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GeneralIntroduction

HydrogenbondingplaysanimportantroleinconstruCtingthedouble

helicalstruCtureOfDNAandhighly－OrderedstruCtureOfproteins・lInaddition，

hydrogen bondinglS eXPeCted to be usefulin construCting supramolecular

struCturebecauseofitsassociationcharaCterindirectionalandselectiveway・2，3

Practically；themolecularsystemshavlngmultiplehydrogenbondcanbeused

asbuildingblocksforsupramolecularstruCture・4－14　Furthermore，hydrogen

bondinglSOfimportanceinenzymaticreactionfromthepointofviewofthe

substratespecincity・1，2　chemicalpropertiescanalsobestronglya飴ctedby

hydrogenbonding．
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Firstofall，hydrogenbondinglnPhotodynamictherapyfbrJaundiceof

new－bominfantswillbediscussed・Bilirubinisthedegradationproductofthe

hemoglobinandhasNHgroupandcarboxylgroupcapabletoformhydrogen

bonding・However；bilirubincannotbedissoIvedinwaterandishydrophobic

becausethehydrophilicpartsinbilirubinformintramolecularhydrogenbonding・

Usually；bilirubinisesterifiedbyaglucuronyltransfbraseenzymeintheliverto

glVethehydrophilicderivativestogoout・However；incasethatthefunction

Oftheliverofanew－bombabyisunderdeveloped，bilirubinisaccumulatedin

thetissuesandbringsaboutjaundice．

N－HH7b＝

Scheme2．

0日も′OH

Bilirubin

hydrophobic hydrophilic

PhotodymamictherapylSOneOfthemedicaltreatmentsforJaundiceof

new－bominfants・Onirradiationwithlightfromviolettobluetotheskin，

bilirubin underwentphotoisomerization ofa C＝C doublebondfollowedby

PhotocyclizationtoglVeamOrehydrophilicisomer・Thus，thelightirradiation

Changesthepropertyofbilirubinfromhydrophobictohydrophilic・15，16

HydrogenbondinglSalsoimportantinsomephotochemicalreaction・

For example，eXCited state double proton transfer reaction occursin

7－aZaindole・17－23　7－A去aindole has bothdonor and acceptorfor hydrogen
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bondinglnOnemOlecule，thereforethehydrogenbondeddimerwasformedin

non－POlarsoIvent．7－Azaindoledimerunderwentexcitedstatedoubleproton

transfbronphotoirradiationtoglVetautOmereXhibitingthebluefluorescence・

hv（ESDPT）

Scheme3．Excitedstatedoubleprotontransftr（ESDPT）of7－aZaindole．

Hydrogen atom or proton transfer reactionin theinterm01ecularly

hydrogenbondedsystemcanbeappliedforprotonrelaysystemandcontrolof

degradationandformationofhydrogenbondedpolymer・2　0neoftheexamples

OfprotonrelaysystemwasshowninScheme4・24　Theprotonorhydrogen

atomtransferreactioninthesolidstatecancausephasetransitionandisapplied

formemorydevices．2
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Scheme4．

Excitedstateintramolecularhydrogenatomorprotontransftrreaction

（ESIPT）alsotookplaceinsomeintramolecularlyhydrogenbondedcompounds．

Forexample，methylsalicylateand3－hydroxyflavoneexhibitedfluorescenceat
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longerwavelength due to the occurrence ofESIPT；andtheprotontransfer

mechanism was extensivelyinvestlgated by transient spectroscopIC

teclmiques・25－29

3－Hydroxyflavone

Scheme5．

牌ocH3
hv（ESIPT）

Methylsalicylate

IntramolecularhydrogenatomtranSfbrreactioncanplayanimportant

roleinphotochromismofsomecompounds・Forexample，Salicylideneaniline

derivativesarewellknOwntoexhibitphotochromismincrystallinestateandthe

application to the photochromic memory has received much attention・30－36

Recently；the tautomerformOfsalicylideneaniline was observed by X－ray

CryStallographyandwasasslgnedtothephotochromicform・32－34　However；the

PrOPertiesofphotochromismofsalicylideneanilineinsolutionisstilluncertain・

三三
enolfbm

NJSalicylideneaniline

Scheme6．

hv
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Fromtheviewpointofcontrolofchemicalreactionbythehydrogen

bonding，thee飴ctofintramolecularhydrogenbondingonthephotochemical

behaviorshasbeeninvestigated・3744　Thus，Hydrogenbondinga飴ctedthe

Photochemicalisomerizationmodeofthearomaticolefin・Forexample，the

OlennhavingpymOleringandpyridinering，2－（2－（2－Pym01yl）ethenyl）pyridine，

exhibitedone－WaytranS－tO－Cisphotochemicalisomerizationduetothepresence

Ofintram01ecular hydrogen bondingin cis－form・40　The cis－formalso

underwentexcitedstatehydrogenatomtransfbrtoglVetautOmereXhibitinglarge

Stokesshiftfluorescence・40　Thehydrogenatomtransfbrreactionintheexcited

Stateandthefastnon－radiativedeactivationpathwaythroughtheintramolecular

hydrogenbonding resultedin the one－WaylSOmerization・Furthermore，the

absorptionmaximumofcis－formaPPearedatlongerwavelengthreg10nthanthat

Of trans－formindicating that hydrogen bonding be also qpplied　for

Photochromiccompounds・43

hv

．Hr仁

2－（2－（2－Pym01yl）ethenyl）pyridine

Scheme7．

hv

N二日　←㌃

Astotheisomerizationofaromaticetheneinthetripletexcitedstate，it

isreportedthatthetripletenergyofarOmaticgroupontheethyleniccarbon
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affbcts the mode oftheisomerization・45，46　For example，2－anthrylethenes

undergoes photochemical cis－tO－tranS One－Way isomerization・45，46

Cis－2，－Hydroxychalconeundergoesintramolecularhydrogenatomtransfbrinthe

SlngletandthetripletexcitedstatetoglVethetautomertripletexcitedstate，

Whichhaslowtripletenergyandone－WayCis－tO－tranSisomerizationtothetrans

isomerin the triplet excited state takes place by the same mechanism of

anthrylethene．47

One－WaylSOmerization こォ〉ニ

／G′′′H′0

0＼H、、、0

inthetripletexcitedstate

Scheme8・One－WayPhotoisomerizationof2一一hydroxychalcone

Hydrogen bondingis also expected to be usefu1in construCting

supramolecular struCtureS．2・3　The controlofconfbrmation and association

numberofintem01ecularlyhydrogenbondedsystembyextemalstirrrulation

havereceivedmuchattention・2，10，48Inthisrespect，Photoinducedprocessto

COntrOlthemolecularweightofthehydrogenbondedassembliescanbeapplied

fbrphotolithography，gelreagent，memOrydevices andso on・2Itisalso

expectedthatthephotochemicalreactionscouldcontrolthepolymerizationand

depolymelizationofpolymerS．10，48
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Scheme9・HydrogenbondedpolymerbyquadruPleintermOlecularhydrogen

bonding
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TheintermOlecular hydrogen bonding can be usedin photoinduced

electrontransfer；Chargetransftrorenergytransftrsystems・49　photoinduced

electron tranSfbr reaction has received much attention not onlyln SOlution

Chemistry；butalsoinheterogeneoussystemssuchasphotosyntheticreaction

CenterSandsolidstatephotoresponsivematerials・49，50

′
N

／

ElectronTranSftr

′（、

執
三三三一Rib／

Rib＝

HN－H…・10　　Rib

R＝SiMe2tBu

Schemell．Photoinducedelectorontransfbrsystemin

Watoson－Crickbasepalr

Inthisthesis，Ihavestudiednovelphotochemicalreactionsystemsby

utilizingthehydrogenbonding・

Inchapterl，2，and3，Photoisomerizationandexcitedstatehydrogen

atom transfbr ofintramolecularly hydrogen bonded compounds were

investigatedandthemechanismandthepotentialenergy surfacehavebeen

elucidated．

In chapter4，Photochromic dyes based onintramolecular hydrogen

bonding have been studied．It wasfound that theintramolecularhydrogen

bondingplaysanimportantroleinconstruCtionofphotochromiccompounds・

FurthermOre，e飴ctsoffomylsubstituentandtemperatureonhemiindigodyes

ー8－



Wereinvestigated．PhotochemicalbehaviorsofpymOle－2－Cafboxyaldehydeand

its related compounds wereinvestlgatedin connection withthis substituent

efftctandisdiscussedinChapter5．

In Chapter　6，Synthesis and excited state behavior of molecular

assemblieslinked by qpadruPleintermOlecular hydrogen bonding were

discussed．TheintemOlecularlyhydrogenbondedcompoundsexhibitexcimer

OreXCiplexformationandefncientenergytransfbr．

ー9－
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Chapterl

Photoisomerizationof2－（2－（2－Pyrrolyl）ethenyl）benzoxazoleand2－（2－（2－

Pyrrolyl）ethenyl）benzothiazole

Abstract

Hydrogenbondedcompounds2－（2－（2－PymOlyl）ethenyl）benzoxazole（4）

and2－（2－（2－Pym01yl）ethenyl）benzothiazole（5）were synthesized and their

Photochemical behavior was studied．The cisisomers of4and5form

intramolecularhydrogenbondingasrevealedbythelH－NMRstudies．Thetrans

isomersexhibitpaleyellowcolorinsolution，butonphotoirradiation，thecolor

SlightlychangestoglVeyellowduetothechangeoftheabsorptlOnSPeCtra・The

quantumyieldofisomerizationof4and5isconsiderablyhighintherangeof

O・4－0・6andis slightly dependent on the soIvent properties・On triplet

SenSitization4and5gavetheT－TabsorptlOnSPeCtraWiththelifbtimeofca・1

PSinbenzene・Sincetransientabsorpt10nSPeCtrumWaSnOtObservedondirect

irradiationof4and5with308nmlaserpulse，thecis－tranSisomerizationon

directirradiation shouldtakeplacein the excited slnglet state・Ontriplet

SenSitization4and5underwentcis－tranSisomerization．Theseresultsindicate

thattheintramolecularhydrogenbondingisbrokenintheslngletexcitedstateas

Wellasinthetripletexcitedstateofcis－4andcis－5．
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Introduction

In recent years，intramolecular hydrogen atom transfbrin　2－（2－

hydroxyphenyl）benzoxazole（1）and－benzothiazole（2）has extensivelybeen

investigatedbymanyresearchers．1－8Thesemoleculesunderwentintramolecular

hydrogen atomtransfbrto glVe the tautomerinthe excited state exhibiting

fluorescencespectrawithlargeStokesshift・Inaddition，tranSientabsorptlOn

SPeCtraOfthetautomerproducedbyintramolecularhydrogenatomtransftrin

theslngletexcitedstatehavebeenobservedbylaserflashphotolysisinnon－

polarsolve山．

As　to the photoisomerization behavior of hydrogen bonded

compounds，9－15Wehavealreadyreportedthatanolefinwithapyrrolerlnganda

Pyridinering（3）exhibitedone－WaytranS→Cisisomerizationduetothepresence

Of theintram01ecular hydrogen bonding・12　FurthermOre，intramolecular

hydrogenatomtransferoccurredintheslngletexcitedstateofcis－3toglVethe

tautomercis－3－0nphotoirradiation，Whichwasrevealedbytheobservationofa

fluorescencespectrumWithlargeStokesshift．12Inaddition，tranSientabsorptlOn

SPeCtraduetothetautomerinthegroundstatewereobservedbylaserflash

photolysis・12，13　Therefore，itwillbeinterestlngtOStudythephotochemical

behaviorofthecompoundshavlnglSOmerizableole瓜nicpartinadditiontothe

hydrogenbondinginland2．

Wewishtoreportherethepreparationofole丘nswithapyrrolerlngand

abenzoxazolering（4）or abenzothiazole ring（5）andthe studies oftheir

Photoisomerization behavior．The olefins4and5could undergo cis－tranS

isomerization as well asintramolecular hydrogen atom transfer and each

reactionwasexpectedtocontroltheemciencyand／ortheselectivityoftheother

reactionprocesses．
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Experimental

MaterialsandsoIvents

trans－2－（2－（2－（Pym01yl）ethenyl）benzoxazole（trans－4）and－benzothia－

zole（trans－5）werepreparedbyWittigreaction．16cisisomerswereobtainedby

isomerizationoftransisomersonirradiationat366nm．Transandcisisomers

WerePurifiedwithcolurrmchromatographyonsilicagelandrecrystallizedfrom

benzeneandhexane，reSPeCtively・

trans－2－（2－（2－（Pym01yl）ethenyl）benzoxazole（trans－4）：1H－NMR（CDC13，

200MHz）8（ppm）6．60（d，1H，J＝16．2Hz；01ennicproton），7．64（d，1H，J＝

16・2Hz；01efinicproton），6．32（m，lH；PyrrOleproton），6．60（m，lH；PymOle

PrOtOn），6．95（m，1H；PyrrOleproton），7．30（m，1H；benzoxazoleproton），7・50

（m，、lH；benzoxazole proton），7．64（m，1H；benzoxazole proton），8．6（NH

PrOtOn）．mp＝213－2140C．AnalCalcdforC13HlON20：C，74．27；H，4．79；N，

13．33；0，7．61％．Found：C，74．00；H，4．84；N，13．19％．

cis－2－（2－（2－（Pymlyl）ethenyl）benzoxazole（cis－4）：lH－NMR（CDC1，，200

MHz）8（ppm）6．09（d，J＝13．0Hz，lH；01ennicproton），6．36（m，lH；PyrrOle

H），6．57（m，lH；PymOleH），6．83（d，J＝12．8Hz，lH；01e丘nicproton），7．17（m，

lH；Pym01eH），7．35（m，2H；benzoxazoleH），7．49（m，1H；benzoxazoleH），

7・73（m，lH；benzoxazoleH），14．Oppm（NHproton）．mp＝75－760C．

trans－2－（2－（2－（Pym01yl）ethenyl）benzothiazole（trans－5）1H－NMR（CDC1，，

200MHz）8（PPm）6．30（m，lH；PyrrOleproton），6．58（m，1H；Pym01eproton），

6・94（d，1H，J＝16．2Hz；01e丘nicproton），6．95（m，lH；Pym01eproton），7・38（m，

2H；benzothiazoleproton），7．40（d，1H，J＝16．2Hz；01ennicproton），7．83（dd，

lH；J＝7・5，1．2Hz；benzothiazole proton），7．92（dd，lH；J＝7・5，1・2；

benzothiazoleproton），9．1（br，NHproton）．mp＝198－1990C．AnalCalcdfbr

C】3HlON2S：C，69．00；H，4．45；N，12．38；S，14．17％．Found：C，68．75；H，4．45；N，

12．29％．
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cis－2－（2－（2－（PymOlyl）ethenyl）benzothiazole（cis－5）：lH－NMR（CDCl3，

200MHz）8（PPm）6．24（d，J＝12．0Hz，1H；01e丘nicproton），6．38（m，1H；

PymOleproton），6．56（m，1H；Pym01eproton），6．72（d，J＝12．0Hz，1H；01e丘nic

PrOtOn），7．13（m，lH；Pym01e proton），7．36（td，lH；J＝7．3，1・2Hz；

benzothiazoleproton），7．51（td，lH；J＝7．3，1．2Hz；benzothiazoleproton），7．85

（dd，J＝7．3，1．2Hz，lH；benzothiazoleproton），8．03（dd，1H；J＝7．3，1．2Hz，

lH；benzothiazoleproton），14．0（br，NHproton）．mp＝80－8lOC．

Inspectroscopy，DotiteSpectrosolorLuminasoIwereusedassoIvents

Withoutfurtherpurincation．

Measurement

AbsorptionandfluorescencespectraweremeasuredonaJASCOUbest－

55andonaHitachiF－4000fluorescencespectrometer，reSPeCtively・

Laserflash photolyses were performed by uslng an eXCimerlaser

（LarhbdaPhysikLPX－100，308nm，20ns知hm）orexcimerlaserpumpeddye

laser（LambdaPhysikLEXtra－100，308nm，20ns知lmandLambdaPhysik

Scanmate，Stilbene3，425nm．10nsfwhm）asexcitationlightsourcesanda

Pulsedxenonarc（UshioUXL－159）wasusedasamonitoringlightsource・A

Photomultiplier（Hamamatsu R－928）and a storage oscilloscope（Iwatsu TS－

8123）wereusedforthedetection．

FluorescencelifbtimesweredeterminedwithapICOSeCOndlasersystem

COnSisting of a titanium sapphirelaser（Spectra Physics3900日Tsunami”）

OPeratedwithaCWA了Iaser（SpectraPhysics2060），a＆equencydoubler（SP－

390），aPulseselector（SP－3980；完2psfwhm）andastreakscope（Hamamatsu

C4334）．

DSCmeasurementwasperformedwithSeikoDSC－220anddatamodule

SSC－5500H．
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Quantumyieldofisomerizationweredeterminedwith366nmlight丘om

a400Whigh－PreSSuremerCurylampthroughUV－35andU－360mters・The

SamPlesolutionwasdeaeratedbybubblingargonandirradiatedfor5－15minto

keep the conversion withinl0％．Lightintensity was determined by

tris（OXalato）ftrrate（III）actinometory．】7Theconcentrationofeachisomerwas

determinedbyhighperformanCeliquidchromatographythroughacolurm（Toso

CN－80TS）elutingwithethylacetate／n－hexane＝1／9．

Rateconstantsofacidcatalyzedthermalisomerizationandequilibrium

constant Were detemined by monitoring absofbanCe Oftrans－4－H＋inthe

PreSenCeOfappropriateamountOfO．lMHCl（Wakoarlalyticalgrade）．The

molar extinction coefncient of tTunS＿4＿H＋　was determined with　the

concentrationofltrans－4】＝2．Oxl0－5MandlHCl］＝1．2x10－2M．
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Results

Absorptionandfluorescencespectra

Theabsorptionspectraof4and5wereshowninFigurel・Themolar

extinctioncoefncientattheabsorptionmaximumofcis－4andcis－5issmaller

thanthatoftrans－4andtrans－5・TheabsorptionspectrumOfcis－4andcis－5in

benzeneisshiftedtothelongerwavelengthreglOnCOmParedtothatoftrans－4

andtrans－5・Usually，thecisisomersexhibitabsorptlOnmaXimumatshorter

WaVelengthcomparedtothatofthetransisomers，SincethearOmaticrlngand

theC＝Cdo止blebondtakealmostplanarconformationintransisomers，While

theslnglebondsconnectlngthearomaticnngandthedoublebondaretwisted

bysomedegreesduetothesterichindranceincisisomers・TheabsorptlOn

maximumof5appearedatlongerwavelengththanthatof4by15nmand

therefore，theslngletexcitationenergyof5islowerthanthatof4・

The unusualred shift ofabsorptlOn SPeCtrain cisisomers can be

explainedbythe effbct ofintramolecularhydrogenbondingtoincrease the

COrUugationincisisomers・ActuallyinlH－NMRspectra，theslgnaloftheNH

PrOtOnPeakofcis－4andtrans－4appearedat14・Oppmand8・Oppm，reSPeCtively

inCDC13・Theconsiderabledown鮎ldshi允oftheNHprotonslgnalincis－4

indicates thatc由一4formS anNH：Nintramolecularhydrogenbondinglnthe

groundstate．

Thediffbrenceinchargetransfercharacterbetweenthecis－andtrans－4

intheexcitedstatemayexplainthe abovementionedobservationthatci5－4

exhibitsabsorptionspectraatlongerwavelengththantrans－4・

Theabsorptionmaximum（九max）ofcis－4doesnotlinearlydependonthe

SOIventpolarityandalmostthesameinallthesoIventexamined．Thus，‰axin

methylcyclohexaneandDMSOappearedat379nmandthevalueinacetonitrile

（371nm）andinmethanol（373nm）exhibits at shorterwavelength．These
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resultsindicatethatthepresenceofintramolecularhydrogenbondinglnC由一4in

theabovesoIvents．

Theabsorptionmaximumoftrans－4showsaredshi氏withincreaslng

SOIventpolarityfrom356nminmethylcyclohexaneto368nminDMSO・These

resultsshowthattftmS－4formSintermolecularhydrogenbondingwithmethanol

andDMSO，Whichmayplaysomerole onthebehaviorof4inthe slnglet

excited state．Inwater，absorptionmaximum ofcis－4was stillslightlyred

ShiRed than that of trans－4．　This resultindicates that cis－4　formS an

intramolecularhydrogenbondingeveninwater・

Thefluorescence spectra of4are shownin Figure2・At room

temperatWe，quantumyieldoffluorescenceemissionof4wasdeterminedtobe

2xlOJandlx10－5fortrans－andcis－4，reSPeCtively，Whileat77K，itwasO・5

fbr cis－and trans－4in methylcyclohexane．These resultsindicate that the

excitedsingletstateoftnms－andcか4Shoulddeactivatetothegroundstateby

twistingaroundthedoublebondresultinginthecis－tranSisomerizationatroom

temperature，While at77K thefluorescence emission prevails over the

isomerization due to the decrease ofthe rate constant ofisomerizationinthe

excitedstate・Inaddition，thedeactivationthroughtheintramolecularhydrogen

bondinglnCisisomerseemstobenegligiblecomparedtotheotherdeactivation

PrOCeSSeSSuChasfluorescenceemission．Therefore，lntramOlecularhydrogen

bondinglnCisisomershouldbecomeweakerorbealmostbrokenintheslnglet

excitedstate．

Fluorescencelifbtimesofcis－andtrans－4weredeterminedtobe2．3ns

andl・6ns，reSPeCtivelyinmethylcyclohexaneand2・Oandl・9nsinethanolat

77K．Similarfluorescencelifetimeswereobservedforcis－andtmns－5at77K：

3・2nsandl・5nsinmethylcyclohexaneand2・9andl・8nsinethanol・Thisalso

indicatesthattheintramolecularhydrogenbondingwouldbecomeweakerinthe

Slngletexcitedstate，andthereforetheintramolecularhydrogenbondingcould

notparticipateinthedeactivationpathways舟omtheslngletexcitedstate．
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Diffbrentialscanningcalorimetry（DSC）in4

TheDSCexperimentswereperformedatdi脆rentrisingtemperature

（2・5－70cmin‾1）．AtypicalexamplewasshowninFigure4．Thus，theenergy

diffbrencebetweencLs－andtfmS－4inthegroundstatewasdeteminedtobe5

kcalmo1－1．Theobtainedvaluemeansthatcis－4ismorestablethantrans－4in5

kcalmo1－1，PrObablyduetothepresenceofintramolecularhydrogenbondingln

Cis－4・In addition，the activation energy oftrans－tO－Cisisomerization was

Calculatedas33kcalmo1－1bythesimilartreatmentreportedbyKissinger・18

Quantumyieldofisomerizationandthephotostationarystateisomerratio

Thequantumyieldoftrans→Cisisomerization（¢t→C）of4isdetermined

tobeO・64andO・54inbenzeneandmethanolandisslightlyhigherthanthatof

Cis→tranSisomerization（◎C→t），Whichis O．41and O．48in benzene andin

methanol，reSPeCtively・The quantum yield ofisomerizationfor5was

deteminedtobesimilartothatof4・Thephotostationarystatecis－tO－tranS

isomerratio（【C］／lt］）pssof4wasdeteminedtobe71／29and65／35inbenzene

andinmethan01，reSPeCtively・The（［C］／lt］）。SSValuesfor5weredeteminedtobe

81／19and76／24in benzene andin methanol，reSPeCtively・The observed

（lc］／lt］）pssvaluesarequitesimilartothevaluescalculatedbythecombinationof

themolarextinctioncoefncientofcis（Ec）andtransisomers（C．）attheexcitation

WaVelengthandthequantumyieldofisomerization（（【C］／lt］）pss＝（e．／ec）x（◎t→C

／◎C→t）・Thesevalues，tOgetherwiththevaluesdeterminedinacetonitrileare

SummarizedinTable2・The◎C→tValueishigher，but◎t→Cislowerinpolar

PrOticsoIventthaninlesspolarsoIvent．Thedistortionofconicalintersection

mayexplaintheabovesoIventefftct．
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TripletsensitizedisomerizationwasperformedbybiacetylorMichler’S

ketoneastripletsensitizerswithirradiationat436nmor313nm触）mhigh

PreSSuremerCurylamp．Ontripletsensitization，bothcis－tO－tranSandtrans－tO－

CisisomerizationoccurredtoglVetheisomerratioatthephotostationarystateto

be（［C］／［t］）pss＝40／60．

E馳ctofHClonthebehaviorof4

Absorpt10nSPeCtraOftrans－4inacetonitrileinthepresenceofHClaq

appeared atthelonger wavelength reg10n With the maximum at430nm

COmParedtotheabsorptionmaximumof356nminpureacetonitrileasshownin

Figure5・TheconcentrationofHCIwaschangedfiomlx10－4MtoIxl0－3M

byadditionthelNHCIsolution．Thus，theabsorbanceat356nmdecreased

WiththeincreaseofHClaqwiththeconcomitantincreaseoftheabsofbanCeat

430nm・Theisosbesticpointappearedat375nmandfinally，inthepresenceof

lxl0－3MofHClaq，theabsorptionspectrumCanbeasslgnedtothatofthe

PrOtOnatedform・Ontheotherhand，theabsorptionspectrumOfcis－40bserved

justaRertheadditionofHClaqwasidenticalwiththatintheabsenceofHClaq

inacetonitrile・Theabsorptionspectraofcis－4inthepresenceofHClaqln

acetonitrilegraduallychangedandtheabsorpt10nmaXimumshi鮎d舟om371

nmto420nmduring240minat299K（Figure6）．

ThelH－NMRspectraof4wereobservedinmethanol－d4inthepresence

ofHClaq・ThelH－NMRspectrumOfcis－4inmethanol－d4didnotshiftbythe

additionofldropof12NHCl，WhilethepeakoflH－NMRspectrumOftrans－4

ShiftedbyadditionofHCl・Forexample，thepeakoftheolennicprotonof

tTmS－4shiftedfrom6・68and7・68ppmto6・84and8・14ppm，SuggeStingthat

PrOtOnationtookplaceatthenitrogenatomofbenzoxazolerlngtOglVetranS－4－

H＋．
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AsshowninFigure6，theabsorpt10nSPeCtrumObservedat240minafter

theadditionofHClaqlSthesamewiththatofthetrans－4inthepresenceof

HClaq・Theseresultsclearlyshowthatthethermalcis－tO－tranSisomerizationof

4（2．OxlO‾5M）occurredinthepresenceofHClaq（2xlO，3M）．Therate

constantofcis－tO－tranSisomerization（kc→．）wasdeteminedtobe4xlO，8S．1at

298K・Thekc→tValueincreasedwithincreasingofthetemperature（Figure7）．

Thus，thetemperaturee脆ctonthek。→tValuegavetheactivationenergy（Ea）

andpreexponentialfactor（A）ofA血eniusparameterforcis－4－H’→tranS－4－H＋

tobell・9kcalmo1－1and9・6xlO4S・1，reSPeCtively・

On366nmlightirradiation，4（2．Oxl0－5M）underwent tranS－Cis

isomerizationinthepresenceofHClaq（lHCi］＝2xlO‾3M）togivetheisomer

mixtureatthephotostationalystateas（lc］／lt］）pss＝41／59．Theadditionof

HClaqt04inacetonitriledidnotsignifiCantlyaffbctthephotoisomerization

behavior，Sincetheratioofthequantumyieldofisomerizationcanbeestimated

丘om the ratio ofmolar extinction coemcient ofcis－and trans－4at366nm

（◎t→C／¢C→t）＝（［C］／lt］）pssx（ec／e．）＝（41／59）x（2．6xlO4／2．0Ⅹ104）＝（0．48／0．52）．

However，aSmentionedabovetheproducedcisisomerunderwentisomerization

tothetransisomereveninthegroundstate，WhentheHClaqwaspresent・

Thetemperatureefftctontheabsorptionspectraoftrans－4（ltrans－41＝

2．Ox10－5M）inthepresenceofHClaq（lHCl］＝2xlO，4M）areshowninFigure

8・Sincetheabsofbanceat356nm（non－PrOtOnatedform）increasedwiththe

increaseofthetemperaturewithconcomitantdecreaseoftheabsorbanceat430

nm（protonatedform），PrOtOnatedformfavorsthelowtemperature．Thus，the

equilibriumCOnStant（K）wasestimatedtobe8．2xlO3M－1（at298K），7．2xlO3

M．1（at299K），5．4xlO3M－1（at301K），and3．1xlO3M．1（at305K）．Fromthese

experiments the enthalpydiffbrenceAHbetweentheneutraltrms－4andthe

protonatedtrans－4－H＋canbeestimatedtobe25．5kcalmo1－1byuslngVan－tH0ff

PlotfbrthetemperatureeffbctontheabsorptlOnSPeCtraShowninFigure9・
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Underthesameacidiccondition，fluorescencespectraofttmS－4was

ObservedatlongerwavelengthreglOnWiththeemissionmaximumat480nm

Whichisverymuchshiftedtothelongerwavelengthcomparedtothatoftrans－4

inpureacetonitrileasshowninFigurelO・Iftheentropydiffbrenceforthe

PrOtOnationinthegroundstatecouldbeestimatedtobethesameasthatinthe

excitedsingletstate，thepRLvalueswereestimatedfromF6rstercycle19tobe3．9

andlO・6inthegroundstateandintheslngletexcitedstate，reSPeCtivelyat295K・

Theseresultssuggestthatacidityofbenzoxazolenngintheexcitedsingletstate

WaSlowerthanthatinthegroundstate．

Laserflashphotolysis

Ondirectirradiationof4and5with308nmor425nm，tranSientspecies

WaSnOtObserved．

Ontripletsensitizationwithbenzophenoneexcitedby308nmexcimer

laser or with biacetylexcited by425nm dyelaser，Cis－and trans－4gave

transientabsorptionspectrawithkax＝450mmaSShowninFigurell．Decay

PrOfilesmonitoredat450－800nmwerenttedtotheslngleexponentialanalysis

andtherateconstantwasdeterminedtobel・Ox106S－lunderargon・

Thesetransientswerequenchedbyoxygenwiththerateconstantof4・4x

lO9M－1S－1・Onthebasisoftheobservationofthetripletstatewithconsiderably

longlifttimeandtheobservedquenchingrateconstantbyoxygenwithnearly

l／90fthediffusioncontrolledquenchingrateconstant（（2－3）xlO10M．ls．1），the

Observedtransientcanbeasslgnedtothetranstripletstate・

Onbenzilsensitization，tripletenergyofcis－andtrans－4Wereestimated

bydeteminingthequenchingrateconstantofbenziltriplet（み＝53．4kcal

mol‾1）17bycis－OrtranS－4・Thequenchingrateconstants（kq）aredeteminedto

be（1．5±0．1）xlO9and（2．4±0．1）xlO9M．ls‾1forcis－andtrans－4，reSPeCtively．

Thesevaluesaresmallerthanthatofdiffusioncontrolledrateconstant6．3xlO9
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S－1・20Therefore，theenergytransftrprocessshouldbeendothemicprocessand

thetripletenergyof4canbeestimatedbyeq・121tobe54・land53・7kcalmo1－1

forcis－andtrans－isomers，reSPeCtively・

kq＝kdiffeXP（－AEa／RT）／［1＋exp（－AEa／RT）］　　（1）

DiSCuSSion

Potentialenergysurfaceofcis－tranSisomerizationof4

1naproticsoIventsuchasbenzene，Stabilizationenergyofcis－4dueto

theintramolecularhydrogenbondingwasestimatedtobe5kcalmo1－1andthe

activationenergyoftrans－tO－Cisisomerizationinthegroundstatewasestimated

as33kcalmo1－1byDSCexperiments・TheslngletexcitationenergleSOfcis－and

tfmS－4wereobtainedtobe69・4kcalmorland72・4kcalmo1－1，reSPeCtively

fromtheirabsorptionandfluorescencespectra・

Atroomtemperature，thequantumyieldoffluorescenceemissionwas

determinedtobe4xl0－4and4x10－5fortYunS－4andcLs－4，reSPeCtively・In

addition，nO tranSient absorption spectrum WaS Observed bylaserflash

Photolysis・FurthemOre，thesumsofquantumyieldofisomerization（◎．→C＋

◎C→t）for4and5inallthesoIventexaminedisnearlyl．Theseresultsindicate

thatbothcLs－4andcis－5underwentcis－tranSisomerizationexclusivelyfromthe

excitedsingletstate．

Althoughcね－4formSintramolecularhydrogenbonding，thelifbtimeof

fluorescence emission of cis－4　was similar to that of trans－4in

methylcyclohexane and ethanol at　77　K．This alsoindicates　that the

intramolecularhydrogenbondingwouldbecomeweakerintheexcitedsinglet
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State，andthereforetheintramolecularhydrogenbondingcouldnotparticIPatein

thedeactivationpathways丘omtheslngletexcitedstate．

Cis－4andtrans－4gavethesameT－Tabsorptionspectrawiththesame

decay constants on triplet sensitization・From the tripletlifttime and the

Photostationarystateisomercompositiondeterminedontripletsensitization，it

WaSfoundthattheequilibrationbetweenthetransformandtheperpendicular

fbrmWaS eStablishedinthe excitedtriplet state・Therate constant Ofthe

deactivationfromtheperpendicular（3p＊）（k，。）andthetranstripletstate（3t＊）（kld）

COuldbeestimatedtobe2xlO7S－1and2xlO4S－1，reSPeCtively・22　Thus，the

equilibriumconstant，Ki，between3t＊and3p＊（【3p＊］／［3t＊】）isestimatedasca．0．05

fromtheobservedtripletlifttimebyuslngeq・2，Where3t＊ismuchmorestable

than3p＊・Onthebasisoftheseresults，POtentialenergysurfaceofisomerization

Of4inbenzenewasdepICtedasshowninFigure12・

町＝（1＋葦p）／（屯pもd＋毎） （2）

Photochromicproperties

Atthephotostationarystate，thecompositionoftheciS－isomersof4and

5washigherinbenzenethaninmethanol．Inaddition，Cis－isomersexhibited

absorptionmaximumatlongerwavelengthreglOnWithyellowcolorcompared

tothetrans－isomers・Therefore，bytheaidofintramoelcularhydrogenbonding

OneCaneXtendtheabsorptionspectraofthemoleculetothelongerwavelength

reg10naSObservedintheintramolecularlyhydrogenbondedcompoundscis－4

andcis－5andcanconstruCtPhotochromicmaterialsbychooslngaPPrOPriate

excitationwavelength・FurthermOre，theadditionofacidchangedthecolorof

thesolutionandthephotochromicbehavior，Wherecisisomersarelessstablein

thegroundstateandgraduallyreverttothetransisomerswithinseveraltensto
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hundredsminutes・Thus，OnPhotoirradiationonecanproducethecisisomersof

4and5，Whilewithoutlightonlycis－tO－tranSisomerizationwasobservedand

OneCanObtainthesolutionofonlythetransisomersinthedarkinthepresence

Ofacid．

Conclusion

Compounds4and5formSanintramolecularhydrogenbondinglnCis

form，andtherefore，theabsorpt10nSPeCtraOfcisisomersshiftedtothelonger

WaVelengthcomparedtothetransisomers・Intheslngletexcitedstateaswellas

inthetripletstatetheintramolecularhydrogenbondinglnCis－4andcis－5seems

tobebrokenandtherefore，thecis－tranSisomerizationin4and5efBciently

OCCurS・Thecis－tO－tranSratioatthephotostationalystate（lc］／lt］）psswas2．4and

4・3for4and5，reSPeCtivelyinbenzene，anddeceasedinpolarproticsoIvent・

The sums of the quantum yield ofisomerization were almost nearlyl・

Therefore，4and5wouldmainlyundergocis－tranSisomerizationintheexcited

StateWithoutundergolnghydrogenatomtransfbrtoglVethetautomerinthe

excitedstate．
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Figurel・Absorptionspectraof4and5inbenzeneatroomtemperature・

Tablel・MolareXtinctioncoefncientofkaxofabsorptionspectraof4and5

kaxa（わ

SOlvent
加那－4　　C由一4　　　ゎⅥ乃∫－5　　　Cね＿5

methylcyclohexane

benzene

acetonitrile

methanoI

DMSO

Water

356（4．1）　379（2．9）

362（3．9）380（2・4）

356（4．0）　371（2．7）

363（4・4）373（2．9）

368（3・5）　379（2．3）

363　　　　366

365（4．4）　394（2・7）

373（3．5）　　394（2．3）

369（3．6）　386（2．4）

378（3．4）　　388（2．2）

388（3．9）　　393（2．6）

a）innm b）inlO4M‾1cm－1
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Figure2．Fluorescenceandfluorescenceexcitationspectraoftrans－4

（solidline）andcis－4（dashedline）inbenzeneatroomtemperature．
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Figure3．Fluorescenceandnuorescenceexcitationspectraoftrans－4

（SOlidline）andcis－4（dashedline）inmethylcyclohexaneat77K．
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Figure4・DSCthermOgramObtainedfbrtrans－4atrisingrateof

temperatureof70cmin－1．
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Table2・Quantumyieldofiso誓erizationandphotostationarystateisomer
ratioof4and5determinedonlrradiationat366nmatroomtemperature・

SOlvent　　　　　　　◎t→C　◎

（［C］／【t】）pss

found calcd

methylcyclohexane

4　benzene

methanol

acetonitrile

benzene

5　methanol

acetonitrile

0．64　　0．41

0．54　　0．48

0．71　　0．37

0．64　　0．44

0．72　　0．40

71／29

71／29　　　73／27

65／35　　　63／37

70／30

81／19　　　83／17

76／24　　73／27

71／29　　77／23
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Figure5・Absorptionspectraoftrans－4inthepresenceofHClin
acetonitrile．
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Figure6．Changeoftheabsorptionspectrumofcis－4（2．OxlO．5M）inthe

presenceofHCl（1．Oxl0－3M）at299K．
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Figure8．E飴ctoftemperatureontheabsorptionspectrumOftrans－4

（2．Oxl0－5M）intheprescenceofHCl（2．OxlO‾4M）inacetonitrile．
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Figure9・Thevan－tHoffplotfortheequilibriumbetweentrans－4（2．Ox

lO‾5M）andtrans－4－H＋inthepresenceofHCl（2．OxlO．4M）inacetonitrile．
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Chapter2

PhotoinducedIntramolecuIarHydrogenAtomTransfbrin

2－（2－Hydroxyphenyl）benzoxazoleand2－（2－Hydroxyphenyl）benzothiazole

Abstruct

2－（2－Hydroxyphenyl）benzoxazole and　2－（2－hydoroxyphenyl）benzothia

－ZOleunderwenthydrogenatomtransfbrtoglVethetautomerinbothsinglet

excitedstateandtripletexcitedstate・Intheslngletexcitedstate，ketoform

PrOduced by excited state hydrogen atom transfer underwentisomerization

aroundquasi－doublebondtoglVetTmS－ketotautomer・Inthetripletexcited

State，HBOandHBTwereequilibratedbetweencis－andtrans－ketoformandthe

equilibrium constant was determined by triplet sensitization and quenching

experimentbyuslnglaserflashphotolysISinbenzene atroomtemperature・

Fromtheseresults，Wehaverevealedtheenergydiagramofthehydrogenatom

trans危rreactionofHBOandHBTbothintheslngletexcitedstateandthetriplet

excitedstate．
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Introduction

The excited stateintramolecular proton or hydrogen atom transfbr

（ESIPT）reactionhasreceivedconsiderableattentionfromtheviewpointof

reactiondynamicsandthepossibilityoftheqpplicationsofphotostabilizers，

PrOtOntranSfbrlaser，etC・1－4　ThemechanismofESIPTreactionisusually

describedbyfourlevelschemeinvoIvingtheslngletexcitedstatesofthenormal

formandthetautomerformandthoseinthegroundstate・

The ESIPT reaction of2－（2－hydroxyphenyl）benzoxazole（HBO）and

2－（2－hydroxyphenyl）benzothiazole（HBT）was extensivelyinvestigated．5－17

HBOandHBTunderwentintramolecularhydrogenatomtransfbrnotonlyinthe

Slngletexcitedstatebutalsointhetripletexcitedstate・8，12，13

Inthe slngletexcited state，HBO andHBTgave tautomerexhibiting

fluorescenceemissionwithlargeStokesshift，WherethemaximumWaVelength

WaS Observed at500nm and520nmfor HBO and HBll respectivelyln

non－POlarsoIvents・Inaddition，HBOandHBTexhibitedtransientabsorpt10n

SPeCtraWithmaximumwavelengthof430and450nm，reSPeCtively・Fromthe

results of TSLIF（two steplaserinducedfluorescence）and the e飴ct of

temperatureontheintensityoftautomeremission，theobservedtransientspecies

inthegroundstatewasasslgnedtothetrans－ketoform，Whichwasproducedby

Cis－tO－tranSisomerizationofthecis－ketoformintheslngletexcitedstate・8，10，14，15

As tothe photochemicalbehaviorin the triplet excited state，HBO

exhibited TJT absorptionin non polar soIvent・In addition，dual

Phosphorescence spectra were observedin HBO and HBTin cryogenic

temperature・13，15，16InHBO，theobservationofnearlytemperature－independent

ratiooftwophosphorescencewasexplainedbytheapproximatelyisoenergetic

relationofenolandketofominthetripletexcitedstate・】3
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However，thepotentialenergydiagramofESIPTofHBOandHBTat

roomtemperaturewasstillunCertain．

Inthisstudy；theequilibriumconstantbetweenenolandketo－forminthe

tripletexcitedstateofHBOandHBTwasestimatedbylaserflashphotolysISOn

tripletsensitizationandquenchingmethod．Inaddition，WeSynthesizedmodel

COmPOund of the tautomer of HBT，andits photochemical behavior was

examined・Thus，We Can Clearly observe the cis－tranSisomerization ofthe

keto－formOfHBOandHBTintheexcitedstateandcanestimatethequantum

yieldofformationoftrans－ketoforminthegroundstate・Furthermore，We

haverevealedthepotentialenergydiagramofhydrogenatomtranSferofHBO

andHBT．

Experiment

MaterialsandSoIvents

2－（2－Hydroxyphenyl）benzoxazole（HBO）and　2－（2－hydroxyphenyl）

－benzothiazole（HBT）wereobtainedfromTCI（TbkyoKasei）andpurinedby

Silicagelcolurrmchromatographyandrecrystilization丘omethanol・

2－（2－Methoxyphenyl）benzoxazole（MBO）and　2－（2－methoxyphenyl）－

benzothiazole（MBT）werepreparedfromHBOandHBTbythereactionwith

dimethylsulfateindioxaneinthepresenceofaqueousNaOH・

2－Phenylbenzoxazole（BO）and　2－Phenylbenzothiazole（BT）were

PurChased丘omAldrichandpurifiedbysilicagelcolurrmchromatographyand

recrystilizationfromethanol．

6－【Nlmethy1－2（3H）－benzothiazolylidene］cyclohexa－2，4－dieneone（NBT）

WaSSynthesizedaccordingtoaproceduresimilartothatreportedbyNagaokaet
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al．9，18

Inspectroscopy，DotiteSpectrosolorLuminasoIwereusedassoIvents

Withoutfurtherpurincation．

Measurement

Absorption andfluorescence spectra were measured on aJASCO

Ubest－55andonaHitachiF－4000fluorescencespectrometer；reSPeCtively．

Laserflashphotolysiswasperformedbyusinganeximerlaser（Lambda

PhysikLPX－100，308nm，20ns fbhm）orexcimerlaserpumpeddyelaser

（Lambda Physik LEXtra－100，308nm，20ns知hm and Lambda Physik

Scanmate；LambdaPhysikLPX－100，308nm，20nsfbhmandLarhbdaPhysik

FL－4002，10nsfwhm）．Stilbene3，DMQ，andQUIwereusedaslaserdyesto

Obtaind425nm，366nm，and399nmlaserpulse，reSPeCtively・Apulsedxenon

arc（UshioUXL－159）wasusedasamonitoringlightsource．

Results

AbsorptionandFluorescenceSpectra

AbsorptionandfluorescencespectraofHBOandHBTinbenzenewere

Shownin Figure3・The quantumyield ofthe tautomerfluorescence was

determinedtobeO・02and5x10－3inbenzenefbrHBOandHBT，reSpeCtively・

Thee飴ctoftemperatureonthequantumyieldoffluorescenceemission

in benzene was examined・Fluorescence quantum yield of the tautomer

emissionincreasedwithdecreaslngtemPeratureinbenzene丘omO・013at40OC

toO・035at70Cindicatingthatthedeactivationpathwaywithactivationenergy

existsintheslngletexcitedstateofthetautomer・Thetemperaturee飴ctonthe
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fluorescenceintensltyWaSalsoreportedinsomehydrocafbonsoIvents・6，17

TransientAbsorptionSpectraonDirectIrradiation

HBO andHBTexhibitedtransientabsorption spectrawithmaximum

WaVelengthof430and450nm，reSPeCtivelyon308nmexcitationasshownin

Figure4・The transient absorption spectra ofHBO shifted tothe shorter

WaVelengthWiththetimeandthemaximumwavelengthqppearedaround400

nmJuStafterthelaserpulse，Whichhadlifbtimeof2・5い・SatrOOmtemPerature

andwasnotquenchedbyoxygen・Therefbre，this transientspecies canbe

asslgnedtothetautomerform・Wehaveobservednegativetemperaturee舵ct

OnthelifbtimeofthistransientinmethylcyclohexaneasshowninFigure5・

Thus，thelifbtimeincreased withincreaslng temPerature・In addition，the

transientabsorptionwithmaximumof360nmwasobservedinbenzene（Figure

4a），Whichwasassignedtothetripletstatebyoxygenquenchingexperiments，

Wherethequenchingrateconstantwasdeterminedtobe3xlO9M－1S－1．The

SPeCtraandthelifbtimesoftransientabsorptionweresimilartothoseinother

hydrocarbonsoIvent．5

Confbrmation and absorption spectrum ofNBT；a modelcompound of

tautomer

InordertoasslgntheconformationofthemodelcompoundNBT；COSY

andNOESYspectraweremeasuredinmethanol－d4・Thetwopeaksat8・05and

7・67ppmshowedNOEwithN－CH3PrOtOn（4．29ppm）indicatingthatNBT

existsintransconfbrmationinthegroundstate・18

The absoIPtion spectrum oftrans－NBT appeared withthe maximum

WaVelengthat460nmwithmolarextinctioncoefncientof7000inbenzeneas
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ShowninFigure6・tranS－NBTdidnotgivefluorescenceemissioninbenzene

atroomtemperature．

LaserphotolysisofNBT

LaserflashphotolysISOfNBTwasperformedinbenzene・Immediately

after excitation with308nmlaser pulse，the bleaching ofthe absorption

maximumat460nmandtheintenseabsorptlOnbandat520nmwereobserved

asshowninFigure7・Therecoveryat460nmandthedecayat520nmgave

the same time constant ofllO ns．This resultindicates that tTunS＿NBT

underwent trans－tO－Cisisomerization photochemicallyfollowed by reverse

Cis－tO－tranSisomerizationthermallyinbenzenewiththetimeconstantofllOns．

In addition，We Can eStimate the molar extinction coefncient at the

maximum wavelengthto be7000fbrbothtranS and cisisomers，Sincethe

intensityoftranSientabsorptionband（510nm）wasjustthesameasnegative

intensltyOfthe460nmbandasshowninFigure7・

TwoStepLaserExcitationofIIBO

AfterweproducedthetautomerofHBOby308nmlaserpulsewith

laserflashphotolysIS，the secondpulseof425mmlaserwasirradiatedwith

appropriate delaytime・Inthetimeprofileoftransient absorptlOn，We Can

Observethe bleaching oftrans－keto fbrmat430nm，With the concomitant

recoveryofenolformat344nmunderargonasshowninFigure8・

I）eterminationofthequantumyieldoftbrmationofthetautomerbrm

Quantumyieldofformationoftautomerformwasestimatedinbenzene

bycomparlngtheAODvalueofthetautomerformofHBOandHBTwithAOD
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OfTIT absorption ofoptlCally matched benzophenone solution at308nm，

assumlngthatthemolarextinctioncoefncientofthetautomerwasconsideredto

bethesameasthatofNBT．6　Themolarextinctioncoefncientofbenzophenone

inthetripletexcitedstateat530nmwasreportedtobe7220・19　Thus，the

quantumyieldofformationofthetautomerwasestimatedtobeO・2andO・4for

HBOandHBT，reSPeCtivelyatroomtemperatureinbenzene・

TransientabsorptionspectraofBO，BT1MB0，MBTandquantumyieldof

intersystemcrosslng

Transient absorption spectra of BO，BT，MBO，and MBT were

summarizedinFigure9・Theintensebandwasobservedataround400nmand

thelifbtimeoftransientabsorptionspectraweredeterminedtobelOpsunder

argonatmosphere・Thetransientabsorptionspectrawereasslgnedtotheenol

form，Sincetheycouldnotundergotautomerization・

The triplet energleS Ofthese compounds were estimated by the

Observationofthetripletenergytransfbr丘omsensitizertoquencher・Therate

constant（kq）fromMichler，sketone勘＝65・8kcalmo1－1）20toHBOandMBO

were3・7x109and3．6x109M－ls－1，reSPeCtively，thusthetripletenergywas

estimated to be66kcalmo1－1forboth HBO and MBObyuslng Sandros

equation（1），23whichcanbeappliedinthecasethattheenergytransferprocess

isisoenergeticorslightlyendothermic・ThevalueofAEawasstoodforthe

energydi飴rencebetweenthesensitizerandthequencherandthekdiffWaS6・3x

lO9M．ls－linthecase．12，21，22

屯＝kdiffeXP（－AEa／RT）／［1＋exp（－AEa／RT）】（1）
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Ontheotherhand，tripletstateofMichler，sketonewasquenchedbyBO，

MBTandHBTwithdifRISioncontrolledrateconstant，however，thelifetimeof

biacetyltriplet（訊＝56kcalmol．1）20wasnotaffbctedbyBO，MBOandMBT．

Onthebasisoftheseresults，thetripletenergyoftheenolformOfHBTwas

estimatedtobeca．60kcalmol．1．

The quantumyieldsofintersystemcrossing（◎isc）Were estimatedby

COmParlngAODofTLTabsorptlOnSPeCtrumOfoptlCallymatchedsolutionon

benzophenone sensitization（入ex＝360nm）．Theconcentrationofquencher

WaSO・01Mandonecanexpectthattripletenergytransfbroccurredwithinthe

laserpulse of20ns・Ⅱiplet energleS and quantum yields ofintersystem

CrOSSlngWereSummarizedinThblel．

Wt shouldmentionherethepreviouslyreporteda瑠umentSaboutthe

lackofintersystemcrosslngforHBTandBT．BothHBOandHBTunderwent

hydrogenatomtransfertoglVethecis－ketoformintheexcitedsingletstate・

TheciS－ketoformOfHBTdidnotundergointersystemcrosslngtOthetriplet

state，6whileHBOunderwentintersystemcrosslngtOthetripletstate・Itwas

reportedthatonlyaweaklLTabsorptionspectrumWithamaximumat420－440

nmwasdetectedatroomtemperatureondirectirradiationofBT・7　Therefbre，

thelackofintersystemcrosslnglnHBTwasexplainedincormectionwiththe

lowefnciencyofintersystemcrosslnglnBTbytheimportanceoftorsional

motionaroundtheslnglebondtotheradiationlessdeactivation．6，7　However，

WeObservedtheTITabsorptionspectra（kax＝400nm）ofBTwithquantum

efnciencyashighasO．6．
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Tran岳ientabsorptionspectraofHBOandHBTontripletsensitizatiOnand

thequenchingrateconstant

The transient absorption spectra observed on benzophenone and

Michler，s ketone sensitization ofHBO andHBT onexcitation at366nmand

390nm，reSPeCtivelyatroomtemperatureunderargonatmosphereinbenzene

WereShowninFigure7・Inthissensitizationexperiment，theconcentrationof

HBOandHBTwasaqjustedtoO．01MandthatofbenzophenoneandMichler－s

ketonewasaqjustedtoO．03andO．006M，reSPeCtively．Inthisexperimental

COndition，thetripletenergytransfbrshouldtakeplacewithinthedurationofthe

laserpulseandjustafterthelaserpulsewecanobservethetripletstateofHBO

andHBT・Thelifbtimeofthetripletstatewasdeterminedtobe7．4and7．5匹S

forHBOandHBTrespectivelyunderargonatmosphereinbenzene．These

tranSientabsorptionspectrawerequenchedbyoxygenwiththerateconstantOf

3xl09M－ls－1．

Thespectralpro丘lesofMBOandMBTaresimilartothoseofBOand

lBT；buttheabsorptionmaximumslightlyshiRedtothelongerwavelengthand

appearedat420nm．Howeやer，theTJTabsorptionspectraofHBOandHBT

Observedontripletsensitization（FigurelO）arediffbrentfromthoseofMBO

andMBT（Figure9）indicatingthattheobservedtripletstatesforHBOandHBT

arenotsimplytheenoltriplet，butthemixtureoftheenolform（3E＊）andthe

cis－ketoform（3K＊）．Theobservedtransientabsorpt10nSPeCtraCanbeassigned

toeithertheenolformorthecis－ketofbminthetripletstate．

ThequenchingrateconstantsfortheHBOtripletbycis－（Ei＝54．3kcal

mo1－1）andtrans－Stilbene（餌＝49．2kcalmol‾l）aredeteminedtobe3．3Ⅹ109M，l

s－land4・7xlO9M・ls－1，reSPeCtivelyfbrHBO・ThequenchingfateeOnStantS

forHBTbycis－andtrans－Stilbeneare3．2xlO8M－1S－landl．7xlO9M－ls・1，
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respectivelyandarelowerthanthevaluesfbrHBO．

Discussion

PhotochemistryofNBTlasamodelcompoundofHBlこ

The resultoflasernashphotolysis ofNBT（Figure7）indicatesthat

trans－NBT underwent photochemicaltrans－tO－Cisisomerizationfollowed by

reversecis－tO－tranSisomerizationthermallyinbenzenewiththetimeconstantof

llOns．

Inaddition，WeCaneStimatethemolarextinctioncoe爪CientofNBTat

themaximumwavelengthtobe7000forbothtransandcisisomers，Sincethe

intensityoftransientabsorptionband（510nm）wasjustthesameasnegative

intensltyOfthe460mmbandasshowninFigure7・Theabsorptionmaximum

Ofc由一NBTappearedat510nmwhichislongerthanthatoftrtms－NBTby50

nm，PrObably due tothe change OfcoI叩gation character ofN－CH3grOuP

betweentrans－andcis－NBT．Intrans－ketoform，theNatomofN－CH3grOuP

hassp3character，andnonbondingelectronofNatomcouldnotparticipatein

COqugationofT【Ofbital．Ontheotherhand，incね－ketoform，N－CH3mayhave

sp21ikecharacterduetothesterichindrancetoextendthe7tCOlt）ugation・This

hypothesiswassuggestedbypreliminaryPM3calculation・

Potentialenergysurfaceofisomerizationoftrans－NBTwasshownin

Figure11・TheabsorptionspectrumOfthegroundstatetransientsobservedon

laser excitation appeared at460nm（Figure4）is quite similar to that of

trans－NBT．TheseresultsstronglyindicatethatHBTgavethetrans－ketofom

byexcitedstatehydrogenatomtransfbrintheslngletexcitedstatefbllowedby

Cis－tO－tranSisomerization．

－51－



Confbrmationofthetautomer

Sincetheabsorptionmaximumoftrans－NBT，themodelcompoundof

trans－ketoformWaSObservedat460nmandwasshorterthanthatofciS－NBll

thetransientobservedonlaserexcitationofHBT（Figure4b）withthemaximum

at460nmwasreasonablyassignedtoirans－ketoform．Wtcanalsoasslgnthe

430nmtransientobservedforHBO（Figure4a）tothetrans－ketoformofHBO．

TwosteplaserexcitationalsosupporttheasslgnmentOfthetransientspeciesto

the tnzns－ketoforminthe ground state．The cLs－ketoformCOuld not be

ObservedsincefastreversehydrogenatomtranSfbrcantakeplacewithinour

time resolution of20nsin c由一keto　formdue to the presence of an

intram01ecularhydrogenbonding・Thequantumyieldoftrans－ketotautomer

formationwasthusestimatedtobeO．2andO．4forHBOandHBT；respectively．

Equilibriumconstantbetweenenol歓■rmandcis－keto fbrminthetriplet

excitedstate

WecanestimatetheequilibriumCOnStant（艮≒【3Kl／［3E＊】）bymeasuring

the rate constant ofenergy transfbr＆om the transient species to several

quenchers．

ThetripletenergleSOftheenolformandthecかketoformforHBOare

estimatedtobe63．8and50．Okcalmol‾1andthoseforHBTareestimatedtobe

59・3and49・2kcalmo1－1，reSPeCtively鮎mthephosphorescencespectraas

ShowninTbblel・Thus，thetripletenergleSOftheenolformofHBOandHBT

arehigherthanthoseofcis－andtrans－Stilbene，Whilethoseofthecis－ketoform

arecomparabletothetripletenergyoftrans－St呈lbene・

TheobservedquenchingrateconstantSOfHBTtripletbytrans－Stilbene
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（h＝1・7xlO9M．ls‾l）aswellasc由一Stilbene（q＝0．32xlO9M，ls．1）were

SmallerthanthedifRISioncontrolledrateconstant，WhilethevaluesforHBOare

nearlyl／20fthe difnlSioncontrolledrate constant（kdi瘡＝6．3xlO9M．1S．1）．

Sincecis－StilbenecanquenchthetripletenolformWithnearlythedifnlSion

COntrOlledrateconstant，butcanscarcelyquenchthetripletcis－ketoform，We

CaneStimatetheequilibriumCOnStantbetweentheenolformandthecis－keto

form（点≒【3K＊］／［3E’］）byusingequation2．Thus，KisestimatedtobeO．9land

20forHBOandHBTlrespectively．

軽もid3E＊］／（【3E＊］＋【3K＊】）＝転招1十の　　（2）

Potentialenergysurfacesofhydrogenatomtrans鮎rofHBOandHBT

HBOandHBTexhibitedfluorescencespectrawithlargeStokesshi氏of

lOOOOcm－1，Whichwereasslgnedtothetautomerproducedbyhydrogenatom

tranSfbrintheslngletexcitedstate．Inaddition，thetransientabsorptlOnSPeCtra

Withmaximumwavelengthof430nmand450nmwereobserved，reSPeCtively

inbenzene・Fluorescencequantumyieldofthetautomeremissionincreased

Withdecreasmgtemperature・Thisresultindicatedthatthedeactivationpathway

With activation energy existsin the slnglet excited state ofthe tautomer，

therefore trans－ketoform would undergo trans－tO－Cisisomerization to glVe

C由一ketobm．

Astothedeactivationfromthetripletstate，OneCaneXPeCtthecis－tranS

isomerizationofthecis－ketoformtOglVethetrans－ketoformaSWellasinthe

Slnglet excited state．If the trans－ketoformWaS PrOduced through the

deactivation processes，One COuld observeits absorption spectra with the
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absorptlOnmaXimumat430nmandthelifttimeof7・5ps・However，Wehave

ObservedonlytheTJTabsorptionspectraunderoxygenatmosphereaswellas

argonatmosphereinbenzeneatroomtemperature．Therefore，thedeactivation

OfthetripletstateofHBOandHBTtookplacetoglVetheenolformOrthe

Cis－ketoform：thec由一ketofbrmunderwentfastreversehydrogenatomtransfbr

Withinourtimeresolution（～20ns）togivetheenolform．Thus，thediabaticas

Wellasadiabaticcis－tranSisomerizationaroundthedoublebondinthec由一keto

formdidnottakeplaceinthetripletstate・Theseresultsaresummarizedin

Figure12andFigure13．
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Conclusion

HBOandHBTunderwentcis－tO－tranSisomerizationfollowedbyexcited

State hydrogen atom tranSferin the slnglet excited state to glVe tranS－keto

tautomerwiththequantumyieldofO．2andO．4forHBOandHBT，reSPeCtively．

Ontheotherhand，Cis－tranSisomerizationdidnotoccurincis－ketoforminthe

triplet excited state・These resultsindicated thatintramolecular hydrogen

bondingisbrokenintheslngletexcitedstate，butmaybepresentinthetriplet

excitedstate．

trans－KetoformPrOducedbycis－tranSisomerizationfollowedbyESIPT

in the ground stateisomerize thermally to cis－ketoform，Whichundergoes

reversehydrogenatomtransfbrwithin20ns．Thisreverseprotontransferto

glVe enOlformin the ground state was also supported by the effbct of

temperatureonlifbtimeofgroundstatetautomerexhibitingnegativeactivation

energyofAmheniusplotinmethylcyclohexane・

Inconclusion，Wehaverevealedthepotentialenergysurfhceofhydrogen

atomtransftrofHBOandHBTintheexcitedstate．
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Figurel・Compoundsinvestlgatedinthisstudy・
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Figure2・ExcitedstateintramolecularhydrogenatomtransftrofHBO

andHBT．
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Figure4．取ansientabsorptionspectraofHBO（a）andHBT（b）inbenzeneon
directirradiation．

3．25　3．3　3．35　3．4　3．45　3．5　3．55　3．6

T－1／10－3K－l

Figure5・AdleniusplotfordecayconstantsofHBOtautomerin

methylcyclohexane．
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temperature．
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Figure8．Timepromeobservedbytwosteplaserexcitation（308and425nm）
OfHBOinbenzene．

ー62－



350　　400　　450　　500　　550　　600　　650

Wavelength／nm

0．2

0．15

9　0．1
＜コ

0．05

0

350　　400　　450　　500　　550　　600　　650

Wavelength／nm

90．05
＜コ

350　　400　　450　　500　　550　　600　　650

Wavelength／nm

0．2

0．15

9　0．1
く

0．05

0

350　　400　　450　　500　　550　　600　　650

Wavelength／nm

Figure9．TtansientabsorptionspectraofBO，BT，MBO，andMBT・
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Tablel・Photochemicalpropertiesofbenzoxazolederivatives

atroomtemperatureinbenzene

斬）Tf／ns　◎isc Esb）ETb）

BO O．66

MB0　　0．51

BT O．01

MBT O．05

HBO O．02

HBT　5xl0－3

1．5　　0．13　　　89

1．2　　0．16　　　85

0．57　　　　87

0．69　　　　83

（60）d）

66C）

6020

（60）d）

0．03　　84　　66C）

80　（60）d）

a）2－Phenylbenzoxazole（◎f＝0．75incyclohexane）7usedasnuorescencestandard・

b）Inkcalmol‾1．

C）FromthequenchingrateconstantOf4，4一一bis（dimethylamino）benzpphenone（1）

（ET＝65・8kcalmo1－1）20tripletbyMBOandMBT．

d）TripletstateoflwasquenchedbyBO，MBTandHBTwithdiffusioncontrolled

rateconstant・However，thelifetimeofbiacetyltriplet（ET＝56kcalmo1－1）wasnot

a飴ctedbyBO，MBOandMBT．
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FigurelO・Ttansient absorption spectra of HBO and HBT on triplet

SenSitizationinbenzene．
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Figurell．Potentialenergysurfacesofisomerizationoftrans－NBTinbenzene

atroomtemperature．
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Figure12．EnergydiagramofhydrogenatomtransfbrofHBO・
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Figure13・EnergydiagramofhydrogenatomtransfbrofHBT・
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Chapter3

PhotochromismandThermochoromismofHydrogenBondedSchifrBases

Abstract

PhotochromlC，thermOChromic properties of　2－hydroxy－3，－methoxy

－Salicylideneaniline（3）and2－hydroxy－4，－methoxysalicylideneaniline（4）were

investlgated・Compound3　and4　exhibited absorption band atlonger

WaVelength reg10nin methanolthanin benzene andin acetonitrile．They

underwent thermOChromismin methanol toincrease　the molar extinction

COefncientoflongerwavelengthabsorptionbandwithdecreaslngtemperature・

On the basis of the above results and the result of transient absorptlOn

SPeCtrOSCOPy，it was　found that　3　and　4　exhibited photochromism，

thermOChromismandsoIvatochromismbyhydrogenatomtransftrbetweenO

atomandNatomeveninsolution．
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IntoductiOn

ItiswellknOwnthatNIsalicylideneaniline（l）exhibitedphotochromic

andthermOChromic propertiesin crystalline state・The photochromism and

themOChromismcanbeexplainedbythetautomerizationbetweentheenolfbrm

andtheketoform・1，2　TheX－rayStudyofthecrystalhavebeenperformedand

thetautomericketostruCtureWaSObservedinthecoloredcrystal・3－5

2－（2－Hydroxyphenyl）benzothiazole（2），WhichhassimilarstruCturetOl，

underwent excited state hydrogen atom transfbr to glVe the cis－ketoform

followedbytheisomerizationto the trans－ketoformon photoirradiationin

solution・6　Thetransientphotochromicpropertiesof2wasstudiedbytransient

absorptlOnSPeCtrOSCOPleS・7　0necanexpectthattheintramolecularlyhydrogen

bondedSchiffbasesexhibitsimilarphotochromicproperties・8，9

In this study；hydrogen bonded Schiff　bases，2－hydroxy－

3’－methoxysalicylideneaniline（3）and2－hydroxy－4’－methoxysalicylideneaniline

（4）Werepreparedandtheefrbctofsubstituentonthetautomerizationbehavior

WaSinvestigated．ThesemoleculesexhibitedthermOChromic，SOIvatochromic

andtranSientphotochromicproperties．
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Experimental

Materials

Thecompound3and4Werepreparedbycondensationreactionbetween

COrreSPOnding salicyl aldehyde and o－aminophenolin nitrobenzene・The

PrOductswerepuri丘edbyrecrystalization丘omethanol・

2－Hydroxy－3，－meth0ⅩySalicylideneaniline（3）：lH－NMR（CDC1，，200

MHz）83．95（3H，S；methoxy－H），7．00（5H，m），7．20（2H，m），8．71（1H，

hydroxyl－H）ppm．AnalCalcdfbrC14H13NO3：C，69．12；H，5．39；N，5．76；0，
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19・73％；FoundC，69・09，H，5・46，N，5・61・2－Hydroxy－4，－methoxysalicylidene

－aniline（4）：lHNMR（CDC1，，200MHz）83．86（3H，S；methoxy－H），6．40（2H，

m），6・98（2H，m），7．15（2H，m），7．32（lH，m），8．58（lH，hydroxyl－H）ppm．mp

220－2220C．AnalCalcdforC14H13NO3：C，69．12；H，5．39；N，5．76；0，

19・73％；FoundC，69．15，H，5．47，N，5．63．

Measurement

Absorption andfluorescence spectra were measured on aJASCO

Ubest－55andonaHitachiF－4000nuorescencespectrometer，reSPeCtively・

LaserflashphotolysiswasperfbrmedbyusinganeXimerlaser（Lambda

PhysikLPX－100，308nm，20ns f如hm）orexcimerlaserpumpeddyelaser

（Lambda Physik LEXtra－100，308nm，20ns fh，hm and Lambda Physik

Scanmate；LambdaPhysikLPX－100，308nm，20ns知hmandLambdaPhysik

FL－4002，10nsfbhm）．Stilbene3wasusedasalaserdyetoobtaind425nm

laserpulse・Apulsedxenonarc（UshioUXL－159）wasusedasamonitoring

lightsource．

OxfbrdCryostatmodelDN－1704andtemperaturecontrollerITC－4Were

usedfbrcontrollingthesampletemperature・

ResⅥlts

Absorptionspectra

Absorptionspectraof3and4weremeasuredinbenzene，aCetOnitrileand

methanolandwereshowninFigure1－4・Compounds3and4hadtheintense

absorptionbandataround350nm，inadditiontotheabsorptlOnbandat420and
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460nmfor3and4，reSPeCtivelyln methanol．Compound4has some

absotbanceat420nmeveninacetonitrile．

TheabsorptionprofileatarOund450nmof3inmethanoIslightlyshifted

tolongerwavelengthreglOnWithincreaslngCOnCentration舟oml・Oxl0－5tol・8x

lO4MasshowninFigure3（a）．However，themolarextinctioncoefncientat

470nmwasindependent ofits concentrationindicating that dimerwas not

formedinmethanolandacetonitrile．

In toluene，the absorption spectra didnot change atthe temperature

between295K and200K．On the other hand，temPerature a飴cted the

absorptionbandat3and4inmethanolasshowninFigure5．

Fluorescencespectra

Fluorescenceemissionof3and4wasnotobservedatroomtemperature．

However；3and4exhibitedfluorescence emissionin methanol at180K as

ShowninFigure6．Thelifttimeoffluorescenceat77Kinethan01wasl．3ns

and3・5nsfor3and4，reSPeCtively．

Transientabsorptionspectrumatroomtemperature

取ansient absorption spectra of3and4were observedin benzene，

acetonitrile，andmethanOlon308nmlaserexcitation・Compound3exhibited

transientabsoq）t10nSPeCtra舟om400nmto600nmasshowninFigure7，8，and

9・Compound4exhibitedtransientabsoq）tionspectrafrom400nmto550nm

asshowninFigurelO，11，and12．Thebleachingoftheabsorptionspectrawas

alsoobservedataround350nm．Thetimeconstantofrecoveryofthisbandis

di飴rentfromthatofdecayat500nm・Sincetheabsorptionspectraof3and4
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ObservedafterlaserirradiationbyconventionalUVspectrometerdidnotgive

anypermanentchange，3and4shouldgiveseveraltransientsonlaserexcitation・

Theobservedtransientabsorpt10nSPeCtraWerenOtquenChedbyoxygenand

WereaSSlgnedtothegroundstateintermediates．

Tbmperaturedependenceoftransientabsorptionspectraof4inmethanoI

The transient absorptlOn SPeCtrum Observedin toluene at180Kwas

Slightlydi脆rentfromthatat295K（て＝10リノS）andthelifttimeat180K（て＝

～200い′S）waslongerthanthatat295KasshowninFigure13．

Figure14ShowedthetransientabsoIPtionspectra4at295K（a）and180

K（b）inmethanol・Themaximumoftransientabsorptionspectraappearedat

460nm，inadditiontothebleachedbandataround350nmat295K．Onthe

Otherhand，the transientabsorptionqppearedat460nmandthe bleaching

appearedat420nmat180K．Theseresultsindicatethatthe sametranSient

havlngtheabsorpt10nbandat460nmwasproducedbylaserexcitationbothat

295Kand180K・Therefore，thespecieshavlngabsorptionbandaround350

nm and420nm at295K and at180K，reSPeCtively，gaVe the transient

absorptionat460nm．

Twosteplaserexcitationof4inbenzene

Ttansientabsorptionspectroscopyof4inbenzenewasperfbrmedby

uslngtWOlaserpulsesat308and425nm・Compound4exhibitedtransient

absorpt10nWiththemaximumwavelengthof440nmonexcitationofthenrst

laserpulseof308nm・Thetransientwasexcitedwiththesecondlaserpulseof

425nmaAerapproprlatedelaytimeラ　Thebleachingofthetransientabsorption

at440nmandtherecoveryoftheabsorptionat370nmwereobservedasshown
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in Figure15・The negative absorpt10n band appeared at around360nm

COrreSPOndedtothesteadystateabsorptionspectrumOf4inbenzene・These

resultsindicate that the secondlaser excitation oftransient species havlng

absorptionmaximumat440nmefncientlygavethe startlngenOl－formOf4

Photochemically・

Thesteadystateabsorptionspectrumdidnotchangeafterirradiationof

laserpulses・However，theintensityandtimepromeofthetranSientabsorpt10n

bandat440nmbythesecondlaserexcitationat425nmwasdi飴rent蝕）mthat

Oftherecoveryat360nm．

Discussion

Inmethan01，3and4exhibitedlongerwavelengthabsorptionbandat460

and420nm，reSPeCtively；Whiletheyshowedabsorpt10nmaXimumat349nm

and354nminbenzene，reSPeCtively・Theabsofbanceofthelongerwavelength

absorptlOnbandinmethanolincreasedwithdecreaslngOftemperature・This

hctindicatesthatthemolecularstruCtureChangedbydecreaslngtemPerature・

TheresultsoflaserflashphotolysISOf4atdi飽renttemperatureindicatethat

COmpOund4gavetrans－ketofbrmatboth298Kand180K，althoughtheground

StateCOnfbrmationisdi飴rentasrevealedbythermOChromicbehavior（Figure

5）・AstothereasonofthermochromismofSchiffbaseinsolution，thedimer

formation of Schiffbase was proposedin hydrocatbon soIvent・In4，

thermOChromism was not observedin toluene butis observedin methanol，

WhichcanformintermolecularhydrogenbondingwithhydrogenbondedSchiff

base．

Solvatochromismandthermochromismof3and4inmethanoIcanbe
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explained byfomation ofinterm01ecular hydrogen bonded cluster with

methanolatroomtemperature・ThecontributionofintermOlecularhydrogen

bonding between Schiffbase and methanOlmaylnCreaSe With decreaslng

temperature to glVe Cis－keto　form．The molar extinction coefncient of

trans－ketoform and cis－ketofom WaS eStimated to be similar as shownin

Figure14．The resultwas consistentwiththe factthatthe ewas the same

betweencis－ketofbrmandtTmS－ketoformofNBTthatwasmodelcompoundof

ketofbmof2．6

Co叩Ound2gavethetrans－ketoformbycis－tO－tranSisomerizationaRer

excitedstateintramolecularhydrogenatomtransfbr，howeverthelifbtimeof

trans－keto　form　become much shorterin methanol thanin benzene and

acetonitrile・MethanOIcatalyzes thereversehydrogenatomtransfbrto glVe

enolbm．

However，thelifbtimeoftrans－ketoformOf3and4wasnearlythesame

inmethanolandbenzene．Inaddition，Cis－ketoformWaSObservedfor3and4

inmethanol・Therefore，itwassuggestedthatproticsoIventstabilizedtheNH

fbrmOfSchiffbaseratherthanOHform．

Theresultsoftwosteplaserexcitationof4indicatethattrans－ketofbrm

underwent reverse hydrogen atom transfbr to glVe enOlformfollowed by

tranS－tO－Cis photoisomerization and the Hcis－enOIMformWaS PrOduced on

excitationof4，WhichisomerizedtotheHtrans－enOlformMthermallywithms

timescale．

Onthebasisoftheseresults，thepotentialenergydiagramsofchromism

Of4weredepICtedasshowninFigure17・

Onphotoirradiation4undergoeseitherhydrogenatomtransfもrtoglVe

thecis－ketoandtrans－ketotautomersorisomerizationaroundtheC去Ndouble
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bondtoglVeZ－isomer・TheproducedZJisomerrevertstotheE－isomerwiththe

timeconstantofms．

The trans－keto tautomer undergoesisomerization around　the

quasi－doublebondtoglVethec由一ketoform，Whichundergoesreversehydrogen

atomtransfbrtothestartingE－isomeri

ConcluSion

Compound3and4exhibited absorption band atlongerwavelength

reg10nin methanol thanin benzene andin acetonitrile・They showed

thermOChromismtoglVetheabsorptionspectraatlongerwavelengthreg10nWith

decreaslngtemPerature．

Thetransientabsorptibnspectroscopyindicatesthatcompound3and4

exhibitedphotochromism，thermOChromismandsoIvatochromismbyhydrogen

atomtransfbrbetweenOatomandNatominsolution．
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Chapter4

PhotochromismofIIemiindigoCompoundsHavingIntramolecular

IIydrogenBonding

Abstract

Intramolecularlyhydrogenbondedhemiindigo compounds2－4were

PreParedand their photochemicalbehavior wasinvestigated・乙2did not

unde喝Oisomerization，While3underwentisomerization mutually between

乙isomerandE－isomerinsolutiontoexhibitcolorchangebetweengreenish

yellowandreddishorange・Introductionofformylgroupatthe2－POSitionof

Pym01erlngOf3broughtabouttheincreaseoffluorescencequantumyieldand

nuorescencelifbtimebyafactoroflOandthedecreaseofquantumyieldof

isomerizationin4・In addition，introduction offormylgroup afftcts the

thermal stability・Theintramolecular hydrogen bonding can be used to

COnStruCtanOVelphotochromicmolecule．
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Introduction

Photochromiccompoundshavlngabsorptionbandatvisiblereg10nhave

received considerable attentionfrom the view polnt Of development of

Photochromicmemoryorswitchingdevicesinrecentyears・1－3　Forexample，

Irieetal・rePOrtedaseriesofdiarylethenes，eXhibitingphotochromicproperties

basedonphotochemicalcyclizationreaction．4

Theintramolecularhydrogenbondingcouldbeusefu1forcontrollingof

isomerization mode andfor changlng the absorptlOn maXimum between

E－isomerandZlisomer・Forexample，anOle茄nwithapym01erlnganda

Pyridinering（1）exhibitedtheone－WayE→Zisomerizationduetothepresence

OfanintramolecularhydrogenbondinginZJisomer・8　TheZJisomerinbenzene

exhibitedanabsorptionmaximumatlongerwavelengthregion（kax＝372nm）

thanthatofE－isomer（kax＝347nm）．8　However，thedif托renceofabsorptlOn

maximumbetweenZJandE－isomerwastoosmalltoexhibitthecolorchangeat

VisiblereglOn．

Some of　the hydrogen bonded olenns　undergo one－Way

Photoisomerizationduetotheexistenceoffastdeactivationpathwaythrough

intramolecularhydrogenbonding・5－12　Theradiationlessdeactivationpathway

isrelatedtotheexcitedstatedynamicsandelectronicstructuresofaromatic

molecules．9，13－14

In this respect，We haveinvestigated the photochemicalbehaviorof

intramolecularly hydrogen bonded hemiindigo derivatives・The absorpt10n

SPeCtra Ofthe hemiindigo derivatives appeared at visible reglOn，and the

isomerizationaroundC＝Cdoublebondresultedincolorchange・Therefbre，

intramolecularhydrogenbondingcanbeusedtoconstruCtaPhotochromicdye
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based onisomerization ofC＝C double bond．FurthermOre，the substituent

COntrOIstheirphotochemicalbehavior．

Experimemt

Materialsandsolvents

The hemiindigo derivatives2，3，and4were synthesized by aldoI

COndensationfrom3－indolylacetateandappropriatearomaticaldehydetoyield

OnlyZJisomers・15　pym01e－2，5－dicafboxyaldehydewaspreparedbyVielsmeier

reaction丘ompyrrole・16　E－3wasobtainedbyirradiationofbenzenesolutionof

Z13at366nmtoglVePhotostationarymixturewithhighratioofE－isomer・The

Obtained hemiindigo was purined by colurrm chromatography and

recrystalizationfromethanol．

Z12－（2－Pyridilmethylidene）indolin－3－One（Z－2）：1HNMR（DMSO－d6，200

MHz）8（ppm）6．58（lH，S；Olennic－H），6．87（1H，t，J＝8．0Hz；indolin－H），7．25

（2H，m；arOmatic－H），7．70（4H，m；arOmatic－H），8．70（1H，m；Pyridine－H），10．3

（lH，S；indolin－NH）mp＝153－1540C．AnalCalcdforC14H10N20，C，75．66；H，

4．53；N，12．61％；Found：C，75．53，H，4．60，N，12．47％．

Z－2－（2－Pym01ylmethylidene）indolin－3－One（Zi3）：lHNMR（DMSO－d6，200MHz）

8（ppm）6．31（1H，m；Pym01e－H），6．71（1H，S；Olefinic－H），6．87（2H，m；

aromatic－H），7・07（lH，m；Pym01e－H），7．13（lH，d，J＝8．2Hz；indolin－H），

7・50（2H，m；indolin－H），9．30（lH，S；NH），11．40（lH，S；NH）．mp200－2020C．

E－3：8（PPm）6．34（1H，m；PyrrOle－H），6．71（lH，m；PyrrOle－H），6．81（lH，S；

01e重nic－H），6・87（lH，m；indolin－H），7．06（lH，d，J＝8．4Hz；indolin－H），7．25

（1H，m；PyrrOle－H），7．47（lH，m；PymOle－H），7．63（lH，d，J＝8．4Hz；indolin－H），

9・78（lH，S；NH），13．35（lH，S；NH）．mp191－1930C．Anal．Calcdfor
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C13H10N20：C，74．27；H，4．79；N，13．32％．Found：C，74．04；H，4．74；N，13．19％．

Z－2－（（2－fbrmy1－5－PymOlyl）methylidene）indolin－3－One　（乙4）：lH－NMR

（DMSO－d6，200MHz）86．63（S，1H；Ole丘nic－H），7．00（S，4H；arOmatic－H），7．53

（m，2H；arOmatic－H），9．50（S，1H，formyl－H），9．70（br，lH，NH），12．4（br，lH，

NH）ppm．mp224－226OC．Anal．CalcdforC14HlON202：C，70．58；H，4．23；

N，11．76；0，13．43．Found：C，70．08；H，4．30；N，11．59％．

Inspectroscopy，DotiteSpectrosolorLuminasoIwereusedassoIvents

Withoutfurtherpurification．

Measurement

Absorption andfluorescence spectra were measured on aJASCO

Ubest－55andonaHitachiF－4000fluorescencespectrometer，reSPeCtively・

Laserflash photolyses were perfbrmed by uslng an eXCimerlaser

（LambdaPhysikLPX－100，308nm，20ns知hm）orexcimerlaserpumpeddye

laser（LambdaPhysikLEXtra－100，308nm，20nsfbhmandLambdaPhysik

Scanmate，Stilbene3，425nm，OrQUI，390nm，10ns知hm）asexcitationlight

SOurCeSandapulsedxenonarc（UshioUXL－159）wasusedasamonitoringlight

SOurCe・A photomultiplier（Hamamatsu R－928）and a storage oscilloscope

（IwatsuTS－8123）wereusedfbrthedetection．

FluorescencelifbtimesweredeterminedwithapICOSeCOndlasersystem

COnSisting of a titanium sapphirelaser（Spectra Physics39001一恥unami’，）

OPeratedwithaCWAr＋laser（SpectraPhysic2060），afrequencydoubler

（SP－390），a Pulse selector（SP－3980；＝2ps fbhm）and a streak scope

（HamamatsuC4334）．

0XfbrdCryostatmodelDN－1704andtemperaturecontrollerITC－4were

usedforthelowtemperatureexperiment・
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DSCmeasurementwasperfomedwithSeikoDSC－220anddatamodule

SSC－5500H．

JASCO Ubsest　55　equlPPed with HAAKE K were used　for

determinationoftherateconstantofthermalisomerization．

Quantumyieldoffluorescencewasdeterminedbyusinganthracene（◎f

＝0．27）17asafluorescencestandard．

Quantumyieldofisomerizationwasdeterminedwith366nmlight丘om

a400Whigh－PreSSuremerCurylampthroughUV135andU－360filters・The

SamPlesolutionwasdeaeratedbybubblingargonandirradiatedfbr5－15minto

keep the conversion withinlO％・Lightintensity was determined by

tris（oxalato）fbrrate（III）actinometory．18　Theconcentrationofeachisomerwas

determined by high perfomanCeliquid chromatography through a colurrm

（TOSOODS－80TS）elutingwithacetonitrile／water＝4／1．

Results

Absorptionspectra

Absorptionspectraof2and3were showninFigurel・Absorpt10n

maxirmmofZ－2appearedat477，477，and482nminbenzene，aCetOnitrileand

methanol，reSPeCtively・TheabsorptlOnmaXimumofZ」2wasslightlyshiftedto

longerwavelengthreg10ninmethanol．TheZ－isomerof2didnotundergo

isomerizationtoglVeE－isomerinmethanolaswellasinbenzeneonirradiation

atanywavelength．InZ－2，nOfluorescence spectrumWaS detectedatroom

temperature．

On directirradiationinbenzene，3underwentisomerization mutually

betweenZlisomerandE－isomer・TheabsorptionspectrumOfE－3appearedat

longerwavelengthreglOn thanthatofZ」3probably due to thepresence of
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intramolecularhydrogenbonding・Theintramolecularhydrogenbondingmay

CauSetheincreaseofthecoruugationthroughintramolecularhydrogenbonding・

TheabsorptlOnSPeCtrumOfE－3slightlydependedonsoIventwiththe

maximum at524，523，and531nminbenzene，aCetOnitrile，andmethanol，

respectivelyandgivlngareddishorangecolor・Ontheotherhand，absorptlOn

maximumofZ・3，Whichgavegreenishyellowcolor，aPPearedat495nmin

methanoland470mminbenzeneindicatingthattheintermOlecularhydrogen

bondingbetweenZ－3andmethanoldecreasestheexcitationenergy・

Compound4havlngformylgroup on2－POSition ofpyrrole rlng Of

COmPOund3exhibitedsimilarabsorptlOnSPeCtraOf3forbothE－andZJisomer・

Intramolecularhydrogenbondingplaysanimportantroletolowerthe

excitation energyinintramolecularly hydrogen bondedisomer・ll The

di飴rence ofabsorpt10n maXirmmbetweenE－formandZ」form of3and4

Seemed to belargerthanthat of usual aromatic ethenes・Usually；the

absorptionmaximumofZlisomerappearedatshorterwavelengththanthatof

E－isomer，becauseofthesterichinderanceinZJisomer．Ontheotherhand，

E－isomerisalmostplanerform，thus几COIt）ugationwouldbeextendedcompared

WithE－isomer・Forexample，theabsorpt10nmaXimumofstilbeneappearedat

282nmand298nmforZ－isomerandE－isomer，reSPeCtivelyinbenzene・

Photoisomerization

On photoirradiation，COmPOund3　and　4　underwentisomerization

mutuallybetweenZ－isomerandE－isomer・ThephotostationarylSOmerratio

（lE］／lZ］）pssandthequantumyieldsofisomerizationonirradiationat366nm

WereSunmna皇zedin恥blel．

Withirradiationat366nmlight，3gaveaphotostationarylSOmermixture
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（lE］／lZ］）psswithaveryhighcompositionofE－formtOgive（lE］／lZ］）pss＝99／1in

benzene．The time development of the absorption spectrum Of Z－30n

irradiationat366nmisshowninFigure2a．The（lE］／lZ］）pss＝99／lvalue

decreasedinpolarandproticsoIventandis95／5and90／10inacetonitrileand

methanol，reSPeCtively．Onirradiationat546nminbenzene，E－3underwent

isomerizationtoglVetheZ－isomercompositionashighas85％・Theisosbestic

POintsappearedat366，408，and483nmasshowninFigure2．

Astothecompound3，quantumyieldsofZ－tO－EisomerizationwereO・3

inallthesoIventexamined，WhereasthoseofE－tO－Zisomerizationwere～0．003，

0．02andO．05inbenzene，aCetOnitrile，andmethanol，reSPeCtively．

The quantumyieldofisomerization of4was stronglydependenton

SOIvent・Figure3showsthetimedevelopmentofZ－tO－Eisomerizationof4in

benzene，aCetOnitrile，and methan01．Thus，the change of absotbanCe at

maximumwavelengthof546nm，555nm，and546nminbenzene，aCetOnitirile

andmethanol，reSPeCtivelywereplottedagainstirradiationtime・Inbenzene，

theinitialslopeoftheabsorbancechangeWaSSimilartothatofE－3inbenzene・

Thee爪ciencyofisomerizationdecreasedinacetonitrileandmethanol．The

quantumyieldofZ－tO－Eisomerizationof4wasestimatedtobeO．17，0．05，and

O．009inbenzene，aCetOnitrile，and methanol，reSPeCtivelyby comparlng the

initialslopeofthetimedevelopmentofisomerization・

GroundStateProperties

Tbinvestigate the energetic pro丘lein the ground state，the DSC

experimentswereperformedatdiffbrentrisingtemperature（2．5－70cmin－1）．

Thus，the energy di飴rence between Z」3and E－3in the ground state was

determinedtobe7kcalmo1－1．Inaddition，theactivationenergyforZ－tO－E
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isomerizationwas calculatedto be16kcalmo1－1bythe similartreatment

reportedbyKissinger・19

Compound3isomerized themallyin methanol，2－PrOPanOl and

acetonitrile，betweenZJisomerandE－isomer，While3wasstablethermallyln

benzene．Therateconstantofisomerizationwasdeterminedfromthechange

ofabsorptionspectrumatCOnStanttemPerature・Thetimedevelopmentofthe

absorptionmaximumofE－isomerwastracedandtherateconstantforthermal

Z－tO－Eisomerizationwascalculatedby丘rstorderratelaw・

Inaddition，theequilibriumconstantbetweenE－isomerandZ－isomer

wasestimatedbytherelationshipofK＝kz→E侮→Z．FurthermOre，theenthalpy

andtheentropydiffbrencebetweenZJandE－isomerwerecalculatedbyvan，t

Hoffequation（1）．TheresultsweresummarizedinTbble2・

△〝
lnK＝－－　＋COnSt．

Rr
（1）

TripletStatebehavior

Compound2and3did notundergointersystem crosslng On direct

irradiation．In addition，tranSientabsorptlOn SPeCtrumWaS nOtObservedin

COmPOund4，althoughithadformylgrouponpym01erlng・

Tbinvestlgatethephotochemicalbehaviorinthetripletexcitedstate，

laserflash photolysis was performedinthe presence oftriplet sensitizer・

Figure4showsthechangeofabsorptionspectraofZ－2（1・OxlOAM）on

Michler，s ketone（0．06M）sensitization．Theintense band at shorter

wavelengththan400nmandtheabsorptionat480nmwereasslgnedtothe
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absoIPtion spectra of Michler，s ketone and Z・2，reSPeCtivelyi Onlaser

excitationat390nm，theabsorptionbandof480nmdecreased，andthesolution

COlorchangedfromorangetopaleyellow・ThismeansthatZ・2decomposedin

thetripletexcitedstateprobablybyhydrogenabstractiontoglVeradicalspecies・

TtipletsensitizationexperimentsofZ」3andE－3werealsoperformed・

ThetranSientabsorptionspectraofZ」3（6xl0－5M）onMichler，sketone（lxlO司

M）sensitizationat308nmwereshowninFigure5．Immediatelyafterlaser

excitation，the decrease ofabsorption ofZ」3was observed at470mmand

absotbanCeat530nmcorrespondingtotheabsorptionofE－3wasgradually

increased・The change oftransient absorption spectrumindicates thatthe

Z－tO－Eisomerization occurredin the triplet excited state・Actually；the

COmpOSition ofE－isomer afterlaser excitationin the presence ofMichler，s

ketonewaslargerthanthatintheabsenceofMichler，sketone．

Ontheotherhand，E－3（5xlOAM）gavethetransientabsorptionspectra

With the maximum wavelength at600and620nm on biacetyl（0．14M）

Sensitization（Figure6）with425nmlaser pulse．Oxygen quenchedthe

transientspeciesappearedat600nm，Whichwasasslgnedtothetripletexcited

State・TheothertranSientspeciescanbeassignedtotheradical，Whichwas

PrOducedbyhydrogenabstractionreactionofcatbonylgroqp・Theabsorption

SPeCtrumOfE－3decreasedaftertheirradiationwithtripletsensitizerasshownin

Figure7as similartothecaseofZ」2・Energydiagramof3inthetriplet

excitedstatewasshowninFigure8・

TherateconstantOftripletquenching舟ombenzil（み＝53kcalmol‾l）to

E－3inbenzenewasdeterminedtobe7・4xlO9M－ls－l・Bothcompound2and3

didnotexhibitphosphorescencespectraat77K・Thus，thetripletenergleSOf2

and3couldnotbedetermined．
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Fluorescenceproperties

Fluorescenceandfluorescenceexcitationspectraof3and4intoluene

WereShowninFigure9andlO．TheslngletenergleSarealmostthesamefor3

and4andnuorescenceexcitationspectraaresimilartotheabsorptionspectra・

Quantumyieldoffluorescenceandfluorescencelifbtimeofcompound3

and4WeremeasuredintolueneandtheresultsweresummarizedinThble3．

Fluorescencelifbtimeof4wereca．10timeslongerthanthatof3andthe

quantumyieldoffluorescenceof4werelOtimeslargerthanthatof3・The

rateconstantoffluorescenceemissionwascalculatedbyequation2．Inthis

equation，kf；Tf；and◎fStandfortherateconstantofnaturalfluorescencedecay；

fluorescencelifbtimeandquantumyieldoffluorescence，reSPeCtively・

毎＝◎r／Tr （2）

Thus，kfWaSeStimatedtobe2．8xlO7S－land6．6xlO7S－1，reSPeCtivelyfor

E－3andZ－3andtobel・9xlO7S－land5．9xlO7S－1，reSPeCtivelyforE－4andZ－4・

ThevalueofkfWaSnearlythesamefor3and4．Theseresultsindicatethatthe

rate constant Ofnon－radiative deactivation pathway decreased as aresultof

introductionofformylsubstituenttothepyrrolerlng・

Tbmperatureefrbctonnuorescenceemission

Theintensltyandlifttimeofnuorescenceemissionof3and4increased

WithdecreaslngtemPerature．

SincequantumyieldofisomerizaitonofZ」3wasestimatedtobeaslow

asO．05，therateconstantofnon－radiativedeactivation丘omSIStatetOSostatein
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E－3shouldbeaffbctedbytemperature．Comparlngthenuorescenceintensity

at77K withthat at room temperature，the quantum yield offluorescence

emission（◎Jat77KwasestimatedtobeO．1bothforZ13andE－3asshownin

Figurell；atrOOmtemPerature◎fWaS6x10－4and6xlOAforZ3andE－3in

ethanol．

ThemaximumwavelengthoffluorescenceexcitationspectraofZ－3and

E－3at77KwasthesameasthatatroomtemperatureasshowninFigure12・

ThemaximumwavelengthoffluorescencespectrumOfZ」3at77Kwasalsothe

SameWiththatatroomtemperature．Ontheotherhand，thatofE－3wasshiRed

丘om578nmto565nmwithdecreaseoftemperaturefrom165Kto77Kas

ShowninFigure13，thoughthemaximumwavelengthat165Kwasidenticalto

thatat295K．

The temperature dependence offluorescencelifetimein toluene was

Observedfrom298Kto185K．ThefluorescencelifetimeofE－3increased丘om

210ps to2・9ns with decreaslng temPeraturefrom295K to185K・The

fluorescencelifbtimeofE－4alsoincreasedfrom4．6nsto8．1nswithdecreaslng

temperaturefrom295Kto185K．

Discussion

EnergeticPronleintheGroundState

Thedi飴renceofenthalpybetweenZ」3andE－3wasestimatedtobe7

kcalmo1－1fromtheresultofDSCexperiment・Ontheotherhand，Z3was

morestablethanE－3byO．85kcalmo1－1inmethanol．Theseresultsindicatethat

theintemolecularhydfegenbondingbetweenZ」3andmedlanOIstabilizesthe

groundstateofZ」3．Thenegativevalueoftheentropydi飴renceobservedfbr
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Z－tO－Eisomerization，－1・4calmo1－1K－1，COuldbeexplainedbytheexistenceof

intermOlecularhydrogenbondingbetweenZ」3andmethanol・In2－PrOPanOl，

theenthalpydi飴rencebetweenZ・3andE－3wassmallerthanthatinmethanoI

PrObablybecausemorebulkyalkylgroupof2－PrOPanOlthanthatofmethanol

maypreventfromformlnglntem01ecularhydrogenbonding・

Theactivationenel苫y（昆）forisomerizationinmethanol，2－PrOPanOland

acetonitrilewascalculatedbyArrheniusequation・Therateconstantofthermal

isomerizationincreasedwithincreaslngtemPerature．TheEiandthe鮎quency

factor（A）forZ－tO－Eisomerizationwerecalculatedtobe23．4kcalmol，1and

4・4xlOlls－1，reSPeCtivelylnmethanoland24．9kcalmo1－1andl．2xlO12S－1，

respectivelyin2－PrOPanOl．Inacetonitrile，EiandAforZ－tO－Eisomerization

WereCalculatedtobe17・6kcalmo1－1and9・4xlO8S－），reSPeCtively．

Although，COmPOund3underwentisomerization mutually between

E－isomerandZJisomerthermally，COmPOund4wasstableeveninmethan01・

Introductionofformylgroupincreasesthethemalstabilityforisomerization

aroundC＝CdoublebondinproticsoIvent．

EfrbctsofmrmylgrouponthenuoreSCenCeemissionandisomerization

BothZ－andE－3exhibitedfluorescenceemissionwiththequantumyield

OfO・023and5・9xl0－3，reSPeCtivelylnbenzene・Theintroductionoffomyl

groupatthe5－POSitionofpymOlerlngOf3broughtaboutlargeincreaseof

fluorescencequantumyieldandfluorescencelifetimebyafactoroflO．Itwas

reportedthatquantumyieldoffluorescenceoflincreasedbyafactoroflOOas

aresultofintroductionofformylgroupat5－POSitionofpym01erlng・9

Introduction offbrmylgroup to the compound3maylnefeaSe the

efnciencyoftheintersystemcrosslng・However，COmpOund4didnotexhibit
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transient absorption spectrum Onlaser nash photolysIS eXPeriment at room

temperature・In addition，COmPOund4underwentisomerization mutually

betweenZJisomerandE－isomerwithoutdecomposition・Asmentionedabove，

E－3havlngintramolecularhydrogenbondingunderwentdecompositioninthe

triplet excited state・Therefore，it was estimated that the efnciency of

intersystemcrosslngOfcompound4isalmostnegligible・

Onthebasisoffluorescencequantumyieldandlifbtimeasshownin

Thble2，itwasfoundthattheincreaseofquantumyieldbylntrOductionof

formylgroupwasattributedtothedecreaseofnon－radiativedecayconstant・

Generally，ltis consideredthathydrogenbonding acceleratestherate

COnStantSOfnon－radiativedeactivationduetothehigh丘equencyvibrational

motion・Inoue et al・rePOrted that nuorescence quantum yield of

aminoanthraqulnOneOraminonuorenonederivativesdecreasedinthealcoholic

SOIventsbyintermOlecularhydrogenbondinginteraction・13，14

The proximitye飴ct can explainthe acceleration of non－radiative

deactivation・20　Whentheenergydifftrencesbetweenexcitedn7t＊stateand

7t7t＊state was small，nOn－radiative decactivation can be accelerated byits

PrOXimity・Forexample，the results that quantum yield ofnuorescence of

trtms－2－Styrylpyridine and trans－4－Styrylpyridineis smaller　than　that of

trans－Stilbene canbe attributedtopertutbationofthe7t7t＊statebyanearly

isoenergeticnn＊state，reSultinglngreatlyenhancednon－radiativedecay・21

Inthe hemiindigo compounds，the rate constant of non－radiative

deactivationdecreasedbyintroductionofformylgroup，andtheexplanationof

thismechanismneedsfurtherinvestigation．

Ⅰ細Oduction offormylgroup a董海et the nuorescence as wellas the

isomerization behavior．In acetonitrileandmethanol，fluorescence emission
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WaS StrOngly quenched．It was considered thatin methanol，interm01ecular

hydrogenbondingbetweenmethanoland4wouldacceleratethenon－radiative

deactivationmuchmorethanthatinbenzenebyafactoroflOO・Asaresult，

bothfluorescenceandisomerizationefnciencieswerelowered．Asmentioned

above，quantumyieldsofZ－tO－Eisomerizationof3wereO．3inallthesoIvent

examined・However，the quantumyield ofZ－tO－Eisomerization of4was

StrOnglydependentonthesoIventandwasestimatedtobeO．17，0．05andO．009

inbenzene，aCetOnitrileandmethanol，reSPeCtively・

PolarsoIventandproticsoIventacceleratethenon－radiativedeactivation

Of4・Probably soIvent polarity andinterm01ecular hydrogen bonding

interactionbringsaboutthedecreaseoftheinteractionbetweenformylgroup

andNHgrouplnPymOlerlng・Asaresultofthat，frequencyfactorofthe

non－radiativedeactivationbecomelarge，andtherateconstantOfnon－radiative

deactivationincreases with concomitant decrease ofquantume爪ciency of

isomerizationandfluorescence．

I）eactivationprocesses

Itwasconsideredthattheintramolecularhydrogenbondingaccelerate

the deactivationpathway，thus quantumyieldoffluorescence emissionwas

Smallerthanthat ofcorresponding compoundwithouthydrogenbondingln

Ordinaryhydrogenbondedsystem・Wehavereportedthatquantumyieldof

fluorescenceoftheisomerhavlnglntramOlecularhydrogenbondingislower

thanthatoftheotherisomer．

ThefluorescencelifbtimeofE－3（てS＝210ps）isshorterthanthatofZ」3

（Ts＝350ps），Since theintramoleeularhydrogen bondingin E－3plays an

importantroleinthedeactivation舟omtheexcitedsingletstate・AstoZ」2
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havlngintramolecular hydrogen bonding，fluorescence emission was not

Observedatroomtemperature．Inaddition，Z－tO－Eisomerizationdidnotoccur

inZ」20nPhotoirradiation，indicatingthatZ－2undergoesultrafastdeactivation

h）mthe excitedsingletstatethroughtheintramolecularhydrogenbonding・

However；at77KinethanOlglass，Zi2exhibitedthefluorescenceemissionwith

maximumat520nmandthelifttimeofca・8nsindicatingthatthedeactivation

throughtheintramolecularhydrogenbondinglS SuPPreSSedwith decreaslng

temperature．

Theseresultsindicatethattheintramolecularhydrogenbondingwould

PlayanimportantrOleinthedeactivation舟omtheslngletexcitedstateinZ12

andE－3・TheintramOlecularhydrogenbondingsuppressestherotationaround

C＝CdoublebondinZ－2．

ThequantumyieldofisomerizationofZ」3wasO・3atroomtemperature・

Therefore，OneCaneXPeCtthatthedecreaseoftemperaturemaySuPPreSSthe

isomerizationintheslngletexcitedstateandincreasethefluorescenceemission．

However，theintensitywasstillincreaslngWithdecreaslngtemPeratureunder

freezlngPOlntOfethanOltoindicatetheexistenceofnon－radiativedeactivation

PathwayotherthanE－tO－Zisomerization・FluorescenceintensityofE－3havlng

intramolecularhydrogenbondingalsoincreasedwithdecreaslngtemPerature，

althoughthequantumyieldofisomerizationwasaslowasO．05inethanol．

FurthermOreitwasfoundthattheshapeoffluorescencespectraofE－3

ChangedasaresultofdecreaseoftemperatureinethanolasshowninFigure13・

The shiftoffluorescence emission maximumindicated the existence oftwo

emissivestatesintheslngletexcitedstateofE－3inethanol．E－3wasexcitedto

theFranck－Condonstate，fbllowedbydeactivationtothelowerenergystateand

exhibitedfluorescenceat578nm・However，Whenthetemperaturewaslower
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than165K，theintemalconversiontoloweremissivestatescarcelyoccurredand

at77Ktheemissionof565nmwasobserved・Thetemperaturee飴ctonthe

fluorescencespectrumandlifbtimeindicatedthepresenceofactivationbamier

fordeactivationpathwaythroughtheintramolecularhydrogenbonding・Onthe

basisofthesenndings，energydiagramof3intheslngletexcitedstateinethanoI

WaSPrOPOSedasshowninFigure14・

EthanoI can af托ct the deactivation pathway of E－3　by　formlng

intermolecularhydrogenbonding・Thus，WeObservedthetemperaturee飴ct

Onfluorescence spectrumintoluene．Theresultshowedthatthemaximum

WaVelengthoffluorescencespectrumdidnotchangeinthetemperaturerange

between295K and185K・The nuorescenceintensity alsoincreased with

decreaslngtemPeratureintoluene．

Asdescribedabove，quantumyieldsofE－tO－ZisomerizationofE－3and

E－4wereestimatedtobelessthan0・01intoluene・Inaddition，theintersystem

CrOSSlngPrOCeSSWaSnegligible．Therefore，WeCanPOStulatethattheslnglet

lifbtime（TJofE－fbrmWaSeXPlainedbyequation3．

Tr　＝1／（毎十もr） （3）

It was considered that onlyも，is dependent on temperature．The

fluorescencelifbtimein toluene was observed舟om298K to185K．The

fluorescencelifttimeofE－3increased丘om210psto2・9nswithdecreaslng

temperature丘om295Kto185K．TfOfE－4increasedfrom4．6nsto8．1nswith

decreaslng temPerature丘om295K to185K．From these observations，the

activationenergyandfrequencyfactorfbrk，rWaSCa】culatedtobe2．7kcalmol．l

and5・2xlOlls－1，reSPeCtivelyforE－3，1．4kcalmo1－1and2．2xlO9S－1
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respectivelyforE－4fromequation3．

1n（私r）＝ln（1／Tf－kb＝lnA－Ea／RT （3）

Thefluorescencelifttime ofE－4become constant to be8．O ns under

140K，thereforethevaluesfrom295Kto250Kwereusedforthecalculationof

activationparameter．AstoE－3，thefluorescencelifttimewas9．Onsat77Kin

ethanolglasssoIvent．

Thefrequencyfactorofnon－radiativedeactivationforE－4wassmaller

thanthatofE－3byafactoroflOO．Thisresultindicatesthatthe丘equencyof

Vibrational mode attributed to non－radiative deactivation waslowered by

introductionofformylgroup duetotheinductiveef托ctoffbrmylgroupor

hydrogenbondinginteractionbetweenformylgroupandNHgrouplnPymOle

ring．

Photochromicproperties

Theisomercompositionof3atthephotostationarystatewasdependent

OntheirradiationwavelengthasshowninFigure2・

Thus，3exhibitedalmostone－WayZ－tO－Eisomerizationonirradiation

With366nmlight，WherebothZiisomerandE－isomerhavesimilarabsorption

COefncient・Theconsiderablylargediffbrencebetween◎Z→Eand◎E→Zisthe

reasonforalmostone－WaylSOmerization．However，aVeryhighratioofZ13to

E－3as85：15wasobservedonirradiationat546nm，WheretheE－3hasmuch

higherabsoIPtioncoefncientthanZ・3．Therefore，theirradiationwavelength
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afEbctedthe photostationary stateisomer composition to glVe～99％ofthe

E－isomerand～85％oftheZ－isomerwithirradiationat366nmand546nm，

respectively．Therepetitioncharacteristicsofabsorpt10nSPeCtrumbyaltemate

irradiationbetween366nmand546nmwasshowninFigure16．

Conclusion

Compound　3　exhibited almost one－Way Z－tO－Eisomerization on

irradiationwith366nmlight，WherebothZ13andE－3havesimilarabsorption

COefncient，duetotheconsiderablylargedi飴rencebetween◎Z→Eand◎E→Z・

However；3givesaphotostationarymixturewithaveryhighratioofZ－isomer

toE－isomeras85：150nirradiationat546nmwheretheE－4hasmuchhigher

absorptioncoefncientthanZ」3．

Introduction offormylgroup to pym01e rlng Of3improves themal

StabilityinsoIvent・Thequantumyieldofisomerizaitonof4inmethanoIwas

loweredbyafactoroflOOthanthatinbenzene，Whilethequantumyieldof

isomerizationof3wasalmostthesameinmethanOlandbenzene．Introduction

Offomylgroupresultedintheincreaseofquantumyieldoffluorescenceand

fluorescencelifttime．

Onthebasisofthethesefindings，itwasfoundthattheintramolecular

hydrogenbondingcouldplayanimportantrolefbrconstruCtlngPhotochromic

COmPOundshavlngabsorpt10nbandatvisiblereg10nandthe substituentand

SOIventcoulda飴cttheirphotochromicproperties・
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Tablel・Quantumyieldsofis禦erizationandisomerratioat
PhotostationarystateonirradiatlOnat366nmfor3and4

Compound3　　　　　　　　　Compound4

◎Z→E　◎E→Z（［E］／lZ］） ss　　　◎Z→E　（lE］／lZ］）

Benzene O．31　0．003　　99／l

Acetonitrile o．32　0．02　　99／5

Methano1　　0．33　0．05　　89／11

0．17　　　　99／4

0．05　　　　93／7

0．009　　　90／10

Table2．RateconstantsofisomerizationandthemOdynamic

ParameterSforZ－tO－Eisomerizaitonof3

ga A打　　　AS　　　　【E】／【Z】

A／S－1／kcalmo1－1／kcalmo1－1／calmo1－1K－1at298K

Methanol

2－Propanol

Acetonitrile

Z→E　4．4xlO1123．4

E→Z　2．2xlOl122・5

Z→E l．2xlO12　24．9

E→Z　6．4xlOl124．5

Z→E　9．4xlO6　17．6

E→Z　5．3xlO719．0

Solid（DSC）Z→E　　　　16

＿0．85　　　1．4

＿0．4　　　1．3

1．4　　　－3．4

27／73

50／50

65／35

ー117－



U
O
已
d
q
h
O
S
q
く

0 ∴（、＿十
350 400 450

Wavelength／nm

500 550

Figure　4・　AbsoIPtion spectrum Change of Z－2　0n Michler，s ketone

SenSitizationwith390nmlight・

400　　　　450　　　　500　　　　550

Wavelength／nm

600　　　　　650

Figure5・TransientabsorptlOnSPeCtraOfZ」30nMichler，sketonesensitization
inbenzene．

ー118－



450　　500　　550　　600　　650　　700　　750　　800

Wavelength／nm

Figure6・Ttansient absorption spectra ofE－30n biacetylsensitizationin
benzene．

む
u
q
d
♪
h
O
S
q
く

450 500

Wavelength／nm

550 600

Figure7・AbsorptionspectrumChangeofE－30nbiacetylsensitizationwith

425nmlight．

－119－



lz＊（60）

3Z＊

680mm

／

／

′

／

／

′

／

′

／

′

／

′

Figure8・Energydiagramof3inthetripletexcitedstate・

ー120－



曾
s
B
｝
薫
り
0
日
O
S
巴
O
n
E

300　　350　　400　　450　　500　　550　　600　　650　　700

Wavelength／nm

Figure9・FluorescenceandnuorescenceexcitationspectraofZ」3and

Z」4intolueneat295K．

L
曾
∽
白
月
眉
0
0
已
O
U
∽
巴
O
n
E

300　　350　　400　　450　　500　　550　　600　　650　　700

Wavelength／nm

FigurelO・FluorescenceandnuorescenceexcitationspectraofE－3and

E－4intolueneat295K．

一121－



Table3．SpectroscopICParameterSforfluorescenceof3and4at295K

Lmax／nm

gsa）　◎r

Benzene

Toluene

3　Acetonitrile

Methanol

Chlorofbm
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5
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E　　523　　560　　52．6

Z　　494　　533　　55．9

E　　531　574　　51．6

Z　　476　　514　　57．6

E　　524　　560　　52．6

0．023

5．9xl0－3

0．025

5．2xl0－3

2．6xlO・3

2．1xⅣ3

5．9xlO4

6．4x10－4

2．Oxl0－3

1．8x10－3
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つ
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0

　

0
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U
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7

　

2

Toluene

4　Acetonitrile

Methanol

Z　　475　　511　58．l

E　　524　　556　　52．8

Z　　482　　543　　56．4

E　　528　　590　　51．7

Z　　491　585　　54．5

E　　534　　630　　50．7

0．29　　　　4．9　　　5．9

0．086　　　　4．6　　　1．9

0．04

4xl0－3

8Ⅹ10－4

3xl0－5

a）inkcalmol．l b）inlO7S－1

－122－



0
　
　
　
　
0
　
　
　
　
0

5
　
　
　
　
0
　
　
　
　
5

首
岩
O
l
月
0
呂
0
0
の
巴
○
ゴ
ー
h

50　　　　100　　　150　　　　200 250　　　　　300

Temperature／K

Figurell・TbmperaturedependenceoffluorescenceintensityofZ」3（Circle）

andE－3（Square）inethanol．

倉
岩
O
l
眉
p
O
N
焉
百
に
O
Z

450　　　　500　　　　550　　　　600

Wavelength／nm

650　　　　　700

Figure12・Tbmperature dependence offluorescence spectrum OfZ－3in

ethanolbetween293Kand77K．

倉
S
日
月
p
O
N
叫
扇
百
〇
Z

450 500　　　　550　　　　600

Wavelength／nm

650　　　　　700

Figure13・Tbmperature dependence offluorescence spectrum OfE－3in

ethanolbetween165Kand77K．

ー123－



lz☆

Figure14・Energy diagram of3inthe slngletexcited statein ethanol・
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Chapter5

StudyonTripletStateBehaviorsofPyrrole－2－CarboxyaldehydeandIts

RelatedCompounds

Abstract

TripletstatebehaviorsofpymOle－2－Cafboxyaldehyde（l）anditsrelated

COmPOundswereinvestigatedbymeansofnano－SeCOndlaserflashphotolysIS・

Compoundldidnotexhibitfluorescenceemission，butunderwentintersystem

CrOSSingtothetripletstatewiththee用．ciencyofO．80inbenzene．Thelifbtime

Ofltripletdependedonitsconcentration．TherateconstantOfself－quenChing

was determined to bel．6xlO8M－ls－lin benzene・Thkinginto account

Photochemicalbehavior ofthe related compounds，intermOlecular hydrogen

bondingbetweentripletstateofl andgroundstate ofl seemedtoplayan

importantroleintheself・quenChingprocess・
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Introduction

Photochemicalreactions ofaromatic cafbonylcompounds were well

StudiedbecauseoftheirinterestingspectroscopICandphotochemicalproperties・

ThecatbonylcompoundsundergoesintersystemcrosslngtO glVethetriplet

excitedstatewithhighquantumyieldduetothen7t＊characterofexcitedstate・

Therefore，mOStOfthephotochemicalreactionofthesecompoundsoccurredin

the triplet excited state；triplet energy transfbr，CyCloaddition，hydrogen

abstraction，Photocleavagereactionandsoon．1，2

Inthe course ofour study on the efftcts ofinter－Orintramolecular

hydrogenbondingonthephotochemicalbehaviorofaromaticoleRns，WeCOme

topayattentiontopyrrole－2－Catboxyaldehyde（1）．3－10　wehavereportedthat

thequantumyieldoffluorescenceofan01efinhavlngPym01enngandpyridine

rlnglnCreaSedwithintroductionofformylgrouponthe5－POSitionofpym01e

rlngbyafactoroflOO・5，6　Thise飴ctofformylgrouponthefluorescence

emissionwasveryinteresting，Sinceonecanusuallyexpectthatintroductionof

formylgroupresultsintheincreaseofquantumyieldofintersystemcrosslngby

SPln－Otbitinteraction．

Sincelhavebothhydrogenbondedaccepter（NHproton）anddonor

（Cad）Onyl oxygen）in a molecule，One Canthink thatlformS dimer by

intem01ecular hydrogen bondinglike　7－aZOindole or　2－hydroxypyridine

（2－Pyridone）asshowninSchemel．11，12Inaddition，lhaveacatbonylgroup

induclngtheintersystemcrosslng・Thus，thee飴ctofhydrogenbondingonthe

tripletstateoflwasverylntereSted．

Ⅵね　have prepared l，ルmethylpymOle－2－Cafboxyaldehyde（2），

2－aCetylpym01e（3），Nlmethy1－2－aCetylpym01e（4），and2，5－difbrmylpym01e（5），

andthetripletstatebehaviorsofthesecompoundswereinvestigatedbymeanS

－128－



OflaserflashphotolysIS．

7－aZaindole

Schemel．

2－hydroxypyridine

「
芦
…
－
」

。

2－Pyridone

が日　掛　が　掛

H込H
Scheme2．PymOlesinvestlgatedinthisstudy・

Experiment

MaterialsandSoIvents

Compoundl and3were purchasedfrom Aldrich and purined by

recrystallizationfrom hexane・Compound2and4were purchasedfrom

Aldrichandpuri丘edbydistillationunderreducedpressure・Compound5was

preparedbyⅥelsmeierreactionfrompym01e・13　ThepuritywascheckedbylH

NMRandHPLCanalysIS．
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Inspectroscopy，DotiteSpectrosolorLuminasoIwasusedassoIvents

Withoutfurther purification exceptfor ethanol・EthanoI was purined by

distillationovercalciumhydride・

Measurement

Absorption andfluorescence spectra were measured on a Shimadzu

UV1600and on a HitachiF－4000fluorescence spectrometeちreSPeCtively・

PhosphorescencespectraweremeasuredonaHitachiF－4000equlPPedwiththe

accessoryunitforphosphorescence．

Laserflash photolyses were performed by uslng an eXCimerlaser

（LambdaPhysikLPX－100，308nm，20ns伽hm）orexcimerlaserpumpeddye

laserLambdaPhysikScanmate，（DMQ，360nm，10ns知hm）asexcitationlight

SOurCeSandapulsedxenonarc（UshioUXL－159）wasusedasamonitoringlight

SOurCe・A photomultiplier（Hamamatsu R－928）and a storage oscilloscope

（IwatsuTS－8123）wereusedforthedetection．

Results

Absorptionspectra

Absorptionspectraofl，2，3，and4inmethylcyclohexane，benzene，

acetomitrileandmethan0lwereshowninFigurel・Theintensebandataround

280nmwasshiftedtolongerwavelengthwithincreasesoIventpolarity丘om

279nminmethylcyclohexanetO288nminmethanol，andwasasslgnedto7m＊

transition・Theabsorptionbandatlongerthan320nmwiththeEValueof40at

340nmwasasslgnedtothen7（＊transitioninmethylcyclohexane・
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Absorptionspectrumof5wasalsoobservedinhexaneappearedat306

nm（e＝2．OxlO4M‾1cm．1）and350nm（e＝150M．1cm－1），Whichwereassigned

tothe7m＊andn7t＊transition，reSPeCtively・

ConcentrationdependenceofabsorptlOnSPeCtrumOflwasexploredin

methylcyclohexaneattheconcentrationfrom6．5Ⅹ10－5tol．1xlO‾2M（Figure3）．

TheEValuewasthesameintheconcentrationexamined，indicatingthatthe

dimerformationoraggregationdidnotoccurinl．

TheconcentrationdependenceofabsorptlOnSPeCtrumOf5wasalso

StudiedandtheresultwasshowninFigure4・Compound5didnotgivedimer

Oraggregateeveninhexane．

がH　がH

Phosphorescencespectra

Compounds1－5did not exhibitfluorescence and phosphorescence

emission at room temperature・The phosphorescence spectra of these

COmPOundswereobservedinmethylcyclohexaneandethanolat77Kandthose

Ofl and5were shownin Figure5and6．The vibrationalstruCture WaS

ObservedinthephosphorescencespectrumOflinmethylcyclohexaneWith1400

cm－1，but broad spectrum WaS Observedin ethanol．On the otherhand，

Phosphorescence spectrum Of　5in ethanoI was similar to thatin

methylcyclohexane．
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LaserPhotolysiswith308nmpulse

Onlaserexcitationat308nm，1－5gavefluorescentproducts．Figure

7showsabsorptionspectrumOflaRer600timeslaserpulseexcitation（～20mJ

pulse‾1）inmethylcyclohexaneandtheabsorptionattributedtothephotolysis

productappearedat390nmwithvibrationalstruCtureOf1400cm－1・The

vibrationalstruCtureOf1400cm－lwasalsoobservedinfluorescencespectrumOf

theproduct（Figure7）．ThefluorescenceexcitationspectrumCOrreSPOndedto

theabsorptionspectrumaSShowninFigure7・

Thechangeofabsorptionspectrumof50nirradiationat308nmlaser

pulse（～20mJpulse－1）wasshowninFigure8．Theabsorptionbandat300nm

Of5decreasedwithirradiationtimeandanewbandappearedat400nmwith

isosbestic point at324nm．A氏erlaserirradiation with1000pulses，the

fluorescenceandfluorescence excitation spectraofphotolysISPrOducts were

Observed．Themaxirrmmoffluorescencespectrum叩Pearedat385mmwith

vibrationalstruCtureOf1400cm－1・Comparingtheabsorptionandfluorescence

SPeCtra，WeCanCOnCludethatland5underwentsimilarphotochemicalprocess

toglVenuOreSCenCePrOductsandtheefnciencywashigherfor5than1．The

fluorescence efnciency ofphotolysIS PrOduct of5in benzene was roughly

estimatedto be O．15byuslng anthracnene as afluorescence standard．The

asslgnmentOfphotolysisproductswerenotnnished

廿ipletemergleS

TripletenergleSOfthesecompoundswerecalculated丘om0－0bandof

PhosphorescencespectrumandaresummarizedinTbblel．FurthemOre，the
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triplet energleS Were eStimated　丘om the quenching rate constant of

benzophenonetripletbyl，2，3，and4byusingSandrosequation（eql）．14　The

Values are　ingood agreement withthose estimatedfrom　0－0band of

Phosphorescencespectra．

ち＝kdiffeXP（－AEa／RT）／【1＋exp（－AEJRT）］ （1）

毎　tripletquenchingrateconstant

kdiff：　di軌sioncontrolledrateconstant

R：　gaSCOnStant

T：　temPerature

AEa：di飴renceoftripletenegy

Transientabsorptionspectraandtripletlifbtime

Compound1－5exhibitedtransientabsorptionspectraonirradiationat

308nmlaserpulseinbenzene．Theabsorpt10nmaXimumappearedataround

340nmforl，2，3and4（Figure9）andat380and580nmfor5（FigurelO）．

Thetripletlifetimeoflinbenzenewasdependentonconcentrationof

l丘om5・5psto3・4匹SranglnglnCOnCentrationfrom4・5xl0－4Mtol・2xl0－3M・

FurthermOre，thetripletlifttimebecomes430nsattheconcentrationofO・01M

inthepresenceofacetophenoneasatripletsensitizeronirradiationat360nmin

benzene・ConcentrationdependenceofthedecaycurveOfthetripletstateofl

（3（1）＊）observedat340nminbenzeneunderargonwasshowninFigurell．

Ontheotherhand，thetripletlifbtimeof2wasindependentonitsconcentration・

Inthisexperimentalcondition，thecontributionoftriplet－tripletannihilationcan
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beruledout．

Thus，therate constantoftheselfLquenching（ksq）andtheintrinsic

tripletlifbtime（TTO）wereevaluatedfromtheslopeandtheinterceptofthelinear

Plotofequation2，reSPeCtively，aSlistedinThble2．

3（1）＊＋1（1）

1塙＝1／TTO＋毎【11

l（1）＋1（1）

（2）

Tripletquenching

Onaddition oftripletquenchers（Q），thetriplet state of1－5were

quenched andthe second－Order rate constants（kq）were calculatedfrom

PSeudo－nrStOrderplots（equation3）assummarizedinThble3．ThevalueTTIS

thetripletlifttimeoflatacertainconcentrationintheabsenceofquencher・

1／でT＝1／TT十も【q］ （3）

Quantumyieldofintersystemcrossing（◎T）andextinctioncoemcient（eT）

ThequantumyieldofintersystemcrosslngWaS eStimatedbyenergy

transferfromthetripletstateofthepymOlederivativestoβ－CarOtenebyusing

308nmexcitation．Benzophenone（BP）wasusedasastandard（◎T＝1）．18

Forexample，theoptlCallymatchedbenzenesolutionoflandBPwereprepared，

Whose absofbanceat308nmwasO・50・Therate constantoftripletenergy

－134－



transfbrtoβ－CarOteneObservedat540nmweremeasuredinthepresenceof

β一CarOtene（2．1xl0－5M，4．2xlO‾5M，and6．3x10－5M）．β一Carotenedidnot

exhibit transient absorption on directirradiation・Time pronIes at540nm

（tripletstateofP－CarOtene）obtainedbylaserphotolysisonirradiationat308nm

in benzene was shownin Figure12・The quantum yield ofintersystem

CrOSSlngWaSeStimatedfromthefollowlngequation15andthecalculatedvalues

WereSummarizedinThble4．

AOD＝

た1－ち

◎T＝¢TBP A

Alexp（－k2t）－eXP（－klt）］

た1　たlBP布BP

ABP　和一も　　舟lBP

（4）

（5）

A：COnStant

kb：decayconstantoftripletstatepyrrolederivativesintheabsence

OfP－CarOtene

kl：PSeudo－nrStOrderrateconstantoftripletenergytransfbrtoβ－CarOtene

ki：decayrateconstantoftripletstateofP－CarOtene

Theextinctioncoefncients（eT）ofTJTabsorptionspectraof1－5Were

estimatedbyusingbenzophenoneasastandard（eT＝7220M．1cm．1）16by

equation6．16

E＝
AOD◎is。

AODstd¢isc．std
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Discussion

PossibilityofDimerfbrmationbyintermolecularhydrogenbondinginthe

groundstate

Compoundl has twoparts ofhydrogenbondingln amOlecule，NH

PrOtOn and carbonyl oxygen・Thus，l canformdimer byintermOlecular

hydrogen bonding・7－Azaindoleand2－hydroxypyridine（2－Pyridone）have

Similar struCture and are wellknown toformhydrogen bonded dimerin

non－POlar soIventand underwentintem01ecularhydrogen atom tranSfもr on

Photoirradiation・11，12ItisreportedthattheabsorptionspectrumOfhydrogen

bondeddimerappearedatlongerwavelengthreg10nthanthatofmonomer；and

theequilibriumconstantsfordimerfbrmationcanbedeterminedbyobservation

Of the spectral change at red edge of the absorption band onits

concentration．11，12

TheresultsofconcentrationdependenceofabsorptionspectrumOf1－5

indicated that hydrogen bonded dimer was not　formed evenin

methylcyclohexane orhexane，Sincethemolarextinction coefncient athigh

COnCentrationwasidenticaltothatatlowconcentration．

Tripletstateproperties

ThequantumyieldofintersystemcrosslngOf1－5wasdeteminedbythe

Observation oftripletenergytransfbrtoβ－CarOtene tO be as highas O．8in

benzene・The high quantumyield ofintersystem crosslng andthelackof

fluorescenceemissionarecausedbythehighspln－Orbitcouplingofcafbonyl

grOup・

The vibrational struCturein phosphorescence spectrum Oflin
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methylcyclohexaneshowedenergydifftrenceof1390cm－l・Ifthetripletstate

hadn7t＊character，thevibrationalstruCtreWith～1700cm・lasslgnedtothe

StretChing mode ofcafbonylgroup would appearedinthephosphorescence

spectrum・1Thisresultindicatesthatthetripletstateoflhas7m＊characteL

Inethanol，thevibrationalstruCturedisappearedandthebroadspectrumWaS

Observed．

Ontheotherhand，5gave similarphosphorescence spectruminboth

methylcyclohexaneandethanoIwiththevibrationalstruCtureOf1430cm－1．

Hydrogenabstractionreactionofaromaticcafbonylcompoundsinthe

tripletexcitedstateiswellknown・1，2　Amongthecompoundsinvestlgatedin

thisstudy，2and4haveaγhydrogenatomforcatbonyloxygen，butaradical

SPeCiesduetotheoccurrenceofhydrogenabstractionwasnotobservedinthe

laserflashphotolysISeXPerimentinbenzene．

Onirradiationwithlaserpulseat308nm，1－5gavefluorescentproducts．

Thus，hydrogenabstractioninthetripletexcitedstatemayoccurralthoughthe

efnciencywasquitelow．

Theseresultsindicatethatthereactivityofhydrogenabstractionreaction

in the tripet excited state of1－5waslessthan that ofbenzophenone or

acetophenone，becausethetripletstateof1－5has7m＊character・

The rate constant ofenergy transferfrom triplet state1－5to the

quencher（Thble3）wasnearlythe difnlSioncontrolledrate constantandthe

resultswereconsistentwiththeestimatedtripletenergleS・

Thequenchingrateconstantoftripletstateof1－5byoxygenwasabout

6xlO9M－ls－l・Thetripletquenchingrateconstantbyenergytransferprocessto

OXygenWaSeStimatedtobe（2－3）xlO9M‾ls－1，Whichwasl／90fthedi軌sion

COntrOlledrateconstant．Theobservedquenchingrateconstantbymolecular
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OXygenSeemedtobelarge，indicatingaroleofchargetransftrinteractioninthe

quenchingprocessof1－4byoxygen．

Thetripletenergyof5wasestimatedtobe59．2kcalmo1－1，andtherefore

energytransfbrtooxygen（gs＝22．5kcalmol‾1）couldoccurbydi飢sion

COntrOlledprocess・However，thequenchingrateconstantof5byoxygenwas

8・4xlO8M－ls－1，WhichwassmallerthanthatoflbyafactoroflO・

SelF・quenChingoftripletstateofl

Thelifbtime oftripletstateoflwas dependent onits concentration・

Theplotoftheinverseoftripletlifbtime（1／TT）versustheconcentrationoflin

benzene gave a straightline・From the slope，the rate constant of

Self・quenChing（ksq）was detemined to bel．6xlO8M－1S－1．When the

COnCentration ofl was O・01M，the tripletlifttime ofl was430ns on

acetopheneonesensitization，Whichisinagreementwiththecalculatedksqvalue・

The tripletlifttime ofl atinfinite dilution（TTO）was calculated丘omthe

interceptoftheplottobelO・1ps・Ontheotherhand，thetripletlifbtimeof2

WaSlO・0匹S，Whichwasindependentofitsconcentrationfrom4・5xl0－4Mto

l・2x10‾3M．Sincetheintrinsictripletlifbtimesofl（TTO＝10．1ps）and2（TTO

＝10・0い・S）werethesame，tripletcharacterofland2wasconsideredtobe

Similar・Inacetonitrile，ksqandTTOfbrlweredeteminedtobel・4xlO8M－ls－1

andlO．Ops，reSPeCtively．

CompoundlcanformhydrogenbondeddimerbetweenNHgroupand

Carbonyloxygen，While2couldnotformdimer．Therefore，theoccurrenceof

Self・quenChinglnl was explainedbytheinterm01ecularhydrogen bonding

interactionbetweentripletstateoflandgroundstateofl・
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Theaboveself・quenChingreactionwouldnotoccurorbesuppressedin

PrOticsoIventsuchasmethanOl・However，theself－quenChingwasobserved

eveninmethanol，andtherateconstantofself－quenChingoflwasestimatedto

bel．6Ⅹ108M‾1S．1（T。＝12．7ps）inmethanol．

The mechanism ofselflquenching ofl canbe explained asfollows・

Theelectronicinteractionswouldbringaboutselflquenchingoflassuggested

forthiones．15Inthenrststepofself－quenChingof3（1）＊bythegroundstateofl，

3（1）＊shouldcomeclosetol（1）toformintermOlecularhydrogenbonding．The

Observedself二quenchingrateconstantswerelowerthanthediffusioncontrolled

rateconstantbyafactorof100．

Thetripletlifbtimeof5was5psbothat5x10－5Mandatlxl0－2Mon

irradiationat308nmand360nm，reSPeCtively，indicatingthatself－quenChing

didnotoccurin5・Consideringdimerformationbyinterm01ecularhydrogen

bonding，theorientationofthehydrogenbondingbetweenhydrogenbonded

donor（D）and accepter（A）wasimportantfor the stability ofthe dimer．

Compound5have aADAarray ofhydrogenbonding・Inthe dimer；D－A

interactionwasHattractiveHandA－AorD－Dinteractionwas“repulsiveM・As

Shownin Figure13，the nu血ber ofarrow ofHattractive”and HrepulsiveM

interactionwas2and4，reSPeCtivelyindicatlngthatHrepulsiveMirueractionwas

dominantinteraction・Therefore，hydrogen bonded dimerformation was

unfavorableinthe5．

The repulsiveforceinlis smaller than thatin5and therefore，the

interactionbyinterm01ecularhydrogenbondingwouldplayanimportantrolein

non－radiativedeactivationofl．
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Conclusiom

PymOles1－5underwentintersystemcrosslngWiththequantumyieldas

high as O．8in benzene．Nofluorescence emission was observed at room

temperature・Fromtheresultsofphosphorescencespectra，thetripletstateof

thesecompoundswasasslgnedto7m＊tripletstate・Inaddition，ltWaSfound

thattripletself－quenChingoccursinland3byintermOlecularhydrogenbonding

betweenNHprotonandcafbonyloxygen・

ConcentrationdependenceofabsorptionspectrumOfthesecompounds

Clearlyshowedthatthehydrogenbondeddimercannotbeformedintheground

state，buthydrogenbondinginteractionbetween3（l）＊andl（l）seemedtoplayan

importantroleinthedeactivationpathwayfromthetripletexcitedstate・
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Tablel・TripletenergleSOf1－5

phHa）　MeCNa）　　MCHb）　EtOHb）

1

2

3

4

5

68．6　　　　69．2

70．2　　　　71．7

69．7　　　68．9

65．9　　　　67．3

68．4　　　　67．6

68．2　　　　　67．3

70．2　　　　　67．3

59．2　　　　59．4

a）estimatedfromquenchingrateconstantofbenzophenonetriplet

b）Calculatedfrom0－0bandofphosphorescencespectra
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Table2．Rateconstantofselflquenchingfor1－4

SoIvent　　　　　　　　1　　　　2　　　　　3　　　　　4

benzene ksq／M・1S・11・6xlO8

て0ルS lO．1　10．0

acetonitrile ksq／M－ls，11・4xlO8

て0ルS lO．0　　　7．7

methanol ksq／M・ls－11・6xl08

で0ルS　12．7　　9．1

methylcyclohexane ksq／M・ls－15・OxlO8

4．3xlO8

3．8　　　　7．7

1．9xlO8

7．7　　　5．9

2．9xlO8

7．1　　　6．7

て0ルS ll．1（－300ns）（－300ns）（～300ns）

Table3．Quenchingrateconstantoftripletexcitedstateof1－5

Quencher 1　　　　　2　　　　　3　　　　　4　　　　　　　5

β－Catrotene

（19．5kcalmol‾1）17

Biacetyl

（56kcalmo1－1）18

1．1xlOlO　　8．9xlO9　　9．8xlO9　　8．3xlO9

8．4xlO9　　8．2xlO9　　8．9xlO9　　7．6xlO9

（38kcalmol・l）18

Oxygen

（22．5kcalmol’1）18

9．9xlO9

5．2xlO9

1．3xlOlO

6．2xlO9　　6．9xlO9　　6．6xlO9　　5．7xlO9 8．4xlOB
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Chapter6

ExcimerorExciplexFormationandEnergyTransfbrofAromatic

CompoundsLinkedbyIntermolecularQuadrupleHydrogenBonding

Abstract

2－Ureid0－4［1H］－Pyrimidinone（UPy）derivatives having pyrenering，

anthracencenng，naPhthalenenng，凡ルdimethylanilinenngandazobenzene

group were preparedand their photochemical behavior wasinvestigated．

Exciplex emission between pyrene nngand NNldimethylaniline nng was

Observedinchloroform，andenergytranSferwasobservedfromnaphthaleneto

anthraceneevenwhentheconcentrationofbothcompoundswasaslowaslx

l0－5M，duetotheformationofhydrogenbondeddimerofUPy・Theseresults

ShowthatonecanCOnStruCtmOlecularaSSembliesexhibitingefncientcharge

tranSfer or energy tranSferinteraction by taking advantage Of quadruPle

interm01ecularhydrogenbonding・
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Introduction

Inrecentyears，theconstruCtionoftheself・OrganizedmolecularSyStem

bylntermOlecularhydrogenbondinghasreceivedmuchattention．l Hydrogen

bondinglSeXPeCtedtobeusefulinconstruCtionofsupramolecularstructure

because ofits association character of directional and selective way・

Practically；themolecularsystemshavlngmultiplehydrogenbondcanbeused

asbuildingblocksforsupramolecularstruCture．2－14Inaddition，itisexpected

thathydrogenbondingcanbeformedandbebrokenbyextemalstimulation

SuCh as temperature，light，PHandso on，Since hydrogenbondinglSWeak

interaction di能rent丘om covalent bond・In this respect，Photoinduced

PrOCeSSeS tO COntrOlthe molecular weight ofthe asserhblies construCted by

hydrogenbondhavereceivedrmchattentiontoapplyforphotolithogrqphy；gel

reagent，memOrydevicesandsoon・8，141nhydrogenbondedpolymersystem，

Photochemicalreactionscancontrolthepolymerizationordepolymelizationof

POlymerbythechangeOfmolecularstruCture・8，14　Thechangeinthechemical

StruCtureOfthematerialscanchangethepropertieslikesolubilityandviscosity⊥8

Inaseriesofthebuildingblocksofselflo唱anizedstruCturebyhydrogen

bonding，thedimerswithdoubleortriplehydrogenbondarewellkn0wnin

DNAbasepalrS・15　Therefbre，numerOuStriplyhydrogenbondedmolecules

have beenprepared andthe associationbehaviorhasbeeninvestigated・2－13

However，theassociationconstantOfusualhydrogenbondedsystemissmall；for

example，the association constant ofadenine－thymine and guanine－CytOSine

dimerisintherangeoflO2tolO3M－landlO4tolO5M－1，reSPeCtivelyln

chloroR椚肌．16，17

Recently，Meber et al．introduced the concept of uslng quadruPle

intem01ecular hydrogen bonding to prepare the reversible supramolecular
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polymers・7　Linear polymers areformed by the self－aSSembly of two

2－ureid0－4［1司－Pyrimidinone（UPy）units，WhichdimerizestronglyinsoIvent

likeCHC13Withthedimerizationconstantashighas＞106M－l・9，11Theyalso

reportedonthephoto－initiatedgenerationofchainstopper．Theviscosityof

SOlution of supramolecular hydrogen bonded polymer decreases by uslng

Photochemicalreaction・8　Becauseofitshighdimerizationconstant，OneCan

use UPygro叩tO COnStruCt SuPramOlecularSyStemS havlngPhotoresponsive

chromophore．18，19

Photoinducedelectrontransfbrreactionhasreceivedmuchattentionnot

Onlyin solution chemistry；but alsoin heterogeneous　SyStemS SuCh as

Photosymthetic reaction centers and solid state photoresponsive materials・20

Forexample，the electrondonorandacceptorbinarymoleculeslinkedbya

non－absotbing spacer such asflexible polymethylene chain orrigid steroid

grouphavebeenextensivelylnVeStlgated・20　Thesesystemsarealsoofgreat

Valuesinthe studiesoftheinteractionbetweentwochromophoresindilute

SOlution to explore thefundamental mechanism of photoinduced electron

tranSfbrorchargetrans氏rreaction．However，theelectrontransfbrreactionin

themacromoleculesconnectednotbycovalentbondsbutbyweakinteraction

SuChasintermOlecularhydrogenbonding21wasscarcelylnVeStlgatedbecause

the dimerization constant WaS nOt enOughin almost allthe cases・High

dimerizationconstantsofUPymakethesemoleculesveryinterestingbuilding

blocks not onlyfor supramolecular chemistry but alsofor photochemical

systems・22

WtwishtoreportherethepreparationoftheUPyderivativeshavlng

electondonororacceptorandenergydonororacceptor，andthephotochemical

reactions ofthese compounds・Wehave revealedthat excimeror exciplex
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formationandsingletenergytranSfbroccurefncientlyindilutesolutionaslow

as10－5Mbyutilizingquadrupleintermolecularhydrogenbonding・

These results show that we can construCt mOlecular assemblies

exhibiting efncient electron transftr；Charge transfbr or energy transfbr

interactionbytakingadvantageofquadrupleinterm01ecularhydrogenbonding

OfUPy．

ー161－



Schemel・GeneraI Scheme mr the Synthesis of Ureidopyrimidinone

DereivativeS

8

Br（CH2）nBr　　一一一一三

86：4・（Azo）OH

8d：9・（Ant）CH20H

8e：1－（Py）CH20H

8f：3－（DMA）OH

Azo＝Azobenzene

Ant＝Anthracene

Py＝Pyrene

DMA＝凡仙DimethylaniHne

Nap＝NaphthaIene

N／H

H2N八NH2

R3－Br

6

人ノLへ
7

飴：R3＝C12日25

触R3＝4・（厄0）OC4H8

6d：R3＝9－（Ant）CH20C4日8

6e：R3＝1－（Py）CH20C4H8

6f：R3＝3・（DMA）OC2H4

6g：R3＝3－（DMA）OC3日6

馳R3＝3－PMA）OC4日8

6i：R3＝3やMA）OC5Hl。

Rl讃一日
4　NH2

R2－N＝C＝0

4a：Rl＝CH3

4b：Rl＝n－C13日27

46‥Rl＝4A彪0）OC5HlO

4d：Rl＝9－（Ant）CH20C5H10

4e：Rl＝1・（Py）CH20C5HlO

4f：Rl＝3－（DMA）OC3日6

4g：Rl＝3－（DMA）OC4日8

4h：Rl＝3－（DMA）OC5HlO

4i：Rl＝3－（DMA）OC6日12
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5

Sb：Rl＝n・C13日27

58：Rl＝4－（ヱ0）OC5HlO

5d：Rl：9－（Ant）CH20C5Hl。

Se：Rl：1－（Py）CH20C5HlO

5f：Rl＝3－（DMA）OC3日6

5g：Rl＝3－（DMA）OC4H8

5h：Rl：3－（DMA）OC5Hl。

Si：Rl＝3・（DMA）OC6日12

R二：
H NH

O＝く

NH

R2

1a：Rl＝CH3．R2＝n－C4日9

1b：Rl＝n－C13H27．R2＝n－C4日9

1C：Rl：4－（Azo）OC5Hl。，R2＝n－C4H9

1d：Rl：9－（Ant）CH20C5Hl。，R2：n－C4日9

1e：Rl＝1－（Py）CH20C5日10．R2＝n－C4日9

2a：Rl＝3－（DMA）OC3H6，R2＝n－C4H9

2b：Rl：3－（DMA）OC4日8．R2＝n－C4日9

2C：Rl＝3－（DMA）OC5Hl。，R2＝n－C4H9

2d：Rl：3－（DMA）OC6H12，R2＝n・C4H9

3aR‥Rl＝n・C13日27

R2＝1－（RHNap）（CH3）CH

3aS‥Rl甲トC13日27

R2＝1－（S）－（Nap）（CH3）CH

3bR：Rl＝9－（Ant）CH20C5Hl。

R2＝1－（R）－（Nap）（CH3）CH

3bS：Rl＝9・（Ant）CH20C5Hl。

R2＝1・（SHNap）（CH3）CH



Scheme　2．　2－Ureid0－4【JH）－Pyrimidinone DerivatiVes and Model

CompoundsInvestigatedinThisStudy
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Results

IHNMRspectroscopy

TheslgnalofNHprotonofalltheUPyderivativesappearedatlO，12

and13ppminlHNMRspectruminchloroform－d・TheasslgnmentOfthe

Slgnalwassummarizedintheexperimentalsection・Thisunusualdownneld

Shi允ofNHprotonslgnalwasduetotheformationofquadruPleintermOlecular

hydrogenbonding・9

ESI－MSspectroscopy

TheresultsofESI－MSspectroscopyofld，le，and2cwereshownin

Figurel・Thesamplesolution，Whichcontainedlmgofld，le，Or2cdissoIved

inlmlofchloroform，WaSdilutedwithmethanolbyafactorof200・Inthe

SPeCtra，thepeaksofmonomer；dimerandtrimerwereobserved．Thedimer

Peakwasthemainpeakforld，le，and2C・Thisresultstronglyindicatesthat

UPyformsdimerbyquadruPleintermOlecularhydrogenbondinglnSOlution・

Absorptionspectrumofla

AbsorptionspectrumOflainchloroformaPPearedatshorterwavelength

than320nm・Figure2Shows the concentration dependence ofabsorption

SPeCtrumOfla・Themolarextinctioncoefncient（e）at280nm－310nm

reglOn decreased withincreaslng Ofthe concentration・This change Of

absorptionspectracorrespondedtothetautomerizationordimerizationofUPy

unit・ll consideringthattheevalueoftheketo－formWaSSmallerthanthatof

the enol－form，this resultindicates that enol－fom WaS Predominant atlow

COnCentrationandthecompositionofketo－fbrmincreasedathighconcentration・

Neitherfluorescence emission nortransient absorption spectrumWaS
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ObservedinchloroformatrOOmtemPeratureOndirectirradiationofla

CyclicVbltammetry

Neitheroxidationpeaknorreductionpeakoflawasnotobservedin

dichloromethane SOlutionin the presence of O・1M tetrabutylammOnium

hexafluorophospateasanelectrolytewithAg／Ag＋electrodeasarefbrence・In

addition，thereductionpotentialof10was－2・2Vvs・Ag／Ag＋andtheoxidation

POtentialof凡ルdimethylaniline and3－dodecyloxy－NNldimethylaniline（12）

waso．41VandO．37Virespectively，VS．Ag／Ag’inacetonitrilesolutioninthe

PreSenCeOfO・lMtetrabutylammOniumperechrolateasaelectrolyte・

Excimerfbrmationofle

leexhibitedexcimeremissionwiththemaximumat485nminaddition

tothenormalemissionaround400nmevenatverylowconcentration（1．Ox10‾5

M）asshowninFigure3a．Thelifbtimeoftheexcimerwasdeteminedtobe

60nsat500nm．Contrarytothisobservation，1－（butoxymethyl）pyrene（11）

（1．OxlO．5M）withoutUPyunit，eXhibitedonlythemonomerfluorescence

（Figure3b）．These results clearlyindicate theimportanCe Of quadruPle

intermOlecularhydrogenbondingfortheformationofpyreneexcimer・

This excimerformationwaspreventedby addition ofla・Figure4

showedthechangeoffluorescencespectrumOfle（1．OxlO．6M）byadditionof

la・Themaximumofpyreneexcimerat485nmdecreasedwithincreaslng

concentrationofla，andtheintensitybecomeJuSthalfasthatintheabsenceof

lawhentheconcentrationofbothlaandlewasl．Ox10－5M．

Figure5showsa3DstruCtureOfleoptimizedbyMDcalculationin

Chem3D．ThedistanCebetweentwopyreneringis33Åwhenthedimertakes
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aextendedconfbrmation．Sincethemethylenespacerwasflexible，thustwo

pyreneringcouldbebroughtsoclosetogetherupto3Åthattheirnotbitals

OVerlapeachother・ThethermOdynamicstudyofexcimerformationofpyrene

ShowedthattheexcimeradoptasandwichstruCture，Withthedistancesbetween

theplanesofthearomaticringsoftheorderof3－4Å・23　Asaresult，1e

exhibitedefncientexcimeremission．

Absorptionandnuorescencespectraofld

TheabsorptionspectrumOfldwasidenticaltothesumofabsorpt10nOf

themodelcompound9－（methoxymethyl）anthracene（10）andlaasshownin

Figure6・Inaddition，fluorescencespectraofldattheconcentrationofl・0Ⅹ

10‾5MwerealmostthesameaslO（Figure7）．FurthermOre，thefluorescence

lifbtimesofldand10werealmostthesameas2．6and2．5ns，reSPeCtively．

ThequantumyieldoffluorescenceemissionwasO・15forbothldandlOin

chloroformunder argon atmosphere at room temperature・These results

showed that UPyunit did not af托ct the excited slnglet state behavior of

anthracenerlng．

TranSientabsorptionspectraofld

TransientabsorptionspectrumOfld（1．0Ⅹ10AM）wasobservedin

chloroformOnirradiation with360nmlaser pulse as shownin Figure8・

Transientabsorptionmaximumappearedat430nmunderargonatmosphere

withthelifetimeoflOP一S，Whichwasasslgnedtothetripletstateofanthracene

ring・ThetransientspectrumWaSVerySlmilartothatoflO，indicatlngthatUPy

unitdidnotquenchthetripletstateofanthracenerlng・
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Exciplexbrmationbetweenland2c

Thefluorescenceintensityoflddecreasedbyadditionof2candthe

Weakfluorescence at550nm asslgned to the exciplex emission between

anthracene group andNNldimethylaniline group was observedas shownin

Figure9・Thelifbtimeoftheexciplexemissionwasdeterminedtobe40nsby

nano－SeCOndlaserphotolysISunderargonatmosphereattheconcentrationof

bothldand2cinl．0Ⅹ10‾5M．

Whenweadded2Casanelectrondonortothesolutionofle（1．OxlO．5

M），thenuorescenceintensitiesofbothmonomerandexcimerofpyreneat400

nmand485nm，reSPeCtively，Weredecreasedandthefluorescencemaximum

Shifted tothelonger wavelength region to give kax＝488nm at the

concentration ofbothleand2c to bel．OxlO．5M．Furtheraddition of2c

Shiftedemissionpeaktokax＝505nminthepresenceof2ctobel．OxlO4M

asshowninFigurelO・ThechangeoffluorescencespectrumCanbeexplained

bytheformationoftheheterodimersbetweenleand2cinsteadofthehomo

dimerofle，Sincethefinalconcentrationof2C（1．OxlOAM）islOtimeshigher

thanthatofle；inthiscaseatleast95％ofleformStheheterodimerwith2C．

Thelifbtimeoftheexciplexemissionwasdeterminedtobe50nsat500mm．

Thechainlengthdependenceontheexciplexbrmationbetweenleand2

Compounds2a，2b，2C，and2d，WerePreParedandthe chainlength

dependenceontheexciplexformationbetweenleand2was studied．The

maximum wavelength ofthe exciplex emission between pyrene rlng and

NNldimethylanilinerlngWaSSlightlydependentonthechainlengthof2and

WaSaPPearedat492，500，502，and501mmfor2a，2b，2C，and2d，reSPeCtively

inthepresenceofleand2atl・Oxl0－5Mandl・Ox10－4M，reSPeCtively・2C
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quenchedfluorescenceofpyrenemonomermoreemcientlythan2a，2band2d

asshowninFigurell．

SoIventefrbctontheexcimerfbrmationofle

Fluorescence spectrum Ofle was strongly dependent on the soIvent

POlarityand hydrogenbQnded character ofthe soIvent．In chloroform，le

exhibited excimer emission with the maximum at485nmin addition to the

normalemissionaround400nmatl・Ox10－5MasshowninFigure12・The

intensityofmonomeremission（397nm）increasedandtheintensityofexcimer

emission（485mm）decreased withincreasingthe ratio of acetonitrilein

Chloroform・Thedependenceofthefluorescenceintensityat397nmand485

nmontheconcentrationofacetonitrilewasplottedinFigure13・

Thequantumyieldoffluorescenceofl－（butoxymethyl）pyrene（11）was

O・3，0・7，andO・7inchloroform，aCetOnitrileandmethanol，reSPeCtively・Thus

theadditionofacetonitrileormethanOltochloroformsolutionwouldresultin

theincreaseoftheintensltyOfmonomeremissionofle．

Thefluorescencespectralchangeonadditionofmethanolinchloroform

isdi飴rent丘omthatonadditionofacetonitrile・Thus，theintensityat485nm

decreasedrapidlybythe additionofmethanolandremainedconstantatthe

COnCentration of5M・Theintenslty at400nmincreased rapidly by the

additionofmethanolupto5MandincreasedwithincreaslngCOnCentrationof

methanolmorethan5MasshowninFigure13・

Theseresultsstronglyindicatethattheformationofhydrogenbonded

dimerbyquadruPleinterm01ecularhydrogenbondingwaspreventedbythe

additionofmethanol．
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The change ofthe exciplex emission betweenle and2C by addition of

acetomitrile

The exciplex emission was observedinthe system of quadruple

intemOlecularhydrogenbondeddimerbetweenleand2C．Figure14shows

thechangeoffluorescencespectrumOfle（1．OxlO．5M）inthepresenceof2C

（1．OxlO4M）bythe additionofacetonitrileinchloroform．Theexciplex

emissionbandat485nmshiftedto490nmandtheintensitydecreasedwith

increaslngtheratioofacetonitri1eupto40％V／V・Theseresultsindicatethat

theexciplexwasstabilizedbytheincreaseofsoIventpolarity・Ontheother

hand，theincreaseofsoIventpolarityincreasetheelectrontransfbrreactionto

PrOducethecationradicalandtheanionradicalanddecreasedtheintensityof

theexciplexemission．

Magneticfielde蝕ctontheexciplexemissionbetweenleand2c

Theintensity ofthe exciplex emission betweenle　and　2cin

Chloroform－aCetOnitrilebinarysolution（acetonitrile40％V／V）increasedbythe

applicationofmagneticneld・Figure15showsthedecaycurveOfexciplex

emissionmonitoredwithO．4T（dashedline）andwithOT（SOlidline）．Since

the emissionintensity corresponds to theintegralofthe decay curve，the

emissionintensitywithO．4TwaslargerthanthatwithOT．

Themagneticnelde飴ctontheexciplexemissionwasnotobservedwhen

thecompositionofacetonitrilewaslessthan30％andmorethan50％・This

meansthattheequilibriumbetweenradicalionsandexciplexwasestablished

OnlyinthesoIventwithca．40％acetonitrilev／vinchlorofbrm．

AbsorptionandnuorescencespectraofUPyhavingnaphthalenerlngliked
●
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bychiralspacer

TheUPyderivativeshavlngnqPhthalenerlnglinkedbychiralspacer，

3aR，3aS，3bR，and3bSwerepreparedandabsorpt10nSPeCtraandfluorescence

SPeCtraWeremeaSured．AbsorptlOnSPeCtrumOf3aRand3aSwassimilarto

thesumof1－methylnaphthaleneandlaasshowninFigure16・Inaddition，

absorptionspectrumOf3bRand3bSwassimilartothesumof3aRor3aSand

9－（methoxymethyl）anthracene（10）asshowninFigure17．

ThefluorescencespectrumOf3bRonexcitationat293nm，Wheremolar

extinction coefncient of naphthalene rlng WaS muChlarger thanthat of

anthracene rlng，WaS Shownin Figure18・The nuorescenceintensity of

naphthalenerlngat340nmwassma11erthanthatofanthracenerlngat415mm・

ThefluorescenceexcitationspectrumOf3bRwassimilartotheabsorption

SPeCtrumindicatingthatintramolecularenergytransfbrformnaPhthalenenngto

anthracenerlngOCCurSWithhighquantumefnciency⊥

Fluorescencespectraofld（1．OxlO‾5M）wereobservedonexcitationat

293nmintheabsenceorinthepresenceof3aR（1．OxlO．5M）．Themolar

extinction coefncient of naphthalene rlng WaS muChlarger thanthat of

anthracenerlngat293nm・Althoughfluorescenceintensityofanthracenenng

increasedbyadditionof3aR，thatofnaphthalenenngdecreasedasshownin

Figure19・These resultsindicate thatintermolecular energy transfbr丘om

naphthalene nng to anthracene rlng OCCurS With the aid offormation of

quadruPlehydrogenbondeddimer．

Theintensityofnuorescenceemission丘omanthraceneringof3bR（5．Ox

10－6M）increasedbytheadditionof3aRasshowninFigure20．Thisresult

alsoindicatesthatintermolecularenergytransferoccursfromnaphthalenerlng

Of3aRtoanthracenerlngOf3bR．
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Itwasinterestingtostudywhethertheemciencyofenergytransfbr丘om

naphthalenerlngtOanthracenerlngWaSdi飴rentinthecompoundswithachiral

substituent．However，fluorescenceandfluorescenceexcitationspectraof3bR

（5．OxlO．6M）inthepresenceof3aR（2．OxlO‾5M）wasidenticalwiththatinthe

presenceof3bS（2．Oxl0－5M）．Inthisexperimentalcondition，80％of3bR

fomSheterodimerwith3aRor3bS．

Absorptionandnuorescencespectraof3aR（5．OxlO‾6M）wereobserved

in methylcyclohexane with decreasing temperature（Figure21）・Broad

fluorescencespectrumWaSObservedat180K，Whilethefluorescenceexcitation

SPeCtraWaSSimilartothatatroomtemperature・Theabsorpt10nSPeCtrumare

broadenedwithdecreaslngtemPerature．

Photoisomerizationandthermalisomerizationoflc

ItiswellknOwnthatazobenzeneundergoestrans－Cisphotoisomerization

andazobenzenederivativesarewidelyusedinphotoresponsivesupramolecular

systems・24，25　we expect that azobenzeneis useful to construCt a

photoresponsivesupramolecularhydrogenbondedpolymeruSedbyUPyunitas

well・Inthisrespect，lc waspreparedandthe effbct ofUPyunitonthe

cis－tranSisomerizationofazobenzenewasstudied．

AbsorptionspectrumOflcinchloroformwasshowninFigure22・The

spectrum Oflc wasthe same as that of4－butoxyazobenzene（9）in the

wavelength regionlongerthan300nm・Onirradiation at366nmlight，

absorptionbandat350nmdecreasedwithconcomitantincreaseofabsofbance

at440nm・ThisspectrumChangeshowedthattrans－tO－Cisphotoisomerization

Oflcoccurredwiththesameefnciencywiththatof9・

Therateconstantsofcis＿tO＿tranSthermalisomerizationoflcincreased
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丘om7．7xl0－6S－lto4．4xl0－5S－landthatof9increasedfrom8．9x10－7S－lto4．6x

l0－6S－linthete叩eraturerangefrom303Kto316K・TheA血eniusplotfor

Cis－tO－tranSisomerizationoflcand9wasshowninFigure23・The丘equency

factorandactivationenergyfortheisomerizationoflcweredeterminedtobe

8・2xlO13S－land26・4kcalmol－】kcalmo1－1，reSPeCtivelylnChloroform・The

valuesfor9Weresimilartothoseoflcandwerel．OxlO12S－1and23．6kcal

mo1－1，reSPeCtively・

These resultsindicate thatleundergoes theisomerizationsimilarto

azobenzene．26

Discussion

ThedimermrmationbyutilizingquadruplehydrogenbondingofUPyin

dilutesolution

UPyunitcanfomhydrogenbondeddimerbyDDAAarrayofhydrogen

bondingwithdimerizationconstantashighas107M－1・9，11Inaddition，the

result of ESI－MS spectroscopy stronglyindicatesfomation of dimer by

intermOlecularquadruPlehydrogenbonding・

Pyreneexcimerwasobservedforleevenatlowconcentrationofl．Ox

l0－5M・HoweveちmOdelcompoundl－（butoxymethyl）pyrene（11）didnot

exhibitexcimeremissionatthisconcentration・ThisresultshowedthatUPy

Canformdimerevenatlowconcentrationaslowas10－5M．

・Astothehetero dimers，Photoinducedelectrontransfbrreactionmay

take place・The oxidation andreductionpotentialofthe compounds were

determined by cyclic voltarrmetry・From these results，AG value of

Photoinduced electrontransferfbrmNNldimethylaniline（DMA）tolO was

estimatedtobe－0．57eV（AG＝Eix－E，ed十軋0；Eo＿0＝3．2eV；whereE。XandEied
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aretheoxidationandreductionpotential，reSPeCtivelyandE0－0istheexcitation

energyforlO）．Thus，thephotoinducedelectrontransftrreactiontoproduce

Ant；andDMAtoccurredinexothemiCanddifnlSioncontrolledprocess・

Theplotoftheobservedfluorescenceintensityvs・theconcentrationof

DMAgavetheStem－Vblmerconstant毎stobe22・8and25・1forldandlO，

respectivelyasshowninFigure24．Byuslngthefluorescencelifbtimeofld

andlOintheabsenceofDMA，thequenchingrateconstantSOftheslnglet

excitedstatesofldandlObyDMA（ち）weredeteminedtobe9．lxlO9M－】S．l

andl・0Ⅹ1010M－1S－1，reSPeCtivelylnChloroform・Theexciplexemissionwas

notobservedwhentheconcentrationofldandDMAwasl．OxlO‾5Mandl．Ox

lOA M，reSPeCtively・However，the exciplex emission was observedin

hydrogenbondeddimerevenattheconcentrationaslowas10－5M．

Excimer emission ofle was quenched by addition ofla，andthe

intensityofexcimeremissionbecamejusthalfasthatinabsenceoflawhenthe

concentrationofbothlaandlewasl．Oxl0－5M．Thisresultindicatedthat

homodimerandheterodimerexistedattheratiooflla－la］：【la－le］：［le－le］＝

1：2：lwhen［la】＝［le】．

Estimationoftheemciencyofintermolecularenergytrans鮎rfrom3aRto

3bR

Theefnciencyofenergytransfbrfrom3aRto3bRwasestimated丘om

thefluorescence spectroscopIC eXPeriments of3bRinthepresence of3aR

（Figure20）．

The concentration ofhomo dimer and hetero dimerin themiXture of

UPy’s was estimated by thefollowlng equation，Where Aand B meanthe
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di飴rentUPyandaandbaretheirconcentrations．

A：B＝α：∂

AA：AB：BB＝a2：2ab：b2 （1）

Thus，theratioofheterodimerandhomodimeratacertainconcentration

Canbecalculatedbyeq・1・Forexample，WhenAandBexistattheratioofl：

1，theratioofAA：AB：BBcanbeestimatedtobel：2：1．

Inthesolutioncontainlngboth3aRand3bR，theconcentrationofhomo

dimerand hetero dimer was calculated as summarizedinTablel．The

fluorescenceintensityofanthraceneringat415nm（he．e，。）onexcitationof

n叩hthalenenngat293nmcanbeestimatedfromthevaluesinThblelbyuslng

eq・2・Themolarextinctioncoefncientofnaphthalenenngat293nmismuch

largerthanthat ofanthracene nng・The concentration of3bR was kept

COnStantat5．Oxl0－6M．Figure24showstheplotforhe．er。VS．［3aR－3bR］to

glVeaStraightline・Thevalueofhet。，。atanyCOnCentrationofheterodimer

（3aR－3bR）Canbecalculated丘omFigure25．Thus，heter。WaSeStimatedtobe

37attheconcentrationof［3aR－3bR］＝5．Ox10．6Monexcitationat293nm．

んet。r。＝んbs－′・2・［3bR－3bR】／5．OxlO‾6

んet。r。

ムbs

（2）

Fluorescenceintensityofanthraceneringat415mmof

heterodimeronexcitationat293nm

Fluorescenceintensityofanthraceneringat415nminthe

PreSenCeOf3aR
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Fluorescenceintensityofanthraceneringat415nminthe

absenceof3aR

［3bR－3bR］Concentrationofhomodimerof3bRinthepresenceof

3aR

EfnciencyofsingletenergytranSferinheterodimerbetween3aRand

3bRwasestimatedbythefollowlngWay．Asdescribedabove，fluorescence

intensity of anthracenering observed on excitation at293　nm atthe

concentrationof5．Oxl0－6Mwasestimatedtobe37，Wheretheabsotbanceof

heterodimerat293nmwasO．058（Figure17）．Thefluorescenceintensityat

415nmandtheabsotbanCeat293nmof3bRintheabsenceof3aRwas24and

O・030，reSPeCtively・IftheenergytranSfbrdidnotoccurfrom3aRto3bR，the

fluorescenceintensityattheconcentrationofl3aR］＝［3bR］＝5．OxlO‾6M仏e．er。

＝37）shouldbethesamewiththatintheabsenceof3aR（lO＝24）．These

resultsindicatetheoccurrenceofenergytransfbrfrom3aRto3bRinhetero

dimer．

Fromtheseresults，theefnciencyofintramolecularenergytranSferfrom

naphthalene nng of3aR toanthracene nng of3bR was estimated to be

i（37／0．058）／（24／0．030）－0．5）x2＝0．6

ThesoIventefrbctondimermrmationofUPy

Theformation ofhydrogen bonded dimer was strongly a飽cted by

soIvent・Actually，the addition ofmethan01brings about the breaking of

hydrogen bondingin the dimer・The quantum yield offluorescence of

1－0utoxymethyl）pyrene（11）wasO．3，0．7，andO．7inchloroform，aCetOnitirile，

and methan01，reSPeCtively・The addition of acetonitrile or methan01to
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ChloroformSOlution alsoincreased the nuorescenceintensity of pyrene

monomeremission．As showninFigure12，leexhibitedexcimeremission

Withthemaximumat485nminadditiontothenormalemissionaround400nm

atl．OxlO‾5Minchloroformandtheintensityofmonomeremission（397mm）

increasedandtheintensity ofexcimer emission（485nm）decreased with

increaslngOftheratioofacetonitrileinchloroform．Ontheotherhand，the

intensityat485nmdecreasedandthatat400nmincreasedrapidlybythe

addition ofmethan01up to5M・These results stronglyindicate thatthe

formationofhydrogenbondeddimerbyquadruPleinterm01ecularhydrogen

bondingwaspreventedbytheadditionofmethanol．

Ifweassumethattheintensityofexcimeremissionwasonlydependent

Ontheconcentrationofthedimerinchloroform－methanolbinarysolution，the

ratioofexcimeremissionintheabsence（瑚andthepresenceU）ofmethanoI

WaSplottedagainsttheconcentrationofmethanOlinchloroformas shownin

Figure26・Theconcentrationdependenceofexcimeremissionintensityntted

thefollowlngequation．
●

丘＝1＋AlMeOH】B
J

A：2．2

B：1．8

（3）

The resultindicates that the2mol of methanoI was expected to

ParticipateinthedissociationoftheintermOlecularhydrogenbondinginthe

dimerbyquadn岬lehydrogenbonding・
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Comclusiom

AbsorptionspectraofUPyderivativeshavlngarOmaticgroupwerequite

SimilartothesumofabsorptionspectrumOflaandthecorrespondingarOmatic

molecule，indicatingthatUPygroupandthearOmaticgroupdidnotinteractin

thegroundstate．FurthermOre，舟omtheresultsofnuoresecenceandtranSient

absorptionspectroscopy；itwasfoundthatenergytranS氏randelectrontranS良r

between UPyand aromatic group could not occur・The efnciency of

Cis－tO－tranSisomerizationofazobenzenewasnota飽ctedbyUPygroup・

Onthebasisoftheresultsofnuorescencestudies，itwasrevealedthat

theelectrontranSferandtheenergytransferemcientlyoccurredbetweenthe

aromatic moleculeslinked byintermolecular quadruPle hydrogen bonding・

Theformation ofhydrogen bonded dimer ofUPywas a飴ctedby soIvent．

Almostallthehydrogenbondeddimerwasdissociatedtothemonomerbythe

additionof5Mofmethan01inchloroform．

Furtherstudiesonthislinebyconnectingappropriatedonorandacceptor

moleculesmayopenthe wayto construCtmaCrOmOleculesformedbyweak

interaction capable toinduce emcient electron tranSfer and energy tranSfer

reactlOn．

Experiment

Measurement

Absorptionand nuorescence spectrawere measured on a Shimadzu

UVl1600and on a HitachiFp4000nuorescence spectrometer，reSPeCtivelyi

FluorescencelifbtimesweredeterminedwithatimeresoIvedspectronuorometer；

HoribaNAESllOO．Thelifbtimesofexciplexandexcimeremissionwerealso

measuredbynano－SeCOndlaserphotolysis on excitation at308nm（Lamda
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PhisikLPX－100）or355nm（SpectraPhysicsGCR－3）．Theoxidationandthe

reductionpotentialsofaromaticringweredeteminedwithacyclicvoltammety

apparatus，BASCV150W OxfbrdCryostatmodelDN－1704andtemperature

COntrOllerITC－4wereusedfbrthelowtemperatureeXPeriment・

LasernashphotolyseswereperformedbyuslngeXCimerlaserpu叩ed

dyelaser（LambdaPhysikLPX－100，308mm，20ns知lmandLambdaPhysik

FL4002，DMQ，360nm，10ns知hm）andapulsedxenonarC（UshioUXL－159）

WaSuSedasamonitoringlightsource．Aphotomultiplier（HamamatsuR－928）

andastorageoscilloscope（IwatsuTS－8123）wereusedforthedetection．

ESI－MSspectroscopywasperformedbyFTIICRMS（BurukerAPEXII

70e）inNationalFoodResearChInstitute（NFRI）．

Synthesis　　′

Ureidopyrimidinone（UPy）derivativesweresynthesizedbythesimi1ar

PrOCedurepreviouslyreportedbyMeberetal．9

Nll（Butylamino）carbonylト6－metIlylisocytoSine（la）．A suspension

Of6－methyl－isocytosine4a（0．025mol）andbutylisocyanate（0．045mol）in

PyridinedriedovermolecularSieves4Awasheatedunderrefluxfor2htoglVe

Clearsolution・Aftercooling，thewhiteprecipitatewaswashedwithacetone・

Recrysta11izationfromethanol／chloroform9：1Vルgavepurela（99％）．lH

NMR（CDC13，200MHz）：80．94（t，3H，J＝7．2Hz），1．2－1．8（m，4H），2．23（S，

3H），3・24（m，2H），5．83（S，lH），10．14（S，lH），11．86（S，lH），13．15（S，1H）ppm．

Nll（Butylamino）carbonyl］－6－tridecylisocytosine（lb）．Asolution of

6－tridecylisocytosine4b（5．4mm01）andbutylisocyanate（9．0mm01）inpyridine

driedovermolecularSieves4Awasheatedunderrefluxfor2h．Aftercooling，

PrOduct was precIPitated by addition of acetone　and was nltrated・
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Recrystallizationfomethanol／chlorofbrm8：2V／vgavepurelb（35％）．lH

NMR（CDC13，200MHz）：80．90－1．0（m，6H），1．2－1．8（m，28H），2．46（t，3H，J＝

7・6Hz），24（m，2H），5．83（S，lH），10．14（S，lH），11．86（S，lH），13．15（S，lH）

ppm・

Nll（Butylamino）carbonylト6－［5－（4－PheAylazophenoxy）pentyl1

－isocytosine（lc）・Asolutionof4C（500mg，1．37mmol）andbutylisocyanate

（0・5mi）inpyridine（10ml）driedovermolecularsieves4Awasheatedunder

refluxfor2h・Aftercooling，PrOductwasprecipitatedbyadditionofacetone

andwasfiltrated・Recrystallizationformethanol／chloroform8：2Vルgavepure

lc（324mg，51％）．lHNMR（CDC13，200MHz）：80．94（t，3H，J＝7．2Hz，

CH3），1・60（m，10H，CH2），3．26（m，2H，CH2），4．05（t，2H，J＝6．0Hz，－CH20－），

5・84（S，1H，isocytosine－H），7．00（m，2H，Ar－H），7．46（m，3H，Ar－H），7．89（m，

4H，Ar－H），10・2（br；1H，NH），11．9（br；lH，NH），13．2（bちlH，NH）ppm．mp

165－1670C．AnalCalcdfor C26H34N603：C，65．25；H，7．16；0，17．56．

Found：C，65．15；H，6．96；0，17．21．

Nll（Butylamino）carbonylト6－【5－（9－anthrylmethoxy）penty）］

－isocytosine（ld）．Asolutionof4d（1．79g，4．62mmol）andbutylisocianate

（1・Oml）inpyridine（10mi）driedovermolecularSieves4Awasheatedunder

refluxfor2h・After cooling，the reactionmixture was extracted by

dichloromethaneandwashedwithwater・ARertheoillayerwasdriedwith

MgSO4，SOIventwasremovedbyevaporation．Onadditionofacetonetothe

residue，theproductwasprecipitatedandwasnltrated・Theprecipitatewas

Puri鮎dbysilica－gelcolumnchromatography（eluent：Chloroform100％）and

thefraction，Whichwaselutedbychloroform，WaSCOllectedandevaporatedto

dryness・Theresiduewasrecrystallized丘omethan01／chloroform8：2V／vgave

pureld（284mg，13％）．】HNMR（CDC1，，400MHz），80．91（3H，t，J＝7．2
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Hz；－CH3），1・2－1．7（10H），2．34（2H，t，J＝7．6Hz；CH2Cfh－Ar），3．21（2H，m；

NHCHi），3・63（2H，t，J＝6．4Hz；ArCH20CHi），5．45（2H，S；ArCfhO），5．73（lH，

S；Ar－H），7・45（2H，m；AトH），7．53（2H，m；Ar－H）7．98（2H，m；Ar－H），8．36（2H，

d，J＝9・2Hz；Ar－H），8．43（lH，S；Ar－H）10．1（1H，S；NH），11．8（lH，S；NH），13．1

（lH，S；NH）ppm．mp144－1450C．ESI－MScalcldforC29H34N403lM＋H］＋＝

487．2709found：487．2714．

Nll（Butylamino）Carbonyl］－6－（5－（1－Pyrenylmethoxy）pentyl1

－isocytosine（le）．Asuspension of5e（1．20g，2．88mmol）and guanidine

Catbonate（0・585g，1．68mm01）inethanOl（10ml）driedovermolecularSieves

4Awasheatedunderrefluxfor12h・Aftercooling，ethanoIwasremovedby

evaporation，furtherdriedinvacuowithrotarypumptogive4e・Asolutionof

4eandbutylisocyanate（1．Oml）inpyridine（10ml）driedovermolecularsieves

4Awasheatedunderrefluxfor2h．ARercooling，thereactionmixturewas

extractedbydichloromethaneandwashedwithwater・Aftertheoillayerwas

dried with MgSO4，SOIvent was removed by ev叩Oration・On addition of

acetonetotheresidue，theproductwasprecipitatedandwasfiltrated．The

PreCipitate was purified by silica－gel colurrm chromatogr叩hy（eluent：

Chloroform100％）and thefraction，Which was eluted by chloroform，WaS

COllectedand evaporated to drymeSS・The product was dissoIvedin hot

Chloroformandcrystallizedinrefrigerator（35％）．lHNMR（CDC13，400MHz），

80・91（3H，t，J＝7．2Hz；－CH3），1．2－1．8（10H），2．36（2H，t，J＝7．6Hz；

CH2CHi－Ar），3．24（2H，m；NHCEh），3．59（2H，t，J＝6．2Hz；ArCH20CHi），

5・19（2H，S；ArC坊0），5．69（lH，S；Ar－H），7．98（4H，m；AriH），8．15（4H，m；

AriH），8・34（lH，d，J＝9．2Hz；AriH），10．1（lH，S；NH），11．7（lH，S；NH），13．1

（lH，S；NH）．mp174－1750C．ESI－MS calcldfor C31H34N403lM＋H］’＝

511．2709fbund：511．2760．

－181－



Nl【（Butylamino）carbonyl1－6－【3－（3「州外dimethylaminophenoxy）pro

－Pyl】isocytosine（2a）．Asuspensionof5f（3．15g，10．8mmOl）andguanidine

Cad）Onate（1．14g，6．38mmol）inethanol（15ml）driedovermolecularSieves

4Awasheatedunderrenuxfor12h・Aftercooling，ethan0lwasremovedby

evaporation，furtherdriedinvacuowithrotarypumptoglVe4f．Then，15mi

Ofpyridineand3mlofbutylisocyanatewereaddedandwasheatedunder

refluxfor4h・ARercooling，50miofwaterwasaddedandtheproductwas

PreCIPltated．The precipltate WaS mtrated and washed with waterand

acetone・ThenitwasdissoIvedinchloroformandpur摘edwithsilica一gel

COlumn chromatography（eluent：Chloroform）．The駐action，Which was

eluted by chloroform，WaS COllectedand the soIvent was removed by

evaporation・Acetonewasaddedtotheresidue，theproductwasprecipitated

andfiltrated．Recrystallization丘omethanolgave2a（780mg，20％）．lH

NMR（CDC13，200MHz）80．94（3H，t，J＝7．0Hz），1．40（2H，m），1．60（2H，

m），2・12（2H，m），2．71（2H，t，J＝7．2Hz），2．93（6H，S，NCH3），3．26（2H，m，

NHCH2），4．02（2H，t，J＝6．0Hz，OCH2），5．89（lH，S），6．20－6．45（3H，m），

7・13（lH，m），10．14（lH，br），11．89（lH，S），13．29（lH，S）．mp133－1340C．

AnalCalcdforC20H29N503：C，62．00；H，7．54；N，18．07．Found：C，61．45；

H，7．69；N，17．60．

Nll（Butylamino）Carbony11－6－［4－（3「州外dimethylaminophenoxy）butyl

】isocytosine（2b）．Asuspension of5g（3．17g，10．3mmol）and guanidine

Cafbonate（1．10g，6．38mmol）inethanol（15ml）driedovermolecularsieves4A

WaS heatedunderrenuxfor4h．After cooling，ethan0lwas removedby

evaporation・AnddriedinvacuowithrotarypumptoglVe4g．Inthisnask，

15miofpyridineand3mlofbutylisocyanatewereaddedandwasheatedunder

refluxfor4h・ARercooling，50mlofwaterwasaddedandtheproductwas
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PreCipitated．TheprecIPitatewas別tratedandwashedwithwaterandacetone．

Thenit was dissoIvedin chloroformand pmified withsilica一gel column

Chromatography（eluent：Chloroform）．The丘action，Which was eluted by

Chloroform，WaS COllectedand the soIvent was removed by evaporation・

Acetonewasaddedtotheresidue，theproductwasprecipitatedandmtrated・

RecrystallizationfromethAnolgave2b（1．21g，29％）．lHNMR（CDC1，，200

MHz）80・94（3H，t，J＝7．0Hz），1．40（2H，m），1．60（2H，m），1．86（4H，m），2．56

（m，2H），2・93（6H，S，NCH3），3．25（2H，m，NHCH2），3．99（m，2H，OCH2），5．86

（lH，S），6・20－6・45（3H，m），7．13（lH，m），10．15（1H，br），11．88（lH，S），13．26

（1H，S）．mp150－1520C．AnalCalcdforC21H31N503：C，62．82；H，7．78；N，

17．44．Found：C，62．74；H，7．97；N，17．22．

Nll（Butylamino）carbonylト6－［5－（3「弼Nldimethylaminophenoxy）pen

－tyl】isocytosine（2C）．Asuspensionof4h（1．09g，3．44mmol）andlmlof

butylisocyanatein15mlofpyridinedriedoveraddedandsoIventrenuxfor4h・

Aftercooling，the reactionmiXture WaS eXtraCted with dichloromethane and

Water・The oillayerwasremovedbyevaporationafterdriedoverMgSO4．

The residue was purified withsilica－gel colurrm chromatography（eluent：

Chloroform）．Recrystallizationfromethanolgavepure2C．lHNMR（CDC13，

400MHz），80．92（3H，t，J＝7．2Hz；－CH3），1．2－2．0（10H），2．48（2H，t，J＝7．6

Hz；CH2CHi－Ar），2．91（6H，S；NCHi），3．24（2H，m；CONHCfhCH2），3．94（2H，t，

J＝6・2Hz；ArO－CH2），5．81（lH，S；Ar－H），6．25（2H，m；Ar－H），6．34（lH，m；

AriH），7・10（lH，m；Ar－H），10．2（lH，S；NH），11．8（lH，S；NH），13．2（lH，S；NH）

PPm．mp121－1220C．ESI－MS calcldfor C22H33N503lM＋H］＋＝416．2661

found：416．2641．AnalCalcdforC22H33N503：C，63．59；H，8．00；N，16．85．

Found：C，63．73；H，8．27；N，16．43．

ル・【（Butylamino）Carbony11－6－［6－（3－NNldimethylaminophenoxy）hexyl
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］isocytosine（2d）・Asuspensionof5i（3．47g，10．3mmOl）andguanidine

Cafbonate（1・15g，6．38mm01）inethanol（15mi）driedovermolecularsieves4A

WaS heatedunderrefluxfor6h・After cooling，ethanoIwas removedby

evaporation，furtherdriedinvacuowithrotarypumptoglVe4h・Then，15ml

Ofpyridineand3mlofbutylisocyanatewereaddedandwasheatedunderreflux

fbr4h・Aftercooling，100mlofwaterwas added andtheproductwas

PreCipitated・Theprecipitatewasfiltratedandwashedwithwaterandacetone．

Thenit was dissoIvedin chlorofom and puriBed withsilica－gel colurrm

Chromatography（eluent：Chloroform）．Thefraction，Which was eluted by

Chloroform，WaS COllectedand the soIvent was removed by evaporation・

Acetonewasaddedtotheresidue，theproductwasprecipitatedandfiltrated・

Recrystallizationfromethanolgave2d（1．65g，37％）．lHNMR（CDC1，，200

MHz）80・94（t，3H，J＝7．0Hz），1．3－1．8（12H，m），2．48（t，2H，J＝7．4Hz），2．93

（S，6H，NCH3），3．26（m，2H，NHCH2），3．95（t，2H，J＝6．0Hz，OCH2），5．83（lH，

S），6・20－6・45（3H，m），7．13（lH，m），10．14（lH，br），11．89（1H，S），13．29（lH，S）．

mplO7－1090C．AnalCalcdforC23H35N503：C，64．31；H，8．21；N，16．30．

Found：C，64．92；H，8．48；N，15．76．

6－Tridecy1－2－（3－（1－（1－naPhtyl）ethyl）ureido）－4lJH］－Pyrimidinone（3a）．

Asuspensionof4b（500mg，1．70mmOl）and1－（1－isocyanatoethyl）naphthalene

（400mg，2・0mm01）indrypyridine（10ml）washeatedunderrefluxfor2h．

Thereactionmixture．wasextractedwithchloroformandwater，thenthesoIvent

WaSremOVedbyevaporationafterdriedoverMgSO4．Theresiduewaspurified

Withsilica－gelcolumnchromatography；andrecrystallization丘omethanolgave

Pure3a（3aR，34％；3aS，80％）．1HNMR（CDC1，，400MHz）d（ppm）0．87（3H，

t，J＝6・4Hz；－CH3），1．15－1．35（20H，m；－CH2－），1．57（2H，m；ArCH2Cfh－），1．71

（3H，d，J＝6・8ppm；CH3C＊－），2．38（2H，t，J＝7．8Hz；ArCH2－），5．80（lH，m；
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C＊H），5・86（lH，S；AトH），7．50（2H，m；Nap），7．54（lH，m；Nap），7．64（1H，d，J

＝7・6Hz；Nap），7・73（1H，d，J＝8．4Hz；Nap），7．85（1H，d，J＝8．0Hz；Nap），

8・18（1H，d，J＝8・8Hz；Nap），10．87（lH，br；NH），12．16（1H，br），13．02（lH，br）．

AnalcalcdforC30H42N402；C73・47，H8・63，Nll・26％；foundC73．27，H8．72，

Nll・26％for3aRandC73．44，H8．84，Nll．16％for3aS．

6－（5－（9－Anthrylmethoxy）pentyl）－2－（3－（1－（1－naPhtyl）ethyl）ureido）

－4［1H］－Pyrimidinone（3b）．Asuspensionof4b（500mg，1．70mm01）and

l－（1－isocyanatoethyl）naphthalene（400mg，2．Orrmol）indrypyridine（10mi）

WaS heated under refluxfor2h．The reactionmixture was extracted with

Chloroformand washed with water，then the soIvent was removed by

evaporationafterdriedoverMgSO4・Theresiduewaspurinedwithsilica－gel

COlurrmchromatogr叩hy；andrecrystallizationfromethanolgavepure3a（3aR，

34％；3aS，80％）・1HNMR（CDCl3，400MHz）8（ppm）1．33（2H，m；－CH2－），

1・48L（2H，m；－CH2－），1・58（2H，m；－CH2－），1．72（3H，d，J＝6．8Hz；CH3C＊），2．28

（2H，t，J＝7・8Hz；ArCH2－），3．58（2H，t，J＝6．4Hz；一CH2－0），5．40（2H，S；

Ar－CH2－0－），5・77（lH，S；Ar－H），5．80（lH，m；C＊H），7．44（4H，m），7．51（3H，m），

7・66（1H，d，J＝6・8Hz），7．71（lH，d，J＝8．0Hz），7．82（lH，d，J＝8．0Hz），7．96

（2H，d，J＝8・4Hz），8．17（lH，d，J＝8．4Hz），8．33（2H，d，J＝8．8Hz），8．41（lH，

S），10・88（1H，br），12・13（1H，br），12．98（lH，br）．

3－0Ⅹ0－heptadecanoic acid ethyl ester（5b）．A THF solution of

ethylacetoacetate（7）（6．5g，0．050mol）wasaddeddropwisetoasuspensionof

SOdiumhydrate（60％，2g，0．055mol）atOOCundernitrogenatmosphere．The

SOlutioncolortumedtoyellow・ARer15mln，1・6Mn－butyllithiuminhexane

（33mi；0・050mol）wasaddedtothereactionmixturewithsyringe，andstirred

for15min・Thesolutioncolorchangedfromyellowtodarkorange・Then，

dodecylboromide（27．6g，0．11mol）wasaddedtothereactionmixturewith
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Symnge，andwarmed to roomtemperaturefor30min．Whenthe reaction

mixturewaspouredintoacidifiedice－Water（2miofconc．HCl，and200miof

ice－Water），thecolorofthereactionmiXtureChangedfromorangetOyellow

ThemiXtureWaSeXtraCtedwithdiethyletherandwaswashedwithwater・The

SOIventwasremovedbyevaporationtogivetheproduct5b（12g，84％）．

3－0Ⅹ0－8－（4－Phenylazophenoxy）octanoicacidethylester（5C）．ATHF

SOlution of ethylacetoacetate（7）（0．010mol）was added dropwise to a

SuSPenSionofsodiumhydrate（0．011mol）atOOCundernitrogenatmosphere．

Thesolutioncolortumedtoyellow After15min，1．6Mn－butyllithiumin

hexane（0．010mol）wasaddedtothereactionmixturewithsyringe，andstirred

for15min，thesolutioncolorchanged丘omyellowtoda止orange．Then，6C

（0．011mol）wasaddedtothereactionmixturewithsyringe，andwarmedto

roomtemperatureandstirredfor2h．Thereactionmixturewaspouredinto

acidifiedice－Water（2mlofconc．HCl，and200mlofice－Water）．Thecolorof

the reactionmiⅩture Changed仕om orange to yellow．ThemiXture WaS

extractedwithdiethyletherandwaswashedwithwater．AfterthesoIventwas

removed，theresiduewaspurifiedbysilica－gelcolumnchromatogrqphy（eluent：

ethylacetete／hexane＝1／11）togive5C（78％）．lHNMR（CDC1，，200MHz）8

1．28（t，3H，J＝7．2Hz，CHiCH20－），1．60（m，4H），2．60（t，2H，J＝7．4Hz），3．44

（S，2H），4．04（t，2H．J＝6．4Hz），4．22（q，2H，J＝7．2Hz），6．99（m，2H，

aromatic－H），7．49（m，3H，arOmatic－H），7．89（m，4H，arOmatic－H）ppm・

3－0Ⅹ0－8－（9－anthrylmethoxy－OCtanOic acid ethylester（5d）ATHF

SOlutionofethylacetoacetate（7）（1．95g，15mm01）wasaddeddropwisefo15

mintoasuspensionofsodiumhydrate（15．5mm01）in30mlofdryTHFatOOC

undernitrogenatomosphere．Thesolutioncolortumedtoyellow．ARer15

mln，12mlofl．6Mn－butyllithiuminhexaneWaSaddedtothereactionmixture
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WithSymngeandwasstirredfor15min・Thesolutioncolorchangedfrom

yellowtodafkorange．Then，6d（5．00g，14．6rrmol）wasaddedtothereaction

miXturewithsymnge，andwamedtoroomtemperatureandstirredfor2h・The

reactionmixturewaspouredintoacidinedice－Water（lmlofconc．HCl，and

lOOmlofice－Water）．ThecolorofthereactionmixtureChanged丘omorange

toyellow ThemixtureWaSeXtraCtedwithdiethyletherandwaswashedwith

Water・ARerthesoIventwasremoved，theresiduewaspurinedbysilica－gel

COlurrmchromatography（eluent：ethylacetete／hexane＝1／5）togive5d（2．79g，

49％）．1HNMR（200MHz，CDCl，）81．28（t，3H，J＝7．2Hz），1．3－1．7（6H），

2・45（t，2H，J＝7・2Hz），3．36（S，2H），3．65（t，2H，J＝7．2Hz）、4．16（q，2H，7．2

Hz），5・45（S，2H），7．3－7．6（4H），8．0（2H），8．3－8．5（3H）．

3－0Ⅹ0－8－（1－Pyrenylmethoxy－OCtanOic acid ethylester（5e）ATHF

SOlutionofethylacetoacetate（7）（2．01g，15．5rrmol）wasaddeddropwisefo15

mintoasuspensionofsodiumhydrate（0．618g，60％）in5mlofdryTHFat

OOCundernitrogenatmosphere・Thesolutioncolortumedtoyellow After

15mln，6・3mlof2・47Mn－butyllithiuminhexanewasaddedtothereaction

mixturewithsyrlngeandwasstirredfor15min・Thesolutioncolorchanged

丘omyellowtodarkorange．Then，6e（2．27g，6．18rrmol）inlOmlofTHF

WaSaddedtothereactionmixturewithsymngeandwarmedtoroomte叩erature

andstirredfor2h．Thereactionmixturewaspouredintoacidinedice－Water（1

miofconc・HCl，and150mlofice－Water）．Thecolorofthereactionmixture

Changedfromorangetoyellow・ThemixtureWaSeXtraCtedwithdiethylether

and was washed with water．After the soIvent removed，the residue was

Purifiedbysilica一gelcolumnchromatography（eluent：ethylacetete／hexane＝

1／5）togive5d（1．21g，47％）．lHNMR（CDCl3，200MHz）81．2－1．9（9H），

2・46（2H，t，J＝7．2Hz；COCHiCH2），3．34（2H，S；COCH2CO），3．60（2H，t，J＝
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6・3Hz；ArCH20CHi），4．16（2H，q，J　＝7．0Hz；C0－0－CH2），5．20（2H，S；

ArCH20），7．8－8．5（9H）ppm．

6－（3「郡外I）imethylamino－Phenoxy）－3－0Ⅹ0－hexanoic acid ethylester

（5f），5g，5h，and5i ATHFsolutionofethylacetoacetate（7）（5．27g，40．5

mmol）in5mlofTHFwasaddeddropwisefor15mintoasuspensionof

SOdiumhydrate（1・62g，60％）in5miofdryTHFatOOCundernitrogen

atmosphere・Thesolutioncolortumedtoyellow・ARer15min，16．5mlof

2・46Mn－butyllithiuminhexaneWaSaddedtothereactionmiXturewithsyringe

andwasstirredfor15min・Thesolutioncolorchangedfromyellowtodark

Orange・Then，6f（3．94g，13．4mm01）inlOmlofTHFwasaddedtothe

reactionmixturewithsyrlnge，andwarmedtoroomtemperatureandwasstirred

for2h・ThereactionmiXtureWaSPOuredintoacidifiedice－Water（lmiofconc．

HCl，and150mlofice－Water）．ThecolorofthereactionmiXtureChangedfrom

OrangetOyellow Themixturewasextractedwithdiethyletherandwashwith

Water・Alterthesolventwasremoved，theresiduewaspurifiedbysilica一gel

COlumnchromatography（eluent：ethylacetete／hexane＝1／5）togive5f（3．16g，

56％）・lHNMR（CDC13，200MHz）81．26（3日，t，J＝7．2Hz），2．12（2H，t，J＝

7・0Hz；CH20），2・93（6H，S；NCH3），3．47（2H，S；COCH2CO），3．98（2H，t，J＝

6・0Hz；OCH2），4・19（2H，q，J＝7．2Hz），6．05－6．20（3H，m），7．13（lH，m）．5g

（43％）・lHNMR（CDC13，200MHz）81．27（3H，t，J＝7．2Hz），2．12（2H，m），

2・7（2H，t，J＝7・0Hz；CH20），2．93（6H，S；NCH3），3．44（2H，S；COCH2CO），

3・95（2H，t，J＝6・0Hz；OCH2），4．19（2H，q，J＝7．2Hz），6．20－6．40／（3H，m），

7・13（lH，m）・5h（56％）．lHNMR（CDC1，，200MHz）81．28（3H，t，J＝7．0

Hz），l・4－1・9（6H，m），2．58（2H，t，J＝7．2Hz），2．93（6H，S；NCH3），3．43（2H，S），

3・95（2H，t，J＝6・3Hz），4．20（2H，q，J＝7．0Hz），6．26（3H，m），7．13（lH，m）

PPm・5i（58％）．lHNMR（CDC1，，200MHz）81．26（3H，t，J＝7．2Hz），2．12
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（2H，m），1・4－1．8（8H），2．55（2H，t，J＝7．2Hz；CH20），2．93（6H，S；NCH3），3．94

（2H，m；OCH2），4．19（2H，q，J＝7．2Hz），6．20－6．40（3H，m），7．13（lH，m）．

4－（4－Bromobutoxy）azobenzene（6C）．　A solution of　4－hydroxy－

azobenzene（8C）（25mmol）andl，4－dibromobutane（50mmol）in2－butanone

（75ml）washeatedunderrefluxinthepresenceofpotassiumcafbonate（50

mm01）for2・5h．The reactionmixture was nltratedto removepotassium

Carbonateand the soIvent was reduced by evaporation・Themixture was

extractedwithdiethyletherandwashedwithwater，andsoIventwasevaporated・

The residue was separated by silica一gel colurrm chromatography（eluent

hexane／ethylacetate＝5／1）andrecrystallizationfromhexanegaVe6C（4．2g，50％）．

lHNMR（CDC1，，200MHz）82．03（m，4H），3．51（t，2H，J＝6．4Hz），4．09（t，2H，

J＝5・6Hz），7．02（m，2H，arOmatic－H），7．49（m，3H，arOmatic－H），7．90（m，4H，

arOmatic－H）ppm．

9－（4－BromobutoxymethyI）anthracene（6d）．AsolutionoflO．O gof

8d（4・8mmol）and20．7gofl，4－dibromobutane（9．6mm01）inTHF（200mi）

WaS heatedunderrefluxinthe presence ofNaH（60％，2．0g）for6h．The

reactionmixturewaspouredintoice－Wateちandwasextractedwithdiethylether

andwaswashedwithwater・ThesoIventwasevaporatedandtheresiduewas

SeParatedbysilica一gelcolurrmchromatography（eluenthexane／ethylacetate＝

11／1）togive6d（4．1g，25％）．lHNMR（CDC1，，200MHz）81．6－2．0（4H），3．33

（t，2H，J＝6・5Hz），3．65（t，2H，J＝6．0Hz），5．43（S，2H），7．3－7．6（4H），8．0（m．

2H），8．3－8．5（3H）ppm．
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Tablel・Concentrationsofhomodimer（3bR－3bR）andheterodimer

（3aR－3bR）inthebinarysolutionof3aRand3bRandfluorescence

intensityat415nmonexcitationat293nm（んbs）andfluorescence

intensityderivedfromheterodimer（んeter。）
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