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ElectroluminescenceDevices
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Abstract:Aconvenientmethodofsynthesizing61ary 1-and6-styryl141methylsulfany1-2-oxo12H-

pyranderivativesthroughthereactionsofvariousactivemethylenecompoundswithketene

dithioacetalsandinvestlgationofthefluorescenceoftheproductsinthesolidstatearedescribed.

Thestructure-activityrelationshipsofvarious21PyrOnederivativesandtheeffectsofdifferentaryl

andstyrylsubstituentsonthearylgroupwereclarified.Materialswhicharestronglyfluorescentin

theprimarycolors(red,green,andblue)arethemostimportantmaterialsinthefieldoforganic

electroluminescence(EL).The2-pyronederivativessynthesizedinthisworkemittedlightat447-

620nminthesolidstate.
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1.INTRODUCTION

Thecontinuationofscientificprogressmeans

thatnewmaterialsareconstantlybeingdeveloped.

However,thiscansometimesresultinharmtothe

environment.Thedevelopmentofmaterialswhose

useresultsinareductioninenergyconsumptionhas

becomeincreaslnglyurgentinrecentyears･1)The

useoffluorescentmaterialsinorganicsynthesiscan

resultinareductioninpowerconsumptionand

henceisaneffectivewayofreducingenviron-

mentalload･Fluorescentcompoundshavebeen

applied in various types of high-sensitivity

analysis･2) Effective utilization ofresourcesin

analysismayresultinareductioninthequantityof

wastematerialproduced,whichhasaneffectnot

onlyontheenvironmentbutalsoineconomicterms,

contributingtothebuildingofasustainablesociety.

The development of environmentally friendly

materialsandtechnologleSisurgentifweareto

avoidcontributingtothedeteriorationoftheglobal

environment.
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Organic electroluminescent (EL) materials

whichshow nuorescenceinthesolidstatehave

recentlybeenthesubjectofattention.3)Possible

applicationsfわrthesematerialsincludereplacement

ofliquid crystaldisplays, which arecurrently

widelyused･4)Fluorescentdyesarecurrentlyof

interestfわrvariousapplications,suchasemi仕ers

forelectroluminescencedevicesincopy-prevention

technologleS,materialsfわrcollectingsolarenergy,

fluorescentfilmsforgreenhouses,andfluorescent

c.1.rants f.r use in various flelds.2,5)

Heteroaromaticcompoundshavebeeninvestigated

because various fluorescentplgmentS may be

designedbasedonthesematerials･6)Itispossible

that the use of heterocycles will reduce

environ一mentalloadbyreplaclngthecorresponding

inorganicluminescentmaterials, manyofwhich

containtracemetals;inaddition,heterocyclesare

relativelyeasytodisposeof ･6, 7,8)

WepreviouslylnVeStigatedchemiluminescence

reagents based on luminol, which allowed

high-Sensitivlty analystsOfenzymesand active

oxygen･7)Thatstudywasthestartofourresearch

intofluorescentorganiccompounds.Sincethen,We

havesynthesizedmany heterocycliccompounds
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uslngketenedithioacetals,9)someofwhichshowed

fluorescence.Oneofthese,a21PyrOnederivative

whosesynthesiswasfirstreportedin1976,showed

strong fluorescence in the solid state･10, ll)

Coumarins, whicharebenzopyranderivativesin

whichabenzenerlngisfusedwithapyronemoiety,

are known to show strong fluorescence in

solution･12)chemicalcompounds which show

fluorescencearegenerallypolycyclicaromaticand

multiaryl-substituted compounds;13)thus, itWas

predictedthatfluorescencewouldbeobservedin

ary12HIPyran-2-Onederivativessuchas6-pheny1-

41methylsulfanyl-2H-pyran-2-ones(Figure1).

dr.

恥 ｡O債｡
Figure1

Severa14H-pyrone derivativeshavealready

beenshowntohaveinterestlngELproperties･14)

Thissuggestedtousthat2-pyronesmayshow∫,ed

EL, whichhasthusfarprovedverydifficultto

harness.First,weinvestigated6-aryl-and6-Styryl1

2H-pyran-210neS,Whichshowfluorescenceinthe

solidstateandhavebeenthesubjectofattentionas

potentialELsources.PyronesandRlSedpyronesare

importantinthedesignofluminescentmaterialsfわr

organiclight-emittingdiodes(OLED).Ⅰnparticular,

2-pyronescontalnlnganarylgroupatthe6-position

havepotentialforuseinoptoelectronicdevices

such as displays, and continue to attract

considerableinterestinbothsyntheticandmaterials

chemistry･2)Komatsu etallreported thatthe

presenceofaphenylgroupatposition6in3,4,6-

triphenyl12-pyronesisimportantforfluorescence

(Figure2).15)

In orderto elucidate the structure-activity

relationship of2-pyronescontainlng functiorLal

groupsatvariouspositions, wesynthesizedand

compared these compounds, which have been

reportedtoshowfluorescenceinthesolidstateand

haveattractedattentionaspotentialELsources.

DCM Komatsu'sCompound

Figure2

In 1976, it was reported that 2-pyrone

derivativesmightbeeasilyobtainedviathereaction

ofketenedithioacetalswithactivemethyleneor

methyl compounds in the presence of an

appropriate base･11) However, at that time,

fluorescencewasnotamongtheobservedchemical

and physical properties of these pyrone

derivatives.16)

2.SYNTHESISOF21PYRONES

Theusefulnessofketenedithioacetalderiva-

tivesinthesynthesisofheterocycliccompounds

hasalreadybeenreportedbytheauthor,whohas

hithertodemonstratedmany examples･9) Typical

ketenedithioacetalsusedfわrthispurposeareshown

inFigure3.

･g:MMeeSsF A T3t

lh:"MeeSs*
SMe

ld:MM"eeessS表INi Meli: 吃音 sMe

le:"MeeSs六 ;N" .j: Bi esMe

･a:"MeeSsR ::.Me

lb:"MeeSs< ::::

･C:"es肖…βMeS

･f:M"ee純 .k:

Me

OMe

Br

Figure3

1nthisstudy,lnOrdertoelucidatestructure-

activityrelationshipsfわrallsubstituentsofthe

prepared2-pyronederivatives,andtoclarify the

effectsofarylgroupswithvarioussubstituentsat
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Position6,manymorecompoundswererequired

comparedtothepreviousstudy.Therefore,many

new21PyrOnederivativesweresynthesized,andthe

methodofsynthesiswasalsoslightlylmprOVed.

A convenientmethod ofproduclng 6-ary1-4-

methylsulfany1-2-oxo-2HIPyran131Carbonitriles

(Sa乱-ap)Vfα thereaction ofvariousmethy1-

ketones(2aa-ap)with ketenedithioacetalla

(methy12-cyanol3,31bis(methylsulfanyl)acrylate)

hasbeen reported･17b)These reactions occur

smoothlyinDMSOinthepresenceofpotassium

hydroxideasabase.

However,inthiscasethereactionwascarried

outinthepresenceofsodium hydroxiderather

thanpotassium hydroxidetoobtainaslightly

betteryield.Thereactionof2aiwithlagavethe

desired product 6-(4-dimethylaminophenyl)-4-

methylsulfanyll2-oxo12H-pyran-3-carbonitrile(3ai)

in43% yield･18a)Ⅰnamannersimilar,heteroaryl

acetylcompounds2ba-bgwerereactedwithlato

glVe6-heteroary1-2-oxo12H-pyran-3-carbonitriles

3ba-bginyieldsof23-84% (seeSchemeland

2).17b719)

Scheme1

CN

"es# C..MeMeS

la

○

十 R人 ｡H｡

2aa-ap

NaOHorKOH

inDMSO R透.cN
3aa-ap

R Yie1d(%) R Yield(%)

3aa:C6H5 61(48) 3ai:C6H4-NMe2(4)43
ab:C6H4-OMe(2) 58 aj:C6H4-Br(4) (42)
ac:C6H4-OMe(3) 64(35) ak:C6H4-C1(2) 65
ad:C6H4-OMe(4) 58 al:C6H4-Cl(4) (42)
ae:C6H3-(OMe)2(2,4) 33 am:C6H4-Ph(4) 88
af:C6H3-(OMe)2(2,5) 27 an:C6H41CN(4) 66
ag:C6H3-(OMe)2(3,4) (40) aO:1-naphthy1 58
ah:C6H21(OMe)3(3,4,5)56 ap:21naPhthy1 75

Benzalacetonederivatives2ca-cralsoreacted

withlatoglVethecorresponding6-styry1-2-oXo-

2HIPyran-3-carbonitriles3ca-cf in 26 I 45%

yield･17,18a)The structuresofthese 2-pyrone

derivativesresemblethatofDCM:(4-(dicyan0-

methylene)-2一methyll6-(4-N,N-dimethylaminosty-

ryl)14HIPyran),WhichisaninterestingorganicEL

compound.

Scheme2

la +

NaOHorK_OH

O

He柳 /人 cH3

2ba-bh

SMe

inDMSO Heteroaryl底

CN

3ba-bh

R Yield(%) R Yield(%)

3ba:2-pyridyl (23) 3be:2-benzothieny1 84
bb:3-pyridyl (58) bf:2-fury1 30
bc:4-pyridy1 50 bg=2-fury1-Me(5) (44)
bd:2-thieny1 68(44)

Thissuggestedthat2月 ｣pyransmightalso

showusefulELandthattheresultingfluorescence

mightbered(oneofthemostimportantproperties

inthefieldofEL).Infact,61(4-N,N-disubstituted

styryl)-2-oxo12HIPyran-3lCarbonitriles3cd-cfdid
show red fluorescence in dichloromethane

solution.The acetylcompounds41(N,N-disub-

stitutedaminophenyl)but-3-en-2-ones(2cd-cf)also
reacted with la in amannersimilarto that

describedfわrthepreparation ofSa乱,andthe

corresponding 6-[2-(4-N,N-disubstituted amino-

phenyl)vinyl]14-methylsulfany1-2-oxo-2H-pyran-3I

carbonitriles3ca-cfwereobtainedin32,26,and

29%yield,respectively(see Scheme3).18a)

In contrast, 41methylsulfany1-61Phenyl1210XO-

2HIPyran-51Carbonitrile(3d),whichisacyan0-

grouppositionalisomerof3aa,wasobtainedvia

thereactionofbenzoylacetonitrile(4a)Withlain

thepresenceofsodium hydroxidein DMSO.

However, theyieldwasvery low (12%)(see

scheme4).16)
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Scheme3
0

･a･Rが cH32ca-cr
NaOH

1nDMSO

SMe

Sea-cr

R Yleld(%) R Yleld(%)

3caR-H (35) 3cdR-NMe2 32

cb･R-Cl (43) ceR-NEt2 26
cc良-OMe (45) CrR-NPh2 29

Scheme4

･a ･ * cN

SMe

NaOH

DMSO

Weexpectedmethy161ary1-2-oxo-2H-pyran-

3-carboxylates(3e)and3-sulfonyl1210XO12H-

pyranderivatives(3h)toshowgoodfluorescence

properties.6-Ary1-2-oxo-2HIPyran-3-carboxylaせes

Sea-em wereobtainedbyreactionoflbwith

acetophenones2aa,aJ,ad,ag,ah,bb,ba,bh,bd,

bf,cc,cglnamannerSimilartothesynthesisof

61aryl14-methylsulfanyl-2HIPyran1210neS(3ea- I

em)(seescheme5).17,20)

Scheme5
SMe

0

･b IRA Me

2

NaOH
E

inDMSO R底
Sea-em

COOMe

R Yield(%) R

3eaC6H5 32 3eg-3-Pyrldyl

ebC6H4-Br(4) 59 el12-pyrldyl

ec'C6H4-OMe(4) 39 ei1-methylpyrrol12-yl

edC6H310Me2(3,4) 23 ej.2-thienyl

ee:C6H3-0 -CH2-0(3,4)37 ek2-furyl

狗叫

34

48

7

42

2

Yi

efC6H2-(OMe)3(3,4,5)41 el:CH-CH-C6H4-OMe(4)15

em.CH-CH-C6H3-0-CH2-0-(3,4)17

Wealsoattemptedtosynthesize2〃-pyran-2-

0nederivativesuslngα-0XOketenedithioacetals,

whichhavebeenshownbyJunJaPPaetal.tolbe

Versatilesynthonsfわrheterocycliccompounds･91)

α10xoketene dithioacetals lf-h react with

dimethylmalonate(4b)inTHFinthepresenceof

sodiumhydridetoglVe6-aryl141methylsulfany1-

2-oxo-2H-pyran-3lCarboxylic acid (3fa-hc)in

yieldsof26-44%･17)Theseproductsarefわrmed

bydisplacementofamethylsulfanylgrouponthe

ketenedithioacetal,followedbycyclizationand

saponificationwhenthereactionmixtureistaken

upinwater(seeScheme6).20)

Scheme6

"MeeSs* R

NaH

lnTHF

[=コ

+ CHZ(COOMe)2

4b

SMe

3fa-fc

R Yleld(%)

3fa:C6日5 34

rbC6H4-OMe(4) 26
fcC6H5 44

Thesynthesisofsulfonylcompoundswas

carriedoutviathereactionofsulfonylketene

dithioacetalslc,dwith2. Compoundldwas
allowedtoreactwith2aa in DMSO inthe

presence ofsodium hydroxide, followed by

treatmentwithhydrochloricacidtoglVethe

desired3-phenylsul丘)ny1-2-oxo-2〃-pyran(3ha)

in61% yield.Theothersulfbnylcompounds

(3hb-hd)weresynthesizedviathereactionoflc

andldwith2aaandユabunderthesamereaction

conditions(seeScheme7).16)

Scheme7

･C,d+RAMe 慧R庶kR

2 3ga-gd

R

3ga:C6H5

gbC6H4-OMe(4)

gc●C6H5

gd.C6H4-OMe(4)

良

H

H

Me

Me

Yield(%)

61(48)

58

64(35)

58

Theα-oXoketenedithioacetal, 3,3-bis(methyl-

sulfanyl)-1-pyrid-2-yl-2-Propenone(lk),isalsoa

- 10-
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veryinterestlngSynthonandisusedfわrsynthesisof

heterocyclesbearlng a2-pyridylgroup･21)The

reactionoflkwitharylacetonitriles5a-Cinthe

presenceofpowderedsodiumhydroxideinDMSO,

followedbytreatmentwithhydrochloricacid,gives

thecorresponding31ary14methylsulfany1-6-pyrid1

2-y1-2-oxol2H-pyrans(7a-C)inpracticalyields.

These21PyrOnederivativesshow strongfluoresI

cenceinthesolidstate(seeScheme8).19)

Scheme8

0 SMe

s M e I NC/＼憶≡…
lk 5a:Rl-R2-日 5a-c

b二Rl-H,R2-oMe

c.R1-oMe,R2-oMe

7a-C

NaOH

R2

R1 7aRl-R2-H

O b･Rl-H,R2-oMe

c･R1-oMe,R2-oMe

Anotherseriesofcompoundswhichareof

considerable chemical and pharmacologlCal

importance arefused 21PyrOneS.Tn particular,

benzofused 21PyrOneS, Well-known coumarin

derivativeswhicharewidelydistributedinnature,

havebeenthesubjectofextensivereviews.22)

Cyclicactivemethylenecompoundsalsoreact

smoothlywithketenedithioacetalsinthepresence

ofthe appropriate base and solvent･Ketene

dithioacetal la reacts with 8a to glVe the

correspondingRlSed2-pyrone9ainpooryield･23)

Thereaction ofcyclohexanone8awith lein

DMSO inthepresenceofpotassium hydroxide

glVeSthecorrespondingfused21PyrOnederivative

9b in20% yield.ll) whendimedone(8b)is

allowedtoreactwithla,thedisplacementproduct

(10)ofthemethylsulfanylgrouponlaisobtained

in good yield.Treatmentof10 underacidic

conditions affordsthe corresponding 21PyrOne

derivatives9c and 9d.In a similarmanner,

Compounds9C,9f,and9jareobtainedfrom the

Corresponding activemethylenecompounds(1-

tetralone,2-tetralone, 1,3-indandione)andketene

dithioacetalla(SeeScheme9).11フ24)

Scheme9

KOH
+ 1d,e >

lnDMSO

Bo･.d,e

≡~ =

9C･良-H
d良-CN

O

9e

KOH

1nDMSO

i

a .R
9a,b

9a･良-H
b 氏 -CN

B S ;CRN
10C,d

IO仁 R-H
d R-CN

O o sMe

9f 9g

Ketenedithioacetallbreactswithresorcinol

(10)inthepresenceofsodiumhydrideinTHFto

glVe 4-methylsulfany1-71hydroxycoumarin-3lCar-

bonitrile(12a)in80%yield.25)Themethylsulfanyl

groupatthe4-positiononthepyranrlngishighly

reactivetowardnucleophilessuchasaminesand

activemethylenecompounds,glVlngthecorres-

ponding 4-substituted coumarin derivatives in

satisfactoryyields･25)

Thereactionofli,jwithmethylcyanoacetate

(4b)inTHFthepresenceofsodiumhydridegives

thecorrespondingdisplacementproducts13b,cin

good yields･2627)Compounds13b, Carealso

preparedbythereactionofoxindoleslla,bwith

la.Whenthesecompounds(13b,C)areheatedat

200oC, cyclized pyrano[2,3-坤ndole derivatives

12b,careobtainedingoodyields･Similarly,fused

2-pyronederivativeslュdandearepreparedbythis

method･27)JunJaPPaelal･havealsoreporteda

similarreactionwhichgivespyrano[2,3-C]pyrazole

derivatives(12f).28)Thesefused2-Pyronederi-

vativesmayalsobesynthesizedbythereactionof

ketenedithioacetalswiththecorrespondingactive
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methyleneheterocycliccompoundsinthepresence

ofabase.Thereactionof1-acetylindoxylwithla

inthepresenceofsodium hydrideinTHFundLer

renuxconditionsproceedssmoothlytoyieldthe

correspondingdisplacementproduct(lsd),which

convertstopyranol3,2-b]indole(12d)underheati]ng

at200oC･29)Inasimilarmanner,Compoundslュe

and g were synthesized by reaction ofthe

correspondingheterocycliccompoundswithlain

goodyields(seeScheme10).29,30)Kakehietal.

have also reported thatthe reaction of3,3-

bis(methylsulfanyl)methylene-2,3-dihydroindolizin-

2-0neswith active methylcompoundsin the

presenceoftriethylamineunderrefluxafforded41

alkylsulfanyl131CyanO -2HIPyranOl2,31d]indolizin-2l
onederivatives.31)

Scheme10

H｡瓜｡H+.a

10

Cp｡+.aR
lla,b

≠三li,g

NaH

refurax
[:コ

inTHF

NaOMe

H｡Ad.cN
12a

* .C"

12b,C

､十SMe

sMe警d cc.".MeR
13b,C

Ph

12f

･ ●-.●

Some 6laryl-and 6-styryl-2H-pyrones are

knowninthefわrm ofnaturalproducts,including

phenylcoumalin (15a),32)paracotoin (15C),33)4-

methoxyphenylcoumalin (17a),33b)methoxypara-

cotoin(17d),32a)andanibine.33b)Thedeesterified

products 14a-C (6-ary1-4-methy1-sulfanyl12H-

pyran-2-ones)areeasilypreparedbytreatmentof

Sea,ec,andegwithpolyphosphoricacid(PPA)at

lOOoC.Finally,desu的lrizationof14a-ciseasily

effe,cteduslngRaneynickeltoaffordthedesired

compounds15a-C(6-･aryl-2〟 -pyran-2-ones)in42,

45,and49%yield,respectively(seeScheme11).lワb)

Schemell

SMe sMe
Rb.coil-R承｡

3ea,ec,eg 14a-C

I I:i-11三二

14a,b,d

巴 iR煩 ｡

15a-C

14a:R-C6H5,mp135oC,80%

b:R-C6H4-OMe(4),mp6loC,33%
C:R-3-pyridyl,mp182oC,91%

15a:R-C6H5,mP68oC,42%

b:R-C6H410Me(4),mp98oC,45%
C:R-C6H3-0tH2-01′3,4),mp150oC,49%

Electron-donatlng and acceptlng Substituents

arerecognizedasmolecularsubunitsthatconfer

non-linearoptlCalpropertiesduetotheirhigh

polarizability.Thesemoleculesnotonlyexhibit

optical properties but also display diverse

pharmacologlCalactivities.Thehighnuorescence

of2H-pyronederivativesisduetothepresenceof

anelectron-withdrawlnggroupatthe3-positionand

anelectron-donatinggroupatthe4-position.The

electron-donatingpropertiesofalkoxyandamino

groupsatthe4-positionof2-pyronearestronger

thanthatofamethylsulfanylgroup.Ifanalkoxy

andanaminogroupcanbeintroducedatthe4-

positionofa2-pyrone,thesynthesisof2-pyrone

derivativeswithveryhighnuorescencemaybe

possible.DisplacementreactionsofSa乱,ad,al,ca,
and ccwith methoxide in methanoloccurred

smoothlytoglVe4-methoxy16-phenyl1210XO-2H-

pyran-3-carbonitriles(16a-e)ingoodyields(see

scheme12).17,19b)However,treatmentof3da,dc,

dd,anddm withsodium methoxideinmethanol

gavethedeesterifledproducts17a-d(seeScheme

13).lワb)

- 12-
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Sclleme12

RAE .cN

3aa,ad,al,ca,cc

MeONa

inMeOH
RA S .cN

16a_e

a:C6H5
b:C6H4-OMe(4)
C:C6H4-Cl(4)

d:-CH-CH-C6H4

e:-CH-CIC6H4-OMe(4)

Scheme13

MeONa

0 1nMeOH

3da,dc,dd,dm
･ = i§ ‥

17a-d

a:C6H5

b:C6H4-OMe(4)
C:C6H3-(OMe)2(374)

d:CH-CH-C6H3{)-CH2-0-(3フ4)

4-Methylsulfanyl-2HIPyrOneS are also very

importantelectrophilicreagentsfわrpreparationof

41Substituted2-pyronesandfused-pyronederiv-

atives.However, displacementofthe methyl-

sulfanylgroupsincompounds3ea-emwithamine

oractivemethylenecompoundswasnotsuccessful.
Inordertoobtainthevarious4-substituted2H-

pyran-2-Onederivatives,activationofthemethy1-

sulfanylgroupwasnecessary.Itisknownthat

nucleophilicdisplacementofalkylsulfbnyl(SO2Me)

oralkylsulfinyl(SOMe)groupsoccursmorerapidly

thanthatofalkylsulfanylgroups.Treatmentof3ea

with30% hydrogenperoxideinaceticacidgives

the sulfinylderivative 18a in 84% yield･19b)

Compound18amayalsobepreparedbyoxidation

ofSeawith3-chloroperoxybenzoicacid(MCPBA)

indichloromethanein92%yield.Compounds18b-∫

areobtainedinasimilarmanner(seeScheme14).

The4-methylsulfinylgroupln18a-fissmoothly

displacedwithmethoxideaniontoglVe4-methoxy

derivatives19a-C,lnWhichcompounds19a,bare

readilyconvertedto17aandb(seeScheme15)17).

SMe

R底

Scheme14

COOMe

3da,dc,dd,de,df,dl

MCPBA

inCH2C12

O､sMe

R底 oo"e

18a-f

a:C6H5

b:C6Ii4-OMe(4)

C:C6I131(OMe)2(3,4)

d:C6H3-0-CH2-0(3,4)

e:C6IIT(OMe)3(3,4,5)

f:CH-CH-C6Iも-OMe(4)

Scheme15

MeONa

inMeOH
I =鳶 :二二.,t

19a-e

a:C6H5

b:C6H4{)Me(4)

C:C6H3-0-CH2{)(3,4)

d:C6H2iOMe)3(3,4,5)
e:CH-CHt6H4-OMe(4)

Next,Wewilldescribethesynthesisof4-amin0-

6-ary1-2-oxo-2H-pyranederivatives.Wepreviously

reportedthesynthesisof41amin0-6-aryl1210XO-2H-

pyran-3-carbonitrilesbydisplacementreactionof

41methylsulfanyl-2HIPyran13-carbonitriles(3)with
variousaminesinmethanolunderreflux.Various

4-aminol6-aryl12-oxo12H-pyranederivatives(20a-

y)werepreparedbythismethod(seeScheme16).

Compounds18a,bwereallowedtoreactwith

amines (methylamine, benzylamine, dimethyl-

amine,Pyrrolidine)underrefluxingmethanolto

glVe 4lamin0-6-aryl1210XO-2HIPyran13-carboxylic

acidmethylesters21a-∫ingoodyields(seeScheme

17).17)

- 1 3 -
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Schemes16

A.cNamlneS

lnMeOH

3aa-ap

R

a:C6H5
b:C6H5
C:C6H5
d:C6H410Me(3)
e:C6H4-OMe(4)
∫:C6H4-OMe(4)
g:C6ILl-OMe(4)
h:C6H4{)Me(4)
i:C6H410Me(4)
j:C6H3-(OMeh(2,5)
k:C6H3-(OMeわ(3,4)
1:C6H4-NMe2(4)

m:C6H4-NMe2(4)
o:C6H4-NMe2(4)

p:C6H4-NMe2(4)
q:C6H4-Br(4)
r:C6H4-Cl(2)
S:C6H41C1(4)
I:C6H4{ 6H5(4)

u:llnaPhthyl
v:1-naphthyl
w:2.thienyl
x:2.thienyl
y:2-benZDthienyl

O､sIMe

R底

18a,b

トRj& cN

20a-y

NR2

dimethylamino
pyrolidino
morphorin°
dimethylamin°
dimethylamino
pylDlidino
morpholino
thiomorpholin°
phene血ylamino
morpholino
morpholino
dimdlylamino
pyrolidino
moIPholino
thiomorpholin°
pyrrolidino
morpholin°
pyrIOlidino
pyrrolidin°
pyrrolidino
morpholinO
pylrOlidino
morpholin°
plperidino

Schemes17

COOMe

R

a:C6H5
b:C6H5
C:C6H5

d:C6H4-OMe(4)
e:C6H4-OMe(4)

f:C6Ⅰ14-OMe(4)

amlneS

inMeOH
RA S .C- Me

21a-∫

NR2

methylamino
benqlamino

dimethy1amino
methylamino

dimethylamino
pyrroIidino

A disadvantageofthisreactionisitslong

reactiontime.Weattemptedasimplemethodfor

4-amin0-2-pyronesynthesisbydirectreactionof

21PyrOneSWith amines, withoutsolvent, under

heatlngatlOOoCfわr5-10minutes.Thisreaction

gaveaseparablemixtureofthedesired4-amin0-2-

-0.109 SMe

+0.394
Nu~

Figure4

Scheme18

pyronederivatives(12a-Z)andbutadienederiv-

atives(22a一m)(seeTable1).AnalysisbyIR,UV,

NMR and mass spectroscopy and elemental

analysts Showed that the structure of these

butadieneswas2E,4E-3-methylsulfany1-51amino-5-

arylpenta-2,4-dienenitrile (22a-n).One of the

products (22b) was also subjected to X-ray

crystallographicanalysis.ThereactionpathwaylS

showninScheme18.AsshowninFigure4,attack

of2lPyrOneSbyaminesoccursatposition4or6,

according to simple molecular orbitalcalcu-

1ations.17)

InthefleldoforganicEL,redfluorescenceis

the most desirable type;DCM:(4-(dicyan0-

methylene)-2-methy1-6-(4-dimethylaminostyryl)-

4H-pyran)and other4HIPyran derivativesare

importantred-fluorescentmaterials(see Figure

-14-
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2).14)Asthestructureofcompound23血 , which

bearsboth(41N,N-dimethylaminophenyl)styryland

activemethylenegroupsonapyranrlng,lSVery

similarto thatofDCM, this compound was

predictedtoshowredfluorescence.

Tb prepare 23血 , we synthesized 2-pyrone

derivativesbearlnganactivemethylenegroupatthe

4-positionbythedisplacementofthe4-methyl-

sulfanylgroup.Thereactionsof3aa,ad,ai,bd,

andcdwithmethylorethylmalonates(4C,d)in

thepresenceofpotassium carbonateinDMSO

gavethecorrespondingdialky13-cyan0-6-pheny1-

or6-styry1-2-oxo-2〟-pyran-4-ylmalonates(23a-

h)in72-97%yields,respectively(showninTable

2).17,19a)

Similarly,dialky13-methoxycarbony1-6-phen-

yト2-oXo-2〃-pyran-4-ylmalonates (23i一m) were

readilyobtainedfrom 6-aryl-4-sulfinyl-2HIPyran-

2-ones (18a, b, d) and active methylene

compounds(4b,d)ingoodyields(showninTable

3).17)Incontrast,thereactionsof3aa,d,C,g,andi

withmethylorethylacetylacetates(4C,f,g)under

the samereaction conditionsdid notglVethe

correspondingdisplacementproductslike23a一m.

The products of these reactions were

determinedbyspectroscopic(IR, UV NMR,and

MS)andelementalanalysistobe8-hydroxy-3-

pheny1-6-methy1-1-oXo-1〟-pyrano[3,4-C]pyridine-

5-carboxylates(24a-h)(Table4).

Table1.Synthesisof41Amin0-6-phenyl-2-oxol2HIPyranO13-carbonitrilesand

5lAmino-5-pheny1-3-methylsulfanylpenta-2,41diennitriles

CN

O >

20a,b,d,e,1,g
m,q,S,ba-be

22a一m

En坤 Aryl Amines

1 C6H5

2 C6H5

3 C6H4-OMe(4)

4 C6H4-OMe(4)

5 C6H4-OMe(4)

13 C6H4-NMe2(4)

14 C6H4-NMe2(4)

12 C6H4-Br(4)

10 C6H4-C1(4)
6 C6H4-OMe(2)

7 C6H4-OMe(2)

dimethylamine

pyrrolidine

dimethylamine

pyrrolidine

thiomorpho1in°

dimethylamine

pyrrolidine

pyrrolidine

pyrrolidine

dimethylamine

pyrrolidine

8 C6H3-(OMe)2(2,4) dimethylamine

9 C6H2-(OMe)3(3,4,5)pyrrolidine

ll C6H4-C1(2) dimethylamine

a
-

d

e

g

l

m

q

～

ba
bb

bC
bd

be

46 251-253

52 287-289

40 194-196

51 259-260

38 218-220

38 265-267

44 270-271

55 282-284

46 288-290

10 206-208

39 244-246

25 236-239

55 222-224

56 176-178

a
b

C

d

e

∫
g

h

-

･1

k

1

m

n

35 112-113

38 137-139

44 103-105

30 132-134

22 104-106

47 121-123

51 123-125

29 142-144

1 4 140-141

7 2 94-95

41 146-148

57 108-109

33 110-112

39 129-130

aAllreactionwerecarriedoutinasystemofl(10mmol)andamine(100mmol).ReactionwerecarriedoutatlOOoCfor5-10min.

bAllyieldswereisolatedyields･
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No. RI R2 R3 Yield(%)mp(℃)

24a C6H5 COOMe
b C6H4-OMe(4) COOMe
c C6H5 COOEt
d C6H4-OMe(4) COOEt
e C6H3-(OMe)2(2,4) COOEt
r C6H3-(OMe)2(3,4) COOEt
g C6H4-NMe2(4) COOEt
h C6H4-OMe(4) SO2-C6H4-Me(4

e
e
e
e
e
e
e
e

M
M
M
M
M
M
M
M

46 >300
52 296-297
40 295-297
51 287-288
38 298-299
38 303-304
44 298-299
55 260-270

0

4h R

3aa,ad

3aaR-H
adR-OMe

lntheNMR spectraof24a-h,thehydroxy

protonsatposition8appearat12.0-12.5ppmdue

tohydrogenbondingwiththeC-0group;however,

inthecaseof24iandj,thehydroxyprotonsarenot

seeninthelH-NMRspectraduetostronghydrogen

bonding.Inthefinalstepofthisreaction,the

reaction mixturewasacidifiedwith lO% HCI

solution,andtheintermediates(3)Weretreatedwith

concentratedHCltoglVeSeparablemixturesof24,

25,and26,whichwereeasilyseparatedduetotheir
differentialsolubilitiesinsolventssuchasdichlo-

24i,j
24i:R-H

j:R-OMe

romethane, DMF,andethanol(seeTable5).The

structuresofthesecompoundsweredeterminedby

spectroscopic (IR, NMR, UV ; and MS)and

elementalanalysts.Thereaction pathwaysare

showninScheme19.17)

Theabovereactionof2-pyroneswithactive

methylenecompoundsinthepresenceofpotassium

carbonateproceedsinitiallybycarbonnucleophilic

attackatposition4,followedbydisplacementof

themethylsulfanylgrouptoglVethecorresponding

4-substituted2-pyronederivatives(seeScheme19).

Table5.SynthesisoflH-Pyranol3,4-C]pyridines

RIAS .cN+ 宕R3 TS .- R.RB oH R:

R3

3aa,ad,ag,ai 4e,f,g 24a,C,d9g,h 25a-e 26a一g

Entry RI R2 R3 24Yield(%)25Yield(%)26Yield(%)

1 C6H5 COOMe

2 C6H5 COOEt

3 C6H4-OMe(4) cooEt
4 C6H3(OMe)2(3,4) cooEt
5 C6H4-NMC2(4) cooEt
6 C6H5 COOEt
7 C6H4-OMe(4) cooEt

8 C6H5 SO2-C6H4-Me(4)

9 C6H4-OMe(4) so2-C6H4-Me(4)

Me
Me
Me
Me
Me
ph

p

h
M
e

M
e

24a10

24c12
24d30

24g9

24h22

26a60

25al1 26b36

25b21 26C22
25cl4 26d45

26e2

25d11 26b69
25e14 26C43

26f66

26g18

-17-



YoshinoriTOMINAGA,NaokoMIZUYAMA,YukaMURAKAMI,ShinyaKOHRA,Ky()koHIRAOKA andKazuoUEDA

Scheme19'.ReactionPatllWay

R.AS.C"･宝R,
2a- 4e一g

R3

2R

=

n
u

=

f..Ill

1

K2CO310%HCl一一一一一一･■トinDMSO

=mu･=帆
.

fg
-
I.;･.:.,.

25

0

2

H

H

C-HClE≡≡≡Eコ==曇

日日日日==u
=

H
u

･

■'3

'

Lb

i
,=
,

R3~cooH J

R.j S .2cN

26

Ram etal.reportedthesynthesisofbiaryl

compoundsbyreactionof2-pyronederivatives(3)

Withmalononitrileinthepresenceofpotassium

hydroxide･35) Thisreactionproceedsinitiallyby

carbanionattackatposition6Withringopenmg

followedbyrlngtransformationtoyieldbiaryl

compounds.Whilethisreactionallowsconvenient

synthesisofpolyfunctionalizedbiarylcompounds,

theyieldislow.Were-examinedourreaction

conditionstoincreasetheproductyield.

Compound 3a wasallowed to reactwith

malononitrile(4i)inDMSO inthepresenceof

powderedsodium hydroxideatroom temperature

for5hours.Thereactionmixturewasthenpoured

intoalargeamountofwater,preclpltatingthe

product,andwasstirredatroomtemperaturefor

about12hoursuntilnomorepreclpltateWas

formed.The productwas recrystallized from

methanoltoglVecolorlessneedles,mp240-242oC,

in85%yield.Thestructureofthiscompoundwas

determined to be 4-amino15-methylsulfanyl-

bipheny1-2,4-dicarbonitrile (27a), which was

spectrosco-plCally identical to the compound

preparedbyRam.Othernewbiphenylcompounds

(27b一g)weresynthesizedin73-90% yieldsby

reactionofthecorresponding41methylsulfanyll2l

oxo12H-pyran-3ICarbonitriles(3aa,ab,ad,aeahai,
an)with 4iundersimilarconditions.In the

reactions of 3ea, ec, and ee with 4i,31

aminobiphenyト4-carboxylates 2711-j were also

obtainedin74-80% yield(seeTable6and

scheme20).lワb)

-18-
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Table6.SynthesisorBiarylDerivativesfrom2-Pyrones

3aa,ab,ad,ae,ah,
al)anlea,eC†ee

NaOH

DMSO R-

Not Aryl x Yield(%) Appearance mp(oC)

27a c6日5 CN
b c6H4-OMe(2) cN
C C6H4-OMe(4) cN

d c6H3-(OMe)2(2フ4) cN
e C6H2-(OMe)3(3,4,5) cN
f c6ⅠもーNMe2(4) cN
g C6H4-(CN)(4) cN

h c6日 5 C(カMe

1 C6H4-OMe(4) COOMe
J C6H30-CH2-0- cooMe

85 colorlessneedles
76 colorlessneedles
99 colorlessneedles

85 colorolessprlSmS
90 colorlessleaflets

240-242
216-219
212-213

259-261
263-265

73 paleyellowneedles 257-259
94 colorlessneedles

80 colorlessneedles
68 colorlessneedles
74 colorlessneedles

312-314

138-140
124-126
182-184

Scheme20.ReactionPathway

慧NNuvc1
十

壊

Merocyaninesaredipolarchromophoreswhich

generallyconsistoftwoparts,abasicheterocycle

with electron-donatlng ability , such as

dihydropyridineordihydroqulnOline,andanacidic

heterocyclewithelectron-acceptingterminalgroups

such asrhodanines･1)Although heterocyclesof

manytypeshavebeenusedastheacidicmoietyin

merocyaninedyes,therearenosuchdyes,toour

knowledge, whichincorporateacidicheterocycles

suchas2-pyronederivativesasaterminalgroup.

Here, we describe the synthesis of new

merocyanine dyes with a pyran-2-One rlng

incorporated intothemethinechain.2-Pyrones

contalnlng both an electron-donatlng methy1-

sulfanylgroupandanelectron-WithdrawlngCyanO

groupareimportantandversatilesyntheticstartlng

materialsfわrconstructionofmerocyaninedyes.

Basicdihydro-heterocycliccompounds,suchas

I,2-dihydropyridineswithanexocyclicdoublebond,

areobtainedby theaction ofabaseonthe

appropriate quaternized heterocycles･ These

heterocyclesreactattheexocyclicdoublebondwith

electrophilicreagentssuchasethoxymethylenesto

glVe the corresponding 2-or4-pyridinylidene

derivatives･2q Thismethodhasbeenconveniently

appliedtothepreparationofvariousmerocyanines･

Certain types ofquinolizine a仕ractmuch

attentionduetotheirvaluablepharmacologlCal

properties.They are also used as synthetic

intermediatesandasadditivesfわrphotographic

materialsanddyes.Thereaction of2-pyridyト

acetonitrile(4j)with3aaproducesthepyrano[4,3-

b]quinolizine28a,whichispresumablyformedby

an addition-elimination mechanism.Compounds

- 191
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28b-dwerealsoeasilypreparedbyreactionof3ad

andaiwith4j,kunderthesamereactionconditions.

Compound18balsoreactswith4kinthepresence

ofpotassiumcarbonateinDMSOtoglVe29in82%

yield･Reactionof18a,bwith2-aminopyridine(30)

underheatlngatlOOoCoccurredsmoothlytoglVe

2-Phenylpyranol3,4-4]pyrido[1,2-a]Pyrimidines

(31a, b)in86and82% yields,respectively(see

scheme21).24)

Thereactionof2-picoliniummethiodide(Sュa)

withSa乱inthepresenceofpotassiumcarbonateas

abase indichloromethaneatroom temperature

Scheme21

SMe

3aa,ad,ai

O､
SMe

･ 伶 ｣/R2-A
lnDMSO

4j,k

28aRl-H,R2-cN

○

NH b R1-oMe,R2-cN

c･Rl-NMe,R2-cN

d Rl-H,R2-cooMe

28a-d

llC略､/C｡｡Me

0､
SMe

18a,b

'-■二･N…

30

atlOOoC
====E

NH2

N喜N‖
031aRl-H,bR1-oMe

3la,b
gavethedesiredmerocyaninedye(33a)asa

reddish-violetproductin 64% yield.In this

reaction, the yield was increased by uslng

dimethylsulfbxideasasolvent(87%).Compound

32aalsoreactedsmoothlywith3adandctoglVe

thecorrespondingcompounds32bandaiin92and

70% yields, respectively.Thereactionof1,4-

dimethylpyridiniumiodide(32b)withSa乱,ad,and
aiunder the same reaction conditions also

proceeded smoothly to glVethecorresponding

merocyaninedyes33a-cin61,81,and90%yields,

respectively(seeScheme22).

Inasimilarmanner,thereactionofqulnaldine

ethyliodide(32C)andlepidineisoamyliodide(32d)

withpyronederivativesSa乱,ad,ai,an,bb,bcgave

Scheme22

0

軌 M: Sad,ad,ai慧
lrMe

Sュa

S
Ⅰ~Me

32b

33a:C6H5
b:C6H4-OMe(4)

C:C6H4-NMeZ(4)

0

K2CO3
+ 3aa,ad,ai -Lr>

1mDMSO

33d-∫

33d:C6H5

e:C6H4-OMe(4)

f:C6H4-NMe2(4)

thecorrespondingmerocyaninedyes(34a-k)in

goodyields(seeScheme23).24)

Scheme23

. Sad,ad,ai, K2COゝ
Mean)bb,bc lnDMSO

Et 34a-e

34a:R-C6H5 d:R-3IPyrldyl

b:R-C6日 4-OMe(4) e:R-4-pyrldyl

c:R-C6日4-NMe2(4)

○

3aa,ad,ai,
a一l,bb,bc

K2CO3
- >

lnDMSO
l

r cH2CH2CHMe2

32d

32f:C6H5

g:C6H4-OMe(4)

h:C6H4-NMe2(4)

l
CH2CH2CHMe2

34f_k

i:R-C6H4-CN(4)

j:R-3-pyrldyl

k:R-4-pyrldyl

3.Fluorescenceof21Pyrones
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Anefficientfluorescencemeasurementmethod

was considered necessary f♭r obtainlng the

fluorescenceintensitiesof21PyrOnederivativesin

thesolidstate.Itiseasytoscreenfornuorescence

inthesolidstatebyirradiationwithahand-heldUV

lamp(254nm).Samplesofthecompoundtobe

examinedwereplacedonfilterpaperandirradiated

withaUVlamp,andfluorescencewasdetermined

byvisualexamination.Theresultingfluorescence

intensitiesweredividedintosixcategories.The

nuorescenceofAl3-qulnOlinewasdeflnedasthe

standard,andonthisbasis,thefluorescenceofthe

prepared2-pyronederivativeswasdetermined･

Next,secondaryevaluationwascarriedoutby

fluorophotometer.Measurementsofabsorptionand

fluorescencespectrawerecarriedoutinethanoland
dichloromethanesolutionandinthesolidstateat

roomtemperature.ThespectroscoplCpropertiesof

thecompounds-absorptionmaxima(九max), molar

absorption(E), nuOreSCenCemaxima(九max),and

relativefluorescenceintensities(RI)-arelistedin

Table7.

Table7.SpectralI)ataof6-Aryll4-methylsulfaTlyト2H-pyrones(3aa-pp,bd-bg,ga,gd)

UV九max(loge: Fluorescence(ethanol) Fluorescence(solid)
No.poslt10n3 positlOn4 Posltion6 nm(ethanol)Exmax(nm) Emmax(run) SSa ¢ Exmax(nm) Emmax(nm) SSa

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

加
納
如
紬
如
肘
如
拙
紬
叫
如
拙
霊

知
和
刑
批
肘
的
Sea COOMe
See COOMe

3gaphenylsulfbny1
3gdtolylsulfbnyl

SMe C6H5
SMe C6H4-OMe(2)
SMe C6H4-OMe(3)
SMe C6H4-OMe(4)
SMe C6H3-(OMe)2(2,4)
SMe C6H3-(OMe)2(2,5)
SMe C6H3-(OMe)2(3,4)
SMe C6H2-(OMe)3(3,4,5)
SMe C6H4-NMe2(4)
SMe C6H4lBr(4)
SMe C6H4-Cl(2)
SMe C6H4-Cl(4)
SMe C(,H41Ph(4)
SMe C6H41CN(4)
SMe 1-naphthyl
SMe 2-naphthyl
SMe 2-thlenyl
SMe 2-benzothienyl
SMe 2-furyl
SMe 2-fury1-Me(5)

328(4.24)
387(4.35)
369(429)
395(4.45)
400(460)
402(4.28)
402(439) 402
391(4.33) 392
465(458)
337(4.33)
354(418)
336(434)

388C
332(412)
371(422) 269
370(4.17)
415(4.30)
408(4.40)
395(4.42)
404(4.47)

SMe C6H5 360(418)
SMe CGH4-OMe(4) 386(441)

SMe C6H5 339(428)
SMe C6H410Me(4) 387(454)

000 358 480
ND 357 493
ND 350 495
000 297 536
ND 297 534
ND 303 531

491 890.01> 294 551
520 128001> 295 502

ND 301 608
000 304 518
ND 296 491

0 00 364 492
ND 326 509
ND 000 0.00

仙
O.｡｡
N｡
N｡
N｡
N

0000

D
D

D
D

N
N

N
N

3
2
∩フ
00
3
父U

O
4
0
qノ
2
∩7

3
3
1｣
2
3
2

Qノ
5

7
4

0ノ
0ノ
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0ノ

2
2

2
2

8
′n)
つJ
て｣
ムU
1

nフ
l
/nV
4
4
2

4
5
5
5
5
5

5
つ.J
0
00

7
nXU
′0
0

4
4

4
5 7

4
7
6
3
7
1
6
8
5
6
8
9
1
0
6
1
4
7
9
1

1
4

1
2

5
6
1
2
5
7
7
2
1
7
6
2
1
0
丘U
O
史U
3
5
2

3
0ノ
5･
1

1

1
1
1

0
0
0
0
0
0
0
1
L
o
o
2
0
0
0
0

6
3

0
1

2
占U
5
0ノ
7
8
7
7
7
4
5
史U
て｣

5
4
4
5
てJ
つJ
′b
OO
3
4

2
3
4
3
3
2
5
0
0
1
0ノ
2
00
l
∩フ
7
5
4
2
2

7
00
′b
1

1
I
1
2
2
2
2
2
3
2
1
1
1

1
1
2
つん
2
2

1
1

1
2

aStokelsShlft-Emmax(nm)-Exmax(nm).
bRelativeintensityof恥orescencelnSOlldstate,uslngAlq3aSaStandard
clnSufflClentSOlubllity
amorphus

eRelativelntenSltyOfmorescencelndlChloromethane(10xlO~5M),usingDCMasastan血d

Materialswhichfluorescestronglyinthethree

primarycolors(red,greenandblue)arethemost

importantmaterialsinthefieldoforganicEL.The

lightemissionreglOnSfわrred,greenandblue

(RGB)are 440 nm, 550 nm, and 630 nm,

respectively.Althoughthesecolorsareeachof

considerableimportance,bluenuorescentmaterials

arethemostbasicelectroluminescentcompounds,

andredfluorescentmaterialsarethemostdifficult

tosynthesize.IncomparisonwiththespectroscoplC

Propertiesof41methylsulfanyll210XO16-phenyll2HI

pyran-3-carbonitriles(3aa-gd),boththeabsorption

andfluorescencemaximaof21PyrOneSbearlng

electron-richarylgroupsshowedlongerwavelength

shi允s,togetherwithanincreaseinmolarabsorptlOn.

Thearylgroup atthe6-position on2-pyrone

derivatives also has an important effect on

fluorescentproperties.The fluorescence of61

methy1-210XO12HIPyran13-carbonitrilewasfoundto

beveryweak,andcompounds!)a一gand12a一galso
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showedveryweakfluorescence.Among6-pheny1-

2-pyrone derivatives, compoundswith electron-

donatinggroupsonthephenylgroup(3ad,ag,ai)

showed strongerfluorescence.Compound 3aa,

whichcontainsanunsubstitutedphenylgroupatthe

6-Position, showed the strongest nuoresce]nce

among 4-methylsulfanyl-2H-pyrone derivatives,

andemittedlightintheshortestwavelengthreglOn

(480nm).Thelightemissionregionisshiftedtothe

long-wavelength side if a methoxy group is

introducedasanelectron-donatlnggroupOnthe

phenyl group.Compound 3ad, containing a

methoxygroupat4-positionofthephenylgroup,

emittedlightat536nm,whichis56nm further

towardtheredsidethanSa乱.PartitionlngOfthe

localizedconjugatedsystem betweenthepyrone

rlngandthemethoxygroupatthe2-positionon

phenylgroupduetosterichindrance(3ab)resulted

inasmallshifttothelong-wavelengthside.Aweak

electroniceffectduetoamethoxygrouplnthe

meta-position results in no shift (3ac).The

nuorescence maximum of 6-(4-dimethylaminoI

phenyl)-210XO12H-pyran13-carbonitrile (3ai) was

608nm (RI-0.15)whichresultsinfluorescence

closetothetargetredreg10n.Redlightemiss].LOn

around620-640nm isrequiredfわrlight-emittlng

materialsinELdevices(seeFigure5,6and7).

SMe SMe SMe SMe

3aa 3ad 3ab 3ai

R1-154 RI-I23 RI-167 R1-015

Ex-358,Em-480nm Ex-297,Em-536nm Ex-357,Em-493nm Ex=301,Em==608nm

Figure5

sMe SMe

SO2-Ph-Me(4)

3ea 3ec 3gd

R1-631 R1-391 RI-ll27

Ex-299,Em-475nm Ex=295,Em-483nm Ex-294,Em-508nm

Figure6

S 帖

SMe

;N Me2NE y * oc"

3d

RI-039 RIH).Ol

h-323,BTF54lml 良-342,BTF699nm

F igur e 7

CompoundSam,whichcontainsacyanogroupas

anelectron-WithdrawlngSubstituentonthephenyl

group,didnotemitfluorescentlight,asexpected.

Electron-deficientheteroarylcompoundssuchas6l

pyrid-3-y1-2-pyrone(3ba-bc)alsoprovedto be

veryweaklightemitters.

Naphthyl(3ao,ap)andheteroarylderivatives

(3bd-bg)also showed strong fluorescence, as

showninTable7.Thelight-emittingreg10nOf3ao

(498nm)wasshi氏edby18nm comparedtoSa乱

duetothetwistednatureofthemolecule,which

resultsinsterichindrancebetweenthenaphthyland

thepyranylgroup.ThelightemissionreglOnis

shiftedtowardthelong-wavelengthside,evenifthe

aromaticsubstituentatthe6-positionisanelectron-

richheterocycliccompound.Inparticular,lnthe

case of61thien-2-yl-2HIPyranl210ne (3bd)and

6-fur12-yl-2H-pyrones3beand3bg,lightisemitted

at563,546,and521nm,respectively.Styry1-2月｣

pyronederivatives, inwhichadoublebond is

introducedbetweenthearylgroupatthe6-position

andthepyronerlng,emitlightfurtheronthelong-

wavelengthside(seeTable7).

6-Styryl131Cyan0-4-methylsulfanyl-2H-pyrone

(3ca) emits at 563 nm, while the methoxy

derivative3ccemitslightat563nm (RI-0.84).

Thelightemissionofaminostyrylcompounds3cd-

crwasnotasstronginthesolidstate.However,3cf

emittedlightat610nm (R1-0.88)indichlor0-

methaneasanon-polarsolvent,andthenuore-

scenceintensitywasstrongerthanthatofDCM (4-

(dicyanomethylene)-2-methyll61(4lN,N-dimethyl-

aminostyryl)14H-pyran)･Asexplainedearlier,the

most importantcontributorto fluorescence in

pyronederivativesisthepresenceofanarylora

styrylgroupatthe6-Position(seeTable8and
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Figure7).

The nextmostimportantinfluence on the

fluorescenceof2-pyronederivativesisthepresence

ofanelectron-donatlngSubstituentatthe4-position

and an electron-withdrawlng Substituentatthe

3-position.Compoundswithanelectron-donatlng

substituentatthe4-positionshowedstronglight

emission･Itisconsideredthatthepresenceofsu帆lr

atomsinacompoundgenerallyresultsinweakened

fluorescence;forthisreason,Compoundsinwhich

themethylthiogroupatthe4-positionissubstituted

withanalkoxyoraminogroupareexpectedto

showstrongfluorescence.Infact,alkoxyandamino

derivatives did show considerably stronger

fluorescencethanmethylsulfanylcompounds.The

oxo12HIPyran-3-carbonitriles (3aa-ap) show

stronger intensity than the corresponding 4-

methylsulfanylcompounds,andtheirlight-emission

regionsShowa40-50nm blueshift.The41amino

compound20aisatypicalblue-fluorescentmaterial

(447nm),asshowninTable9andFigure8and9.

Another important factor in fluorescence

propertiesisthepresenceandpositionlngOfa

cyanogroupinthepyronerlng.Almostall6-ary1-2-

oxo-2HIPyran-3-carbonitrile derivatives showed

fluorescenceinthesolidstate,asshowninTable7.

However, 2-oxo16-phenyl-2H-pyran-51Carbonitrile

(3d)showsnofluorescenceatall.Itisprobablethat

thepositionlngOftheelectron-deflCientgroupISan

importantdeterminantofelectroluminescencein

2-pyronederivatives.Thepresenceofanesteror

sulfonylgroupatthe3-positionwasalsoeffective

incauslngfluorescenceinthesolidstate,andthe

fluorescenceobtainedwasstrongerthanthatofthe

correspondingcyanocompounds.Ⅰnparticular,the

fluorescenceofsulfonylcompound3gdwas9.2

timesmoreintensethanthatofthecyanoderivative

Sad(seeFigure8).

Theelectron-Withdrawlngeffectisnottheonly

cause ofthis phenomenon.According to the

detailedstructuralanalystsOfSeacarriedoutbyX-

raycrystallography,theintramolecularnon-bonded

S…0(SMe…COOMe)distanceis2.735Awhich

isshorterthanthesum ofthevan derWaals

distancesfor0andS(3.25A).Thisresultimplies

thatthereisstrongmolecularstackingduetothe

planarnature ofthe molecule.Similarstrong

interactions have been reported for other

compounds,withlengthsintherange2.41-2.78A.

Thenon-bonding 0-C-Me0 - 0-C (COOMe...

C-0)interactioncanalsobeobservedinORTEP;

thisdistanceis2.713A.Theeightcentralatoms,

S(18),C(7),C(8),C(9),C(10),C(ll),C(12),and

C(14), arealmostplanar.TheresultsofX-ray

crystallographicanalystsShowtheresultsofX-ray

crystallographic analysis that there is strong

molecularstacking.The moleculesare stacked

alongthec-axisduetothe7tl7tinteractionforce.

Table8･SpectralDataof4-Methylsulfany1-6-styryl-2H-pyrones(3ca,cc-cJ)

UV九max(logE: Fluorescence(dichloromethane) Fluorescence(solid)

No･position4 position6 mm(ethanol)Exmax(nm) Emmax(nm) SSa良.I.e Exmax(nm) Emmax(nm) SSa
3Ca SMe styry1 395C

3cc SMe -CH=CH-CiH410Me(4) 415(4.30)

Std SMe -CH-CH-C6H4-NMe2(4) 513(4.67) 541

3ce SMe -CH=CH-C6H4-NEt2(4) 529 (4.6 9 ) 554

3cf SMe -CH=CH-C6H41NPhl(4) 502(4.19) 573
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Table9･SpectralDataof4-Alkoxy-and41Amino-2H-pyrones(16a,b,20a-y,21a-I)
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Figure8.FluorescenceSpectI･aOf2HIPyroneDerivatives(3aa,3ad,3ai,3cc,3gd)
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Figure9･FluorescenceSpectraof2H-PyroneDerivatives(16a,20g,20e,20I,20x)

Theshortestintermoleculardistanceis3.345A

for0(13)･･･C(5),whichissimilartothedistance

observed(3.26A)inthechargetransfer(CT)

complex tetrathiafulvalene (7,7,8,8-tetracyano-p-

quinodimethane).35)

Pyronederivatives20a-m showedalmostno

fluorescencein solution, although they showed

strongnuorescenceinthesolidstate.However,4-

dimethylamin0-6-(4-dimethylaminophenyl)-2-oXo-

2H-pyran-3ICarbonitrile (201), 6-(4-dimethyl-

aminophenyl)-4-morpholin0-210XO-2H-pyran13-car-

bonitrile(20p),and61(41dimethyl-aminophen-yl)I

4-Pyrrolidin0-2-oXo-2H-pyran-3-carbonitrile(20q),

showedstrongfluorescenceinethanolaswellasin

thesolidstate,withfluorescentquantumyieldsof

O･57, 0.45, and 0.70, respectively. These

compoundsareusedasfluorescencematerialsfor

anoxalatechemiluminescencesystem･36)Detailed

structuralanalystsOf201wascarriedoutbyX-ray

crystallography. The shortest intermolecular

distancein201was3.120Abetween0(13)and

N(37).In addition, becausethe intermolecular

distancesfわr0(13)-C(32)and0(13)-C(38)were

3.236Aand3.293A,respectively,intermolecular7t

interactionsarepossible.Moreover,itisthought

thatthearrayofmoleculesresemblesaCTcomplex,

because the intemolecular distance in a CT

complexis3.21A,andthatthereareverystrong7t-

electron interactions, because the shortest

intramoleculardistanceis3.120A.Thedimethyl-

aminogroupatthe6-positionofthephenylgroup

andthedimethylaminogroupatthe4-positionof

thepyronerlng arethoughtto benear-planar

structures, to accountfortheirtorsion angles.

However, itappearsthatthere isatwistof

approximately10degreesbetweenthepyronerlng

andthephenylrlngbearlngthedimethylamino

group.Moreover,201hasastructurethatenables

easylntramOlecularchargemovement,asshownin

Figure10andll,anditisthoughtthatthisisdueto

thepresenceofabetainestructure.Thisislikelyto

beoneofthecausesofitsstrongfluorescence.

Finally,wedescribethestructure-actlVltyrela-

tionshipsofthesefluorescent2-Pyranderivatives.
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Figure10.Asymmetricunitof201

..ー予一､-

二 二 ∴

･;1-I:::I-IL;-1'､､■工ItA/i:::I:-lyt:

Figurell･Molecularpackingdiagramof201

Thearylgroupatthe6-positiononthepyro･ne

rlngthatshowedstrongnuorescencewastwistedat

theangleofpyronerlngand25degrees･15)Itis

thoughtthatthisangleisanimportantfactorin

fluorescence,andthisissupportedbytheX-ray

(ORTEP)findingsthatthestructurethattakesthe

minimumenergylnthegroundstatehasatwistof

25degrees.

TheseresultsagreewellwithMOPAC and

Stokesshiftcalculations,asshowninTables7and

8.Theoptlmizedmolecularstructuresof3eaand

201werecalculateduslr唱MOPAC;thesestructuI･eS

areshowninFigures12and13.

Figure12.Structureof8eacaluculatedby

MOPAC/AM1

(.き'夏'3

Figure13･Structureof20lcaluculatedby

MOPAC/AMl

Thenew2-pyronederivativesdialky13-cyan0-

61Pheny1-2-oxo12HIPyran-41ylmalonates(23a-h)

andalkyl3-cyan0-6-pheny1-2-oXo-2HIPyran-4-yl-

acetates(23i一m),whichwereeasilypreparedby

thereactionof6-aryll41methylsulfanyll210XOl2H-

pyran-3-carbonitriles with active methylene

compounds in the presence of potassium

carbonate,showfluorescenceemissionradiation.

Compounds23a一m,whicharesubstitutedatthe4-

Position,Show asmallbathochromicshiftand

strongerfluorescenceemissionsthanthoseof

compoundseries3inthesolidstate(SeeTable

10).

In particular, the light-emittlng reglOn Of

compound23hindichloromethanewas620nm,

whichmeansthatthisisatypicalred-fluorescent

compound(seeFigure14).Compounds7e,∫also
showedredfluorescenceinethanolsolutionand

canbeusedasnuorescencereagentsinanoxalate

chemiluminescencesystem.

cooMc MeOOC

RI=040
23h Ex-558,Em=620mm
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Figure14.FluorescenceSpectraof3ai,3cd,23eand23h

Thefluorescenceemissionsoffusedpyrones

suchascompounds24and25wereanalyzed.The

lHIPyranOl3,41C]pyridin-110nederivatives24a-j

exhibitedmoderatelystrongfluorescentradiation

inthesolidstate,whilethelH,8HIPyranOl3,41C]-

pyran-1,8-dionederivatives(25a-e)didnotshow

appreciablefluorescenceemission(seeTable11

and12).Asseeninthecaseofcompound3,

3-phenylpyrano[3,4-C] pyridin-1-0nes bearing

electron-donating groups (such as methoxy

groups)on the phenylgroup showed strong

fluorescence.Forexample, ethy181hydroxy-3-

(2,4-dimethoxyphenyl)-61methyl11-oxo11HIPyr-

anol3,4-C]pyridine15-carboxylate (24e) showed

fluorescenceat490nm inthesolidstatewitha

relativeintenslty Of4.88.Thereasonfわrthe

increased fluorescence in these compounds

appearstobethepackingsystem,whichisbased

on flatmolecules and strong -C-0 ･･･H-O-

hydrogenbonding.Thissuggeststhatitmaybe

possible to develop other fused 2H-pyrone

derivatives which show fluorescence.Biaryl

derivatives 27a-j showed weak fluorescence

emissioninthesolidstate.Thesubstituentonthe

arylgroupatposition6of2-pyronederivatives

also has a strong influence on nuorescent

expression.Among2-ox0-61Phenyl-2H-pyran13-

carbonitrile compounds (3aa-ai), derivatives

bearlnganelectron-donatlnggroupOnthephenyl

groupshowedstrongerfluorescenceintensitythan

othercompounds;incontrast,61(41CyanOPhenyl)-

2-oxo12H-pyran-3-carbonitrile(3an), bearingan

electron-WithdrawlnggroupOnthearylgroup,

showed no fluorescence.Similarly, 41methy1 -

sulfanyl161Pyridyl1210XO12H-pyran131Carboni-

triles3ba-bcandmethy141 m ethylsulfany1-210X0-

61Pyridyl-2HIPyran131Carboxylates3eg, efalso

showedveryweakfluorescenceinsolutionandin

thesolidstate.

However,3-pheny1-6-pyrid-2-yl-2HIPyran-2-

0nesbearlnganarylgroupratherthanacyano

groupatposition3(7a-C)showedfluorescencein

thesolidstate,althoughthefluorescenceofthese

2-pyronederivativesinethanolwasnotsostrong.

Atpresent,thereasonforthisfluorescenceisnot

known,butitisnotsimplyduetothepresenceof

electron-withdrawlng and electron-donatlng

substituents on the 2-pyrone rlng. The

fluorescence intenslty Of7a was7.02 times

strongerthanthatofAIQ3.Thedifferencebetween

theEmmaxvaluesinthesolidstateandinsolution

indicatestheeffectofmolecularstackingonthe

nuorescence spectra.The introduction ofan

electron-donatlngSubstituentinthearylmoiety

resultsinabathochromicshiftintheabsorpt10n

maximum (九max) togetherwith a very small

increaseinEm｡xinUVspectrum.
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Table10.SpectralI)ataofDialky161Aryl-2H-pyran141ylmalonates(23a-I)

UV九max(logE) Fluorescence(dlChloromethane) Fluorescence(solld)

No R I R2 n nm(ethanol) Exmax(nm) Emmax(nm) SSa RIe Exmax(run) Emmax(nm) SSa Rib

23a C 6H 5

23b C 6H 5

23c c6H4-OM e (4)
23d C 6H 4-OM e(4)

23e C 6H 4-NM e2(4)
23r C6 H 4-NM e2(4)

23g 2-th ieny1
23h C (,H 4lNM e2(4)

23iC6H5

23jC6H5

23kC6H4-OMe(4)

231C6H4-OMe(4)

Me 0

Et 0

Me 0

Et 0

Me 0
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Tablell.SpectralDataoflH -P y r a n o l3,41C]pyridincs(24a-j)

UV九max(logE
No RI R2 R3 nm(ethanol)
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Table12.SpectralDataoflHIPyranol3,4-C]pyrones(25a-e)andPyranylacetates(26a-g)
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Table13.Spect r a l Dataof31Ary1-4-m ethylsulfany1-6-pyridyl12 H IPyrOneS(7a-C)

UV九max(logE二 Fluorescence(ethanol) Fluorescence(solid)

No. position3 position4 position 6 nm(ethanol) Exmax(nm)Emmax(nm) SSa ¢ Exm ax(nm) Emmax(nm)

7a C 6H 5 SMe 2-p yridy1 360(4･08)

7b C6H4-OM e(4) SMe 2-p yridy1 371(4.12)

7c c6H〕-(OM e)2(3,4) SMe 2-p yridy1 369(4.13)
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35a

R1-4.50

¢1-1340

¢2-678o

Pry叫 Pyrdy1-1485Å

SMe

3aa

R1-154

C-01.228Å

¢1-232o

pheryl-Pyam-1463Å

35a

R1-2.18

¢1-19.節
02-737o

plydyl-Pyrdy1-1.489A

A oc∞帖

RI-631

C-0.1.205Å

¢1-24.3o

pheryl-PymrF1464Å

F igure15

Ithasbeenreportedthatthetwistangles

between thetwo pyridylgroupsin bipyridyl

derivativeshasaslgnificanteffectonfluorescence

inthesolidstate.(seeTable13).Thetwistangles

betweenpyridylandpyranylgroupsonthe3-

pheny1-6-pyridy-2H-pyran-2-one (7a), which

showed the strongestfluorescence was 12.1

degrees･Thisanglewasthesmallestamong2H-

pyronederivativesandpyridylheterocyclessuch

as3aa,3ea,7a,20C,201,and35a-C(Figure15).

Thefluorescenceintensityisstronglyaffectedby

thetwistanglebetweenthepyridylor/andaryl

groupsandthepyranylgroup.Molecularstacking

isanimportantfactorintheexpressionofstrong
fluorescence.

Fused2-pyronederivatives9a一g,12a一g,25a-d,

allexcept24a-h,showedeithernofluorescenceor

veryweakfluorescenceinthesolidstate.This

impliesthatfusedpyronederivativesmayundergo

radiation･However, methy18-hydroxy-6-methyl-

l-oxo-3-phenyl-1HIPyranOl3,4lC]pyridine-51Car-

boxylatederivatives24a-jdidshowfluorescence

inthesolidstate.Thisisthefirstexampleof

fluorescence in fused 21PyrOne derivatives･

Compounds26a一galsoemittedlightinthesolid
state.

Becausecompounds28a-dhavea-N-H-

0-C structure which includes a powerful

¢2-64.8o

o i.cNMe2N義
20c

RI-3.08

C-o:1211Å

¢1-265o

pl貰ny-Pyra-1.466Å

201
RI-386

C-0.14eX)A

¢1-169o

frydy1-Pyrdy1-14eaÅ

hydrogen, weexpectedthatthesecompounds

wouldshow strongfluorescence.Althoughthe

researchwasunfinished,thesecompoundsdidin

factshow strongfluorescence.Thismeansthat

strong fluorescencemay also beexpected in

qulnOlizinederivatives.

Incertainstyrylderivativesdescribedearlier,

theintroductionofanethenylgroupinto6-aryl-

2HIPyrOneSWasalsoexpectedtoresultinredshift.

Weattemptedtosynthesizemerocyaninedyes

withapyronerlnglnCOrpOratedintothemethane

chain.However,theresultingmerocyaninedyes

(34a-k)didnotshow fluorescenceinthesolid

state,norinsolution(e.g.dichloromethane).

Ketenedithioacetals,whicharepolarethylenic

compoundscontainlngbothelectron-withdrawlng

andelectron-donatlnggroupsinthesameethylene

group, were demonstrated to be useful

electrophilicreagentsfわrsynthesisof2-pyrone

derivativesbearlngbothelectron-withdrawlngand

electron-donatinggroups,asdescribedabove.Itis

expected thatthe fluorescentplgmentS Syn-

thesizedinthisworkwillbeoffutureuseinmany

differentfields, and thatthis research will

contributetowardareductioninenvironmental

damage.
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