

aromaticsecondaryalcoholswereobtainedin

highselectivity.Inthecaseofdi-2-pyridylketone,

onlythecorrespondingsecondaryalcoholwas

obtainedbytheselectivehydrogenationofthe

carbonylgroup(Table2,Entry9).

Inconclusion,wehavedevelopedthemild,

efficientandPt/C-catalyzedhydrogenationof

aliphaticketonesunderheterogeneousconditions.

Thepresentmethodcanbecamedoutunder

ordinaryH2pressureatroomtemperamre・The

filrtherapplicationtothereductionoftheother

carbonylcompounds,suchasaldehydeandester

isunderway.

hydrogenation(Scheme3).Asaresult,thereaction

SubStrate

(0.5mmol)

Entry

1

2

3

4

5
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10%Pt/C(10wt%),HZ(1atm)
－

cyclohexane(2mL),rt,Time

Product

Substrate Ently Substrate

0

6

96%(lh) 100%(3h)

0 0

7

85%(1h)
>99%(6h)

a

0

0

8

F3C

99%(6h)
94%(5h)

a

0

0

9

90%(2h) 98%(3h)
b

豊識
93%@(6h)

a:'HNMRyield.
b:YieldofstereoisomericmixtuE.

c:InPrOH.
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Palladium-catalyzedSuzuki-MiyauracouplingreactioninvoIvingthecross-couplingbetweenaIylhalides

andalylboronicacidsisoneofthemostpowerfillandconvenientsyntheticmethodsfbrthepreparationof

bialylsaswellasalkeneswhicharestructuralcomponentsofnaturalproducts,agrochemicals,

pharmaceuticals,andpolymerssuchasoIganicELmaterials.Suzuki-Miyauracouplingreactionhasmany

advantages:toleratingawiderangeoffilnctionalgroups,lowtoxicityandeasyhandlingofreagents.

TraditionalSuzuki-Miyauracouplingreactionsweregenerallyemployedwithhomogeneouspalladium

catalystsinthepl℃senceofphosphineligands.HoweveI;theypossesssomeseriousdrawbacksinthe

availabilityjstabilitMtoxicity>reusabilitybandcostofthepalladiumcomplexesandphosphineligands.

Fulthermore,theproductsarefi℃quentlycontaminatedwithresidualPdandligandsbecauseofthe

dif¥icultyoftheseparation・Palladiumoncarbon(Pd/C)isoneofthemostcommonheterogeneous

catalystsbecauseofitsavailabilityleasyhandling,andreusabilityiandmanyapplicationsofPd/Cfbr

Suzuki-Miyauracouplingreactionshavebeenreported・Howevel;someadditivessuchasphosphine

ligandsandquatemaryammoniumsalt,and/orapplicationofheat,microwaveirradiationandpressul℃are

requiredfbrtheefTectivereactionprogress・Therefbre,thedevelopmentofamild,efficient,andligand-fi･ee

Pd/C-catalyzedSuzuki-Miyauracouplingreactioninaqueousmediahasbeendesiredfi･omthe

environmentalandeconomicalpointsofview.

Weinitiallyfbundthatstirringamixtureof4-bromonitrobenzeneandphenylboronicacidinthepresence

oflO%Pd/CandNa2CO3inMeOHpromoteacross-couplingreactionevenwithoutligands・Detailed

optimizationofthereactionconditionsledtothefbllowingthreecombinationsofreagents:MethodA,

Pd/C(1.5mol%)~NaHCO3(3.5equiv%MeOH;MethodB,Pd/C(1.5mol%)~NazCO3(1.5equiv)-50%

aqueousEtOH;MethodC,Pd/C(0.5mol%)~Na3PO4･12H20(3.5equiv)-50%aqueousibPrOH.

Wenextexploredthescopeandlimitationofsubstratesfbrtheoptimalconditions(Tablel).Avarietyof

alylbromidesbearinganelectron-withdrawinggroupsuchasnitro,aldehyde,estel;andcarboxylicacidas

wellasanelectron-donatinggroupsuchasmethyl,hydroxyl,andmethoxygroupscoupledwith

phenylboronicacidinhighyields・Regardingalylboronicacids,thecouplingreactionofelectron-rich

alylboronicacidsuchas2-,3-,or4-methoxyphenylboronicacidefficientlyproceededcomparedwith

non-substitutedphenylboronicacid.Ontheotherhand,aphenylboronicacidpossessingan

electron-withdrawinggroup(COMe)indicatedalowerreactivity,andthereactionwith4-bromoanisole

couldnotcompleteinthecasesofMethodsAandBevenaifer48h,whiletheuseofNa3PO4･12H7Oasa
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base(MethodC)gaveagratifyingresult.Hence,thecombinationofNa3PO4･12H20-50%iPrOHindicates

higher1℃activityfbrthepresentPd/C-catalyzedSuzuki-Miyauracouplingreactionanditmaybeattributed

tothedifferenceofbasicity.

ThblelPd/C-catalyzedSuzuki-Miyauracouplingbetweenalylbomnicacidsandalylbromides.

ロ｡e『単Ueio"臆一凹型塑竺且→FC-G"
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;'Thereactionwasca『TiedoutusinglO%Pd/C(l.5mol%),NaHCO3(3.5equiv),andMeOHatrt.bThereaclionwascarriedoutusinglO%Pd/C
(l.5mol%)､NazCO3(l.5equiv).and50%aqueousEIOHatrt.cThereactionwascarriedoutusinglO%Pd/C(0.5mol%),Na3PO4･12HzO(3.5
equiv).and50%aqucousEtOHatlt.dIsolatedyield.cThereactionwasincompleに．

Wethenexploredtheapplicationofthepresentmethodtothecouplingofaryltriflates.AIyltriflatesare

importantstartingmaterialsfbrmetal-catalyzedcouplingreactionsbecauseoftheireaseofpreparation

fi･omphenolderivatives,althoughtheyareknowntobelessreactivethanthecon℃spondingiodidesand

bromidesintheSuzuki-Miyauracouplingl℃actions・Diversealyltriflatespossessingeitheran

electron-withdrawingor-donatingsubstituentonthearomaticringsmoothlyunderwentthecoupling

reactioninhighyieldsusingMethodBwithoutremarkablehydrolysisofthetrinatemoietyevenunder

alcoholicand/oraqueousbasicleactionconditions(Table2).

Thismethodoloa/willprovideafacile,efficientandWhble2Applicationofaryltrinates.

environmentally-fipiendlySuzuki-Miyauracoupling

“･"÷｡.《･蝿螺驍畢粥ra-Oreactionbecauseofwideapplicabilitytovarious

substrates,theuseoflesstoxicreagents,andthemild(1.5equiv)

Icactionconditions・Inthissymposium,wewill
l
D

l EntlyR－洞me(h)Yield(%)a

l4－NO。2495
presentmoredetailsofthereactionincludingfillther

2 H2497

applicationtothestilbenesynthesis,theuseof34-CN2498
44-CHO2495

wet-typePd/Cwhichhaldlyignites,I℃usabilityof
54-CO,Me2491

Pd/C,andnoleachingofpalladiummetalinthe64-cl2493
74-F2492

reactionmedia.
84-OMe4890

9 4 s N H C O M e 4 8 9 0
References:(1)Maegawa.T:etal.Cﾙe"z.Ei"9.f2007.ノ3.

5937-5943.(2)Kitamura,Ytetal.泥"ロル2C加〃2007.63, aiSolatedyield.

1059GIO602.
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Meerwein'sreagent-CatalyzedSol-GelPolycondensationsGMngSilanOlFreeSilicagel

TbyoshiShimada,*'+'tYOgeshJorapunf'tNorihiroMizoshita,i'tYOshifilmiMaegawa,ﾅHirokiNakagawa,+

'IakeruHasegawa,fTakaoTani,9'*Shinjilnagaki#'t

十DepartmentofChemicalEngineering,NaraNationalCollegeofT℃chnology,22Yata-cho,
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shimada@chem.nara-k.acjp

Sincethefirststudiesby

Ebelman,'metalalkoxides

suchasSi(OR)4,AI(OR)3and

Ti(OR)4havebeenusedas

popularsol-gelprecursorsfbr

productionoffimctional

materials.2 Recentlybwe

havereportedtriallylsilanesor

diallylethoxysilanesas

reactivesol-gelprecursorsfbr

oIganosilicahybridmaterials.3

Tbdate,soI-gel

polymerizationstoyieldsilica

oroIganosilicagelshavebeen

caITiedoutunderacidicor

basicreactionconditions,

providingalwaysprovidingsilanol

goupsonthesurfaceofthe

gels.2Howevel;quiteafew

residualsilanolsinthegels

sometimesresultinfUnctional

Si:Q4

-113ppm

SilanolFree

OEt

EtO-Si-OEt

OEt

絢Me30BF4
－

CH3CN,80oC o_"(j

乳b
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ロ
く

0-50-100-150400035003000250 0

Chemicalshin(ppm)Wavenumber(cm･1)

Figure7.29SiMASNMR(a:silica,b:biphenylene-silica)and
FT-IR(ATR,c:silica,d:biphenyl-silica)spectrafOrthesilica

andbiphenyl-siliCagelspreparedbytheMeerwein'sreagent-

catalyzed(redlines)orconventionalsoI-gelsynthesis.
Br

、
ｌ
／

〆
Ｉ
、

Br

D､J些幽幽
阜i~､=CH3CN,100oC
OEt

90%Br
l

Scheme7.SynthesisofDisiIoxan(
reagent

C 〆O、

C
2

SynthesisofDisiIoxanesCatalyzedbyMeelwein0s

deteriorationduetohydrophilicity;localconductivityjandhydrogenbonding.4

Thepresentreportproposesanoveltrimethyloxoniumtetranuoroborate(Meerwein'sreagent)-catalyzed

sol-gelprocessintheabsenceofwateI;givinghighly-condensedandsilanol-fi･eesilicaoroIganosilicagels,

andalsoprovidesinsightintotheroleofMeerwein'sreagent5fbrSi-O-Sibondfbnnationwithaplausible

mechanism.

Tbtraethoxysilaneor4,4'-bis(triethoxysilyl)biphenylwasreactedwithcatalyticamountofMeerwein's

reagentindistilledacetonitrileatrtandthenat80｡C・Theresultingprecipitateswerewashedseveral
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timeswithacetonitrile,driedinvacuumandthencharacterizedusingFTLIRand29SiMASNMR.For

comparison,gelswerepreparedfiomthesameprecursorsbyconventionalsoI-gelsynthesisand

characterized・AnintensesignalwasobservedintheNMRspectrumfbrboththesilica(redlineinFig.

la,-113ppm:denotedasQ4species6)andbiphenyl-silica(redlineinFig､lb,-77ppm:denotedasT3

species)gelsderivedbytheMeerwein'sreagent-catalyzedsynthesis・Theseresultsindicatethatallthe

Si-OEtbondsarereactedtofbnnSi-O-Sibonds,givinghighly-condensed(noresidualethoxygroups)and

silanol-freegels.Ontheotherhand,theconventionalsynthesisresultedinsilicaorbiphenyl-silicagels

havingQ3(blacklineinFig.la)andTI~2(blacklineinFig.lb)species,respectivelylintheNMRspectra.

TheFTLIRresultsshowednosilanolgoupsonlyfbrthesilica(redlineinFig.lc)andbiphenyl-silica(red

lineinFig.ld)gelsderivedbytheMeerwein'sreagent-catalyzedsynthesis,ingoodageementwiththe

NMRresults.

Toelucidatethereactionmechanism,condensationofarelativelylessreactiveprecursor,

4-bromophenyl(diallylethoxy)silanel7,wasstudiedinsteadofTEOSInthepresenceofMe30BF4and

potassiumcarbonate,1provideddisiloxaneZinhighyield(90%)(此〃e"eI).

Insummaly,weproposedanoveltrimethyloxoniumtetrafluoroborate-catalyzedsol-gel

polycondensationtoyieldhighly-condensedandsilanol-fi･eesilicaororganosilicagelsandrevealedthe

reactionmechanism.
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DevelopmentofSeparationandAnalyticMethodfbrA6Peptide

BasedonBiomembraneAbnormarity

~MembraneChipAnalysisCanBrightenaPotentialAspectofAIzheimerDisease~
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Dynamichmctionofcellmembranettractsmuchinterestofmanyresearchersbecause

environmentalsignals(stimuliorstress)arenonnallyrecognizedonthemembranesurfaceandthefirSt

responsesagamstthesiglalsshouldbeelucidatedthere・Currentlyitheoxidationofthemembranecomponent

andthedomainsmlcmreonthemembranearebelievedtocausemanykindsofdiseasesanddisorders・Itis

reportedth誠oxidationsofthemembranecomponentarecausedbyoxidantandbiomolecules').Oxidative

stressesperturbmembranestructuresandfimctionsofcellsandleadtotheirdeath・Itisalsoreportedthat.either

thedamagedmembraneortheraRStructuI℃onthemembranestronglymteractswithanamyloidogenicpmtein,

whichmggerAIZheimer'sDiSease(AD)2).

TYleapproachesusinggenomeandproteomehaveconmbutedtotheelucidationsofprocessesand

causesofdiseasesanddisorders.T11eobtainedmfbnnationis,howevel;notenouglbecauseprevious

approacheshavenotbeenbasedoncellmembranes.Thereisapossibilitythattheapproachbythe

biomembranesmayopenthenewperspectivemtheabovedisease.

Liposome,aclosedbilayerphospholipidmembrane,isausefilltoolfbrmimickingacellmembrane,

whichhastheclosedlipidmembranestructurepriortoanencapsulationofvariousmolecules・Many

reSear℃hershavedesignedthetoolsusmgtheseproperties.Thepresentedtechniquesarethesensorsystemsto

detecttheliposome-proteminteraction,suchassurfaceplasmonresonance(SPR)3),immobilizedliposome

chromatography(LC)4).Thesemethodshavethepossibilityoftheclarificationoftherelationshipbetweenthe

membranepropertyandtheprocessorcausativemechanismofAlileimerdisease.Forthepurpose,thedesigl

ofthe(damaged)liposome-basedanalysissystem,"・membranechip,isimportannt.

InthissmdXtheimmobilizedliposomedevicewasfirstpreparedfbrtheanalysisofthemteraction

betweenthetargetcausativeprotemofAlileimerdisease,AB,andliposome.BasedontheseparationofA6

fiPomtheothernon-amyloidgenicprotem,wemvestigatedtherelationshipofthemembranedamagewiththe

A6-(damaged)membraneinteraction・Inthepreparationoftheimmobilized-liposomequartzcIystal

microbalance(n-QCM)system,theliposomesincludingEggPhosphoethanolamme(PE)wereinnnobilized

onQCMelectrodebyaminocouplmgmethoddescribedbefbres'6).Selfassemblymonolayers(SAMs)of

carboWlthiolwerefbnnedontheelechodeandcarboxylgroupofSAMswereactivated.Inthepreparationof

oxidativelydamagedliposome,1-stearoyl-2-arachdonyl-phosphatidylcholine(SAPC)pre-oxidizedby

CuSO4/H202wasincorpomtedintol,2-dimyrstoylphosphatidylcholine(DBTC).
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Theimmobilizationof加Zzzcrliposomewasconflnnedbyusmgthend-QCMmethod・Thismethod

easilygivesustheinfbnnationontheprotembmdingontheliposomemembranes.Theprotembindingwas

observedtobedependemontheirhydrogenbondmgmstaability(HBi).ThisHBipropensitydetenninesthe

amyloidgenicityofprotein.InthecaseofAP,whichisacausativeproteinofAlaleimerdisease,thelargeHBi

wasobtainedincomparisonwiththeothercytoplasmicproteinswithlowHBi.Furthermore,themteraction

betweenAPandliposomewitheitherdomainstrucmreordamagedlipidwasstrongerthanthatmthecaseof

liposomewithoutdomain(theLCmethod)(Fi9ul℃1).TheSeexperimentalresultsshowthattheoxidatively

damagedmembranecoulddetectandseparateAβ師motherproteinsThisinteractionisfbundtobe

predominatedbyHBiofprotemandlipidmembraneonabasisofthedielectricdispersionanalysis(datanot

shown).

Inordertoanalyzetheinfluenceoftheselectiveseparationofamyloidgenicprotemagamstits

confbnnationalchange,itsamyloidfibrilfbnnationwasmonitored.Theresultingfibrilfbnnationwas

drasticallyaffectedbythepresenceofoxidativelydamagedDMPC/oxidized-SAPCliposome,suggestmgthat

theselectiveseparationofAPbythedamagedmembraneprobablyplaysakeyrolefbrthemductionof

amyloidfibrilfblmation.
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Afilsionofprocesschemistryandseparationtechnologybecomesanimportantissuewhenoneshould

achieveaSQDCE(Safety,Quality,Delively,Cost,andEnvironment)inprocessdesignanddevelopment・A

biologicalcellisaminimalunitof66life'',wherecomplexedandparallelbiochemicalreactions,molecular

transport,andselectiveseparationarecooperativelyachievedinwell-oIganizedmannerthroughtheinteraction

amongvariouSactivemterfaces(biomembranes).Anewpl℃cesschemistlyJife-environment髄endly

biomembrane-basedprocesschemistly,couldbeestablishedthroughtheutilizationofthehighly-olganized

strategyofthebiologicalmembranes.

A66Biomembrane''isakeyinterfacetoachieveanintegrationofproductionandseparationoftaJget

materials.A.6Membranomicrisgraduallyrecognizedasanimportantresearchmethodologytoinvestigatethe

potentialfimctionsofbiomembraneandtoapplythemfbrthebioprocessdesign').Amodelbiomembrane,

liposome,possessesseveralbenefitsintherecognitionof(bio)molecules,whereitcanrecognizethemwith

(i)electrostatic,(ii)hydrophobicinteraction,and(iii)stabilizationeHectofhydrogenbondsinthe

hydrophobiclipidenvironment2).Amolecularrecognitionwithhighselectivitycanbeachievedbythesimple

liposomemembraneonitssulfacethroughthecombinationof(i)-(iii)2).Anovelbiomembrane-basedcatalysis

canbedesignedanddevelopedbyintegratingtheaboverecognitionsitesandasimplecatalyticcenteronthe

liposomesulface・SomeexamplestoachievetheaboverequirementhavepreviouslybeenrepoItedas

LIPOzyme(liposome+enzyme)3).'2).AprocessdesignutilizingLIPOzymechemistl3ﾉandtherecognition

(separation)fimctionsofmodel-biomembrane(liposome)isthebasicstrategyin.6BiomembraneProcess

Chemistly(BMPC)".Inthefbllowing,thedesiglofLIPOzymehasbeenintroducedbyemployingthe

66Anti-Oxidative''LIPOzymeasanexampleoftheBACapplications.

1.SODLIPOWmeDesignthroughRecognition(Separation)ofMinimalElementsbyLiposome.The

peptidefiPagmentofHzO2-treatedCu,Zn-superoxidedismutase(SOD)wasfbundtobereactivatedwith

liposomespreparedbyPOPC4'7''0''2).TheH202-treatedSOD,whichlosttheiractivityatdifferentincubation

times,weredramaticallyreactivatedonlybyaddingPOPCliposomes,I℃sultinginl.3~2.8timeshigher

enZymaticactivitybTheultrafiltrationandRP-HPLCanalysisofH202-treatedSODco-incubatedwithliposomes

showsthatsomespecificpeptidefragmentsoftheoxidizedandfi･agmentedSODcaninteractwithPOPC

liposomes.Theeffectofseveralkindsofliposomesontheirrecruitedactivityofoxidizedandffagmented

SODwasfhrthennoreinvestigated.Theadditionofzwitterionicliposomeswithhighmembranefluidityor
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thatwithpositivechargewasfbUndtomcreasetheSOD-like
(a)Break-DownTypeLIPOzyme

activityoffagmentedSODalthoughthenegativelycharged

liposomehasnoeffectonitsactivity.TYleSOD-likeactivity

wasfbundtobestronglydependentontheadsorbedamount

ofthepeptidesontheliposomesurface・Theanalyzed

characteristicsofthepeptide,togetherwiththeabove

findings,implythattheliposome-recmitedactivityofthe

fi･agmentedSODwasstronglyrelatedwiththerecoglitionof

theSODfiagmentbytheliposomecausedbythe
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hydrogenbondingbetweenthepeptideandliposome
曹z

membrane・TheseresultsshowthepossibilityofLIPOzyme

chemistrywherethePOPCliposomescanactasmolecularandMn･H

metalchaperoneSfbrstress-damagedpeptidesandtheliposomes
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Fig.1SchematiclllusrationofLIPOames

hmction.

2．AnnoxidativeLFOzymeDesignthroughAssembly(Reconstruction)ofMinimalElementson

LiposomeSurface.Anantioxidativeliposomecatalysisthatmimicsbothsuperoxidedismutase(SOD)and

peroxidase(POD)activitieshasbeendevelopedbyusingtheliposomesmodifiedwithlipophilic

Mn-(5,10,15,20-tetrakis[1-hexadecylpyridium-4-yl]-21H,23H-porphyrin)(Mn-HPyP)4~8)orDodecanoyl-

His(Dodec-His)9).Inthefbmercase,theSOD-andPOD-likeactivitiesoftheMn-IPyPmodified

liposomewerefirstmvestigatedbyvaryingthetypeofphospholipid.HigherSOD-likeactivitywas

obtainedmthecaseofDPPCandDMPCliposomes,mwhichtheligandswerewell-dispersedonthe

membraneintheliquidclystallmephase.ThePOD-likeactivitywasmaximalinthecaseofDMPC

liposome,inwhichtheMn-HPyPcomplexwasappropriatelyclustel℃donlhemembraneinthegelphase.

Basedontheaboveresults,theco-inductionoftheSODandPODactivitiestoeliminatethesuperoxide

andalsohydrogenperoxideasone-potreactionwasfinallyperfonnedbyusmgtheMn-HPyPmodified

DMPCliposome,resultmginthemcreaseoftheefficiencyoftheeliminationofbothsuperoxideand

hydrogenperoxide.

ItisexpectingthatthefilsionofGcseparationtecmology''andG6processchemistry''couldbeachievedmthe

BMPCthroughLIPOzymechemistlyandtheirseparationfimctions-milizingprocessdesign.
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H.Umakoshiaa1,MMQk"(〃ｾ碗ケα"eﾉ.,mpress(2008),(10)L.Q.Tuanaa1,L"堰"7"",submitted,(11)B.T
Huongaaﾉ.,Lα"gwzJ",accepted(2008),(12)L.Q.nlanaaﾉ.,Mtz肋(〃匂"〃q"eﾉ,mpress(2008)
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1.PurposeofthisReseal℃hCyclopentylmethylther(CPME:CASNo.5614-37-9)iswidelyknownas

anautoxidationlpsistantethel;andhasbeenusedasahiJllysafersolventintheprocessoftheindustrial

poduction・WhyCPMEissostableagainstamoxidationandleadingtothelesspmductionofper℃xides？

Thel℃asonwasinvestigatedbyevaluatmgthebonddissociationeneIgy(AB")theoI℃ticallyoftheC-H

bond(re"-hydrogen)attheq-positionofanetheroxy"ninCPME.IntrinsicstrucmalandlR

spectI℃scopicfeatul℃sofCPMEbemgconsisCmwiththisautoxidationI℃sisitivechamcteristichavebeen

alsostlldied=

2.TheonytoevaluatethebonddissociatiOnenergy Firstofall,thedatafbrtheheatoffbnnation

(AHP)ofCPWLradical(CPME*)is!equisitemevalua"thebonddissociationeneIgyoftheC-Hbondin

CPME(ABﾉ).AstheIearEnoavailableacculateexperimentaldata,atheol℃ticalmethodviaan

isodesmiclcaction(1)toevaluatetheheatoffbnnationofCPME*(△"I(CPME*))hasbeenadopted.

CPME*+CH30CH3 ->CPME+CH30CH2* （1）

Asthel℃actionenthalpy(AIjiec)ofthisisodesmicIEactionisexpressedaseq､2,theheatoffbnnationof

CPME*at298K A〃の｡Q(CPM )canbeevaluatedbyputtingthel℃poltedheatsoffbnnationdatafbr

CPME,CH30CH3,andCH30CH2*intoeq.2aftercalculatingthisreactionenthallW(AJjiec).Inolderto

obtainl℃liableenea'dta,CBS-Q"Ⅳ⑱2-6-31+G*calculationsincludingzero-pointeneI圏ﾉCOn℃ction

(nonnalmodevibmtionalanalyses)werecan･iedoutwiththeGaussianO3progam.

AHOreC==△"｡n98(CPME)+△"｡f298(CH30CH2*)- 一AHon98(CH30CH3)(2)

T11ebonddissociationenea/oftheC-Hbondoftheq-positionofetheroxy"ncanbewrittenasineq.3

byusmgtheeneI副'difI℃nceoftheheatsoffbnnation("J過・)oftheetherladicalandpal℃ntetherandthe

heatoffbnnationofthehydro"nladicalH*.

ABHo298(C-H:ethen)=△"｡iz98(etherradical)一AH･fz98(parentether)+AHofz98(H*)(3)

○くこrCH3－－-q｡｢為…，
＋

CPME

ﾉー、
、／

／、
、〆

H●

3.ResultsandDiscussion Thereportedheatsoffbnnation'andcalculatedenergiestoestimatethe

reactionenthalpy(AHOI℃c)oftheisodesmicreaction(1)weresummarizedinTablel.Byusingthese

data,theheatoffbnnationoftheCPMEradical(CPME*)wascalculatedtobe-47.9kJ/mol.The

heatoffbnnationofthehydrogenradicalAHofz98(H*)is218kJ/molfromthelitelature.
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TablelThereportedheatsoffbnnation'andcalculatedenergiesto

estimatethereactionenthalpy(AIにc)oftheisodesmicreaction(1)

△研0/kJmol-' Ener圏′(298K)/hartree

specles CBS-Q/MP2-6-31+G
＊

CPME -223.2 -310.464550

CPME* -309.816714

CH30CH3 -184.1 -154.744492

CH30CH2* 1.3 -154.092823

ByPuttingthedefmmed

valueofA汗ﾛ98(H*)into

eq3,thebonddissociation

enegfbrtheC-Hbondat

theq-positionoftheether

oxugen in CPME

(ABHo298(C-Hq:CpWF))

wasevaluafdtobe3"3

kJ/mol.

InTable2,theliteraturedatafbrthebonddissociationenerg(ABH･)ofrelevantethersa1℃compiled

togetherwiththeheatsoffbnnation(△脳p)oftheetherradicalsandparentethers.Itshouldbenoticed

thatthetheoreticallyevaluatedbonddissociationenergfbrtheC-HbondofCPMEisiargerby2-3

kJ/molthanthoseofdiisopropylether(IPE)andTHFwhichareliabletoproduceperoxidesas

by-products.Autoxidationresistivele"butylmethylether(IBuOMe)isassumedtohaveastronger

C-HbondthanCPMEfiomthebonddissociationenera/datashowninTable2.

Table2HeatsoffbnnationofetherradicalsandthebonddissociationenergiesfbrtheC-Hbondat

theq-positionoftheetheroxygenat298K

Literaturevalues
1

AHWkJmol･’

specles ether etherradical

MeOMe* -184.1 l.3

IBuOMe* -283.6 -102.7

THF* -184.1 -10.5

EtOEt* -251.5 -70.0

jPrOiPr -318.8 -146.0

CPME* -223.2 -47.9

6HP/kJmol-'

185.4

180.9

173.6

181.5

172.8

175.3

Bonddissociation

Enera'(ABH･298)

/kJmol.
I

403.4

398.9

391.6

399.5

390.8

393.3

WhyistheABHooftheC-HbondofCPMEsostrongandresistivetoautoxidationthoughitisa

花〃-hydrogen？InvestigatingtheoptimizedstrucmresofCPME＊byMP2/6-31＋G＊calculation,itwas

fbundthatbondanglestrainattheradicalcarbonatominCPME*wasnoticeableinthestructural

changefromCPME(sp3)toCPME*(sp2).TheratherstrongerC-HbondinCPMEreflectson

characteristiclowerfi℃quencynumberofthisC-Hstretchingvibration(～2820cm~')whichcomes

fromthespecificconfbnnationwhe1℃interactionsthenoccurbetweenthelonepairontheoxygenand

theC-Hbondwhichliesina"qwspositiontoit.

4.Refrences.1．a)V.E.Tumanov,etal.,RzAss.C"e".B"ﾉZ,"fEtf2002,5/,1641.b)C.-C.Chen,

etal.,｡IPM.C"e"'.4.2003,ﾉ07,4351.
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Inrecentyears,tremendousprogresshasbeenmadeinthedevelopmentofchiralLewisacidsascatalysts

fbradiverserangeofenantioselectivereactions.Asidefi･omthesuperiorityindiazodecomposition,the

dirhodium(II)complexwithvacantcoordinationsitesattheaxialpositionofeachoctahedralrhodiumis

Lewisacidicsincethemoleculehasagreatavidityfbraxialligands.Consequently,thisimportantfeature

providesagreatincentivetodevelopdirhodium(II)complexesasanewclassofchiIalLewisacid

catalysts.1

WehavefbundthatRh2(SBPTPI)4,adirhodium(II)carboxamidatecomplexwhichincomorates

(S)-3-(benzene-filsed-phthalimido)-2-piperidinonateasbridgingligands,isahighlyefficientcatalystfbr

e"cb-andenantioselectivehetero-Diels-Alderreactions.2TheRh2(SLBPTPI)4catalyticsystemprovidesa

greatnexibilityinthenatureofaldehydesubstratesaswellasthesubstitutionpattemonDanishefSky-type

andmonooxygenateddienes,whereinessentiallyperfectdiastereoselectivityandhighleveIsof

enantioselectivityrangingfrom90to99%eehavebeenachieved・Selectedreactionscanproceedsmoothly

withvelylowcatalystloadings(0.00710.002mol%)withoutcompromisingtheyieldor

enantioselectivity.Theturnovernumberashighas48,000achievedhereisprobablyoneofthehighest

everreportedtodatefbrLewisacidcatalyzedasymmetricreactions.Thestereochemicaloutcomeofthe

presentreactioncanberationalizedbythemodelbasedonthecrystalstructureofitsanalogue

Rh2(SLPTPI)4coupledwiththefbmylC-H…OhydrogenbondconceptproposedbyCorey.3The

eiTiciencyofthepresentprotocolhasbeenverifiedwellbyashort-stepsynthesisofdiosponginB.
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Asanextensionofourwork,weaddressedtheenantioSeiectivesynthesisofdialylheptanoidnatural

productscontainingatetrahydropyranring.TheHDAreactionbetween4-aryl-substituted

2-siloxy-l,3-dieneandphenylpropargylaldehydesusinglmol%ofRh2(R-BPTPI)4proceededin48h,and,

aifertreatmentwithTBAF,gavecis-2,6-disubstitutedtetrahydropyranoneasasoleproductwith92%ee.

Wefbundthattheuseofaldehydephenylpropargylaldehydebearingamethanesulfbnyloxysubstituentas

theelectron-withdrawinggroupproceededsmoothlytocompletionwithinl2h,and,aiterdesilylation,

gaveexclusivelythecis-2,6-disubstitutedtetrahydropyran-4-onewith93%ee.Hydrogenationoftriple

bond,reductionofcarbonylgroupandhydrolysisfbllowedbyremovalofthemethanesulfbnylgroup

provided(-)-centrolobinein40%overallyield.4
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Theeffectivenessofthepresentprotocolhasalsobeendemonstratedbytheasymmetricfbnnalsynthesis

ofcalyxinL,5
O o

と〕鵲:些/OY､Y､'W'｡".,JO"Y"/言黒磯ァ
1．NaHMDS
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c"”SEMO
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""…_*".｡.…">"｡一
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〔:〕rC~/､C",｡－，．:二､｡…ゞ へc、crC。s…
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(1)Doyle,M.P.;Phillips,l.M.;Hu,W../.,4"7.C"e"7.Soc､2001,ﾉ23,5366.(2)M.Anada,T.Washio,N.Shimada,S.

Kitagaki,M.Nak可ima,M.Shiro,S・Hashimoto,,4"gewbChe碗.ﾉ"/.EZf,2004,",2665.(3)Corey,E､J.;Lee,T.W.

Cﾉie"1.Co"7〃"".2001,1321.(4)Washio,T・;Yamaguchi,R.;Abe,T・;Nambu,H.;Anada,M.;Hashimoto,S.

た"α〃e〔力℃〃2007,63,12037.(5)Washio,T.;Nambu,H.;Anada,M.;Hashimoto,S.7brqheC力℃":'4Sy加"e"2007,

ﾉ8,2606.(6)Tian,X.;Jaber,J.J.;Rychnovsky,S､D..fOﾉgChe耐.2006,7ﾉ,3176.
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Recently;synthesesoftamiflul

basedontheasymmemcsynthesis

areextensivelysmdied,towardsthe

exploitationofnewindusbfial

production,wmchhascuITemly

dependeduponnaturallyoccurring

shikimicacidasthestartingmaterial.

Wetumedourattentionto

Tbrashima'sapproach,')whichhad

beenreportedastheracemictamiflu

3PO4

、
‐
！
〃

／
、

○2日

1

b’
一 一

OCO2EtCO2H
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3 2a

Synthesis,andareexammngthe (racemic)(racemic)

enzyme-catalyzedkmeticoptical

resolutionofsomecompoundsrelatedtoTbrashima'sintennediates.

Thetargetsareracemicmcyclice"db-epoxycarboWlicacidesters2,whicharereadilyavailableaccording

tothefbllowmgroute,j.e.,theDiels-AlderreactionbetweenfilranandacrylicacidandsubseqUent

iodolactomzationofe""-adduct,

hydrolysistogetherwithepoxyring

fbnnation,thenesterification､2)

bst

2b

pigliver
esbras(

2a:一

R=Et

Tbwardthisend,widerangeofOCO2Rg:idggeOCO2HesteraseOCO2H
hydrolyticenzymesmvolvingmicrobial

andmannnalproteases,lipases,and

esteraseswereexaminedonthe

enantioselectivehydrolysisoftheracemic

ethylester2a.Thisestermmedouttobe

ratherpoorsubstrate,andamongthe

attemptedenあﾉmesomypigliveresterase

affiordedthecoITespondingacid2b.

Eveninthiscase,thereactionwasveIy
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slowBandthehydrolysisproceededaslowas33%conversionaftertheprolongedreaction.T11eproduct

2bwasconvertedtoliteraIyknownester4bywayoftwosteps,andtheabsoluteconfigurationwas

determinedasshowninthescheme.T11eenantiomericratiooflheanWme-catalyzedkineticresolution

wasalsoestimatedtobellatthisstage.

IntennsoftheefficiencyandenantioselectivityofenWme-catalyzedkineticresolution,the"fast"

enantiomershouldhavehigherkcataswellaslowkm.TherewasnoeHectofloweringthesizeofester

homethyltomethyl2c(E=6.5).T11enwesUbstimtedtheethylgroupof2atomore

elechon-withdrawing,cmoIomethylgroup2d,howeveI;itwastoolabileundertheen可me-catalyzed

hydrolyticconditions.Anotherattanptfbrapplyingeleciron-wighdrawing,2-chloroethylester2eand

carbamylmetlWlester2fshowedcontrastingresults.nleenantiomericratioofthefbnneI;Ze,was

excellent(E=50),howeverjthelatt"2f;onlyresultedmverylowreactivityaswellaslow

enantioselectivity(E=5).

"nv.(M)Evaluesub､rateR

b 恥

鉋
弱

2c CH3

2a CH2CH3

2d CH2CI

2e CH2CH2CI

2fCH2CONH2

2g CH2CF3

6.5

11 OCO2CH2CH2CI

釦
記
印

罰
５
９

人
剖 2f

OCO2CH2CONH2

Thecmomethylestermoietyofom"fastisomeI''5tsverywellonthe"hydrophobicpocket"ofJones'

pmposedactivesitemodelofpigliveresterase,3)andtheaccelerationofthehydrolysisoffastisomer

wassupported.Ontheotherhand,itwassuggestedthatastronginteractionbetweencarbamylgroupand

anoth""polarsite''ofPLEallowedtheestercarbonylgroupfarhomthenucleophilichydroxylgroupof

serineresidue,responsiblefbrtheenWme-catalyzedhydrolysis.Themtroductionofanother

electron-withdrawingandhydrophobictrifluoroethylgroupm2g,disappomtinglyBresultedinthe

unexpectedenhancementofthehydrolysisof"slowenantiom""togivealowerE(9)value.

Insummaryy,wefbundpigliveresterase-catalyzedhighlyenantioselectiveresolutionofracemicester

2etowardtamifluintennediates,andfilrtherinvestigationone伍cientmethodofpreparationofsubstrate

aswellastheoptimizationofenZyme-catalyzedhydrolysisarenowunderwayh

l)Terashma,S.,Ujita,K.,Kuwayama,T.,Sugioka,T.,Shmizu"K.,Kanehila,K､,WOO1/47906A1.

2)Ogawa,S.;Iwasawa,Y.;Nose,T.;Suami,T.;Ohba,S.;Ito,M;Saito,Y..ﾉ;(We"7.Mc.Pe術〃ノ1985,

903-906.

3)Jones,J.B.Ctm.JLCWe"7.1993,7ﾉ,1273-1282.
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Monohydrolysisofsymmetricdiesterswithoutrelianceonenzymeshasbeenchallenging・Limitedexamples
havebeenreportedfbrselectivesaponificationofsymmetricdiesters,'butinmostcases,complexmixturesof
thestartingdiesters,halfLesters,anddiacidsarefbnnedevenwiththeuseofoneequivalentofthebase,and
separationandpurificationofthehalfLestershasbeenadifficulttask・However,wepreviouslyreportedhighly
efficientselectivemonohydrolysiswiththeuseofanaqueousNaOHsolutioninTHF-watermediaataroundOoC
(Schemel).2'3Thisreactionenablesselectivemonohydrolysisofaseriesofsymmetricdiesters,yieldingthe
correspondinghalfestersinhightoquantitativeyieldsunderthesestraightfbrwardconditions.BecausehalfL
estersareimportantbuildingblocks,thisreactionisexpectedtohavegreatsyntheticversatility,andtherefbrewe

havebeenexpandingthescopeofthisreactionfromvariouspointsofview.

c:::基堅蓑些型:::：く
R=MeorEt

Schemel.SelectiveMonohydrolysisofSymmemcDiesters

Oneofthemostremarkabledifferencesbetweenthismonohydrolysisreactionandclassicalsaponificationisthe
reactionmedia.TheuseoftheaqueousNaOHorKOHsolutionintheTHF-watermediaatOoCinsteadofa
solidbaseandanalcoholmediummakesthereactionmixtureclean・Therefbre,wehavestudiedtheinnuenceof

solventsbychangingtheproportionofTHFaswellasthetypeofco-solvent.4
First,intheselectivemonohydrolysisofdimethylbicyclo[2.2.1]hept-2,5-diene-2,3-dicarboxylate,1,wechanged
theproportionofTHFastheco-solvent,keepingallotherinitiallyreportedconditionsconstant(Tablel).2
TheseresultsclearlyindicatethatdecreasingtheproportionofTHFtobelow7%doesnotinfluencethereaction
ratessignificantly,butincreasingtheproportionofTHFdiminishestheratestremendously・Thistendency
perhapsrenectsthesolubilityofTHFinwater,andtheincreasedproportionofTHFisanticipatedtodecrease
theexposureofthecarbomethoxygrouptotheaqueousNaOH・Therefbre,itappearsthattheoptimalproportion
oftheTHFasaco-solventisapproximatelytheproportionreportedpreviously.2
Table2summarizestheresultsofchangingaVarietyofco-solventsunderthesameconditions,whichare7%of
co-solventandthesamereactiontempetarture.2Fromtheseresults,itisapparentthatmethylenechloride,which
haslittlemiscibilitywithwater,decreasesthereactionratesignificantlyduetothereducedexposureofthe
carboalkoxygrouptotheaqueousNaOH.ThisresultissimilartothecasesinwhichlargepercentagesofTHF
areappliedasshowninTablel.Ontheotherhand,otherco-soIventsthatarewater-miscibletoasmallorgreat
extentdonotchangethereactionratesignificantly.TheisolatedyieldsofhalfLester2appeartobehighestwhen
THF,acetonitrile,ornoco-soIventisused,andslightlydecreasewhenanalcoholisusedasaco-soIvent.These

resultsindicatethatthedecreasedyieldsmaybeduetothefbnnationofasmallamountofthecorresponding
diacid,and/ortothedifficultyofextractingtheproduct.Overall,THForacetonitrileappearstobethebestco-
soIventamongthesolventstestedinthisstudyfbrthisselectivemonohydrolysisreaction.
Therefbre,weconcludethatinthereactionmixture,thesmallamountofTHForacetonitrileisdissolvedinthe

largeramountofwater,makingoneaqueousphase,andthatthediesterparticipatesinthereactionasthesecond
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phase,andthemonohydrolysisoccursattheinterfacebetweentheaqueousphaseandthediester・Themaior
roleofTHForacetonitrileasaco-soIventislikelythatofdispersingthestartingdiestersmoresmoothlytothe
reactionmedium・Thisroleisparticularlyadvantageouswhenthestaltingdiesterisasolid,whiletheconditions
fifeeofanorganicsoIventarealsoanticipatedtoofferanotherpracticaladvantageasageenreaction.

Tablel.EMctsofVolumeofTHFmthe Table2．EHectsofCo-solveninthe

MonohydrolysisoflMonohydrolysisofl

1)THF-water
(total22mL)

2)8mLofO.25M

NaOH(1.7eq)

此蹴｡此蹴。」エー←
3)H30+

l)co-soIvent(2mL)-
water(20mL)

2)8mLofO．25M

NaOH(1.7eq)

此蹴， 上:圭#。3)H30+

1(1.2mmol) 1(1.2mmol)2 2
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TT丑ﾏカ22(73％）

18(6090

l4(4790

10(33殉

6(20殉

2(7%)c

1(390

0(0％）

8h88(0)

6h30min81(1.2)

5h20min84(0.4)

3h90(1.6)

70min 94(1.2)

70min>99(0)

70min>99(0)

70min>99(0)

ド
ド
ド
ド
僻
ド
ド

ー
１
１
１
１
１
１

×
×
×
×
×
×
×

う
《
ｎ
ｖ
ｎ
Ｕ
〆
。
へ
４
旬
Ｉ
毎
Ｊ

０
４
５
０
０
２
Ｏ

ｎ
Ｕ
ｎ
Ｕ
ｎ
Ｕ
ｎ
Ｕ
ｎ
Ｕ
ｎ
Ｕ
ｎ
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十
一
や
一
や
一
一
や
一
や
一
隼
一

刀
砺
乃
帽
”
印
匁

●
■
●
●
ｑ
早
●

４
４
３
３
３
８
４

>99(O)

>99(0）

90(0.8）

86(0）

88(0.8）

9(89）

>99(0）

CH3CN

methanol

ethanol

2-propanol

CHzCl2

None

qlsolatedyieldof2.Recoveredlisshowninparentheses
｡PercentageofTHF(v/v)isshowninparentheses. 6Thesameconditionsreportedinreference2.
61solatedyieldof2.Recoveredlisshowninparentheses.
crhesameconditionsreportedinreference2.

alsoaDDliedthissolventeffecttoselectivemonohvdrolvsisofdiestersofmolanicacidderivativ(Wealsoappliedthissolventeffecttoselectivemonohydrolysisofdiestersofmolanicacidderivatives,and
fbundthattheuseofacetonitrileinsteadofTHFimprovedtheyieldsofthehalfesterstosomeextent.

Recently,water-mediatedreactionshavebecomeimportantasenvironmentallyfriendlyreactionsingreen

chemistly・Toourknowledge,thereactiondescribedhereisamongthefirstexamplesofwater-mediated
reactionsbeingappliedtodesymmetrization.

Refrences:

IForexample,(a)Corey,E.J.､ﾉ:4".Che".Sりc.1952,74,5897-5905;(b)Vecchi,A.;Melone,G.J:
OrgC"e"7.1959,24.109-llO;(c)Strube,R.E.Org.S)'〃ﾙ.1963,Col.Vol.IV,417-419;(d)
Hutchinson,C.R.;Nakane,M・;Gollman,H.;Knutson,P.L.OPg$"Mh.1990,Col.Vol.VII,323-326;

(e)Robertson,A.;Sandrock,W.F.,J:Chem."c.1933,1617-1618;(f)Grakauskas,V.;Guest,A.M.J:

OIgChem.1978,43,3485-3488.

2.Niwayama,S.J:OPgae腕.2000,65,5834-5836.

3.Niwayama,S.USSerialNo､60/932.629.
4.Niwayama,S.;Wang,H.;Hiraga,Y・;Clayton,J.C.形〃αﾙeのo"Le".2007,48,8508-8510.
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EsterificationofalcoholisusuallycaITiedoutinanhydrouscondition.Sincebiologically

impoltantpolyolssuchasglycerol,sugar,areonlysolubleinwater,extrahydroxylgroupsshould

beprotectedfbrselectivereactionandfbrsolubilizationtoorganicsolvem.Inbiologicalsystem,

howeverbesterificationofglycerolandriboseproceededwithoutprotectionbythehelpofenzymes

duringbiosymhesisoflipidsorpeptides.Wewishtoreportherethesuccessfillesterificationof

polyolsinwaterusingsodiummethylbenzoylphosphate(MBP),whichiswatersolubleacylating

reagemdevelopedbyKluger.')

Amixtureofethyleneglycol(1,10e9.)andMBP(2)inthepresenceofCsCO3(5e9.)waskept

fbr2hatroomtemperature(Schemel).Thereactionproceededinhomogeneousclearsolutionto

give49%ofmono-ester(3)accompamedwithsmallamountofdi-ester(4).Althoughotherdiolsor

polyolsgavemono-esters(5-9)selectivelyinmoderateyieldsundersimilarcondition,ethanoldid

notgivetheproductatall.

SchgPOl､"__215eqCszCOo
00

鋪｡人Ph司而両－－HO/~/OH+N
1,10eq. 2,MBP

HO〆~典COPh+phOCO〆~ぬCOPh
3 4

49%basedon21%basedon2

CH3CH20H

NoReaction!

Fig.1

要､｡･･餓尉｡導匿･廟“
HO

HOノヘノもCOphHO､Z~Z､COPh

542％ 645％

749％
822％

OHOH

】【：【 Ph

う理

Next,weinvestigatedthereactionofethyleneglycol(1)withMBP(2)(schemel)bychanging

CsCO3tovariousmetalsaltsinordertoclarifythekeyfactorfbrtheenhancememofthis

esterification・Tablelshowstheresults.AlthoughkindofalkalimetalcationsdidnotafFHectthe

results(runsl-4),coumeranionseemedtobeveryimpoItant;onlycarbonateionwereeffectiveand

otherneutralorweakbasicsaltssuchasCSNO3,CsClandCsOAc,CsC204didnotactascatalysts

(runs5-8).Sinceaqueoussolutionofalkalimetalcarbonateisstronglybasic(pH12-13),we

consideredthat,ifmoreweakbasiccarbonatesaltcouldbeused,theyieldwouldbemuchimproved

bysuppressinghydrolysis・Therefbre,wechosetriethylammoniumcarbonateasaweakbasic

carbonatesalt(pH10).Theyield,however,wasdecreasedtolO%(run9),andittook24htogive

37%yield(mnlO).
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Thblel

Mono-esterDi-eSter
mnAdditive

（3）（4）

】ロⅡ【

Cs2CO3

Rb2CO3

K2CO3

NazCO3

CsNO3

１
２
３
４
５

％
％
％
％

９
８
２
５

４
４
４
４

l%

1%

2％

0.5%

６
７
８
９
叩

３
３

１
α
仙
棚
抑

函
釦
伽
岬
函

I■■ ロ

1■■ ー

10%

10%

37%a)

4■■

ー

l%■■ ■■

a)Reactiontimeis24h

Fromaboveresults,itcametoourmindthatimpoltantfactormightnotbecarbonateionbut

basicityofthesolution.Therefbre,weattemptedthesamereaction(schemel)understrongbasic

conditionwithoutusingcarbonatesalt.TheresultsareshowninTable2.Theadditionof

triethylamine(pH13)gave39%yieldafter2h(runl),but,surprisingly,thesholtreactiontime(15

min)increasedtheyield51%(run2).NextweinvestigatedthisreactionmaimainingthepH

constantlyusingphosphatebuffer.ThereactionsloweddownseriouslyunderpH10(runs5and6),

butthereactionproceededatpH11-12togivetheproductin47-50%yields(runs3and4).

Table2

Mono-ester

（3）

39％

51%

47％

51%

12%

0.7%

》
坐
泌
班
一
班
泌
咄

base pH timerun

１
２
－
３
４
５
６

ｊ
ｊ
鮭
錐
鮭
錠

２
ｅ
Ｂ
Ｂ
Ｂ
Ｂ

ａ
型
α
型
ｕ
ｕ
ｕ
ｕ

ｒ
ｒ
ｒ
ｒ

仙
仙
碓
率
碓
碓

珊
瑚
卿
卿
伽
卿

Ｐ
Ｐ
Ｐ
Ｐ

Ｂ
Ｅ
ｌ
ｎ
皿
皿
９

2h

15min

15min

15min

15min

15min ■■

AlthoughKlugarrepoltedthattherateofesterificationofpolyolswasenhancedbytheaddition

ofLa(OTf)3orSc(OTf)3,ourfindingthatbasiccondition(>pH12)isakeyfactorfbrthe

enhancementoftheesterification(nothydrolysis!)inwateristhefirstexamples.Moreprecise

investigationfbrfactorsofrateenhancementandapplicationtothesynthesisofthecomplex

moleculesarenowinprogress.

')R.Kluger,er.",・ん4".C〃e"7."c.,2004,126jlO71
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Processchemstg1℃sponsibilitiesinphannaceuticalindustriescontinuetoriseasthestructureoftarget

moleculesisbecomingmorecomplexandthereisahigherchanceofanovelreactionprocessgoingintoa

plantscaleinashortperiodoftime.

Incontrast,ironicanyltheiropportunitiestoparticipateinthesescale-upprocessesarestartingtodecrease

astheequipmentsingeneral-purposepilotplantsbecamecomplicatedandmoredifficultfbrchemststo

uSe.hparticular,chemstsinsomeofthephannaceuticalcompaniesarelosingopportunitiestooversee

manufactureofGMPbatchesastheyarenotfUllytrainedtotakepart.

Ontheotherhand,scaling-upreactionsinsimpleround-bottomedflaskscreatessafetyconcernsasthe

batchsizeincreases,particularlyinsizesbetweenlO-20Landbeyondasthetotalweightofthenaskwith

thereactionmixturegetsbiggerthatmakesithardtosupportbyregularclampsandlabjacks.Oneofthe

possiblesolutionstothisissueistheuseofheatingmantles,butsomanyincidentsrelatedtothis

equipmentasanignitionsourcecreatesanothersafety-relatedwon･y.Theotherconcernonthisapproachis

thefactthattheresultsfiPomthesenaskexperimentsoftendonotl℃presentwhatcanhappeninthepilot

plantprimarilyduetopoormxingandheattransferissues.

AtPfizerSandwichlaboratoriesinUK,asimpletrainingprogramwasrecentlydevelopedtoallow

chemistsusetwol5-Lreactorsystems(glass-linedandHastelloy;manufacturedbyKenKimbleLtd.)

configuredsimilarlytotheonesinthepilotplant.Thisallowedthemtoscale-uptheirreactionsintheir

ownhandswithminimumbarrierbutnotcompromisingsafety.Sinceopeningthisfacilityinearly2007,

morethan70chemicalreactionsweIepe㎡bnnedbychemststhemselvesinthesefixedl巳actors・The

processesscaledupinthisfacilityincludereactionsrequiringoperationundercryogenictemperature,

air-sensitivereactionsinvoIvingtransitionmetalcatalystsandcrystallizationtoupgradeenantiomeric

excess・Duringtherunschemistshaveanopportunitytoleamhowtheirreactioncanbehaveinalalge

scalereactor,gaindatatounderstandwhatisgoingoninthereactol;anddevelopasolutiontosome

unexpectedresultsorissueswhiletheprocessisrun.

Ofallthemajoroperationsinareaction(set-up,chargingreagents,running,quench,extraction,solvent

exchangeandisolation),interestingly,themostcommonstepchemstsfind..unexpected''iscrystallization,
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wheretheyleamhowvaluableitistoexecuteanalysisbefbrefiltrationtoavoidlossofthedesired

products.Solventexchange(usingeitherjacketedvesselorRotavapor)canalsobeapitfallfbrthemasthe

efficiencyofsoIventinvoIvessomanyfactors(heattransfel;vaporpIEssure,nitrogensweep)thatproper

analysisofsolventcompositionisessentialinordertoreproducetheresultsinsmallscales.Inasharp

contrast,chemistsgenerallydonotfindunexpectedissuesonreactionitselfalthoughvisualinsightson

laIgescalereactionshavealWaysbeenvaluablefbrrecord.

keyobservationsandlearningthatprovedvaluabletotransfertoExamplesfromtheseprocesses,withkeyobservationsa

engineersandoperatorsinthepilotplantwillbepresented.
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Tbchniquesoftemplatesynthesisprocessofpomuspolymershavebeenthesubjectofnumerousstudies

overthepastdecades・Suchtechniquesoftenutilizednano-scaletemplatesmixedwithmonomersand

initiators・CareftllpolymerizationofthemonomericsoIventresultsinnanostmcturedpolymerswith

embeddedtemplates.ThesizeandmorpholoWofthetemplatesusedplaysanimportantroleinthe

pmpertiesoftheresultingpolymers.TbmplatesextractedinoIganicsoIventyieldnanopolousmaterials

thatcouldproveusefUlinavarietyofapplicationsonaccountoftheiruniquenanostructure.Such

applicationsinclude:useasmembranes,mesoporouscatalysts,stationalyphasesfbrchmmatography5and

evenaschemicalorbiosensors.

Tbchniquesoftemplatesynthesisofporouspolymersinclude:micellartemplating,liquidclystal

templatingorganogeltemplatingandsoon.TheprimalydisadvantageofmicellarandliquidcIystal

templatingresultsfromthelun-sizedaggregatesfbnnedduringsynthesis,leadingtothelossof

nano-strucmres.Theresultingmaterialsinsuchcasesareopaqueandheterogeneous・Bycomparison,ifthe

moleculesselfoIganizeintoanetworkandyieldthephysicalgelation,thesemoleculesarethenableto

maintainaselfassemblednano-strucmreduringpolymerization・Therefbre,theoIganogeltemplating

techniquemayovercometheshortcomingsoftheothertwomethods.

WeproposeanewmethodfbrpreparingnanostructuredmaterialsUsingselfassembledtemplatesfbnned

byorganogels.1,3:2,4-Dibenzylidenesorbitol(DBS)isasugarderivativethatiscapableof

selfassemblingintoa3-DnanofibrillarnetworkatrelativelylowconcentrationsinsomeoIganicsolvents

andpolymermelts・Inthiswork,weinducedthefbnnationofsuchnanofibrilsinoIganicmonomerssuch

asstyrene・Subsequentlybwesynthesizedthestyleneusinggeneralthennal-initiatedpolymerization・The

resultingmaterialswouldbeatransparentsolidorfilmcontainingnanofibrilsiiPomDBSorganogels・The

finalselfassembledmicrostrucmrewasexaminedusingatomicfbrcemicroscopy(AFM).Thissmdy

revealedthatselfLassembledentitiescouldindeedbepreservedduringpolymerization,andtheIeSulting

nanofibrilsIanged廿omlOnmtolOOnmindiametemTheBETdatashowthattheporoussamples

obtainedaftertheremovalofDBSoIganogelsbywashingwithethanolhadagreaterspecificsurfacearea.
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Microporouspoly(vinylidenenuoride)(PVDF)membranesareofienpreparedbytheso-called

immersion-precipitationmethod,inwhichacastingdopecomposedofpolymerdissolvedinasolventis

immersedinanonsolventbathtoinducepolymerprecipitation・Thereafter,theprecipitateisdriedtofbnn

aporousmembrane.Awidevarietyofmorphologiescanbeobtainedsimplybycontrollingtheconditions

ofthecastingdopeandtheprecipitationbath.AtoneextI℃me,themembranemayexhibitanasymmemc

momhologybeingcomposedoftightskin,macrovoids,andcellularpores・Ontheotherhand,itcanalso

betotallyopenandunifbmlypackedbyinterlinkedcrystalentities.Inmostcases,howevel;crystal

particlesandcellularporesareallpresenttofbnnamixedmolphology.Thatis,PVDFsurfaceswithvery

differentporositiesareavailabletous・Itisthenofgeatinteresttoinvestigatehowthesurfacemorphology

affectstheefficiencyofimmobilizationonthesemembranes;inparticularbthefinalproductsfind

biomedicalapplications.

Inthecurrentwork,attemptsweremadetoinnnobilizesinglestranddeoxyribonUcleicacid(ss-DNA)on

PVDFmembranesubstrates.PVDFmembraneswithdifferentporoussurfacemorphologieswereprepared

byimmersion-precipitationfiPomcoagulationbathsofdifferentshFengths.Onthesemembranessingle

stranddeoxyribonucleicacid(ss-DNA)wascovalentlyimmobilizedbyadualstepprocedure.First,

glycidylmethaclylate(GMA)wasgraftedonthePVDFsUbstratebythetechniqueofplasma-induced

polymerization.PVDFmembranewasplasma-irradiatedandthenexposedtoairtofbnnperoxides,which

decomposedinto廿eeradicals-CO･atanelevatedtemperamreand/orinthepresenceofFe2+(e.g.,Mohr

salt).TheseradicalsservedtoinitiatethefreeradicalpolymerizationofGMAmonomerstoproduce
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PGMAonthesurfaceofthePVDFmembrane.ss-DNAwasthenreactedwithPGMAbyopeningofthe

epoxyringsattheattackofaminesofss-DNAtofbnnamino-alcohols.

Nowadays,whileimmobilizationofenZymehasreachedastageofmamrityiDNAisbeingemergingasa

newtargetfbrresearch.Owingtoitsexcellentabilitytointeractwithproteins,DNAisconsideredto

possessgreatpotentialinbiomedicalapplications(e.g.,proteinadsorbent,biosensor,etc.).RecentlyKado

etal.immobilizedss-DNAonpolyestermicrofibersbywayofaspacer(e.g.,poly(glycidylmethacrylate),

poly(acrylicacid),etc.)thatwerepreviouslyozone-graftedonthemicrofibers.Amarkedimprovementin

immobilizationyieldwasreportedbeingattributedtothemuchlargersurfaceavailablethanbeadsor

sheetsthatwasconventionallyusedfbrthesamepurpose.TheDNA-immobilizedmicrofiberswereshown

toexhibitverywellantibodyadsorptioncapabilities.Howeverbbecausethesurfacesofthemicrofibers

wereessentiallynonporous,theinnnobilizationyieldswerestilllimitedtoarelativelylowlevel(e.9.,

0.047ILg/cm2fbraPGMAspacer).Tbincreasetheimmobilizationyieldandtounderstandhowstrong

effectthesubstrate'ssurfacemorphologycauses,aseriesofPVDFmembranesubstrateswithvery

differentsurfaceporositieswerepreparedandDNAwasimmObilizedonthem.Inaddition,theanti-DNA

antibodyadsorptiontestswereperfbnnedontheDNA-immobilizedmembranestoseetheiradsorption

capabilities.

ThehighestattainablegraftdensityofPGMAonPVDFmembranewasO.3mg/cm2,whichwasthecase

whenahighlyporousPVDFmembranewasemployedasthesubsirate.ForimmobilizationofssDNA,the

yieldwasfbundtodependsiglificantlyonthereactiontemperatureandpH.Themaximalvaluewas48.5

ILg/cm2.Furthennore,adsorptiontestsofanti-DNAantibodywerecarriedoutonmembraneswithand

withoutimmobilizedss-DNAusingserumobtainedfiomsystemiclupuserythematosuspatients・The

resultsindicatedthattheimmobilizedDNAcouldeffectivelyadsorbtheantibodymtheserum.
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Recently)muchattentionhasbeenpaidtoenvironmentally-fifiendlymaterials,becauseofgowing

environmentalconcernfbrsustainabledevelopment.Poly(hydroxyalkanoates)(PHAs)areaclassof

biodegradablealiphaticpolyestersnaturallyproducedbyavarietyofbacteriaunderaconditionofexcess

carbonsource.ThefirstidentifiedmemberofPHAfamilyispolyhydroxybutyrate(PHB),whichisofien

comparedtoisotacticpolypropyleneduetotheirsimilarmeltingtemperamres,clystallinitydegreesand

tensilestrengths.However;PHBisabrittleandexpensivematerial.Tbloweritscost,itwasintendedto

blendPHBwithacheapercornstarch.Yetlduetotheirimmiscibility5phaseseparationoccursextensively

whichresultsinvelypoorfilmfbnnability.Inthissmdybcornstarchwasthuspre-graftedwithpoly(vinyl

acetate)(PVAc)whichhaSbeenprovedtobemisciblewithPHB.HopefilllybgrahedPVAcchainswould

helpcomstarchtobewell-dispersedinPHBmatrix.AnotherpotentialadvantageofincorporatingPVAc

componentisthematerial'stoughnesscanbeincreasedsincePVAcisknownasaleathelypolymer.

Graftcopolymerizationofsyntheticpolymerstopolysaccharidechainshasbeensmdiedfbrmanyyears,

especiallyincellulose・Inthiswaybnewmaterialswithdesiredpropertiescanbeobtainedbythechemical

combinationofnaturalandsyntheticpolymers.TbeffbctivelygaftPVAcchainstocornstarch,cericion

(Ce4+)wasusedastheinitiatorfbr廿eeradicalgraftpolymerization.Thereactionmechanismhasbeenwell

describedinliteratures・Brienybwhencericionisaddedintostarchsolution,itoxidizespyranoseringsof

starch(St)toproducefi･eeradicals(Ce4++St→Ce3++Sto+H+).Oncefreeradicalsaregeneratedonthe

starchmainchain,graftpolymerizationofmonomerthentakesplaceimmediatelyfbllowingthetraditional

chainpolymerization.Inthiswayjstarchgraftcopolymeristhusproduced・BesidescopolymeIBPVAc

homopolymercanalsobeobtainedmainlyduetothechaintransferreaction,wherefiPeeradicalis

transferredtoVAcmonomerandthusinitiatinghomopolymerization.Therefbre,graftcopolymerization

andhomopolymerizationcompetewitheachotherfbrthemonomer.Inthisstudybcomstarchwasfirst

gelatinizedat90･Cfbrlh.ltwasthencooleddownto50･Cfbrthegraftingreaction.Cericammonium

nitrateinitiatordissolvedinnitricacidsolutionwaspouredintothegelatinizedstarchsolution,fbllowedby

theadditionofVAcmonomeIzAfter4hofreaction,alatexsolutionwasobtained・Tbdetenninethe

amountofPVAcgraffedtocornstarch,PVAchomopolymerwasremovedbyusingaSoxhletextraction

withacetonesolvent.Structureofthestarch-g=PVAccopolymerwasconfinnedbyFTIRanalysis,which

revealedabsorptionpeaksofbothstarchandPVAc.Forexample,starchhasabsorptionpeaksat579,855,

1649,3315cm~I;andthosepeakscharacteristicofPVAcarel742(C=O),2925(CH2)and2975cm~!(CH3)
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Fromgravimetricanalysis,totalmonomerconversion(amountofreactedmonomer/initialadditionof

monomer),grafiingefficiency(amountofgraftedPVAcchains/amountofreactedmonomer)andgrafting

ratio(amountofgaftedP,侭cchains/amountofstarch)were85%,16%andO.27,respectively.Molecular

weightsofPVAchomopolymerandgraftedPVAcchainsweremeasuredusingaGPCtechniqueandfbund

tobe8.2xlO4and8.5xlO4g/mol,respectively.

Afierdlying,thesynthesizedPVAc-modifiedcomstarchwasthenblendedwithPHBatdifferent

compositionsusingasolutionblendingmethodwithDMSOasaco-solvent･Differentialscanning

calorimeterwasusedtomeasureglasstransitiontemperature(Tg),clystallizationtemperamre(Tc)and

meltingpoint(TIn)ofblends,fiPomwhichmiscibilityofthePHBandPVAc-modifiedcomstarchwas

evaluated・Thel℃sultsshowedthatPHBwasindeedmisciblewithPVAcchainsinPVAc-modifiedstarch

fromtheevidencethattherewasonlyoneTginalltheblends・SEMpicturesshowedthismiscibilitycould

helpstarchpalticlesunifbmlydispersedinPHBmatrixwithgoodbonding.PHBhadaTgat2.3･Cand

increasedwiththecompositionofPVAc-modifiedcomstarch・AGordon-Taylorequationwithakvalueof

0.llcoulddescribetheTg-compositionrelationshipintheblendsvelywell・Theequationisshownas

fbllows:1/Tgablend=(wITg,1+kw2Tg,2)/(w!+tw2),wherew!andw2areweightfigactionsofPHBand

PVAc-modifiedstarch,respectively;andTg.,andTh,2areglasslransitiontemperamresofPHBand

PVAc-modifiedstarch,respectively.

ThennalgravimetricanalysiswascaITiedouttounderstandtheirthennalstability・PHBhadaone-stage

degradationbehaviorwiththemaximum-ratedegradationtemperatureat274･Cundernitrogenatmosphere.

Atwo-stagedegradationbehaviorwasobservedfbrthePVAc-modifiedcomstarch.Thefirststagewitha

maximum-ratedegradationtemperatureat360･Cwascausedbythestarchandthependantacetategroups

inPVAcchains・Thesecondstagewithamaximum-ratedegradationtemperatureat484･Cwasduetothe

degradationofPVAcmainchains.Therewasstill7．6%ofcharyieldat600･CfbrPVAc-modifiedstarch,

wherenoresidualcharwasfbundfbrPHB.Fortheblends,athree-stagedegl･adationbehaviorwasfbund

andthemaximum-ratedegradationtemperatureofthefirststagecausedbyPHBcomponentincreasedwith

incI℃asingthecompositionofPVAc-modifiedcomstarch.Thisindicatesthattheadditionof

PVAc-modifiedstarchcanincreasethennalstabilityofPHB,whichhelpmechanicalprocessingby

increasingtheprocessingwindow・Maximum-ratedegradationtemperatuI℃softhesecond-andthird-stage

intheblendswerecausedbythePVAc-modifiedstarchandhadthesamedegradationtemperaturesas

thoseinpurefbnn.

HoweveI;itisknownthatPVAcisunabletobedegradedbymicroorganisms,whichwouldraisequestions

onthebiodegadabilityofPHB/PVAc-modifiedstarchblends.Therefbre,PVAc-modifledstalchwas

treatedwithmethanol/alkalinesolution,convertingtopoly(vinylalcohol)-modifiedstarch.Itwasfbundby

FTIRanalysisthattheesterabsorptionpeakatl742cm~'ofPVAccompletelydisappearedafier

methanolysis,provingsuccessfUlconversionofPVActoPVA・ThisPVA-modifiedstarchwillthenbe

blendedwithPHBandpropertiesoftheblendswillbeevaluatedinthenearfilture.
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DevelopmentofaneiTicientchiralcatalystcontinuestobeoneofthemost

importantgoaloforganicsynthesis.Wehaverecentlysynthesizedchiralcyclic

phosphoricacidsl,]startingfi･om(R)-BINOL,andfbundtheyareefficientchiral

Brgnstedacidcatalystsfbrthenucleophilicaddition2andthecycloaddition

reactiontowardimines,3andsoon.However,inthemostofreactionscatalyzed

bythecatalystl,iminewasemployedastheelectrophile・Inordertoexpandthe

syntheticutilityofthephosphoricacidcatalysis,weinvestigatedother

electrophilesandhavefbundthatnitroalkenesandu,6-unsaturatedketones

pmvedtobesuitablesubstlamtesfbrthel,4-additionofindoles.

、
〆

〆
、

竜“

Chraﾉ円7o"horiCAcjd

1a:X=SiPh3

1b:X=2,4-(CF3)2C6H3

4

1.FFie"ELO哩伽aM)Mn伽"〃〃mMw繊〃jrro"M""

AvarietyofphosphoricacidswerescreenedascatalystsfbrtheFriedel-Craftsalkylationl℃actionofindole

with6-nitrosty'℃ne,andphosphoricacidla(X=SiPh3)wastumedouttobethemosteffective.Wefbund

thatadditionofactivatedMS3AiscrucialandcouldaffbrdthecoIT･espondingadducts4inagoodyieldand

highenantioselectivity・Awiderangeofindolederivativesandnitr℃alkenesparticipatedinthela-catalyzed

Friedel-CraitsalkylationreactionsandthecoITespondingadductswereobtainedingoodyieldsandwith

excellentenantioselectivitiesinallthecasesexamined.

R1
〆 NO2X

α)、評~側｡o
H

X1a(10mol%)

benzene/(CH2CI)2=1ﾉ1
－35℃,MS3A,48-235h

Ｈ
４32

MeO FSC

o ◎
2NOo 宅

。0◎
H3C(CH2)4Ph

＝ NO2NO2
NO2

◎◎ NO2NO2

Q00 HH
H

4d:71%,90%ee

H

4c:84%,91%ee

H

4a:76%,91%ee4b:74%,91%ee(fO℃） 4e:77%,90%ee

(With20mol%ofla)
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Ontheotherhand,1-methylindolegavearacemicadductinalowyield.This

resultsuggeststhatthepresenceofhydrogenonnitrogenofindoleisessentialfbr

thereaction,andweproposethetemalytransitionstate(Figul℃1).

○

iX)
R

ebH,9
-N

Figurel

2."jMeLCmm"Ik)"α”"〃肋ml"w""αβ-"ws""rw"dkmO""

Next,wefbcusedontheFriedel-Craiisalkylationreactionofindolewithq,6-unsaturatedketones.A

phosphoricacidlb,bearing2,4-(CF3)2C6H3groupon3,/position,pmvedtobethemosteffectiveasa

catalyst.Treatmentofindoles2withq,6-unsatulatedketones5withphosphoricacidlb(10mol%)and

activatedMS3Aat-40｡Cinmesitylene/dichloroethanegaveindolederivatives6withhighyieldsand

enantioselectivities.

0

R2

弓･詠・R]-XR｡-ngg急淵器割〃
X

H
卦0℃,MS3ﾑ,48-173h

2 5

X

Ｈ
６

Br

○00

◎◎PhMe Ph
Ph

｡
PhPh

0 0 00
HH

H

6d:79%,90%ee

H

6e:67%,91%ee

(mesitylene/(CH2CI)2
＝3ﾉ5,-20°C.)

H

6c:94%,90%ee6a:quant,91%ee 6b:98%,91%ee
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ofsyntheticoIganic

X

:茨:Ⅱ

Developmentofefficientchiralcatalystcontinuestobeoneofthemostimportantgoal

chemistly.Recently,chiralBrgnstedacidcatalysishasemergedasanewtypeof

chiralcatalysis.Wehavel℃centlysynthesizedchiralcyclicphosphoricacidsl,

startingffom(R)-BINOL,anddemonstratedtheircatalyticactivityaschilalBrgnsted

acidintheMannich-typereactions,'hydrophosphonylationreactions,2aza

Diels-AlderI℃actions.36-Aminoesters.α戸aminoDhosDhonates.anddihvdroDvridon(
X

Diels-AlderI℃actions.'6-Aminoesters,qq-aminophosphonates,anddihydmpyridone l

derivativeswereobtainedr℃spectivelywithexcellentenantioselectivities.4

AziridinesareversatileintennediatesofgreatvalueinoIganicsynthesisbecauseringopeningofchiral

aziridineisapotentmethodibrthesynthesisofopticallyactiveamines・Wewishtopresenthereinchiral

Brgnstedacidcatalyzedenantioselectiveaza-Darzensreactionleadingtoaziridines.

Westudiedthereactionof2aand3bintheplesenceoflandfbundthatla(X=Si(4-r-BuC6H4)3)provedto

themostefTectiveasacatalystibrtheaza-Darrnsreaction.Ontreatmentofq-iminoketoneZawith

q-diazoacetate3inthepresenceofchiralphosphoricacid(5mol%)1aintolueneat-30｡C,substituted

aziridine4awasobtainedin72%yieldwith94%eeaccompaniedby5a.

N"PMp
N2

f・‘CO2Et
Ph

O

Ch姥/Phospho"CAcidla
(5mol%)

Toluene,－30°C

RMPPMRNH
N

了△、CO2Et+PhfYCO2E!Ph

O ON2

2a 3 4a 5a

72%,94%eelO%,38%ee

Wetriedthree-componentaza-Darzensreaction,startingffomphenylglyoxalhydrate,p-anisidine,and

q-diazoacetate.Gmtifyingly,boththechemicalyieldandeewereimpmvedand4awasobtainedin95%

yieldwith97%eeundertheinnuenceof2.5mol%ofla,andthefbnnationof5awassuppressed.Arange

ofsubstitutedphenylglyoxalderivativesgavethecolTespondingaziridinesinexcellentyieldsandee(Table).

Useofactivatedaldiminederivedfi･omphenylglyoxaliscrucialfbrthefbnnationoftheaziridine.
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N2

KC｡2Et
3

1a(2.5mol%)

MgSO4
-

Toluene,rt,1h

PMP

N

ﾍr△､CO2Et
A

O

OH

f｡”≠pMPNH2
Ar

O Toluene,-30｡C,23h

7百bﾉeThree-componentAza-DarzensReaction 4

Entry Ar Yieldof4/%eeof4/%

１
２
３
４
５

Ph 95

93

94

98

＞99

７
３
２
５
４

９
９
９
９
９

4-BrC6H4

4-MeC6H4

4-MeOC6H4

4-CIC6H4

T11eaziridinationproceededbynucleophilicattackofq-diazoacetatetogenerateanintennediate6,which

subsequentlyunderwentintlamolecularnucleophilicadditiontoaifbrdanaziridine4a(PathA).T℃radaetal

alreadyl℃portedchiralphosphoricacidcatalyzedasymmetricdirectalkylation,5inwhichq-diazoesterwas

obtainedexclusivelyviapathB.Thecontlastingl巴sultsmaybeasc面bedtothenucleophilicityofthe

nitrogen.WeemployedPMPC7-methoxyphenyl)substitutediminewhereasT℃rada'sgroupemployedNLacyl
●●

1mlne．

PMP

N

了△、CO2Et
Ph

O

pMRNH

YHrCO2E!Ph

ON2

PathB

－

-H@

PathA

_N2

O2Et

8A(姪
④1，1

Ｎ
６5a 4a

Insummary,chilalphosphoricacidcatalyzedth!℃ecomponentaza-Darzensl巴actionshavebeendeveloped

andthecoITespondingaziridineswereobtainedwithexcellentenantioselectivities.
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OIganozincreagentshavebeenwidelyusedassofinucleophilesinorganicsynthesisandthecontrolof

nucleohilicityishighlyimportantfbrdesiredselectivetransfbnnations.Variousmethodshavebeenutilized

fbrpromotionofthereactivity,andconventionallyatecomplexationortransmetalationhasbeenemployed.

Inconnectionwithourrecentstudiesonthereactivitycontroloforganozincreagents,wefbcusedour

intereStonsoIventeffectsfbrpromotingthereactivityoforganozincreagents・Inthispresentation,wewish

toreportSN2'reactiontopropargyleletrophilesoforganozincreagentsusingthedramaticeiTectof

DMSO.

SoIventisoneofmostimportantparametersinolganicreaction.Thesolventseffectsoforganometallic

reactionshavebeenstudiedenergetically,notonlyonimprovementofsolubilityofmetaisaltbutalsoon

changeofoligomericcomplexstructures,onaccelerationofthereaction,andonthereactionselectivity.

Theseeffbctsdependonthephysicochemicalnatureofsolvents(polarity,donornumberandacceptor

numbel;e/c.).Therefbre,itisconsideredtobevelyattractivereactionissuetoinvestigatetherelationship

betweenthesoIventSandreactivitiesoforganometallicreagents・DMSOhasbeenregardedasanexcellent

polarsoIventfbrvariousorganicreactions,butrecognizedasuncommonsoIventfbrolganozincreactions

withuncertainadvantage.

Inpreliminalyexperiment,thereactionofdiethylzincand3-phenylpropargylmesylate(1)invarious

organicsoIventswascarriedoutatroomtemperature(Tablel).InnonpolarsoIventssuchasCH2CI2and

toluene,thereactiondidnotproceedatall(Entlyl,2Thblel).InpolarsoIventssuchasTHFandCH3CN,

noreactionwasobserved(Ently3,4Tablel).Tboursumrise,inpolarandstrongdonorabilitysoIvent

suchasDMFandDMSO,theSN2'reaction FfEt

ZnEt2(2eq.)

ず、
－

SoIvent,r.t.,
OMsTime

wasdramaticallypromoted,andthetalget

allene(2)wasobtained(Ently5,6Thblel).

Thebestresult(90%)wasobtainedwhen

DMSOwasemployedasasoIvent.ThesoIvent

wasobtainedwhenl2

砲b鯵7.SoIventEffectofSN2'Reactiona

EntrySoIvent&DNTime(h)Yield(%)b

1CH2CI241polarity(E7)ofCH3CNislargelysimilarto1CH.Cl｡-41.1-24n.rpolarity（E7）ofCH3CNislargelysimilarton,順
2 T O ! u e n e 3 3 . 9 ･ 2 4 n . 「

DMF(43.8)andDMSO(45.0).Ontheother
3THF37.420.024n.r

hand,thedonornumbers(DN),DMF(26.6)4cH3cN46.014.124n.r
5DMF43.826.62443

andDMSO(29.8)arehighervaluesthan 6 D M S O 4 5 . 0 2 9 ． 8 1 8 9 0

CH3CN(14.1).ThehighestDNsoIventgaveaAⅡ『eactionswerecarriedoutusing3-phenylpropargylmesMate(1)
(0.3mmol)anddiethylzinc(0.6mmol)atr.t..bisolatedyield.

themostexcellentresult.
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Inordertoexaminefilrtherscopeand

limitations,reactionsusingothersubstrates

wereinvestigated.3-phenyl-1-phenethylpro-

pargylmesylate(1a)and3-butyl-l-

phenethylpropargylmesylate(1b)reacted

smoothlytogivecorresponding

1,2,2-trisubstitutedallene(Table2Ently1,2).

Varioussubstituentsonthearomaticringof

the3-phenylpropargylmesylate(2c-h)were

compatiblethisallenesynthesis・Substitution

withelectron-donatingmethoxyis

acceptablefbrthereactioncorresponding

allene2cwasobtainedingoodyield(Table

2EntIy3).However,yieldsofallenesZd,e

weremoderatewhenmethylsubustituted

substrateld,ewereutilized(Thble2Entry

4,5).Thetoleranceofalkokycarbonylgroup

(1f),cyanogroup(19)andbromosubstituent

(1h)intheallenesynthesisisconsideredto

besyntheticallyimportant(TEble2Ently

6-8).Thereactionofthesubstratewith

tenninalalkyneliwasalsofbundtobe

successfillandl,3-disubsutitutedallene2i

wasselectivelyobtainedinhighyield(Table

2,Ently9).Itisnoteworthythatno

deprotonationoftenninalalkynewas

observedduringthereaction.The

allenylsilylcompound2jwasobtainedfi℃m

trimethylsilylatedsubstrteljusingsimilar

reactionconditions(Table2,Ently10).The

highfimctionalgrouptoleranceofthisallene

synthesisusingorganozincreagentsin

DMSOisconsideredtobemore

Et
R1

、Y､y｡W-R'人、ハ
ZnEt2(2eq.)

F3UIvWbR2 R2
1a-j 2a-j

7召bb2AdditointoOtherPropargylMesWatesa

Time(h)Yield(%)bEntry Poduct

〉
〉
ｔ
、
Ｈ
州
Ｈ

け
錘
・
銅
α
、
Ⅱ
率
“
：
‐

Ｐ
Ｐ
州

ｈ
ｈ

が
が
”
“
、
Ｈ
麺
。
、
Ⅲ
少
ｗ
㈱

『
Ｈ
、Ｈ
Ｈ

、
Ｈ

け
鋤
圃
、
”
貝
〃

Ｅ

ひ

も

鈴
。

、
銅
郵
椅
Ｈ
錨

も

廓
人

０
Ｃ
Ｓ

ｈ
ｕ

Ｅ
Ｂ
Ｍ

Ｏ

Ｎ
ｒ
Ｈ

Ｏ

Ｐ
Ｂ
〃
ｅ
ｅ

Ｔ

Ｍ
Ｍ

ｔ

24 901

2 24 69

3 24 74

4 24 44

5 24 59

6 22 88

7 16 71

8 16 74

9 24 86

10 24 59

aAIIreactionswercarriedoutusingpropargMmesylate(1)(0.3mmol)
anddiethylzinc(0.6mmol)atr.t…bisolatedyield.

advantageousoverconventionaloganometallicnucleophiles.

Inconclusion,theSN2'reactionofpropargylelectrophilewithorganozincreagentswasdramatically

improvedinDMSO.Furtherinvestigationonthescopeandlimitationofthisreactionandmechanistic

studiesareunderway.
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Carbon-carbonbondfbnnationreactionbetweenFigure

lex"
CNelectrophilesandMaskedAcylCyanide(MAC)reagents

+OR=H
(H-MAC-R1),developedourI℃searchgroup,proceeds

CN

undermildbasicorneutralconditionsinexcellentyields.l)
1

RecentlyiwedevelopedacylatedMACreagentMACreagent

(H-MAC-Acla).InthisIeport,wedescribeone-potreactionbyusingH-MAC-Ac.2)

’
ａ
ｂ
ｃ

ｌ
ｌ
ｌ

Ｓ
Ｃ
Ｂ
Ｅ

Ａ
Ｔ
Ｅ

－
－Ｒ

WehavereportedthatsilylatedMACI℃agent(H-MAC-TBS1b)enablesone-potreactionwithaldehydes

andalcoholstogiveq-siloxyesters.3)Howevel;silylatedMACreagentdidnotexhibitsimilarl巳actionwith

Maikylatedimines・Incontrast,theuseofnobleacylatedMACreagent(H-MAC-Acla)waseffectivein

facilitatingthereactionofC=Xdoublebond.

Threecomponents,animine(oraldehyde),analcoholandanacylatedMACreagent(H-MAC-Acla),

werecoupledinone-portiontoproduceq-aminoacidderivative3(orq-acyloxyester5)inexcellentyields.

Forthisone-potreaction,imidazoleasanadditionalbasegavethebestl℃sults.Whenalcoholwasusedasa

soIvent,bestresultswasobtainedfbriminesandaromaticaldehydes.

TableReactionofH-MAC-Acwithvariouselectrophiles(aldiminesandaldehydes).
O

M｡H-MAC-Ac(1.2eq.)1M｡ H-MAC-Ac(1.2eq.)
0

人。

向･Me
人N"M・

向"。
N"Me

R人H Ｈ

０
人
４

Ｒ

lu画狸Ul巳（廷.ロ巳L

=nH40oC

lud坐UI巳｛竺.ロ巳L

ｺ n H n 月 h

2

time(h)yield(%)entryR entry R yield(%)
99

88

82

83

81

82

１
２
３
４
５
６

C6H5

4-CH30-C6H4

4-NO2-C6H4

C6H5CH2CH2

(CH3CH2)2CH

4-(C2H50)CH-C6H4

３
３
５
３
５
５

１
１
１
２
２

１
１
２
３
４
５

４
２
Ｈ

Ｈ
４
Ｈ
Ｃ

島
綱
匁
北

帆
》
》
》
恥

４
１
１
２
５

８
８
９
９
７

')H-MAC-Ac(3.Oeq.).
2)MeOH(3.Oeq.)indethyletherat-20｡Cfor24h
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TheproposedmechanismisillustratedinScheme・First,atertialyaminedeprotonateslatogenalate

carbanionla'(WpI),fbllowedbynucleophilicadditiontoC=Xdoublebondgivesintennediate6(s"2).

MigurationofacylgroupoflafiPomoxygentoanionicXcouldintramolecularlyoccurtogive7(srep3).The

eliminationofhydrogencyanide廿om7generatestheacylcyanide8(S"4).Finally;3(or5)canbe

producedfi･om8withmethanol("ep5).

SchemeProposedmechanism

一
一

Ｈ

Ｘ
人

Ｒ

１
１

「
ｌ
ｌ
ｌ
ｌ
ｌ
ｌ
ｌ
Ｊ
Ｉ
１
ｌ
ｌ
ｌ
ｌ
ｌ
ｌ
ｌ
Ｊ

lez･4卿竿.えこ響C N

1a 1a'
siep7

貝二Fc
、→0

siep2

|卿‘
0O O

l．
x人 MeOHX人

ノY林｡卿｡~万『｡。N-二rR

O8O3or5steP5O8sieP4

BytheacylatedMACreagents,ourdevelopedthree-componentreactionSwillbemol巳applicableinoIganic

synthesissinceavailabilityofvariousacylatedderivativesishigherthanthatofolganosilylderivatives.

Refel℃nce
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Oligosaccharideshavebeenfbundtoplayprominentrolesmphysiologicalprocessesanddiseases.'

Becauseoftheumtedavailabmtyofstmcmrallydennedongosaccharidesmnamre,thechemical

synthesisofthesecompoundshascontributedtoadvancesmglycobiology.2Recendy5fluorouschemistry

hasbeenusedtomcreasetheemciencyofoUgosaccharidesynthesisbyreducingthenumberof

purincationstepslEquired､3Howeverithisimpmvementmenciencyislimitedtotheglycosylationsteps.

MonosacchanideunitsaI巳stinpreparedbyclassicalorgamcsynthesis,whichrequiresmuchlabOEhmis

smdy>wedescribetheemcientsynthesisofmonosacchalidesandongosaccharidesbytheuseofboth

heavyandlightmuomusmethods.

First,wemvestigatedthesynthesisofdisaccharidellbyusmgtheheavynuorousmethod(Scheme

1).Glycosylacceptor8wassynthesizedm6steps,with68%overanyield,homheavynuoroustag1.4m

OAC

航塁"‘｡"A

賦皇｡｡_＠号Ph~章:S壽さ一・-0.-⑦－呉-｡ ｡‐｡。-⑦
H O

7- Mq=A｡､='､-SOH
OR

。 〔:櫛§

<_〉

鴇壬嵜。o-@-O｡-o-w5EzS-｡-O｡-@-MErS-oO。＠
Ph

d

‐｡。e、‐o。e"0
一

6 78

6鍾苧s7sMc=geJcolum"chromamgmp"
68％Ｑ

１
１
ａ

Ｂ
Ｄ

藍巣.－
0“RnC

氾
Ｉ
、
ａ

匪○

& h

o－0o－⑤~~‐9
O H

OB、U巳、 ー
1 011

OBn

O〆、〆､CBF17

HO-⑦雲HO〆へ卜/O、へ一CBF,7
O、〆～〆CsF17

Schmel.Synth"isofdisaccharidell.Rcactionconditions:(a)BFj･OEt2,CHzq2-MeOC4F9,Itl6h;(b)NaOMe,MeOH-
MeOC4FP,It30m唾(C)PhCH(OMe)2,CSA,Mem-MeOC4F,,Itlb;(d)BnBr6NaH,15-Cmwn-5,THF,rt20h;t)95%aq
TFA,CHzq2,0｡C,1h;(f)BzCLEt3N,CHzqz-MeOC4F9,-20｡C,14UthensilicaPgelcolumnchromatography;68%from
1;(g)TMSOTT,CHzq2-MeOC4FO,-10｡C,1h,79%;(h)CAN,EtCN-PhMe-HzO,0｡C,5h74%.

thesynthesisof8,eachnuoroussyntheticmtermediate(3")wasstraightfbrwardlyobtainedbyasmple

nuorous-organicsolventpartition・Consequently>glycosylacceptor8wasobtainedaneronlyonesinca-gel
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columnchromatographicpurifcationstep・Thecouplingreactionofglycosylacceptor8with

2,3,4,6-tetra-O-acetyl-q-D-galactopyranosylmchloroacetimidate(9)mthepresenceofTMSOTfgave

nuomusdisaccharidelO,with79%yield・FinallyithenuoroustagoflOwaslemovedbyCANtogivethe

desieddisaccharidellwith74%yield.Inthismethod,disaccharidellwasobtainedmonlythee

silica-gelcolumnchromatographicpurincationstepshomthestartingheavynuoroustagl.

Next,wemvestigatedthesynthesisofmsacchalide20bythenghtmuorousmethod(Scheme2).The

glycosylacceptorl7wasobtainedhomacon皿nrciallyavailablenuomusthioll2mfvesteps,with59%

“c

解職三塁一・八｡｡"｡『･
餓巣一・一"”電5重当亀-S､Z~CBF17一｡縦皇室ｼS､Z､Ca島÷,60Bz-"｢17170Bz

20AC R

a

b<"':""a.｡"c.&割叩ssj"園･gdcoJuumn"rmlarOgra"y

・〈鰍榊=Ⅱ 59％

HS、/~C8F17
12

明C

蕊
OE

BzO一、

BzO，
フ、

OH 沌
Ｉ
、
。

池
１
，
か 賦茶

B

○ F

ﾖZO戸
彫0

Me

－

9

s、〆、C8F17OBz
18

Me

Scheme2.Synthesisoftxisacc"Iide20・Reactionconditiom:(a)BF3･OEt2,CH2Cl2,xt20h;(b)NaOMe,MeOH-THF,rt4.5h;
t)Trtq,DMAP,Et3N,DMF,It48h;@)BzC1,Pyridine,rtl9h;f)CSA,IiCl,CHq3-MeOH,rt25h,thensilica-gelcolumn
chromatography;59%froml2;(f)TMSOTf,CHzq2,40｡C,2h,77%;(9)NBS,TMSOTf,(CH2q)2,-20｡Ctort,22h,97%.

overanyield.Inthesynthesisofl7,eachnuorousmtennediate(13-16)wasobtainedbyasimplenuorous

-sondphaseextraction.Consequently5glycosylacceptorl7wasobtainedaneronesilica-gelcolumn

chromatographicpurincationstep・Glycosylacc"torsl7and9werecoupledmthepresenceofTMSOTf

mgivenuorousdisaccharidel8,with77%yield.Disaccharidel8wasuseddirectlymrthecoupling

reactionwithmethyl2,3,4-tri-Oabenzoyl-q-D-glucopyranoside(19)mthepresenceofNBSTMSOTfto

givethedesiredtrisaccharide20,with92%yield.Bythismethod,trisacchaxide20wasobtamedmthree

silica-gelcolumnchromatographicpurincationst"shomthestartingnghtmuoroustagl2.

References

[1]Varki,A.,G"cobio"gyl993,3,97.

[2]Davis,B､G,""z.Rev.2002,IO2,579.

【3](a)Mizuno,M.;Goto,K.;Miura,r;血azu,TIQSARa碗6.SCi2006,8,955.(b)Carrel,ER.;Geyer;

K.;Codee,J.D.C.;SeebergeI;RH.O増α"icLerrb20W,9,2285andI℃企rmcescitedthemin.

[4]Goto,K.;Mizuno,M.,た＃"""m"Le"2007,48,5605.

－225－



1P-64

Friedel-CraftsAcylationofActivatedAromaticCompounds

USingaCatalyticAmountOfZinc
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TheFriedel-Cransacylationofaromaticcompoundsisoneofthemosthmdamentaltransfbrmationsin

oIgamcsynthesis.TheacylationgenerallyreqUiresmorethanoneeqUivalemofaLewisacidbecauseof

itscomplexationwiththeketoneproduct.Moreovel;theLewisacidcomplexwiththeketoneis

destroyeduponworkup,leadingmseriouspmblemsduetoalargeamountoftoxicaste,palticularlyin

laIge-scalemdusmalprocesses.TYlerefbr巴,thedevel叩memofcatalyticFriedel-Cansacylationis

increasmglyimpoltanntmordertocircumvemtheseproblems.

Zinc-mediatedreactionshavereceivedconsiderableat"ntionduetotheirselectivityandeasyhandling.

Ontheotherhand,althoughzinchasbeenshowntocatalyzetheacylationofaromatichydrocarbonsin

earlierrepoIts,itspotentialitytowardtheacylationhashitheItobeenahnostoverlookedbecauseofthelack

ofdetailedinformationontheqUantityofzincusedandthereq血ememofanxtI℃melyhightemperature

andalongreactiontime.Furthennore,zincwasrecentlyrmorrdtobeuse皿mrtheFriedel-Cans

acylation'butastoichiomemcamoumofzincisstillrBqUiredfbroperatingwithhighactivityundertheir

reactionconditions.Herein,wewouldliketodescribeFriedel-Cransacylationofactivatedaromatics

usmgacatalyticamoumofzinc.

TbexploretheutilityofzincfbrthecatalyticFriedel-CIansacylation,wemvestigtedthemodelreaction

ofamsolewithbenzoylchlorideinthepresenceofvariousamountsofzinc(Iablel)．Itisvery

imerestingtonotethaattheyieldoftheacylatedpmductmcreasedastheqUantityofzmcusedwas

decreased,asshowninentriesl-3.T11ereactionwithlequiv.ofzincdidnotambrdanappreciableyield

duetothegenerationofcomplexmixtures,including4~benzoylanisole(entryl).hncontrast,theuseof

0.01equivbofzincresultedinasmoothacylationtoamordthedesiredaromaticketoneinhighyield;

moreoverbwhentheamoumofzincwasdeceasedtoO・0025equiv.,nodeceaseintheyieldwasObserved

(entries3and4).haddition,thecoexistenceofsulhlricacid(0.026equivb)inthepresenceofO.01equiv.

ofzinccausedanimpmvememmtheyield(entry5).Ontheotherhand,theⅡ℃actionwithoutanycatalyst

aab9rdedonlyal3%yieldoftheproduct(entIy6).ConseqUemlMzmcisconsideredtobeausehll

catalystfbrtheacylationofanisole.

Thecatalyticacylationwassuccessfilllycarriedoutwithotheracylchloridestoamordthecorresponding

ketonesingoodtoexcellemyields(Table2).BothaIomaticandaliphaticacylchloridesweree伍ciemly

subjectedtotheacylationreaction.Theseacylationsambrdedthepara-isomerasamajorproduct,theIeby

－226－



indicatingahighregioselectivity

ThblelFriedel-Craftsacylationofanisolewithbenzoylcmorideinthepresenceofzinc｡

0

cat.

－ －Ph

140oC,4h

PhOMe+PhCOCI

OMe

EntIy Cat. EqUiv. Yield(%)

１
２
３
４
５
６

Zn

Zn

Zn

Zn

Zn"I2SO4

1

0．1

0.01

0.0025

0.01/0.026

１
５
０
０
８
３

３
７
９
９
９
１■■

｡Reactionconditions:anisole(20mL),benzoylcmoIide(1.2mL,lOmmol).

Table2Catalyticacylationofamsolewithacylcmoridesusingzinco

O

Zn

140oC,4h

PhOMe+RCOCI R

OMe

Ratioofo"R Yield(90

仙
払

駈
唖
Ⅷ
欧
咋

ロ
・

３
４

90

91

93

72

50

8/92

5/95

4/96

2/98

3/97

｡Reactionconditions:amsole(20mL),acylcmmides(lOmmol),zmc(0.Olequivb).
6Theratioofo"wasdeterminedbyGCanalysis.

Itwasobservedthatthereactionofamsolewithbenzoylchlorideaaorded4-methoxybenzophenonein

87%yieldwhenzmcchloridewasusedinplaceofzmcmetalundertheconditionsshowninentry3of

Tablel.Thus,zmccmorideappearstobethetmecatalystgenerated""".However>smceGuptaetal'

reporteddlatzmcitselfassumesthemajorroleofcatalystmthezinc-mediatedacylationofamsole,'bthe

conmbutionsofotheractivespeciesareunderinvestigation.
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Devel叩mentoflmmObilizedPhOSphoniumBromidefbrCyclicCarbonatefmmEpoxide
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ChemicalfixationofCO2tosynthesizeausefillcompoundisoneofthemostimportanntandchallenging

subjectsinsyntheticoIgamcchemistry.AlthoughCO2isoneofthegreenhousegases,itisanon-toxic,

abundant,andrecoverableC,buildingblock.OnemethodfbrtheCO2fixationisthecouplingreaction

withepoxidestosynthesizefive-memberedcycliccarbonates,whichcanbeusedasaproticpolarsolvems,

monomersfbrpolycarbonates,andfinechemicalimennediates・Cycliccarbonateshavebeensynthesized

fromthecorrespondingl,2-diolsandahigmytoxicgas,phosgene.Inthepastdecade,howevel;many

catalystsfbrsynthesizingcycliccarbonatesfiFomCOzandepoxideshavebeendevelopedtosuIpassthe

phosgenemethod.!'2Someofthemhaveproblems,suchasharshreactionconditions(ahightemperamre

andpressure)andtheuseoforganicsolvemoraLewisbaseco-catalyst.

Herewedemonstratedahigh-throughputcombinatorialstlamtegy

-ご4+co,器鴛鶚耐．．tohndahigmyctiveorganic-morganichybridcatalystbrthe
n-Bu

吟健崎”
productionofcycliccarbonatesfi9omCOzandepoxides.The

besthybridctalystwithhighctalyticactivityandreusability

wasprepaI℃dbythecouplingof3-(trithoxysilyl)-:fW:MWMlWWWWWofo「wcIbca『”natef｢omepoxidesandCOclbmrmnatefromepoxidesandCO2

propyhriphenylphosphoniumbromideandmesoporoussilica.

Wefbundthattheporesizeofsilicaisimportantfbrcatalysis;mesoporoussilicawiththemeanporesize

ofl9nmexhibitedmuchbetterperfbnnancethansilicawiththatof6nm.Solvem-fiFeeandmetal-free

reactionsproceededsuccessfilllyundermilderconditions,andthecatalystcouldberecycledtentimes.We

alsowishtoreportanunexpectedeHectofthesubstimemattachedtothephosphorusatomoncatalytic

activity.3
R1

Thesymheticschemefbrtheimmobilizedcatalystsisshownin (E-CHz)3B｢+Xf2-
5P3

Scheme2.Wesucceededintheisolationofthedesiredphosphonium 6手d

bromide7abythereactionof5and6ausingMcCNasasolvem.A /R1 L4

(EtO)3Si(CH2)3P<rB'Br-一一
similarproceduregaveotherphosphoniumbromides7b-casa 7a_d､R3

powderand7dasaviscousoilingoodyields.

僻‘‘…釜．”Phosphoniumbromides7a-dwereimmobilizedonavarietyof

inoIganicsupports:twokindsofsilicagel(silicaAandsilicaB), dganic--ino"nbhybndcatalyst

Tbyonite,andalummaSilicaAandBhavethemeanporesizesof;":Wl,::1:::=::=RI2:silicaB(19，m）b:R'二RZ＝R3＝2:silicaB(19nm)b:R'=RZ=R3=p･Me-GH4
3:TcycnneC:R'=R2=R3="F-GH4

19nmand6nm,respectively.Tbyoniteisaporousceramicsupport 4:aluminad:R'=R2=Ph,R3="Bu

preparedfifomkaolinmineralsbythehydrothennaltreatmemundergWf:RIWationofimmobilizedphosphoniumbromideca伯lbromidecablysts.
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acidicconditionsandhasameanpoI℃sizeof60nm.

Aluminausedinthissmdyisbasicaluminiumoxide

developedfbrthepurposeofchromatography.

ThecouplingreactionofCO2(IMPa)with

l,2-epoxyhexane(8a)at90｡Chr6hasthemodel

reactionwasconducted(Tablel).Thecomrolreactions

usingtetraphenylphosphoniumbromide(entryl3)and

3-(tdethoxysilyl)propyltriphenylphosphoniumbromide

(7a)(emryl4)werealsoconductedgivingl%and38%

conversions,respectivelybHoweveI;silicagel-

immobilizedctalystlaandZadramaticallyincreased

theconversionupto99%(emriesland2).Ontheother

hand,Tbyonite(porousceramicsupportpreparedfom

kaolinmineral)immobilizedcatalyst3aandalumina

TablelSynthesisofcycliccarmna9afromCO2and
1,2-epoxyhexane(8a)Ⅷ伽phosphoniumbmmidecablyst

-とご
Ca値wst(1mol%)

▲･CO2--1MPa,90℃,6hn-Bu
昨Bu

砲 9a

BItryCatalyst_Conversion(%)

1 1日99

2Za"9

33a90

44a52

51a(0.Smol9090

6Za(0.Smol9064
7 1b"9

81 c 9 6

91d99

103b44

113c70

1 2 3 d 5 5

13PHn4fBrl

147a38

immobilizedcatalyst4agavelowerconversion"respectively(90%and52%,entries3and4).Wesuppose

dlattheacidityoftheOHgrouponthesurbceofinoIganicsupportisanimportantfactorfbrthecoupling

reaction.

Table2SyndTesisofvarbuscydicmrmnabsusing
鼎騒i翔蹴雛rpuscycIiccarbona瞳susingrbuscydiccarmnabsusingNext,weinvestigatedthesubstimemerctoftho

subsbaEProductTinn(h)YieM(%)phosphoniummoiety.Silicagel-immobilizedcatalysts

‐とごム”B，
n－Bu

“ 9a

－とご
O

MeノュMe
節9b

ざズームMoOMeO

畦

一とr
O

PhノュPh
鼬9．

、一こうr
O

cI~ノLcI
踊

馥
0

6

(1a～d)werefbundtohavehighestactivitiesand

substimeme&ctwasn'tclear.Ontheotherhand,the

catalyticactivityoftheTbyoniteimmobilized

catalystsdecreasedbythedifrenceofthesubstmem

inthefbllowingorder:3a>3c>3d>3b.Weconcluded

tousethecatalystlahrfilrtherapplicationtoother

epoxidesbecauseofthehighcatalyticactivityand

syntheticaccessibility(Thble2).

Inconclusion,wecouldhavedevelopedahigher

activeandrobustolganic-inorganichybridcatalystfbr

thesynthesisofcycliccarbonates廿omCO2and

epoxidesundermilderconditions.Thecatalystcanbe

reusedatleastlOtmeswith97%convb

996

996

8812

866

85釦

○
2124

討 9f
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TbtalSynthesisofHalipeptins
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Yayoi-cho,Inage-ku,Chiba,263-8522,Japan
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HalipeptinsAisanovell6-memberedcyclodepsipeptide

isolatedfi･omthemarinespongeH上Jﾉ花o"αsp・by

Gomez-Palomaandco-workersin2001,andexhibitspotent

anti-innammatolypropelties肋vivothatexceedthoseof

well-establisheddrugssuchasindomethacinandnaproxen

(Figurel).lnadditiontotheirimpl℃ssivebiologicalactivities,

護悪i汽三1

Ｐ
ｐ
１
ｇｔon

Figurel.StructureofHalipeptinA(1)
theirintriguingstructuresbearing(2&3S)-Mmethyl-'hydroxyl

isoleucine(AILMeOHIle)andhighlysubstituteddecanoicacidderivative(HTMMD)promptedusandother

groupstoinitiateeffbltsdirectedtowardsthetotalsynthesis.Herein,wedescribeatotalsynthesisof

halipeptinAandrelatives・OursynthesisincludescouplingoftheesterandamidesegmentatHTMMD/

(ala)Thzsite,andfinalmacrocyclizationattheMMeOHlle/Alasite・Synthesisoftheestersegment

(HTMMD-Ala)wasshownSchemel.Aldol5preparedbyKiyooka'schiraloxazaborolidinone-catalyzed

aldolreactionwasconvertedtoaldehyde6byasequenceofreductionofestel;protectionofl,3-diolasa

isopropylideneacetal,deprotectionofbehZylethel;andoxidation.Thesynthesisofsulfbne9beganwith

MacMillan'sproline-catalyzedq-oxiaminationofpantanal7andreductiveremovaloftheanilinogroupto

affiord(S)-pentan-1,2-diol8with>99%ee.Protectionofdiolasaben"lideneacetal,regioselective

reductiveringopening,introductionofmercaptophenyltetrazole,andoxidationwithmCPBAgavesulfbne

>=W:2"fi:IM::%c(cH,"9"9.TheJulia-Kocienskycouplingof6and_Oa)O

i=-H":､Z､'!／Y諺4L･喧‘＝←”‘9wasperfbrmedbyusingKHMDSip印｡入/!､Hワーe凧。
●

2－e)DMP
Ts－N,Bp563％yield，SimuItaneouscleavageofcl-c5舵9men!(6)H4 h)P1℃H(OMe)2

OHOBnOpOH!''rU､fm'",.'zQBn9ph
i)DIBAL-H_=-2.i

benzyletherandreductionofdoublebond/~/TH鶚篭學へ木/oH－r~/、ｼ:TWM
二

9)H2…‘≦…j)H冨期'0QN-N7 0

illlOusingRaneyNi(W-2)under ,)｡8><､/__*｡CSC10iWnil9)、〆し､_."､『団pA OH

｡P<",mCPB:
hydrogenatmosphere.O-methylation,and"4場ぐ＆

一

deprotectionofisopropylideneacetalgaveKHMDs

OB、
二5二

う、〆、/§
二

10量

m)H2,RaneyNi
l －

n)MeI・KHMDS

OQ

OH10

o ) H C I 1 0 1 1

HTMMDbuildingblockll.TheSWggniWRWWsi
a)3.4.-78°C．2h.82%,>99:1:b)LiAIH4,lt.55h;c)2.2-dimethoxypropane・TsOH･H20,

introdUctionof(S)-Alaresiduetohighly;職鮒職淵謁瀦職鯆鯛舶l蹴網鯉望繍蝋“
hinderedhydroxylgroupatC3of欄ﾘ隅:I慨鮒蝋:･f蝋》遜職削珊MI":引廃↑愚凪
HTMMDbuildingblockwasattailledby:W緋蹴栂靴篦雛9説鮪6W馴榊難捌鰯鯏2CI2.

●

C2H50H,rt．22h,95%;n)KHMDS,Mel･THF､-78｡Ctolt.5h.86%;o)6NHCI.CH30H(4:1)
trallsesterificationunderacidicconditions;octon,3h．

Schemel

(Scheme2).Afferregioselectiveesterifl-
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cationatCIhydroxylgroupofdiolllwithFmoc-(S)-Ala-OHusingEDC/DMARtheobtainedesterl2

wastrea te dw ith__o
F m － n RFmOC。

CF3COOHandEDCin

CH2CI2togivedesired''

唖
Ｈ

Ｆ
Ｉ
Ｎ

坪
０

、C(可A焔回

歴 Ｏｍ
Ｈ

Ｆ
Ｉ
Ｎ

や
０

OU

O

NH『c麺0，t 言

．'Icoc'璽嘩冒脱‘12

productl3bytrans- 局、ビーハハfCnAD－ハl』B 一ーゴ－ーーーー-ー

a)Fmoc(S)AlaOH,EDC,DMAP,CH2CI2.O｡Ctort,14h.quant;b)CF3COOH.EDC.CH2CI2,It,15h.81%;c)
SatuNaHCO3aq・MeOH､0°C､10min,81%;d)Jone'sreagent.acetone.-151oO｡C,3h;e)(COCI)2.CH2CI2.『t､5h．esteriflcationof(S)-Ala

Scheme2

residuefi･omCItomorestericallyhinderedC2hydroxylgroupinexcellentyield(81%)without

epimerization.Removaloftrifluoroacetylgroupofl3undermildbasicconditions,oxidationofprimaly

alcohOltocarboxylicacidwithJonegl℃agent,andtreatmentofoxalylchlorideaffbrdedacidchloridel5.

AsdepictedinScheme3,theamidesegmentwaspreparedfi･omtheknownprotectedq-methylcysteinl6.

Condensationofl6withFmoc-(S)-Ala-OHusingEDC,deprotectivecyclizationofthedipeptidel7with
C

triphenylphosphineoxideandtrinicanhydride,andexchangeofprotectivegroupfi･omFmoctoBoc

aiTbrdedthiazolinel7.Aifersaponificationofmethylesterl7,thecouplingofMMeOHIlederivativel8

wasattainedbyuseofBMTBasanactivatingreagentinthepresenceofDIEAin94%yield.Howevel;

epimerizationofq-positionofthiazolineoccurredinsaponificationstepandtwoinseparableisomerswere

detenninedby'H-NMR.DeprotectionoftheBocgroupwithTMSOTfprovidedamidesegmentl9.

Couplingofacidchloridel5andaminel9gaveamixtureoflinearproduct20aandepimer20bat

q-positionofthiazolinein89%yield・Fortunatelyjprotection-fi･eeprecursorfbrmtherespective

deprotectionoftheFmocgroupandthebenzylesterwasseparablewithepimel;anddesil℃disomer222

wasobtainedin40%yieldalong

with35%yieldofepimer22b.

Macrolactamizationof22awith

HATUandDIEAproceededwith

partialracemizationatthe

MMeOHIlel℃sidueandaHbrdeda

separablemixtureofdesired

product23a(61%)andMMe

OHIleepimer23b(29%).Final
ー‐‐‐‐ーーr‐~~~ー‐一一一、ー‐～ノ･‐…ーReagenlsandconditions

a)Fmoc(S)AJaOH.EDC.DIEA,CH2CI2,0｡Ctort､10．5h.70%;b)Ph3P(O),Tf20,CH2CI2,-18to-10･C,3.5
deprotectionoftheTBSgroupin h,75%;c)TBAF,THF-DMF(5:1),0.Cton.5h;lhenBoQO,rt,2h.87%;d)LiOH,THF-H20(4:1),0oC

(ort,1.5h;e)(2S,3S)-"MeOHIIe(18),BMTB,DIEA,0｡CIoIt,"%;OTMSOTf､2,eluUdine.CH2CI2,rt.2h
23awascarriedoutusing4M 9)DIEA.CH2CIZ,0｡Ctort.6.5h,89%(froml4);h)Et2NH.CH3CN(1:1).O･Ctort’1．5h.97%;i)H2,

Pd-black,CH30H-bufWer(10:1),rt.8h.22a:40%(+1hiazolineepimer22b:35%);j)HATU.DIEA.CH2CI2.
HCI-dioxane,whichcausedagainm.24h,2":61%"MeOHil5ebimeZij:""JMd.3MMga67d:b'idh､4h.1:35％(＋

thiazolineepimer;50%). SCheme3

epimerizationatq-positionof

thiazoline.PurehalipeptinA(1)wasobtainedalterchromatographicpurificationin35%yield.

Referrences

l.Hara,S.;Makino,K.:Hamada,Y歴"ロルe的℃",2004,60,8031-8035.

2.Hara,S・;Makino,K・;Hamada.Y〃〃α〃eめり〃Le".2006,¥7,1081-IO85.
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MicmbialReclamationofSquidPenfbrthePmductionOfPmteasesandBiofbrtmizer

San-IangWang.,TbaiaYiHuang,Ch皿占YilanMng
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TheaPphcatimlofpI℃bioticbacrnammplmuctsismcleas唾血empoにmalhealthbeneftsassociamwiththe

consummpn""1hesebacrlia(Ongetal.,2007).Z"cmbαα"血S$thepImommam鋲nusMlacticacidmcに血允mdm

milksammples.nlegenusZ""cID6αα""hasb""nassociamwithaplOfolyticactivity(Ongetal.,2M7;Onmaetal.,

2007;Mα軍etal.,2007;Jungetal.,2007;'IavariaandMalcala,2003),howeveI;daiaconcemmgofplofaseshOm

lacmbacnaremorelimird(Wangetal.,2008;D"aeveandMamalCros,2m3).Bioconversionofsquidpenhas

beenp"osedasawasCnEannemalCmanvemthedisposalofChitin"ntainmgsmfMpoceesingwams(Wanget

al.,2008;Wangetal.,2006;Iavalletal.,2007).SqUidpencontainsabundantpormandchitinanditsmmelalsaltsaI℃

muchlowerthanthoseofshlimporcIabshell.T11ere允喧wehaveplcviuslyinv"ti配画mcmbialIml2matiOnof

squidp釦允rthepImuctionMlacmmbacillipI℃にase,andpubliJ1edthefrstleportonthepIMuctionandpm通cationof

MIaCellularpl℃画s"fomlacmmbacn(Wangetal.,2008).hthisstudMisolardnunthesameinbntvomirdsplit

milk,webundLjxwn"zseisubsp/xmazsejTKUO10,whichisthesamespmiesasL/x"r7"seisubSPmmmgej

TKUO12.WhalL.jxImmseisubspa"ncaseiTKUOlOwasqlltuImmasqUidpalpowdermediumbesid"the

pIoにaseacnvitydsplayed｡thecultulesupemamntpossessedvegemblegIowthenhancmgeHiectlwhichwasnot允皿d

withTKUO12.Cnsidelingthepofntialoftheseen可mesmbeusmmbi"hnol"icalpocessandthebctthatthe

vegetablegIowthe㎡皿1cingeHbctoftheculturesupematantofsqUidpenfmenrdbylactobacmihasnotbmnlWorCd,

theculTaIntwolkpI℃sentsthepurifcationandhalacrlimtionofapmmseObtained6℃mL."ﾉZ7"seisub""mcmej

TKUO10,cmnpalismlwiththep叩ﾛdemassmappmgofLjxvm"zFeisub印/xIm"MseiTKUO12pIomse,andthe

vegetablegDwthenhancingeHbctofthecultuI巳supemamntofsquidpalfbmentmbylacmbacmi.

T11eefctofculm℃supemamntofL.jximcrzse/TKUOlOonthegmwthlamoflettuceandcab随鈩seedlingswas

mv"ti喫妃d.T11eaddidonofcultuIesupemaiantenhancedthegowthofbothlettu"andcablngeseednngs.Betrr[Bsults

ofthemtal叺eightandtomllengdl(532%l5290and(230%l529@,I℃spmtively,welBObservedbrlettuceandcabl過鈩

treamwiththefbuIThdayofthecultulesupemamntcompaI℃dwiththecotrOlgI℃up.T11ebestvegtablealhancing

aCn畑was"dlthecultulesupemamntafter4da》唇offmentation.Consequendy,ifTKUOlOwouldbeus"topmuce

bio企ltilizerwithegetableglowthenhancmgerect,theculmretimehadbetterbethefbuIthday.HOweventheopmmzed

ClllmeUmebrploteasepoducdonwasatthethilddayBasmonthebovefilcts,thevegtableenhancmgactividesmthe

C11Inm巳supemamntcouldbelelatedmdnepImuctsofthepl℃teolysisleactionslatherthantheploalseitselfhodlerwolds,

vegetableenhancmgcompoundscouldbcammoacidsandpepddeshomihelWdrolysisoftheSPPploteinsbyplorases.

AlthoughfbnnentationunderthesameconditionwithTKUO12,whichbelongStothesamespeciesL."mcme/subsp
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/兀刀画cme/asTKUO12,nogl℃wthenhancingeHiectwasobseIved(datmotshown).Besides,itispossiblethatdnegDwth

enhancingeHbctwasnottotally(orpaltly)owingmtheaminoacidsandpeptideshomthehydlDlysisoftheSPPp[Uにins

bypl℃にa",butoligIntedfunothermetabolitesplmnucedbyTKUOIOIatherthanhydlDlyzamsoftheSPPpIoteins.

Tha℃fble,themle㎡pmmseonplantsImu血露illthermv"tiganon.

BothTKUOlOselineploEseandTKUO12metallopl℃にa"wel℃pIMucedbydlestlainsofthesamespeciesL

”ﾉ灯azre/subsppと"灯αMFeiandladsimilarmolecularweignt(49kDa).Howev"theculm!巳supemammtofsquidpen

powderfmenrdbyth"etwohcmlncmistlainsshowedObviousdiHbIencemvegetablegrowthenhancmgeHiect.

Cms"uentlylpeptidemassmapppingwasus国のcompalBtheseqUencediHbI℃ncebetweenTKUOlOp"seand

TKUO12pIcmse.PepUdemassmappingwaspeImmedbyMissimlBi"hCo.(IhipeL'Ihiwan)usingLC/MSas

d"clibedmpIeviuspaper(Wangetal.,2008).P印ndemass"Obminedweresml℃h国aMnstacompl℃hensive

nOm℃dundantpIormsaluencedamlnseO,iCBn,Ir)ush唱血eMascotp"amfbrpIoにmidentification.'I11espmUa

matdnednmetlypUcp"ndesthatcouldbeconelamdmapIDrm㎡m1knownimction(GenBankacc"sionnumber

g999638)6℃、艶"て7"pmse(senalysm)(EC.3.4.2440)with35%smnuececoveIagge(KatsU)aetal.,1985),Asfbr

theIesultsofTKUO12(Wangetal.,2m8),themasssofsevenpepddescanbemamh"withthateducedhomdle

aminoacidsmquenceofmetallOp'omseof艶ﾉ7nm"花"℃escEJzrGalBankaccessionnumberg47240).Fmmthe

compalismlbetweenthepepddemassmapph"ofTKUO10andTKUO12pmmse,itwasshownthatthesetwo

pomsshad7similarpmtidS.Besides,TKUOlOplomsehadtwomoI℃pepddes,thanTKUO12,

A虹T℃YDﾉWDDLIJIYI正RandTFII正IHAICLSIPGDYNAGEGNPIYR.Amongthem,thepepndeof

AArlGYDAVDDLLHY卜正RistheN-rIminalinitialsmuenceof艶"て7"plomse(selTalysm).Th"estmctulal

diabI℃c"betwecnTKUO10plomseandTKUO12pl℃にarmigltbethe]BasoonbrthealmvediHbl℃ntploIxmes

mcludingthevegtablegIow,thenhancilgefct.

AcImowl画鋲mem

T1niswoIkwassuppolrdmpaltbyaglantoftheNatinalScienceCouncl,Taivan(NSC96-2313-B-032-002-MY3).

Refelences

WangSLWhPY(2008)PulifcationandchaIacrlimnonofadlimsanasehCmanatndnaseplmucmgspain&Yc"h4J

SZめ"雄TKUOO7usingshlimpsheUpowderasamedium.PIocessBi"hem43:132-l38.

WangSL,WangCY;uangCY(2008)Micmb皿ImlamationofsquidpenfrthepIaluctionofanovelatlacellular

semeplotalseby"αひ6αα肋酎jx"て7cEMseisubspjxIm"zFe/TKUO12.BioIsT碇mol99:3411-3417.

imlgSL,ChenSJ,､随ngCL(2008)Purincationandchalacnimtionofcmtinasesandchiosanaseshomanewspeci"

ghnin庇α伽加oﾉ紅MFSp.TKUO15usingshnmpshellsasasubstIaf.CalbohydrR"343:ll71-ll79.

LiangTWChenYZ,YenYH､聡ngSL(2007)Theandtumoractivityofthehydrolysatesofchimousmamdais

hvdrolVzedbVcmdeenz,menoma7α"i低α"りん"卯gfYciewasV656.P[ocessBi"hem42:327-334.
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ANOvelSynthesiSOf3-Sulfanylphen0Is

YasuhiroSato,*SunaoMitsui,HidekiThtsumi

FineChemicalsResearchLaboratolybChemicaIsResearchCenteI3TOYOKASEIKOGYOCo.,Ltd.

2900,Sone-cho,Takasago-CityHyogo,676-0082,Japan

yasuhiro-satou@toyokasei-kog/o.cojp

#Sulfanylphenols(1)haveattl･actedmuchattentionasstaltingmaterialsfbrheterocycliccompounds

includingphannaceuticals.Generally5preparationof(1)isachievedbySsubstimtionof3-mercaptophenol

(2)').Howevel;mostoftherepoltedmethodsfbrsynthesizing(2)requireexplosivediazoniumsalts2)'4)，

toxichydrogensulfide3),orGrignardreagents4).Aversatileandsafemethodfbrsynthesizing(1)is

requiredfbrastablesupply.

Amongthestartingmaterialof(1),weproposeherecommerciallyavailablel,3-cyclohexanedione.

Inthispresentation,wewilldescribethesyntheticmethodof3-sulfanylphenols(1)fiFominexpensivel,

3-cyclohexanedione(3)infburstepsincludinganewsulfanylaromatizationsystemasakeystep.

Synthesisof3-mercaptophenol(2)willbealsoindicated.
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Figurel・ReportedSynthesisof(2)

1)Synthesisof3-Sulfanylphenol､1)

Thechlorinatedcyclohexenone(4)waseasilypreparedfi･om(3)usingphosphorusoxychloridein

quantitativeyield.Weassumedthattheintennediate(3')isreadilyfbnned,andthenconvertedto(4)

slowlyonlyintoluene.AdditionofDMFisfavorablefbrthesmoothfbnnationof(4)廿om(3').

Sulfanylcyclohexenone(5)wasobtainedbythereactionof(4)withcorrespondingthiolsunderbasic

conditioningoodyield.

｜’＆.良:→＆劉鶚＆
O

国元壷:莞蕨 SR

3 30 4 5

99％

Figul℃2.Synthesisof(5)fh･oml,3-Cyclohexanedione(3)
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Aromatizationof(5a)or(5b)wasca汀iedoutwithaceticanhydrideinthepl℃senceofsulfUricacidat

70･C,fbllowedbyhydrolysisunderbasicconditiontoaiTbrd(1a)inmoderateyield,or(1b)inexcellent

yield.Howevel;(5c)gavecomplexmixtureunderthesamereactioncondition.

ThearomatizationmechanismisshowninFigure3.Weassumethattheintermediate(5')isfbnnedby

sulfbnationof(5)atfast,thenacetylationattheketogroupandthesulfbnylgroupisoccu汀edtogive

intennediate(5'').Finallybacetylated3-sulfanylphenols(6)isobtainedbythennaldecompositionof(5'').

Thissyntheticmethodiswidelyapplicabletovarious3-sulfanylphenolsbyusingcorrespondingthiolsto

reactwith(4).

O OAc

な坐ゞSRAcOH
5

5，

OA c O H
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Fi9ul℃3.Synthesisof(1)fmmSulfanylcyclohexenone(5)

2)Synthesisof3-meⅡ℃aptophenol(2)

Weappliedtheabovemethodtoprepare3-mercaptophenol(2).Thethiouroniumsalt(7)waseaSily

preparedfrom(4)usingthioureainquantitativeyield,then(7)wasaromatizedusingaceticanhydridein

thepI℃senceofsulfilricacidat70･C,fbllowedbyhydrolysisunderbasicconditiontogive(2)asapale

brownliquidinlowyield.Weassumethataromatizationofthethiouroniumsalt(7)proceedsaccompanied

withmanysidereactions.

O O

d皿些-←．､典”CItolueneﾉDMF
4 7HCI

quant.

OAc

。‘
OH

。
H+

→

SH
2

36％
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ｏ
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人
NH2
HCI

Figure4・Synthesisof(2)fmmChlorocyclohexenOne(4)

Detailswillbediscussedinpostersession.

Refel℃nces
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Deriglazova,E.S.;Kashik,T.Vb;Delyagina,E.N.;VbronkovlM,G,Jtα宮.Che"7.ひMR(E>ngﾉ.刀α"3ﾉ.）
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Ortho-SelectiveCross-CouplingofDihalobenzeneDerivatives

Shunpeilshikawa,*KeiManabe

ManabelnitiativeResearchUnit,RKEEN

2-1Hirosawa,Wako,Saitama351-0198,Japan

keimanabe@rikenjp

Site-selectivecross-couplingofdihalogenatedarenesconstimtesapracticalmethodfbrthesynthesisof

multihmctionalizedarylcompoundS・Fordihalogenatedhetemarenes,manyexamplesofsite-selective

cross-couplmgexist.IncontIast,onlyafewexampleshavebeenreportedfbrdihalogenatedbenzene

derivatives,andthereactionsmainlyoccuratlesselectronicallynegativecarbons・Thus,itisgenerally

di伍culttoachievesite-selectivecross-couplingreactionsthatoccurpreferemiallyatmoI℃electronically

negativecarbons・Ifthecarbonsareatmorestericallyhmderedpositions,thereactionsareevenmore

di茂culttoachieve.hthissmdyjwemvestigatedpalladium-catalyzedcross-couplmgofdihalogenated

derivativessuchasphenolsandanilineswithGrignardreagents.hgeneral,thepresenceofafreeOHor

NH2groupmasubstIatesignificantlyretardscross-couplmg,becausedeprotonationofthesegroupsby

Grignardreagentsgeneratesahighlyelectron-donatingoxidooramidegroupandelec征onicallyretards

oxidativeaddition.MoreoveI;thereactionatorthopositionisthoughttobediHicultbecauseofitssteric

hinderance.

First,thereactionof2,4-dibromophenolwithp-methoxyphenylmagnesiumbromide(PMPMJr)was

exammed(Tablel,entriesl-3).ThereactionusmglwasfbundtoproceedverysmoothlywithhiJl

ortho-selectivityBwhilethereactionsusmgnon-hydroxylatedphosphmesuchasPCy3proceededslowly

andnon-selectivelybMoreoveIBtheyieldofortho-arylatedproductwasmuchimprovedbychangmgthe

substimentonphosphmeatomfromCygrouptoPhgroup(2).UseoflorZexhibitedhigl

ortho-selectivityinthecross-couplmgofsevelalsubstIaatessuchas2,5-dibromophenol,2,4-dibromoanilme

and2,5-dibromoaniline,orinthecross-couplingwith2-thienylmagnesiumbromideandBnM"rb

Tablel.Cross-couplingofdihalogenatedphenols.

Xo~Z､,X/､､/OMe畷総(；聯)X'~/ss=PMPPMP､/､､/XPMPR/､~/PMP

a"帥.●預言一蹴*車."､亨,
entryXX'ligandT(｡C)time(h)o-P･dﾉb PMP=para-methoxyphenyl
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Ontheotherhand,thereactionof2,4-dichlorophenolwithPMPMgBrusinglor2wasfbundtoproceedin

completeortho-selectivitybandthediarylatedproductwhichwasproducedinthereactionof

dibromobenzenederivativeswasnotobservedatall(ently5)．Remarkablyjcompleteoltho-selectivity

wasrealizedevenwithasmplePCy3(ently4)althoughthereactionratewithPCy3wasslowerthanthat

withlor2・Thereactionof2,4-dichloroanisoleunderthesameconditionsdidnotgivethecross-coupled

products.Thisresultstronglysuggeststhatthepresenceofaproticgroupinthesubstratesisessemialfbr

rateaccelerationattheortho-position.Effectivenessofthehydroxylatedphosphinesland2was

demonstratedbythereactionof4-bromo-2-chlorophenol(ently7).TheClgroupattheortho-position

reactedpreferemiallyovertheBrgoup.Thisunusualselectivitywasnotobservedinthereactionwith

PCy3(entry6).

Useoffluombenzenesassubstratesisachallengmgtaskduetoslrongfluorine-carbonbond,and

ortho-selectivecross-couplingofsubsbateswithelectron-donatinggroupshasnotbeenreportedsofam

Thereactionof2,4-difluorophenolwithPhMgBrwasinvestigatedandfbundtopI℃ceedmhigh

oltho-selectivitybothwithlandPCy3(entries8,9)．ItisnotedthatlwasinferiortoPCy3inthiscase.

Tbl℃vealthereasonfbrthesereactivitiesandselectivitiesfbreachhalogenwitheachligandobtained

above,wethenmvestigatedthekineticsmdies. Inthereactionsof2-bromophenoland

2,4-dichlorophenolusingl,themitialratekmeticsfbrtheconcentrationofsubstratesgavesturation

behavior(Figm℃1,leR).Inthereactionsof4-bromophenoland2,4-difluomphenolusmglonthe

otherhand,themitialratekineticsdidnotshowsatulationbehavior(Figul℃1,middle).Incontrast,the

ratekineticsofthereactionusmgPCy3didnotshowsamrationbehaviorfbrallsubstrates(Figuml,right).

Onaccountoftheseresults,reactionmechanismscouldbeproposedasFiguI℃2．Considemgthe

saturationkmeticsonsubstlates,thereactionsofBrandClatortho-positionusinglwereassumedto

proceedmMichaelis-Mentenmechanism,andhighreactionrateandhighselectivitycouldbeachievedby

catalystcontrol・Ontheotherhand,thereactionsofClandFusingPCy3wereassumedtoproceedby

substratecontrol,inwhichLewisacidicMgfacilitatesoxidativeadditionoftheorthoC-XbondtoPd.

Thesesmdieswouldcontributetotheresearchfbrthesynthesisofmultisubstimtedbenzenederivatives.

Figurgl.lnitialrabkinetbsonthecon"ntraionofsubst圃鱈s、 Figum2.Pmposedbansitionstates
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Chemo-StructuralProcessesinPolyhydrosilanes

*LiviuSacarescu,MihaelaSimionescu,GabrielaSacarescu
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AleeaGrigoreGhicaVOda4IA,700487,laSi,Romania

livius@icmpp.ro

Inrecentyearsintenseresearchhasbeendedicatedinthemodificationofawidevarietyofmaterial

propertiessimplybyreducingthematerialdomainsizeinordertoobtainquantumnon-negligibleeffects.

Semiconductormaterialshavebeenthesubjectofthemajorityofthiswork,particularattentionbeingpaidto

silicon.SiliconquantumsizeefYbctshavebeenexploitedtoinvestigatepropertieslike:photoluminescence,

meltingandsintering,bandgapenergy,physicalstrengthofderivativeceramicsandphosphorescence・Due

totheimportanceofsiliconinmodemtechnology,modificationsofitspropertieshaveam"orimpacton

leadingindustrialsectorsincluding:electronics,aerospace,computeIs,energyandsensors.

Polysilanesarewellknownmerelyasprecursorsfbrsiliconcarbideandtheirexploitationasapossible

sourcefbroptoelectronicmaterialsisjustinthebeginning.ResearchinthisfieldprovedthatUV

irradiationorthennalprocessingofpolysilanesundercertainconditions,leadtoaslightenrichment

inelementalsiliconespeciallywhenthematerialisdeposedasathinlayer.Thispropertycouldbe

usefillasadifferentapproachtoobtainpolyclystallinesiliconstructuresandlayersbytaking

advantageofspeciallydesignedhighlyl℃activesolubleoligo-andpolysilanes.

Thisworkpresentsthechemo-structumleffectsduetothemethylhydrosilylgroupsenclosedwithina

polydiphenylsilanechain.ltisshownthatthisspecificstructureiscapableofproducingsmallparticlesof

elementaIsiliconwithcontrollabledimensionandpossessesalong-orderedhelicalconfbnnationwith

extendedoo-electronsdelocalization.

Toinvestigatetheseprocessespolyhydrosilaneswithvariouscontentsofmethylhydrosilylgroupswere

synthesizedbyhomogeneouscouplingofmethyldichlorosilanewithdiphenyldichiorosilane.Spectral

analysistechniquescombinedwithatomicfbrceandpolarizedlightmicroscopywereusedtorevealinsides

ofthesiliconpalticlesfbnnationmechanismwithinthepolymericmatrix.

Theenclosureofmethylhydrosilylfragmentswithinthepolydiphenylsilanechaincausesmaior

chemo-structuraleffects.Thel℃fbre,thecouplingofthestiffdiphenylsilylsegmentsthrough

methylhydrosilyl'seliminatestheintemalconfbrmationaltensionsallowingtherearrangementofthe

polysilanestructurewiththefbrmationofanorderedhelicalconfbrmation.Thedecreaseofthechain

fractioningfrequencyallowsthepolydiphenyIsilylsegmentstoreachahighercoIUugativedimension

improvingthesymmetlyoftheemissiveelectronictransitions.

Ontheotherside,thechemicalprocessesinvoIvingtheparticipationoftheSi-Hgroupscausethefbrmation

ofelementalsiliconparticles.Anexplanationoftheelementalsiliconfbrmationwithinpolyhydrosilanes

shouldstaITfi･omthesynthesismomentswhenhighlyreactivesilyleneintennediatesappearasaresultof
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bothalkalinedehalogenationofmethyldichlorosilaneduringtheWurtzFittig-likecondensationor

thenno-photolyticscissionofthealreadyfbnnedmethylhydrosilyl-segments・Thereaffer,silylenesinsert

withintheI℃lativelyweekSi-Hbond,byinitialfbnnationofadonor-acceptorcomplexfbllowedbya

[1-2]-atomshilt.Thisreactionleadstotheappealanceofa!℃lativelyunstablecarbohydridosilanebranching

groupattachedtothesiliconatomsintheimmediateneighboringoftheSi-Hreactivities・Thesestructures

createlocalconfbnnationaldistomonsandcouldpalticipatetoKumadarearrangementswithcrosslinkingof

thepolysilanechainsleadingtofbnnationoftheembeddedsiliconstructuresviSibleonthepolyhydrosilanes

filmsurface・Duetothecomplexactionofthehighlyreactivesylilene,theinsertionl℃actioncouldtakealso

adifferentcoursebyeliminationofthedihydrosilylenewithlowerstabilizationenergy・Ful･ther,thehighly

1℃activedihydrosilylenespeciesparticipatetodimerizationreactionswithfbnnationofunstabledisileneand

cyclicoligosilanes・Becauseofthecomposition,thesestructuresbasedonlyonsiliconandhydrogenatoms

couldgenerateelementalsiliconassolidpalticlesmountedwithinthepolymericmatrix.
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Thelinearmethylhydrosilylstructul巴manifestsahighstructuralinstabilityduetothepresenceof

methylhydrosilylenereactivespeciesintheearlierstagesofthesynthesisprocess・A(liustingofthe

comonomersmolecularratiomadepossiblethecontroloverthedimensionoftheseparticlesdowntothe

nanometriclevel.

Exploitationoftheseintriguingpropertiesofpolyhydrosilanesopensnewpossibilitiesfbrapplications

aimingtothequantumdimensionofoptoelectronics.
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PolysilaneStructureswithConfbrmationalPhotocontrol
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PetruPoniInstituteofMacromolecularChemistryglnolganicPolymersDept.

AleeaGrigoreGhicaVOda41A,700487,lasi,Romania

gsacarescu@icmpp.ro

Duringthelastyears,anincI巳asingnumberofpapershasdescribedvariousmethodstoobtainunusual

polysilanesstructul℃s.TheseworkscovercomplexresearchdomainssuchasquanmmconductoIs(QWR)or

polymeFmetalcomplexesandpI巳semanincleasingamountofinfbrmationontheirsemiconductingorNLO

intriguingpropelties・Thispaperisasrpaheadtoanewpolysilanestrucml℃andpI巳sentsthesynthesisofa

newpoly[diphenyl-co-methyl(propyl-oxyphenylazo-dibenzl8-crown-6)]silane,PSADF.Theazocrownside

segmentsplayadoublepart:thWallowthetrans-cisisomerizationsinducedbyinadiationwithaspecificUV

wavelengthononesideandprovidethepolysilanewiththeelectrochemicaisensitivityoftheqownetherunits

ontheother.

Thesynthesisprocedul℃staltsfiompoly[diphenyl-co-methyl(bmmopropyl)1silane(PSBDF)whichwas

obtainedthroughtheadditionofallylbromidetosolublepoly[diphenyl-co-methyl(H)]silane・Athigh

temperature,inanhydmussolvent(DMF),PSBDFundergoesamodifiedWilliamsonl℃actionwith

(4-hydroxyphenylazo)dibenzo-18-cmwn-6.
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Itisknownthattheazobenzenederivativesundergotrans-cisphotoisomerizationsinUVlightwitha

temporaIyandlocalchangeofshapeandpolarity.Theprocessisreversibleandreversionfromcistotrans

isomerstatetakesplacethermallyorbyirladiationinvisiblespectrum・ThephotoisomerizationofPSADF

wasperfionnedbyirradiationofthepolymersolutionsinDMSOwitha400nmfilteredUVlightand

1℃cordingthe480nmabsorptionbandcorrespondingtothen-冗*transitionoftheazobenzeneunitincis

confbnnation.Thisprocedurewaschosenbecausetheazogroup兀一兀*transitionsoverlapwiththe

polysilaneo-qtransitionsononeside,andtoprotectthepolysilanechainagainstphotodecompositionon

theother.UVirradiationcausedanincIeaseintheintenSityofthe480nmabsomtionbanduntila

photostationalystatewasreachedandabout65-70%ofazobenzenesegmentswereincis

configuration.Byheatingatmoderatetemperature(700C)theisomerizationpmcesswasreversed.

－240－



燕2D

へ５
，
ｓ

ｌ

ｌ

Ｏ

骨
哺
等
８
５
名
。
且
記

○

6、ﾉ行ﾉ。
曲nfnf鯉曲流色面痘釦箭『

、
(a)、

0n
、

250300350400450500

吟Blengltt@m)

岨
団

、。
｡

(a)UVSpectmmoftram-PSADF;(b)Changeoftheabsorptionspecnaof

DMSOsolutionsofPSADFduringtrans-cisphotoisomerialionrmord"atO,

5,10,15,20,25,30min.and25｡C;(c)Inc『巳asingof280nmmakI露ord劃

duringtrans･cisphotoisomerizationofPSADE

Anuncommonphenomenonw"observedduringtheUVirradiationofthePSADFsamples.The280nmband

correspondingtotheo－兀coniugationwithinpolysilanevariedfbllowingtheisomerizationstateoftheam-

segmentandreachedamaximumintensitywhentheazobenmneunitsweI℃inthecisconmnnation.Duetothe

propylenebridgeandshieldingefrectofthephenylsubstimems,theazosegmentisisolatedfromthe

polysilaneconjugatedchainandtherefbretheelectromcinnuencesaretooweektoexplainthisunexpected

varimion.Inaddition,ifpI℃sent,theseelecironicinfluencesshouidaffectespeciallytheoo-electronsdelocaliz"

systemwithinpolysilaneortheshape,positionandimensityofthe332nmbandassignedtoo-o*transitions

1℃mainedmchangedduITinginadiation.TheI℃fbretheoriginofthisphenomenonshouldbelevealedbytaking

intoaccounttheconfbnnationalefWectinducedbythephotoisomerizationprocess・Inpolyphenylsilanes,the

orbitalmixingbetweendelocalizedohighestoccupiedvalenceband(HOVB)stateoftheSi-skeletonandthe7t

highestoccupiedmolecularorbitals(HOMO)statesofthephenylgroupscausestheo-兀COmugation.The

intensityofthisorbitalmixing(suggestedbytheblackarrow)dependsonthephalylTIHOMOorbitals

positionrelativetotheSiskeletonWhichintumEdictatedbythepositionandorientationofthearomaticrings.

Inourcase,inceasingoftheUV280nmpeakintensitypmvedthattheazo-unitmovementfi℃mtranstocis

staateinduceslocalconfbnnationaldisturbanceswhichareresponsiblefbrarepositioningofthePhenylJ

molecularplanesinamoI℃favorablepositionfbrtheo-兀orbitalsmixing.

BecalIseavariationoftheo-兀coniugationintensityinpolysilanesstmnglyaffiectsthechargecaITiers

mobility,PSADFcouldbeusedtoobtainpolymericmaterialswithphoto-contmlledopto-elecironic

properties.
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MicrOwaveASSiStedHydrOSilylationPrOceSSeS
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lonelMangalagiu

Al.l.CuzaUniversitybOrganicChemistryDept.

Bd.CarolNo.ll,700506,lasi,Romania

msimionescu@icmpp.ro

ThemainadvantageofusingmicmwavesinoIganicsynthesisistodramaticallyshortenthereactiontime.

Howevel;sincetheintroductionofmicrowaveassistedoIganicsynthesisinl986,therehavebeendebates

aboutwhatactuallyalterstherateoutcomeofthesynthesis.Isitmerelyaneffectofthethennalheat

generatedbythemicrowaveorisitakindof‘‘specifIcmicrowaveefYect，，？

TherateaccelerationcanbeassignedtothesolventsuperheatinginducedbymicrowaveiITadiation.The

heatinglamtefbrthesolventswillincl℃aseduringmicrowaveheating,probablybylimitingthefbnnationof

@Gboilingnuclei''.Thisphenomenonisdescribedassuperheatingandmayresultintheboilingpointsof

soIventsbeingraisedupto26℃abovetheirconventionalvalues・SuperheatingcanleadtolO-15-fbld

reductionsinreactiontimesibrsolutionphasemicrowaveassistedorganicsynthesisatamlosphericpressul℃，

compa1℃dwithtmditional1℃nuxconditions.

StraussstudiedthekineticsoftheDieis-Alderreactionbetweenanthraceneanddiethylmaleateandfbund

thatthereactionrateisindependentofthemodeofheatingbydrawingtheArrheniusplotfbrbothoilbath

andmicrowaveconditions.Therefbre,heconcludedthatthereisnonon-thennalGcspecificmicrowaveeffect''

inmicrowave-assistedoIganicsynthesis.Evenifthereisthiseirect,itshouldappeartobelessimportant

thanstatedinearlierpublications.

Thesimplestmethodfbrconductingmicrowave-assistedI℃actionsinvoIvesirradiationof1℃actantsinan

openvessel.Suchamethod,temled..microwave-organicreactionenhancement(MORE)",wasdevelopedby

Boseatal.､Duringthereaction,reactantsareheatedbymicrowaveirradiationinpolal;high-boilingsoIvent

sothatthetemperatureofreactionmixturedoesnotreachtheboilingpointofasolvent.Despitethe

convenience,adisadvantageoftheMOREtechniqueconsistsinlimitationtohigh-boilingpolarsolvents

suchasDMSO,DMEMmethylmomholine,diglyme,etC・TheapproachhasbeenadaptedtoloweFboiling

soIvents(e.g.,toluene),butitgenelamtesapotentiallyseriousfirehazard.Forreactionsatrenux,domestic

microwaveovenshavebeenmodifiedbymakingashieldedopeningtopI℃ventleakage,andthroughwhich

thereactionvesselhasbeenconnectedtoacondensert

TheeiTEctofmicrowaveirradiationonchemicalreactionsisgenerallyevaluatedbycomparingthetime

neededtoobtainadesiredyieldoffinalproductswithrespecttoconventionalthermalheating.Researchin

theareaofchemicalsynthesishasshownsomepotentialadvantagesintheabilitynotonlytodrive
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chemicalreactionsbuttoperfbnntheminreducedtimescale.Insomec"estheproductsexhibited

propertiesthatmaynotbepossibleusingconventionalthennaltreatments.

ThepresenceoftheI℃activeSi-Hgroupsinpolyhydrosilanesallowsobtainingofdifferentpolysilane

structureswithvariousfilnctionalitiesthroughcatalyticadditionofunsaturatedoIganiccompounds.This

workstudiestheeffectofmicrowavesonsuchsystems,usingasamodelofthecatalyticadditionofallyl

bromidetoreactiveSi-Hpolysilanes.
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Thehydrosilylationreactioniscarriedoutinthepresenceofatransition-metalcatalyst,withplatinumthe

mostactivecatalyst・Theacceptedmechanismofplatinum-catalyzedhydrosilylationisbasedonthe

intennediacyofplatinumcomplexes.Inparticularl℃gardtocatalysis,microwavefieldsmayhavethe

effectofselectivelyactivatingthecatalystsites,aneffectnotpossiblebyconventionalheating.
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Theabsenceoftheinductionperiod,typicalfbrtheconventionaimethod,leadstotheconclusionthatthe

microwaveactivatingprocesstakesplaceearlyinthefirststageoftheadditionreactionleadingtospecific

intennediatecatalyticspeciescharacterizedbyhighdipolemoments・Thesespecieshaveahighmicrowave

absorptioncapacity,therefbrethereactiontimeisconsiderablereduced.

Thisnewprocedurehastheadvantageofshorteningthereactiontimefi･omhourstominutes.Futhermol℃，

theyieldsaremuchhigherandthetemperaturesmeasuredattheendofreactionsaremuchlowerthanin

conventionalmethod.ThisfactallowsabetterprotectionofpolysilanechemicalstructuI℃whichisoRen

vulnerableinharshconditions.
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Bialylsareubiquitousmoietiesfbundinnaturalproducts,phannaceuticals,polymers,sensorsand

ligandsfbrtransition-metalcatalysts.Anumberofusefillmethodsfbrthepreparationofthesecompounds

havebeenbasicallydevelopedbythetransition-metal-catalyzedcross-couplingofalylhalideswitharyl

metallicspecies,whichincludetheStille,Suzuki,Negishi,andHiyamareactions.Ontheotherhand,the

multi-componentassemblyprotocolshavebeenappreciatedasapowerfillmeansfbrthepreparationof

molecularcomplexityanddiversity5therebybeingparticularlyadaptedfbrcombinatorialchemistlyand

diversity-orientedsynthesis.Asanapproachtowardsthisgoalinthesynthesisofthebiaryls,wepresentat

thissymposiumanovelpreparationofthepolysubstitutedunsymmetricalbiarylsSbyassemblingthe

fbllowingthreecomponents:the3-reJ･jabutyldimethylsilylbenzynes(3-TBS-benzynes)1,thefilrans2and

thealyliodides4(Schemel).Thus,thismethodoloa/invoIvestheconstructionofthe8-TBS-l-naphthols

3bytheregioselectiveDiels-AlderreactionsoflwithZandtheHiyamacross-couplingof3and4.

ごTBSTB S O H

O,｡｡e厨｡－-"CC"一一R1

R1
1 23

SChemelRegioselectiveDieis-AlderReaction
5

CroSS-CouplingReaction

2

TheDiels-Alderl℃actionsofl,insitugeneratedbythetreatmentoftheprecursors6with"-BuLiat

-78｡C,andthe2-alkylfilransZaintoluenegavethehead-to-tailadducts7withhighI℃gioselectivities(up

to>10:1).Similarreactionsof6withthe2-silyl-andthe2-stannylfUrans2aalsoprovided7exclusively.

ThesubstituentsRIonlweI℃fbundnottoaHectthelegioselectivities.Becausethecon℃sponding

Diels-Alderreactionsofthe3-phenyl-andthe3-re"-butylbenzynewith2-だ『卜butylfUran2agavetwo

isomerswithmuchlowerl℃gioselectivities,theexcelientregioselectivitiesofthe3-silylbenzyneslcannot

beexplainedbythesimplesterichindranceofthesilylgroup.TheTBS-adducts7weresubiectedtothe

acid-mediatedregioselectivecleavageoftheepoxyringtoalmostquantitativelygivethe8-TBS-l-

naphthols3AwhileretainingtheTBSgroupintact(Scheme2).Althoughammethylsilyl(TMS)groupon

thebena/nealsoworkedasaneffectivedirectinggroupoftheDiels-Alderl℃actionsasdidtheTBSgoup,
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theTMSgrouponthecycloadductswasnotstableenoughduringtheacidicepoxy-ringopening.

Similarreactionsoflwiththe4-alkoXy-2-siloxyfilrans2bdirectlygavethedihydroquinones3Bwith

highregioselectivities(upto>10:1).3Bisthoughttobefbnnedviatheinstantaneousepoxy-ringopening

oftheprimalycycloadducts8,generatedviatheselectivehead-to-headDiels-Alderreactionsoflwith2b.

(Scheme2).Thesehighlycontrastingbehaviorsbetween2aand2bal℃velyinteresting,becausesuch

oppositeregioselectivitiesarisenbythechangeofthesubstituentsoffilranshaveneverbeenrepoltedin

theben可nechemistIMtothebestofourknowledge.
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Scheme2Regioselectivities:upto>10:1
Yields:upto80%

Anotherhighlyintriguing,butdifficultsuhiectinthisprqject,wasthesubstimtionoftheTBSgroup

on3witharylgroups.AlthoughtheusefillnessoftheHiyamacrosscouplingreactionsofarylsilaneshas

beenwidelyappreciated,thereisnoprecedentontheuseoftherobustTBSgroup.Afterintensive

screeningofpalladiumsources,ligands,basesandsolvents,wefinallyfbundthatthecoupling1℃action

between3andtheiodobenzene4waseffbctedbyusing[(allyl)PdCI]2,AsPh3andCs2CO3in

l,2-dimethoxyethane(DME)toprovidethe8-phenyl-l-naphthylTBSether5in77%yield・Inlikemannel;

moderate-to-goodyieldsof5wereobtained廿omboththeelectron-richandtheelectron-poorphenyl

iodides4andalsoftomthel-naphthyliodide(Scheme3).Morenoteworthyisthatthese1℃actionswere

achievedwithoutusinganyfluorideactivatorbThefactthattheTBSgroupwastransfen℃dtoitsoxygen

neighborduringthereactionindicatedthefbnnationofthepentacoordinatesilicates9ashiJ11yreactive

intennediates.

１

Ｒ
一

、
夕

《
ジ
、
》

グ
〆
０
』
、
〃
一

一

「
ｌ
ｌ
ｌ
ｌ
ｌ
ｌ
ｌ
ｌ
ｌ
ｌ
Ｊ

△
４＋

＋
２

Ｓ

Ｒ
齢
．

Ｃ
Ｏ

誕
手ｕ

Ｂ
１
卜
Ｒｌ

恥
》
恥

３Ｒ・
《
〈
〉
》
４

グ
〆
０
』
、

２
Ｒ⑳

。

ＨＯＳＢＴ

１
Ｒ

2

しUVUE ざ

5(upto81%yields)
Scheme3

Insummaly6wehavedevelopedanovelconveIgentsyntheticmethodofthebialyls5byassembling

threecomponents,i､e.,thesilylben"nesl,thefUrans2andthearyliodides4.Thismethodfeamresthe

consecutiveuseoftherobustTBSgoupfbrtwodiffbrentpurposes;viz.,thesilicon-directingDiels-Alder

reactionof3-TBS-benZyneslandtheHiyamacouplingoftheTBS-naphthols3.
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MasahiroEgi,NobomFUjiwara,*YOshikoYamaguchi,ShUjiAkai

SchoolofPhannaceuticalSciences,UniversityofShizuoka
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α,6-Unsamratedcarbonylcompoundslareversatileintennediatesfbrthesynthesisofbiologicallyactive

naturalproducts,phannaceuticals,agrochemicals,andotherusefillmaterials.Oneofthemainmethodsto

preparesuchcompoundsisthel,3-reaITangementofpropal副ﾉlalcohols2,whichisknownasthe

Meyer-SchusterreaITangement(Schemel).Especiallybduetoitshighatomeconomylextensiveefﾁbrts

havebeendevotedtothedevelopmentofefficientcatalysts.ProticandLewisacidshavebeenwidely

utilized;howevel;theyoftenshowedlowselectivitiesleadingtopooryields・Suchrearrangementswere

bettercatalyzedbytransitionmetals,whichusuallyrequiredelevatedtemperature(>100｡C)oroften

producedsideproducts.

呼壼謎･'一呼亨”R1

Schemel

Wep1℃senthe1℃anovelandpracticalmethodbythecombineduseofMo,Au,andAgcompounds,which

dramaticallyaccelelatesthel,3-rearrangementevenatroomtempelatureandafTbrdsadiverserangeof

a,6-unsatulatedcarbonylcompoundsingoodtOexcellentyields.

First,todevelopamoreeffectivecatalyticsystem,ahighlychallengingprimaryproparglalcohol2awas

usedasthesubstrate.NoobservablereactionoccurredatroomtemperamreinthepresenceofonlytheMo,

Au,orAgcatalyst,andallcombinationoftwocatalystsamongthemaffbrdednoorpooryieldsofthe

desiredcompoundla・Howevel;instarkcontrast,thecombinationoflmol%eachofMo,Au,andAg

significantlyenhancedthel℃actiontogivelain93%yield(Scheme2).Eveninthecasewhenthecatalyst

loadingwasreducedtoO．5mol%,excellentyieldswereobtained,althoughaslightlylongerreactiontime

wasneeded・WeconsiderasynergeticmechanisminwhichacationicAucatalyst,generatedfrom

AuCI(PPh3)andAgOTfactivatestheacetylenebond,whileMoO2(acac)2isomerizesthepropargylalcohol

viathereaITangementofanintennediatemolybdate.

、
ＨＯ

MoO2(acac)2
AuCI(PPh3)-AgOTf

O

、ﾉL(CH2)2Ph
1a

1mol%ofeachreagent;

93%(0.5h)

0.5mol%ofeachreagent;

92%(2h)

－

(CH2)2Phtoluene,r.t.
2a

Scheme2
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Ourprotocolshowedanexcellentgeneralityandprovidedgoodtoexcellentisolatedyieldsofunsaturated

ketoneslb-mfTomprimalyjsecondalyjandteltiarypropargylalcohols2b-m(Tablel).Thetimerequired

toreachcompletionwastypicallylessthanlh,while3hwassufficientfbrthelessreactiveteltialy

substrates.

Tablel.Mo/Au/Agcatalyzedrearrangementof2toq,6-unstaturatedketonesl

典鵜繍職'"邸〆
R

R

2-~R3toluene,r.t. 1

propargylalcohol2 reaction

time(h)
isolatedyield
ofl(%)

entry
R1 R2 R3

汕
沈
丞
諏
空
郡
鞄
訓
劃
動
．
郡
創
加

ｊａ
ｌ
２
３
４
５
６
７
８
９
扣
棡
但
個

HH

HH

HH

HMe

HPh(CH2)2

HPh

HMe

Me Me

Me Me

Bn Bn

Met-C4H9

MePh(CH2)2

(CH2)5

n-C7H15

n-C7H15
Ph

n-C6H13

n-C4H9

n-C6H13
Ph

n-C7H15
Ph

Me

n-C4H9

n-C4H9

n-C6H13

O.5

1

1

0.25

0.25

O.5

1

O.5

2．5

1．5

3

2

1．5

1b

1b

1c

1d

1e

1f

1g

1h

1i

1j

1k

1I

1 m

84

87

61

97

94

86

88

92

90

91

88

94

88

a)Mo:Au:Ag=0.5:0.5:0.5(mol%)

Thedevelopedmethodwasalsousefillfbrthe Bn､9H

人、rearrangementofthepropargylalcohols2n-pBn

2nHbearingproton2n,oxygen20,andnitrogen

Bu､9Hgroups2pattheendoftheacetylene

菫、.”filnctionalitytogivetheu,6-unsamratedBu

aldehydeln,thephenylesterlo,andthe
OH

昇、、ﾉTs
amidelp,respectively(Scheme3).Tbthebest

n-C6H1
ofourknowledge,thisisthefirstexampleof

2pN

thel,3-rearrangementoftheMalkynylamide. Bn

Ｈ
、

帆

Ｍ
鋤
岬

ＯｎＢ

ｎ
ｎ
ｕ

Ｂ
１
Ｂ

MoO2(acac)2
AUCI(PPh3)
AgOTf
(eachlmol%)

－

bluene,「.t、

(CH2CI2fOr2n)

』U皿IIIIuI和ノBu〆、こ＝℃Ph
－

uene,｢.t.__1o;80%(10min)
H2CI2fOr2n)

O

n-C6H1r、ﾉLVノTs
Bn

1p;80%(2h)
Scheme3

Insummalybwehavedisclosedthatthecombinationoflmol%eachofMoO2(acac)2,AuCI(PPh3),and

AgOTfprovidesahighlypowerfillcatalyticsystemfbrtherapidl,3-rearrangementofpropagylalcohols.

ThereactionsproceedatroomtemperaturewithinlhinmostcasestoafTbrdavarietyofu,6-unsaturated

carbonylcompoundsinexcellentyields.Especially,itisnoteworthythatitisapplicabletoprimaly

propargylalcoholsandMalkynylamidesasthesubstrate.
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RadicalAlkylationsofCarbonylCompounds

JinYoungLee*,MisunLee,SunggakKim

CenterfbrMolecularDesign&SynthesisandDepartmentofChemistry,SchoolofMolecular
Science(BK-21),KAIST,Daejeon305-701,Korea

E-mail:Skim@kaist.ac.kr

Free-radicalalkylationsarepowerfilltoolsfbrthefbmlationofcarbon-carbonbondsundermildconditions

andareoneofthemostmportantandftmdamentalolganicreactions・nlemfluoromethylsulfbne(trinone)

fimctionalmoietyisregardedasthestrongestneutralelecron-withdrawinggoupandisattractivem

syntheticstrategiesinvolvingsulfbnes・Inspiteofextensivedevelopmentoftrifluoromethylradical,

radical-mediatedallO'lationsusingtrifluoromethylradicalhavenotbeenwellinvestigated.Vinyltriflates

aregoodradicalacceptorstofbmlcarbon-carbonbondsthroughoutradicalreactions.Vinylmflateswere

easilyprepared・Reactionofethylpymvatewithtriflicanhydrideanddiisopropylammem

dichloromethanegavevinyltriflateinmoderateyield.WhentheradicalreactionwaScarriedoutinthe

presenceofhexamethylditminbenzene,thereactionproceededcleanl)fyieldingq-ketoestercompoundin

61-71%yield.AIso,IadicalallWlationsofunactivatedC-Hbondsweresmdied.

O

JHfOE!叩
0

EWG/~1
O/SO2CF3

＋／､CO2Et
台

DIPEA

CH2CI2

OoC

(Me3Sn)2
－

AIBN
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ﾉ､CO2Et (1)

O

EWG/ﾍﾉLCO2Et
61-71％

CO2Et

65％

(2)
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ChlorineGasFreeSynthesisofIsothiazolol5,4-61pyridin-3-ones

MasaoShimizu,*''YUsukeHiguchi,21akeoKonakahala2

INationallnstituteofAdvancedlndustrialScienceandT℃chnoloa'(AIST),

l-l-lHigashi,Tbukuba,lbaraki,3018575,Japan

2FacultyofScienceandTechnoloWW,TbkyoUniversityofScience,

2641Yamazaki,Noda,Chiba,278-8510,Japan

m.shimizu@aist.gojp

Isothiazolo[5,4-"pyridine-3-onederivatives,whichareaza･analogsofl,2-benzisothiazolin-3-ones

(BITlindustrialbiocides),showbioactivities.1)Thesecompoundswereusuanysynthesizedffom

thereactionofamineswithsulfbnylchloridespreparedhomchlorinationof

2-mercaptonicotinateswithchlorinegas.Sincechlorinegasistoxicandcorrosive,development

ofsafeandconvenientprocessofisothiazolo[5,4-flpyridine･3･onesynthesesisdesired.Inthe

previouspapers,wereportedthechlorinegashPeesynthesisofsulfbnamidesand

1,2-benzisothiazohn･3･ones2)(Schemel).Inthispresentation,wewillreportapplicationofthese

syntheticmethodstopyridinederivatives,andsynthesesofpyridinesulfbnamidesand

isothiazolo[5,4･dpyridine･3･ones.

輔鳳誌紛婁圭呈詰。”CC"
沙／W……，：benzimid

O

a写晃R=勝一“側-”C匡写『､N幽‘
。、.hemel

2-Mercaptonicotinicacidesters(1)weretreatedwithaqueouspotassiumhydroxidesolutionof

hydroxylamine･Osulfbnicacid(HOSA)fbrlO-45minonanice-bathtogive

2-sulfbnamoylnicotinates(2)aswhiteprecipitates.Inthecaseofmethyl2-mercaptonicotinate

(1a),theyieldofsulfbnamide(2a)waslowduetohighersolubilitytowardwaterandcyclization

occurredtoisolateisothiazolo[5,4-dpyridine-3-one(3)fhPomwatersolvent.TYPeatmentofthe

(2)withpotassiumhydroxideipyridinesulfbnamides(2)withpotassiumhydroxideinethanolgave

isothiazolo{5,4-dpyridine-3-one(3)inhighyields(Scheme2).
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Scheme2
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Aswepreviouslyreported,amineexchangeTablel.ReactionofN-Sulfenylbenzotriazoe(4)withAmines
reactionsonthesul血ratomoccurredbetweenOo

"鞭側､R順2mH-黙一点〕二三杲1R22-sulfbnamoylbenzoatesandvariouskindsof

。 ‘aminesbyheatingintolueneandthe4

corresponding Msubstituted
R2R1R2TimeProductYield(%)

2-sulfbnamoylbenzoateswereobtained､2b)PhH45aH4H45a52

PhCH2H55b80
Howeveriinthecaseofpyridinesulfbnamides2, PhMeCHH45c97

PhMe2CH4.5d71
ammeexchangereactionsdidnotoccurwithEt-Et5b5e62

5bSf86_(CH2)4- 5f

usualamines.Amineswhichhadacidicprotons･(cH2)20i6H2)2-45999
-(CH2)2NMe(CH2)2-45h96

suchasbe nzotl･iazoleand
aToluene,100oC.b80oCinsealedtube.

1,2-benzisothiazolin･3･oneonlyreactedwith

sulfnamides,andthecorresponding"sulfbnylbenzotriazoles(4)and1,2-benzisothiazolin-3-ones

wereobtained,respectivelybThese"sulfnylheterocyclesreactedwithvariouskmdsofammes

and"substitutedpyridinesulfbnamides(5)weresynthesizedflhblel).For"monosubstituted

sulfnamides,treatmentofsodiummethoxideinmethanolunderrenuxamrded2-substituted

isothiazolo[5,4-fipyridine･3-ones(6)ingoodyieldsTable2.synthesEofisothiazolo[5,4-blpyridine-3ones(6).
(Thble2).oo

くx:rk,･卿．。Na器詩鰄側畳“Since5wassynthesized"sulfbnylbenzotriazole4

possibleand am ines,itwaspossiblethat5__6
R1ProductYield(%)

isothiazolo[5,4･dpyridine･3･oneswereprepared
Ph6a58

企omthereactionof4withaminefbllowedbyp－To’6b84
phCH2 6c82

treatmentofbasewithoutisolationofsulfnamides PhCH2CH26d96

5(Scheme3).

O

亘X稟烏N鶚:凶‘
。『・伽x,5ハ4 5b

撒鱒．’"…CH2Ph
6C

(8鰯）

Refrence

1)Forexamples,WMalinka,eral,FIarmacq56,905(2001);M.Pregnolato,eral,Faz･maca55,

669(2000);G.Pagani,etal,狐〃bdChem.,43,199(2000).

2a)M,Shimizu,eral,"efeI℃qJ℃たs51,3005(1999);b)""eteroq｝℃ん&60,1855(2003);c)

処血没hedm",62,2175(2006).
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Theasymmetricl℃actionofacetaldehydecatalyzedbyOrganocatalySiS

YIMiroHayashi,*'Iakahikoltoh,SeniAratake,Hayatolshikawa
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Kagurazaka,Shinjuku-ku,Tbkyol62-8601,Japan
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Thealdolreactionisrecognizedtobeoneofthemostimportantcarbon-carbonbondfbnning

processesinorganicsynthesis.Acetaldehyde,thesimplestaldehyde,generatesversatile

6-hydroxy-q-unsubstitutedaldehydeswhenitisemployedasthenucleophiliccomponentinthisreaction.

Inspiteofitssyntheticimportance,asfarasweareawaretherearenoexamplesofasuccessfilldirect,

enantioselectivealdolreactionofthistype.

Evenamongorganocatalyst-mediatedaldolreactions,thereisnosuccessfillreactionofacetaldehyde

inspiteoftheextensiveresearchonthisclassofreactionsinrecentyears.Asthealdolproductgenerated

whenacetaldehydeisemployedwouldbeu-unsubstituted,itisexpectedtoactbothasareactive

electrophile(Eq.1)andnucleophile(Eq.2).Thus,thesuppressionofoverreactionsisadifficult

problem.

OverReaCtion

AldoireactionofAcetaldehydeR1R2NHQHQHQ

神
ＯＨＯ

Ｒｌ

ＯＨＣ

ｊ１ｉ

Ｒ

１
１
１
１
１
１
Ｊ

２Ｒ

叩
同
１

州

Ｒ
ｒ
ｌ
ｌ
Ｉ
Ｌ

R1 R 2 N H O H O

R人ﾉLH+CH 3 C H O -
O

R人H
(2)

Thealdolreactionofacetaldehydewitho-chlorobenzaldehydewasselectedasamodel(Eq.3).

T11eefficacyofvariouscatalystswasexaminedfirst.Prolineisknowntobeasuitablecatalystfbrthe

cross-aldolreactionSofaldehyde/ketoneandaldehyde/aldehyde.Whenprolinewasemployedunder

severaldifferentconditions,hardlyanycross-aldolproductwasobtained,andcrotonaldehyde,generated

byselfLaldolreaction,fbllowedbydehydrationreaction,wasfbnned.Whentrinuoromethylsubstituted

diarylprolinollwasemployed,thecross-aldolproductwasgeneratedingoodyieldandnearlyoptically
l

pure.Itshouldbenotedthatadiarylprolinolsilylether,whichhasbeendevelopedindependentlybyour

andJgIgensen's2groups,isnoteffective.

ゲ"‘又"等儲る幻"．
R2

R2catalystR' Yield/%ee/%
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Thereactionproceedsefficientlywithbothelectron-deficientaromaticaldehydesandolefinic

aldehydes,affbrdingthecoITespondingaldolproductsingoodtoexcellentyieldwithexcellent

enantioselectivity.Thereactionalsoproceedswithnon-activatedaldehydessuchasbenzaldehydeand

2-naphthaldehyde.DimethoxyacetaldehydewasalsoauSefillelectrophilicaldehyde,andcouldbeused

asitscommerciallyavailableaqueoussolution,toaffbrdahighlyfimctionalizedaldol・Notablyexcellent

enantioselectivitywasobservedinmostcases.

ThoughdiarylprolinolsilyletheriswidelyusedasaneffectiveoIganocatalyst,thepresentreactionis

arareexampleofitsprecursorjdiarylprolinol,actmgasanoutstandingcatalyst,andafirstexampleofthe

useofdiarylprolinolinanenantioselectivealdolreaction.'Ihe6-hydroxy-q-unsubstitutedaldehydes

generatedareversatilesyntheticintermediates,andareobtainedwithexcellentenantioselectivity・Thus,

thepresentaldolreactionofacetaldehydeisasyntheticallyuseftllprocess.3

ｍ
Ｈ
Ｈ

０
人
恥
酔

が
》

＋

Ｈ
即

断

ｏ
糾
酬

が
》

ＨＯ

Ｎｑ

ＨＯ

ｅ

び
》 ｅ

ＨＯ

10mol%1NaBH4 OHOH

ToWE5rR入ノ (4)

OHOHCIOHOHCIOHOHOHOH

･人ﾉ・鋼・人」
OHOH

券ノMeO

MeO

92%,80%ee50%,97%ee85%,99%ee89%,97%ee

RecentlywealsofbundthatdiphenylprolmolsilyletherisaneffectivecatalystintheMichaelreaction

ofacetaldehydewithnitroalkene(Eq.5).4Witharyl-substimtednitroalkenes,bothelectronrichand

electrondeficientalylgroupscouldbesuccessfilllyemployed・ReactionoccuITednotonlywith

alyl-substimtednitroalkenesbutalsowithalkyl-substimtedonesandnearlyopticallypureMichaeladducts

wereobtained.Astheobtainedproduct,q-unsubstimtedY-nitroaldehyde,possessesusefUlfimctional

groups,thWaresyntheticallyimportantchiralbuildmgblocks.

10

紙 RO

R/、〆NO2+CH3CHO-－－－O2N､ﾉﾐﾉLH(5)1,4-dioxane

upto>99%ee
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OvercomingTheISsuesOfPreciousMetalContaminationWithinCatalysedReactions
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WithinthePhannaceuticalmdustlythespecificationtolimitsofresidualmetalcontaminationindrug
substancesandeXcipientsisdefinedinEhropeanguidelmessetoutbytheEMEA(2002&2007)'.At
presemtheacceptableconcentrationlimitsfbrplatinumgroupmetalsRu,Rh,Pd,Os,Ir&Ptare
below5ppmfbreachmdividualmetal.OtherimportantmetalcatalystresiduessuchasCu,Ni&Fe
mustachievelO-20ppm・SiglificantlyfbrthePhamlaceuticalsector・allnewdrugsubstancesmust
complywiththeseguidelinesimmediately.Incontrastallexistmgdrugsmustcomplywithin5years.

Inlig]tofthesespecificationsandtheincreasedprevalenceofpreciousmetalcatalysedreactionsin

thesyntheticroutestonewdrugcandidatesthereisanecessitytominimisemetalreleaseduring
syntheticprocesses.Takmgmtoregardtherecentrapidmcreasesinplatinumgroupmetalpricesthe
phannaceuticalindustIyisproactivelymplememmgtheconservationofmetalcatalysts.Sh･ong
economicdriversarefbrcmgmoreeffectiVemetalusewilhminimallossesofmetalValuehrougl
mdividualchemicalsteps,deactivationandrecovelyofpreciousmetalsfomprocesswastestreams.

Infaceofthesekeyprocessmgchallengeswehavedevelopedandcommercialisedaseriesof
microencapsulatedpreciousmetalcatalystsasameansofaddressmgthe･sustainability'agenda-
namelyeasier,fasterandcleanerchemishiesPd(n)EnCafrMpolyTPPmcoIporatespalladmm(n)

acetateandboundpolymeric-triphenylphosphineligandwithmahighlycross-linkedmicroporous
polyureamatrix.ThisheterogeneouscatalystsuccessfilllycatalysesmanyC-Cbongfbrmmg
proceSsesmcludmgSuzuki,Heck、StilleandCarbonylations.Separationofthemicroencapsulated
heterogeneouscatalystfiomtheproductisachievedbysimplefiltrationmeans・Furthennore,simple
washiIigoftheusedcatalystalloWshighlyeconomicrecyclifigandreuseofthecatalyst.2

>=。 閲7=。HN

鯵 ←I鐸‘
零

…，N’

Q
REAGENTS PRODUCTS=NN

ぐ

』

Catalyticactivityisretainedyetthecrudeprocessstreamcontainsvelylowppmlevelsofprecious

metalcontamination.InadditionthebenefIttousingaboundpolymericTPPligandfacilitatesacrude
productcontaminglowlevelsofTPP&TPP-oxide.IncontrasttheequivalemhomogeneouSreaction
afFHordhighlevelsofPdcontammationwithvelyhighlevelsofphosphmecomammation(seeFigure
l)．

F F

FB(OH)2

=OC/'PA'Wo!')MeOA"｡r/~//'PA'WO:'M.｡寵:wr
pd(OAC)2,PPh3
二

IpA/H20(20:1）MeO80.CMeO80°C
MeO

9 1%yield1.5equiv.1equiv. 99%yield

985ppmPd 7ppmPd

1200ppmPPh3 18ppmPPh3

Figurel:ExampleofMinimalMetal&PhosphineContammationUsingPd(n)EnCafrMpolyTPP
CatalySt
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InadditiontouseinclassicalbatchprocessestheunifbnnsllhericalntureofPd(n)EnCatTMpolyTPP
翌Zeri*W"WW"1oenablesefficienttranslationtonowreactionprocesS

conventioIlalheatmgandstilTingwhilstalsodemonstlaatingexcellentI℃activityundermicrowave
conditions4．ThiswasdemonstratedinamicrowaveheatedSonogashirareaction(seeFigure2).
UgingPdEnCatTMpolyTPP30theresidualpalladiumwasonlyl4ppmmthecmde.Simpletreament
ofthiScnldereactionmixturewithQuadraPureTMTUscavengerresmatambienttempefaturefbrlhr
quicklyreducedthePd&Cucontentto<1ppmrespectivelybylCPanalysis.

S

Pd(II)EnCatTM
poWTPPノ

Cul

一

Et3N,THF
MW,140｡C

20mins

0
0

r～
、グノ

、
グ

／
１
１
、

Me
、
〆

〆
Ⅱ
ｌ
、

Me +=Ph

I

Ph

99%yield
<1ppmCu
<1ppmPd

~50ppmCu
14ppmPd

Figure2:UsmgPd(n)EnCatTMpolyTPPCtalystmMicrowavemode

QuadraPureTMTUiqajjnifbnV1,sph"cglmacroPorousPaSedPSresmsuitablefbrscavenging
nmerousmetalSpecies(mvariousoxidationStates)fiombothorganicandaqueousmedia.A5the
resinissuppliedwithsupportmgregulatolydocumentationthescavengerishighlysuitedfbrcGMP
use.Equally,theQuadraPm℃TMscavengerrangeresultsintheeHicientremovalofmetal
contaminantsfromtestreactionwastesheams;eithermbatchorflowmode5・Inthisinstancetheuse

ofscavengersinflowisfilrtherfacilitatedthroughtheiravailabilityinpre-packedcaJtridges.

1.http:"Www.emea.europa.eu/pdS/human/Swp/444600.pdf
2.Ramarao,C.;Ley,S.V.;Smith,S､C・;Shirley,1.M.;DeAlmelda,N､C〃e腕.@加加""".,2003,1132.
3.Santos,R.C.D.;Al-Duri,B・;Seville,J・P.K.;Smith,C・J.;Lee,C.K.Y.;Holmes,A.B.;
McConvey,I.F.GgPFocessResDevb,2007,",144-148.
4.Pitts,M､R.P"r加""@A姥"ZsReview,2008,52,64.

5.Hmchcliffe,A.;Hughes,C・;Pears,D.A.;Pitts,M.R.O7gPmcessResDewh,2007,",477-481
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Chiraldihydrobenzofilransandchromanswithtetrasubstitutedcarbonconstituteanimportantpaltof

numerousnaturalproductsandbioactivechromophores,suchassilvestrolandvitaminE・Duetothe

continuousdiscovelyofnewnaturalproductsandtheproductionofnewderivativesofvitaminE,

numerousasymmetricsyntheticmethodsofchiraldihydrobenzofilransandchromanshavebeendeveloped.

Wehavedevelopedasymmetricinductionbasedondynamicchiralityofenolatesgenerated廿omamino

acidderivatives,whereasymmetricinductionsisassumedtooccurviaenolateintermediateAwithachiral

C-Naxis(memolyofchirality)(schemel,eq.1).Undertheseconditions,chirald,q-disubstitutedamino

acidderivativesZareobtainedfromL-aminoacidde面vativeslwithouttheaidofexternalchiralsources.')

Wethenenvisionedtoapplythisconcepttotheconstructionofchiraldihydrobenzofilransandchromans

withtetrasubstitutedcarbon.Thetreatmentofester3whichwaspreparedfi･ominexpensivechiralethyl

lactateandphenolderivativesunderMitsunobuconditionswithabasewouldgivechiral

dihydrobenzofilran4orchroman5viatheenolateintennediateB(eq､2).lncontrasttotheenolateA,

enolateBhasplanarchiralitywhoseracemizationbamerisdirectlyrelatedtotherotationalbamerofC-O

bond.ltisassumedthattheexpectedenolateintennediateBwouldhaveashoIterhalfLlifeofracemization

thanthatoftheenolateAbecauseoflowerrotationalbarriersofC-ObondsthanC-Nbonds・Inorderto

preservethechiralityoftheenolateBduringcyclization,variousbases,soIventsandsubstituentsonan

aromaticring(RI)wereinvestigated.
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WeanticipatedthatthebulkinessofsubstituentatC(6)onthearomaticringwasresponsiblefbrthe

eiTiciencyofasymmetricinduction,sothatsubstrates6(R=H),7(R=Me)and8(R='Pr)weresumectedto

five-memberedringcyclization(Tablel).Cyclizationreactionwasachievedbythetreatmentofthemwith

NaHMDSinTHFat-78｡CtogivedihydrobenzofilranlO,11andl2in61%yieldandO%ee,66%yield

and82%ee,and82%yieldand99%ee,respectively(Tablel,entriesl-3).Theeffectsofbulkinessof

C(6)-substituentontheasymmetricinductionwerecrucial,asexpected.Sinceitispossibletoconverta

TMSgrouponaromaticringintohydrogenorotherfimctionalgroups,cyclizationof9wasalsoexamined

togivel3in70%yieldand97%ee(ently4).

Tablel.EffectofCrsubstituentonfive-memberedringcyclization

喋輯畑""";･，加
4TMS.9137097

Incontrasttofive-memberedringcyclization,six-memberedringcyclizationgaveracemicchromans

18-20irrespectiveofthebulkinessofsubstituentatC(6)(Table2,entriesl-3).Becauseitwasfbundthat

thecyclizationof26gave27in80%and56%(eq.3),weinvestigatedtheeffectsofothersubstituentson

thearomaticring.ItwasfbundthatthesubstitutentsbothatC(6)(R2)andC(3)(RI)arecriticallyinvoIved

inasymmetricinduction(entries4-6).ThebuttressingeifectcausedbytheC(3)-substituentisassumedto

beresponsiblefbrthefasterrateofcyclizationthanthatofrecemizationofthechiralenolateB.

Unexpectedly,thesubstratel9havingthebulkiestTMSsubstituent(ently6)resultedinlow

enantioselectivity

Table2.Effectofsubstituentsonthearomaticringonsix-memberedringcyclization

entryR1,R2substrateproductyield(%)ee(%)

R2

M O M

Etbase
一

－78℃

THF

R1

R2

Et

CO2Et

1H,H1420270

2H,Mel521400

3H,jPrl622170

4Me,Mel7237743

5Me,iPrl8248874

6TMS,TMS19258949a

a)Eewasdeterminedafterconversionol25into20

LDA(2.0eq.)
DMPU(5.0eq.)MOM

－

THF,-78.C

(壺砺雨壼〕80％56％ee

27

(eq.3)

''CO2Et

References

l)Kawabata,T.;Matsuda,S・;Kawakami,S.;Monguchi,D.;Moriyama,K.｡ﾉ:""7.Cｿie胴.Soc.2006,ノ28,

15394;Kawabata,T;FUji,K.7bpicsj〃""eoche耐な"弧VOl.23;Denmark,S.E.,Ed.;JohnWiley&

Sons:NewYork,2003,Chap.3,175.
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StudiesTbwardsaGram-ScaleSynthesisofSpongistatinl
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ShinHsuandStevenV:Ley

UniversityofCambridge,UniversityChemicalLaboratolybLensfieldRoad,Cambridge,CB21EW;UK

hk305@cam.ac.uk

Thespongstatinscompriseanimportantfamilyofarchitecturallycomplexmarinemacrolidesthatdisplay

exceptionalantitumouractivitiesagainstavarietyofcelltypes.IsolatedindependentlybyPettit,Kitagawa

andFusetaniml993,'theabsolutestereochemishyremainedunknownuntilprovenbytotalsynthesism

1998.2All9membersofthespongistatinfamilydisplayremarkablegowthinhibitioncharacteristics

againsttheUSNationalCancermstimte'spanelof60humancelllines.3Spongistatml(1)(Figurel)was

fbundtobethemostactiveofthefamilywithGIsovaluesbetweenO.025-0.035nMandparticulareffIcacy

againstcelllinesderivedfomhumanmelanoma.

Cl

OH

1

…ng唾dnl

OmSPPh3I
2 3

Figurel.RetrosynthesisofSpongistatinl(1)

Naturalsupplyofspongistatinl(1)islimtedwithverylargequantitiesofspongereqUiredtoisolate

milligamquantitiesofthenaturalproduct・Therefbre,theisolationfPomnaturalsom℃esonasuHicient

scaletoallowextensivebiologicalsmdiesisecologicallynotjustifIable.Furthermore,large-scale

cultivationsareculTenUynotachievable,whichleavestotalsynthesisastheonlymeanstoaccessthis

importantmoleculeinsu価cientquantitiestoenablefilrtherbiologicalevaluations.Therefbre,thegoalof

preparingspongistatinl(1)onagamscaleisconsideredahighpriority&

1(a)GR.Pettit,Z.A.Cichacz,EGao,C.L.Herald,M.R.Boyd,J.M.SchmidtandJ.N､A.Hoopel;､ﾉ;OPg.CWem.,1993,58,1302;(b)M.

Kobayashi,S.Aoki,H.Sakai,K.Kawazoe,N.Kiham,T:Sasakiandl.Kitagawa,7rrm"eめり"Le".,1993,34,2795;(c)N.Fusetani,K.Shinoda

andSMatsuna",J:』胴.αe耐.Wc.,1993,115,3977.

2(a)D.A.Evans,RJ.ColemanandLC.Dias,"41IgewCWem.".Eti,1997,36,2738;(b)J.Guo,K.J.DufYybK.L.Stevals,RI.Dalko,R.M・Roth,

M､M・HaywardandY:KiShi,』"gewCWem.jW.aif.,1998,37,187.

3(a)R.Bai,GETayIoIBZ.A.Cichacz,C.L.Hemld,J.A.Keplel;GR・PettitandE.Hamel,Bjpche加趣〃,1995,34,9714;(b)R.Bai,Z.A.Cichacz,

C.L・Herald,GR.PettitandE・Hamel,A"bム助αﾉ刀"cof,1993,44,757.
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Itspotentbiologicalactivitycoupledwithacomplexmoleculararchitecturehasattractedgeatmterest

fiPomthesyntheticcommunity;resultinginseventotalsynthesesincludingtheLeygroup's,publishedm

2005.4Cun･enteffbrtsintheLeygouplaboratolyarefbcussedonpreparingquantitiesinexcessoflgof

spongistatinl(1).Consideringthesmlcturalcomplexityofthemoleculethisposesasiglificantchallenge.

AlongsidethiskeyobjectiveafilrttheraspirationistodemonstratethattheLeygoupsynthesisisthemost

e価cientroutetodatetoachievethisambitiousgoal.Althoughthisisstronglybelievedtobetruewith

regardstotheCl-C28fiPagment(3,Figurel),theoriginalsynthesisoftheC29-C51fragment5(2,Scheme

1)highlightedtheneedfbramoreexpediemroutetoaccessthequantitiesneededfbragram-scale

synthesisofspongistatinl.Therefbre,afiJrtheraimistoimplementasecondgenerationsynthesistowards

theC29-C516Fagment(2).Thiswillallowtheefficientpreparationofgram-quantitiesofthisportionofthe

moleculeenroutetothetotalsynthesisofthenaturalproduct.

Thesecondgenerationroutebeganwiththeassemblyofenoate5fomhydroxyester4(Schemel)viqa

protection-DBAL-Wittigsequence・Elaborationtothemas"dketone6wasUlenachievedunderstandard

conditions.Thissequencecouldbereadilycarriedomonalargescale(100mmol)andallowedsubstantial

amountsof6(30gbatches)tobegenerated.Deprotection,oxidationandHomer-Wittigreactionyielded

mene7,whichunderwentregio-andstereoselectivedihydroxylationfbllowedbyacetonidedeprotectionto

giveteraol8・Anextensivemalofconditionsfbrtheoxy-MichaelcyclisationrevealedZ1(OTf)2m

ethanolatlOOoC(sealedSchlenkmbe)asoptimal,aHbrdmgtheFringfragment9in88%isolatedyield.

Havingsuccessfilllycarriedoutthiskeystraategctransfbnnation,thetetrahydropyranunitwasfilrther

elaboratedvinstandardfimctionalgroupinterconversionstogveintennediatelO.Atthisstagethesecond-

generationsynthesistowardstheEFfiagmentmn3ceptswiththepUblishedroute.5Thus,thefillly

protectedFringlOwillbehlrtherelaboratedtothedesi1℃dEFBPagment2.

笠一
O O

HO〆~ﾉLoM｡PMBO/Y、ﾉLOE'一 －

＝ P剛B0
号

4 5 6

EtO

7

O恥
I

EtO
OH 〆N

Ep

一

Ｈ
一

H PMB

一

OTBSPPhJ

8 9 f0 Z

Schemel・SecondGenerationEF-Fragment(2)Synthesis

4M.Ball,M.J・Gaunt,D.EHook,A.S.Jessiman,S.Kawaham,ROrsini,A・Scolam,A.C.･Ialbot,H.RTanneriS.YamanoiS.MLeM""gew

"em."r.M,2005,44,5433.

5S.Kawahara,M.J.Gaunt,A.Scolam,S.YamanoiandS.MLeyb⑳"1陀",2005,2031.
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EnZymaticResolutionandEvaluationofEnantiomersofcis-5'-Ibrdroxythalidomide
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DepartmentofFrontierMaterials,GraduateSchoolofEngineering,NagoyaInstimteofTbcmoloW

Gokiso-cho,Showa-ku,Nagoya,466-8555,Japan

F1万hI11DaI

Despitethenotoriousmedicaldisastercausedbythalidomide(1),hugenumbersofpapershavebeen

1;禦cW｡c冬職。
(3-1;R=H(mg1;RFH

cancenThephannacologicalaspectsofthalidomide (3S59-2;R=OH(3'R,5'S)･2;R=OH

anditsderivativeshavebeenfrequentlyFig､1Strucmresof(D-and(R)-thalidomides(1)andtheirmetabolites,

investigated;howeveI;smdiesfbcusingontheir(3'sbs'R)-"d(3'R,5's)-5'-hydID)qﾉthalidomides(2).
enantioselectivebiologicalactivitiesarelimitedduetotheeaseofracemization,aswellasthelackof

availabilityoftheenantiomers.Therefbre,theanswertothequestionofwhetherthalidomideis

enantiospecificallyteratogenicisstillamatterofconcem・IncidentallybtheteratogenicpIopertiesof

thalidomideappeartorequirepriorbiotransfbnnation,anditsanticanceractivitieshavebeenattributedto

thefbnnationofmetabolites.Therefbre,muchattentionhasrecentlybeenfbcusedonthesynthesisand

biologicalactivitiesofthalidomidemetabolites(Fig.1).cis-5'-Hydroxythalidomide(2),oneofthemajor

metabolitesofthalidomide,isfbundtoshowenhancedinhibitionofTNF-uproduction.

EnWmatickineticresolutionoftheracemicsubstrateshouldbethemostpracticalanddirectmutefbr

thepreparationofenantiomeric2・OptmizationofthereactionconditionsidentifiedlipaseTLfrom

"ez"わ"o"“鈍"吃e",withisopropenylacetateinacetoneat37｡Casthebestcombinationfbrthe

ena/matickineticresolutionof2.Enantiomericallypure(3'&5'R)-2(>99.9%ee,45%yield)and

(3'R,5'S)-3(81%ee,55%yield)wereobtainedwithanEvalueof70(Schemel).(3'R,5'S)-3waseasily

convertedtoenantiomericallypure(3'R,5'D-2(>99.9%ee)underrenuxinginMeOHinthepresenceof

TSOHfbllowedbysinglereclystallization.

Ｃ

LipaseTL

jpmpenylacetate

－

a唾tOne

37｡C,67h

O 、pAc

“”・識O+

0

“
。

０

鱒
．

０

0

racemic2(3'S,5'm-2(3'R,5'3-3
＞99.9%ee,45%conv．81%,55%"nv.

Schemel

Wenextinvestigatedthestabilitiesofland2towardracemization(epimerization)andhydrolysis

(decay).Opticallypureland2wel℃incubatedat37｡CandvaryingpHvalues,andmonitoredbyHPLC.

IntheracemizationsmdyblwasracemizedusingallbuHersolutions,therateofracemizationwasrather

quickinneutralandalkalinebuffersolutions・Ontheotherhand,undertheseconditionslessthanl2%
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racemizationof2wasobserved(Fig.2)andnodetectableepimerizationffomcis-2toits〃てms-isomer

occuITed・TheeffectsofthepHdependenthydrolysis(decay)ofland2wereessentiallysimilartoeach

otherintherangeofpH6-9(Fig.3).

Finallybpreliminaryenantioselectivebiologicalevaluation

ofland2wasinvestigated・Amongthediversebiological

activitiesofthalidomidethathavebeensuggested,wewele

interestedinanti-angiogenesisbecauseitishypothesizedthat

thedismptionofbloodvesselfbmationmthefetallimbbud

mightberesponsiblefbrtheteratogenicityofthalidomide.

Wefbundthatracemicland(D-1blockedvascularsprout

fbnnationinhighconcentration,while(R)-1,racemic2,
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thisassaybTheseresultsareconsistentwiththetraditional

theorythatthe(D-isomerofthalidomideisresponsiblefbr

theteratogenicity

hsummary,wehaveachievedtheasymmetricsynthesisof

bothenantiomersofthethalidomidemetabolite2by

en可matickineticI巳solutioncatalyzedbylipaseTL.The

enantiomericallypure2showsresistancetoracemizationat
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racemicland(D-1isactiveand(R)-1andmetabolites2 Fig､3Hydmlysis(decay)､udiesof(D-land
(3'&5'R)-2.

failedtoshowanti-angiogenesisactivitybAlthoughthisisa

velypreliminaryexperimentandmoredetailedbiologicalevaluationisclearlyrequired,thel℃sultsare

inteI℃stingbecausel)metabolismissuggestedtoplayamajorroleintheteratogenicityofthalidomide,and

2)theanti-angiogenicactivityofthalidomidecorrelateswiththeteratogenicitybutnotwiththesedativeor

themildimmunosuppI℃ssivepropertiesofthalidomide.Therefbl℃,theteratogenicityof2couldbe

dissociable.haddition,2possessTNF-uproduction-inhibitoryactivitybTheseexperimentssuggestthat

racemization-廿eeenantomericallypure2wouldbeeffectivefbrthetreatmentofdiseasesdependenton
TNF-qproduction.
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Q-symmemcspiranesbearingstableaxialchiralityarepromismgstructuresfbrfimctionalsubstances

becausetheycontainanemirelyrigidspirobackbonewhichcreatesaneffectiveasymmetdcenvironment・l

AlthoughsuchchiralspiIocompoundsexhibituniquepropelties,2theirapplicationstoasymmetric

synthesishavereceivedrelativelylittleattention.Apparemlyiamajordrawbackisthelowavailabilityof

theirenantiomericallypurefbnns,whichcouldbeobtainedbyatediousresolutionofracematesthrough

fractionalcrystallizationorchromatographybAcatalyticasymmetricsynthesis

ofCh-symmetricspirocompoundswouldtherefbreprovideshighlypractical
FG

methodfbrtheirpl℃paration､3Heremwereportenantioselectivesynthesisof
FG

Q-symmetricspirobilactamsl4viathepalladium/chiralphosphine-catalyzed l

Buchwald-Hartwigamidation.

Asakeyprecursorofthedesiredspirobilactamsl,2,2-bis(2abromobenzyl)-Ⅳ〃-dmethylmalonamide

(2a)wasdesignedandreadilypreparedfiFomcommerciallyavailablesubstrates.Thus,diallq'lationof

""-dimethylbarbituricacidwith2dbromobenzylbromideunderphasetransfercatalysisconditions,

fbllowedbyhydrolyticring-openingr℃actiongavetheprecursor2am88%yield(2st"s)asshownin

Schemel.

nSchemel． p;chemel･

BrBr

BnEt3NCI(2.5molequiv.)
K2CO3(6.Omolequiv.）

oYYo下両面雨｢←
○ ○ O.5Maq.NaOH

(2molequiv.)
－

EtOH(0.1M)

Meo｡C,1Hihem,17hMgNTN､MerenuX18hMざNTN､MeooC,砺ihemlﾗhrenux,18h

◎
e

O OOO
96％92％

2a

Withtheprecursor2ainhand,weexaminedwhetheraPd-catalyzedasymmetricintramoleculardouble

cyclizationwouldbemdeedoperative.5Wewereconsequentlypleasedtofindaquantitativefbnnationof

thespirobilactamlawithamoderateselectivity・Thus,tI℃atmentof2awithacatalyticamountof

Pd(OAc)2(3.3mol%/Br)and(S)-BnJAP(5.Omol%/Br)andanexcessamountofCs2CO3(1.4mol

equivb/BI)asbaseinNMP(Mmethyl-2-pyrrolidone)atlOOoCaffbrdedlain99%yieldwith55%ee

(Tablel,mnl).Thisl℃sultpromptedustoexploreanefficiemchiralligand(Thblel)．（鋤-'Ibl-BINAP

having4-methylphenylsubstituentsonthephospholusatomsinplaceofthephenylgroupsof(S)-BINAP

fUmishedacomparableresult(run2).Otheraxiallychiralligands,howevel;causedaloweringofthe

selectivityand/orthechemicalyield(runs3-6).AlthoughafelTocene-basedchiralphosphineexhibiteda
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highcatalyticactivity;noenantioselectivitywasobserved(run7)．Otherchiralligandsmcludinga

nitrogen-coordinatingligand,(R,R)-'Bu-BOX,fbundtobemeffective(runs8-10).Backgroundreaction

proceededappreciablytogivelaandtheintermediatela'm19%and66%yield,respectively(runll).

Tmblel.LigandScreenmga

o品
Pd(OAc)2(3.3n℃!%ﾉBr)
Ligand(5.Omol%ノB『）

－

Cs2CO3(1.4mol"uiv.ﾉBr）
NMP(02M),100｡C,24h

0，戸0 ＋

e
e

00

2a 1a 1ao

Yieldofla/%b
(Eeofla/%)c

Yieldofla'/%b
(Eeofla'/%)cI,igandRun

(9-BMAP

(D-Tbl-BINAP

(R)-MeO-BPHEP

(R)-SEGPHOS

(R)-MeO-MOP

(R)-QUINAP

(R)-(9-JOSPHOS

(R)-DIOP

(R)-iPIGPHOX
(R,R)-IBu-BOX

none

99(55）

97(37）

98(26）

96（14）

69(zzc)

57("c)

99(mc)

53(zzc)

35(rqc)

3(rQc)

19（－）
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０
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aT11eeacnonwasperfbmedinNMP(0.5mL)atlOO｡CusingZa(0.100mmol),Pd(OAc)2(6.6IAmol),

ligand(1011mol),andCs2CO3(0.280mmol).bDetemimedbyIHNMR.cDeteminedbyHPLCona
ChiralpaklBcolumn.

ARertheextensiveoptimizationofl℃actionconditions,theenantioselectivityoflawasimprovedtobe

70%ee[Pd(OAc)2(3.3mol%/Br),(9-BINAP(6.7mol%/Br),K3PO4(1.4moleqUivb/Br)inDMPU

帆Ⅳ'-dmethylpropyleneurea,0.4M)atlOOoC].Itisnoteworthythatlawasobtainedin87%overall

yieldfomthestartmgmaterial,""-dimethylbarbitmcacid,withoutchromatographicpurification.

Insummary,wehavedevelopedanasynunetricintramoleculardoubleBuchwald-Hartwigamidation

leadingtoopticallyactivespirobilactams.Webelievethatourapploachmayopenanewwaytothe

practicalsynthesisofQ-symmetricspiranes.Furtherstudiesonimprovementoftheenantioselectivity;

thereactionmechanism,andsyntheticutilityoftheproductsal℃Cun℃ntlyinprogress.

RefeI℃ncesandNotes

lEQrareviCw,see:Xie,J.FH.;Zholl2Q.-I"4cc.CWem.Res.2008,41,ASAP.

2肘辮蹴鵬溌職椴ｼ珊滑淵P職§翻君需蜜)総縦澄;撫譜磯溌砿謡
Sasai,H.rrrqhedm"2007,63,12702.

蕊 職
5ForaPd-catalyzedcyclizationofsecondaryamides,see:Yang,B.H.;Buchwald,S・LOrg.Le".1999,1,35.
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enolateswithenoateS
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GraduateSchoolofPhannaceuticalSciences,KyotoUniversityj

YOshida,Sakyo-ku,Kyoto606-8501,Japan

tomioka@phann.kyoto-u.acjp

Theactivationofnucleophilicreagentshasbeenthem"orchallengeofolganicchemistly.Lewisbasic

chiraletherealoraminomoleculesareusedasexternalligandsfbrgenerationofactivenucleophilesin

asymmetricreaction.Wehavedevelopedavarietyofchiralorganicligandsfbrtheactivationof

olganometallics・Amongtheseorganoligandsachiraldietherlhasbeenshowntocatalyzeanasymmetric

Mannichreactionoflithiumesterenolatewithiminesbyfbnningaternarycomplexreagentwhich

comprisedlithiumenolate-1-lithiumamide.')SincethesuccessfUlenantioselectiveasymmetricMichael

reactionsoflithiumenolatesarequitelimitedinnumbel;weappliedtheternalycomplexreagentintothe

Michaelreactionoflithiumesterenolateswithunactivatedsimpleenoates.Wedescribehereinthehighly

enantioselectiveMichaelreactionofaternalycomplexreagentofalithiumesterenolatewithenoates

affbrdingtheMichaeladductsinhighenantioselectivityofupto97%ee.

PhPh

〉一く
MeO10Me

＋
R2

幣｡"｡~.""‘鶚;婆"…謡冷CO2Buf(jPr)2HCO

upto97%ee

ThehigherI巳activityofatemalycomplexoflithiumenolatebecameapparentfiPomthereactionwith

cinnamate3aat-78｡CfbrO.5htogiveMichaeladductwith78%eein81%yield.TheabsenceofLDA

resultedinthepoorerreactivitytogive4%yieldofadductwithl2%ee.ALDAassistedlithiumenolate

wasalsoofpowerfultogiveracemicMichaeladductin72%yield.

OLiphPh

1｡÷MeCﾉー｛｡Me(jPr)2HCO

2Me 1

1.3eq 1.7eq

Ph/、/CO2Bui
3a

+LDA--

toluene

1.3eq-78｡C,0．5h

enolate

1．3eq
＋ －

1

1.7eq

enolate

1．3eq
＋

LDA
－

1.3eq
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Theselectionofalithiumamidewasalsofbundtobecriticalfbrtherealizationofhighenantioselectivity.

Inthereactionwithcinnamate3a,aternarycomplexoflithiumenolate2-1-LDAgaveMichaeladduct

with78%eeasabove,whilelithiumisopropylcyclohexylamide(LICA)anddicyclohexylamide

(LDCA)-mediatedreactionrealizedhigherselectivityofupto93%ee.

Ph/、〆CO2Buf
3a

-

toluene

~78｡C,0.5h

OLi

,｡(iPr)2HCO

2Me

1．3eq

PhPh

-Meg~IJMe+MWMW＋MeOOMe＋Lithiumamide
l

1.7eql.3eq

Ph

"､－．．2Buf
(jPr)2HCO

人NO
Li

LICA

ONC
Li

LDCA

人N人
Li

LDA

81％

78%ee

95％

90%ee
96％
93%ee

Thepromisinglyhighreactivityoftheternarycomplexofthelithiumenolatewasalsoconfinnedbythe

reactionwithvariousenoates.Crotonate3band4-mehtyl-2-pentenoate3cweregoodreactionpartnersto

affbrdtheircorrespondingMichaeladductswith94%eeand97%ee,respectively・TheMichaeladdition

withu,6,y,6-unsaturatedester3dwasl,4-selectivetogiveadductwith93%eein90%yield.Cyclicenoate

3ewasalsocompatibletoaffbrdtheproductwith96%ee.

R/、/CO2But
3

－

toluene

~78｡C,0．5h

OLi

,｡(jPr)2HCO

2Me

1.3eq

PhPh

+Meg~bMe+MMI:9＋MeOOMe＋Lithiumamide
l

1.7eql.3eq

R

揃譽/C°壜”
(jPr)2HCO

O/CO2Bu!
3e

Me/、〆CO2Buf

3b

Y,〆CO2Bui ／、／、〆CO2Buf

3c3d

、

78%,94%ee

(withLDA)
82%,97%ee
(withLICA)

90%,93%ee
(withLICA)

83%,96%ee
cjyfﾉans=91ﾉ9

(withLDA)

WealsocarriedouttheNMRstudyofternalycomplexreagentbyusing

6Li-'5NdoublylabeledLDA.6LiNMRoftemalycomplexreagentshowed

twosetofdoubletpeaks,whichindicatetheincomorationoflithiumamideto

lithiumenolate2-ligandlcomplexasshowninfigurel.

Ph
ー

雲

Ph

臼
症

Me
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ABSTRACT

'Iheseriesofazodyesderived廿omphthalimidewerepreparedandcharacterized.Theconstimtionsof

newcompoundswereconfilmledbytheGC-MASS,'HNMRspectmandelementalanalysis.The

relationshipsbetweenthestructureofdyeSandtheirabsorptionpropertieswereinvestigated.Thetheoretical

characteristicsofelectronictransitionstateswerealsosmdiedbyPPP-MOmethod.

INTRODUCTION

Thedemandfbrenvironmentallyfiendlydyesofhighwetfasmessonpolyesterismcreasmg[1].Tb

respondsuchrequiremem,novelazodyeswerepreparedandcharacterizedtheirspectroscopicproperties.

EXPERIMENTAL

Generalinformation

TheabsorptionspectraweremeasuredinDMFonaEvolution300UVLⅥsibleSpectroPhotometer

(England,Thenno).ChemBIamwasusedtocalculateUV/Vis.specmlmbasedonamodifiedPPPSCF-CI-

MOmodel.

Svnthesisofdvel-2

Sodiumnitrite(0.149)wasaddedgraduallyto2mlofconc.H2SO4withstiITing.Thesolutionwascooled

and4mlofl:5mixedacid(1partbyvolumepropiomcacidto5partsbyvolumeaceticacid)wasadded

belowl5℃.4-Amino-Mbenzylphthalimide(0.509,0.002mole)wasaddedtothismixture,thenfbllowedby

additionof4mlofl:5mixedacidbelow5℃・ThereactionmixturewaSstirredat0-5℃fbr2hl:The

correspondingcouplers(0.002mole)weredissolvedin20mlofl:5mixedacid.

Therelevantcouplersfbrdyelanddye2arefbllowed,

Ⅳ〃Diethylamline(Dyel),3-(凡ⅣLDiethylamino)acetanilide(Dye2)

DiazoniumsolutionpreparedwasthenaddeddropwisetocouplersolutionbelowlO℃・ThepHof

couplingmixturewasmaintainedbytheadditionofammoniumacetateandallowedtostandfbrlhmThe

productwasprecipitatedbytheadditionofwaterjthencollectedbyfiltration,washedwithwateranddried

indry-oven.
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Svnthesisofdve3-4

4-amino-3,5-dibromo-Mbenzylphthalimide(0.829,0.002mole)wasdiazotizedandcoupledwith0.002

moleofeachofthecorrespondingcouplersasdescribedinsynthesisofdye1-2.

T11erelevantcouplersfbrdye3anddye4arefbllowed,

MMDiethylaniline(Dye3),3-似邸Diethylamino)acetanilide(Dye4)

TablelChemicalstructureofsynthesizeddyel-4.

政
／

N
，

且

ハ
口

N = N
,〆、

｜｜
､、／OcH,-

！
〃

た
、

Rz

RESUIJrS

Comparisonoftheobserved_absomtionmaximumwiththecalculatedvalue

Table2Amaxandsmaxvaluesofdyel-4.

T11eobservedスmaxvaluesandthecalculatedresultsareshown

inTable2.ThePPP-MOmethodpredictsｽmaxaccuratelyfbr

dyel-2.Howevel;thepresenceofdibromogroupresulted

unacceptablepredictionsfbrdye3-4.

CONCLUSIONS

4kindsofdispersedyeshavebeensynthesizedin54~81%yield.Theirabsorptionmaximarangedin

441～512nmwithemaxvaluesof28,000~44,000.

REFERENCES
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1 H H H

2 H H NHCOCH3

3 Br Br H

4 Br Br NHCOCH3

，ye
ｽmax(nm)

Exp･ Calc.

smax

(DMF)

1 494 491 38609

2 512 513 40615

3 441 491 44653

4 473 511 28105
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ABSTRACT

Inthisstudyj9azodispersedyesbasedonphthalimideweresynthesizedincludingtheirprecursors.The

chemicalstructuresofthedyesandthecorrespondingprecursorswereanalyzedbytheGC-MASS,'HNMR

spectraandelementalanalysis.ThedyeabilityonPET;suchasstepdyeingandbuild-upproperties,and

colorfastnesswereexaminedusingconventionalexhaustdyeingprocedurestheseindicatedtheirexcellem

washandmbbingfastness.

INTRODUCTION

Inrecemwashfastnesshasbeenbecomingasanimportantrequirementofdispersedyes,moreovertest

standardshavebeenalsochangedmoreandmorestrictly.Therefbretheimprovedwashfastnessofdisperse

dyeshouldbeofinterest・Inthissmdy9phthalimideazodyesweresynthesizedmcludingtheirimermediates,

fbllowedbycorrespondingdyeingandcolorfastnesstests.

EXPERIMENTAL

NinephthalimideazodispersedyesandcorrespondingprecursoIsweresynthesizedthrough5steps.T11eir

chemicalstructurewereanalyzedbytheGC-

MASS,'HNMRspectraandelemental

analySiS・l)2)3)

BothregularPETandmicrofiberPETwere

dyedusingsynthesizeddyesbythedyeing

program,showninFiguI･el・ARerR/Candheat

setting,somecolorfastness,suchaswash,

mbbing,light,weretested.Exhaustionyields

werecalculatedfi･omUV-Vis.absorbancedata

oftheinitialdyesandtheresidualdyes

130℃×40min

｜
恥

ｏ
ｍｍＯ２×℃０８1℃/mi 2℃/min、

0℃7

50℃

･NaOHIg/1

･NazS2041g/l
。Dye:4%(o.wf)

opH=4.5

･dispersantlg/1

･Liquorratio=10:1

containedmdyeingsolutions.M&SC4AandFigurelDyeingprogramofPETfabric
AATCC16methodswereusedfbrwashandlightfasmesstest,respectively.

RESUIJTS

ThestrucmreofsynthesizeddyesandtheirabsorptionmaximaareshowninFigure2.Exhaustion

yieldsandfasmessresultsof9dispersedyesonregularPETandmicrofiberPETaregiveninTableland

Table2,respectively.Dyel,3,4and6showedhighExhaustionYieldabove90%exceptdye2,5.Allsamples
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showexcellentwashandrubbmgfasmessover3grade.Thelightfasmessofdye3anddye6showshigherresult

thanalldyes.

X

３
３
Ｈ
Ｈ
Ｃ
Ｃ
２
２
０
Ｏ
Ｃ
Ｃ
２
２
Ｈ
Ｈ
Ｃ
Ｃ
２
２
Ｈ
Ｈ

Ｃ
ノ
Ｎ
、
Ｃ

ノ､
、－／N、N〆、

｜
､、／

R一

X NHCOCH3

Exhaugtion

yields(%)

87.04

67.90

73.55

78．41

65.66

75.10

Dye R X ､max(nm) Emax

CH3(CH3CH2)CH 49440剛
一
Ｍ
一
恥
一
恥
一
脈
一
恥

CH3CHzCHzCH2 510 66360

CH3(CH3CH2)CH 471 33090

CH3CH2CH2CH2 509 27890

CH3(CH3CH2)CH 602 38650

CH3CHzCHzCH2 566 28400

Figure2ThestructureofsynthesizeddyesandtheirUV･absorbanceandexhaustionyield

TEble2ResultsoffastnesstestsfbrdyedPETandmicrohberPET

RegularPET MicronberPET

Dye RubbingfaStneSSWash

mstmess

Wash

mstness DIy

恥
一
Ｍ
一
Ｍ
一
恥
一
恥
一
Ｍ

3-4 3 4

4-5 4 4 4 4

4 4-5 3

4 4 3-4 4

4 44 3 4

4-53-4 4-5 3-4 4

CONCLUSIONS

Exhaustionyieldofsynthesizeddyesareabout70%andtheirwashandrubbingfasmessshowover3

grade.Dye3anddye6alsoshowcomparativelyhigherlightfastness.

REFFRFNCES
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[2]X.Collin,J.M.Robert,E"､X〃をaChe"7.,36,p.639-649(2001).

[3]J.H.Choi,Dept.ofColourChemistlyandDyeing,LeedsUniversity,Ph.D.Thesis(1995).
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Multicomponentreaction(MCR)2),inwhichthreeormorecomponentsreactinonesteptoafford

complexstructureinaneHicientmannerjisoneofthemostattractiveresearchareainmodernorganic

synthesis.Duetothisadvantage,MCRpossiblyactsasapowerfultoolinthephannaceutical,

agrochemical,andfinechemicalindustriesinbothofthelibrarysynthesisatthediscoverystageandthe

large-scalesynthesisatthedevelopmentstage・Furthermore,itsasymmetricvariantistobeespecially

desirablefOrthesynthesesofbiologicallyactivecompounds.

AmongMCRs,Petasisreaction3),three-componentreactionofcarbonylcompound,amine,and

boronicacid,isanattractiveapproachfOrthesynthesisofchiralaminederivativesduetoitsmildreaction

conditionsandtheavailabilityofavarietyofboronicacids・Herein,wewouldliketodescribehighly

enantioselectivePetasisreactionofsalicylaldehydederivativeslcatalyzedbychiraldiol(Eq.1).

O

〔〕
H O ､ N

＋Ｊ
Ｏ
Ｎ
Ｈ
２

Ｋ＋ＯＨＣウ
「
、

ＯＨ

Ｒ

C～B(OH)｡鶚¥祭C (1)

C
3

Asaresultofcatalystscreening,chiralbinaphtholderivativeFigure,
'Figurel)wasfOundoutasaDromisinghit.WithlOmol%_5a(Figurel)wasfOundoutasapromisinghit・WithlOmol%

loadingofthecatalystinEt20theallylamineproduct4a(RI=H)

wasobtainedin84%ee・Catalystoptimizationstudyclarifiedthat

thesubstituentsonthephenylringsat3,3'-positionsareinfluential

ｈ
ｈ

Ｐ
Ｐ

数
御

地
Ｏ承

Ｈ

ｈ
ｈ

Ｐ
Ｐ

Ｈ
Ｈ

Ｒ
Ｏ
Ｏ
Ｒ

〈
‐
〉

、
多

〆
ｉ
、

5a(R=C6H5)6intheenantioselectivity，Catalyst5bcontainingelectron-
5b(R=3,5-(CFS)2･C6Ha)

withdrawinggroupsgavethehighestee(88%ee),whilesterically5c(R=2,4,6･(i･c3H7)3･c6H2)

hindered5caffOrdedtheproductinalmostracemicfOrm.TADDOL6resultedinnosignificantee・The

adjacenthydroxylgrouptoaldehydeplaysanessentialroleinthiscatalyticprocess.Nocouplingproduct

wasobtainedinthereactionofeither4-hydroxybenzaldehydeor2-methoxybenzaldehyde，Fromthe

practicalpointofview,itshouldbeemphasizedthatthel:1:1ratioofthestartingmaterialsrealizedvery

goodyields.

Throughtheoptimizationofotherreactionparametersandexperimentalprocedure,the

enantioselectivitywasimprovedto91%ee(Iablel,entryl).
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ThesubstratescopewassummarizedinTablel.Awidevarietyofallylamineproductswereobtained

ingoodyieldstogetherwithhighenantioselectivities(entriesl-4).Withrespecttotheboronicacid

component,aryl-andheteroarylboronicacidsparticipatedinthereactionaswellas2-substituted

vinylboronicacids(entries5and6).

Tablel.EnantloselectivePetasisreactiona

product yield,%ee,%entryentry poduct yb1d,%ee,%

O

〔〕
HO-N ：〕〔HO

4

ｳﾄﾍ"”
8

1 9291 7784

r、
～〆 C r～

ベグノ
4a

〔：〕HO 脚｡〔:〕
2 8191 5 8598

r、
､二

｢、
、グ

r、
、 〆 ' C

OMe
9

OMe

4b

Ac

：〕〔HO

O

〔〕
HO､N

け ･
6

10

3 8389 6199
、
〆

／
Ｉ
、

r、
～〆

r－
－ グ '

7

aReacMoncondnions:cataWst5b(10mo1%)/Et20/4℃

InsummaryjwehavedescribedhighlyenantioselectivePetasisreactionofsalicylaldehydederivatives

lyzedbychiralbinaphthol・Thereactionproceedssmoothlyunderthemildconditionswithoutcatalyzedbychiralbinaphthol・Thereactionproceedssmoothlyunderthemildconditionswithout

excessiveamountsofanystartingmaterials.Detailsofthesubstratescopestudywillbepresentedatthe

postersession.
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Enantioselectiveconjugateadditionofheteroatomnucleophilestoelectron-pooracceptorscontinuesto

attractattention廿omthesyntheticcommunity・Theadditionofbisnucleophilicdonorssuchas

hydroxylaminesandhydrazinesprovidedirectaccesstopharmaceuticallyrelevantheterocycles.Literature

suggeststhatenantioselectiveconiugateadditionofN-monosubstitutedhydroxylaminesshouldproceed

withgoodenantioselectivitysincethereisacleardifferentiationofnucleophilicitybetweenthetwodonor

atoms・WhilediaStereoselectiveadditionofchiralhydrazineswithachiralacceptorsandviceve応ahave

beenreportedintheliteramretherearenoreportedexamplesoftheenantioselectivevariant.

Furthennore,enantiomericallyenrichedpyrazolizinonescanserveasversatilechiralbuildingblocks.

Onlyoneexamplefbrthesynthesisofchiralpyrazolidinoneshasbeenreportedalbeitutilizingakinetic

resolutiontoinstalltherequisitestereogenicity.Herein,wereportthestraightfbrwardasymmetric

synthesisofchiral3-pyrazolidinoneswithhighenantioselectivityandingoodyieldviaLewisacid

catalyzedchemo-andenantioselectiveadditionofhydrazinestou,6-unsaturatedimides(Schemel).In

addition,wehavedemonstratedthatthecolUugateadditionproceedswithhighchemoSelectivityusing

bisnucleophilichydrazinedonors(fbnnationof3over4,Schemel),thusprovidingdirectaccesstochiral

pyrazolizinones.

O O

．”"｡；黒"｡恥"‘＃‘Z｣L/､R,+R2rN､N"H一一一一一

1 23 4

EnantioseIectivity？
ChemoseIectIvity？

Schemel･EnantioselectiveConiugateAdditionofHydrazinestou,6-UnsaturatedCarbonylCompounds.

Wefirstsoughttoidentifyconditionsthatwouldallowfbrselectivecomugateadditionofhydrazines.We

examinedtheadditionofmonosubstitutedhydrazine,bena/lhydrazinetoacylatedoxazololidinonelain

thepresenceofachiralLewisacidderivedfi･om5andmagnesiumsalt(Tablel).Inthesereactions,afier

coIUugateaddition,theachiraltemplateiscleavedresultinginthefbnnationofthepyrazolidinone

products.Magnesiumiodide,trinatesandtrinimidesgaveapproximatelyal:lmixtureof3aand4ain

goodoverallyield,howeverwithlowenantioselectivity(6-20%ee).Incontrast,magnesiumperchlorate
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provedtobeamoreviableLewisacidandiedtoimprovedenantioselectivityfbrbothisomers(entlyl).

Next,weinvestigatedtheachiraltemplateonthesubstrates.Astandardsetofconditionswasinvokedto

betterevaluatethetemplate.TheseconditionsinvoIvedtheapplicationofthechiralLewisacidprepared

6om5withmagnesiumperchlorate,benzylhydraine,trethylamine,andmolecularsieves.Replacingthe

oxazolidinonetemplate(1a)withthatofapyrrolidinone(1b)ordimethylpyrazole(1c)didnotleadto

improvedselectivity(ently2,3).Incontrast,utilizationofanimidetemplate,benzimideld,affbrdedhigh

levelsofselectivityfbrmajorisomeratroomtemperature(entry4).Atlowertemperaturessignificant

improvementinboththechemoselectivityandenantioselectivitywasobserved(entry5,6).Itisinteresting

tonotethatatlowertemperaturethereactionisbetterabletodiscriminatebetweenthenucleophilicityof

thehydrazinenitrogens.Thus,themorenucleophilicandbulkynitrogenaddsselectivitytothe6-carbon.

Ascanbeexpected,lowertemperaturealsoprovidesimprovedenantioselectivity.Otherstructuralchanges

totheimidetemplatedidnotprovideimprovedenantioselectivity.

Tablel．ReactionConditionforHydrazineAddition

a○
OO

4－"､烏卿-“
Ri、 R1

Bn H

3a4a

O

Ph人N/
H

1d

O Bn

z｣に〆~+H2N'NH
･2HCI

1a-d 2a

CH2CI2,Temp

一

ｏ
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〕
鮎

ａ
ｂ

一
一
１
１

Ｚ -と《て
1C
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％

3aee
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２
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４
５
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５
７
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９
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６
５
６
７
８

６
２
５
７
０
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５
５
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４
４
５

ｐ
ｐ
ｐ
ｐ

ｍ
ｍ
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ｍ

ｅ
ｅ
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《
Ｕ
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ｍ
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令
毛

Ｏ
Ｏ
Ｏ
Ｏ

Ｏ
Ｏ
Ｏ
Ｏ

ｒ
ｒ
ｒ
ｒ

45:55

69:31

70:30

59:41

92:8

98:2

ａ
ｂ
Ｃ
ｄ
ｄ
ｄ

ｌ
ｌ
ｌ
ｌ
ｌ
ｌ

Havingsecuredahighlyselectivemethodfbrconjugatehydrazineadditionweexploredthescopeofthe

substratesandthereagents.Changingmethylsubstituentinletoanethyl,isopropyl,orphenylgroupon

the6-carbongavethecorrespondingproductsinsimilaryieldsandselectivity.Furthennore,reactionof

methylandisopropylhydrazinesproceededwithhighselectivityprovidingthecorrespondingproducts

with99%ee.Theseresultsdemonstratethattheconiugateadditionreactionofhydrazinesto

a,6-unsaturatedimidesisconducivetoavarietyofreagentsandsubstrates.

Inconclusion,wehavedevelopedanovelenantioselectivemethodfbrthepreparationofpyrazolizinones

inahighlyenantioselectivefashion.Furtherinvestigationoftheseproductsasbothchiralauxiliariesand

ligandisongoinginourlaboratory.
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Theradicalpolymerizationhasoldhistolyianditisusedmanyindustrially.Especiallythisreactionis

morecleancomparetoOIganometaricspolymerization,and,moreeasytocontrolreaction・Andso,ladical

reactionisnoticefi･ompointviewofthekineticsscience,reactionmechanismoftheolganicchemistlyand

industriall℃actionmethod.

Theotherhand,midInfraredspectrometly(MIR)iswellknowntousefbroIganicstrucmralsmdy.

Because,MIRregionisindicatedtospecificabsomtionindicatedtooIganicsubstance.ltissocalled

66Fingerprintspectrum''､Howevel;itwaslimitedtoapplicationtointhelaboratoly・ThatI℃asoncomes

fi･omlightpropeltyofMIRregion.Atfirst,intypicallyjprocessmonitoringisneedtothefiberprobe

measurement.Howevel;MIRlightregionisnotavailableQuartzandGrassfibemlnprevious,

chalcogenidewasfiberusingatprobeapplication.Howeverthatmaterialwasvelybreakable,lowthrough

put,andnarrowtransmittancerange・Thel℃fbl℃,itwasdiffIculttousefbrrealprocessmonitoringbyMIR,

howevel;inl℃centlybnewO'peoffiberwasdevelopedfbrthisprobeapplication・ThisfibernameisPIR

fibeI:Inthesecondreason,MIRregionishighabsorptionagainstanyoIganiccompoundsandwateltThis

meaning,itistoodifTiculttomeasul巳mentattransmittance.Howevel;inrecentlyjATR(attenuatedtotal

refection)isavailableatsuchkindofprobeapplication.ltisbigbreakthoroughibrprocessapplication.

Thisstudywillbesuggestedtoprocessmonitoringofladicalpolymerizationunderthe66Fingerprint

spectrum''andusingby6GATR-PIRfiberprobe''.

2.PIRFiberpmbe

ThePIRfiberismadefi･omAgCIBrIsolidsolution.Theproductionmethodsfbrclystallinesilverhalide

fibersdifferfimdamentallyfi･omthoseusedfbrfabricationofsilicafibers・CoI℃cladsilverhalidefibersare

manufactuI℃dbydirectorinversehotextrusionofacomposedbulletundercompressedcondition.

OptimizedparameterfbrthefiberextrusioncombinedwithspecialclystalpreparationtechnologiesIeadto

asignificantincI℃aseinflberquality.Opticallosses,infbnnertimesespeciallycausedbymicrovoids,

silverclusters,colloidsandresidualimpuritiesareminimizedbynewtechnologies.Thesetechnologies

startfi･omultrapuresilverhalidesingleclystallinematerialofferingnowadaysbestopticalandmechanical

propertiesfbrpolycIystallinesilverhalidefibers・Thesesilverhalidefibersshowsignificantlybetter

mechanicalpropertiesthantheofien-usedbrittlechalcogenideglassfibers.TheyalemoI℃nexibleand

non-brittletoevenliquidnitrogentemperature・AIthoughthetheoreticalestimationsofminimum
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fimdamentalopticallossesinsilverhalidesareO．4toO.04dB/kmlowerthanincun℃ntsilicaglassfibers,

thenowadayscIystallinesilverhalidematerialshowrealopticallossessomeorderofmagnitudehigherbut

lessthanldB/minthewavelengthrangefrom411mtol811m,excellentfbrusewithfiberlengthuptoa

fewmeters.(StandardfIberlengthisl.5m;whereasfiberlengthsupto4.5mareavailable.)

2.ATR(attemuatedtotalI毛従ction

ATR(attenuatedtotalrefection)isavelycommontechniquefbrinfiaredspectroscopy.Firstmentioned

byN.J.Harrickinl960thesuccessofthetechniquewaslimiteduntilthel990ties.Thisinnovative

techniqueislimitedbyitsuseinthesamplecompartmentofthespectrometerandtheI巳fbrethesample

itselfhastobeplacedintothespectrometer.Lightguidingfibersarethesolutiontohandleprobeheads

flexibleandtorunthemeasurementeveninalaboratolyreactionbulb.Thetwo-renectiondiamondATR

probeheadwiththeexcellentperfonnanceofMIR-silverhalidefibers.

3.InstrumentandParametem

MIRspectrometerwasMATRIX-MF(BrukerOpticsK.K.MIRfiberprobesystem)used.Thedetector

wasnarrowbandliquidnitrogencooledMCTTheresolutionwas4cm~1,scantimewasl6scan｡

4･Reactionmeasurement.
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CHCI3asreactionsoIvent50wt/%,styreneas
印

monomer50wt/%,AIBNasinitiatorO・lwt/%,into

theshortnask.Thereactionwasin55C・The

measurementcyclewas30sec/1spectrum・Tbtalf‘、
湿
両

measurementtimewas5､9houl;totalnumberof

spectrumwas700spectrum.ltwasshownatFig､1m

asresult,thatresultwassubtractionoftheinitial

timeofspectrumfromtotalresultofspectrum.Ato

1389cm~!(T)wasstronglynoticedinthisI℃sult.

ThisbandassigntoCH2-ofsymmetlystruttingAIkenes

vsTimeinFig.2.
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CatalyticasymmetrichydrogenationusingenvironmentconsciousnewBINAPpolymer
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ToyohiroNagano,2ToyoshiShimada2

'KyoeishaChemicalCo.,Ltd.NaraLaboratory.2-5,5-chome,SaikUjo-cho,Nara630-8453,Japan

zNaraNationalCollegeofTechnology.22,Yata-cho,Yamatokoriyama,Nara639-1080,Japan

shimada(IIIchem.nara-k.ac.ild

Enantioselectivecatalysishasbecomeanessentialpartintheproductionofchiralfinechemicals.

TheBINAP-RucomplexisquiteausefUlcatalystwhichshowshighturnovernumberandexcellent

enantioselectivityinasymmetrichydrogenationsofenamide,","unsaturatedcarboxylicacid,and

"ketoesters､IRecentlybheterogenizationoftheBINAPligandhasattractedconsiderableattention,2

whichmayprovideasolutiontotheproblemofseparationandrecyclingofthispreciouschiralligand.

However,fUrtherdevelopmentaleffbrtsareneededbefbrethereactioncanbepracticedona

manufacturingscalebecauseofdifficultderivatizationofBINAPwithseveralstepsandhighcost.3

HerewereportthefacilepreparationofpolymerBINAPligandanditssuccessfUlusefbrthe

ruthenium-catalyzedasymmetrichydrogenationofitaconicacidandmethylacetoacetate.

Thesyntheticpathwaytothepolymer-BINAPisstraightfbrwardasshowninSchemel.

Mizoroki-Heckreactionof5,5.-diiodoBINAPdioxide4withbifUnctionalacrylatesgavethedesired

BINAPdioxidepolymerandsuccessivereductionwithphenylsilaneaffbrdedBINAPpolymer.

鉦〃e畑eノ．

I

》
ｏ
し

町
℃
Ｐ
Ｒ
Ｐ
〆
．
Ｏ

恥
ｏ
Ｊ

ｊ

O
II

PPh,

PPh7
1 1 一

0
2)PhSiH3

ぴR､0

I

Ru-BINAPpolymercomplexobtainedbythetreatmentofpolymerBINAPwith

Ru(cod)(h3-(CH2)2CHCH3)2wassuccessfIlllyusedfbrcatalyticasymmetrichydrogenationtogivethe

correspondinghydrogenatedproductof91%eeinquantitiveyieldandreusedfbrseventimesof

hydrogenationwithhighactivityandenantioselectivity(Tablel).Theseenantiomericexcesses(up

to91%ee)aresignificantlyhigherthanthat(56%ee)ofpreviouslyreportedsamereaction.3
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Tablel.RecyclingandReuseofPolymer-(R)-BINAP-RuCatalystfbrAsymmetricHydrogenationof

Itaconicacid.a

run

」しCOOH
HOOC

1

"c｡｡:
Polymer-(R)-BINAP-Ru

－

Hぅ HOOC

2 3 4 5 6 7

ee(%)h 918989 8 7 8 6 8 5 8 1

ield %)c 100979898969399

aThehydrogenationwascarriedoutinO.5Msolutionofitaconicacid(0.31mmol)inTHF/EtOHunder3atmof
hydrogenat50℃inthepresenceof2mol%catalyst.hDeterminedbyGCanalysisofdimethyl
methylsuccinateusingChiraldexG-TA(30m×0.25mm)column・clsolatedyield.

TheBINAP-polymerhasbeenappliedtothecatalytic

acetoacetate,andtheresultsaresummarizedinTable2.

obtained,althoughthirdrunshowedslightdecreaseofyield.

asymmetrichydrogenationofmethyl

Excellenteesof"hydroxyesterwere

Table2.RecyclingandReuseofPolymer-(R)-BINAP-RuCatalystfbrAsymmetricHydrogenationof

MethylAcetoacetate.a

OO

ﾉにﾉLOMe
run

ee(%)b

ield(%)c

Polymer-(R)-BINAP-Ru

Hフ
ー

1

95

2

97

10098

OHO

人ﾉLOMe
3

95

86

aThehydrogenationwascarriedoutinl.0MsolutionofMethylAcetoacetateinMeOH/Acetoneunderl5atm
ofhydrogenat70℃inthepresenceof2mol%catalyst.bDeterminedbyGCanalysisusingChiraldexG-TJヘ
(30m×0.25mm)column.cIsolatedyield.

InsummaryiBINAP-polymerfbrpracticalusewaseasilypreparedstartingfromcommercially

availableBINAP.Rucomplexwiththeresultingpolymerexhibitedversatileuseintheasymmetric

hydrogenationofC=C,andC=Obondsandshowedexcellentasymmetricinductionabilities.

Furthermore,thereusewithBINAP-polymerwillfindwideapplicationintransition-metal-catalyzed

asymmetricreactionseveninindustrial-scalesynthesis.
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2)(a)FUjii,A.;Sodeoka,M.TetrahedronLett.1999,40,8011.(b)Otomaru,Y;Senda,T.;Hayashi,T.Org.
Lett.2004,6,3357.(c)Fan,Q.H.;Ren,C.Y;Yeung,C.H.;Hu,W.H.;Chan,A.S.C.J.Am.Chem.Soc.1999,
ﾉ2ノ，7407.

3)Bayston,D.J.;Fraser,J.L..;Ashton,M.R..;Baxter,A.D.;Polywka,M.E.C.;Moses,E.J.Org.Chem.
1998,63,3137.

4)Shimada,T・;Suda,M.;Nagano,T;Kakiuchi,K..ﾉ:OIg.die"7.2005,70,10178.
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Preparationofenantiomericallypurecompoundsisoneofthemostactivefieldsissyntheticchemistry

becausechiralityisakeyfactorintheefficiencyoftherapeuticagents.Andproductionofsingle

enanriomersofchiralintermediateshasbecomeincreasinglyimportantinphannaceuticalindustry.The

enzymaticcatalysishasadvancedanalternativetoolfbrthesynthesisofenantiopurecompounds

becauseenZymeshaveremarkablechemo-,regio-,andstereoselectivityandhighcatalyticefficiency.

Ch"diぬα"rα"icaﾉゆaseBisanefficientcatalystfbrpreparationofenantiopurecompoundsvia

kineticresolution.CAL-Bbelongstotheu/6hydrolasefbldfamilywithaconservedcatalytictriad

consistingofSer,His,Asp/Glu.CAL-Bisusedinmanyindustrialapplicationsbecauseofitshigh

enantioselectivityjwild-rangeofsubstrates,thennalstability,andstabilityinolganicsoIvents.Ithas

proventobeaparticularlyusefUlbiocatalystwithgoodstabilityandactivitythatcatalyzeadiverse

rangeofreactions;

Enantiopuretetrahydrofilran-2-carboxylicacidisanimportantintennediateaswellasabuilding

blockinthephannaceuticalindustryandresearch.The(R)-TbtrahydrofUran-2-carboxylicacidwasfirst

incorporatedintoapenemskeletontogiverisetofUropenem,whichisaclinicallyefficentnon-natural

6-lactamantibiotic.Kineticresolutioncouldbeoneofthemethodstoproducetheenantiopure

tetrahydrofilran-2-calboxylicacid.Biocatalystcanbeusedtoresolvetetrahydrofilran-2-carboxylicacid.

HoweverimostbiocatalystsincludingCAL-Bhavelowenantioselectivitytowardbutyltetfahydrofilran-

2-catboxylate.

Inthisstudy,wepresentimprovingtheenantioselecitivityofCAL-Bfbrkineticresolutionofbutyl

tetrahydrofilran-2-carboxylatebyrationaldesigl.Wehavedesigledtoconstructafavorableinteraction

viahydrogenbondingbetweenaresidueandoneoftheenantiomers.Forthis,wehaveselectedtwo

residuesD134andV190.TheD134residuewasselectedtointroduceanaminoacidfbrprovidingan

hydrogenbondingandtheV190residuefbrcreatingspacetoacceptthesidechainoftheintroduced

residue.Weintroducedlys,Asn,andGlninsteadofD134andGlyinsteadofV190.Theproduced

doublemutantenzymes,suchasDI34K/V190GD134N/V190GandD134Q/V190Gweretestedfbrthe

resolutionoftetrahydrofilran-2-carboxylicacid.

－278－



2P-16
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TIansitionmetal-immobilizedmaterialsarewidelyusedasheterogeneouscatalystsfbrtheproduction

ofchemicalsinbothlaboratoryandindustrialscales.Activatedcarbon(AC)hasbeenthesupportofchoice

fbrmetalanchoring,however5therestillremaindrawbackswhichshouldbeimproved;e.g.

less-reproducibilityfbrthecatalystperfbnnancesandthedeactivationoflhecatalystbysimeringand/or

leachingofthemetallicspecies.Thesedrawbackscanbeattributedtoill-comrolledstrucmresofAC

havingavarietyofsulfaceandporestructures.Inthissense,carbonnanofbers(CNFs)arepotemially

attractivesolidsupportsfbrtheheterogeneouscatalystssmcetheyhavenano-level-controlledsurface

struturesTheCNFsareclassifedintothreetypes:graphitelayersareparpendicular(platelet:CNF-P),

parallel(tUbular:CNF-T),andstackedobliqUely

Clerringbone:CNF-ID.Ofparticularinterestisthe

higlcomemofthereactive"nano-sizeedge''sitesof |’ ’|臺薑￥藩
CNFTCNF-PCNF-H

theCNF-PandCNF-H,whichisexpectedtointeract

withnano-sizemetalandcomributestothestabilizationofthenanoparticlesonthesulface.Wewishto

reporthereamethodmJrthetransitionmetalnanoparticlesontheCNFs(M/CNFs)[M=Ru,Pd,Pt]usmg

zero-valemorganometallicprecursorsThecatalyticpropertiesinthehydrogenationsarealsopresemed.

TheRu/CNFswerereadilypreparedbythennaldecompositionofRu3(CO),2inrefluxingtoluenein

thepresenceofCNFs.PreparationofPtandPd/CNFswasachievedsuccesshlllybythereactionof

Pt(dba)2orPdz(dba)3･CHCl3withCNFsmtoluene.TYlelocationofRunanoparticlesisttributedtothe

EnestrucmresofCNFs:ontheedgeofthegraphitelayers(CNF-P),inthembesandonthesuIface

(CNF-T),andbetweenthelayersandonthesuIface(CNFH).TheRucomemwasconstantinseveral

samplesofRu/CNF-P(1.6-1.7wt%),howevelBthatoftheRu/CNF-HandRu/CNF-Twasnotvery

reproducible(l.1-38wt%fbrRu/CNFJrandl.1-1.6wt%fbrRu/CNF-H).OntheCNF-Rsmalland

spheroidalspecie､d=25±1nm)homogeneouslydispersedselectiVelyontheedgeofthegraphitelayers

Insharpcomrast,TEMimagesoftheotherRu/CNFsshowedthata 蕊灘灘灘鰯繍(dav=2.45nm)

majorityofparticleswasmthesizerangeof2-4nmうhoweverjsome

largeRumasses(10<d<150nm)wereobservedtocoexist・ThePt

andPdparticlescouldbehighlydispersedonthesulfaceinallcases

withparticlesizerangeofl-3nmfbrPtand3-7nmfbrPd.
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RuﾉCNF-P-catalyzedreducticnofvaricusarenes
AmongtheseM/CNFs,theRu/CNF-Pcatalystshowed

highcatalyticeHiciencyfbrthehmctionalizedbenzene

derivativeswithexcellemchemoselectivity.TheTOFsareoften

compambletothePd/SiO2-immobilizedRhcomplex,whichis

themoste伍ciemcatalystreportedbyAmgelicietal.,andeven

higherinsomecases.血thereductionofbenzoate,neither

hydrogenolysisproductnortheproductfbnnedfromthe

reductionofthecarbonylgroupwasdetected.Smilady;the

opticallyactive(R)-1-phenylethylalcoholisagoodsubstmteto

checkthepossibleepimerizationandhydrogenolysisofthe

ben"licC-Obondduringthehydrogenation;however;

exclusivefbmationof(R)-l-cyclohexylethylalcohol(>99%ee)

inqUantitativeyieldcompletelyruledoutthispossibility

TheRu/CNF-Pcatalystwasalsousehllfbrproductionof

derivativesof5,5',6,6',7,7',8,8'-octahydro-1,1'-binaphthyls

II8-binaphthyls).Inallcases,thepartialhydrogenation

proceedsat5L100｡CtoamOrdthecorrespondmgH8-product

inalmostqUantitativeyieldwithoutlossofopticalpuritybThe

reductionofesterhmctionwasnotobservedunderdlese

conditions.Itisnoteworthythaatthepresentprocedureisusehnl

hrthepmductionofoilybmaphthyls,inwhichopticalpurityof

thepartiallyracemizedproductcannotbeimprovedby

1℃crystallization.OpticallypureH8-BINOL-MOMZisatypical

compoundofsuchoilybimphthyls,whichcanbeeHectively

synthesizedbythismethodinhighyield.

Pt/CNF-PwaseHectiveinthechemoselective

hydrogenationofhmctionalizednitroarenestothe

correspondingsubstitutedamlmes.IMrogenationof

halogenatednitmbenzenederivativeswereachievedwithhigh

chemoselectivitywithPt/CNF-Pbyadding"-octylamine(10

mol%fbrhalonitrobenzene).Nitro-selectivere血ctionofother

nitroareneshavingcarbonylandbenzyloxygroupsproceeded

evenintheabsenceof"-octylamine.
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ThedevelopmentofcatalyticenantioselectiveC-Cbondfbnnmgreactionshasbeenasubjectofmtensive

investigationinthefieldofsyntheticorgamcchemistry.Amongavarietyoftransitionmetalcomplexesused

tocatalyzeabroadspectrumoftransbnnationsofu-diazocarbonylcompounds,chiraldirhodium(II)

complexeshavedistinguishedthemselvesassuperiorcatalystmC-HinsertionthatfbnnC-Cbondsin

whichanewstereogeniccenteriscreatedatanunactivatedcarbonatom・l

Despitethepotentialofchiraldirhodium(IDcatalysts,oneofthehmdamentalproblemsfbrtheirmdusmal

applicationistheneedmre価cientcatalystrecoveryandrecyclmg,whicharisesfromtherelativitylarge

quantityofveryexpensivecatalyst(1mol%)usuallyneededfbrthesereactions.Inthisconnection,there

havealreadybeensomesuccesshllattemptstoimmobilizechiraldirhodium(n)complexesonsolidsupports

throughcovalentlinkages2ormonocoordmationtooneofaxialpositionofthecatalyst.3Althoughthese

innnobilizedcatalystsdisplaysimilarhighenantioselectivitiestotheirhomogeneouscounterpartsmsome

selectedreactions,amajorchallengeintennsofcatalystactivity,selectivity,recyclabilityandleachmgstill
●

remamSo

Independentofthesestrategies,ourdesignfbraneffectiveimmobilizationofRh2(SPTTL)4(1)4isbased

onthepreparationofthemonomercontainingdirhodium(II)catalystfbllowedbycopolymerizationwith

styreneandcross-linker.Towardthisgoal,weselectedⅣ烏4-hydroxyphtaloyl-3re"-leucine(2)asa

1℃placeableligand.TreatmentoftheligandwithRh2(SPTTL)4(1)inrenuxingchlorobenzenegavean

equilibriummixtureoftheSchemel 一nuOH

desireddirhodium(II)complex

(3)andRh2(SPTTL)4(1),

whichwereIBadilyseparable

O H

←

dllorobenzene 蝉|縦に
『efiuX,1．5h

3(31％）
w』皿",w・‘｡‘・認U皿y､EP…'c"｡調｡Ⅱ
bysilicagelchromatograPhyhi2(SLPTTL)4(1)U叩U21響~UqUB~ﾉ41ロノ ＋

2(1eq)
(Schemel).Thedesired l(54％）

-O、complexwasalkylatedwithBcsH,20cH2
4(1.2eq)▲ロ｡｡■〃口込 ●

thebromide(4)caITyinga 「

無｣I_f
iPhthNO
と

O

工ﾉー。
、α／

Cs2CO3

tenninalstyrylgrouptofbnn DMF・rtlOh

92％
themonomer(5)inhighyield.

Copolymerizationofthemonomer5withstyrene6Copolymenzationofthemonomer5withstyrene6andl,6-bis(4-vinylbenzyloxy)hexane(7)asa

cross-linkerinaqueoussuspensioninthepresenceofAIBNproceededsmoothlyat75｡Ctogivethe
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insolublepolymer-supportedRh2(SLPTTL)48inhighyield(Scheme2).5Catalystloadingwasdetermined

姉m%Ihodiumandnitrogenelementalanalyses(0.27mmolofRh2/gofresin).

Scheme2
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Weevaluatedthepolymer-supportedRh2GPTTL)48usingtheintramolecularC-Hmsertionof

diazoester9(Tablel).6Gratibiingly,thereactionwiththeuseof2mol%ofthepolymer-supported

Rh2(SPTTIJ48thatswellswellintolueneproceededsmoothlyat-78｡Ctoprovide

"-2-phenylcyclopentane-1-carboxylate(10)Tablel.EnantiosclccliveC-HInscltionReactionol.<x-Phcnyldiazoacclalc
m94%ee,withnoevidenceofalkene

裟驚雲:r繊･ざ鷲､CW｡fbnnation.TYlisIesultindicatesthatthe

presentmethodofimmobilizationhasonlya9"wa's 鍬副7e

1011･12

mimimaleffectonthechiralenvironment
yieldal%l"

aroundtheimmobilizedcatalyst.AlthoughenbyRhO1)catalystcycle_time[hl(10:11:12)beee[%l

thepolymer-supportedRh2(SLPTTL)481dRh2(s･PTTL)4-0.585(>99:-:-)95

displayedlowerreactivityrelativetothe 2 8 1 4 8 5 ( > 9 9 : 一 : － ） 9 4

homogeneousRh2(SPTTL)4(1),thembust385484(>99:-:-)95

polymercatalystcouldberecycledat-78｡C4810483(>99:-:-)95

twentytimeswithvirtuallynodropinyield_2_Li_20481(>99:-:-)"
aCombinedyieldqDeterminedby'HNMRanalysisofcr"dereactionmixturec

orselectivity､7 DeterminedbyHPLC.dAWW.Syn"C副割麺5,347hl483.1md%ofRh2(SLP1TL)4
wasused．
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NovelAsymmetricCatalyticOxidationApproachtoEsomeprazole

JianLiao,*TianTian,JinZhu,JingenDeng*

NationalEngineeringResearchCenterofChiralDrugsandKeyLaboratoryofAsymmetricSynthesis&
ChirotechnologyofSichuanProvince,ChengdulnsitimteofOrganicChemisry,ChineseAcademyof

ScienceS

Chengdu,610041,P.R.China
JQenのC】

，

Esomeprazolel,(S)-5-methoxy-2{[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfin-yl}-IH-
benzimidazole,isthefirstproton-pumpinhibitor(PPI)develOpedasasingleisomerfbrthegastricacid
secretiontreatment'andhasseveralbillionUSdollarsperyearglobalmaketing・Itisveryimportantto

圭撫h蝋謡i蝋宅:柵Wii:珊雛,"搬雛期撫諾捌要::
oxidationofprochiralsulfide2bytitanium-mediatedoxidationwithcumenehydroperoxide(CHP)in
thepreSenceof(S,S)-diethyltartrateandanescessaryaminesuchasdiisopropylethylamine,92%
conversionand94%eewereobtained.However,Sulfbneisunavoidableandligand,(S,S)-diethyl
tartrate,isunrecoverabeaccordingtotheprocedure3，Jiangetalprovidedanotheroxidationsystem
whichdosn'tneedamineandligaiidiSrecOVerable,buttheligandSynthesisiseXpensiveway4.
Herein,wepresentanovelasymmetriccatalyticoxidationapproachtothepreparationofesomeprazole.
Althoughthechiralligands,suchasdiamideswhichderivated伽mtartaricacid,demonStratedvery
poorenantioselectivityintheoxidationofsulfidess・Inoursystem,excellentresults(upto90%yield
and95%ee)wereachivedwhen(S,S)-diamidetartrateswereutilizedasligand.Thisnoveloxidation
systemalsopresentsseveralotherveryimportantadvantageslikeamineisnotnescessaryandno
sulfbnewasobservedintheoxidation.

、0 、0

C CTi(O-iPr)4/(SIS)-L*/H20
S

／
０

ハ
〕

ノ
０

ハ
口

CHP/Toluene ●●

90%yield,95%ee Esomeprazolel2

R2R,N･弓一〈｡”L☆：

HOCONR1R2

Reference:

l.P・Lindberg;A・BrandStrom;B.Wallmark;H・Mattsson;L・Rikner;K.HohanqIMbaRes.
Rev.1990,IO,1.

2.J・Deng;Y.Chi;F.Fu;X・Cui;K・Yu;J.Zhu;Y.Jiang亜"α"eC力℃":4"""7e"y2000,",1729.
3.H・Cotton;T.Elebring;M.Larsson;L・Li;H・SorenSen;S.Unge庇"ロハe〃o":4妙加加e"2000,

",3819.
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RnantiOselectiveMichaelAddi伽nReac伽nUSingFBSM

TatsuyaFumkawa*,SatoshiMizuta,ShuichiNakamura,NorioShibta,TakeshiTbm

DepartmentofFrontierMaterials,GraduaSchoolofEngineering,NagoyalnstimteofTechnoloW

Gokiso,Showa-ku,Nagoya,466-8555,Japan

nozshiba@nitech・acjp

Thedevelopmentofefficientmethodologiesfbrtheenantiocontrolledsynthesisofnuorine-containing

organicmoleculeshasattractedmuchattention,particularlyinthefieldofmedicinalchemistIyandmaterial

science・ThecuITentstate-ofartinasymmetriccatalysisbytheuseofolganocatalystsorligand-metal

complexesallowsaccessingthechiralfluoro-organiccompoundswitheaseinhighenantiocontrol.

Howevel;mostoftheI℃centinnovationsinthisheldal℃basedontheenantioselectiveGCelectrophilic

fluorination''reactionsrepI℃sentedbytheworksofTogni,Sodeoka,Cahard,Jorgensen,MacMillan,Barbas,

usandothersfbrexamples.'Incomparison,thesmdiesfbrtheenantioselective6Gnucleophilic

presentachallenge.2nuoromethylation''reactionsstillpresentachallenge.zIn2006,wedisclosed

l-fluorobis(phenylsulbnyl)methane(FBSM,1,FiguI℃l)tobeaSyntheticequivalentofafluoromethide

speciesundertheTsUji-TrostallylicallWlationconditions,whichprovidedthefirstpalladium-catalyzed

asymmetricallylicmononuoromethylationreactionwithhighenantiocontrol.3aRecently,wealso

demonstratedthepotentialityofFBSMasanucleophilefbrtheenantioselectiveMannich-typereactioninthe

presenceofammoniumsaltsofcinchonaalkaloids・Chiral,non-Iacemicq-monofluoromethylammesof

biologicalinterestsweIeSynthesizedinhighyieldswithexcellentenantioselectivities.3bOnthebasisof

thisconceptusingFBSMasasyntheticequivalemofa

緯斡｡＝。"，nuoromethidespecies,wereporthereinanunprecedented,p
Fbase-catalyzdMichael-typemono-fluoromethylationreactionto

FBSM:1･FIuorobis(phenybulbnyl)methane
a,6-unsaturatedketones,aldehydesandes"rs.Thisl℃action

Figurel

showedbmadsubstrategeneralityandaffordedfbnnal

1,4-adductslegioselectivelywithhighyields・AsymmetricversionofthisIeactionwasalsoexamined.

Tab1el･MIchae1AdditIoncf⑥冒璽垂咽Inon⑥ Table2.MIchaeIAdditionofAldehydesandEstem

共.．
O

､鰐･『糊'一聖瀞LR!
R1

FSO2Ph
4

-型鶚雪Lも．慾.…『.t,ume
FSO2Ph

3

OO

JLN，・’一ノR1
FBSM(1)
1.05"．

2 1

R1 umO(h)yie!d(%)e

１
２
鈩
鍛

Ｈ
Ｈ
即
即
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恥
画

６
２
犯
鍋

潤
鯛
銅
馴

１
２
３
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Et4

Pm"I4

銅
弱
鯛
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Inaninitialexperiment,theregioselectivenucleophilicl,4-additionofFBSMtooxazolidinone2was

investigated.Aftersc1℃eningofthectalystsandsolvents,theconditionof20mol%ofDBUmDMFat

roomtempelaml℃wasfbundtobesuitablebrtheMichael-additionofFBSMtoafrordthecon℃sponding

1,4-adductsofoxazolidinone3ingoodtohighyields(Tablel).Wenexttumedoura"ntiontothe

MichaeltypeadditionofFBSMtoq,6-unsamIaatedaldehydesandesterstoshowthefilrthersyntheticmility

ofthereaction.AscanbeseenintheTable2,thecorrespondingP-fluorobis(phenylsulfbnyl)methyl

carbonylcompounds5weI℃producedinhighyields(Table2).

Finally,webrienyattemptedtheenantioselectiveMichael-typeadditionofFBSMtochalcone(6)mthe

pl℃senceofacatalyticamountofphasetransfbrcatalysts.UsingFBSM(1),K2CO3andacatalyticamount

ofMbenZylquinidiniumchloride(QD+Cl.)inCH2Cl2ata-40｡C,chalconewasconvertedtothe

COnBspondingadductin81%yieldwith44%ee(Table3,entIyl)．Theenantioselectivitywasimprovedto

72%eewhenthereactionwaspermonnedinthepresenceofCs2CO3(ently3).SoIventsalsohada

considerableeffctontheenantioselectivity,butthel巳sultswerenotmproved(entries4-8)．A

considelabledim1℃nceinasymmetricinductionwasnoticedbetweenammoniumsaltsderivedfiomquinine,

quinidine, cinchonine, andTable3・Enantiose!"iveMichaelAd麺⑥、
base(3.Oeq.)

cinchonidine,andquinidinewastheOpfWiWM)_R踏駆偽ocinchonidine,andquinidinewasthe
“u…1画･凹守可･ノ

ュ星f静。
F1℃(10nmi%)

』〆､PI,･棚一雨雨r吾mostefctive(entries9-ll).P SOoCo1dP

6 7
Despitepromisingresults,this 1．1⑧q･

entrybasesolventPTCyleld("ee(%)

methodolog'isatavelypreliminary､KacoocH,cl:QD.cl=8F"

2CsOHInparticul~,:｡:W:M::I::::|:::"stageofdevelopment・Inparticularl8272(s）3CS2CO3 CH2CI2 QD℃l・

anefficientchiralammoniumsalts4csicojTbldenb QD℃l.5341(S)

5Cs2CO3CH2CI2ﾉTblueneQD､Cl･5855(S)

remainstobedesigned・Toour565;66;-.~HiF--Mi.SE"5;6Cs2CO3

7C82CO3

euknowledgethisisthefirstexampleof;::fagM:W,$,Cl‐228(S）knowledgethisisthefirstexampleofQD℃l.35(S)8C82COsCGHoOCH3

enantioselectiveMichael-type;::f:::M::|:"l::Michael-typeMichael-type;::f:::M::|:"l:::IRI
9Cs企O8 CH2CI2 QN.C1．7362(R）
10

mono-fluoromethylationI℃action. 11CS2CO3 CH2CI2 CN､Cl･"37(S)

α負､C
R
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ISelectedreviewsandpapers:(a)H・Ibahim,A・Togni,Che".Co加加.2004,1147;(b)Y.Hamashima,M.

Sodeoka,町"7陀",2006,10,1467;(c)J.-A.Ma,D・Cahard,Cﾙe碗.Rev.2004,1046119;(d)M.Marigo,D.

Fielenbach,A.BIaunton,A.Kjarsgaard,K.A・Jgrgensen,J4"geW,Che","4&L2005,44,3703;(e)T.D.

Beeson,D.W．C.MacMillan,.X4".C"e"I・釦c,2005,12Z8826;(f)D.D・Steiner,N.mase,C､F・Barbas,

4"geWChe"Z,"4a42005,",3706;(9)N.Shibta,.X＄""〃.｡gme".〃".2006,",14.

2N.Shibta,S・Mizuta,T.Toru,よめ""力.OgChem.〃".2008,66,215;J.-A.Ma,D.Cahard,､IF7"07･"e

C〃em.2007,128,975.

3(a)T.Fukuzumi,N.Shibata,M.Sugiura,H・Yasui,S.Nakamura,T.Tom,4"99w.C"e碗.,〃4M2006,",

4973;(b)S.Mizuta,N.Shibata,Y・Goto,T.Furukawa,S・Nakamura,T.Toru,｡L4".C"e","c,2007,129,
6394
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EnantioselectiveSyntheSiSof(R)-ConvolutamydineAusingNovelOrganOcatalyst

HavingHeteroalylsulfbnylGroup

NoriyukiHara,*HirokiNakashima,ShuichiNakamura,NorioShibta,Takeshi'Ibm

GraduateSchoolofEngineeringNagoyalnstituteofTbchnoloW

Gokiso,Showa-ku,Nagoya466-8555(Japan)

ConvolutamydineAisanaikaloidthatwasisolatedfromtheFloridianmarinebIyozoan4"α的ね

co"vo/z"tzbyKamanoandco-workersinl995.(R)-ConvolutamydineAexhibitedapotentinhibitolyactivity

onthediHerentiationofHL-60humanpromyelocyticleukaemiacellsat0.1-25ILgmL.RecentlyDseveral

groupshaveleportedtheenantioselectivesynthesisof(R)-convolutamydineAusingchiralorganocatalysts,

howeveI;unsolvedpmblemsincludehighcatalystloadingtheuseofoIganocatalystsderivedffomunnamral

q-aminoacidstoprepare(R)-convolutamydineA.Ingeneral,oIganocatalyticaldolreactionstoketonesas

acceptorsgenerallyneedahighcatalystloading(atleastlOmol%)ofoIganocatalysts,althoughtherearemany

reportsintheenantioselectivealdolreactionstoaldehydesusinglowcatalystloadingofoIganocatalysts.Tb

overcomethedifficultyfbrtheenantioselectivesynthesisof(R)-convolutamydineA,wedesignednovelnamral
9cL-pmline-basedsulfbnimideoIganocatalysts(Figure

1).Thefilndamentalconceptofthecatalystdesignis

basedoncontrollingthestrucmreoftheiransition
Hy

-R

stateusingintramolecularhydrogenbondingbetween
Figurel.

N-Hinthesulfbnimideandheteroalylgroup.

Wefirstexaminedthereactionof4,6-dibromoisatinlawithacetoneusingsulfbnimides2a-has

oIganocatalysts.ThereactionwascarriedoutusinglOmol%oforganocatalysts2a-handlOequivalentsof

HzOinacetone(200eq.)atmomtemperature.TheresultsareshowninTablel.

O

i":2."QﾉLj
と参・肌！…"。Br

HaeetOhe(200eq.),n

2a:pdTO1
b:CH3
C:2-Py
d:8･Qn

e:2-Furyl
f:2Thienyl
9:2-Benzothienyl
h:5-Me-2-thienyl

ｰ■

H

(9.convo1ummydine:3a1a
mblel
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０
０
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Thereactionusingsulfbnimide2ahavingap-tolylsulfbnylgroupproceededrapidlytogive

(R)-convolutamydineA(3a)ingOodyieldwith86%ee,althoghthereactionusingmethylsulfbnimide2b

showedlowerenantioselectivity(entriesland2).Optimizationofthearylsulfbnylgroupinsulfbnimideswas

carriedout,wefbundthatefficientoIganocatalystsfbrthereactionoflawithacetonewere

M(2-thienylsulfbnyl)prolinamide2fandNE(2-benzothienylsulfbnyl)prolinamideZg(entries6and7)．Since

thepreparationofprolinamideZfiseasierthanthatof2g,wedecidedtostudysystematicallytheasymmetric

perfbnnanceof2fThelowertemperatureimprovedtheenantioselectivityofthereactionusing2f;although

thereactivityeventuallybecamelower(entries9andlO)．Catalystloadingcanbereducedto2mol%of2f

withoutlossofenantioselectivity(entriesll,12).Althoughreactivityisreduced,thereactionusingO.5mol%

of2fatmomtemperaturegave3awithoutlossofenantioselectivity(entries6vsl3)．Tbthebestofour

knowledge,thisresultrepresentsthelowestcatalystloadingreportedtodatefbrdirectaldolreactiontoaketone

asanelectrophile.

Wenextexaminedthepreparationofvarious Oへ－w巳皿しふしレヘα皿皿皿しuL皿しP且レドg1qL且叫皿v1▼四ユリu回 O

L".〔前〕ﾉL”‘

慈隠｡蝋哩‘
1b:X=H｡Y=H

Table2.Althoughthereactionofunsubstimted 1c:X=CI.Y＝Cl
1d:X=1,Y=I

isatinlbwithacetonegavetheproduct3binl"=bH3.;Y=cH3
1f:X=Br,Y=H

excellentvieldbutwithlowenantioselectivitvbtheTable2.

H H
substimtedisatinsusmglOmol%of2fareshownin._I____､"rl__a"tone.ooc

1a:X=BrbY=Br3af
1b:X=H｡Y=H

Table2.Althoughthereactionofunsubstimted 1c:X=CI.Y＝Cl
1d:X=1,Y=I

isatinlbwithacetonegavetheproduct3binl"=bH3.;Y=cH3
1f:X=Br,Y=H

excellentyieldbutwithlowenantioselectivitybtheTable2.
I頸tin CaialystReactionYie!dEdaEntry

reactionofMbenWlisatinusing2damHorded3b Time(h)(%)(%)

withgoodenantioselectivity(entries2and3).Thella2f99995(9(>99)ib】11a計

21b2f8993(S)
reactionwith4,6-dichloro-,4,6-diiode-

3に1 1b2dl450Iq77

4,6-dimethyl,and4-bromoisatinslc-fgavethe
41C2f209193(98Ib1

products3c-fwithhighenantioselectivity(entries 5 1 d 2 f 2 4 > 9 9 9 7 ( > 9 9 ) I M

4-7).EnantiomericallypureconvolutamydineA6I．11e2f406191(>99)Ibl

71f2f229397(>99)IMderivativeswereeasilyobtainablebysingle
【alEewasdeterminedbyHPLCanaWsis.IblEeinpamnthesesis
thatobtainedaRersinglerecWSmIIEaUon.PIThereactionwasIeclystallizationfromhexane/ethylacetate. camedoutusingfbenzylatedisaUnatioomtempemhj畑.【｡】雌
Ben可圃tedproduQwasobbined.lel5mol%of2ewasused.m
Thereac"nwascamedoutatrocmtem配『a加応、

WefbundthattheM(2-thienylsulfbnyl)prolinamideZewoksasaneHicientoIganocatalyst.Various

convolutamydineAderivativeswereobtainedwithhighenantioselectivitywithO．5mol%of2e・Tbour

knowledge,thisisthelowestcatalystloadinginthealdolreactionofacetonetoketonestogivetheproductwith

highenantioselectivityb
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OrganocatalyticEnan伽selectiveHydrophosphonylationofSulfmyliminesHaving

Heteroa可貼ulfbnylGroup

AkikoYamamura,*HirokiNakashima,ShuichiNakamura,NorioShibta,Takeshi'Ibm

GraduateSchoolofEngineering,NagoyalnstimteofTbchnoloW

Gokiso,Showa-ku,Nagoya466-8555,Japan

snakamur@nitech.acjp

Opticallyactiveq-aminophosphonicacidsandtheirderivativeshavebeenprovedtobeusefill

buildingblocksfbrthepreparationofphannaceuticaltargets,suchastheantibacterialagentalafbsfalin,

anti-HIVagents,inhibitorsofenZymesandpeptidicmaterialshavinguniquestrucmralproperties・The

diastereoselectiveadditionofphosphitederivativestochilaliminesandchiralLewisacid-catalyzed

enantioselectiveadditionofphosphitestoimineshavebeenextensivelyinvestigated,whereasonlyafew

smdiesexistoftheoIganocatalyticenantioselectivehydrophosphonylationsofimines.Recemlybwehave

reportedenantioselectivereactionsusingbifimctionalcoordinativeheteroarylsulfbnylgroupstocontrolthe

confbnnationsandreactivitiesbychelationwithchiralLewisacids.Herein,wereportthefirst

organocatalyticenantiocomplementalyhydrophosphonylationofsulfbnyliminescatalyzedby

commerciallyavailablecmchonaalkaloids.

Theenantioselectivehydrophosphonylationreactionofvarioussulfbnylimineswithdiethylphosphite

(1.5equivb)wascaITiedoutusinglOmol%ofavarietyofcinchonaalkaloidsasorganocatalysts.

Perfbnningoptimizationexperimentswithvariousreactionconditions,thereactionwithhydroquinineand

hydroquinidinewasfbundtoaffbrdbothenantiomersofproductswithgoodenantioselectivitybThe

catalystloadingcouldbereducedto5mol%inthecaseofquinine.
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Catalyst(10mol%)
－

toluene,rt

1CatalystR3Yield(%)Eelal(%)1 R3Yield(%)Eelal(%)Catalyst

1elq

1elc】

1elcl

1eldl

1eld1

1elc,el

1elc,1

91(S)

92(R)

40(S)

97(S)

98(R)

92(S)

92(S)

Hydroquinine

Hydroquinidine

(DHQD)2AQN

Hydroquinine

Hydroquinidine

Quinine

Ph>99

Ph>99

Ph98

Ph98

Ph95

Ph>99

Ph>99

1a Quinine EtO

1b Q uinineEtO

1C EtQuinineEt681bl

1dQuinineEt98

1e Quinine Et98

Ph1eldQuininePh>99

1eIqQuinidinePh>99

‐

49

65(S)

64(S)

92(S)

88(R) Quinine

[a]EewasdetenninedbytheHPLCanalysis.lblConversionyield.IclThereactionwascarriedoutat-40｡CfOr1h
【dIThereactionwas"rriedoutat-78｡CfOrlh.lelQuinine(5mol%)wasused.IOUnderanaerobiccondition.
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Aseriesofsulfbnyliminesderivedfromaromaticaldehydeswereallprovedtobeexcellentsubstrates

withrespecttoenantioselectivityandchemicalyieldusingquinine,hydroquinineorhydroquinidine.

Enantiomericallypuresulfbnamideswereeasilyobtainablebysinglereclystallization.

catalystA-C(10mol%)
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【a]Eeobtainedanersinglerecrystallizationfromhexaneﾉethyla"tateisshowninparenthesis
lb]Themactionwascamedoutat-78｡Cわ『5-6h.

1)Hydroquinine(10mol%)
O
II

Largerscalesynthesisstartingwith300mgof

6-methyl-2-Pyridylsulfbnyliminealsogave

97%eeand99%yieldbysimplefiltration

』『【】卜

(OPh)22)FiltraMon
Ph

300mg99%,97%ee-99%eewithoutpurification.Reclystallizationofthe
『ecryst.

cmde,fbllowedbydesulfbnationaffbldedtheMg_...____MH_1)HBr,AcoH

増(OPh)2U2幽型聖H増(OH)2
AcOHノANa

opticallypureq-aminophosphonaCwhich-
DMF,0oC,6hH

wasconvertedtotheopticallypureq-amino (S)(S)

86%,99%ee 83%,98%ee
phosphonicacid.

Wefbundthattheheteroarylsulfbnylgoupworksasagoodactivatinggroupoftheiminogroupin

hydrophosphonylation.ThefirstoIganocatalytichigllyenantiocomplementalyhydrophosphonylationof

M(heteroarylsulfbnyl)imineswasachievedusingacatalyticamountofcommerciallyavailable

organocatalysts.The6-methyl-2-pyridylsulfbnylgroupwasshowntobeaneasilyremovable,eHicient

protectivegroup,havingnotablepropertiessuchashighchiralmducibili"andactivationoftheimino

grouptowardtheadditionofnucleophiles.

S.Nakamura,H.Nakashima,A.Yamamura,N.Shibta,TXTbmJ4血町""h.CQ"12008inpress.
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2P-22

ANOvelC2-SymmetricChiralBiS(imidazoline)Ligands:HighlyEnantioselective

Friedel-CraftsAllWlationofIndoleswithEthyl3,3,3-Trinuoropyruvate

YUkoNakamura,*Kotaro'IbUji,KengoHyodo,ShuichiNakamua,NorioShibta,TakeshiTbm

GraduateSchoolofEngineering,NagoyalnstimteofTbcmoloW

Gokiso,Syowa-ku,Nagoya,466-8555,Japan

snakamur@nitech.acjp

Thedevelopmentofasymmetriccatalystshasbeenextensivelysmdiedoverthelastdecade.Certainlyb

oneoftheprivilegedclassesofchiralligandsisthebis(oxazoline)fiPamewolk,whichconsistsoftwo

MO-containingfive-memberedringscoordinatingtoametalcation.Finemningoftheelectrondensity

andthestericbulkinessoftheoxazolineringremaintobesolved・ThehiJllymnableconstructionof

bis(imidazoline)ligandswouldovercomethislimitationandrealizebettermatchingofchiralligands,

metalions,andsubstratesotherthanbis(oxazoline)s,andthusachieveexcellemcatalyticperfonnance.

Variousnovelbis(imidazoline)ligandswerepreparedbythereactionofbenzene-1,3-dicarbaldehyde,

chilall,2-diphenylethylenediamine,andNBSasanoxidantgivingphenylenebis(imidazoline)(phebim),

fbllowedbysulfbnylationandacylation(Schemel).
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Phebim2a-m

Schemel

WechoseFriedel-CransalkylationofindolederivativesasabenchmarkI巳actionusingphebm,since

thesynthesisofindolederivativeshascapmredmuchattentioninorganicchemistlyfbrmanydecades.

TheF-CallWlationofindolewithethyl3,3,3-trifluoropymvateusingchiralLewisacidspI℃paredfrom

Cu(OTf)zandNYﾌ-tolylsulfbnylphebim2agave(R)-3ainhighyieldwith95%ee(Scheme2)．The

catalystloadingcanbereduceduptoO．5mol%withoutasignificantdecr℃aseinyieldand

enantioselectivityb

雛
~N

CEP､
H

1a

Cu(OTf)2(5mol%)

2a(5.5mol%)
－

CH2CI2,-78oC,20h

O

CFJLCO2E!
(1.1eq.)

Et

(R)ila
95%,95%ee

SCheme2
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InterestinglybthereactionusingMbenzoylphebim2iandCu(NTfi)2intolueneaffbrded(D-3ahavinga

stereochemistlyoppositethatobtainedinthereactionusingphebimZaandCu(OTf)2.Finemningofthe

substimtionofphebimwascaITiedoutandNYﾌ-nitrobenzoylphebim2kwasfbundtobevelyefficient

(Scheme3).

Cu(NTb)2(10mol%)

2k(11mol%)
－

toluene,-78oC,20h

Oご矛．
H

1a

O

CFJLC｡2E!
(1.1eq.)

2Et

H

(S)-3a
99%,90%ee

Scheme3

Wenextexaminedthereactionwithvariousindolesusingtwocatalyticsystems,methodA;

Za-Cu(OTf)2andmethodB;2k戸Cu(NTG)2(Scheme4).Resultsindicatethat(R)-and(D-3aajcanbe

obtainedinhighyieldwithgoodtohighenantioselectiviWbytherespectivemethodandthat

enantiocomplementalysynthesisis"nerallyquiteapplicable.

methodA:

Cu(OTO2(5moi%)

雛晋囎4A 2Et

(9-3aj

upto95%ee

O

CFJLC｡zE!
（1.1eq.)
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upto97%ee

Scheme4

Weproposethedualactivationnansitionstate

fbrtheI℃actionofindoleandEthyl
T

3,3,3-trifluoIopyruvatebytwoimidazolinerings

inthepresenceofphebim-Cu(OTf)2(Figurel).P

Furtherexperimentsareinprogresstosmdy

thescopeofthisprocessandthepotential

applicationofphebimtootherl℃actions.

I

○

Figurel

S.Nakamula,K.Hyodo,Y8Nakamura,N.Shibata,'IITbmJ4"町"7油.Cq"12008inpress.
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2P-23

Chemoselectivehydmgenationofmtrohmctionalitiesinthepresenceofolefinsusing

Os/C-catalyst

MutsumiSato,'*KeijiOono,'YasunariMonguchi,2TbmohiroMaegawa,2HironaoSajiki2
'ReagentResearchLaboratories,WakoPureChemicallndustries,Ltd.，

Matoba,Kawagoe,Saitama,350-1101,Japan

2LaboratoryofMedicinalChemistrylGifUPharmaceuticalUmversity>

Mitahora-higashi,GifU,502-8585,Japan

sato.mutsumi@wako-chem・cojp

Acombinationofosmiumcarboncatalyst(Os/qandhydrazineshowseHicientchemoselectivityin

hydrogenationofnitrofUnctionalitiesinthepresenceofolefinsthatarereadnyreducedunder

carbon-supportedtransitionmetal-catalyzedhydrogenationconditions・TYleseresultsreinforcetheutnityof

aminostyrenederivativesinsyntheticchemstry,especiallyasrawmaterialsofliquidcrystalalignment

layersandphannaceuticalmtermediates.

1)Backgmund

An血ostyrenederivativeshavebeensuccesshlllyandwidelyusedasrawmaterialsofnqmdcrystal

alignmentlayerbChemoselectivereductionofnitrofUnctionalitiesinthepresenceofolennisaconvement

methodfbrthesynthesisofaminostyrenederivatives・ThereductionisusuallyachievedusmgFeasa

reducingagent・AlthoughthereactionrequiresexcessamountofFe,whichisquitediHiculttoremove

fromthereactionmxture.'Ontheotherhand,hydrogenationusmgmetalcarbonisoneofthemostusefUl

methods,duetoitseasyseparationhomthereactionmixtureandreusabnitybHoweverjitisextremely

diHiculttoaccomplishthechemoselectivecatalytichydrogenationofmtrofUnctionalitiesduetothehigh

catalystactivity.SelectivecatalytichydrogenationofcM,6-unsaturatedaldehydestounsaturated

alcoholsmthepresenceOs/ChasbeenreportedbyRylanderandSteele2whnethemethodhaslimitations

withregardtogenerality[substrateapplicability,highpressure(750-1000psig)andsoon].

2)ChemoselectivehydrogenationofnitmstilbenetoaminostilbenewithOS/C

Recently>wefOundtheOs/C-catalyzedchemoselectivehydrogenationofnitrostilbenetoaminostilbene

andthebestresultwasobtainedat60･CusingNH2NH2・H20asareducingreagent.

02N H2N

r～
、〆

、
ｌ
〆

〆
Ⅲ
Ⅱ
ヘ

Os/C,NH2NH2.H20

C CMeOH,60oC,3h
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3)Chemoselectivemduction0fvariOusnitmsubstratesbea面ngolenns

htheexplorationofthescopeofOs/C,thepresentreductionsystemwassuccessfUllyappliedtoavariety

ofnitmcompoundsinthepresenceofolefinswithinthemolecule.

entrysubstrate product yield(%)entry substrate product yield(%)

C～､｡Ⅱ943

02N

0

》
唾

が
り
。

Ｏ

Ｎ２

０
Ｎ
２０

㈹亀N/C、

H2NC､M~〃
Cbz

Cヘパ㈱，ア
H2N

OH

1

2 97 4 88

02N H2N

4)Chemoselectiveneductionofvariousnitrosubstratesbea面ngotherⅡもduCiblehmctionalitieS

Thepresentchemoselectivehydrogenationofthenitrofimctionalitywasalsoappliedtosubstrates

possessmgaromaticketones,Md)zprotectivegoups,benzylethersandacetyleneswithoutany

undesirableover-reduction.

entrysubstrate product yield(%)entry substrate product yield(%)

O

dk
H2N

H

N℃bz
/O~/

H2N

O

･人
1

O2N
H

N℃bz
C～

2

O2N

C/､｡B、Cﾊ゚ 8．鯛3

O2N-､""H2N

4o2N-O-=。H2N-O--。，．

92

88

5)ChemOSeleCtiVeⅡ℃ductionofhalogenated-nitmbenzenes

Itiswellknownthataromatichalidesareeasilyreducedunderhydrogenationconditions・Chemoselective

hydrogenationofmtrogroupsmdistmctionhomaromatichalidesremainstobeagreatchallenge.The

mtrogroupsofhalogenatednitrobenzenederivativeswerechemoselectivelyhydrogenatedunderthe

presentreactionconditionswithnochangeofthecoexistmgaromatichalidefUnctionalities.

”・※・鶚二＄Ⅷ乳｡‘“
r、
、＝

⑪ConrlUBsinn

WehavefbundanOs/C-catalyzedchemoselectivehydrogenationmethodofnitrofUnctionalitiesinthe

presenceofolefins,aromaticketones,acetylenes,benzylethers,aromatichalidesandMCbzprotective

goups.Itcanbeappliedtothesynthesisofrawmaterialofliquidcrystalalignmentlayerjand

phannaceuticalintermediates.

1.A.J.Bechamp,4"".“".M)zs;42(3),186(1854)

2.PaulN.RylanderbDuaneR.Steele,Zr""elim"Le",20,1579(1969)
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PreparationmethodofPd/C(en)catalystinwater

KeijiOono,'*MutsumiSato,'YasunariMonguchi,2TbmohiroMaegawa,2HironaoSajiki2
'ReagentResearchlaboratories,WakoPureChemicallndustries,Ltd.,

Matoba,Kawagoe,Saitama,350-1101,Japan

2LaboratoryofMedicinalChemistryjGifUPharmaceuticalUmversityj

Mitahora-higashi,GifU,502-8585,Japan

oono.keiji@wako-chem.cojp

ApracticalandeHicientpreparationmethodofthepalladium-activatedcarbonethylenediamine(en)

complex[Pd/C(en)1possessingfOllowingadvantages;theuseofwaterasasolventandthereductionofthe

usageofethylenediamine,hasbeendeVeloped.Theisolablecomplexcatalyst,Pd/C(en)catalyzed

chemoselectivehydrogenationamongawidevarietyofreduciblehmctionalitiesdistinguishingO-benzyl,

Md)zandO-TBDMSpmtectivegoups,aromaticnitriles,benzylalcoholsandepoxides・Thepresent

improvedprocessisapplicabletoalarge-scalepreparationofPd/qen).

Catalytichydrogenationusmga

heterogeneouscatalysthasbeenausefUl

andwidelyapplicablemethodinsynthetic

chemistrybPd/CisoneofthemostusefUl

heterogeneouscatalysts,becauseofits

stabilityjeaseofseparationfromthe

reactionmixture,andrecyclability.

Howeverjthegreatcatalystactivityof

Pd/Cmakesitextremelydifficultto

accomplishthechemoselective

hydrogenationamongreducible

filnctionalities.WehaverecenUyreported

severalchemoselectivehydrogenation

methodsusmgPd/C(en)').

Pd/C(en)chemoselectivelycatalyzed

OBn OBn
MeOH

yie1d91%

“蛎鋤="聯":お-．
yie1d96%

Br

d…鉋Bn雲鶚鶚響-0｡｡…“
yie1d93%

／、/CO2Bn5%pd/C(en),H2(1atnj /､/CO2H

<二〉

Q匁｡“q
『t,3h,DMAP,THF-N

bbz bbz

yie1d75%

卿へんく?菫禦"ﾊﾙく？
1TF

Mdd"6

0

thehydrogenationofawidevarietyofO 5 ％ … 値 ゥ o

・弧－0ﾉLcﾊﾍく喋鰐F""-OﾉLcr､へく＆reduciblefUnctionalitiesdistinguishing

O-benzyl,ⅣとCbzandO-TBDMS Wddl"6

protectivegroups,aromaticnitrnes, Schemel
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鞠:撫葺撫麗藍嚇：〈
towardhydrogenationbetweenPd/Cand

Pd/C(en)isshowninFigurel.

Wereporthereinapracticalandscalable

preparationmethodofPd/C(en).Althoughtheuse

oflargeexcessamountofethylenediamine(70

equiv)andmethanolasasolventhaSbeen

essentialfOrthepreparationofPd/C(en),the

presentmethodsuccessfUllyreducedtheusageof

ethylenediaminehom70equivtol.1equivin

aqueousmedia(Scheme2).Themethodcould

safelyappliedtothekg-scalepreparationof

Pd/C(en)withoutanyproblems.Pd/C(en)

preparedbythepresentmethodisalsoapplicable

asachemoselectivehydrogenationcatalystfbr

benzylesters,aromaticketones,halides,alkenes,

alkynesandazides,aromaticMCbzprotecting

groupsinthepresenceofotherreduciblefilnctional

groupsaswenasconventionalPd/C(en)preparedm

methanol.

C⑪nclUIsi⑪n

Thepresentenvironmentany-benignprocessusing

nearly-equimolaramountofethylenediaminein

wateriSsafelyapplicabletothelarge-scale

preparationofPd/C(en).

Pd/C
ReducibleFunctionalities

R-OTBDMS(TES) Benzylalcohol

Pd/C(en)

RPCO2BnRPCO2Bn
R-OBn aromatiCQMCbzar0matiCWbCbz

ArCORArCOR

epoxide acetyleneacetylene

Ar･NO2Ar･NO2

allwl-MCbz
Ar-XAr－X

O1e価ne01e価ne

R-N3R－N3

FigurelComparisonofreduciblehmctionsby

Pd/CandPd/C(en)

conventionalmethod

Pd/C
NH2CH2CH2NH2(70equiv)

MeOH,rt,48h

且
presentmethod

NH2CH2CH2NH2(1.1equiv)
Pd/C

H20,rt,48h

Scheme2

Pd/C(en)

Pd/C(en)

Re旋正nCeS

1)(a)H.Sajiki,K.Hirota:Jもめ"1.O悪me"'.,Jnpα",59,109(2001).;(b)H.Sajiki,K.Himta:O'gα"ic

Sり“だ("koﾉ,12,1,(2004).;K.Oono,H.Sajiki:O'gα"ic町脚α花(恥化Oﾉ,22,2,(2008).

2)(a)H.Sajiki,K､Hattori,K.Hirota:､IO'g""n.,63,7990(1998).;(b)K.Hattori,H.Sajiki,K.

Hirota:Zbrrzzhedm",56,8433(2000).;(c)H.Sajiki,K.Hattori,K.Hirota:"e"2.E"xJB,6,2200(2000).;

(d)K.Hattori,H.Sajiki,K.Hirota:Zbr""edro"Le".,41,5711(2000).;(e)H・Sajiki,K.Hattori,K.

Hirota:JS"e"I.SOc.,屍施"Z>極"s.I,4043(1998).;(f)H.Sajiki,K.Hattori,K.Hirota:"e"'.α加加""･'

1041(1999).;g)K.Hattori,H.Sajiki,K.Hirota:亜"α"edro",57,4817(2001).;h)TMaegawa,Y;

Rljita,A・Sakurai,A.Akashi,M.Sato,K.Oono,H.Sajiki:Chellz.彫αr".B脚".,55,837(2007).
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SolventEfWectonOxidationofAllWlbenzeneUsingHydrogenPeroxide

TakeoNakai,*Tbshiyukilwai,MasatoshiMihara,Takatoshilto,TakumiMizuno

OsakaMunicipalTbchnicalReseaI℃hlnstitute

l-6-50,Morinomiya,Joto-ku,Osaka536-8553,Japan

nakai@omtri.city.osakajp

Theintroductionofcarbonylgoupattheben"licpositionfi･omtheco汀espondingalkylbenzenesisan

importanttransfbnnationinoIganicsynthesis・Aromaticcarbonylcompoundsarevaluablematerialsfbr

manufactureofspecialtychemicalsinphannaceuticalsandindustrialmaterials.Innumerablemethodshave

beenstudiedontheoxidationofalkylbenzenestocorrespondingketonesorcarboxylicacids.Inthese

oxidationreactions,stoichiometricorexcessheavy-metaloxidantsareusedorseverecondition

(high-temperamreandhigh-pressu1℃)isdemandedusually.Thesereactionsarenotenvironmentalfriendly

becauseofmassivetoxicco-productsandhighenergyconsumption.Lastdecades,thesiglificanceto

developnewoxidationmethodbasedongreen&sustainablechemistmyisaugmenting.Oxygenand

hydrogenperoxideareidealoxidantsfrompointingreen&sustainablechemistlyonaccountofnotoxic

co-product(co-productisonlywater)andhighatomefficiencybWeattemptedtodevelopmildandsimple

systemfbroxidationofalkylbenzenestocorrespondingaromaticcarbonylcompoundsusinghydrogen

peroxideasoxidant.

Thesearereportedthatcombinationofhydrogenperoxideandhydrogenbromideisgoodfbrreplacement

ofbenzylC-Hbybromine,'andcombinationofhydrogenperoxideandpotassiumbromideoxidizebena/l

halideeasily.2Weexpectedthatthesimilaritybetweentheseconditionsmayenabletoperfonnoxidationof

benzylicposition,ifthesereactionsworkcontinuouslyinone-pot.

Br CHOCOOH

○℃
FGFG

○ ○ ○○ 一
町

２０２Ｈ H202
一

FGFG

(b)(a)

Inthissystem,thisisanticipatedthatthechoiceofsoIventismostimportantfactorbThereasonis

differenceofsuitablesolventfbreachstep(a)and(b).Thefirsthalfstep(a)(brominationofbenWl)is

carriedoutinbiphasic(watel=nonaqueous)soIventandlatterhalfstep(b)(oxidation)iscaITiedoutin

aqueoussolventgenerally.

ResultsofexperimentswithvarioussoIventsweresummarizedintable.Acetone,2-butanoneand

acetonitrilewel℃notsuitablesoIventfbrthisreactionsystem,startingmaterialwasrecovered(EntIyl7).
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Yie1d%

SoIventEntIy
Bromide Aldehyde Carboxylicacid

１
２
３
４
５
６
７

r-BuOH

AcOH

AcOEt

AcOMe

CH3CN

CH3COCH3

CH3COC2Hs

33.5

49.1

37.2

43.3

14．5

4．6

7．9

TTace

ll．1

3．4

1．2

4■■

‐ ー

一 ー ■■

■■ 一 ー

Reactioncondition:Alkylbenzene(2mmol);SoIvent(10ml);48%HBraq(120ILI);

30%H20zaq(35ILl×20);Tbmperamre:60℃;hv:30W(incandescentlamp).

Insolventofaceticacid,ethylacetateandmethylacetate,brominationreaction(a)wasproceeded

smoothly5buthydrolysisofbena/lbromide(b-l)wasvelyslowBonlyafewoxidationproductwas

obtained(Ently2-4).ThebettersoIventfbrthisoxidationsystemwasi-butylalcohol・Inthissolvent,

hydrolysis(b-l)wasmoreeasilythanothercases(Entlyl).Evennowhydrolysiswasbottleneckinany

solvent,soweexaminedtheeffectsofadditionofwaters.WeconfinnedthatadditionofwateraHectednot

onlyaccelerationofhydrolysis(b-l)butalsoselectivityofmainproduct.

H202

H2

COOH

FG

○○ ○ ○、
ｒ

／
１

FGFG

(b-2)(a) (b-1) (b-3)

Reference

l.PodgorSek,A.;Stavbel;S.;Zupan,M・;IskraJ・た"tJ"ef加〃Le"2006,47,7245･7247.

2.Tang,J.;Zhu,J.;ShenZ.;ZhangY歴"て油eC加〃Le"2007,48,1919-1921.
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CinchonaAlkaloid-catalyzedAsymmetricAldol-typeReactionsUsingTrinuoropyruvates

ShinichiOgawa*,HiroyukiFUiimoto,Norihitolida,ShuichiNakamula,NorioShibata,Thkeshi.Ibru

DepartmentofFrontierMaterials,GraduateSchoolofEngineering,NagoyalnstimteofTbchnology

Gokiso-cho,Showa-ku,Nagoya,466-8555,Japan,

17515004@stn.nitech.acjp

Heterocyclescontainingatrifluoromethylgoupal℃amaiorcontributorinagriculmralandmedicinal

chemistIy.Thusthedevelopmentofasimpleandflexiblemethodtogenerateatrifluoromethylated

heterocyclicsystemhasreceivedmuchattention.

Weconsideredthattheincorporationofatertialyq-trifluoromethylalcoholstereocentel;representedby

CF3C*(OH)RIR2,intoheterocyclescouldprovideanoveldrugcandidate,withtheuniquepropertiesofthe

tertialyq-trifluoromethylalcoholscontributingtonewbiologicalactivities・Asafirststep,webecame

interestedinthedevelopmentofgeneralmethodsleadingtooxindoleshavingatertiaryq-trinuoromethyl

alcoholmoietywithachiralenvironment.

Oxindoleswithaquaternarystereogeniccenter;especiallyspiro-oxindoles,areofpotentialmedicinalinterest

owingtotheuniquebiologicalactivitiesofnaturalproductsandman-madecompoundsthatcontainsuch

systems.

Wedescribehereinhighlyenantioselectivesynthesisofoxindoleswithtwocontinuousasymmetric

tetrasubstitutedcarbonscontainingateltialycM-trinuoromethylalcoholcenteliresultingfiPoman

asymmetricd"でaoxindole-aldol へ Eハ‐_ヴ‐--．--‐‐一_-_一_一__一‐__一一-_一‐－_

鱒｡*",が箒:…
condensationwithethylRA/~=(F.cJL(｡(2equiv)R

3,3,3-trifluompymvate(ETFP)

F3

O2Et

HO･C-rt,time,soIventHH

catalyzedbycinchonaalkaloids. (S.S)upto99%ee(尺局upto99%ee

MeO OMeMeO

EiZNp

“

N＝N

芯
BothenantiomericprodUcts(&$

and(R,R)adductsareselectively

accessibleinhighyieldSwithupto

99%ee,usingpseudoenantiomeric
(DHQD)2PHAL(DHQ)2PHAL

cinchonaalkaloids(FiguIC).')

Figure

'n･inuoropyruvateisoneofthemostversatilebuildingblocksfbrthesynthesisofchiraltrinuoromethylated

compounds.Severalreportshaveappearedconcernmgtheenantioselectivenucleophilicadditiontocompounds・Severalreportshaveappearedconcemmgtheenantioselectivenucleophilicadditionto

trinuoropyruvateintheFriedel-Craftsreaction,aldolreaction,Hemyreaction,andthecarbonyl-enereaction

catalyzedbychiralLewisacids,cinchonaalkaloids,orprolines.

Howevel;therearenodataavailableusingoxindolesasnucleophilesfbrthecoITespondingasymmetric

additionreactions.
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So,weattemptedtheenantioselectiveoxindole-aldolreactionof3-methyl-2-oxindolewithETFPasthe

beginningofourwork.

CatalystscreeningusingcommerciallyavailablebjS-cinchonaalkaloidsindicatedthattheoxindole-aldol

reactionproceedssmoothlytoyieldthedesired(Smadductsinexcellentyield,withhighdiastereoselectivity

andveryhighenantioselectivity5especiallywhenthel℃actionwascarriedoutinthepresenceof

(DHQD)2PHAL(Runl,99%yield,90/10dI;95%ee)．Inthepresenceofpseudoenantiomeric

(DHQ)2PHAL,thereactionproceededtogivetheoppositeenantiomerofthealdolproduct(R,R)(Run9,

99%yield,88/12dIB94%ee).(Seetablebelow.)

Theresultofscreeningwasshowedintablebelow.Thismethodolog/servedasafacileapproachfbrthe

preparationofarangeoftrifluoromethylatedoxindolescontainingtwochiralcentersinexcellent

enantiomericexcessesupto99%eeandhighdiastereoselectivitiesupto97/3.

Synthesisofbothenantiomersoftheproductswasaccomplishedwithhighyieldsandenantioselectivitiesby

appropriateselectionofthecinchonaalkaloids(DHQD)2PHALfbr(SbS)adducts(Runl-8),(DHQ)2PHAL

fbr(R,R)adducts(Run9-16).Reducingtheamountofthecatalystto5mol%gaveslightlylower

selectivities(Runl7).

Therelativeandabsolutestereochemistlyof(R,R)-3dwasdetenninedbyX-raycrystallographicanalysis.

Theseparationofdiastel℃omerswasdonebyreclystallization．ThestereochemistIyofotheroxindoles3

警輔驚雛蕊"蓑…識"、、○ご》-.圃鰄…",.…oi%)、

enantioselectivedirectoxindole-aldol
1R'R2timeyielddree

reactionwithtrifluoropyruvateusing(h)(%)(%)
1【al1aMeH169990ﾉ1095

cinchonaalkaloids.Employingsuitable
2IallbEtH189094ﾉ695

pseudoenantiomericcinchonaalkaloids3IallcBnH99789ﾉ1196
41811d4-BrBnH2193H21H219386ﾉ1492

ascatalysts,bothenantiomersof 5 plle4-C旧nH89990ﾉ1098

trinuoromethylatedoxindoles,withtwo61811f4-MeoBnH128989ﾉ1199
7I a l 1 g E t M e 3 2 9 4 9 2 ﾉ 8 9 5

continuousasymmetrictetrasubstimted 81al1hBnMe37585ﾉ1595

carboncenters,areselectivelyobtained9'bl_1aMeH#99988ﾉ1294
10I b l l b E t H 2 3 9 9 8 8 ﾉ 1 2 9 9

inonestep.TheCF3goupofthe 11IbllcBnH39595ﾉ598

pyruvateisessentialtothesuccessofl2M1d4-g旧nH109097ﾉ398
13IM1e4-C旧n H39994E99

14Imlf4-MeOBnthereaction・Inthepostersession,14Ibllf4-MeOBnH38194ﾉ697
15【叫1gEtMe239795ﾉ590

proposedreactionmechanismand
16pllhBn Me37892ﾉ895

17"1aMe H269892ﾉ888

[al(DHQD)2PHALwasusedasthecatalyst.[bl(DHQ)2PHALwasuscdas
applicationofthismethodologwillbe thecatalyst.

shown.

l)ShinichiOgawa,NorioShibta,Junjilnagaki,ShuichiNakamua,TakeshiTbm,MotooShiro

44"gew"e"."fai2007,46,8666-8669.
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t5hiaki@cit.nihon-u・acjp

Introduction

Itishighlyimpoltantfbrsustainabledevelopmentofoursocietytoutilizewastebiomass

effectively').Someofthemethodsemploystronglyacidicorbasicconditionsand

biotecmologthatarenotnecessarilytotheenvironment.Webecameinterestedindevelopmg

achemicalprocessinnearsupercriticalwaterthathasalowdielecricconstant,mcreased

solubilityfbrorganiccompounds,andanincreasedionproduct.Ourattentionwaspaidto

pmenescontainedmtheliquidwasteofthekraftpapermdustIy・血contrasttotheacid

catalyzedtreatmentofthebicyclichydrocarbons,wesmdieditsrmg-openingmhot,

compressedwaterwithoutadditionofanycatalyst.

Experiment

Weperfionnedbatchreactorexperimentsinl/2mchstainlesssteelmbe・Thesereactors

consistedoftwocapswhichprovidedalOmLreactorvolume.To3.574gofpurewaterinthe

reactorswasaddedO.2705gofuorP-pinene(100:1molarratio).Themixhn℃wasflushedwidl

argonunlessotherwisestatedat250,300and400｡Cmasaltbathpreheatedatgivetemperamre.

Reactiontimewasl～30min.ARerprescribedtime,thereactionmixturewascollected,extracted

withdietylether,andanalyzed.Qualitativeanalyzedbythegaschromatography/mass

spectrometrymethodwithaSimadzuCorporationGC-2010,connectedwithGCMS-QP2010,

andquantitativeanalyzedbythegaschromatographyspectrometrymethodwithaSimadzuCorporation

GC-2010

ResultsanddiSCuSSiOn

Themainproductfomu-pineneand6-pinenewasfbundtobelimonene.TheGC-MS

spectralofmainproductandauthenticsampleoflimonene.
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Fig.lGC-MSspectrumofreactionproduct

1201304050

Asaresult,wehaveunderstoodamain

productisalmonene.Theconversionofthe

startingmaterialwasalmoStlOO%aRerlmm

at400･C,and3mm300･C.Theconversionwas

ca.40%aner30mmat250･C・Fig.2showthe

timedependenceoftheyieldoflimonenefom

q-pmene.Limonenewasobtainedmhot,

compressedwaterandmaximumyieldwasca.

70%at300･Cfbr20minand400･Cfbrlmin.

Theyielddecreasedsomewhatwithtime・The

yieldoflimonenewaslowerat250･Candl9%

after30min.|
Whenthereactionmixmrewasnotnushed

withargon,thelimoneneyieldofca､70%at

400･Cfbrlmindecreasedrapidlywithtimeto

41％.Atitsexpense,cymenewasfbnnedandits

yieldreachedca.23%at400･Cfbr30min

(Fig.3).suggestingthattheairisresponsiblefbr

thedehydrogenationreaction・Itisconcludedthat

limoneneandcymenecanbeselectively

synthesizedbycontrollingthereactionof

q-pineneinhightemperamrehigh-pressurewater

bycontrollingamountofoxygen.

Thebehaviorof6-pinenewassimilarbut

somedifferencewasnotedbetweenthe

isomericbicyclichydrocarbons.
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[Introduction]

ManyorganicreactionsarecaITiedoutbytheactionofacidorbasecatalystsinorganicsoIventsthat

burdentheenvironmentwithnecessarywork-upprocesses・Wenotedthatwaternearthesupercritical

conditionshasalowdielectricconstant,increasedsolubilityfbrsmallorganiccompounds,andanincreased

ionproduct,therebyfacilitatingvariousorganicreactionssuchasaldolcondensationswithoutadded

catalysts.')Inthissmdywefbundthatthealdolcondensationofo-phthalaldehydeandl,4-cyclohexanedione

ina2:1molarratioinnear-supel℃riticalwaterledtothefbnnationof6,13-pentacenequinonewhichwas

otherwiseobtainedbyusingabasecatalystmanEtOH､2)

6,13-pentacenequinoneisaprecursorofpentacenethatservesasrawmaterialsfbrsolarbattelyand

organicelectroluminescencedisplay.Accordmglythedemandfbr6,13-pentacenequinoneisexpectedto

increaseinthefilmre.Forthesereasonsweinvestigatedsystematicallythissynthesisinhigh-temperamreand

pressurewaterwithoutaddedcatalyst.

[Experimentals]

Weperfonnedbatchreactorexperimentsinl/2inchstainlesssteelSwagelokmbesfittings・These

reactorsconsistedoftwocaps,whichprovidedlOcm3reactorvolume.ReactionswerecaITiedoutat400,

370,250,240and230℃.Tothisreactorwereadded3.574gofwater,whichwereexpectedtogivea

pressureof30MPaat400℃.o-Phthalaldehyde,1,4-cyclohexanedionewereaddedtomakemolarratiosof

l:0．5:50～400fbro-phthalaldehyde:1,4-cyclohexanedione:water.

ThereactorcontainingthestartingmaterialswasimmersedinasaltbathpreheatedatagiventemperamI℃

andreactionwasstarted・Reactiontimewasl~30min.Afterthereactingperiod,thereactorwasremoved

fiFomthesaltbathandsubmergedinroom-temperamrewater・Qualitativeanalysisofreactionproductswas

caITiedoutbyaShimadzuCorporationmassspectrometer.Quantitativeanalysisofthesolidandliquid

productsobtainedwerecaITiedoutbyShimadzuCorporationHPLCandgaschromatography.Thecolumns

wereAgilenttechnolog/sDB-5MSandShimadzuCorporationShim-Pack-ODS.
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[ResultsandDiscusSion]

Figurelshowsanexampleofthemassspectralanalysisofthereactionproducts・Thespectrumofthe

reactionproductwasingoodagreementwithanauthenticsampleof6,13-pentacenequinone,demonstrating

itsidentity.
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Fig.1GC/MSspectrumofreactionproductandauthenticsample

Time-dependentchangesoftheyieldsof6,13-pentacenequinoneateachreactiontemperturearegivenm

Figure2・Theyieldof6,13-pentacenequmonefilrstmcreasedwithtimeandevenmallyleveledoff
35

mdependentofthereactiontemperature.
30

Earlyreactiontme,6,13-pemacenequmoneyieldhaS
●

mcreasedwithreaction[mperture・Atreactionp-25
●

ま
ー

temperatureof250℃andreactiontimeoflmin, O20

E
ー

theconversionwastoolowtodetenninetheyieldof=15
⑪

●ー

6,13-pentacenequmone.But6,13-pentacenequmone ＞，O

yieldhasincreasedwithreactiontime,andyieldof20 5

%wasobtainedatreactiontimeof20min・Itwas
O

investigatedthatwaterwaSobtainedfbrmaximum 051015202530

reactiontime[min]

selfdissociationconstantat250℃･Fig.2yieldateachreactiontime
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Infigure3aI℃giventheeffectsoftheamountofIoo
兜

waterontherelativemolerconcentrationofthe
80

startingmaterialsattheproductat250℃,and=誤70
ー

o

maximumyieldof80%wasobtainedatthewaterto E60
ｰ

o-PhthalaldehydemolarIamtioof400:1.Itfbllowedfom=50⑪
●~

theseobservationthatcatalysisofwaterwasresponsible>~4!
30

fbrthisreaction.
20

10

0
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Pd-perovskiteappliedtocatalyticorganicreaction
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InI℃centyearsalargenumberofpalladium-catalyzedsynthesesfbrcomplexsyntheticbuildingblocks

andalsofbrstrucmrallysimpleindusmallyimportantintennediateproductshavebeenfbundandfilrther

developed.Commerciallyavailablepalladiumcompoundsinthepresenceofdiffel℃ntligandswereoften

usedascatalysts・Howevel;thequaliWoftheusedcatalystsis"nerallynotsu誼cientfbrindugtrial

demand&

Ontheotherhand,Perovskite-basedpalladiumcatalyst(LaFeo.57Coo38Pdo.0503),beinghiJIactivity

duringlongtennfbruseinautomotiveemissionscontrol,'hasbeenemployedfbrSuzuki-Miyula

couplingandmorerecentlyfbrUllmannandSonogashirareactions.3

WerepolthereafewresultsofourreceminvestgationonPd-perovskite-catalyzedC-Cbondfbnnation

reactionusingcatalyticamountofPd-perovskite,LaFeo.95Pdoo503.

First,wetriedPd-perovskite-catalyzedMizoroki-Heckreactionanddiscoveredthatareaction

conditionusingmethylcellsolve(MC)andsodiumacetategavethebestresult(entry6,Tablel).

Tablel・OptimizationofconditionfbrPd-perovskitecatalyzedMizoroki-Heckreaction.
Pd-perovskite｡(0.025mol%asPd)

／、/BrbaSe(3.0cq.) 念へ

･v｡"'..
O2N

COTN
~

+、〆CO2もu
soIventb(0.33M)

125oC,6h
1a(lmmol) 2a(1.5eq.) 3a

solvcntj yicld(%)ccntIy base

●●●□

》
ｄ

唖
刀
唾
師
８
”
刑
》
妬
池
畑

●●●●●●①●●●●●●●

ｊ

●

Ⅳ
Ｄ
唖

’

’

一
郵
恥
姻
恥
↑
虹
咽
》
虹
虹
砿

Ｉ
印

○
一
■
巳
Ｃ

岬
Ｐ
ｄ
皿
Ｃ
一Ｍ亜

創

ｅ
．
ｌｄ

●●●●

幡
岬
睡
唖
岬
岬
峰
一
岬
畢
剛

●●ｅ●●●●●●●●●●●●

１
２
３
４
５
６
７
《
８
９
０１

●●●。

｡Pdperovskite;LaFeo9sPdoo503.6MC;methylcellsolve(2-methoxyethanol),

PEG-300;polyethyleneglycol300(averagemolecularweight=300).

clsolatedyield.JByproduct4waSobtamedin44%yield.
｡｡､/､OMe

OぅN

4
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Alylbromideshavingelectron-withdrawingsubstiment,1a,b,gavethecouplingproducts3quantitativelyb

aithougharylbromideshavingelectron-donatingsubstimentdidnotgiveasatisfactolyresult(Thble2).

Table2･Pd-perovskitecatalyzedMizoroki-Heckreaction.

Pd-pcrOvSkite｡(0.025mol%asPd)

Cへ/鼠。
Br___2NaOAc(3.0eq.)

C・～風‘一両EF両『←RIRI

Iお℃,6h
1(1mmol)2(1.5eq.） 3

RI RZ yicld(%)cenuy

●○●●●●●
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｡Pdperovskite;LaFco.95Pdoo503.

6MC;metlWicellsolve(2-methxyethanol).clsolatedyield

dSmol%ofPd-pemvskite(0.ZSmol%asPd)wasused.

cByprOdUct5waSObtainedin51%yield.

0

Ph

A

S

InthePd-perovskite毛atalymdcouplingreactionofarylbromideswithalkenylboronicacid6,the

desiredSuzuki-Miyauracouplingproductswereobtainedingoodyieldfbrarylbromideshaving

electron-donatingsubstimentsaswellasarylbromidehavingelectron-withdlawingsubstiments(Thble3).

Table3.Pd-perovskite-catalyzedcouplingreactionofarylbromideswithalkenylboronicacid.

Pd-pemvskite"(005mol%asPd)

Jd｡･《卿｡I製～・卿"鵲而一
80oC,3h

1(1mmol)6(1.5eq.)

C6H13

3

R yield(%)cently

９
５
４

９
７
７

１
２
３

1a

1c

ld

~NO2

-OMe

－H

｡Pdperovskite;LaFeo.95Pdo.0503.bMC;methylccllsolve(2-methoxyethanol).

clsolatedyield.

Refrences

(1)Nishiyama,Y:;Mizuki,J.;Akao,T.;Tanaka,H.;Uenishi,M.;Kimura,M.;Okamoto,T.;Hamada,N.

MI雌花2002,418,164.

(2)Smith,M､D.;Stepan,A.F.;Ramarao,C.;Brennan,RE.;LeyjS.MChe"1.Cり加加"".2003,2652.

(3)Lohmann,S.;Andrews,S､R;Burke,B.J.;Smith,M､D.;Attfield,J.R;Tanaka,H.;Kaneko,K.;LeybS.
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OptimizationofCrystallizationExperimentsUsingIn-ProcessParticleSize

Characterization:LasenetecandPVM

EricHukkanen,*BenjaminSmith
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Crystallizationfi･omsolutionisawidelyappliedunitoperationfbrsolidsliquid

separationandpurification,withparticularimportanceinboththe

pharmaceuticalandbulkchemicalindustries.Typically,fbranindustrial

crystallization,thesizeandshapeofthecrystalsareveryimportantprocess

parameters.Productqualityandefficacyareoftencontingentonadequate

controlofparticlesizeandshapeinthecrystallizer.Inaddition,the

characteristicsofthematerialproducedinthecrystallizercanhaveasignificant

innuenceonsubsequentdownstreamprocessingoperationssuchasfiltration,

drying,milling,blending,granulationandtabletting.LasentecandPVMhave

beensuccessfilllyimplementedfbrin-processparticlesizecharacterizationin

crystallizationdevelopmentandcontrolfromlabtoproduction.Lasentecisa

preciseandsensitivemeasurementfbrquantifyingtheparticlenumber,particle

dimension,andparticleshape・PVMisaprobe-basedhighresolutionimaging
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systemthatenablesthescientisttovisualizetheparticleordropletsystemasit

naturallyexists.

ThispresentationwillfOcusontheimplementationofPVMfbrtheprocess

understanding,development,andoptimizationofcrystallizationunitoperations.

Casestudiesthatwillbepresentedincludedetectionofphaseseparation,polymorph

conversion,andunderstandingparticleagglomeration/aggregationmechanisms.
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EmcientCatalytiCProceSsUSingDendriticCatalySt

Ken-ichiFUjita,*ThkahitoMuraki,MasatoKUjime
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Thedevelopmemofarecyclablecatalysthasbeenrequiredfomtheperspectivesofgreenchemistry.One

ofthemostcertainmethodsofrecyclingacatalyticmetalisitsimmobilizationonamacromolecular

ligand.

DendrimersarefascmatingmacromoleculesduetotheiruniquephysicalandchemicalpropeIties,which

m巳causedbytheirwell-dennedhyperbranchedhamework.Metallodendrimers,withcatalyticsites

immobilizedwithinthedendrimer5areparticularlyusehllassyntheticcatalystsnotonlybecauseoftheir

uniquereactivityandfairsolubilitybutalsobecauseoftheirrecyclabilitybyreprecipitationorby

nanofiltration(memblaneseparation)basedontheirnano-ordersize.WewishtoreporthereintheuniqUe

catalyticactivityofdendriticcatalystandtheireasyrecyclingbyreprecipitationorbynanofiltration.

GﾉI司一 G硴圃

d“GO[m:-RG1R:-CH2
o－R

O-X

Ｘ
Ｘ1(G"[m)

R=Me,Bn
O－R

Ｘ
Ｘ

Ｒ
Ｒ

－
一

一

G2R:-CH2

ざロ
G川dOPkO.c"IR!

2(Gn[RI)

R=-(CHzCH20)3CH3(TEq

Ｘ
Ｘ

O－R

G3[H:X

Lh

X
G4[RI:X

O-R

ByperfbnningDiels-AlderreactionusmglOmol%ofvarious-generationdendriticLewisacidcatalysts

1(G"[R])-Cu(OTO2,thechemicalyieldofanadductwasenhancedbyincreasmgthegenerationofthe

dendriticCu(Om2catalyst・Thisrelationshipbetweenthegenerationofthedendriticcatalystandthe

chemicalyieldisoneofthepositivedendriticeHects(Schemel).！

Next,weexaminedtherecyclingofthedendriticcatalystmDiels-AlderreactionswithlOmol%ofthe

1(G"[Mel)-Cu(OTf)2catalyst.Afterthereactionhadproceededfbr30mn,thereactionmixmrewaspoured

imohexaneandwasstirredtoprecipitatethedendriticcatalystl(G"IMel)-Cu(OTf)2,whichwascollectedby

filtrationandwassubsequemlyreused.Boththesecond-andthethird-geneIationdendriticCu(OTf)2

catalystscouldbeusedStimeswithoutdeactivation(Scheme2).2
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ByperfonmnghydrationreactionofalkynesusingO．5mol%ofvarious-generationdendritic

phosphme-goldcatalysts(2(G"[TEG})+AuCl(SMe2)),thecorrespondinghydrationproductswereobtained

mfairyieldsinallgenerations.Especiallybmthecaseofusmg2(G4[TEG]),thecorrespondingdendritic

phosphine-goldcatalystwasrecoveredbynanohltrationandwassubsequentlyreused・The

fburth-generationdendriticcatalystcouldbeusedfburtimeswithoutdeactivation(Scheme3).

Scheme3

2(G"nEGD+AuCI(SMe2)
○

(0.5mol%Au,RAu=1/1)
、、／、〆○H jkzー/OH

CF3SQH

卜hO,It,14h

G1G2G3G4G4G4G4

Yield(%)938 9 8 6 8 9 9 0 9 3 9 1

Regf'e2nd3rd

Refrence

l)K・FUjita,TMulaki,H.Ihttori,TSakakura,Zb"ﾉ7eめり"Le",47,4831-4834(2006).

2)T.Mulaki,K.FUjita,M.KUjime,.IOIgCJIe"7.,72,7863-7870(2007).
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TheTEI-EOO526ofourdevelopingactiveingI℃dienthasbeendiscovel℃dasahighlyactivecompound
havingaMCP-11℃ceptorantagonistactivity・lthasbeenwidelyknownthataMCP-1,akindofchemokines
inducesvariousinflammatolysymptomswhenitbindstothereceptoltlnthisrespect,wemayexpectthatthe
TEI-EOO526willbeagoodcandidateasathelapeuticdrugfbrinflammatoIydiseasesthankstoitsMCP-1
1℃ceptorantagonism.

WehaveinitiatedtodesiglthemanufacmringprocessoftheTEI-EOO526.

Attheearlyprocessdesigninthedmgdiscovelystage,acolumnpurificationprocedurewasI℃quil℃dateach
synthesisstepfromtheintennediatetothefinaldrugsubstance.However;wehavesucceededindispensing
withthecolumnpurificationproceduI℃byfbmingahydrochloridesaltQ)ofeachintennediateandby
purifyingthehydrochioridesaltunderclystallization.ConsideringthattheTEI-EOO526isliableto
decomposeinahotsolution,insteadofaconventionalclystallizationprocedure,weapplythecrystallization
processwhereatalgetcompoundisclystallizedwhilethehydrochloridesaltsolutionisneutralizedwithan
addingalkalinesolution・Moreov"wehavesucceededindispensingwiththeisolationprocessbyusinga
commonsolventovertheentirereactionsteps.(Routel)

皿R⑨凹也1

E唾I･HCI

HOBt･H20
E,N
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HO八一NHB◎c
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Ｆ
２
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Inthecourseofourprocessdevelopment,weencounteredtheibllowingproblems:exPensive
2-amino-5-trinuoromethoxybenzoicacid(Z)wasneededfbrthisprocess,andtracesofmanyimpurities
probablyattributedtothecondensationagent{1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride}orthereactionauxilialyagent(1-hydroxybenzotriazolemonohydlate),whichweI℃usedat
thereactionprocesses,wel℃contaminatedintothefinaldrugsubstancebulk.TbsoIvetheaboveproblems,
wechallengedtheimprovementofthereactionprocessfbrthedrugsubstance.

Firstly5wehaveestablishedthesynthesisroute(Route2)atwhichinexpensive3-trinuoromethoxybenzoic
acid(a)isusedasthestartingmaterial.Becausetheexpensivematerials(l)and(4)al℃usedatthelatter
stepsofthesynthesisroute,wecanexpectacostbenefitwiththissynthesisroute,Besides,duetothehigh
cIystallizationpotencyoftheintennediates(lQ)and(lZ)havingnitro-groups,theI℃cIystallizationproceduI℃
canbeperfbnnedeiYbctivelyandthushighqualityintennediatesareproducedinthissynthesismuに．

Atthehydrogenationreactionbetweentheintennediates(lZ)and(la)whel巳deproctionand
nitro-reductionwereperfonned,severalkindsofimpuritiesweregenerated・Tbreducesuchimpuritieswe
examinedtoaddappropriatesubstancessuchaspalladium-carbon,acidetc,andfinallyreachedthe
applicablel℃actionconditions.

Forthecouplingl℃actionbetweentheintennediates(E)and(4),whichisthefinalsynthesisstep,wehave
establishedthereactionconditionsunderwhichanyreagCntsthatmaypotentiallylemaininthefinalbulkare
excluded.
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Basedontheabovestudies,wehaveestablishedtheseverallOO-gscalesynthesisroutefbrtheTEI-EOO526
bulktosuchalevelthatthetotalyieldis65%andpurib'is98.8%・Wehaveconfinned,throughaseveral
kg-scalerun,thattherewasnospecificproblemintheoperationperfonnanceandsafetyofthissynthesis
process･
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NewSyntheSeSofDialylKetonesandDialyll,2-Diket0nes:NucleophilicAroylatiOnwith

AIylaldehydesbyⅣとHeterOcycliCCarbeneCatalysis
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SchoolofPhannaceuticalSciences,UniversityofShizuoka

52-lYada,Sumga-ku,Shizuoka,422-8526,Japan

suzuyumi@u-shizuoka-ken.acjp

ノVLhetemCycliccarbenes(NHCs)playanimportantroleasorganocatalystsinanumberofIeactions.1'2

BesidesthewidelyknownbenzoincondensationandStetterI℃action,theuseoftheNHCsasorganocatalysts

hasrecentlybeenextendedtoavarietyofreactionssuchastransesterification/amidation,livingring-opening

polymerization,andhomoenolatereaction.

WehaveemployedtheNHCsascatalystsfbrthenucleophilicsubstimtionofelectron-deficient

haloheteroarenes,IVEphenylimidoylchlorides,andnuorobenzenesbearingelectron-withdIawinggroups.31n

thissubstimtion,thehalogensubstimentsofthesecompoundsarereplacedbyaroylgroupsoriginating廿om

aldehydestoaffbrdketocompounds.Wefbundthereactionisausehlltoolbrthesynthesesofdiaryl

ketonesanddialyll,2-diketones．Me

0

'一

〔夢’1.SynthesiSofdiarylketones

benzaldehydeZausingtheNHCderivedfifomoaN~､rXNaHo2Nc5oHcO－聖-陸→ThenucleophilicaIyolationoflwith

benzaldehyde2ausingtheNHCderivedfromNaHo2N1 2 aDenzaluenyue&aUSmgmelwnしqerIveuIroml2a 4a

3aafFolds4-nitrobenzophenone4a(Scheme
Me Me Me

l).4Itisconsideledthatthereactionpathway_",_"."_#｡､_jN＋1NAFCHONSfl-NaH-N.Ar-cHo-N.pH

〔》且一〔>:－〔〉=<‘includesthe"Breslowintennediate,'''asinthe
N~N~N
1、､

benzoinandStererI℃actions. 3aMe Me Me

NHC
B尼s1owin幅『medi且↑鰹

Wehaveexaminedthearoylationof

nuorobenzenesusingimidazoliumsaltswithSchemel.NucleoPhilicaroylationof4-fluoronitrobenzenel.
p

varioussubstituentsasNHCprecursorsinordertoimprovetheyieldsandI℃ducecatalystloading・The

reactionoflwithZawascarriedoutusing30mol%of3aastheNHCprecursorandsodiumhydrideat

-15｡CuptoroomtemperamreinDMF(Thblel,entlyl).TheNHCwasgeneratedinsituandcatalyzedthe

reactiontoaffbrd4ain66%yield・Thereactionsusingtheotherimidazoliumsalts3I%fwel℃alsoexamined

underthesamereactionconditions(entries2-6).Itwasexpectedthattheelectron-donatingeffbctofthe

methylgroupsatC-4andC-5ofimidazol-2-ylidenewouldincl℃asethenucleophilicityofthecarbenecenter

andacceleratethereaction.Infact,thereactioninthepresenceoftheNHCderivedfi･om

l,3,4,5-tetramethylimidazoliumiodide3fyielded4aquantitatively(ently6).Whenthecatalystloadingwas

decreasedtolOmol%,thereactionusing3fproceededin81%productyield(ently7).Evenwithlmol%of

3ftheproductyielddidnotdropsignificantlyand4awasobtainedin79%yieldunderthesamecondition

(entIy8).
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Tablel.Benzoylationoflusing3a-fasNHCprecursors.
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－
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2．Synthesisofdialyll,2-diketones

Diaryll,2-diketonesarevelyimportantintennediatessincetheyserveasbuildingblocksfbrthesyntheses

ofbiologicallyactivebiarylheterocycliccompounds・Thesynthesisofdialyll,2-diketones9,10was

examinedthroughNHC-catalyzedaroylationofMalylbenzimidoylchlorides5,6witharomaticaldehydes2,

fbllowedbythehydrolysisoftheproducts.

Chlorides5,6weresynthesizedfi･omthecoITespondingbenzanilides.Thearoylationof5,6with2was

can･iedoutusing3mol%of3ainrenuxingTHFtoaffbrdaとketoimines7,8ingoodyields(74~91%).The

treatmentof7,8withlO%HClyieldeddialyll,2-diketones,inmostcases,quantitativelyb
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一
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一
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Ｒ
Ｒ

■
。
■
●

７
８OHC－Ar

2

InsummaryうwehavedemonstratedthattheNHC-catalyzedaroylationisusefillfbrthesynthesisofdialyl

ketonesanddiaryll,2-diketones・TheNHCderivedffoml,3,4,5-tetramethylimidazoliumiodideexhibiteda

highcatalyticactivityfbrthearoylationofnuorobenzens.
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RecentlybeffoItsinprocessminiamrizationandmicroreactiontechnologyhasshownopportunityfbr

conductingchemicalprocesseswithpotentialdangersafely-suchasdiI℃ctnuorinationwithgasphase

fluorine,ozonolysis,synthesisofintennediatesofexplosives,aswellasgasphasehydrogenoxidation

reaction・ThesesafetycharacteristicsofmicrofabricatedIeactorcanbeattributedtorapidheat

dissipationbythefactor･oflOO,pI℃ventingthegenerationofhotspotduringreaction,owingtohigher

surfacetovolumeratiocomparedwithconventionalreactors.AIso,microstrucmreinsidethereactor

helpsgeneratehighinterfacialaIBabetweengasandliquid,whichpromotesmasstransfef

Theauthorhaddemonstratedtheeligibilityofmicrol巳actortecmologbyhydrogenperoxidesynthesisvia

directcombinationbetweenhydrogenandoxygen・Thisreactionismultiphasereactionamongthe

reactantgases,thereactionsolutionandcatalyst・Theapplicationofthemicrol℃actortechnologwasso

advantageousthattheexplosivereactionbetweenhydrogenandoxygendidnotoccurevenusingthe

explosivecontent,aswellascoexistenceofpalladiumcatalystthatcouldignitetheexplosion(Figurel).

Weregardthatthenatureofthistechnolo圏§suchasIapidheatdissipationandthesuppressionofradical

propagationreactionintheexplosivehydrogenoxygenmixmre,workedbenefIciallyinconductingthe

reactionsafely.Theauthoralsosuccessfilllyanalyzedthereactorperfbnnancefbrtheefficiency

estimationofmasStransferfiPomgastoliquid・TheoverallmasstransfercoeHicient(Kiqj)fbrhydrogen

wasestimatedtobe3､8,whichshowsmoreefficientmasstransfercompa1℃dwithconventionalreactor

technologies.'
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Figurel.Comparisonofthereactorperfonnance
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Basedontheseresults,weconductedthereactionbyglassfabricatedreactors・Asitistransparent,flow

regimeinsidethereactorcanbeeasilymonitoredduringthereaction,whichiscrucialfbrthereactor

perfbnnance.AIsoglassasthereactormaterialhasbeenprovedbythefinechemicalprocesses,asa

goodexamplebyLonza'sc-SSPprocess.2Microchannelswerefabricatedbythecombinationof

chemicaletching(InstimtefbrMicroTbchnology(IMT),Japan)andmechanicalmachining.Chemical

etchingwassuitablefbrchannelfabricationlessthanlOOmicrometerwidth,whilemechanicalmachining

issuitablefbrlargerchannelswithmorethan200micrometerwidth.Oncemicrochannelsaswellas

inlet/outletholeswerefabricatedonglasswafers(30mmwidthX70mmlengthXO.7mmdepth),each

waferwasthennallybonded(IMT).Catalystwasloadedintothechannel(600micrometerwidthX300

micrometerdepth)bysluny.TheoverviewofthereactorisshowninFigure2.

H 2.
「言－，－下、｢弓一

‐ －

■
旺
局
【
唾
■
『
汀

Figure2.ThereactorusedfbrtheH2-O2

reactionintheexplosivecondition

ｅ
Ｏ

Ｒ
Ｓ

ーー

q

■■■■■■■

O2H2ﾉ(H2+02)=0.2-0.4

Wefbundthatthegapofchannelsizeiscrucialfbrthereactordesign,especiallyfbrvalidatingpropergas

-liquiddistributionintothereactor.WhengaschannelwasmorethanlOOmicrometerwidth,theflow

regimewasunstablebecauseofthecrosstalkbetweengasandliquiddispensingchannels,causingpulsing

flowintothecatalystbed.Thecrosstalkbetweenthegas-liquiddispensingchannelwassignificamly

improvedwhenthewidthofgasinletchannelbecame50micrometer(depthofthechannelbecame25

micrometerbecauseofthegeometricalcharacteristicsofwetetching).Asthebothofgasandliquid

flowsarepressuredriven,weregardthatthedifferenceofpressuredropbygasandliquidisresponsible

fbrthiscrosstalkissue.3Gaschannelsshouldbenarrowenoughinordertocompensatethepressuredrop

differencebetweengasandliquidchannel.

Wecouldsuccessfilllyachievethehydrogenperoxideconcentrationmorethan2wt%asthepreliminaly

results,whileitwasaroundlessthan0.2wt%inthepreviousresults.Theadvantagesofthemicroreactor

technologybasedprocessaswellastheresultsofproductivityintensificationwillbedisclosedonsite.
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SynthesisofBenzazoles
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Substimtedbenzazoleisastnlcturalmotifthatisseeninmanyphannaceuticallyandbiologically

interestingmolecules.Althoughthewidespreadimerestmbenzazole-comainingstructureshasprompted

extensivesmdiesfbrtheirsynthesis,pmcticalsyntheticmethodstoaccessthisclassofmoleculesarerather

limited・hthispostersession,wewouldliketopresentourl℃cemfindingsonpracticalsynthesisof

benzothiazolesandbenzimidazoles.

ANovelPracticalSynthesisofBenzothiazolesviaPd-CatalyzedThiolCross-Coupling'

RecentlyiwehavedevelopedthePd-catalyzedcross-couplingreactionofarylbromde/trinatesand

alkyl/arylthiols.Wehavealsobeeninterestedmdevelopingprotocolsthatwouldallowfbrthe

preparationsofarylthiolsftomarylhalidesviaathiolsun･ogate・hthemtialsmdyfbrthepreparationof

sulfide,wecardedoutthereactionof2'-bromoacetamlidelwithaverymexpensiveandodorless

2-ethylhexyl3-mercaptopropionateasathiolsurrogatecatalyzedbyPd2(dba)3/XantphostoafFordthe

correspondingsulfide2(Schemel).Theresultingsulfide2wastreatedwithNaOEtatroomtemperamre

toaffordthecorrespondingsodiumthiolate3fbllowedbyheatingatrenuxtofbrm2-methylbenzothiazole

4in82%yieldviaintramolecularcondensation.

Schemel.

H

NTMeo BrO

1

O

["
HSﾉーﾉL

｡T､へ
Pd2(dba)3,
Xantphos,FPENEt,
tOluene,110･C ｜|＊了儲＊

NaOEt
一

3 4

Various2-bromobenzanilideswasconvertedintothecorrespondmgbenzothiazolesingoodyieldsviq

Pd-catalyzedC-Sbondfbnnationfbllowedbydeprotectionandthecondensation・TheyieldsofC-Sbond

fbnnationdidnotdependonthesubstrates;howeveI;theyieldsandtheconditionsofthemtramolecular

condensationdependedonthesubstrates・Thesubstmtespossessmganelectron-deficiemorneutral

carbonylgroupofamidesrapidlycyclizedunderbasicconditionsatrenuxtemperature・Whentheamide

waselectronrich,ontheotherhand,theyieldofthecondensationunderbasicconditionswasquitelow.

Thebasiccondensationsofsomeanilidespossessingelectron-withdrawinggoupsonthebenzenering

werealsosluggish.Unlikethebasicconditions,theacidicconditionsweremoreeffective(shorterl℃action

timeandhigheryield).Itwasfbundthattrinuoroaceticacid(TFA)wasthebestreagent.Detailswouldbe

discussedonthepostersession.
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SynthesisofsubstimtedbenzimidazolesviatosylationofN-arylamidoximez

Themostcommonlyusedstartingmaterialstosynthesizebenzimidazolesareor"o-aminoanilines,and

theseaminesareeithercondensedwithcarboxylicacids(ortheirsyntheticequivalents),orreactedwith

aldehydesinthepresenceofanoxidant・RecentpublicationshavesynthesizedthesemoietiesWntransition

metalcatalyzedaminationofo〃ﾙo-haloanilinederivativesasthekeyreaction・Themaindrawbackofthese

proceduresistherequirementofo〃ﾙo-substitutedanilmes,andtherebylimitsthediversityoftheavailable

startingmaterials.Webecameinterestedindevelopmgapracticalandeffectivepathwaytobenzimidazoles

whichdoesnotI巳lyonsubstitutedanilines・Wewereparticularlyinterestedmthereactioninvolving

nitreneprecursorintermediate5(Eq.1).ItisreportedthattwomodesofI℃actioncanbeenvisionedfbrthe

intennediate5.Firstly5cyclo-a-eliminationwhichgivesthedesiredbenzimidazole(patha),andsecondly;

reaITangementleadingtothecarbodiimide(pathb),andthemodeofthereaction(pathavs.pathb)is

influencedbytheleavinggroupontheamidinemtrogen.Inordertogetfilrthermsightsthisrelationship,

weenvisionedthatMarylamidoximesareexcellentsubstratessincethehydroxygroupoftheamidoxime

couldbeeasilymodified.Marylamidoximescanreadilybepreparedbyreactionofanilinewitheither

imidoylcholoridesorwithnitrileoxides.

‐《=》些
O美N× 醗・

bwN.-X

5

0－ぐp

l窯｡癌皐､"，
Westartedourinvestigationusing"hydroxy写ⅣZphenyl-2-pyridinecarboximidamide6asthe

startingmaterial,whichwasobtainedm92%yieldbythereactionofanilmeand

Mhydroxy-2-pyridinecarboximidoylchlorideinthepresenceofTEA・Thehydroxygoupofthe

amidoximewasconvertedtoseveralleavinggoups"s"",andsubsequentreactiontoyieldthe

benzmidazoleproceededwithoutfhrthertreatment.Amongtheconditionsweinvestigated,tosylationwith

Tb20inthepresenceoftriethylaminewasthebest,andgavetheproductin96%yield.

掴lo"豐宴”ONXo㈱獄
妙一H
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RapidParallelDevelopmentfOrThreeAdenosineA1/A2aReceptorAntagonists
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Compoundsl~3,theadenosineAl/A2areceptorantagonists,arechosenfbrthedevelopment・Forthe

selectionofthebestcandidate,kgsamountofeachcompoundwasnecessaryinashortperiodtohavealong

tenntoxicsmdy・First,consideringthestrucmralsimilarityof2and3,weconcludedtoadopttheirmedicinal

divergentroutefbrthefirstsamplemanufacmring・Ontheotherhand,wehadinventedanewDAPA
〃

(2,3-diaminopropionicacidhydrobromide)routefbrl,whichisapplicabletofUturecommercialization.As

aresultoftheserapidparallelprocessdevelopments,threecompoundsbecameavailableveryquickly.Atthe

secondstage,wedevelopedanewDAPAroutefbrZand3・Wewillpresenttheeffectivenessofthege？

approachesattheearlystageofprocessdevelopment.

嶮削又NH霞N又N剛兵M
FR277446(1)FR294063(2)FR295854(3)

ThemedicmalchemistIysynthesisofcompoundlwas6stepsandsummarizedmSchemel・Inthe

thirdstep,hydrogencyanidewasevolved.TheuseofDDQandhightemperamredecarboWlationwere

otherissues・Variousattemptsweretried,andanewsynthesisviapyrazmefbnnationusingDAPAwas

fbundandsummarizedinScheme2.Thoughtheisomerratiowas4:1,weinventedahighlye価cient

separationprocedurebasedonthedifferenceofpHdependentsolubilityprofileoftwocompounds.
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NH2・HBr

H2N､J､6b2il
DAPA

“･璽c兵M
1，Et3N,MeOH
－

2．I2
㈱｡量cてM＋

4：1）
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ザ

DPPA,Et3N
-

旧uOH,toluene

Ｎ
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ｔ

ｌ
州
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1

SchemeZScale-upsynthesisofFR277446(1)

Forcompound2and3,wehavechosendivergentmedicinalroutefbrthefirstscale-up,becauseitcould

delivertwocompoundsfTomacommonintennediatequickly(Scheme3).Themedicinalroutesuffered
'

fiPomseveralproblemsfromaviewpointofmdustrialmanufacmring.So,wetriedtoapplythenewDAPA

routefbrthesynthesisofthesecompounds.Thoughtheselectivityofthetwoisomersneededfilrther

optimization,wedevelopedapracticalchromatography-freeprocessinaveryshortperiod(Schemefl).
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Scheme3・MedicinalchemistrysynthesisofFR294063(2)andFR295854(3)
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WaterremovalprocessoftenplaysanimportaantroleamongoIganicchemicalprocesses,andpervaporation

(PV)byoIganicand/orinoIganicmembranesisattractingattentionsasanaltemativeofdistillation,

especiallyhandlingazeotropes.Chemoselectiveperfbnnanceismandatolyfbrsepalaatingazeotrope,and

zeolitemembraneshavebeenprovedtobecapablefbrdehydrationfi℃mloweralcoholscomparedwith

polymermembranes.Still,chemicalstabilityshouldbeintensifiedfbrextensiveuseofzeolite

membranesamongchemicalprocesses,especiallyacidtoleranceaswellashydrothermalstabilityfbrlong

tennoperation.'-3

Recently>wesucceededinpreparinghydrophiliczeolitemembrane(CHA,MERandPm)withacid

tolerance,sothatwecouldconductdehydrationreactionsassistedbypervaporationviathesezeolite

membranes・ThemembraneswepreparedwerebasedonMerlmoite(MERSi/AI=2.34),Phillipsite

(Pm,Si/AI=2.34)andChabazite(CHA,Si/AI=2.34).Allwerepreparedinourlaboratolyby

secondalyzeoliteclystallinegrowthonmullitembings.Weinvestigatedpervaporationperfonnancesof

thesezeolitemembranesanddehydrativecondensationreactionswithacidcatalysts・PVperfonnancesas

wellascondensationreactionswereconductedbelow323K.4.6

TablelshowsthecomparisonofPVperfbnnanceamongzeolitemembranesfbrequimolarmixmreof

estercondensationreactionsolutionat313K.CHAmembraneandMERmembraneexhibitedexcellent

dehydrationpropeltiesfbrbothnuxandwaterselectivityamongthesemembranes・Pmmembranealso

showedgooddehydrationpropertylanditsdevelopmentwillbeupdatedinourplesentation.

TablelPVperfonnanceofzeolitemembranesat313K

Membranespeciestotalinitialflux(kgm~2h~')Separationfactorq

CHA*

MER*

P田＊

MER**

0.383

0.178

0.131

0.211

500

1800

24

25

*Initialfeedcontentwasequimolarmixtureofaceticacid,ethylacetate,ethanolandwater・Separation

factorqwasdefinedas(watercontentinthepenneate/oIganiccontentinthepenneate)/(watercontent
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inthefeed/organiccontentinthefeed).**Initialfeedcontentwasequimolarmixmreofmethanoland
watem

Figurelshowsthereactionprofileinthebatchreactors. PVbyCHAmembranespromotedmethyl

acetateyield,whoseeffectbecamevisiblefi･om6-8hoursafterthereactionstarted,andtheesteryield

reached98%,exceedingtheequilibriumyieldbynearly25%・Conventionallyjmethylacetatehasbeen

producedbyEastmanProcess,inwhichreactivedistillationremovesmethylacetateoutofthereaction

system. Inthiscase,theproductshouldbevolatileenoughcomparedwithreactants(methanoland

aCeticacid)andotherproduct(water),whichlimitstheavailabilityofreactivedistillationprocessfbrother

methylestersyntheses・Onthecontrary,PVaidedprocessremoveswaterffomtheI巴actionsystem,

whichvalidatesthewidelangeavailabilitycomparedwithconventionaI1℃activedistillationprocess.At

thesametime,itshouldbenotedthatacidtoleranthydrophiliczeolitemembranesaIestronglyfavoI巴dmr

thisprocess・AswediscussedinPVperfonnancesofzeolitemembranes,somezeolitemembranes,such

asourCHAand/orMERbasedmembranes,exhibitexcellentpennselectivityofwaterevenfi℃m

wateFmethanolmixml℃.Suchselectivityishardtoachievefbrpolymerbasedconventionalmembranes.

100

Figul℃1．PVassistedstoichiometricester

condensationleactionbetweenmethanolandacetic

acidat313K.PVwasconductedusingCHA

membrane・Blanktest(non-PV)wasaisoconducted

(o),withthesameconditionexceptPM
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Inl998,wereportedthedihydmxylationofvariousalkenesusingpolysWrene-microencapsulated(PS-

MC)OscatalystwithNLmethylmomholineMoxide(NMO)asthecooxidantinH20/acetone/CH3CN

(1:1:1).'SinceinitialattemptstoutilizPS-MCOsfbrasymmetricdihydmxylationwereunsatisfactoryj

theaclyronitrile-butadiene-polysWI℃ne(ABS)polymerwasfbundtobeeffective.2Next,weindicatedto

useK3Fe(CN)6asacooxidant,sinceNMOrequireslowadditionofthesubstratetoprevemthesecond

catalyticcycleleadingtolowenantioselectivity.3Wefbundthepoly[4-(phenoxyethoxymetlWl)sWrene-co-

sWrenel(PEM)andcross-linkedpolysWrene(PSresin,cross-linkedbylmol%1,4-divinylbenzene)was

effectiveasthepolymersuppolt.4AsymmetricdihydIDxylationofvariousalkenesusingPEM-MCOsor

PSresin-MCOs,bis-cinchonaalkaloidasaligand,andK3Fe(CN)6asacooxidantinwaterinthepresence

ofTriton@X-405wereaffbrdedthedesiI℃ddiolsingoodyieldswithhighenantiomericexcess.HoweverB

inthesecatalysts,enantioselectivityofthepr℃ductsweresometimeslowerthanthatofthereportby

Shamlessαα1.5

Ontheotherhand,I℃centlywedevelopedanovelmethod"thepolymerincarcerated(PI)method"fbr

immobilizationofmetalcatalystsusingepoxide-containingcopolymeI;whichisbasedonmicro-

encapsulationandcross-linking,andsuccessfUlinimmobilizinghighlyactive,metal-basedcatalysts.6

Inthistime,wesynthesimdpolymerincarceratedosmium(PIOs)catalystandthissystemappliedto

pmcticalasymmetricsynthesisofcamptothecin.7PIOSwaspIBparedfromcopolymer(亜騨I)andOsO4in

aTHF/MeOHsystemasshownin此"ewMI.

此〃emel.砂"肋“応〃PI"α如加仏

OSO4
＋

copolyIWr
THF:MeOH=4:1

rt,3days

coacervationcmss-linking

120-130｡C
2-3h

回

Weexaminedasymmetricdihydroxylationofstyrene(2mmolscale)usingPII～PI30sctalysts・The

reactionwerecaITiedoutusingPII～PI30s,(DHQD)2PHAL(5mol%each),K3Fe(CN)6ascooxidant,

K2CO3inHzO/alcoholsoIvent(Zhb"I).EspeciallybthecombinationwithPl,andlPA/H20afFHorded

desireddiolin82%yieldwith97%ee,andwasreusedthreetimeswithoutleachingofOsandlossof

ctalyticactivity(2nd:81%yield,97%ee,3Id:81%yield,97%ee).
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Attheposterplesentation,wewilldemonstrateplacticalasymmetricdihydroWlationofcamptothecin

kWimennediate.
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2.Kobayashi,S・;Endo,M.;Nagayama,S..I4"1."em."c.1999,ノ2ﾉ,11229-11230.

3.Kobayashi,S・;Ishida,TX;Akiyama,R､OIgLe".2M1,3,2649-2652.

4.(a)Ishida,T;Akiyama,R.;Kobayashi,S.刈血＄""〃.Qzf2003,3",576-579.(b)Ishida,'n;Akiyama,R.;Kobayshi,S."du

⑯”ん.Cqf2005,347,1189-1192.

5.Forleviewsonasymmetricdihydroxylation,see:(a)Kolb,H.C.;VanNieuwenhze,MS.;Sharpless,K.B.Cﾉie醜.Rey.1994,94,

2483-2547.(b)Jomson,R.A.;Shamless,K.B.InCamb'riCA母〕""me"jc砂"的esjS,2ndedn.;Qjima,I.,Ed.;Wiley-VCH,

Weinheim,2000,pp357-398.

6.Akiyama,R.;Kobayashi,S..X44腕.Che".Wc.2"3,ノ25,3412-3413.

7.Forleviewsoncamptothecinandit'sderivatives,see:(a)Du,W7E"qjie(加"2003,39,8649-8687.(b)Wall,M.E・;Wani,M.C.

In7Vie4"ん雄;Cordell,G.A.,Ed.;AcademicPIEss:SnaDiego,CA,1998;Wl.50,Chapterl3,pp509-520.(c)Hmchinson,

C.R.7brmheめり〃1981,37blO47-1065.
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BasicStudyonSeparationbyMildAdsorptioninSupel℃ritiCalCO2

KazuyukliChihara,*MaiHikita,ThichiWadaandRyotaSuzuki
DepartmentoflndustrialChemistIy,MeIiuniversity;

1-l-lHigashi-mita,Tama-ku,Kawasaki,214-8571,Japan
chihara@isc.meiji.acjp

1.Abstract

AdsorptionofaromaticoIganicsonactivatedcarbon,MSCandsiliceousYEtypezeoliteinsupercritical
COznuidweremeasuI℃d,usingasupercriticalfluidchromatograph.Chromatographiccolumnswere
assumedtobepackedbedsofsphericalparticlesofadsorbentshavingbidispersedporestrucmre.Moment
analysesofpulseresponseofaromaticorganicswe1℃perfbnnedtogettheappal℃ntadsorptionequilibrium
constantlK*fromtheretentiontimeofresponsepeaksandthemasstransferstepswithdiffIlsivityinmicro
porefromsecondcentralmomentofresponsepeaks・Futhel;comparisonoftheseadsorptionpropertiesof
F400,MSCandPQ-USYwastried.

2.1ntroduction

SeparationbymildadsorptioninsupercriticalCO2mightbesuitablefbrseparationorpurificationof
medicalcompoundsormedicines・Recovelyafierseparationmightbealsofeasible,becauseCO2wouldbe
vaporizedeasily.
ManyoIganicsshowsmoderateadsorptmpnactivatedcarbon,MSC(molecularsievingcal.bon)andhigh
silicazeOliteinsupercriticalCO2nuid')2)3)4)5).ItisrathereaSytochangetheiradsorbabilitybychanging
temperamreorpl℃ssureofsupercriticalCO2nuid,becauseofthechangeofsolubilityandcompetitive
adsolptionofCO2.Andofcourse,highdiffilsivityinsupe!℃riticalCO2fluidisoneoftheadvantages.

ggejii:@W･襯駕蹴鯏｡i淵:謡W臘霊謡，嚇謡謡p翔蝋蝋;｡淵語:ic:
supel℃riticalCO2fluida1℃requiredfbrdesigningsuchprocesses.
How@Y"thereseemstobedifferentaffiniWtovariousorganicsfbrtheiradsorbabilityinsupercriticalCO2
fluid')2)3)●

Inthisstudy;adsorptionofarOmaticorgamcsonactivatedcarbon(FILTRASORB400,Calgon
Co.),MSC(Thkeda~chemicals)andsilibeousYetypezeOhtemSYbyPQCo.)insupercritibal
CO2nuidweremeasured,usingasupercriticalnuid(SCP)chromatograph.Recentlyiagood
3nalyticalapparatus,so-canedsupercriticalfluidchromatographwascommercialized
(JASCOCo.).ChromatographiccolUmnswereassumedtobePackedbedsofsphericalof
adsorbentshavingbidispersedporestructurewithasizedistributionofthemicroparticles.
Momentanalysesofpulseresponseofaromaticorganicswereperformedtogettheapparent
adsorptionequihbriumcontact,K*fromtheretentiontimeofresponsepeaksandthemass
transferstepswithdiHilsivityinmicroporehfomsecondcentralmomentofresponsepeaks.
FutherlcomparisonoftheseadsorptionpropertiesofF400,MSCandPQ-USYwastried.
Here,wedidn'taccountfbrthecompetitiveadsorptionofCO2,thoughthephenomenais

co-adsorptioninprinciple・Thisco-adsorptionproblemneedsinvestigationinthefilture.
Thereisdif6cultiesfbrseparatingtheeffectofsolubilitychangeandadsorbabihtychange・At
thismoment,adsorptionofaromaticorganicsarecomparedanddiscussedwithtemperature
andpressureordensityofCO2,asconditionparameters.Howeverlinpracticalsense,there
hundsomedifbrencesbetweentheseadsorbents.

3.Comparisonbetweenadsorbents

B鮮話淵辮酬i電r､鯉嫌riM撫柵調c器w翌s椴撫鮒卿職
understandable.

Bothfiguresincludeshydrophilicandhydrophobiccompounds.BothPQ-USYandF-400orMSCare
thoughtobehydrophobicadsorbent・F-400orMSCshowsaffinityfbrhydrophobiccompounds.Though
PQ-USYshowsaffinityfbrhydrophiliccompoundswithsomespeciaiselectiviO'.Thatmeanssomespecial
fimctiongroupmaycontributetotheaffinity.
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4.Conclusion

Theadsorptionequilibriumconstants,K*,andmicroporediffilsivitybTheadsorptionequilibriumconstants,K*,andmicroporediffilsivitybD,fbrvariousaromatic
compoundsinsupercriticalCO2fluidwereevaluatedbychromatographicmeasurementandmoment
analysis,between313and353Kandbetweenl5・Oand25.0MPa,ThecomparisonofF-400,MSCand
PQ-USYwasdoneasadsorbents.
AllofF-400,MSCandPQ-USYadsorbentsshowsratherhighadsorbabilitywithmeasurable

adsorptionrateinsupercriticalCO2nuid・Howevertheaffinityofeachadsorbentsisslightlydiffel℃nt.It
needfbroptimizingsomeseparationprocesstoselectadsorbents.Thispapershowssometendencyof
affinityfbraromaticcompounds.
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Mild,powerful,androbustacylationsutilizingMmethylimidazole(NMI)-aminecombined
catalystqointactionofamines)

HidefilmiNakatsUji,*MamiMorimoto,KanakoUenoandYboTanabe

DepartmemofChemistIyjSchoolofScienceandTbcmologyKwanseiGakuinUniversity;
2-lGakuen,Sanda,町ogo669-1337,Japan

tanabe@kwansei.acjp

AcylationsarethemostfreqUemly-usedreactionsinorganicsynthesisandprocesschemistry.Wepresem

heree伍ciemacylationspromotedbythecombinedcatalyticbase,Mmethylimidazole(NMI)andamnes

Ooimactionofammes).

の T”の〃＄α〃αα”Jα合y、”α邸⑩
1）

R'COCI+

R'CO2R2MeM7odA

N"､NMeR20H
TMEDA(0.1eq.),.I=J-(0.1eq･),&CO3(1･5eq･)"examples;79-99%

or
or

ノCH3CN,0-5oC,1h
R2R3NH R1CONR2R3

31examples;71-99%(1.5eq.)orMe"1odB

UMe(,seq)
or

R2SHTMEDA(1.5eq.),･I=/
R'COSR2

/CH3CN,0-5oC,1h 10examples;87-99%
一一一一-一一一一一－一一一・一一－－－－－一一一－一一一一一一一．■－－－q■。q■q■ﾛ■一－一一一一一一一’■－－－一一一一一一一一-口一一一一一一一口‐全一q■一口一一一一一一一一一q■一‐‐一一一一一一一-一ー｡q■一口一一一一一一一一一一一一一一一一

<Reac"W

MeihodA{~MEMW
E割enncation

Thioe､enncation

AmideFormatiop雁雨可>MethodB

MethCdB

Meth回dA

RCOCl

RCON芹R3

K2CO3

KHCq+KCI

旨．c「 RRNH[蚕画

Syne唱isticallyactivecombinedamines,NnⅡand"凡ⅣWLTEtramethylethylenediamine

(TMEDA)mildlyandpowerfilllypromoteesterification,amidefbnnation,thioesterificationbetween

acidchloridesandalcohols,amines,thiols,respectively. Highlyreactiveacylimidazolium

imermediatesA('HNWRchaltisdepictedbelow)playakeyrollfbrthepresentreactions.

MethodAusescatalyticNn皿andTMEDAwithlequivofK2CO3,whereasMethodBuseseachl

equivofNMIandTMEDA.AstrikingfeatureisthatMethodBwassuperiortoMethodAfbr

esterificationandthioesterification,whereascost-eHectiveMethodAwassuperiortoMethodAfbr

andefbrmationwithregaradtothereactivitybAmidefbrmationproceededsmoothlyevenfbr

lessnucleophilicandstereocongestedaminessuchas2,6-dichloroanilinecomparedwiththe

conventionalmethods.

ThisprotocolwassuccessfillextendedtoaneHicientwatersolvemmethodfbresterificationandamide

fbnnationbetweenacidchloridesandalcohols(oramines),whereincombiningcatalyticamines,NMIand

TMEDAexhibitedremarkablesyneIgisticactivity.ThepresemSchotten-Baumanntypereactionwas
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apHcomrollertopreventthedecompositionofacidperfonnedbymaintaimngthepHataroundll.5using

chloridesand/orestersandtoftlcilitatethecondensation
J

’

pH
con廿oⅡer

NP､N-Me
TMEDA(0.1eq.),1=/(0.1eq.)

R'CO2R2
20examples;75-98%

Or

R'CONR2R3

16examples;80-99%

R20H

R'COCI+or

R2R3NH KOH(pHcontroller,～pH11.5)

/H20,20-25oC｡additionforlh,
reactionfor30min

〃醜””“""た"Ze"""S"肋"v""o"offfe20esie782)

Usm質猛Cl-NMI-Et3N,6-ketoestersunderwem(E)-selectiveUsmgTbCl-NMI－恥N,I3-ketoestersunderwem(E)-selectivetosylationandusingTbCl-NMI-LiOH

(Z)-selectivetosylation.StereoretemiveNegishiandSonogashiracouplmgsusingenoltosylatesproceeded

successfilllytogivetrisubstimtedq,6-Lmsamratedesters

似りCEAcv""o"ofMｾﾙか""命4cid3)

Meldrum'sacid(1)underwemC-acylationwithactivatedacylammoniumimennediates2derivedfifom

RCOClorRCO2Tb4)tosuccessfilllygivetdcarbonylproduct3.Methanolysisofthe3smoothlyproceed

togivemethylP-ketocarboxylatesingoodyield.!HNⅣ眼andReactlRmonitoringsmdiesstrongly

supporttheexistenceofacylimidazoliumimennediates2.

O
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l)(a)NakatsUji,H.;Morimoto,MjMisaki,王うTanabe,Y正かα力e(加"2007,50,12071.(b)NakatsUji,H.;

Morita,J.;Misaki,T.;Tanabe,YA血助"ﾙ.CQ"12006,348,20m2)NakatsUji,H.;Ueno,K.うMisaki,

T.jTanabe,Y:Oﾉ:gLe"ASAP.Seepresentationposter2P-41.3)UnpUblished.4)Wakasugi,K.;Iida,

A.;Misaki,T;Nishii,YぅTtlnabe,Y｣4dM印""ﾙCq"12003,1209.CommentaryArticle.
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Highlystereocomplementanymethodfbrthepreparationoftri-substitutedolefinsandits

applicationto2-alylcarbapenemsynthesis

KanakoUeno,oHdehnmiNakatsUji,YboTanabe

DeparnnemofChemistIyy,SchoolofScienceandTbchnolOgybKwanseiGakuinUniversity

2-lGakuenSanda669-1337,Hyogo,Japan

tanabe@kwansei.acjp

Cross-couplingreactionsaretheestablishedavenuemrorganic

syntheses.Enoltriflatesaregenerallyusedfbrthispulpose,R'

howeveI;therearetwoproblemsofinstaabilityandhighcostm

viewofthepI℃cesschemistry.T11isdisadvantagefreqUemlyresists

alarge-scalesynthesisofphannacueticals・nlealtemationofR

扉

enoltrinatesfbrenoltosylatesisconsideredtobeoneofthesigm5canntgoal.

の醜Eyでpco"2"た加e"mrVs"肋"MMio〃〃akao""rmI'α"""Ca"O"""=m""伽璽ノゼamio"s

TbsylationandmesylationofalcoholsaI℃wellrecognizedashmdamentalpmcessesinvariousfieldsof

oIganicsyntheses.Wehavedevelopedageneral,robust,andcost-effectivemethodfbrthe(E)-or(Z)-

stereocomplementaIyenoltosylationofP-ketoestersusmgTbCI-邸methylimidazole(NMI)-Et3Nor

LiOHI).TbClcoupledwithNMIfbmedahigmyreactiveMsulfbnylanmoniumimemediateasdepicted

intheNMRmeasuremem.l3-Ketoestersunderwem(E)-selectivetosylationusmgTbCl-NMI-Et3N,

whereas(Z)-selectivetosylationusingTbCI-NMI－LiOH(total23examples;60%-99%yield).

｢雨而5面｝
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Icactivity5cost,andtoxicity[NMI(ratLD50,oral,1130mg/kg)andDMAP(56mg/kg)]・Thepresem

methodprovidesanewavenuefbrpracticalandstereocommlledpreparationofmsubstimtedolenns.
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T11eMerckprocessgroupdisclosedq""-MRSAactive2-aryl-l-P-methylcaIbapenemssuchasL-742,728.

T11ekeystepofthesynthesisutilizesacmss-couplingoftheenoltriflatemtennediatewitharylmetals.
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preparedbythereportedmethodasoudinedbelow､3)nlekeyenoltosylationwassuccessfilllyperfbnned

usmgTbCl-NMI-Et3NorjPIZNEt.T11ecrosscouplingisnowunderinvestigation.
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DevelopmentofaSymmetricTi-ClaisencondensationdirectedfbrprocesSChemistly:

applica伽ntoasymmetrictotalsynthesesoftwonaturalproducts

RyoheiNagase,*MikikoSugi,YUmikoOguni,'IbmonoriMisaki,Yoo'Ianabe

DepartmentofChemistIMSchoolofScienceandTbchnologyKwanseiGakuinUniversityj

2-IGakuenSanda,Hyogo669-1337,Japan

tanabe@kwansei.acjp

TheClaisencondensationisrecognizedasaftmdamentalandusefillC-Cbondfbnningreactionfbr

obtainingvariousP-ketoestersinoIganicsynthesis.OurlongstandinginterestinmildandpowerfillTi-

(orZIs)cmssecfClaisencondensation,'andrelevantaldolandMannichreactions,21edustoextendit
towardthe"y7"腕e〃たTi-Claisencondensation.Thepresentmethodutilizedreadilyavailablechiral

template,1,4-dioxolane-2,'dionesl,whichunderwentacmssedTi-Claisencondensationtogivethe

acylatedproduct2withhighdiastereoselectivity(>95%;all6examples)．Methanolysisof2proceeded

smoothlytogivechilalq-hydroxy-P-ketoesterswithnearlycompleterecovelyofchiralauxiliary.
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Withthisresultinhand,weachievedefficientasymmetrictotalsynthesesofacoupleofbiologically

activenaturalproducts,altemaricacidand(-)-azaspirene,whichhavecontiguousacyclicandcyclic

stereogeniccenters,respectively.

I.Asw""2eか施如"Iw"肋“応0〃舵Jw"ricac雌』

Chiralq-hydroxy-6-ketoester3,obtainedbyasymmetricTi-Claisencondensation,wasI℃duced

diastereoselectivelyusingNaBH4-ZnCl2togivediol4.Analkene-alkynecouplingbetween4and'Bu

'(TMS)-4-pentynoateusingRucatalystproducedester5.4Successiveprotectionof5usingCI3CCOCI-
PyjandprotodesilylationandIBuremovalusingCF3CO2Hgroup,gaveacid7・CLacylationof7with

chiraldihydropyranone8,fbllowedbyhydrolysis,providedaltemaricacid(9stepsandl6%overallyield).

OH

e…CH3RPFGF
－

OH 00
NaBH4,ZnC12482%,>95%de

－

＋ O

／/~ﾉL｡rBu
TMS

CI3CCOCI,py
OIBu-_=-

578％
3

息
ＨＯ

0
0

CF3CO2H

OfBug

,EDCI,DMAP

OH

7699％
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0
OH OOH

2MLiOHaq

－

A“77ar7Cac掴
55％972%in2steps

2．4sy""2"fCsy"肋“な〃〃弓d4Z"p舵"a5

Stereoselectivereductionofchiralu-hydroxy-6-ketoesterlO,fbllowedbyactetonideprotection,gave

esterll.Successivehydrolysisofll,iodo-lactonization,andeliminationofHIusingDBU,produced

lactonel2・Allylicoxidationofl2usingSe20,fbllowedbyNH3treatmentandPPTSdehydration

providedl4.Convex-facereductionusingNaBH(OAc)3,fbllowedbyCICH2CO-protectionofhydroxyl

goup,providedchloroacetatel5.Successivedeprotectionofacetonideofl5andregioselectiveTBS

protectionofthesecondaly-OHgavel6throughl,3-rean･angementofCICH2CO-gorup.Deprotectionof

CICH2CO-,theDess-Martinoxidation,fbllwedbyTMS-protectionproducedthekeyintennediatel8.

DirectTi-aldoladditionusingl8couldintroducethesidechain.DeprotectionofTMSoftheadductl9,

fbllowedbytheDess-Martinoxidationandacid-tl℃annent,constructedthedeSiredspiroringof20.

FinallyjdeprotectionofTBSgroupwithPhCOzH-TBAFreagentsaffbrded(-)-azaspirene(24stepsand
2.3%overallyield).
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Re"e"応α"dCo"di"o"s:(a)NaBH4,ZnCI2.(b)2,2-Dimethoxypropane,H+(81%2steps)．(c)5MKOHaq/McOH.
(d)I2,BnEt3N+CI~,sat.NaHCO3aq.(e)DBU,Ac20(64%3steps).(f)SeO2/Dioxane.(g)NH3/jPrOH.(h)PPTS.
(77%3steps).(i)NaBH(OAc)3.(98%)0)(CICH2CO)20,DMAP,Et3N.(94%)(k)TFA/HzO.(94%)(1)
TBSOTfE2,6-lutidine.(91%)(m)2-Aminophenol,NaHMDS．(n)Dess-MartinOxidation.(80%2steps)(o)BSA,
PyH+｡.OTf(97%)(p)TiCI4-Bu3N,旦昼2,4-Heptadienal.(46%)(q)HF-Pyridine(88%).(r)Dess-MartinOxidation.(s)
TSOH･H20(54%2steps).(t)TBAF-PhCO2H(70%)
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ThecontinuousdiscoveIyofnewandefficientcatalyticI℃actionsisoneofthekeystepsinthe

developmentofsimplerandcheapersynthesesofcomplexoIganicmolecules.Furthennore,a

catalyst-fieereactionismo1℃significantandattractiveinsyntheticoIganicchemistlyfi℃mtheviewpoint

ofenvironmentallyfi･iendlychemistly.Recenteffbrtsinourlaboratolyhavefbcussedonthecatalyst-fi･ee

efficientreactionsindimethylsulfbxide(DMSO).

Silylethersa1℃themostpopularandpromisingprotectinggroupsfbrhydroxylfilnctioninsynthetic

oIganicchemistly.Silylethersarecommonlyobtainedbythereactionofthepalentalcoholswiththe

correspondingtrialkylsilylhalideinthepresenceofstoichiometricamountsofabase.Wediscoveredthat

varioussilyletherswe1℃preparedbythesilylationofalcoholsinDMSO-hexanewithoutcatalyst')

(Schemel).Andfilrthennore,wehavefbundthat(1)cyanobenzoylationofaldehydes,2)(2)

cyanocarbonationofaldehydes,3)and(3)trinuoromethylationofcarbonylcompounds4)wel℃proceeded

velysmoothlyinDMSOwithoutcatalyst(Scheme2).

Schemel.ThesilylationofalcoholsinDMSO

ROH

(R=aryl,alkyl)

＋ TBSCI

3equiv

DMSO

hexane/rt

Scheme2・Ctatlyst-fiPeecarbon-carbonbondfbnningl巳actionsinDMSO

O MS4A

R人H
(R=aryl,alkyl)

＋ BzCN

O

NCCO2R2R,JLH
＋

(R1=alyl,alkyl;R2=alkyl,benzyl,allyl)

O

R1人R2
＋ TMSCF3

(R'=aryl,alkyl,allyl;R2=H,aryl,alkyl)
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DMSO/rt

MS4A

DMSO/rt

MS4A

DMSO/rt

ROTBS

upto94%

OBz

R人CN
upto97%

QCO2R2

R1人CN
uptolOO%

TMS

2×琴R

uptolOO%

(1)

(2)

(3)



Recently;wehavereportedthatHenlyl℃actionofvariouscarbonylcompoundswithnitroalkanes

wasachievedtogivethecoITesponding"nitroalcoholinDMSOwithoutabasecatalyst.5)Moreovel;

1,4-additionofnitroalkanetoαβunsatulatedketoneswasalsoperfbnnedinDMSO(Scheme3).

Scheme3.HenlyI℃actioninDMSO

OH

歩脚｡．R1

O

R1人R2
＋ CH3NO2

(R'=alyl,alkyl;R2=H,alkyl)

MS4A

障

DMSO/rt

upto93%

Q MS 4AR'O

/、ﾉL_,+CH3NO,===-→~O2N~/にﾉLR,R1 R2 DMSO/rt

(R1=aryl;R2=aryl)upto92%

LatestourinvestigationisMichaeladditionofactivemethylenecompoundstoaβunsatulated

carbonylcompounds.Michaeladditionofmalononitriletoenonesalsoproceededsmoothlytoaffbrdthe

correspondingl,4-adductinthepresenceofMS4AinDMSO(Scheme4).

Scheme4・MichaeladditiontoenonesinDMSO

R'O
O

ヘノL_,*<:MR1 R2

(R1=aryl,alkyl;R2=aryl,O-aryl,O-alkyl)

MS4A

DMSOノrt

N C
R2

CN

Lc,c｡"｡h/､L"｣".c."O4-MeC6Hr、ﾉLPh
O O

Ph/、ﾉL4_C,C6H｣ Ph/、人4-MeOC6H4 ﾉ､ﾉL｡E!

98%(12h)96%(12h) 65%(24h)92%(2h)

Thesereactionsshownhereal℃experimentalconvenientandvelyattractivefigomthestandpointsof

greenchemistly,becausetheatomeconomyisextremelyhightoconsumealmostalireagentsundermild

reactionconditions.
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[3+2]Cycloadditionofaziridineswithdipolarophilesprovidesavelyusefillandconvenient

approachtothesynthesisofnitrogen-containingfive-memberedheterocycles,aclassofcompoundsthat

hasfbundextensiveuseasbuildingblocksfbrtotalsynthesesofvariousnaturalproducts・Whennitriles

areusedasadipolarophilefbr[3+2]cycloadditionofaziridines,imidazolinescanbeobtained.

Imidazolinesareversatileintennediatesfbrdesigningmoleculeswithpharmacologicalactivitiessuchas

anticancel;antitumor;andantihyperglycemicactivities.Inaddition,theyhavebeenusedasachiral

auxilialyandanoIganocatalystfbrasymmetricsynthesis.

Thereareseveralreportsconcerning[3+2]cycloadditionofaziridineswithnitrilespromotedby

LewisacidsuchasBF3･Et20,')Sc(OTf)3,2)andCu(OTf)2.3)Howeverthesemethodssufferedfiomlower

yields,theemploymentofmoistulesensitiveLewisacid,andlimitedgeneralityofsubstrates・Onthe

otherhand,BF3･THPhasneverbeenutilizedasaLewisacidfbrsyntheticolganicreactions.

First,weexaminedthe1℃actionof2-phenyl-Mtosylaziridineasamodelcompoundwithacetonitrile

catalyzedbyBF3･THRThecorrespondingimidazolinewasobtainedasasingleregioisomeringood

yieldundertheinnuenceofBF3・THRSowescreenedtheoptimalreactionconditionsfbrthis

[3+2]cycloadditionofaziridines.Andwefbundthatthereactionof2-phenyl-Ⅳ畠tosylaziridinewith

acetonitrilecatalyzedbylequiv.ofBF3･THPproceededsmoothlyat65｡C(Schemel).

Schemel.[3+2]Cycloadditionof2-phenyl-Mtosylaziridinewithacetonitrile.

人NノTSN

胆P

1equiv.

BF3･THP

65｡C/1h

Ｓ

か

Ｔ
ｌ
Ｎ

Ｐ

+MeCN

88％

Next,thereactionof2-phenyl-/VLtosylaziridinewasconductedwithvariousnitriles(Tablel).

reactionproceededmosteffectivelywithaliphaticacetonitrileoraromaticbenzonitrile.

The
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Thblel.[3+2]Cycloadditionof2-phenyl-Mtosylaziridinewithvariousnitriles.

産・”筈禁-｡側兵測ハトP

Yield/%RCN RCN Yield/%

MeCN

EtCN

fBuCN

88

80

73

PhCN

4-CIC6H4CN

4-MeC6H4CN

82

71

78

Finally5wetestedthescopeofthe[3+2]cycloadditionofvariousMtosylaziridineswithacetonitrile

orbenzonitrileasadipolarophile(Table2).VarioussubstitutedMtosylaziridinesreactedsmoothlywith

acetonitrileorbenzonitriletoproduceawiderangeofimidazolinederivativesingoodyields.Inthecase

of2-"-butyl-Mtosylaziridine,thecon℃spondingtworegioisomerswel℃obtainedusingacetonitrileor

benzonitrileasdipolarophiles・Moreovel;itisnotewolthythatthisreactioncouldbecarriedoutunder

openairandinlalgescalesimilarly.

Table2.[3+2]CycloadditionofvariousMtosylaziridineswithnitriles.

Ts Ts

4-CIC6H斧Ⅷ
N

､HF｣ O州
、
／

〆
Ｉ
へ

78%(MeCN,1h)

67%(PhCN,1h)

R

N人N汀。
〉-／

"-C4H9

84%(MeCN,1h)

85%(PhCN,O.5h)

77%(MeCN,0.5h)

84%(PhCN,O.5h)

R

Ts､N人N，＋ RCN-

"J

Ts

N

"C4H"
55％7327 (R=Me,1h)

52％8317 (R=Ph,1h)

Inconclusion,wehavedescribedasimpleandeffcientmethodfbrthesynthesisofsubstituted

imidazolinesusinglequiv.ofBF3･THPvia[3+2]cycloadditionofaziridineswithnitriles.BF3･THPis

fbundtobeavelypromisingLewisacidandvelyeasytobehandled.
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1.Introducti⑪n

AnalysisofthefavorableI℃actionconditionwillmakeasiglificantconmbutionofW/Omicroemulsion

techniquestoapplytoenZymereactionsinthefbodandphannaceuticalindusiries・Thephysicochemical

characterizationoftheW/Omicroemulsiondropletsismajorfactorfbrdetennininglipasereactivity[1].

TheaimofthissmdyistoinvestigatedtheattractiveroleofsugaresterW/Omicroemulsionphaseonlipid

hydrolysisbyC上J"‘抗わrIEnsqlipasetoprovidehighestreactivitybThehydrophobicityofthe

microemulsiondropletandthefluidityofthemicromterfacewithafbcusonhigherIeactionperfionnance

1℃activitywereevaluatedfi℃mfluorometricanalysises.Thefavorablereactionconditionwas

demonstrated.

2.MatenalsandMethods

ThesugaresteI;DK-esteFF-llOwasemployedasanamphiphile,definedasamixtureofsucroseeSters

offattyacidswhosecomponentsarestearicacidandpalmiticacid・TYleDK-esteFF-llO(averageMW=703,

Lot.No.349519)wasprovidedbyDai-ichiKog/oSeiyakuLtd.(Kyoto,Japan).'I11eorganicphaseofthe

W/Omicroemulsionwascomposedof2,2,4-trimethylpentane(isooctane)asamainsolvent,andethanol

andl-butanolasco-solvents.Theaqueousphasewas200mMacetatebuffersolution(pH7.2).Themolar

ratioofwatertoamphiphileintheorganicphase,Ws｡,n(=[mol-H20s｡,n]/[mol-amphiphile])indicatedthe

watercontentintheW/Omicroemulsionolganicphase.Thesolubilizedwatermole([mol-H20s｡,n])was

measuredbyKarl-Fischertitration(MKA-210,KyotoElectlonics,Kyoto,Japan)､

TheenWmaticreactivityofthelipase,Ca""わy･z4gosq(1410U/mg,Sigma-AldrichCo.(Steinheim,

Gennany))inthatsystemwasdetenninedbytheinitialreactionrateofhydrolysisoftriolein・Theincrease

inoleicacidwasmeasuredaccordingtotheLowIy-Tinsleycolorimetricmethod[2].

Thehydrophobicityofthewaterpoolwasdetenninedbythechangeinfluorescencewavelengthof

Coumarin343(MPBiochemicalslnc.,Eschwege,Gennany),whichwasdissolvedintheinsidewaterpool.

ThewavelengthatwhichthemaximumfluorescencestrengthappeaI巳dwasshiftedtoalongerwavelength

rangeasthewaterpoolbecamemorehydrophilic.Theexcitationwavelengthwas435nmandthe

nuorescencewavelengthswere435to600nm,asdetenninedbyapreliminalyexperimentwitha

nuorescencephotometer(HITACHIF-7000).

Thenuidityofthemicrointerfacewasdetenninedbythechangeinnuorescenceanisotropyindicatedby
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TMA-DPH(1,6-Diphenyl-l,3,5-hexatriene-4'-mmethylammoniumtosylate,Fluka,Steinheim,

Switzerland).Theexcitationwavelengthof356nmandthefluorescencewavelengthof432nmwere

employedasmeasuringconditions,asdetenninedbyapreliminaryexperimentwithafluoI℃scence

photometer(mTACHIF-7000)withanautomaticpolarizationdevice(HITACH5JO-0116).

3.ResultsandDiscussion

TheinitialreactionlatebyCt"zCれわJ･z4go"lipasestronglydependedonthewatercontent(Fig.1).

LipaseI℃activiWinc1℃asedwiththewatercontentandleveledoratitsmaximumvalue.Themaximum

1℃actionrateofl-butanolsystemwassimilarwiththatofethanolSystem.Thehydrophobicityofthemicro

waterpoolconsiderablydependedonthesolubilizedwatercontent(Fig.2).T11efluidityofthemicro

interfacedidnotdependonthesolubilizedwatercontent.Thus,theinitialreactionrateacutelydepended

onthehydrophobicityofthemicrowaterpool.ThewavelengthofCoumarin343apprearingthemaximum

initialreactionrawasobtainedinthelimi"dlangeof450to460nm,intheallsystems.

Itwassuggestedthatthephysicochemicalchalacteristicsoftheemulsiondropletstronglyaffectedthe

en可mereactivityand,thehighreactivitywasdecidedbythenuidityofthemicrointerface.
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ITEansanelevationofthehytophinciWL

4.ConCluSion

TheW/OmicroemulsionsystemwaspIpparedbymixingsugarestel;DK-esteFF-llOwithalcoholas

co-soIvents.ThehydrophobicityofthewaterpoolandthefluidityofthemicrointerfaceweI℃analyzed

withrelationtothereactivityofα"加批わγz鱈ひsqlipasesinlipidhydrolysis.

TheIcactionconditionprovidedhighreactivityofhydrolysisappea1℃datthespecificlimitedrange,

satisfiedboththehydrophobicityofwaterpoolandthefluidityofmicrointerface.
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Microalgaearemicroscopicsmgle-cellaquaticplantswiththepotentialtoprDducelargequantitiesof

lipidsthatarewellsuitedfbruseinbiodieselproduction・MicroalgaecanbegrowninaridandSemi-arid

regionswithpoorsoilquality,withaperhectareyieldestimatedtobemanytimesgreaterthanthatofeven

征opicaloilseeds.Algaecanalsogrowinsalmewatel;suchaswaterfPompollutedaquifersortheocean,

whichhasfewcompetingusesinagiculture,fbrestlyW,industmyormunicipalities・AIgaefeedstockreceived

earlyattentionfomtheUSNationalRenewableEnergyLaboratoxymthel980s,andintel℃stmthemhas

recemlyresurgedbasedontheirpotentialfbrcultivationnearpowerplants.Theprimalynutriemfbr

growingmicroalgaeiscarbondioxide,creatinganopportunityfbrdevelopmgimeglaatedsystemsthat

produceoil-richmicroalgaethatfeedontheemissionsofcoal,petroleumandnturalgaspowerplants.

T11edemandofrenewablecombustiblederivedfomvegetableoilsincreasedmthelastyears,andhasled

tothedevelopmentofanumberofprocessesfbrtransesterificationofoilswithmethanolorethanol,

invoIvmgacidicandorbasiccatalysis・Recently,somepapersshowmgtheadvantagesofmicrowave

iITadiatedtransesterificationmethodshavebeenpublishedmtheliterature.However,tothebestofour

knowledge,microwaveirradiationtoperfonnthetransesterificationofalgaloilwithmethanolorethanol

hasnotyetdescribed.

Transesterificationreactionisemployedtoconverttriglyceridestofattyacidmethylesterswhichissimply

aprocessofdisplacementofanalcoholgoupfromanesterbyanotheralcohol.Transesterificationcanbe

perfbnnedviacatalyticornon-catalyticreactionusmgdifferemheatmgsystems.Analtemativeheating

system6smicrowaveirradiation''hasbeenusedintransesterificationreactionsinrecemyears.Whenthe

reactioniscaITiedomundermicrowaves,transesterificationiSefficientlyacceleratedinashortreaction

time.Asaresult,adrasticreductioninthequantityofby-productsandashortSeparationtimeareobtained.

Microwave-assistedextractionisalsoknownasapopularextractiontecmology.ItcaITiestheadvantageof

beingasimpledeviceandhasawideareaofapplication,highextractionefficiency,goodreproducibility,

andlowconsumptionofolgamcsolventsandtimeaswellaslowenvironmentalpollution.

Inthissmdy,effectofmicrowaveheatingsystemontheyieldandqualityofbiodieselobtainedbythe

transesterificationofalgaloilwasinvestigated・Qualityofbiodieselsampleswasalsocomparedaccording

tocatalysttypes・ExperimentswerecaITiedoutinthepresenceoftwodifferentalkalicatalystswhichare
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sodiumhydloxideandpotassiumhydroxide.Effectsofvariousreactionparameterssuchascatalystratio,

reactiontemperatureandtimewereinvestigated・Mono-,di-andtriglyceridecomemofbiodieselwere

detenninedbygaschromatogaphyanalysis.Yieldandpurity(estercontent)percentagesofbiodieselwere

specifiedinweight.Theresultsindicatedthatmicrowaveheatinghaseffectivelyincreasedthebiodiesel

yieldanddecreasedthereactiontime.
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Cな-α,6-UnsaturatedamidesarenotonlyusefUlbuildingblocksinoIganicsynthesisbutalsotheimportant

partsofbiologicallyactivenaturalproductssuchasoximidines,salicylihalamides,andcrocacins.

Althoughitisrathereasytoobtainthethennodynamicallyfavored"α"sisomers,thereareonlyalimited

numberofmethodsfbrpreparingthecAsisomers.WerepoItedtheHorneFWadsworth-Emmons(HWE)

reagents,(diphenylphosphono)acetamidesA(R'=H)reactwithavarietyofaldehydestogivethe

correspondingcis-q,6-unsamlatedamidesinmoderatetohighcisselectivity(75-98%cis).!Afierthat,

Deslongchampsetal.1℃portedthereactionof(CF3CH20)2P(O)CH2CON(Me)OMelwithoctanaigave

morethan20:lcisselectivity.2Howevel;Kqjimaetal.separatelypreparedlandperfbnnedtheHWE

reactionoflwithRCHO(R=PhCH2CH2,c-Hexyl,PhMe2C)togettheq,6-unsaturatedamidesin85:15,

68:32,and43:57selectivity>respectively.3Sincethemoregeneralandpracticalmethodisdesirable,we

decidedtoimproveourreagents・DuringthecourseofourstudyonthecisselectiveHWEesterreagents,

wefbundO〃〃o-substitutedphenylreagentsshowedthehighercisselectivity.4Herewewishtorepolt

ournewreagents,(dialylphosphono)acetamidesAcontainingo"ﾙo-substituentreactwithseveraltypesof

aldehydestogivecis-q,6-unsaturatedamidesinhighselectivity.

(W（Jf伽璽c･眼R2
AR=H,Me,j-Pr,/-Bu

base

RCHO

／＝=、
R'bONR1R2

●

C趣

戸ﾉCONR1R2
R"""S

ThemorpholineamidereagentsZa-cwerepreparedbytheArbusovreactionof(AIO)2POEtandthe

bromoacetamidein64-72%yields.TheresultsoftheHWEreactionof2a-cwithaldehydeswere

"P(･岬｡順R2（づ，
/-IEt3N 9/-I(ArO)2POEt

BrCH2COBr+HN,ーﾉｺ而苧BrCH2C~N_P--一150℃

2a:R=Me,2b:R'=j-Pr,2c:R1=/-Bu

summarizedinTablel.Treating2awithNaHinthepresenceof2-ethylhexanalatO℃gavetheolefin

3in83:17cis-selectivity(entlyl).Thereagent2balsogave3in82:18cis-selectivityandin99%inthe

samecondition(ently2).TheselectivitywasimprovedbytreatingZawithNaHat-78℃andallowing

themixturetowarmtoO℃(89:llselectivity)(ently3).Furthermore,2cgave94:6cis-selectivityeven

atO℃and95:5selectivityatlowertemperature(entries4-6).Thustheselectivityishighestwiththe
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biggest/-Busubstitutedreagent2c(R':

H<Me=i-Pr<I-Bu)．Using/-BuOK

andNalasbase,"-octanalgave

ciF-olefinin95%selectivity.

Cyclohexanecarboxaldehyde,

pivalaldehyde,2-ELhexenal,and

benzaldehydegave94-98%selectivity

using/-BuOK(entries8-ll).Wealso

preparedtheWeinrebamidereagent4

anddimethylamidereagent5in52%

and83%yield.Theresultsofthe

HWEreactionof4and5aregivenin

Table2・When4wastreatedwith

I-BuOKandbenzaldehydeat-78℃

TablelTheHWEreactionof2withaldehydes

蝋Pw"ogWM=ro（ 3 0

EntlyreagentRCHO base conditionsyieldcif:"tmF

94

99

92

78

87

91

84

97

87

98

82

代
代
仙
庇
仙
北
仙
仙
仙
北
庇

７
７
７
７
７
７
７

８
８
８
８
８
８
８
グ

ー
一
口
一
一
一
一

＊
＊

Ｈ
Ｈ
Ｈ
Ｈ
Ｈ
唾
睡
呼
嘩
皿
呼

恥
池
恥
恥
脆
岨
嘔
串
田
忠
妃

釧
訓
釧
釧
釧
釧
Ｏ

ｎ
ｎ
ｎ
ｎ
ｎ
ｎ
Ｈ
副

超
超
ｍ
湿
湿
湿
釧
に
、
御
Ｏ

坤
恥
詐
恥
恥
銚
麺
伽
砒
酢
岬

２
２
２
２
２
２
〃
ｃ
卜
２
Ｐ

83:17

82:18

89:11

94:6

95:5

95:5

95:5

94:6

96:4

94:6
98:2

０
１

１
２
３
４
５
６
７
８
９
１
１

ａ
ｐ
Ｄ
ａ
ｃ
ｃ
ｃ
ｃ
ｃ
ｃ
ｃ
ｃ

２
２
２
２
２
２
２
２
２
２
２

*Nal(3eq)

andallowingthemixturetowanntoO℃,96%cisselectivitywasobtainedin94%yield.Forthe

aliphaticaldehydes,highcAFselectivitywasalsoobtained(89-95%).Onlythereactionwithq,6-

unsamratedaldehyde,2E-hexenalgave
Table2TheHWEreactionof4and5

moderateselectivity(82:18).Theseresults

感．.｡Ⅲ塾:嘘'鶚拶;F,-Ⅳ
canbefavorablycomparedWiththeresultsof

（乱”-,℃thecoITespondingdiphenylreagent(75-81%
gN､R2

“)．Thereactionsof5aremorecis-selective 4:RI=OMe,R2=Me5:RI=R2=Me

and90-99%selectivitywasobtained

in℃spectiveofthetypeofaldehydes,thatis,

reagent4 reagent5

RCHO yieldcir:〃α油yieldciF:〃α砥

aromatic,aliphatic,andq,6-unsaturated"-octanal9290:1093
2-Et-hexanal9694:6100

aldehydes・TheciF:〃α"sratiosofthe cBHexylCHO9589:1194
/-BuCHO7595:568

α,6-unsaturatedamidesweredetenninedby
2E-hexenal8682:1887

integratingthevinylprotonsignalsinthe400PhCHO9496:494
p-CIPhCHO97

MHzIHNMRspectra.Theseassignments

wereconfinnedbyNOEexperiments.

97:3

94:6

90:10

95:5

95:5

99:1

99:1

InsummarybtheHWEreactiondescribedaboveprovidesadirectroutetoawiderangeofcis-q,6-

unsaturatedamidesinhighselectivity・Furthermore,theyieldsaregenerallyalmostquantitative.

Refrences

l)K.Ando,砂"ﾉe",2001,1272.

2)S.Fortin,F.Dupont,RDeslongchamps,J:qgC/ie"7.,2002,67,5437.

3)S.Kqima,T.Hidaka,A.Yamakawa,C"e"'・Le".,2005,3･J,470.

4)K.Ando,よの宮.Che"7.,1997,62,1934-1939.

－343－



2P-48

CinchonaAlkaloids/TMAFCombination-CatalyzedNucleophilicEnantioselective
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TetIasubstimteduu-trinuoromethylarylalcoholhaveextensivelypmvidedimportantbuildingblocksinthe

desiglofdrugcandidates.Amongavarietyofapproachesavailablefbrthesynthesisofthe

u-trifluoromethylarylalcohols,enantioselectivenucleophilictrifluoromethylationofalylketonesusingthe

Ruppelt-Prakashreagent,(trinuoromethyl)trimethylsilane,Me3SiCF3,issurelythemoststraightfbrward

opemtionfbrconstructionofthecorrespondingchiralmolecules・However,chiralauxiliarybased

diastereoselectiveirinuoromethylationisstillthemostwidelyappliedapproachinthefieldwith

enantioselectivecatalysisIcmainingabigchallenge.

Werecemlyfbundl-nuorobis(phenylsulfbnyl)methane

(FBSM)tob…z":i;WM:;W:MM;KM;;INi:,､1"･""s"""*,binam｡． ￥争蕪。2)TMF･Hp.THF,It

l 2A．．▲

thespeciesunderthecatalyticenantioselective

mononuoromethylationreactionofinsimgenerated

prochilalimineswithFBSMinthepresenceofachiIal

phasetransfercatalyst，Inconnectionwithoursmdies

ｅ
ｒＢ

F3 コヱ配⑥

c
CFSF3

onthedevelopmentofanewmethodoloWfbr
” 3C

aymmetricsynthesis,hel℃inwedisclosethehighly

enantioselectivemnuoromethylationofarylketoneswith

Me3SiCF3catalyzedbyacombinationofammonium

bromidesofcmchonaalkaloidsand

tetramethylammoniumfluoride(TMAF).Ourappmach[eIramemylammonlumnuonde(1MAI4)．uurappmacn BP
3b

isespeciallyatEactivebecausenonnuorinatedpmchiral
Figuml･

substratescanbedirectlytransfbnnedtochiral

trifluoromethylatedalylalcoholswithtetrasubstimtedcarboncenters,withunprecedentedlyhigh

enantioselectivities(upm94%ee),usingreadilyavailablechiralammoniumbromidesofcinchonaalkaloids

andTMAF(Figurel).

Westartedourinvestigationwiththereactionofmethyl2-naphthylketone(1a)withMe3SiCF3andscI巳ened

abroadrangeofadditivesascombinationcatalystswiththechiralammoniumbromide(Tablel).Firstla

catalyticamountofKF/2H20wasaddedtoamixmI℃oflaand2・OequivofMe3SiCF3intolueneinthe

presenceofacatalyticamountofM3,'bis(mfluoromethyl)ben可icinchoniniumbromide(3a)at-40｡C.
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Howeverlevenafterldayofstirring,thereaction 1)Me3Si-CF3(2.0equiv.)

cザ"豐
didnotproceed(entlyl).Thereactionwasthen

attemptedusingamoresolublenuoridesource,

TBAH2F3,intoluene/dichlommethaneat-40｡C．2)TBAF･H20,THF,｢t,1h1a1aニノ‘ﾛ八『･n2､J''nr''L''''(m-2a
Tablel

Wewereencouragedtofindthat
entryaddni"atemp(･C)Ume(h)yield(%)ee(%)

trinuommethylatedadduct2awasfbrmedin83% 1KF"H20-4024NR

2TBAH2F3-4028325yieldwith25%ee(entxy2).Thispreliminaly
3TBAAT4028918

1℃sultencouragedustoinvestigateother4LioAc4029919
5TBAFJH20402"22

combinationsinanattempttoimprove
6TEAFﾉH204023866

enantioselectivity．ARerscI℃eningseveral7TMAF-4086570
8TMAF-6026581

additives(TBAT,LiOAc,TBAF,TEAF),we 9TMAF-8025380

fbundthatthetetramethylammoniumfluoridelobTMAF-80129887
11cTMAF-6068785

(TMAF)combinationintoluene/dichloI℃methane 12dTMAF-6037077

at-40｡CaffectedtheenantioselectiveaTBAH2FS,tetrabutylammoniumdihydrcgentrinuonde;TBAT,
tetrabutylammoniumtriphenyldWIuomsilicate;TBAF,

trinuoromethylationoflatofilrnishZain65%tetyabujammcniumfiucride;TEAF:tetraethylammdniumfluoride.6

20mol%ofTMAFwasusedSUlC3MMibW5gugEMEad6fXcCatalyst3bwasusedinsteadof3a・yieldwith70％ee（entIy7)．These1℃sultsdcataWst3cwasusedinsteadof3a・

clearlyindicatethecombinedeffectofthe

additivesandchilalammoniumbromideontheenantioselectivity.Whenthereactionwasperfbnnedin

toluene/dichloromethane(2:1)at-80｡C,thebestresultwasachievedwiththecatalystcombinationof3a(10

mol%)andTMAF(20mol%)(98%and87%ee,runlO).Itisinterestingtonotethatbiscinchoninium

derivative3bwasfbundtobeequallyeffective.TheCF3adductwasobtainedin87%yieldwith85%ee

whenthel℃actionwascan･iedoutusingacombinationof3bwithTMAF(10mol%)in

toluene/dichloromethane(2:1)at-60｡C(entIyll).Theantipodeof2awasobtainedbyusingthe

pseudoenantiomericM3,5-bis(trinuoromethyl)benZylcinchonidiniumbromide(3c)in70%yieldwith77%

ee(entIyl2).

Withconditionsoptimized,thescopeofour 1)Me3Si-CF3(2.Oequiv.）
Q3b(10mol%)

鯵《葛，trinuoromethylationreactionusingthechilalammonium ArJLR] TMAF(10mol%)

toluendCH2CI2=2bromide/IMAFcatalystwasinvestigatedintennsofsubstratesla.d-:WWcl2=2'!(".za.2dbromide/IMAFcatalystwasinvestigatedintennsofsubstIates1a-d‐60°C,Ⅲme（R)_2a-2d
(Schemel).Wefbundthatour3b/rMAFcombinationisan2)TBAF･H20,THF,rt,1h

extremelygeneralcatalystfbrtheasymmetrictheextremelygeneralcatalystasymmetric

trinuoromethylationreactionofabroadrangeofallWlaIyland

cyclicketones・Itshouldbementionedthatcyclicketones
2a:6h,87%,85%ee2b:30h,74%,88%ee

gavehighenantioselectivities(upto94%ee).TheresultsaI己

蔵奄。鍔・quiteimpressive becausethesechiralcyclic
Br

q-trifluoromethylatedalcoholswithaquaternarycarboncenter

2c:12h,"%,93%ee2d:3h,75%,94%eearedifficulttopreparebyothermethodologies.

Sdlemel
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ThedifficultiesinvoIvedwithscaling-upreactions廿omlaboratolytoprocessscalearewellknown・The

pl･ocessesfbrproducingdesiredcompoundsinindustrialscale-whichhavepreviouslybeensynthesized

successfilllyinlab-scale-areoftendifficultandcomplicated,withseveralexpensiveandtime-consumingsteps.

ChemicalprocessesusuallyoriginateonsmallscaleinthelaboratolyandtheirdevelopmentisnormallycaI･riedout

byconductingthereactionsonsuccessivelylargerscale,throughpilotplantstages,befbretransferringtofilllsize

productionplants.Failuretoscaleupproperlyandtotakeappropriateprecautionsmayleadtothelossof

processcontrol,resultinginrunawayexothermicreactionsand/orgenerationorreleaseoftoxicmaterials.The

hazardofrunawayreactionsandover-pressurizedconditionsarethetwomajorconcernsduringthescale-up

processes,andbesidesthemotherproblems,suchasdustandvaporexplosionsinsidethevessels,firescaused

bytheoverfillingofvessels,auto-ignitionofflammablevaporsandinadequatemixingofreactantsand

solventsmayoccur,too.Consequently;whentargetcompoundsareidentifYedandpreparedfbrtransferto

production,thesyntheticroutefrequentlyrequiresl･e-optimization.

Inordertoshortenthetimebetweenidentifjﾉingatargetcompoundandscaling-upthereactiona

nowhydrogenationsystem,calledtheH-CubeMidiTM(Figurel.),hasbeendesigned.

P

Figurel.:TheH-CubeMidiTMequipment
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ThesystemworksinthesamewayastheH-Cube@,butisdesignedwithahigherthroughput.Upto5mol

compoundinadaycanbeprocessed,throughhigherhydrogenproductionandalargel;fixedbedcaltridge

system・Userscandirectlyapplytheoptimizedtemperatureandpl℃ssureidentifiedonthesmallscale

H-CubeWothelalgerscalesystem,nevertheless,thetemperatureparameteroftheH-CubeMidiTMsystem

andmaximumnowratecanbesetuptol50｡Cand25mL/min,respectively.Ifminoradiustmentsto

parametersneedtobeperfonned,theycanbeadiustedonthenybThismethodsiglificantlyreducesthe

scale-upoptimizationtimefi℃mweeksormonthstohours.

FromreactionsthathavebeenperfbnnedonH-CubeMidiTMthescaled-uphydrogenationof

quinoxalineisdemonstlated(Figure2.)．

．
Ｈ
Ｎ
Ｎ
Ｈ

N

N

Figure2.:HydrogenationofQuinoxaline

ThelcactionmentionedabovewassuccessfilllycarriedoutpreviouslyinH-Cube@systemwithlOO%

conversionat70｡C,70barhydrogenpressulcandlmL/minnowrateoverRaney-Nicatalyst;howeverthis

1℃actioncarriedoutinbatch-typereactorresultedinonly5%conversion.ThereactionperfbnnedinH-Cube

MidiTMgavethesameresult,namelyjtheoutstandingconversion.Howevel;duetotheincreasedcapacityof

thesystem,theestimateddailyproductofthetetlahydro-quinoxalineisinthelOOgramsscale,whichresult

inatwoordersofmagnitudeincreaseinthecapacityachievedinH-Cube@.

TheH-CubeMidiTMhasbeenmanagedtoincreaseuponthethroughputoftheoriginalH-CubJ

significantlywhilemaintainingthesafetybenefits.Theuseofmicroreactornowtechnologyallowsreactions

tobescaledupwithoutthehazardsofbatchscale-up,suchasthelackofprecisetemperaturecontrol.The

technolog/allowsthepossibilitytoscale-upreactions,whichmaynothavebeenpossiblebefbre.ltwas

provenwithseveralexamplesthatworkingwithH-CubeMidiTMreactorseverallOOgramsperdayof

hydrogenatedproductscanbesynthesizedsafelyandeffectively.
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Introduction.Amongthemethodsofchemicalmod而cationofPoly(vinylidenenuoride)(PVDF),there
wereusuallyplasma-activation,Y-rayorelectronbeamirradiation,andozonetreatment.Thesearesuitableon
thesolidsamplesurfaceexceptY-raywhichusuallycausesdegradationofpolymer.

InthisresearchweuseddifYerentmethodofchemicalmodifications,whichisAtomTransferRadical

Polymerization(ATRP).ATRP,whichisoneofthelivingradicalpolymerizations,proceedsinsolutionwhere
allthePVDFmoleculesinthereactionmediumareconcemed.Inl995years,MaMaszewskiandSawamotoet

al.[1-3]usedtheCuandRumetalliccatalyststocontroltheconditionofradicalinpolymerizationwhere
nonnallyalkylhalideswereutilizedasinitiator.Thecatalystinducedthehalideatomtransferredontometal,and
thealkylhalidesfbnntheactivatedradicalsite.Theradicaltogetherwiththemetalliccatalystconstitute
ensemble,incertainsense,anactivatedcomplexofwhichtheequilibriumexistsbetweenactiveandde-active
states.Themechanismofactivationandde-activationequilibriumcanthenpenniteachinitiatedsiteto
propagatewithasimilarrateofpolymerization,givinginconsequenceproductsofverynarrowpolydispersityas
isoftenthecasefbrlivingpolymers.

Inrecentyear,Mayesetal.[4]succeededinusingsecondalyfluorineofPVDFasthemacroinitiatorto
directlygraft/e"-butylmethaclylateontoPVDFbywayofATRP.ThePtBMAsidechainswerehydrolyzedto
PMAAafierwards.

OurpresentworkprovedtograndirectlyPMMAsidechainsontoPVDFwithakineticbehaviorfbllowing

ATRPmechanisminspiteofthecompetenceofsidereactionduetothennalselfinitiation.Theincrementof
molecularmaSSandgraftratioweredetenninedbystaticlightscatteringandspectrometricmethodsrespectively.
Furthermoretheintramolecularinteractionbetweendifferentconstituentchainswithinthegraftcopolymerin
solutionwasfbundtobesoimportantthatthemoleculeshrankremarkably.ThisnoveldiScovelyinvokesvery
muchattentioninourfilturestudyofapplicationwithsuchgraficopolymers.

Methods・SoIventdimethylfbnnamide(DMF)andmonomermethylmethaclylate(MMA)werepu喝edwith
argongasbefbreuse.Theatomtransfercatalystcuprouschloride(CuCl,0.0969)accompaniedwithligand
molecule4,4-dimethyl2,2-dipyridyl(DMDP,0.4809)werethenpreparedinsolutionwithpur而edDMF(135ml)
andmaintainedunderargonatmosphereinreactornask.Poly(vinylidenenuoride)(PVDF,9.379)as
macro-initiatorwasalsodissoIvedinpurifiedDMF(135ml)at90｡Candthenintroducedintothereactor.
FinallyMMA(409)wasaddedinthereactionmediumandthepolymerizationwasallowedtoproceedfbr8hours.
TherawproductwasprecipitatedintoalargevolumeofwateIJmethanol(1/9)mixmreandthenwashedby
methanoltwice・Itwasfinallydriedundervacuumovemightat80｡C.Therawproductofreactionwas
composedofPVDF-g-PMMAgraitcopolymerthroughATRPandPMMAhomopolymerduetothennal
selfinitiatedpolymerization.ThelatterwasremovedbySoxhletextractorintoluenefbrl8hours.Theresidual
graft-copolymerwasrecoveredbyvacuumovendlyingovernightat80｡Cafterwashinginisopropanoltwice.

IRsamplesfilmswerepreparedbycastingadilutepolymersolutiononPTFEplatesfblloWedbyvacuum
drying.Theinstrumentsettingwasasfbllows:signal-averaged32scansataresolutibnof4cm~!withaNicolet
Magna-IRSpectrometer550・NMR!HspectraofPVDF,PMMAandthegraftcopolymersindeuteratedacetone
solutionwereperfbnnedusingaBRUKERAVANCE600MHzspectrometer.Gelpenneationchromatography
(GPC)wasconductedat40･CinNMPatanowrateoflml/min,usingWatersl515HPLCpumpsystem
equippedwithWatersStyragemHT5columnandWaters2414differentialrefractometer.Theintrinsicviscosity
ofcopolymersweremeasuredbycapillaryviscometer(Ubbelohdeviscometersmodel:OB)inthennostatwater
bathat30･C.Thehydrodynamicdiametersofgraifedpolymersattheconcentrationof5mg/mlinNMPwere
detenninedbytheZetasizerNanoZSsystem(Malvemlnstruments,UK).Themeasurementsfbrtheaverageof
weightmolecularweightofcopolymerswereperfbnnedonamulti-anglestaticlightscatteringinstrumentDAWN
HELEOS8(Waytt,USA).

StructureCharacterization.ThestructureofgraficopolymerwasfirstlydeterminedbylRanalysis・As
showninFig．1,thecomparisonof_IRspectrabetweenPVDFandPMMAclearlyshoWsthecharacteristicsignal
ofcarboxylgroupC=0(1729cm.')ofPMMAandthatofmethyleneCH2(881cm~')ofPVDF.TheseIwo
signalsrespectivelypermitustowelldistinguishoneconstituentpolymerchainfi･omanother.Thestructural
constituentsofgraficopolymerarethusrevealedbythespectrum(c)inwhichtwocharacteristicsignalsare
present.
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InFig.2,theNMRIHspectrumofPVDFat2.334ppmand2.91ppmisfbundfbrmethyleneCH2,which
respectivelyrepresenthead-to-head(hh)andhead-to-tail(ht)configuration.lnthecaseofPMMAtheu-methyl
(u-CH3),methylene(CH2)andmethoxy(O-CH3)arefbundintheregionsaroundO.84tol.03ppm,1.85tol.95
ppmand3.604ppmrespectively.Thespectrum(c)revealsallthecoITespondingafbrementionedsignals,
indicatingthenPMMAchainsattachedontothebackbonesofPVDF.

Kinetics・Fromtheweighingdataofrawproduct,calculationoftotalconversionofmonomerMMAwith
respecttoreactiontimeisshowninFig、3.AIsofIguredisthegraficonversion,whichwasdetenninedby
quantitativecalibrationmethodbasedonIRspectraanalysisoftheafbrementionedcharacteristicpeak.Thelinear
growthofgraficonversionimplieSthatthenonnalmechanismofATRPkineticmaybeproposed.Thiswould
beapprovedinthefbllowingsectionsofhydrodynamicpropertiesandmolecularweightstudy.

Thedi縦rencebetweenthesetwocurvesrevealsthepartofconversionduetothethennalselfinitiated

polymerizationofMMA.ltisfbundthatthereactionrateofATRPismuchsIowerthanthatofthermal
selfLinitiatedpolymerizationwhichgivesrisetoPMMAhomopolymer.Thefilturestudywillbededicatedtothe
suppressionofsuchsidereactionfi･omthermalselfinitiationandatthesametimetomaintaintheATRPreaction
asmaximumaspossible.

HydrodynamicProperties・ThekineticstudyofATRPwithrespecttoreactiontimepermittedusto
synthesizePVDF-g-PMMAcopolymersofdifferentgraftratio.Fourcopolymers(GI-G4)andunmodifiedPVDF
(GO)wereselectedfbrinvestigationoffimdamentalphysicalpmpertiesinsolutionstate.Tablelsummarizes
theintrinsicviscosity[n]andhydrodynamicdiameterdHofthem.ltrevealsthefactthatthevaluesofintrinsic
viscosityofgraficopolymers(Gl-G4)areallsmallerthanPVDF(GO).Thismeansthateventhoughthemassof
moleculesbecomeslargerthroughthegraffingofadditionalPMMAchainsontothePVDFbackbone,their
effectivecoilexcludedvolumeinsolutiondecreasesinstead,and,extraordinarily,largerthemassis,smallerthe
volume.

SuchunexpectedresultswerefilrtherconfinnedbythemeasuI℃mentofhydmdynamicdiameterusing
dynamiclightscattering,thatis,hydrodynamicdiameterdHactuallydecreasesinspiteoftheincreaseofmolecular
mass.Thediminutionofmolecularvolumemaybeintemretedastheeffectofintra-molecularinteraction
betweendifferentconstimentchainswithinthegraftcopolymermolecule・Ithadbeenobservedthattheblendof
PVDFandPMMAshowedvelygoodcompatibilitybetweenthesetwoconstituentpolymers,andtheexisting
interactionassignedmainlyduetothepolareffectcouldbeapprovedthroughlRspectrum・Likewise,itisthus
believedthattheinteractionfbrceofbetweenPVDFchainsegmentsandPMMAonesismoreimportantthanthat
ofbetweenPVDF,orPMMA,andsolventmolecules.

MolecularWeight.Theabsoluteweightaveragemolecularweight(IZ'.)wasobtainedfromZimmplotof

staticlightscatteringanalysis.Table2summarizingthemolecularweightsoftheselectedsamplesindicatesthe
weightincrementsofgrancopolymersrelativetoPVDF(GO)．Themolecularweightincreasesgraduallyfi･om
sampleGltoG4asisanticipatedfi･omlRanalysis.Theoreticallytheseincrementsshouldbeequaltograitratio
detenninedfromIRquantitativecalibration.Theconsistencyofthesetwoexperimentaldataappearsquitewell
onconsideringthelimitofaccuracyineachmethod.

TheconfinnationofbothmolecularweightincrementandthekineticdatashowninFig.lrevealsthefact
thatinthepresentstudytheATRPmechanismworksnonnallywellaspredicted,eventhoughitiscompetedby
thesidereactionofthennalselfinitiationofMMA.

Conclusion・PVDFhasbeenchemicallymodifiedpolymerbyATRPpolymerizationusingcuprouschloride
ascatalyst.Thereactionproductincludedgraitcopolymerandhomopolymer,wherethelatterconstitutesmore
andthegraifratioofthefbnnerobtainedinthisworkisaroundO.2atmost.Hydrodynamicdiametersofgraft
copolymersweresmallerthanPVDF,andtheydiminishwiththeincreasinggraitratio・Apparently,polar
interactionbetweenPVDFandPMMAconStituentchainstumsouttobemoreimpoltantthanthatbetween

polymerchainsandsolventmolecules・Inthisresearch,thefactthatboththevariationofgraitratioand
molecularweightincrementfbllowsthereactionkineticsconfinnsgoodATRPmechanismofwhichtenninal
reactionwasnonnallyabsent.

Refrences:

[1]Wang,J.-S.;Matmaszewski,K.Mqcro"'o/ec"lbsl995,28,7901-7910.
[2]Wang,J.-S.;Mat)(jaszewski,K..ル4"7.C/ie"7."c.1995,"7,5614-5615.
[3]Kato,M.;Kamigaito,M.;Sawamoto,M.;Higashimura,T.Mqcro"Ioんα北sl995,28,1721-1723.
[4]Hester,J.F.;BaneIjee,P.;Won,Y.-Y.;Akthakul,A.;Acar,M､H.;Mayes,A.M.,A"tJcro"Ioﾉec卿陀s2002,

”,7652-7661.
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DirectfUnctionalizationofC-HbondsisanattractivereactionbecauseitisapowerfUlandstraightfbrward

methodfbrtransfbrmationoforganiccompounds.'Previously,wereportedthatPd(OAc)2catalyzedthe

hydIDalylationofalkyneswithsimplearenesinthepresenceoftrinuoroaceticacid(TFA),affbrding

ciS-arylsubstitutedalkenes.2Inthisreaction,ethylpropiolate(2)affbrdedasmallamountof

arylbutadienederivatives4althoughthemainproductswereusualhydroarylationproducts,ethyl

cinnamateS3(eq.1).2b

Pdcatalyst

-/=i___+Ar/、r、/CO2EtAr CO2Et
TFAA｢3''U2EI602Et43

A｢一H+目三三一CO2Et

l 2

(eq.l)

Duringthecourseofourstudyonthehydroarylationofalkynes,wefbundthatarylbutadienes4were

fbnnedselectivelywhenapalladiumcomplexwithabidentatephosphineligand,Pd(dppe)(OAc)2(dppe=

1,2-bis(diphenylphosphino)ethane),wasusedasacatalyst．Here,wereportPd-catalyzed

filnctionalizationofareneswithethylpropiolateleadingtoselectivefbnnationofalylbutadienes.

First,weinvestigatedthereactionofmesitylene(1a)withZinthepresenceofPd(dppe)(OAc)2asa

catalyst.Thereactionafforded4aasamajorproductalongwithasmallamountofcinnamate3a.

Optimizationofthereactionconditionsrevealedthatanamountoflaaffectedtheselectivityofthe

products(Tablel,Entriesl-4).

Tablel.OptimizationofReactionConditionsa

GCvields/%b1a/mmol 2/mmol
Entry

3a 5ac4a

１
２
３
４
５
６

３
２
１
１
２
２

２
２
２
３
聾
牙

ｎ
ｎ
７
０
肥
９

83

83

68

25

83

91

０
０
４
２
０
０

aReactionconditions:Pd(dppe)(OAc)2(0.005mmol),1a,2andTFA(1mL)at30･Cfbr5h.bThe
yieldsbasedon2.cDiethyl(2Z,2'Z)-3,3'-(2,4,6-trimethylbenzene-l,3-diyl)bisprop-2-enoate(5a).
dTFA(0.5mL)andCH2CI2(0.5mL).cTFA(0.25mL)andCH2CIz(0.75mL).
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Anexcessamountoflapreventedtheproductsfromthefilrtherreaction,resultinginhigheryields.An

amountofTFAalsoaffectedtheselectivityof4a(Entries5and6).AlessamountofTFAisfavorable

fbrselectivefbrmationof4aalthoughTFAisessentialfbrthereaction.Asaresult,4awasobtainedin

91%yieldalongwith9%of3a.

Thisreactionisalsoapplicabletootherarenes,suchaspentamethylbenzene,1,2,4,'tetramethylbenzene,

naphthalene,p-xylene,2,4,6-trimethylphenoland2-bromomesitylene. Theresultswillbepresentedin

detail.

亀
、
グ

CO2Et CO2Et ’
CO2Et

､Y､、
CO2EtﾐJ

82％ 76％ 53％

CO2Et CO2EtCO2Et

OH 73％ Br
66％

Retrences

(1)(a)Kakiuchi,F・;Murai,S.InZbpics加Oﾉ宮口"omaaﾉ"cCﾉze"Ms":y;Murai,S.,Ed.;SpringeI;1999.(b)

Shilov,A.E.;Shul'pin,G.B,Cﾙe".RevL1997,97,2879.(c)DykerlG､""gew.Che"1.,〃".EヒメE"gﾉ．

1999,38,1698.(d)Guari,Yb;Sabo-Etienne,S.;Chaudret,B.E"尻J:"oJg.C"e碗.1999,1047.(e)

Crabtl℃e,R.H､､ﾉ:Che"."c.,Dα"o〃刀α"s.2001,2437.(f)Jia,C.;Kitamura,T.;FUjiwara,Y"cc.

C〃e".Res.2001,34,633.(g)Ritleng,V;Sirlin,C.;PfeffeI;M.C/iem.Rev.2002,102,1731.(h)

Kakiuchi,F.;Murai,S.44cc.Che".Res.2002,33,826.(i)Kakiuchi,F.;Chatani,N・"4dv.Sy"〃.C"qj.

2003,345,1077.

(2)(a)Jia,C・;Piao,D.;Oyamada,J.;Lu,W・;Kitamura,T.;Fljiwara,Y.SCie"ce2000,287,1992.(b)

Jia,C・;Lu,W.;Oyamada,J.;Kitamura,T.;Matsuda,K.;Irie,M.;FUjiwara,YJ;"".Che"1.SOc.

2000,／22,7252.
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TerminalacetylenesareanimportantfUnctionalgroupandwidelyusedinorganicsynthesis・Recentprogress

withtransitionmetal-catalyzedcarbon-carboncouplingreactionssuchasSonogashiracouplingreactions,

Pauson-Khandreactions,andmetatheseshasalsoproventheimportanceofterminalacetylenes.

Dehydrobrominationofvinylbromidesisasimplemethodfbrthepreparationofterminalacetylenes,and

manyprocedureshavebeenreported:NaNH2inliquidNH3,KOr-BuinTHF,NaOMeinDMSO,NaHin

DMSOorDMELDAinTHEKHinTHF,DBUinTHE"-BuLiinEtzO,andr-BuLiinpentane-Et20.The

commondisadvantagesofthesemethodsaretherequil℃mentofastrongbaseandanhydrousreaction

conditionsduetothelowacidityofolefinicprotons.Itistherefbl℃usenlltofindanewmethodthatcan

toleratemoistureorwaterb

Duringthecourseofoursyntheticstudiesofpolycyclicethers,wediscoveI℃danunexpectedl巳actionof

vinylbromidelwithtetrabutylammoniumnuoride(TBAF)inTHF・Thereactionproductobtainedwasthe

dehydrobmminationpmduct2insteadofthedesireddesilylationcompound.Consideringthatthe

commerciallyavailableTBAF(1MinTHF)containsapproximately5%waterl'theacetylenefbnnationin

thepresenceofwaterisquiteinterestingandstimulatedustoinvestigatethedehydr℃brominationofvinyl

bromideswithTBAF.

B、

話エコー
1

TBAFBn
－

THF,50｡C
87％

話工g工
2

OMeBr

c人人MeO

3

TBAF･3H20

DMF,60｡c,1.5hMeo
91％

OMe

4

TI･eatmentof3withl.0equivofTBAF(IMinTHF)inTHFat60｡Cresultedinthereactionconversionto

onlya44%valueaiter25h.NoreactionwasobservedwiththehalogenatedsoIventCH2CIzorapolarpmtic

soIventsuchasMeOH・DMFwasfbundtobeanacceptablesolvent,qualitativelyasgoodandbetterthan

THFintennsofreactiontimes.AcetonitrilewasfbundtobeinferiorwhencomparedtoTHF・Inthereaction

withDMF,TBAF･3HzOwasselectedasthereagentbecauseitisreadilyavailableasastablesalt.Increasing

thequantityofTBAFimprovedtheconversionyield・FiveequivalentsofTBAF･3HzOwereneededto
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completethereactionat60｡CinafewhouIs.Other

nuoridesaltssuchasCsFandKFwereshowntobe

ineffectivefbrthisdehydrobromination.

Next,weextendedtheoptimizeddehydmbromination

conditionstovariousvinylbromides:theI℃sultsare

representedinThblel・Thereactionisquitegeneraland

manysubstancestoleratetheoptimizedreaction

conditions,givingproductsingoodtohighyields・Vinyl

bromidescontainingahydroxygmupwerealsofbundto

givethecolTespondingacetylenesingoodyields(entries

2,5,and6).Itisnotablethatonlytraceamounts(<2%)

ofallenicproductsweredetectedintheexperiments

listedinentries2,5and6,whel℃aslaIgeamounts

(9-17%)ofallenederivativeswerefbnnedinthe

dehydrobrominationofthevinylbmmidesderived廿om

glucose(entries7-9).2

Inconclusion,TBAFwasfbundtobeanefficientand

mildbaseinthedehydmbl℃minationofvinylblomides

totenninalacetylenes・ThereactioncanbecaITiedout

byusingTBAF･3H20inDMEandthewatertolerance

andtheabsenceofmetalsaltsmakethismethod

attlactive.Thisprocedurepmvidesareasonable

alternativetoothermethodsthatI℃quil℃strongbases

andanhydrousconditions.

Tablel.DehydmbrominationofvinylbromideswithTBAF
(5.0equiv)inDMFat60｡C.

Product

IsolatedYield(%)
Entry SubStrate Time

一
恥

ゾ
螺
酬
似
認

Ｒ
Ｒ

ＯｎＢ

ｈ
ｈ
ｈ

４
３
２－

町

ｒＢ

瓜
埜
恥
仏
恥

ｒＢ

Ｒ
Ｒ

Ｒ
Ｒ

ＯｎＢ

1

2

3

C～、MeO

OHBr

C人人
OHBr

D､人fBu

4 1.5h

MeO
91％

OH

c食言〆
3h5

OH

D､／fBu

6 3h

82％

Ｍ
伽

7 3h

78％＋aIIene9％

Ph Ph

8 3h

70％＋aIlene17％

OBnOBn

BnO

x:工奎i息BnO

BnO

x:工雲参BnO

77％＋aIlenel1％

9 4.5h

酬二a託土g工
B、 B、

10 2h

92％

References

l.TBAF(IMinTHF)waspuI℃hasedh･omAldrich.(a)Cox,D.P.;T℃Ipinski,J.;Lawrynowicz,W.｡ﾉ:OJg

Cﾙe".1984,49,3216-3219.(b)Sharma,R.K.;Fry,J.L.JROFgCWe"7.1983,48,2112-2114.

2.Okutani,M・;Mori,Y.た〃α〃edj･o"Le".2007,48,6856$859.
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TheoxidationofprimaryandsecondaryalcoholstothecoITespondmgaldehydes(orcarboxylicacids)or

ketonesisafimdamentalandimportantlransfbmlationinmodernorganicsynthesis.StableoIganicnitI℃xyl

radicalsasrepresentedbyTEMPO(2,2,6,6-tetramethylpiperidme-1-oxyl)havebeenusedextensivelyto

catalyzetheoxidationofanumberofalcoholsubstratesemploymgenvironmentallybenignco-oxidantssuch

aSbleach(NaOCI)orPm(OAc)2a)(Figurel)．Figlrel.Thep『oposedmechanEmofTEMPOoxidabcn

我AlthouJITEMPOoxidationisbetterknownasaIq
r－ー

methodfbrselectiveoxidationofprimaryalcohols

求一…『.”tothecorrespondmgaldehydes,theTEMPO-based

methodisnotvelye伍cientfbrdleoxidationofTEMPo

式”、
strucmrallyhinderedsecondalyalcohols. T11e

Iq

IW宙QxMamjre
originofthisfeamreisthestructureofTEMPO,

1sPetterknovYpgs..r型一℃ｷ晁一rHo､;．
H

Y
Rgure2．0lrdeSignfOr…mnbniumsans:AZADO+

whichhasfburmethylgroupsadjacenttothe
TEMPO､AZADO､

catalyticcenter，Wethendesigled2-azaadamantan

歌末今厩而雇司
eALoxyl(AZADO)andl-Me-AZADO,asrucmral

lylesshinderedclassofnitroxylradical,and

revealedtheirexcellentcatalyticactivityfbrh●

亜型引函mm

Skel田、

一

oxidationofavarietyofalcohols(Figure2,Table

l).b)Itwasenvisionedthattheq-hydrogenflaJl).｡’Itwasenvisionedthattheq-hydrogenflankedbythenitroxylgroupofAZADOwouldresist

participatmginthewell-knowndisproportionationreactiontogiveanilroneandahydroxylaminebecauseof

Bredt'sruleand,therefbre,shouldallowfacileaccessofvariousalcoholstothecatalyticallyactivecentel;

enablingthemtoproceedtosubsequentoxidationevents.

減謬
Tablel・ComparisonofmtalybceffidenW

，～“州不一づM<>@:鴬”
OH

12%q

99%d)

100%d)

23%a)

ー‐

91％帥

％
％
％

５
２
３

１
９
９

5％

94％

95％

8％

97％

99％

TEMPO

AZADO

1-Me-"ADO

general"nditbns:nitroxWadi"1(1moi%),NaOCI(1.5eq.)｡KBrP.1eq.),aq.NaHCO3CH"l2,OoC,20min
=talystloading:e)O.01mol%,(b)0.003md%

mnditbns:(9:cat.5mol%,PhI(O")23"mol%,CH2Ch,(d):cat.5mol%,PhI(O")2150mol%,CH2CI2
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Tbverifyourassumptions,wesynthesizedbridgeheadniron'lradicalsmcludingl,3-dimethyl-AZADOand

9-azabicyclo[3.3.1]nonaneMoxyl(ABNO)andevaluatedtheircatalyticactivitiesfbrtheoxidationof

alcoholsmdetail(Figure3).

Rglre3.Bn"emadIMboWlradmb

昨
℃
Ｏ

苓
鰯

．
｜
一
睡

・
、
岬

醗
》
”

虫､虫､-』L
ABNOmm

widerea“◎ns"ce

e1而篭
1-Me-AZAm

+Me
－

[1,3-dimethyl-AZADO]:Incaseoftheoxidationofaprimalyalcohol,1,3-dimethyl-AZADOexhibitsa

sameactivityasAZADOandl-MeAZADO.Ontheotherhand,similartoTEMPO,itdoesnotefficiently

oxidizestericallydemandedalcohols,showingaremarkabledifferencefi℃mAZADOandl-Me-AZADO

(Table2).[ABNO]:AlthoughABNOshowsbehaviorsimilartoAZADOandl-MeAZADOfbrthe

oxidationofstericallydemandmgalcohols,itscatalytice伍ciencyisslightlydecreasedcomparedwiththatof

l-Me-AZADO(Table3)．Basedonourexperimentalresults,weconcludedthatanq-methylgoup

nankmgthenitroxylgDupaHectsreactivityfbrtheoxidationofstericallyhinderedalcoholsandthe

azaadamantaneskeletoncontribmestothehightumoverofthecatalyst.

Table2.Comparisonofcatalyticefidency Table3.Comparisonof"talyticefficienWbetweenTEMPO,
1-Me-AZADO,andABNO

四t．

Ph/､〆~OH－一Pr～〆、O
NaOCI(1.5eq.)

黒，R 鼠ﾕ肩‘
四t．

－

N"q(1.5eq.)

OH

-d･,< entymol%TEMPO1-Me-AZADOABNOPrへ〆へOH

１
２
３
４

191％

O.188%

0．0123％

0.003

％
％
９
０
８
９

％
％
４
８
９
８

％
％
０
９
９
８

94％

94％

ABNO

AZADO

1-Me-EADO91% 95％

９
，
０
６
８
０
Ｊ

も

●

ロ

●

郵
一
慨
一

８
曲
４
－

台

●

。

●

』

●

■

●

由

ｃ

ｃ

●

ロ

●

士

●

●

●

■

ロ

●

●

●

の

●

●

％
一
％
一

“
■
。
。
“
■
０
ｐ

９
－
８
－

●

口

●

申

づ
わ

り
０
。
０
０
凸
も

一 ｐ

ｂ
０
０
０
■
０
■
０
０
９
■
０
ヶ● ロ

ー
配
配
一

．
ａ
ａ
・

一
廿
廿
一

■Ｐ

６
０
０
０
９
０
●
●
Ｃ
Ｏ
Ｇ
８

℃ ●

1,3-Dimeilyl-AZADO92%

TEMPO90%

Furthennore,electorochemicalexperimentswel℃alsoconductedtogaininsightofthecorrelationbetween

electrometricpropertiesandreactivitiesoftheAZADOfamily.WealsocaITiedoutDFTcalculationsonthe

AZADOfamilyandfbundarelationshipbetweenSOMOenera/andE･'values・Detailswillbediscussed

inthissymposium.

R砿だ"ceSノ

a)deNooXA.E.;Besemel;A.C.;vanBekkum,H.$"7rhesisl996,1153.

b)Shibuya,M;Tbmizawa,M.;Suzuki,I.;Iwabuchi,Y.ル4".C〃e"7.Sりc､2006,128,8412.
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Oxidationemployingtheredoxsystemofthenitroxyradical/oxoammoniumionhasbecomepopular

becausethemethodofferenvironmentallybenignprocessesfbrlaboratolyscalesynthesisaswellasfbr

industrialsynthesis.Expandingthescopeofoxoammoniumion-basedoxidationis,therefbre,promising

fbrsustainabledevelopment・Wepresenttwonewoxidationmethodsusingoxoammoniumsalts-based

catalysts.

1)Catalyticoxidativel,3-rearrangementoftertiaryallylicalcohoIs

TheoxidativereaITangementoftertiaryallylicalcoholstoP-substitutedu,6-unsaturatedketonesisa

usefilltlansfbnnationinsyntheticchemistly.Oxochromium(IV)-basedIeagentshavebeenexclusively

usedsincethereportinthemid-70sthatPCC,PDC,andCollinsreagentareeffectivefbrthis

transfbnnation.Fromtheviewpointofgreensustainablechemistlyjwehadexploredthealternative

method・IAsaresult,wedevelopedmethodsusingstoichiometricamountsofTEMPO+BF4-and

TEMPO+SbF6~.2QuiterecentlyDwehavedevelopedcatalyticmethodsusingcatalyticamountofTEMPO

withNalO4/SiO2astheco-oxidant・Thiscatalyticmethodrequiresonlylmol%TEMPO.Varioustertiary

alcoholsrangingfrommedium-sizedtomacrocyclicsubstmtesaswellasacyclicsubstrateseffectively

undelgotheoxidativerearrangement.

TEMPO(1mol%)
NalO4(2eq.)

W"g'

0料 ○〈q･”餅hBu

O

●。
Ｈ

Ｈ
Ｏ

へ
〉 〆=、

、ノ
substrate

yield
time

92％

(24h)
92％

(14h)
94％

(8h)
92％

(2h)

'崎且ぺぅ尋B.Ye<B,～､>ど〉substrate

yield
time

76％

(20h)

0％

(24h)
84％

(15h)
81％

(12h)
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2)One-potoxidationofprimaryalcoholstocarboxylicacids

One-potoxidationofprimalyalcoholstocarboxylicacidsisalsoanimportantreactioninorganic

synthesis.Sincerelativelyfewgoodgeneralreactionsareavailablefbrthisprocess,atwo-stepmethod

invoIvingSwernoxidationorDess-Maltinoxidationfbllowedbyoxidationoftheresultingaldehydeby

theKraus-Pinnickreactionareofienapplied.Thedevelopmentofagoodgeneralone-potoxidationshould

increaseefficiencyinolganicsynthesis.WesoughtmethodsusingAZADOswhichwehaverepoltedas

moreaggressiveoIganocatalyststhanTEMPOfbralcoholoxidation.3

TheMerckmethodemployingcat・TEMPO/cat.NaCIO/NaCIO2isknownasthemosteffectivemethodfbr

thistransfbnnation.4Howevel;thismethodhassomelimitations;itisnotapplicabletosubstrateshaving

electron-richaromaticmoietiesandthecarefill,slowadditionofNaCIO2/NaCIOisrequired・Wefbundthat

asimpleprocedureusingcatalyticamountsofoxoammoniumsaltsandNaCIO2iseffectiveasaone-pot

oxidationfbrvariousprimalyalcohoisincludingsubstlateshavinganelectron-richaromaticringwhich

failtooxidizeunderMel℃kcondition.Me-AZADO+gavebetterresultsthanTEMPO+,althoughthe

differencesinreactivityaremodest.

1.oxoammoniumcat.(5mol%),

NaCIO2(3.0eq.),25oC,
O

RJL｡M｡RT、OH

MeCN:bu舵『(1:1,0.15M)

2.CH2N2,CH2CI2

と．胤伽..U~wCr~・脚,伽～”Ph/~/~OH

、
／

／
ｌ
、

、
〆

〆
Ｉ
、C

蜘
醗

98％

(0.5h)

100％

(9.5h)
100％念

(37.5h)
89％衝禽

(19h)
64％

(7h)

98％

(0.5h)

93％

(0.5h)

98％

(7h)

98％

(7h)

92％．

(23.5h)

97％＊

(26h)

92％合・

(19h)

81％☆＊

(19h)

92％

(0.2h)
X=CI

X=BFj

*5eq.ofNaCIO2wasused.

｡合20mol%ofcatalystand5eq.ofNaCIO2wereused

l)Shibuya,M・;Ito,S.;Takahashi,M.;Iwabuchi,Y｡gLe"2004,6,4303.

2)Shibuya,M・;'Ibmizawa,M・;Iwabuchi,YJ:OFgCﾙe"1.2008,j"press･

3)Shibuya,M.;'Ibmizawa,M.;Suzuki,I.;Iwabuchi,Y･ﾉ:""1.Che""."c.2006,/28,8412.

4)Zhao,M.;Li,J.;Mano,E.;Song,Z.;Tbchaen,D.M・;Grabowski,E.J・J.;ReidenRJ..XqgC"e"7.

19”,“,2564.
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AerobicOxidationofAlcoholsusingAZADOs

*YUjiOsada,MasatoshiShibuya,MasakiTbmizawa,YUsukeSaSano,YOshihanllwabuchi

GraduateSchoolofPhannaceuticalSciences,TbhokuUniversity

6-3,Aoba-yama,Aoba-ku,Sendai,980-8578,Japan

iwabuchi@mail.phann.tohoku.acjp

Catalyticoxidationsystemsofthatmakeuseofmolecularoxygenasthetennmaloxidanthavereceived

geatattentionfbreconomicaswellasenvironmentalbenefits.')Howev"manyofthesemethodsrequire

aratherexpensiveortoxictransition-metal,and/orhightemperture,and/orhighpressure.Recently

transition-metal-ffeemethodsfbroxidationofalcoholsusmgstablenihPoxylfPeeradicals

(2,2,6,6,-teiramethyl-piperidyl-1-oxyl,TEMPO)havebeendeveloped,asexemplifiedbytheTEMPO/

halogensource/NaNOzoxidationsystem､2)Howevel;manyofthesesystemsstillrequirehightemperann℃

and/orhiJlprBssureandhalogen-contammgsolvent,andsubsrateapplicabilibrislmited.Werecently

reportedazaadamantane-ⅣとoWl(AZADO)derivatives(Figurel)asmoreggressivevariantsofTEBO.

3)WeexploredtheapplicabilityofAZADOsmtheaerobicoxidationofalcoholsandfbundAZADOs/

NaNO2/AcOH/O2(balloon)apromismgaerobicoxidationsystem.

Figurel.AZADOs

熟、
1-MeAZADO

風｡
AZADO

gl､ぴ
ABNO

風oF

5-F-AZADO

ThecatalyticsystemdevelopedoHerslransition-metalfiPee,halogenfee,roomtemperatureoxidationof

alcohols.

Ourinvestigationbeganwiththescreeningofco-catalystsandsolvemsthatlinkredoxcyclesbetween

AZADOsandmolecularoxygenusmgmentholasthesubstrate・ARerconsiderableexperimentation,we

fbundAcOHaHbrdsuperiorperfbnnancefbrtheAZADOs/NaNO2/O2syStemCH2Cl2(Tablel).

Next,wescreenedcatalyticeHiciencyof
Tablel.

2-hydroxycycloheWlAZADOsusmg2-hydroxycycloheyg/1__,_,u5-F-AZADO(5mol%)

、α2㈱・搗鍜淵”benzoylester(1)asasubstrate,fbrwhichthe

rTEMPO-basedsystemfailedtooxidize(Table

、
Ｉ
Ｉ
〆

〆
ｌ
、

Entry2,Entlyl).Evenl-Me-AZADO,whichEntrvSoventTime YieldNote

( h ) ( % )

ex"d&atisfactolypermonnancewiththo!｡H､r,!_::､:'NR1CH1CH2CI2 24 0
samesubstrateunderconventionalconditions

2AcOH292

usingNaOClorPhl(OAc)2,resultedlowyield
aAllyieldsrefertopure,isolatedproducts.

(Ently2).AZADOandABNOshowed
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improvedreactivity(Entries3and4).Tbourdelight,5-F-AZADOshowedaremarkablereactivityand

affbrdedsatisfactoIyyie1ds. Table2

畠""-寧ろ”
Wethenexploredthesubstrateapplicabilityto

the5-F-AZADO/NaNO2/02/AcOHsystem.

Thisoxidationsystemacceptedavarietyof_160min

／、

~一
、
‐
ｌ
ノ

／
！
‐
ヘ

aConversion(%)bYield(%)Entry NLoxylalcoholstogivethecoITespondingcarbonyl

compounds(Table2).Itisimportanttonote

thatthissystemallowedconversionof

quinuclidinoltoquinuclidinone,whichis

difficulttoobtaincleanlybyothermethods.

30min 60min

1TEMPO<1

21-Me-AZADO11

3 A Z A D O 6 3

4ABNO65

55-F-AZADO>99

１
６
２
４
叩

く
２
７
７
１

trace

27

76

78

99

aConversionsarebasedonGCanalyseswithareanormalization.

bAllyieldsrefertopure,isolatedproducts

Table3

5-F-AZADO(5mol%)
OH

R1人R2
O

R1人R2AcOH

O2(balloon),It

Time(h)aYield(%)NoteSubstrateEntry Product

C/ﾍ゚ﾊ
MeO

Cr::
>壱:竪承OH

心”

Cへ。
MeO

C(:"
>こ《：竪号くO

zf声。

C C1 1 92

2 1 90

3 1 97

UsingNaNO2
(30mol%)

4 1 80

aAllyieldsrefertopure,isolatedproducts

[Reference]

1)M.J.Schultz;M.S.Sigman.亜"α〃g的℃"2006,62,8227.

2)X・Wang;R.Liu;YJin;X・Liang.Cﾙe"f.Ez":よ2008,14,2679

3)Shibuya,M.;Tbmizawa,M.;Iwabuchi,YJ:4ﾉ".Cﾙe".釦c､2006,128,8412
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6-3,Aoba-yama,Aoba-ku,Sendai,980-8578,Japan
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Oxidationofalcoholstoobtainketones,aldehydesorcarboxylicacidsisafimdamentaltransfbnnationin

organicchemistry・TherecentglobaldemandfbralleviatingenvironmentalstresshasspuITedmuchefYbIt

directedtowardthedevelopmentofgreenoxidationprocessesthatfillfilltherequirementsfbrpractical

applications・Nitroxyl-radicalcatalyzedoxidationmethods,fbrexample,TEMPO-oxidation,havettracted

attentionmmanyareasofsyntheticoIganicchemistlybecausetheyenabletheuseofvarioussafebulk

oxidants,therebyalsoenablingthesafeandextremelyefficientoxidationofalcoholswithconsiderable

operationalsimplicityb

Ql"a"J興側。“｡Inthisupdate,wereportpracticalsyntheseSofhighlyeHIcient
N､0．

nitroWlmdicalctalystsdevelopedbyus,2-azaadamantaneNE
AZADO(1)1-MeAZADO(2)ABNO(3)

oxyl(AZADO,1),1-Me-AZADO(2),and9-aza-bicyclo[3,3,1]

nonaneMoxyl(ABN0,3). Figum1

1)Practicalsynthesisofl-Me-AZADO

Thefirst-generationsynthesisofl-Me-AZADO(2)gavel5%overallyieldfbr6stepsstaringfiPom

1,3-adamantanediol(4)(Schemel).】

OH1.TsCll・LAH
①

鐵避玉g竺蒜恩…‐
pyndineﾉPhH

王g三島。H1墾幽一“.｡”11職脇。2.HONH2･HCI

4 8％2Pyndine,quantO℃6MeOHﾉH20，4

52steps15％fOr6steps
7

39%,2steps

Schemel:First-generationsynthesisofl-Me-AZADO(2)

Themostsignificantprobleminthesynthesiswasdifficultyinpurificationofamine6becauseitisboth

highlypolarandvolatile.

Tbovercomethisproblem,wedevelopedasecond-generationsynthesisofl-Me-AZADO(2)(Scheme2).

Theproblemofpurificationoftheammewassolvedbyits加s"〃protectionwiththeCbzgroup.
●

Additionallyjtreatmentofcarbamate8with2NHClledtotheintramolecularhydroamination.Removalof

theCbzprotectinggroupfiPom9andfbllowingoxidationaffbrdedl-Me-AZADO(2)in46%overallyield

fbr6steps.
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NaBH4
9H,TsClpvndino=NOHW｣__､．Pd-C,H2

裟血垂竺･電器史婬‘鵲一展三
1．TsCI,pyndine

〆 デー
75℃

jLLごー｡H------;CbzCI2.HONH2･HCI

PWine5Et3N,75 % 8 Na2WO4･2H20Et3N,75%R40℃9LYPZryy4~G!'z2
.""i.siep｡.".'"'.'｡8M'WW､"@6%,:step｡4 1 00％MeCN46％,6steps80％,2sieps

76%,2steps

Scheme2:Second-generationsynthesisofl-Me-AZADO(2)

2)PracticalsynthesisofABNO

WesyntheSizedbicycliccatalysts,suchasABNO(3),tosmdyofsmlctureandreactivity-correlations

(SAR)ofnitroxylradicals.ABNO(3)exhibitedeHicientactivityrivalmgthatofl-Me-AZADO(2).

WethuSembarkedondevelopmgapracticalsyntheticmethodfbrABNO(3)(Scheme3).ABNO(3)was

preparedin42%overallyieldfbr3stepSincludingonechromatogaphicpurification.AdoubleMannich

reactionofacetonedicarboxylicacid(10),glutaraldehyde(11),andanunonia(廿omaqueousammonia)

affbrdedketo-aminel2.ApplicationofaWolffLKismerreductiontol2delivered9-aza-bicyclo[3,3,1]

nonane(13).Finall)Goxidationofammel3aHbrdedABNO(3).

〆、

塵
CHOCHO

11

HO2CzWr~CO2H---
ONH3,H20HN

1 012

｜
州

０２Ｈ２●

４

Ｐ
噸

Ｈ
鞄

Ｕ
Ｎ

H2NNH2･H20

氏
80℃

－

;TEG,KOHH
220℃

13

品●

O〆

3

42%,3steps

Scheme3:PracticalsyntheSisofABNO(3)

3)PracticalsynthesisofAZADO

SinceAZADO(1)wasestablishedasthebestnitroxylradicalcatalystfiomSARsmdiesofAZADOsand

ABNOs,wedevelopedapracticalpreparativemethodfbrAZADO(1).AZADO(1)wasmorestablethan

ABNO(3)andgavehigherreactionratesthanl-Me-AZADO(2).

Werecentlyachieveda4-stepsynthesisofAZADO(1)fiPomcommerciallyavailable2-adamantanone.The

detailswillbedisclosedinthepostersession.

l)Shibuya,M.;Tbmizawa,M.;Suzuki,I.;Iwabuchi,Y,ル4"7.CWe腕.Sbc.2006,128,8412.
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Correspondingauthor:dO6tfOl3@ynuac.jp

1．Introduction

Organicethersarewidelyusedasasolventfbrsynthesisreactionanditshazardous

peroxidesarefbnnedbyanautoxidationinairiswellknown.Cyclopentylmethylether(CPME),

whichisanewlydevelopedetherealsolventandhasahightoleranceofafOnnationofperoxide,is

expectedtobeanalternativesolventtoconventionalsolventsuchastetrahydrofilran(THF).

inthisstudy,toinvestigatethethermalhazardofCPMEbyautoxidation,accelerated

stabilitytestwasperfbrmedat20and60｡Candthermalandinfraredspectroscopicanalyseswere

carriedoutandtheexperimentaldatawascomparedwiththoseofTHF.

！
●

肘2．Experimental

THFandCPMEwithoutanantioxidantwhichwerepressurizedwith

0.99MPaofO2inSUS316closedvessel(ShowninFig.1)werestoredat20or

60｡C.Thematerialwassampledatadequateintervaltimeandthethennaland

spectroscopicanalyseswerecarriedoutbyusingdifferentialscanning

calorimetry(DSC)andinfi･aredspectroscopy(FTLIR)respectively.

Fig.1

Captionofvessel3．ReSultSanddiSCUSSiOnS

3．1ThermalanalySis

Fig.2showstheDSCprofilesofTHFasfilnctionsof

storingtimeat20,40and60｡C.Theheatofreactionof

exothermicpeakincreasedwiththeincreaseofstoringtimeat20

or40｡C.SinceTHFperoxidesdecomposeexothermicallyatabout

80･C,theaccumulationofthemtookplaceinthestorageat20or

40｡C.Ontheotherhand,THFperoxideswerenotaccumulated

significantlyat60｡C,becausethedecompositionrateofTHF

peroxidesdependsontemperatureandproducedTHFperoxides

decomposedimmediatelyat60｡C.

TheheatofreactionofCPMEasafimctionofstoring

timeisshowninFig.3.Theheatofreactionofexothermicpeak
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DSCprofilesofTHF
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increasedwiththeincreaseofstoringtimeateachtemperature

andtherateofincreaseoftheheatofreactiondependedonthe

storingtemperature.ComparingwithTHF,themaximumheatof

reactionofCPMEwasmuchlowerthanthatofTHF.ltwasshown

thatCPMEhasalowerthennalhazardbyautoxidationthanTHF.
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3．21nfraredspeCtrOScOpicanalysis

Fig.4showsthecomparisonofFTLIRspectraofTHFat

severaltemperature.SincetheOO-Hstretchpeaksat3330cm~'

appearedat20and40･C,thefbnnationofperoxideswas

considered.Ontheotherhand,thepeakat3330cm~'weakened

andtheabsorptionofC=Ostretchatl720cm~'andl765cm~'were

confinnedat60･C.Y-butyrolactoneandsuccinicacidare

producedbythedecompositionofTHFperoxideslll.Itwas

shownthatTHFperoxidesfbnnedateachtemperatureandthe

decompositionoftheproducedperoxidesproceededat60･C.

FromthecomparisonofFTLIRspectraatseveral

temperaturewithsampleswithoutstoringshowninFig.5,FTLIR

spectraofCPMEdidnotshowasignificantchangebetween

storingsamplesat20or40･Candwithoutstoring・Sincetheweak

peakofO-Hataround3400cm.'andthepeakofC=Ostretchat

1740cm~'appearedat60･C,cyclopenthanolandcyclopenthanone

asthedecompositionproductsoftheCPMEperoxideswere

considered.

’
DSCprofilesofCPME
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ペ4.Conclusions

Fromtheresultsofacceleratedstabilitytestsandthermal

andspectroscopicanalyses,itwaSfbundthatCPMEhasahigher

toleranceofthefbnnationofperoxidesthanTHFandapotential

ofalternativesolvent.THFiseasilyoxidizedandTHFperoxides

areproducedatambienttemperature.While,CPMEisarelatively

stableandanaccumulationofitsperoxidesdoesnottakeplaceat

ambienttemperature.

．↓くり.Q〉、i0b副1j(｝：；

隅Jw、'8'Tl瞳いかl.

Fig.5

F'ILIRspectraofCPME
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AmildpreparationofsubstitutedindolizinesandindolefiQom

Simplearoma伽precursorsusmg(trimethylsilyl)diazomethane
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Amgenlnc.,1120VeteransBoulevard,SouthSanFrancisco,CA94080,UnitedStates

sebrown@amgen.com

ThemdolizineringsystemisanimportantheterocyclecommonlyusedbymedicinalchemistSintheir

drug-designeffbrts.Indolizine-derivedcompoundshavebeenrepoltedtobeL-typecalciumchannel

blockers,leukotrieneSynthesisinhibitors,histamineH3receptorantagonists,5-HTIAreceptorligands,

andphosphodiesteraseVinhibitors.

Cun･entlyjseveralcondensationreactions,1,3-dipolarcycloadditions,andl,5-dipolarcyclizationsare

knowntofacilitatethefbnnationoftheseheterocyles.Perhapsthemostwidelymilizedmethodisthe

Tbchitschibabmsynthesis,mwhichaquatemalypyridiniumhalide,resultingfiPomthereactionofa

2-substimtedpyridinewithanq-halocarbonylcompound,undelgoesintramolecularcondensationto

deliveranmdolizineproduct.UnfbrtunatelXmanyclassicalmethodsfbrindolizinineconstruction,suchas

theTbchitschibabinreaction,requireelevatedtemperamresand/orextendedreactiontimesand,thus,may

notbecompatiblewithsomehlnctionality.Here,wereportamildsynthesisofsubstimtedindolizinesfom

readilyavailable2-(pyridin-2-yl)acetylderivativeSusmg(mmethylsilyl)diazomethane.

TypicalreactionconditionsmvolvetreatmentofaO.1Msolutionofthe2-(pyridin-2-yl)acetylsubstrate(1

equiv.)with(trimethylsilyl)diazomethane(1.2equiv.)atroomtempertureinavialopentoair・Apmtic

solventsofdifferentpolarities,suchasCH2Cl2,CH3CN,THF,Dﾊ凪andDMSO,andproticsolvents,such

asMeOH,EtOHandi-PrOH,wereexamined.hgeneral,thereactionswereclean,andnoproductsother

thanum℃actedstartmgmaterialwereidentified.Itwasnoted曲atproticsolventsweresignificantly

prefelTedoveraproticsoIventsandthatthereactionwasfastestinMeOH.

Inlightofthemildconditionsandoperationalsimplicityofourindolizinesynthesis,wesoughttoextend

thedescribedprotocoltothepreparationofotherheterocycles.Havingnotedboththepresenceand

proximityofnucleophilicandelectrophilicmoietiesinthe2-(pyridin-2-yl)acetylderivativesdiscussed

above,wehypothesizedthatsimilarlydisposedbifimctionalmoleculesmightalsoproveamenable

substratesfbrheterocyclefbnnation・Wewere,thus,pleasedtodiscoverthat2-aminobenzaldehyde,a

biftmctionalsubstrate,couldbeconveltedtoindoleinmoderateyield・Whiletherateofindolefbrmation

wasslowerthanthattypicallyobservedfbrtheindolizinederivativesdescribedinthisletter;efficient

conversionwasachievedat60｡Cusing4equivalentsof(trimethylsilyl)diazomethaneand2equivalentsof

Cs2CO3asanalkalineadditive.Theutilityofthismethodfbrthesynthesisofftmctionalizedindolesis

currentlyunderinvestigationandwillberepoltedinduecourse.

Inconclusion,wehavedevelopedamildandconvenientmethodfbrthesynthesisofsubstituted

indolizinesfipomreadilyavailable2-(pyridin-2-yl)acetylderivativesusing(trimethylsilyl)diazomethanein
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moderatetogoodyields(41-84%).Wehavefilrtherdemonstratedthatthisreactioncanbeappliedtothe

synthesisofindolefiPom2-aminobenzaldehydeandarecurrentlyevaluatingthefbasibilityofthissynthetic

constructfbrthepreparationofsUbstimtedindolesandotherheterocycles.
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Abstract

TheALD6pofMJcchm℃"りﾉcesc"evis"ehasbeenoverexpressedinEcO"strain・Theprotemwas

predommantlyinsolublewhentheexpressionwasmducedbyisopropyll3-D-thiogalactopyranoside(PTG)

inthehostcellsgrownateither37or30｡C.Whentheexpressionwasmducedat30｡Cusmglactoseasthe

inducerShowevel;thepercentageofmsolublefbnnwaslessenedby6.1fbld.HoweveI;thepurifiedprotem

endsupwithtwobandsasshownonSDS-polyaclylamidegelelectrophor℃si､SDS-PAGE),themajorone

beingofcorrectmolecularsize,theotherbemgsmallerby～1．3kDa・ApparemlXtherecombinantprotem

wassuhjectedtodegadationundertheconditionsused.

Tbsolvethisproblem,wereasonedthatdegadationmaybeduetoimproperfbldingoftheprotein

ofwhichtheexposedhydrophobicsitewaspronetotheattackofcellularproteases・Theimproperfblding

maymtumresultfiPomthehigherthanthephysiologicalrateofbiosynthesisofprotems.Therefbre,we

managedtoreducethetempelatul℃fbrmductioninordertodecreasethebiosyntheticrate.Thuswefirst

inducedtheexpressionofALD6patl8｡CandfbmdthatthesmallerfiagnentonSDS-PAGEdid

disappearasexpected.HoweveI3thetotalamountofALD6palsodecr℃ased,whichisdisadvantageousto

purification.Therefbre,weraisedthemductiontemperatureupto25oC,andfbundthehighesttemperamre

topreventdegradationis24｡C・Wefinallyadopted24｡Castheinductiontemperature.

Wethencarriedoutpurificationmtwochromatogaphysteps,fIrstonQSepharoseTMFastFlowion

exchangerandfbllowedbyBlueSepharoseTM6FastFlowa誼nitycolumn.Tboursurprise,ALD6pfom

bothstepsexhibitedsinglebandonSDS-PAGE,indicatingthatone-steppurificationmightbeachievedon

QSephaI℃seTMFastFlow.Wethenconfilmledthehomogeneitybycomparingthespeci6cactivityof
ALD6pfromindividualstep.Theyare6.350±l.125ILmol/(minxmg)and6.672±l.688ILmol/(minx

mg)fbrALD6pfromQSepharoseandBlueSepharose,respectivelXindicatingthatbothhavecomparable

specificactivities,confinnmgtheaccomplishmentofone-steppurificationontheQSepharosestep.
Materials

Eco"strainusedfbroverexpressionwasBL21(DE3)(Novagen).IsopropylP-D-

thiogalactopyranoside(IPTG)wasfiPomMDBio.LactosewasfiomTakayama.QSephal℃seTMFastFlow

andBlueSepharoseTM6FaStFlowwerefiomGEHealthcare・SaltgradientwasgeneratedonLowPressure

GradientorLPG-100(EYELA).Spectrophotometerwasconstructedusingadeuteriumlightsource

(ORIEL)andaCCDaITay(BRClllA,BWTEK).6-nicotinamideadeninedinucleotidephosphate

(NADP~)andbovineserumalbumin(BSA)werefiPomMPBiochemicals・CoomassieBrilliantBlueR-250
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andG-250werefromWSSimpson.PropionaldehydewasfromSHOWA.Mid-rangeproteinmolecular

weightmarkerswerefi℃mGeneMark

ExpI℃ssionsystem

Full-lengthopenreadingfi･ameof4LD6genewasclonedandinsertedattheresnfictionsites

MたIA即ﾌelofpET43.lc(Novagen).TheconstructisdesignatedaSpET43-ALD6.Standardchemical

methodswereperfonnedfbrtransfbnnationofcompetentEco"cells.

Induc伽nandoverexpression

Eco"containmgtheexpressionvectorpET43-ALD6wasgrownin50mLLBmediumma250mL

flaskonashakerofl75rpmfbrinductionwithPTGat37｡Cor30｡Corwithlactoseatl8to30｡C.Cells

werefilrstgowntoO.60．D.at600nmpriortotheadditionofinducerbFormductionwithPTGO.4mM

(final)wasused.Formductionwithlactose,0.5%(w/v)(final)wasused.

Cellbl℃akingandcrudeproteinextraction

Allopelationsfbllowingharvestofcellsweredoneat4｡C､200mLofculturewascentrihlgedat

2,720×gfbr30min・Thecellpelletwasresuspendedin5mLoflysisbuffer(50mMTris-Cl,pH6.8,

containmglmMEDTA,6mM2-mercaptoethanol,10%glycerol,andlmMPMSF).Eco"cellswere

brokenonicewithaBransonsonicatorDigitalSonifier"50Dequippedwithal/8-inchmicrotip・Each

6-secondcyclecontamedone-secondpulseof28%amplimdewithafive-secondbIeakonice・Atotalof

sixtymmutesofsonicationwascaITiedout.Thelysatewasthencentrihlgedtoremovedebriswiththe

supematantsavedfbrpurification.

PunificationonQSephamse

BuHersusedwerebuHerA:50mMTri-CI,pH7.6,1mMEDTA,6mM2-mercaptoethanol,10%

glycerol,50mMNaCl,andbufferB:bufferAcontaininglMNaCl.AQSepharosecolumnofl.6cm

diameterand30mLbedvolumewasequiliblatedandwashedwithbufferAaftersampleloading.ALD6p

waselutedwithagradienth℃mO%tolOO%ofbuHerBinlOOmL・Theactivefi･actionswerecollectedfbr

proteindetermination,electrophoresis,andenzymeassays.

PuRincationonBlueSepharose

TheactivefactionSh℃mQSepharosestepwerepooledandappliedtoaBlueSepharosecolumnof

2mLbedvolume,equilibratedwithbufferC:50mMphosphatebuHenpH7.4containinglO%glycerol.

ARerwashwith5mLbufferCtheproteinwaselutedwithbufferCcontainingO.4,0.5,0.6,0.7,0.8,and

0.9MNaCIstepwise・Froeachstep,1mLofNaClcontamgbufferwasapplied.

Proteinandenzymeassays

ProteinconcentrationwasdetenninedbythemicroassaymethodofBradfbrdusingBSAasthe

standard.Allenzymeactivitieswereassayedat25｡Cm60mMsodiumphosphate,pH7.4,containingO.6

mMpropionaldehyde,2mMNADP~,and20mMMgCl2.Thereal-timeabsorbanceat340nmwas

fbllowedfbrthefbnnationofNADPH.Molaractivitywascalculatedusinganextinctioncoefficientof

6.22mM~'cm~'.
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ac叩acialipase(Bz"k加/"riqc"qcifzlipase,oldname:Rsezj吻加o""cq7acialipase)isoneofthe

mostwidelyusedenZymesinacademicandindustrialareasbecauseoftheirhighslabilityinoIganicmedia

andathightemperatureaswellashighstereo-andregio-selectivitybOverexpressionofalipasein

EscIIe"chiqco"(Eco")benefitsresearchersbecauseEco"growsfhstandiseasytohandle.HoweveI;

manylipasesarepoorlyexpressedwithfimctioninEco"andohenfbnninclusionbodiestobeneededin

vitrorefbldingbyitsmolecularchaperone.RecentlyiSchmidandcoworkerspresemedoverexpressionofa

c"qcitzlipaseinEco"andl℃poltedthatthealUmeneedstoberefbldedanerbemgexpI℃ssedbecause

ofinclusionbodyfbnnation・Thenear-stoicmometricamountofaspecificmoleculardlaperoneisrequired

fbrrefbldingBc印acjqlipase,althoughachaperonecatalyzesfbldingofapmtein・Thisrequir"much

effbrtinproducingthefimctionalacW""lipasebecauseadditionalexpressionofthechaperoneis

necessaryandanothersepalaationstepmayberequil℃dafterrefbldingtheanWme・Thus,Iwyclingthe

chaperonemaybeusefillfbrdecreasingtheeHortsinproductionofthefimctionalac"qcjqlipase.

ImmobilizationofachaperoneisrequiredfbrI℃cycling・Proteinscanbeimmobilizdonsupporting

materialsbyphysicaladsorptionusinghydrophobicinteractionsorbycovalentattachment.In

immobilizationofachaperone,choosingamaterialasasuppoIterisanmportantstepbecausethe

fmctionalityofapmteinstronglydependsonthesupportingmatmials・Currentlynano-sizedparticlesor

nanoporousmaterialsarewidelysmdiedinmaterialr"eaI℃hareaandhavebeenusedfbrbio-applications,

suchasnucleicaciddetachmentlproteinseparation,andimmobilizationofenZ>mes,becaausetheirlaIge

surfaceareacreatesmanyinterestingphenomena・Howevel;notallmaterialscanbeusedfbrimmobilization

ofproteins.Forexample,inoIganicnanoparticlesmaynotbesuitablefbrphysicalabsorptionofprotems

becausetheI己isnohydrophobicinteractionavailable.Physicallyabsorbedproteinsomopolymeric

nanoparticleswouldnotworkinaqueousmediabecausetheproteinscouldbediffilsedoutfi℃mtheparticles.

Wehaveconsideredthefbllowingconditionstochoosesuitablematerialsfbrimmobilizationofachapemne:

l)pmperimmobilizationmethodsavailable,2)stabilityinreactionmedia,and3)easinessofrecoveIyfbr

reuse･

Thel℃fbldingprocessofanenZ)meshouldbeperfbnnedinaqueousmediaThus,covalentattachmentof

achaperoneonsupportingmaterialsisrequired.WechosepolymeFcoatedmagneticnanobeadsasa

supportingmaterialbecausethenanobeadsarestableinaqueousmediaandeasytorecoverbysimple

centrifilgeormagneticfield.Inaddition,thechaperonecanbecovalentlyconjugatedtothenanobeadsbya

simplechemicaltreatment.
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Herein,wepresentpreparationofpolymeFcoatedmagneticnanobeadsandconjugationofamolecular

chaperoneonthenanobeads・Thestoichiometricamountofchaperonewasrequiredtoobtainthe

near-maximumhydrolysisactivityoftherefbldedB.cepqciqlipase.ThelaIgeramountofthenanobeads

didnotsignificantlyimprovethehydrolysisactivitybalthoughtherefbldedenamebythehalfamountof

thebeadsshowedonly6%hydrolysisactivity・Thetimecoursefbrrefbldmgprocessshowedthatthereis

nosignificantincIcaseofthehydrolyticactivityoftherefbldedacep""lipaseafter24hours.

WehaveattemptedtoreusethechaPerone-conjugatedmagneticnanobeadsuptofivetimesand

measuredthehydrolyticactivityoftherefbldedacq7QQcjalipaseateachround.Thehydrolyticactivities

ateachroundweresimilar.Therefbldingactivityofthechaperone-conjugatednanobeadsstillremained

above95%afterfive-timereuse.Theseresultsindicatedthatthechperoneconjugatedmagneticbeadsare

suitablefbrrefbldingthedenaturedB.c印αcinlipaseandreusable.
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2=Nitrobenzenesulfbnyl(o-nosyl)and4-nitrobenzenesulfbnylgroup(p-nosyl)havebeenusedfbrboth

theprotectionandactivationofaminogroupsbecauseoffacilecleavabilityundermildconditions.Because

nosylgroupsremainintactundertheconditionstocleaveNLcarboalkoxyprotectinggroupsandpossess

selectivecleavabilitywiththiols,theuseofthenosylgroupshasbeenwidelyusedinorganicsynthesis.

2-Mercaptoethanol,benzenethiol,andq-mercaptoaceticacidhavebeenemployedasthiolstodate;

however,themalodorousstenchonhandlingthethiolswoulddegradethebenefitsofnosylgroups.

Inthebeginning,nosylamidelwaschosenasthesubstratesfbrdenosylationI℃actions・Amongmany

odorlessorfaint-smellingthiols,"-dodecanethiol(2)wasfirstemployedtocleavethenosylgroupfiPoml

usinglithiumhydroxideasabase.Asexpected,thereactionsproceededsmoothlyatroomtemperamreto

givethedesiredproduct3ingoodyield(Tablel,ennyl).MoI℃over,thesubstrateslwassubiectedtoa

reactionwhereeitheranodorlessorfaint-smellingaromaticthiol,".,p-dodecylbenzenethiol(4)or

p-/er/-butylbenzenethiol(5)wasusedinsteadofZandlithiumhydroxidewasreplacedwithaweakerbaSe,

potassiumcarbonate(Tablel,ently2,3).However,theseparationofproducts3fi･omaworkupresidue

containingo-nitrophenylp-alkylphenylsuifidesrequiredtediouschromatographicprocedure.Therefbre,

(J-mercaptobenzoicacid(6)wasemployedtolemovetheresultingsulfYdefacilelybyextractionwithaikaline

aqueoussolutionandorganicsoIvent.Finally,p-mercaptobenzoicacid(7),havingalesshinderedmercapto

groupthan6,wastestedasthedeprotectionagent.Thereactionaffbrdedexcellentresultsinthecaseof

substratesatalowertempelature(40℃)thanthoseusing6asareagenttocleavethenosylgroup(Tablel,

entries5).

Tablel

Entry

Denosylationwiilodof1essilioIs

/0,1患.幽壁皇MeO=､z"､",､-DMF

1

1 2

」α､N心．
MeO

3

3 4 5

SH/､､=SHp､-SHz,､/SH

C､""_Os"C(cC12H25SH
Thiol

ah3.2,(2.0eq)C,2H25 旧u CO2HHO2C

ConditionLioH.H-o4,(1.2eq)5,(1.2eq)6,(2.0eq)7,(2.0eq)LiOH･HP
(2.0eq)K2CO3(3.0eq)K2CO3(3.0eq)K2CO3(4.0eq)K2CO3(4.Oeq)
「.t.,4hrr.t.,4hrr.t・,5hr60℃,12hr40oC,12hr

■■ーーー 。 ■ ■ ■ 一 一 ‐ 4 ■ ‐ q ■ q ■ ‐ ｡ G ■ q ■ 4 ■ 4 ■ ‐ ‐ ‐ ＝ － － － － － － － － 一 － － －．■－－－．■q■q■－－－つ一－9■｡－一一一一一■■－－－■■－－－－4■q■－－－4■q■4■q■q■－■レーーq■q■－，■－－－

Y i eld(%)9495969491
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Next,wedevelopedanewmethodutilizingnovelpolymethoxybenzylmercaptanAasan

odorlessequivalentofhydrogensulfdeasshownschemel.NamelyjifMichaeladductB

derivedhomq,6-unsaturatedcarbonylcompoundandAistreatedwiththioureaunderacidic

conditions,wewmobtainthiolC,afbrmalMichaeladductofhydrogensulfdetothe

a,6-unsaturatedcarbonylcompound.MoreoveriisothiouroniumsaltD,whichisaside-product

obtainedondebenzylation,wouldbeconvertedbyalkalinehydrolysistoA(Schemel).

Schemel.Strategyofnewodorlessbenzylmercaptan
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ReCycle

Wefrstpreparedafewbenzylmercaptans(8a-c)whichhadtwoorthreemethoxygroupsand

studiedMichaeladditionreactionof8anddebenzylationoflOwithtrinuoroaceticacid.

Interestingly,theMichaeladditionresultedinexcellentyields(94-99%),whiledeben"lationoftheMichael

adductsof8aand8bwiththioureaandtrinuoroaceticacidinacetonitriledidnotgivetheP-mercaptoester

11atall(Scheme2).Onlythedebena/lationoflOcunderthesameconditionsyieidedthedesiredproductll

inagoodyield.

Moreover;2,4,6-trimethoxybenzylisothiouroniumsaltl2,whichisaside-productobtainedon

debenzylation,couldbeconvertedto8canditsdisulfdel3byalkalinehydrolysis.Thedisulhde

13couldbereducedto8cwithI｣iAIH4.

Scheme2.Compansonofutilityofnewodonessbenzylmecaptans8assubstituteofH2SinMichaeladdition
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P-Aminoacidmoietiesareoftenresponsibletoexpressbiologicalandphannacologicalactivitiesina

hugenumberofnatulallyoccu汀ingcompounds.Recentlywehavedevelopedanovelstereoselective

Michaeladditionsofachiralaminetoq,6-unsamratedestersasanplacticalmethodstosynthesizethe

chilalP-aminoacidunits.Herein,afacilemethodtocleavethechiralauxiliariesontheaminogroupwas

indispensabletoconverttheMichaeladductstof･eeP-aminoacids.Takingadvantageoftheoxidative

propertyofNIS(Miodosuccinimide),wesucceededinthel℃movalofachilalallO'lgroupfromtheamino

ggoupoftheMichaeladductsbyusingNIS(2eq.)asanoxidativeagent.

Onthebasisofthesebackground,weappliedthemethodtoMdeallWlation1℃actionofMalblatedamino

acidderivatives.Thedetailsofthereactionswouldliketobe1℃portedhe1℃．

Tablel．Optimizationofsolventsindealkylation
ofsecondanyamine.

First,Mben可l-L-phenylalaninemethylester(5a)

waschosenasasubstrateofsecondalyamineand

triedMdeben"lationwithNISinvarioussoIvents

(Tablel).WhenCH2Cl2orDMFwasusedasa

soIvent,MdebenWlatedproduct(6)wasobtainedina

moderateyield(Tablel,entlyl,2).The1℃actionin

acetonitrilegavethedesiI℃dproductingOodyield

(Table1,ently3).

Q叉:o2Me

NIS(2.0eq)
－

2Mesolvent/rt
65a

EntlySoIvent Time(h)Yield(%)

53

48

93

１
２
３

CH2CI2
DMF

MeCN

型
６
７

Next,MdealkylationofvariousderivativesofMbena'l-L-phenylalaninemethylesterwasattained(Table

2).AImostallreactionssmoothlyproceededandgaveprimaryamines6(Table2,entIyl-4).Itis

noteworthythatmesitylgroup,whichTable2.DealkylationofMalkyl-L-phenylalaninemethylesteIs.

cannotbeeasilycleavedbycatalytic

hydrogenation,wascleavedingood

H､Nz､R
言 CL莫髻b

NXS(2.0eq)

eMeCN/rt 2MeCO2M

yield(Table2,ently5).Ontheother5 6

NBSNIS
hand,C-NcleavagereactionswithNBSEntryR

Time(h)Yield(%)Time(h)Yield(%)
(Mbromosuccinimide)insteadofNIS,

laPhl81793

alsoafYbrdedMdebenZylatedproducts2b4-MeO-phl94483
3c4-CI-Phl731580

ingoodyieldsandshoIterI℃actiontime
4d4-NO2-Phl65687

(1-2h).Meanwhile,neitherthereactions 5eMesityll80678

withNBSnorNIScleavedtheC-N6fH-0-0
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bondinthecasewheresubstIateTable3・Optimizationofsolventindealkylationoftertianyamine.

carriedanMmethylgroupinsteadofMe､NへPⅢ職捌e･HCIH､N/、Ph Me､NグH

anMbenglgroup(Table2,entxy6).ph､〆､CO2Meミ乖而一一Ph､/、CO2Me+Ph、/~CO2Me
Furthennore,weinvestigated 7a 5a 5f

applicabilityofthereactiontowardFntr,,Q,､i､,_"$NIsgg
EntIEnilySolven!Time(hi~7ield(%)Time(h)Tield(%)

tertiaryamines. First,
5a 5 f 5 a 5 f

Mbenzyl-Mmethyl-L-phenylalanine IDMF2.555921527

2MeCN2.5831432152methylester7awasusedasa
3CH2CI23.5a59262.5932

substmteandthereactionswitheither

aNIs(3.0eq)wasemployed
NBSorNISinvarioussolventsweIe

ammpted(Table3).ThereactionperfonnedinDMFgavethedebenn'latedproduct5fasamajorpmduct

eitherNISorNBSwasutilizedasaoxidativeagent(59%,27%,respectively)(Table3,entryl).

SurprisinglybtheI℃actionwithNISttainedincetonitrileaffbIdedtheNEdemethylatedpoduct5a(83%)

accompaniedwithasmallamountofthedeben"ladproduct5f(14%)(Table3,ently2).Ontheother

hand,thel℃actionwithNBSinacetonitorilegavetheMdeben"latedproduct5f(52%)andasmall

amountoftheMdemethylatedproduct5a(21%)(Table3,entry2).TheI℃actionattainedwithNISin

dichlommethaneyieldedbothdemethylatedpoduct5a(59%)anddebenWlatedproduct5f(26%),while

5f(32%)wasgivenasamajorproductinal巳actionwhereNBSwasemployedinsteadofNIS(Table3,

ently3).Inthesel℃actions,additionofO-methylhydroxylaminehydrochloridewaseffective.'

Next,wetriedtogenelalizetheTable4・SelectivedealkylationofMbenZyl-ﾉVLmethyl-レphenylalanine

selectivityinthedemethylationqGIDy'este"･
H､N/、Ar Me､N"H

ofvariou.tertialyamine$byph__T,jZNg"ELilgll"ph=XZ.+Ph哩蜘ofvarioustertialyaminesby冑＋ph､／、cOzMeusingtheNIS/acetonitrile
7 5 5f

systemtoaffbldsecondaIy
Yield(%)

EntryArTime(h)
amines5.(Table4).All【℃aCtiOnSp''uyAr'''''clIu'55f

laPh2.55a8314proceededthroughtheselective
2b 4- Me O- Ph 2. 55 b7 96

CsNbondoxidation(1-2h)and 3c4-Cl-Ph2.55c8710

gaveMbenzylatedsecondary 4d4~NO2-Ph3．55d7314

5 eMesityl35e83-
aminesSasmajorproductin

goodyields(Table4,entlyl-5).20nthebasisoftheseresults,itseemsthatthefimctionalgoupsonthe

aromaticringwouldnotaHectbothreactivityandselectiviWb

Furtherapplicationofthemethodandthe1℃actionmechanismwillbediscussed.
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AsymmetricMichaeladditionofaminestou,6-unsaturatedesteIsarevelypromisingbecausetheyaffbrdunits

of6-aminoacidsthatareapaltofanumberofnamrallyoccun･ingbioactivecompounds・Recentlybwehave

investigatedtheMichaeladditionl℃actionofachiralaminoether(1)toq,6-unsaturaCdestersasaMichael

acceptorbHere,we1℃porttheasymmetricMichaeladditiontoavarietyofu,6-unsatuIatedester(2)andthe

stel℃oselectiveConstructionofth1℃econtiguousstereogeniccentersthroughatandemMichael-aldolIeaction.

tandemMidlael-aldoirea"ion
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1.AsymmetricMichaeladditiontou,6-unsamratedesrrs.

AsymmetricMichaeladditionofseveralsubstrateswasexaminedasshowninTablel.

Thblel.AsymmemcMichaelAdditionUsingChilalAminoEther

柔:側．
R1=A､/CO2IBu

3B

＋

ＵＢ
Ｉ

２

ｅ
０
Ｍ
Ｃ

Ｏ
ｎ

人
弘

Ｖ
人
坐
弛
同為""~"曇｡

1 2

と
n-BuLi

と THF,-50oC/1-4h

０
０
９
０
０
１
０
０
０
０
０
０
０

addnive(LiOTf)

yield(%)3A:3Ba)

一一一一

６
６
４
６
今
９
６
７
１

一一

●
ｅ
●
Ｇ
●
９
Ｇ
句
●
串
■
●
■
巳
●
○

口

“
餌
弱
弘
一
馴
叫
鯛
弱シ

一一口。ｐ一

ｌ
ｊｂ
ｂ
二

”
馴
切
卯
一
鮨
馴
蛎
躯

一一一■

凸
■
■
■
■
ｐ
●
■
■
■
■
■
■
■
■
Ｕ
●
ワ
▲
■
▼
■
■
二
■
▼
■
ワ
ム
Ｕ
●
■
■
■
■
■
■
■
■
■
■

』一一

７
９
６
９
－
９
０
１
１

今
二
句
■
。

●
■
●
●
●
●
●
●
垂
①
卓
由
Ｑ
由
●
の
甲

一

３
１
４
１
－
１
０
９
９
－

９
９
９
９
－
９
９
９
９
｜

シ
シ
’

一『一口

卯
即
卯
鯛
一
鯛
鯛
卯
四

口の一一

即
ｈ
一

勵
恥
》
》
一
栴
榊
鏑
》

ロ一

１
２
３
４
－
５
６
７
８
’

一

a)ThemtiowasdeteminedbylH-NMRanalysisb)Thereactionwascamedat-78oC

Aromaticu,6-unsaturatedesters,1℃gardlessofelectl℃n-donatingand-withdlawingsubstiments,gavethe

MichaeladductinhighyieldwithhiJ1diastereoselectivity(Tablel,entlylto4).Aliphaticu,6-unsaturatedesteIs,
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whichhaveprimalyalkylsubstimentssuchas"-PI;providedtheadductsingoodyieldanddiastereoselectivity

(entry5,6).Thesubstrateshavingsecondaryalkylsubstituentsuchasi-Prandc-Hexgavetheproductsinhigh

yieldwithhighdiastereoselectivity(ently7,8).Moreovel;weinvestigatedeffectsofadditive(Lithiumtriflate)in

thereaction.Althougnthel℃markableeHectwasnotobservedinthecaseofaliphaticu,6-unsamratedesters,the

reactionofaromaticu,6-unsamratedestersshowedimprovedchemicalyieldanddiasteICoselectivityb

2.ApplicationtoaTandemMichael-aldolI℃action

Next,weinvestigtedthetandemMichael-aldolreaction,inwhichtheenolateintennediateallowtoI℃actwith

aldehydefbraimedtoconstructionofthreecontiguousstereogeniccenters.

Tbble2・ConstructionofT11IeeContiguousStel℃ogenicCentersviaTandemMiChacl-aldoIReaCtion
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Wefirstinvestigatedtandemreactionwithbenzaldehydeaselectrophile,andtheresultsare77%yieldwithhigh

diastereoselectivity(89:11).Then,weappliedthisreactiontoavarietyofq,6-unsamlamtedestersandaldehydes.

Almostallofthesubstlatesandelectrophilesgavetheproductsingoodyieldanddiastereoselectivityb

Inaddition,thechilalauXiliarylinkedtotheaminogmupintheMichaeladducts(3)wasfacilelyremovedand

convertedtoP-aminoesters(7)andaldehydes(8)byl℃actionwithMiodosucinimide.MoI巳over;thisaldehydecan

bereclaimedtothechiralamine(1)byreductiveaminationwithbenzylamine.Nowweal℃investigatingthe

applicationofthisreactiontotandemMichael-aldolproducts(5).
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AdsolptionKmeticofThI℃eP団耐cleSimChimsan

FengChinWu,*IPm-HsuehWu2,Ru-LingTseng2
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nleshells(fomlobstel)wel℃filIstimmelsmm5wt・%NaOHfbrl811ml℃movepmCms(solidshells/mlutions=

10%w/w)andmlOwt.%HClfbrl811わにmoveallminelalmaterials(mainl)GCaCO3).T11el℃sulmgmsolublesolid

isUneso-calledchitin.T11echitin(40gwasdeaceWlat"in50wt・%NaOH(8009at90℃fbr3h.nlefinalpalticleWr

ofchitosanwel℃61にIEdandwash"widldeioni"wan:T11印MI℃dlimat50℃mavacumnfbrl2h.Thekinetics

andm"hanismofdsolptionofacomme!℃iall℃actionl℃ddye(RR222)homwafronthImchiosanpalticles(dp:

025-O.42,0.42-0.59,andO.59-0.84mm)w圃巳studi"at30℃.T11I℃esmpM"kmeticmodelsmcludmga

pseudo-smond､oldeI;anmilapalticlediifilsionmmel,andEIovichaluationwel℃にsEl.Itwasshownalladsolption

couldir6immEIovichaluation.

血1℃actionsinvoIvmgthechemisolptionofMsesonasolidsulfacewithoutdesoIptionofthepIDducts,thelatedecl℃ase

widltimeduemanincl℃aseinsulfhcecovelagC・Oneofthemostusefillmodelsfbrdescribmgsuchctivamd

chemiso叩tionistheEIovichaluation[1].

"!/c"=qexp(-69,)(l)

1.0 1.0 ､－，－4‘ロﾛ.一一一＝

声

壱二
0．8 0.8

６
４

●

●

０
０

（
‐
）
↑
巴
こ
す

６
４
０
Ｏ

（
‐
）
』
。
』
こ
す

１
２

２
１
”
“

０
０
Ｑ
Ｑ
５
ｊ

庫
宮
座
産
ｎ
Ｕ
ｎ
Ｕ

氏
氏
恥
恥
昨
砕

ｂ
ひｑ
ｑ
創
創

曲
餉
ｑ
ｑ
呵
耐

日
６

．
Ⅵ
，
Ⅵ
ｅ
ｅ
合
・

帥
即
永
歩
、
、

’
’
一
一
》
》’

0.2 0.2ａ
■
■
■
９
０
■
０
９
屯
、
■
日

0．0 0.0

O.00 . 2 0 . 4 0 . 6 0 . 81.00.00.20.40.60.81.0

t/tref(~)t/tref(~)

碗9.1AdsolptionchalacClisticcuwesofdimensionlessFig.2DimensionlessEIovichaluation,ini]apalticle
EIovichequation diffilsionmodel,andpseudGswond-olderaluationof

adsolptionchalacCristiccuwe

whelもaand6al巴constantsd"nganyex"rimentnleconstant,"isIc甑ld"asthemitialla"mause的側

appmachesqwhengiappmachesO.

Giventhat9i=9iat/=randgi=0at/=0,theinCgamfbmofEq.(1)is
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9I=(1/6)In(I+Io)-(1/6)lnio(2)

whel℃ん=1"b.lf/ismuchlaIgerUlanlb,Eq.(2)canirsimplin"as

9,=(1/6)ln(q6)+(1/6)lni （3）

nlevalidityofEq.(3)isch"kedb'thelinearplotof9iveIsushf

T恋BLE1KineticpalameteIsandmeaddeviationsfbrmeandeviationsfbrtheadsolptionofRR222oncmbsan

Dp JVIC皿a
－

q『ぜ.

m、 mgg)(-mln)(gmg m脚9m 図 9
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Fig.3TestthImpalticlesizsofchitosansadsoIptionofFig.4CompaleofthImkineticmodelaluationfbrthlw
RR222byEIovichequation, palticles"sofchimsansadsolptionofRR222

ConclUBsio亟

Bothpseudo"ond心lderequationandmhapalticledifiiJsionmodelcannotsuccessfilllyconfimlthem"hanism・nle

Elovichaluationwaswellfitfdtotheexpenmentaldata.Adsolptionchalacnisticscuwescanbeempl的αlbde"n"

theadsolptionkineticlrhaviorofvariousadsolbabsontheadsolbentlandcanfacilitateamol℃acculaCinfelBncem

adsorbentsel"tionfbrengineeringplactice.
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Ako叩伽nKineticofChitosanfmmThmeSoul℃e
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Indliswolk,thechimsansweleprBpalm伽mthlwfiShelywastes(plawn,lObsCl;andclabshelis).T11eshellswel℃filst

mmelwim5wt.%NaOHfbrl8hml℃movepIuCins(solidshelis/solutions=10%w/w)andmlOwt.%HCIfbr

18hm妃moveallmm園almaClials(mainl%CaCO3).nlel℃sllmginsolublemlidistheso-call"chitin.Thechitin

(409waseaceO'lamm50wt・%NaOH(8009at90℃fbr3h.T11efinal"IticleWIEofchimsanwaBnlnmand

wash"withdeionimdwatel:T11q/weledIiaiat50℃mavacuumibrl2handfinallysiev"mthes"lan"1630
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TABLE3KineticpalameteIsandmeaddeviationsfbrmeandeviationsibrtheadsomnonofRR222onchitosan
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andcrabshelisiVaficbr2.03and2.79.Allkineticdata"nweUftml乃'theEIovich"uation..
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CytochromesP450composethelargestsuperfamilyofheme-containingen"mesandal℃

distributedinawiderangeoforganismsfiPombacteriatoplantsormammals.P450scatalyzealarge

diversityofmonooxiganationreactionsonavarietyofhydrophobiclow-molecular-weightcompounds.

Thesereactionscontainnotonlyhydroxylationreactionsbutalsootherredoxreactionssuchasepoxidation

ofalkenes,dealkylationofcompoundsincludingaorMalkylgroups,sulfbxylation,Mhydroxylation,

oxidativecleavageofC-Cbond,oxidativedehaloganation,oxidativealylcoupling,andNOsynthesis.

TheP450sthatanimalsorplantspossessareinvoIvedintheactivationofhonnonesorthedegradationof

hydrophobicphannaceuticalsandagrichemicals. TheP450sderivedfrombacteriaareinvoIvedinthe

biosynthesisofsecondarymetabolitessuchasantibiotics,orthedegradationofalkanesandaromatic

compounds,whilemanyoftheirfimctionsareunknown.

CytochromesP450al℃classifiedin4groupsbasedonthedifferenceintheirelectron-transfermanners

(Fig.1)').TheP450soriginatedinmitochondriaandbacteriamostlybelongtoClassl.TheP450sof

thisclassfimctionasamonooxigenasebytransferringelectronsfiomNADP(H)totheirP450proteins

containinghemeironasanactivecenter.Thiselectrontransferisperfio面nedbywayofafe汀edoxinand

aferredoxinreductase(calledasaredoxpamer).Itishoweverdifficulttodisplaythecatalyticactivity

ofaP450belongingtoclassI,sincetheincompatibilitybetweenitsP450proteinandaredoxpartneroffen

occurs.Therefbre,whengenesequenceofanovelP450wasfbundout,itisnecessalytoreconstitutethe

catalyticactivityoftheP450byusingtheredoxpaltnerthatisabletotIansferanelectrontotheP450

protein.CytochromeP450RhFthatwasfbundinRho"cocc"sp.NCIMB9784belongstoClassW.

ThisP450RhFincludedaredoxpartnerconsistingofaferredoxinreductase(FMN)andaferredoxin(FeS)

bywayoflinkersequenceinthesinglepolypeptidechain(Fig.1)').Wehavesucceededinconstructing

afilnctionalexpressionvectorpREDinE.co"byusingthetenninalregionoftheredoxpartnerandthe

linkerregionofP450RhF,whichcontainsacloningregionfbrafbreignP450genez).

CytochromesP450belongingtoCYP153familyhavebeenisolatedfi･omseveralbacteriawith

alkane-assimilatingability,althoughthefilnctionhasnotbeenreporteduntilrecentlyduetothedifficulties

ofthedisplayofthefimction・WehavesucceededinfilnctionallyexpressingtheCYP153A13(Balk)

genewithvectorpREDinEco"fbrthefirsttime2)．ThisP450genewasisolatedfrommarinebacterium
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4ﾉ℃α"んoraxbork""e"sisSK12thatisabletogrowonalkanesastheonlycarbonsource.Wehave

revealedthatCYP153A13hydroxylatestheterminalregionofalkaneswithcarbonnumberof6to82)'3)●

Furthennore,weanalyzedthecatalyticfilnctionsofCYP153,andhaverevealedthatCYP153A13(Balk)is

capableofmediatingdiverseconversionstowardavarietyofaromaticcompounds(Tablel).The

bioconversionreactions,tobeconcrete,arehydroxylationofaromaticrings,hydroxylationofalkylgroups

boundtoaromaticrings,deetherification,andoxidativealylcoupling.

Thesereactionswillallowusthecreationofnovelcompoundswhichareusefillfbradrugdiscovely,

thepreparationofmetabolites,theprocessdevelopments,andtheirindustrialproductions.

〔･lassl""m止血1,mctamIP43odns$nfn!画踊唾幽ER)P鴫0

潤途、
d繩Sm唾竝韓1P4” (､la55Ⅳ陸‘今毎qlP4知
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FMN Hem卜喝

e

Fig.1.ClassofP450
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IWWiWmmmlwarloiE$P4gogebe,
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一

Fig.2.StructureofvectorpRED

Tablel.Examplesofbioconversionofvariousaromaticcompounds

Substrates

Products

O H

Br

OH

ｳ．
O H

O-O

O-O-P"
H

0、

O-OOH
0

、

OH
0、

OH OH
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Overthepast20years,microwaveirradiationhasbecomeapowerfiulmethodtoperfonnchallenging

1℃actionsinshortertimewithhigheryieldsandpurity・Infact,microwavesofferanumberofadvantages

overconventionalheating,suchasnon-contactheating,energytransferinsteadofheattransfeI;material

selectiveandvolumetricheating,faststart-upandstopping,andlastbutnotleastareversethennaleffect,

inwhichheatstaltstobuildupfiomtheinteriorofthematerialbody.

Theindoleringsystemisprobablythemostwidespreadheterocycleinnature・Owingtothegreat

structuraldiversityofbiologicallyactiveindoles,itisnotsurprisingthattheindoleringsystemhas

becomeanimportantstructuralcomponentinmanyphannaceuticalagents・Foroverahundredyears,the

synthesisandfilnctionalizationofindoleshasbeenamaiora!℃aoffbcusfbrsyntheticorganicchemists,

andnumerousmethodsfbrtheprepaIationofindoleshavebeendeveloped.

Tbdate,althoughavarietyofclassicalmethodshavebeenachieved,thesemethodsemployaromatic

nucleusasstartingmaterials,andtheexamplesofindolesynthesisfi･omaliphaticstaltingmaterialsare

limited.AccoIdingly5wedevelopedaneffcientmethodfbrtheconstructionofindolesthatinvoIveda

facilecyclizationofreducednitrogroupandcyclohexenylketonegroup・Andasthemostimportantand

efflcientmethod,microwaveirradiationwasusedatthefirstandthekeystepsofoursynthesisroute

(Schemel).

FMW
ArbCHO+RCH2NO2－－－Ar-CH=CNO2

Ar

R

／、

、〆

PTSOH
+EtOH-

2
0

EtO0
3（1:1）

1 2

Ar Ar

R

○
〈
〉

曇委Zn
一

NH4CI

R

/~O/~O OH

4（1:1） 5
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(H,CO-Oﾅにl)-｡○
Ar=Ph,

一旦旦L- R

/~O R=H,CH3HK5 =n,し同3

6

SchemelSynthesisrouteofindolederivatives

TheenolatefiPom2withLDAwasusedfbraMichaeladditionwithnitroalkenestoaffbrd3withthe

ratioaboutonetooneofdiastereomers.Afterbeingreducedwithzincpowderandammoniumchloride,

thereactionstoppedatthestageofcompound4・Andthetwodiastereomersof4canbeisolatedeasilywith

liquidchromatographer.Then,microwaveiITadiationwasusedinthecyclizationofthenextstepandthe

resultofthemicrowavereactionwascomparedwiththatreactionunderconventionalheating.Inaddition,

wealsosurveyedthecyclizationwithorwithoutcatalySts(Tablel).A仇erthat,thecyclizationproduct

compound5wasoxidatedbyDDQtoaffbrdthegoalcompoundofindolederivatives.

TablelComparisonofmicrowaveiITadiationandconventionalheating

A r._
Ar

〈
》 ○

△orMW

DMF

~OH ／、0 (側圃co-oナAr=

／、0

isomerlor2

reactionofisomerl:

catalysts yield(%)entry methods time(min)

△（~155｡C) 4x60 14．91 X

MW(500W) 28.42 X 30

66.9MW(500W) PPTS 153

81.8Yb(OTO3 6MW(500W)4

MW:Micmwave,500W,RTto～160oC

Fromthekeystepofoursynthesisrouteweknow6thereactionbyheatingonlyalsocanachievethe

cyclization.Butitneedlongreactiontimeandyieldisvelylow.Microwaveirradiationcanshortenthe

reactiontimeandimprovetheyield.AndaftertheadditionofcatalyststoMWreaction,agoodresultcan

beachievedonlyinsecondS.
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High-perfOrmancemethodofTEMPO-oxidationofalcohols

Zhen-WuMeil,Li-JianMa',HiroyukiKawafilchiz,andTbutomulnokuchii"

IDepartmentofMedicinalandBioengineeringScience,TheGraduateSchoolofNaturalScienceand

Tbchnology,OkayamaUniversity§恥ushima-naka,Okayama,700-8530,Japan

2TbyamaNationalCollegeofTbchnology,Hongo-machi,Tbyama,939-8630,Japan

inokuchi@cc.okayama-u.acjp

TEMPOoxidationbyusinginexpensivereagentsispromisingmethodoloa/atthepointofprocess

chemicalview・WeexaminedtheuSeofpyridiniumhydrobromideperbmmide(Py･HBr･Br2)asa

co-oxidant,sincethiscommerciallyavailableandstablereagentisrelativelylessexpensive,andmol℃

advantageouslypolymersupportedPyoHBr･Br2isnowavailable,thoughitsoxidizingabilityisnotwell

chalacterizeduntilnow.
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Figucl.Time-conversioncurveshroxidationoflatoZaunder9d,X=4-CF3C6H4CO2
theconditionofdifYelentamountsof3cwithPyHBli(1.5"uiv.）3
atd4｡C.

Symbolsareasfbllows:3c,10mol%(a);3c,1.0mol%(b);3c,

noaddinon(c);"(10mol%)-BU4NBIa(d).

Datapointswereobtain"byGCanalyses.

WefirstlyexaminedthereactivityofPy･HBr･BIbasaco-oxidantintheTEMPO-mediatedcatalytic

oxidationofsecondalyalcohols.AsshowninFigurel,thereactionof2-undecanol(1a,R=C9H,9,R'=

CH3)withamixtureof4-BzOTEMPO(3c,X=C6HsCO2,10mol%)andPy･HBr3(l.5equivalent)ina

CH2CI2-aqueousNaHCO3systemcompleteswithinl5mintofbnntheconesponding2-undecanone(2a,R

=C9HI9,R'=CH3)in99%,selectivity.Theamountof3ccanbereducedtolmol%fbrthisconversion(b),

thoughthereactionbecomessomewhatsluggish.TheoxidationoflatoZa,whichispresumablydueto

oxidizingabilityofPy･HBr･Br2,wasobservedinthereactionsyStemthatlacksthepresenceof3c(c),

thoughbeingofnosyntheticpotential・Notewolthyisthat,asshownin(d),theoxidationoflatoZabythe

combinationof3candR4NBr3asco-oxidantproceedsmuchsIowercomparedwithPy･HBr3.

MeritofPy･HBr･Brzasaco-oxidantliesinitseasyextensiontothepolymersuppoItedderivative,

poly(4-vinyl)Py･HBroBr2,whichiscommerciallyavailable・Thus,weexaminedtheuseofthis

polymeFsupportedreagentasaco-oxidantfbrtheTEMPO(3c)-mediatedoxidationofsecondaryalcohols

toproducetheketoneSandtheresultsareshowninThblel.AImostsimilarresultsasthatwithPy･HBr･Br7

areobtainedwiththissupportedreagent,whichwereperfbnnedbyquantitativerecovelyofthesolid
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pyridinesupportonlybyfiltration.

Next,eHectoftheappendageonTEMPOsisexaminedbydictatingthetime-courseoftheconversion

of7a(Ar=C6H5)to8a(Ar=C6H5)bychangingkindofsubstituentattheC-4position・Asshownin

Figure2,theoxidationof7aisfairlyfacilitatedbyappendageofanarenecarboxylgouponTEMPO,

comparedwiththeTEMPObearingnoappendage.Amongthem,themostfavorableconversionwas

attainedwiththe4-(4-trinuoromethylbenzoyl)-substituted3d・Similarenhancementintheconversionwas

alsoobservedintheoxidationof2-octanol,beingclassifiedaselectron-richalcoholcomparedwith

2,2-dichloro-2-fluroethylderivatives,inwhichthebestconversionwasattainedwith3d.
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Figure2.Time-conversioncurvesfbroxidationof7am8aunder

theconditionofvariousTEMPOsof3withPyHBI3(1.5equiv.）

atmomtempelature.

Symbolsareasfbllows:3a,(a);3b,(b);3c,(c);3d,(d).

DatapointswereobtainedbyGCanalyses.
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Basedontheseresults,wenextattemptedtheoxidationofcarbinolwithanelectron-withdrawing

group.AsshowninTable3,thedichlomnuomanddichlorotrinuoromethyl,dichlorocarboxyalcoholsare

cleanlyoxidizedundertheconditionsdevelopedabove.
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a,Theconditionis3d(0.lequiv),PyHBr3(1.5equiv),CHzCI2(6ml),NaHCO3(12ml)

b,Isolaにdyieldbasedonisolatedproducts.
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DynamiCKineticResolutionofl,2-DianylethanOls

byLipase-RutheniumCocatalysis

*SolKim,YunKyungChoi,YUnwoongKim,CheolwooKim,JaiwookPark,Mahn-JooKim

DepartmentofChemistly,PohangUniversityofScienceandTbchnoloW(POSTECH),

San3IHyqjadong,Pohang790-784,Korea

sol@postech.ac.kr

TIansfbnningracemicmoleculestosingleenantiomersisoneofactiveresearchareasinoIganicsynthesis.

Thedevelopmentofmethodsfbrthesynthesisofchilalcompoundsisimportantparticularlyin

phannaceuticalindustlybFromourpointofview;dynamickineticresolution(DKR)isoneofthemost

promisingmethodologiestoprepal℃opticallypuI℃enantiomers,Inthepastdecade,weandothershave

appliedenzyme-metalcocatalystsystemstotheDKR(Schemel).IWehereinwishtopresentarecent

developmentinthisarea,DKRofracemicl,2-dialythanolbylipase-rutheniumcocatalysis.

EnzR
－
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人R
X

人R
(R)(R)

|IM･t･'
Enzs

－

Ｒ

Ｙ
一
一
・
〈
⑥

Ｒ

Ｘ
’
’
一
〈
⑥

Schemel.Dynamickineticresolutionbyenzyme-metalcombinations

Opticallypul℃1,2-dialylethanolsarephannaceuticallyinterestingasaresultofthegreatpotentialof

combretastatinandanaloguesasanti-canceragents.2Weconductedena/me-scI℃eningexperimentsand

fbundthatRse"‘わ"o""sr"Zzel･jlipase(PSL;tradename,lipaseTL)ishighlyenantioselectivetoward

1,2-dialylethanols・WetherefbrecombinedPSLwithaRucomplexasthecatalystsfbrtheDKRof

1,2-dialylethanols(Scheme2).Sixteenl,2-dialylethanolshavebeenefficientlytransfbnnedviathe

lipase-RucatalyzedDKRtotheiracetylderivativeswithgoodyields(95-97%)andhighenantiomeric

excesses(96-99%).
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Scheme2・DKRofl,2-dialylethanolsbyPSL-Rucombinations
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NewOne-POtSyntheSiSOfMalOnicACidDeriVativeS

Akichikaltoh,*NorihiroThda,HirokiNakayama,NaohikoKanai

GifUPharmaceuticalUniversity

5-6-1,Mitahora-higashi,GifU,502-8585,Japan

itoha@gifU-pu.acjp

Malonicacidderivatives,especiallyhydroxymalonicacidderivatives,havebeenusedasstarting

materialsorkeyintennediatesfOrthesynthesisofbiologicanyactiveproducts.ManysyntheticeHOrts

havealreadybeendevotedtothepracticalaccessofthehydroxymalonicacidderivatives,andtheprevalent

wayisoxidationofthecorrespondingmalonicacidderivativeswithvariousoxidants;howeverthese

reactionsinvolveproblems,suchaslowyieldorthenecessityofoverstoichiometricamountor

environmentalhighimpactcatalyst・Withthisbackgroundinmind,wehavestudiedtheaerobic

photo.oxidationinthepresenceofiodosources,')andfbundthatq-nonsubstituted.6-ketoesters

effectivelyproduced2-hydroxy-2-alkyl-or2-hydroxy-2-arylmalonateestersbyonestepthroughtandem

reactionofoxidation-rean･angementinthepresenceofcat.Cal2underVISirradiation(eq.1).

O O

R1ﾉ上ﾉL｡R｡h"'¥=2,→←伽,Cat･Cal2,h",cat.Cal2,O2

R30H

OO

R30｣今gLOR2
R,OH

(1)

TablelshowstheresultsfbrthistransfOrmationofavarietyof6-ketoesterstothecorresponding

hydroxymalonateestersunderouroptimizedreactionconditions・Thereactionofmethyl3-oxoheptanoate

gavethecorresponding2-butyl-2-hydroxymalonateesterjwhichpossessanestergroupderivedfrom

solvent,inhighyield(entriesl-3).ThisreactionwasapplicablefOr3-aryl-3-oxopropanoateesters,

includingheterocyclicmoietylandgavethecorrespondingaryl-substitutedmalonateestersingoodyields.

Theseresultsshowthatanelectron-donatinggroupacceleratesandanelectron-withdrawinggoupretards

thisreaction(entries5-8).

Schemelshowstheplausiblepath,whichispostulatedbyconsideringalloftheresultswehave,and

thenecessityofcontinuousirradiation,catalyticamountofCal2andmolecularoxygen.6-Ketoesterl

reactswithiodine,whichisfOrmedfromCal2,toafGordq-iodo-6-ketoester2,whichproduceradical

species3underphoto-irradiation.Theresultingspecies3trapsmolecularoxygentoaHordhydroperoxide

4,whichreactswithCa2+andalcoholtogive2-hydroxy-2-alkyl-or2-hydroxy-2-arylmalonateester5.

Iodoradicalandhydrogeniodide,fOrmedinsitu,areoxidizedtoiodineagainunderaerobic

photo-oxidationcondition.

ThisisthefirstsuccessfUlreportofone-potsynthesisofhydroxymalonateestersfrom6-ketoesters.In

thisconference,wealsoshowmoredataandtheresmtsofstudyofreactionconditionsandofthe

mechanismofthisnovelreaction.
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耐bje7.TransfOrmationof6-KetoEsterstoMalonateEsterslal
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NiCkel/LewiSACid-catalyzedCarbOcyanatiOnReactiOnOfUnSaturatedCOmpounds
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Stereoselectivesynthesisofpolysubstitutedalkeneshasbeenam"orsumectinorganicsynthesis.We

havedemonstratedthecarbocyanationreactionofalkynesasanewentlytostereochemicallywell-defined

andatomeconomicalprotocolfbrthesynthesisoftri-ordisubstitutedaclylonitriles,versatilesynthetic

intermediatesfbrpolysubsitutedalkenes.]WerecentlyreportedadramaticeffectofLewisAcid(LA)

catalystsonthenickel-catalyzedcarbocyanationofalkynes.2Forexamples,theadditionreactionof

4-methoxybenzonitrileacross4-octyneissignificantlyaccereratedinthepresenceofAIMe2ClasaLA

catalysttogivethecorrespondingalylcyanationproductinover90%yieldsinanexclusiveciS-fashion(Eq.

1)．
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PMe2Ph(2mol%)
AIMe2CI(4mol%)

R
R

O C N

+Pr-Pr (1)
toluene r

(鞠禦…1ｊ
ｊ
ｈ
ｈ

６
１

１
２

Ｃ
Ｃ

◎
◎

０
０

５
８
ｉ
く

％
％

６
７

９
８●

●

α
氷

ｅ
ｅ

Ｍ
Ｍ

－
－Ｒ

Nickel-catalyzedallylcyanationreaction'cofalkynesisaisopromotedinthepresenceofaLAcatalyst.The

additionofq-siloxylallylcyanideacrossterminalalkynesproceedsinexcellentstereo-and

regioselectivities(Schemel).Thetransfbnnationhasbeenappliedsuccessfilllytothestereoselective

synthesisofplaunotol,anantibacteriallyactivecompoundagainst"e"cobaae『貝y/o".

Schemel.

Ni(cod)2(2mol%)

INCrl'､
1:1

1MHClaq 一
一
一

THF,0｡Ctolt,11hH HO

64%(96%selectivity) plaunotol

TheNi/LAcatalystallowedustoachieveevenalkylcyanationofalkynes(Eqs.2and3).Forexample,

acetonitrileaddedacross4-octyneinthepresenceofNi(cod)2(5mol%),PPh2(f-Bu)(10mol%),and

AIMe3(20mol%)togivemethylcyanationproductin71%yieldwithalOmmolscale.Thefactthatthe
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reactionofCH3CN-d3gavethecorrespondingadductof99%deuteriationclearlyshowedthatthemethyl

groupiSfilllyderivedfi･omacetonitrileanddefinitelyneverfi･omAIMe3.Propionitrilealsounderwentthe

reactionbyusingSPhos,abulkyligandsuppressing6-hydrideeliminationfi･omanethylnickel

intennediate.

Ni(cod)2(5mol%)
P(*Bu)Ph2(10mol%)

RCN
AIMe3(20mol%)

ノー隼『（2）R-CN+Pr-三三一Pr-

toluene,80oC,4hp

R=CH3:71%(10mmolscale)
CD3:66%,99%D

Ni(cod)2(10mol%)
SPhos(20mol%)

E tC N
AIMe3(40mol%)

ノー隼『（3）Et-CN+Pr－－三三一Prf

toluene,50oC,9hp

78％ I
OMe

Cy2POMe
SPhos

Enantioselectiveintramolecularalylcyanationofalkeneshasbeenachievedwiththebinalycatalysis

(Scheme2).ThetransfbnnationrepresentsanovelaccesstoalkaloidshavingbenZylicquatemaly

stel℃ocenterssuchas(-)-esennetholeand(-)-eptazocine.
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Moreexamplesofthecarbocyanationreactionaswellasdetailedmechanismofthereactionbasedon

experimentalandtheoreticalanalyseswillbediscussed.
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Acentralgoaloforganicsynthesisistodevelopandutilizeefficientandatom-economicalmethodsfbr

constructionofcomplexmoleculesftomsimpleandreadilyavailableprecursors.Tbthisend,recentlyuse

oftransitionmetalcatalystshasbecomeahotresearchtopicfbrdirectintroductionofacarbonchainto

heteroaromaticrings.Pyridinederivativesareamongthetargetheteroaromatics,buttheirfimctionalization

hasalwaysbeenaproblemowingtotheirlowreactivitytowardelectrophilicsubstimtionreactionssuch

theFriedel-Crafisreactionduetoelectron-withdrawingmtrogenatom.Thelimitednumberofreported

examplessuffersfiPomharshreactionconditionsofoverl50｡C,'limitedscopeofsubstrates,zand

requirementofdirectinggroupsincludingﾉVLoxides.3

RecentlywedemonstratedtheC-HactivationofpyridineNLoxidesusingamckelcatalyst､3bSincethe

reactivityofnickeltowardpyridineMoxideisattributedtoanelectrondeficientmtrogenthatincreasesthe

acidityofC(2)-Hbond,weenvisionedthatcoordinationofaLewisacid(LA)catalysttothemtrogenatom

wouldgeneratetheactivatedspeciesc"α伽cα〃insim.Herein,wereportthatacombinationofnickel

andLAcatalystallowsdirectC-2alkenylationanddienylaionofpyridinesundermldconditions.4

Moreover;thedualmetalcatalysishasbeenusedeffectivelyfbractivationofothermtrogen-substimtedspz

C-Hbondsofimidazolesandfbrmamdes(Figure.l).

Figurel

●"＝．皐""1E誤㈱〃U倉*"!Lwi.""･2w'L"oe if

Afiersurveymgseveralcombinationsofcatalystprecursors,wefbundthatpyridineaddedacross4-octyne

smoothlyinthepresenceofNi(cod)2(3mol%),P(i-Pr)3(12mol%),andZnPhzastheLAcatalystat50｡C

togiveaC-2monoalkenylatedpyridinein88%isolatedyield.Ontheotherhand,useofAIMe3,astronger

LewisacidthanZnMe2,gaveadienylatedproductalmostexclusively(Eq.l).

Niにndlヘィ3mol%1PrNi(cod)2(3mol%)
P(j~Pr)3(12mol%)
LA(6mol%) (XX●､鼻．。

H

○"｡,『-=-” (1)
Htoluene,50oC,24hNT

Pr〃ロ負一ローーー‐ 昌一い一2－■、 Pr Pr

3．OmmollOmmol(LA=LewisAcid)[A=Znph2:,8h%26%
AIMe3:<5%80%

Arangeofsubstimtedpyridinederivativesbearingelectron-withdrawingand-donatinggroupstoleratedthe
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reactionconditionstogivethecorrespondingadductsinregio-andstereoselectivemanner(Figure2).
Figure2

Ph Ph P「

(pin)B

くXX
H

Pr P「 Pr

P rP｢PrPrPr Pr

91%,EyZ=98:269%,E/Z=96:482%,EJZ=99:164%,Z日ofhers=>99:1
(ZnPh2,8h)(ZnPh2,8h)(ZnMe2,15h)(AIMe3,40h)

Foreificienthydroheteroarylationofimidazolesandhydrocarbamoylationoffbrmamides,howeverjAlMe3

wasfbundtogivetherequiredadductsinyieldsbetterthanZnMez(Eq.2and3).Thus,thereactionof

Mmethylimidazolewith4-octyneresultedinexcellentregiosel"tivecleavageoftheC(2)-Hbond,

affbrdingthetargetadductinhighyield・AnequimolarhydIocarbamoylationof4-octynewith

凡坪dimethylfbrmamideunderthesamenickel-LAcatalysisat50｡Cfbrl8hproceededsmoothlywithout

decarbonylationtoaffbrdanenamidein92%yield.Thelimitednumberofreportedhydrocarbamoylation

reactionsareperfbrmedunderaCOatmosphere,athightemperaturesorinthepresenceofadirecting

goup.5Thescopeandmechanismofthedualmetalcatalysis,togetherwithseveraltransfbrmationsofthe
obtainedadductswillbediscussed.

卿”“
Me

[""､"-=-PEL｣!＋Pr－Pr－－一

Q-T｢

“害:≠
3．Ommoll.0mmol

O

人言｣､P｢(3)Me2N人Hou",zon".z､､;｢+Pr－Pr－Me2N50｡C,20h

1.O m m o l l . O m m o l 92％,日Z=>99:1
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Thecompletetransfbnnationofaracemicmixtureintoasingleenantiomerisoneofchallenging

problemsinchiralsynthesis.Recently5anovelstrategyhasattIactedgreatattentionasasolutiontothis

problem:(加α'"たk伽α施肥SOﾉ""O〃のKRノ妙Iheco"""gqfqJTe"弓ﾉ"1α唯’でso/z"わ〃w"〃α

"emﾉーcα"bzedmce"izα"o".ISeveralgroupsincludingourshavedevelopedenZyme-metalcombinations

asusefillcatalystsfbrsuchDKRanddemonstlatedthatracemicsubstIatescanbeeificientlytransfbnnedby

themintoenantiomericallyenrichedproductswithhiglyieldsandexcellentenantiomericexcesses,both

approachinglOO%.2Nowapairofcomplementalyenzyme-metalcombinations,lipase-Ruand

subtilisin-Ru,isavailablefbrtheDKRofawiderangeofracemicsecondalyalcohoIMThe(R)-selective

DKRcanbeperfonnedwiththefbnnerwhilethe(S)-selectiveDKRcanbedonewiththelatteIRDKRof

amines,howevel;ismorechallenging,andfewplacticalproceduI℃shavebeendevelopedfbrsuchaDKR.

Wehavedevelopedapracticalprocedurefbrthedynamickineticlesolution(DKR)ofprimaly

bena/licandaliphaticamines(Schemel).4ThispIocedureemploysapalladiumnanocatalystasthe

racemizationcatalyst,acommerciallipase(CALB;tradename,Novoa'm-435)astheresolutioncatalyst,

andethylacetateorethylmethoxyacetateastheacyldonoIzThePdnanocatalyst,readilypl℃pal℃das

palladiumnanoparticlesentrappedinaluminumoxyhydroxide(Pd/AIO(OH)),displayedhighactiviO'and

excellentstabilityevenatlOOoC.TheDKRofaliphaticamineshasbeenperfbmedatlOOoCwithl2mol%

ofPd,whilethatofaromaticonesat70｡Cwithlmol%ofPd.Inallthecases,theamineshavebeen

efricientlyresolvedwithgoodyields(85-99%)andhighenantiomericexcesses(97-99%).

NH2 1ipase

f&.;,c｡
-

(R)

||,…･剛､

NHAcyl

人R
(R)

NH2
言

=~R

(S)

Schemel・DKRofprimalyaminesbyenzyme-metalcombination

Wehaveappliedthemethodintheasymmetricreductiveacylationofketoximes(Scheme2).5In
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thiscase,Pdnanocatalystactsasadualcatalystfbrbothhydrogenationofketoximesandracemizationof

COn℃spondingamines.EightketoximeshavebeenefTicientlytransfbnnedtothecorrespondingamidesin

goodyields(83-92%)andhighenantiomericexcesses(93-98%).

鰯

|,｡"測州

O

HNノー~Oへ､(R)
人A『

I
lipase

MeOCH2CO2Et

Scheme2.AsymmetricI℃ductiveacylationofketoximesbyen"me-metalcocatalysis
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CRCPress:BocaRaton,FL,2006;pp249-272.
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1.Introduction

Supercriticalfluidtechnologyhasbeenextensivelyappliedfbrvariousfieldssuchasextraction,

reaction,andmaterialprocessmg.Literturereviewshavebeenpresemedfbrtheapplicationof

supercriticalfluidonthepreparationofnanomaterials[1],greenchemicalsynthesis[2]and

processingofsemiconductors[3].Carbondioxideisthemostcommonlyusedsupercriticalfluid

becauseofitsnontoxic,nonflammableproperties,aswellasitsmildsupercriticalconditions.The

supercriticaltechnologyhasalsobeenusedfbrtheproductionmicromzedpharmacemicalparticles.

Classificationandselectionofsupercriticalparticlefbnnationprocesseshavebeenreviewedby

severalauthors[4-6]､Micromzationofphannaceuticalcompoundscanimprovethedissolutionrate

oftheactivephannaceuticalingrediem(API).Theresultsprovidetheadvantagesofhighefficiencyj

lowdosagerequirememandavoidingpossiblesideeffects.Inthesupercriticalparticlefbnnation

methods,supercriticalanti-solvemprocess(SAS)isthemostconnnonlyusedtechnique.Wehave

presemedtheSASexperimentalresultsinarecemliterture[71.

2･Experimental

TheschematicdiagramofthecominuousSASexperimentalapparatusisshowninFig、1.It

consistedofthreesections:carbondioxidesupplyjsolutionsupply5andtheprecipitatomAhighflow

rateHPLCpump(SSI,PreplOO)wasusedfbrCO2delivery>andanotherHPLCpump(SSI,series

II)wasemployedfbrdeliveryofdrugsolution.Theprecipitatorwasastainlesssteelmbewith

volumeof75mL,andithadstainlesssteelftitswithdifferentporesizes(0.1and0.5ILm).TheCO2

flowratewasadjustedtoabout4L/minbythemicro-mete血gvalveattheexit,andthepressurein

theprecipitatorwascontrolledbyabackpressureregulator(TEscom).ThesUpercriticalCO2was

chargedtotheprecipitatoruntilthepressureandflowratereachedasteadystate・Thedrugsolution

waSthenpumpedintotheprecipitatorthroughthenozzle(20cmlongstainlesstubewithinternal

diametersofl27ILm)ataspecificflowrate.UponcomactingwiththesupercriticalCO2,thedrug

particleswerefbnnedduetothesuper-sturationofthesolution.Theresidualsolventinsidethe

precipitatorwasremovedbythecontinuousflowofCO2befbretheparticleswerecollectedfbr

filrtheranalyses.Particlemolphologywasexaminedbyscam血gelectronmicroscope(SEM,

JSM-6335FNT).Particlesizeanditsdistributionsweredetenninedusingimageanalysissofiware

Image-J.
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3．Resultsanddiscussion

ThisstudyshowsourtypicalexperimemalresultsfbranAPIofdeoxycholicacid(DCA,C24H4004).

Itwasusedinthehumanbodyfbrtheemulsificationoffats.Theoriginalmeanparticlesizewas

about3011m,asshowninFig.2.AftertheSAStreatment(acetoneasthesolvem,operating

temperature308K,operatmgpressurelOObar),theparticlesizewasreducedtolessthanl3!lm,as

showninFig.3.Fig.4showsthatdiHerentmicronizationeffectswereobtainedusingvarious

solventsmtheSASprocesses

C02

FigurelTheSASapparamS Figure2TlleSEMmageoftheorigmalDCA
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Figure3 TheSEMmageofSAStreatedDCA

Figure4ComparisonofmicronizedDCAusmgvarious

solvents.
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Liao-PingChang*

Li-JianMa*

LmingBai

LisaAmki

LiushengZhu

LiviuSacarescu*

[M]

M.ChriStinaWhite*

Mahn-JooKim*

MaiHikita

MakotoKawai

MakotoSunagawa

MamiMorimoto

MamoruMiyazawa

MamonlMizuno

ManabuHamada*

ManabuKubota*

ManabuMatoba*

ManabuNode

MarcVimolmtana

MarkButchko*

MaltinKamf*

MasahiroAnada*

MasahiroEgi

MasahiroKudoh

MagahiroKurotani

MasahiroThnaka

MasakiKamiya
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IP-60

IP-63

IP-03,1P-34

IP-61

2P-17

2P-22

lP-02

2P-72

IP-03

2P-49

lP-49

lP-57,2P-50

2P-67,2P-68

2P-66

lP-02

2P-58

IP-70,1P-71,1P-72

K-2

K-4,2P-69,2P-73

2P-39

lP-07

lP-25

2P-40

lP-13

lP-63

1P-52

lP-13

2P-61

2P-61,2P-62,2P-63

2P-58

K-12

K-1

IP-51,2P-17

lP-73,1P-74

IP-32

IP-20

IP-22

1P-62



MasakiTbmizawa* NaokiKominami,

NaomiThkenaka

Naotolnakoshi*

NaoyaFUjita

NaoyukiShimada

NaoyukiShimomum

NariakiHarada

NobonlFIjiwam*

NoboruHayama

NoboruSayo

NobuoKato

NorihikoMisawa

NorihiroKimoto

NorihiroMizoshita

NorihiroTada

Norihitolida

NorikoKoizumi

NorioHashimoto

NorioShibata

2P-53,2P-54,2P-55

2P-56

2P-45

IP-21

2P-01

2P-43

IP-38

2P-52

IP-66

IP-26

2P-31

IP-64,1P-04,2P-25

2P-54,2P-53,2P-55

2P-56

IP-26

lP-09

IP-73

IP-06,2P-33

2P-06

2P-05

K-ll

2P-03

lP-02

IP-72,1P-70,IP-71

2P-16

2P-42

2P-59

2P-62,2P-63

IP-22

lP-75

IP-07

2P-29

2P-03

IP-18

2P-12

2P-74

2P-23,2P-24

IP-20

2P-14

2P-ll

2P-66

IP-51

IP-13

A-2

IP-74

2P-62

lP-30

lP-25

2P-66

lP-18

IP-47

IP-29,2P-70

2P-26

lP-34

2P-36

2P-06,2P-19,2P-20

2P-21,2P-22,2P-26
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MasatoshiYOshimura*

MasatsuguKato

M"aya'Ibubakiyama

MasayukiSato

MasayukiTakashima

MtthewO'Brien

MichaelJ.Krische*

MichaelR・Pitts

MifilyuYasunaga

MihaelaSimionescu*

MikihiroThkasaki

MikikoSugi

Ming-KaiChem*

MmomOzeki

MmoruUbukata

MisunLee

MitsuhiroKammura

MitsuhiroYamada*

MohammedNisar

MotokoHayashi*

MukundRSibi

MuoiTang

MutsumiSato*

８
８
０
７

４
２
２
０

－
一
一
一

Ｐ
Ｐ
Ｐ
Ｐ

２
１
２
２

NorioThnaka

NoriyukiHam*

NoriyukiItoh

[O]

OhtakKwon*

OsamuOnomum

OsamuSaku

2P-09

IP-lO

lP-34

[P]

Pin-HsuehWu 2P-64,2P-65

[Q]

Qing-LiZhao IP-41

[R)

RisaMaeda*

Ru-LingTbeng*

RyoAkiyama

RyoheiNagase*

RyoichiChiba

IP-54

2P-65,2P-64

2P-38

2P-42

[N]

NaohikoKanai

NaohiroHashikawa

NaohiroOshima

2P-70

IP-18

IP-05 IP-37,2P-43,2P-44
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RyoichiKuboi

RyokiOrii*

RyotaSuzuki

RylUiOrii

[S]

San-LangWang*

SatokoSako

SatomiNiwayama*

SatoshiHamakawa

SatoshiMizDuta

SatoshiUeda*

SeanPBrown*

SeiichiroOgawa

SeijiAratake

SeongsoonPark

Shen-ChenTEeng

ShigekiMori*

ShigekiNunomura

Shin-ichiHimshima*

ShinichiOgawa*

Shin-ichiroMohri

Shimilnagaki

Shinjilshihara*

ShinobuTakao

ShinyaHarusawa*

ShmyaMohri

ShinyaOta

ShiroEbata

Shirolkegami

Sho-ichi'Inkayanagi*

ShotaHashimoto

ShuKobayashi

ShuichiNakamura

ShUjiAkai

ShunichiHashimoto

Shun-ichiMurahashi

Shunpeilshikawa*

ShunsukeGoto

ShunSukeOchi*

IP-48,IP-49

2P-36

2P-39

IP-07

IP-67

IP-44,1P-46

IP-53

2P-34,2P-37

2P-19,2P-48

lP-14

2P-58

IP-52

2P-02

2P-15,2P-60

lP-56

lP-17

lP-36

lP-29

2P-26

lP-03

lP-47

lP-33

lP-26

lP-02

IP-73

2P-33

2P-71

lP-32

lP-73

IP-43

2P-38

2P-06,2P-19,2P-20

2P-21,2P-22,2P-26

2P-48

IP-73,IP-74

IP-51,2P-17

2P-29

lP-69

2P-36

2P-63

SqjungPark*

SoIKim*

SousukeHara

StevenVALey

SueoWada

SuhyunJung*

SunaoMitsui

SunggakKim

SurendarAkiti

Syang-PengRwei*

、

TadashiEma

TadashiOhara

TaichiAkimoto*

TaichiWada

Tai-HomgYOung*

TakanlmiMatsuo

TakahikoAkiyama

Thkahikoltoh

'akahimltoh

TakahimKatoh

TakahiroSoeta*

TakahimUdzu

'rakahisaSato

TakahitoMumki

Takakolnoue

TakakoNagase

Takanorilwasaki

TakanoriKawaguchi

ThkanoriKodera

TbkanoriKurita

'IhkaoThni

TakashiFukuyama

'Iakashilkawa

Takashilnaba*

TakashiKikuchi

TakashiKondo

TakashiNaka*

TakashiOgo

TakashiOhshima*

'IakashiOkazoe*
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2P-15

2P-69

IP-66

2P-05

IP-33

2P-60,2P-l5

IP-68

IP-75

2P-48

lP-15

lP-65

2P-17

1P-36

2P-39

1P-12,1P-57

IP-22

1P-59,1P-60

2P-02

2P-35

2P-62,2P-63

2P-12

IP-44

2P-54

2P-31

lP-07

2P-37

1P-31

IP-41

lP-20

lP-46

lP-47

IP-16

lP-17,1P-73

lP-22

2P-36

1P-41

1P-ll

IP-22

1P-31

K-9



TbmokoKakinuma*

TbmomiKawahara*

TbmonoriMisaki

'IbmotemMizusaki

Tbmoyalnoue*

TbmoyaYUkawa

TbmoyoKusuyama

TbmoyukiKawamula*

TbmoyukiOhkubo

TbmoyukiYOshimura*

TbshiakiMasui

TbshihikoHiaki

Tbshihikootomatsu*

TbshikazuNishide

TbshinobuOhno

TbshinoriHigashi

TbshinoriShimanouchi*

TbshiroKonoike*

'IhomasE.O.Screen

TbshiyukiSato

Tbshiyukilwai

TbsiakiMase

TbyohiroNagano

TbyoshiShimada*

Trong-MingDon*

TSai-YiHuang

TbubasaSakamoto*

TbugioKitamum*

TSunehlmiWatanabe*

Tbutomulnokuchi

TbutomuKatsuki*

TbutomuMat311mum

TbuyoshiMiura

TSuyoshiTaniguchi*

2P-43

2P-27

2P-42

IP-26

2P-34,2P-37

2P-71

2P-67

IP-62

IP-17

2P-04

A-3

2P-27,2P-28

2P-66

2P-37

IP-64

IP-52

IP-48,1P-49

K-8

2P-03

2P-27,2P-28

lP-64,2P-25

2P-35

2P-14

IP-47,2P-l4

lP-58

IP-67

IP-59

2P-51

2P-62

2P-67,2P-68

K-7

IP-34

2P-13

IP-35
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IP-65

IP-21

2P-33

2P-05

IP-64,2P-25

A-l

2P-34

A-3

2P-28

2P-04

2P-01

2P-25,IP-04,IP-64

lP-47

IP-37,2P-43,2P-44

lP-52

2P-06,2P-19,2P-20

2P-21,2P-22,2P-48

2P-26

2P-06

IP-05

IP-04,1P-64,2P-25

2P-32

lP-51

2P-71,2P-72

2P-19

IP-16

lP-36

A-l

2P-61,2P-62,2P-63

lP-03

2P-03

2P-18

lP-30

IP-60

IP-09

lP-24

IP-09,1P-17,1P-26

IP-27,1P-33,1P-42

IP-43,1P-44,1P-45

lP-46,2P-23,2P-24

IP-28

IP-34

’
’

’’1

TakeshiYamamoto*

TakesiSakamoto

ThkumiMizuno*

TakumiTakeyasu

TakuyaWashio

TamejiroHiyama

'IatsuyaFumkawa*

TbtsuhiroNemoto*

TbtsuroMtadani

Tbtsuyan<emoto*

TetsuyaKajimoto

TEtsuyaNezu

ThomasE.O.Screen

TianTian

TbhmKobayashi*

TbhmSllzllki*

TbhmTakahashi

TbhruThnaka

TbmohiroMaegawa*

W

｜

[V]

VuThiHuong IP-48

[W)

Wei-ChiLai*

WeihuaHe

Wei-JyhShiah

IP-56

IP-23

2P-59
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Wei-WeiShun

Wen-YiTbai

WilsonJung

YOshihiro.lbutsumi*

YOshUiTakemoto

YOshikazuHimga

YOshikiHayakawa

YOshikoYamaguchi

YOshikuniKikutani

YOshimichiKiyozumi

YOshinoriFukuta

YOshinoriKondo

YOshinoriSatou

YOshinOriTakamatsu*

YOshiolshino

YOsukeDemizu

YOsukeWatanabe

YOuheilwasaki*

YOuheiKoma

YilOgawa

Yil-ChunChen

YUheiYamamoto*

YUichiKimoto

YUjiMatsuya*

YUjiMori*

YUjiOsada*

YUjimHayashi*

YukiFujita*

YUkiKubo*

YUkiMorikawa

YUkihiroMotoyama*

YUkihitoSumino

YUkioTakagi

YUkioThkahashi

YUkoMaruyama

YUkoN3kamura*

YUkoTammi

YUmikoOguni

YUmikoSuzuki*

YUnKyungChoi

YUnaqiangLi*

YUnwoongKim

YUrikoHirose

YUsukeHiguchi

YUsukeMaegawa

IP-58

2P-46

2P-09,2P-10

IP-65

IP-24

IP-53

2P-29

IP-74

2P-34

2P-37

2P-33

lP-61

2P-32

2P-14

lP-64

IP-10

A-l

lP-45

IP-66

IP-24

2P-59

2P-35

IP-13

lP-41,1P-40

2P-52

2P-55

2P-02

IP-43

lP-10

lP-73

2P-16,A-2

2P-05

lP-26

lP-36

lP-16

2P-22

2P-47

2P-42

2P-33

2P-69

IP-23

2P-69

IP-63

IP-25,2P-01

IP-31
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IP-39

2P-74

lP-73

2P-71

lP-21

lP-28

IP-68

IP-01

2P-37

lP-66,lP-16

lP-46,1P-09,1P-17

IP-26,1P-27,1P-33

IP-42,1P-43,1P-44

IP-45,2P-23,2P-24

IP-ll

2P-38

IP-05

lP-28

A-l

2P-08

lP-32

lP-22

lP-73

2P-74

IP-47

IP-39

IP-39

2P-40,2P-41,2P-42

2P-73

2P-08

lP-19

lP-44,1P-46

2P-71,2P-72

IP-47

2P-53,2P-54,2P-55

2P-56

IP-37,2P-44

YasunariTakayasu

YasunoriTilchiya*

YasuoKikugawa*

YasuoShirai

YasuoUekita

YasutomoYamamoto*

YasuyoshiMiki

YasuyukiKajimoto

YasuyukiKita

Yen-MingChen

YOgeshJorapur

YOngCai*

YOngpingYU

YOoThnabe

YOonKyungChoi

YOrinobuYasuda

YOshiakiHoriguchi*

YOshiakiKitamura

YOshiakiNakao*

YOshifilmiMaegawa

YOshihamlwabuchi

YOshihikoMaeda
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YUsukeSasano*

YiltaFlljiwara*

YiltaKobayashi*

YiludaiWatanabe

YilusakuYOkoyama

Yilyalnagaki

[Z)

Zhen-wuMei*

ZsoltOtvos

2P-56,2P-53,2P-55

IP-42,1P-45

IP-40

IP-51

lP-54

lP-42

2P-68,2P-67

2P-49
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LISTOFEXHIBITORS

Company

[A]

AImacscience

ALPSPhannaceuticallnd・Co.,Ltd.

ANTHEMBIOSCIENCESPVTLIMITED

ASAHIGLASSCO.,IJTD

ASAHIKASEIFINECHEMCO.,IJID.

AsahiSpectraCo.,Ltd.

[B]

BASFJapanLtd.

BiotageJapan,Ltd.

BrukerOpticsK.K.

[C]

CBCCo.,Ltd.

CentralGlassCo.,Ltd.

centralscientifficcommerce,mc.

ChemetallJapanK.K.

ChemGenesislncoIpoIated

Chiro-Tbchnologyres.&dev.Co.,Ltd.

CHUKANBUTSULTD.

CONFLEXCorporation

[D]

DAICELCHEMICALINDUSTRIES,I_;TD.

DAIKINQCHEMICALSDSALES,I_/TD.

DAISOCO.,I_;TD.

[F]

FUji-SilysiaChemicalLTD.

FushimiPhannaceuticalCo.,Ltd.

[H]

HACHuI_rrRAJAPAN

HamariChemicals,Ltd.

HODOGAYACHEMICALCO.,LTD.

－410－

URL

http:"www.almacgroup.com/

http:"www.alps-phann.cojp

http:"www.anthembio.com/

http:"www・agc・cojp

http:"www.asahikasei-fbjp/

http:"Www.asahi-spectIa.cojp

http:wwwjapan.basfcom

http:"Www・biotage.com

http:"www.bmkeleopticsjp/

http:"Www.cbc.cojp

http:"Www.cgco.cojp/

http:"www.csCjp.cojp
●

http:"www.chemetall.cojp

http:"Wwwbchemgenesis.com

http:"www.chim-technology・cojp/

http:"www.chukan.cojp

http:"wwwconnex.cojp/

http:"www.daicelchiral.com/

http:"www・daikin-dcs.cojp/

http:"www.daiso・cojp

http:"www.fIji-silysia.cojp

http:"www.fUshimi.cojp/

http://hachultrajp

http:"www.hamarichemicals.com

http:"www.hodogaya.cojp



Company URL

HULINKS,Inc. http:"www.hulinks.cojp/

HYDRUSCHEMICAL,Inc. http:"www.hydms・cojp

[1]

IHARACHEMICALINDUSTRYCO.,IJTD. http:"www.iharachem.cojp/

ImtaktComoration http:"Www.imtakt・com

InstituteofMicrochemicalTbchnology http:"Www.i-mt.cojp

[J]

JapanChemicaledataCoIporation http:"Www.chem-edata.com

JEOLLtd. http:"wwwjeol.com/

JulaboJapanCo.,Ltd http:"Wwwjulabojapan.cojp

JunseiChemicalCo.,Ltd. http:"Wwwjunsei.cojp

[K]

KANTOCHEMICALCO.,INC. http:"www・kanto.cojp/english/index.html

KANTODENKAKOGYOCO.,IJID. http:"Www.kantodenka･cojp/

KNCLabolatoriesCo.,Ltd. http:"Www6kncweb.cojp/

KOEICHEMICALCOMPANYLIMITED http:"www・koeichem.com/

[M]

MANACIncomorated http:"www.manac-inc・cojp/global/index.html

MettleFTbledo.K.K. http:"apan.mt.com/autochem

MidoriBookStoreCo., http:"www.midori-book.cojp

MitsubishiCoIpolation,ReaxaLimited http:"www・mitsubishicom.com(ip/index.html

MITSUBISHI'IANABEPHARMACORPORATION http:"Www.mt-phanna・cojp/

MORITEXCORPORATION http:"www・moritex.cojp

[N]

N.E.ChemcatCorporation http:"www.ne-chemcat.cojp/

NACALAITESQUE,INC http:"www.nacalai・cojp

Nagase&Co.,Ltd. http:"www.nagase.cojp

NAMIKISHOJICo.,Ltd. http:"Www.namiki-s.cojp

NARDCHEMICALS.Ltd. http:"www.nard.cojp/gmup.html

NewJapanChemicalCo.,Ltd. http:"Www.ni-chem.cojp

NICHIACORPORATION http:"www.nichia・cojp/

NichiaPhannaceuticallndustriesLtd. http:"nichia-yakuhin.com

NihonSiberHegnerK.K、 http:"www・dksh.com
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Company URL

NIKKISOCo.,Ltd. http:"www.microllac.com/

NIPPONKAYAKUCO.,LTD http:"www.nipponkayaku.cojp/

NIPPONSODACO.,L；TD. http:"www.nippon-soda.cojp

NISSANCHEMICALINDUSTRIES,LTD. http:"www.nissanchem.cojp

[O]

OMRONCorporation http:"www・fa､ommn.cojp/

Optimalnc. http:"Www.optimajp・com

[P]

Phannaron http:"www.phannaron.com/

PIJapan,Ltd http:"www・piindustries.com/

ProcessSystemsEnterpriseLimited http:"www.psentemrise・com

[S]

S・TJapan,Inc. http:"www・sIjapan.cojp/

SAFC http:"www.saficglobal.com

SaltigoGmbH(LANXESSK.K.) http:"www.saltigo・com

SapalaOIganicsPvt・Ltd. httpwww.sapalaoIganics.com

ShanghaiChemPartnerCo.,Ltd. http:"www.chempannemcn

ShikokulnstmmentationCO.,IJI､， http:"www.yonkei.cojp

SIBAIASCIENTIFICTECHNOLOGYIJTD. http:"www・sibata.cojp/

SUGIYAMA-GENCO.,LﾉTD., http:"Www.sugiyama-gen.cojp

SUMITOMOSEIKACHEMICALSCO.,LTD. http:"www.sumitomo5eika･cojp

SummitPhannaceuticalslntemationalComoration http:"Www.summitphamla.cojp

SyrrisJapanlnc. http:"www.syms・com

[T]

TAIYONIPPONSANSOCoIporation http:"www.tn-sanso・cojp/en/

TAKASAGOINTERNATIONALCORPORATION http:"www.takasago-i.cojp

TXTEYAMAKASEICO.,IJTD http:"www.tateyamakasei.com

TECHNISCo.,Ltd http:"www.technisjp/

ThiemePublishingGroup http:"Www.thieme-connect.com

TOKYOCHEMICALINDUSTRYCO.,I_/ID http:"www.tokyokasei.cojpD
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ChiralLigands

O

曹薄？
漣ドH

Fuji(F2)CAPO

閉り

勲
gC[:H

Glu(F2)CAPO

PR

瀞
”H

GluCAPO

CatalyticAsymmetricAziridine-OpeningReactionwithGd-FUji(F2)CAPOComplex.

NO2

Ｒ
Ｒ

－
梱

Ｏ岬
矧

Ｃ
Ｉ

ｏ
ｌ
Ｏ

●
山
ｍ

Ｆ
５
■
■

函
に

２０Ｎ

O
R1

R注Ⅲ℃L 蝋”
R

一

R

80-93%ee

Picoline-Boranes

d壁” ぐ》側-．㈹H3C

4-Picoline-Borane2-Picoline-Borane

Thepressurevesseltest(100-200℃)proves2-Picoline-boranethermallystable.

Picoline-boranesaremildreducingagentssuitablefOrreductiveaminationofaldehydesor

ketones.

2-Pic-BH3
OR3(leq)R1R3

R'=6､R2+HN;－－H-¥N'､R4 MeOH-AcOHR2R4
=10:1
atrt

Kikugawa,Yetal.,Tbtrahedron,2004,QQ,7899

｡《】H－Ac（
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１
戸
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Ｒ
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〃

３

Ｎ
１
Ｒ

１
入
２

Ｒ
Ｒ

pR4
+HN

R3 2)2-Pic-BH3(1.5eq)
aq.HCl

r.t.

TheJapaneseSocietyfbrProcessChemistry2007SummerSymposiumlP-30

③ JunseiChemicalCo.,ud・SalesHeadquater.

6-1,Ohmano-cho,Koshigaya-shi,Saitama,343-0844,Japan

Phone:+81-48-988-3621FAX:+81-48-988-8719MAIL:shiyaku-tqunsei.cojp



Ⅲ加町師iGi①mmIm師、叩①、
’

EthylmagnesiumChloride(cq.0.8mol/Linl℃trahydrofuran)
activatedwithZincChloride(ca､10mol%)2509JPYenl2,000.[EO7781

Recentbr!Ishiharaet_cMI.JiscoVeredthattertiaryalcdhOlsareWnthesizedmhighyieldswith
minimmgjdereaptio"bytheadditionPfqcataltiCampuntofZinccmorideto~th6Grignard
reagePts.TheyratiOUajizedthisobservationbyinvokingthemnnationofhig町activezinc-ate
c9mPleXesE3ZnMgCli"situmaneficientcatalyticWCle.Th可haveappliedthismethodthe
auKylationofvariousketones.

alkylatingagentO

Ph｣LP｡¥#=*Ph人phγHF､ooc,2ハ
HQEtHOH

PhXP｡+FNXP,
aIWIatingagent

EtMgCl
EtMgCl+ZnCl2(10mol%)

tertialyalcohol[Y.(%)]
25

84

reductionpmduct[Y.(%)]
71

15

IntheallWlationof2-adamantanone,whichistypicallyconsideredtobedifficultsincereduction
9ccllrs=mpreference_tothedpsiredallgrlatiOnWhenonlyGIignardreagentsareused,theyieldofoccursmpre企rencetothedesiredallWlationwhenonlyGIignardreagentsareused,theyieldof
deSiredproductwasimprovedgreatlybyusingthisprot6co1.

Furthennore,addi廿onoflithiumchlolideincreasedtheyieldsupto81%.2-An<yl-2-adamantanol
".usefUlphotoresistmaterial,soitisanticipatedthatthiSmethoawillbeofgreafutilibrmvarious
fields.

FilrthermOre,itwasalsoreportedthatthisreactionisapplicabletotherelated,butmuchless
reactivealdiminesandthattheadditionreactionproceedse伍cientbr.

Et

鹿ﾄ”
alkylatingagent
(1.3eq.)

一

THF,r.t.,2h

NPh

Ph人H
alkylatingagent

(1.3eq.)
＝

THF,0｡C,5h

PhHNEt

PhXH

Y.(%)

29

58

81

Y.(%)

41

81

alkylatingagent

EtMgCI

EtMgCI+ZnCl2(10mol%)

EtMgCI+ZnCl2(10moi%)+LiCl

alkylatingagent

EtMgCI

EtMgCI+ZnCl2(10mol%)

InthisVay,therCaCtiOnsmentionedaboveconstitutesimpleandpracticalmethodsibrthe
generationoftertiaryalcohols,whichcanbeperfbnnedundermndconditions,andwhicharealso
Usejillindustrially.Theorignalpaperbylshiharaetql.qUalinedasthelst!$MoSt-AccessedAiticles''
inthecategolyofcommnumca廿onsibrtheJbumczIQftheAmelfcα〃ChemicQISocietlI(WebEdi廿on)
fromJulytoSeptember,2006.

TCI!shgppytomalgeavailablethezmcchloride-activatedGrignardreagentwhichisconvenient
tousefbrtheaboveanKylation.

1)MHatano,S.Suzuki,KIshihara,JHAm.Chem.SOG,2006,128,9998
2)MHatano,S.Suzuki,K.Ishihara,Kngqku,2007,62(3),16.
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QCﾉ7jraﾉscreen@OH:不斉還元バイオ触媒

口Cﾉ7jraﾉscreen⑨NH:キラルアミンバイオ触媒
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･Chiralscreen＠を使えば､反応の正否が一日以内に評価できます。

。また､弊社へのスクリーニング委託も可能です。

F －－ －、
煙い滴睦簡騨L _」

oChiralscreen＠は､酵素反応が初めての方でも､簡単に使用できます。

・使用するにあたって､特別な技術や知識は不要です。

・反応は水系､常温常圧で進みます。（基質が水に完溶する必要はありません｡有機溶媒添加も可）
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累渉コカ膨蛎を鋤茄＝険ケ

･1g以下や10gなど､少量のサンプル調整にも対応いたします。

･パイロットや商業製造のためのプロセスの最適化､および実機製造もお引き受けいたします。

。もちろん､お客様ご自身でのスケールアップも可能です。
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CPIカンパニーChiraIPhannaceuticallngredients

伽臼

Cu9tomKIt

店”糧”"州

｢一

溌鐸簿………＆

L=－－－竺豐星空里’
》
一

》
も繍

憾一
一

１ｍ

一

》
鵠

＝“a｡…LDC感一睡

ChiraISC燗W℃H

R1

O OH

人
Chiralscreen⑨OH

←

R 2R1
人

R2 R1

O NH2

人
Chiralscreen⑨NH－1

←

R2

1
／、

R1R2

パｲｵ触媒ｷｯﾄI



函
巫
耐
竃
弓
‐
１
１
１
湖
Ⅷ
１
１

一
〆

ScienceofSvnthesisy
Houben-WeylMethodsofMolecularWansfOrmations@

TheEle仁廿onicVergion
』シ

1

一
口

一再…

I ■dbL

W
＝ 一 一 一

峰

』－

鯨’副訓一畷風／ ，
』

L
I罫Ii

一唾

織驍記
0

:~憲認墨
ﾛ

91Ⅱ､

鐘認涛
』q【1

●

型』I也凹堅辿l_凧T詞 吟I

IQuery Hit'i"IFu'WT颪§而砿F雨隠

mpIexesaYe(ommonlｿl!Wi""""I"(II""i"""i-'","』
'!Womiu9ateddi"e'i9mmdamdan｡'h2mb,mi,ijiil:MiMMMｿ(lizationmayo((uIIofoIman-a1lWll""f'9W"0"e""d"".,(MMIMM;"{;M%::ni〔keI(11)metaIIa〔Yde・Mu〔hoftheI4+4l-andI4+］-“oaddmon〔hemwd“bGdiom4-ditnQ⑩mp1噸PIO腕blソ
theint@Imed"ofni(kfimei3113(yd""'""$"I'.allllli".0Kil3i｡ai"$liim"MMMMM
oi(hiometri叩IeParationoim(kel-11-allyl(0mPlexes.ThesPG(tatorlilandW叩e【帖PIayaSi90ii(amIoleind"minin!
,tionOftheequilibriumforoxidative[ydization-Iedu[live(IGavaqepIo(e§史5(S(hemel51.M

elSU9andDePenden(eintheFormationoiw.Allyl(omplexGsbyOxidativeqdiz310foiS[hem

磯
ble

X

一一‐一一一一一声f一一一豆思■■一m■Ⅱ曰四一一五1■

@rganに魯刷⑪壇a同@m壜瞳lli
塁Ⅶtirtifm豊油甑

iti匿言ⅡY錘v霊I睡司t煙甜Imf錘童画色rl

１
１
１
１
１
ｌ
Ｉ

Ｐ

４

ｆ

Ｕ

尾

日

■

少

〃

凸

■
“
Ｐ
４

(omp"'ucF

可

凶

4

Ｉ
Ⅱ
Ⅱ
Ⅱ
５
■
Ⅱ
Ⅱ
Ⅱ
で
１
吾
洞
Ⅱ
■
Ｇ
Ｉ
Ⅱ
１
日
Ⅱ
Ⅱ
Ⅱ
吋
日
Ⅱ
Ｉ
Ⅱ
四
画
Ⅱ
ｑ
る
り
、
ｑ
‐

ForfurtherinfOrmation,pleasevisitwww・thieme-chemistry.com
orcontactuSatmarketing@thieme-chemistry.com
Withinlapan､pleasecontactourdistributionpartnerBureauHosoyaat
brhoSoya@poplar・OCn.ne・jp 錨Thieme


	2014年07月01日09時29分34秒.pdf
	2014年07月01日09時41分57秒
	2014年07月01日09時54分47秒
	2014年07月01日10時05分46秒

