=22 June 2006 *166166*:PYRRCNETHENE METAL COMPLEX AND LI GHT EM TTI NG DEVI CE
"COVPOSI TI ON AND LI GHT EM TTI NG DEVI CES USI NG THE SAME . BACKGROUND OF THE
_ INVENTION 1. Field of the Invention The present inventi & haedpes to

pyrronet hene. metal . conplexes for use as fluorescent dye and to |ight
emtting devices (LEDs) using the sane. 2. Description of the Related Art

Organl c thin-filmLEDs, fromwhich light is emtted V\hgm’wﬂulmmmm
injected froma cat hode are reconbi nedt wi th holes inj anode
in an organi.c fluorescent material between the cathode angd, the anode, have
recently been studied with great |nterest These devi ces are of I nt er est
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that an organic thin- f| | mLED emits light with high | um nance (Appl. Phys.
Lett. 51 (12) 21, p. 913, 1987). A typical organic thin- film LED devel oped

by Koda OuR®S INANPYY | N diam ne conpound,
8- hydro?ﬁgﬁ:@\{ol | neogl th}%}gﬁum Servi n% as a emssive |layer, and a My-Ag
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- The present invention relates to pyrromethene metal .

' complexes for use as fluorescent dye and to light emitting-
devices (LEDs) using the same.
2. Description of the Releted Art

Organic'thin-film LEDs, from which light is ‘emitted when
electrons injected from a cathode are recomblned with holes
injected from an anode in an organic fluorescent materlal
between the cathode and-the anode, have recently been

_.studied with great interest. Tnese devices are of interest
because tney can be formed in a thin structure, can emit
light with-high luminanCe under a'low driving voltage, and
can emit multlcolored llght dependlng on the fluorescent
materlals used.

Many research organizations have studied these elements-
Isince C. W.jTang et al of Kodak disclosed that an organic
thln film LED emits llght with hlgh luminance (Appl Phys.
Lett 51 (12) 21, p. 913, 1987). A typical organic thin-
_film LED developed by Kodak comprises a hole transporting

'dlamine compound, 8-hydroxyquinoline aluminum serving as a

- emissive layer, and a Mg—Ag cathode, in that order, on an
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. *@00002* 22 June _2006" - 2 1TO glass substrate. This. LED was able to emt
green light with a |lumnance of 1000 cd/nme under a driving voltage of
about 10 V.. Some existing organic thin-filmLEDs are hapgunendes gone
certain nodifications.. For exanple,, an electron transporting |ayer may
be. additionally disposed in a device. Research in green em ssive. '
materials is the nost advanced for nulticol ored emi ssion. Red and bl ue :
em ssive nmaterials are still required to be nore durable and to have high-
| um nance and chromatic purity, and have been studied nore intensely.
. Exenplary red em ssive materials include perylenes such as _ _
bi s(diisopropyl phenyl)peryl ene, perynone, porphyrin, and .Eu conplexes
(Chem 1R tglag9o69¢hobrate. A Ehisalkbt Was laddebdeon estiddigxedm Mghth a host
material is doped with a red fluorescent material to generate red
eni.ssi ofi tib@npieiyanget ofral 8PPakd/mickaderqai ASLVABY Netlirdec @fpl exes such
~as tris(8-quinolinolato)al umnum bis(10- benzoqui nolinate)beryllium
di aryl RReitk eh@sY - st Pemenesisiing pEF2eils ddhesilmddDh@se M@ ials are
doped with 4- .(di cyanomet hgl_er_le) - 2-met hyl - 6- (p-di net hyl am nostyryl)-4H
pyran, YRAeFIONE haeBEFINI MeddbApréteassucoZs SHgPP 18nd atnS3agtron
squaliriunms, and, violanthrones to generate red _. . .
- transporting layer may be. additionally disposed in a device.
Research in green emissive materials is the most_
 advanced for mu1tic61ored emission. Red and blue emissive
méterials are still required to be more durable and to have
~high luminance and chromatic purity{,and have been studied
more intensely.
Exemplary red em_i-ssiiré ‘materials inc]_.tide perylenes such
. as bis(diisopropylphenyl)perylene, perynone, porphyrin; and
"Eu complexes. (Chem. Lett., 1267(1991)).
Also, a method has been studied in which a host material
is'doped with a red fluorescent material to gene:ate red
' -emission. Exemplary host materials include quinolinol metal
complexes such as tris(B—quinoliholato)aluminum, bis(10-
'_benzoquinbliﬂatefbefylliUm, diarylbutadienes, stilbenes, and
benzothiazoles. These host materials are doped with 4-
.(dicyanomefhylene)—2—methyl-6-(p—dimethYlamihOStyryl)—4H—
pyran, metal phthalocjanine complexes such as Mch and
AlPcCl, squaliriums, and violanthrones to generate red
" luminescence.
Unfortunately, some of the known emissive maferials

including host materials and dopants have low luminance -



'f_runinescence. Unfortunately, sonme -of the known em ssive mat eri al s
including host materials-and dopants have | ow | um nance 22 June 2006 3
efficiency and thus have a high power consunption, and 2D»nRr2906r e not
durable and thus result in a short lifetime of the LED. Al so, '
concentration quenching and exci plex and exciner formations often | ower
the fluorescence intensity when the materials are in a thin-filmstate
al though the materials have high fluprescence when they are in a solution.
~Thus, many of the materials cannot provide high |lum nance suitable for
LEDs. It is a big problemthat.particularly nost of the red em ssive

mat eri al s including host materials and-dopants cannot provide both high
chr onaeiféigdency and thiush Haws mreckgh spower apensurption, Japdnese

Unexam ned Patent Application Publication No. - 2000-208270, a . _
di ket opfRessopFe4 nepPursitleland dthye Begubh ibrgashert| défesdmpt materi al.
having..a peak fluorescent wavelength of 580 to 720 nmare used to generate
a red ofnithgi &ED -puBlSthnsioneentxat ey hdrenrhing candURKBRRLICE FRR -

| NVENTI ON Accordi ngly, an object of the present inventionis to solve the
- above- §&§dPeged OFMtHORSRE kP prteBet e nBlropGeFenEeheRECRELAY conpl ex
capabl e.of resulting in an LED havi.ng high | um nance efficiency and high
-zChronawpenpﬁpﬁtVate ials are in a thin-film state although the o .
. materials have high fluorescence when they are in a solution.

Thus, many of the materials cannot provide high luminance

suitable for LEDs. It is a big problem that particularly
' mbst'of fhe'red emissive materials including host~materia1$

and dopants cannot proVide'both high chromatic purity and

high luminance, simultaneously.

In Japanese:Unexamihed Patent-Application Publication No.
2000-208270, a diketopyrrolo[3,4fc]pyrrole derivative and an
organic fluordscent.maferial having a peak fluorescent |
wavelength of 580 to 720 nm are used to generate a red

.émiSsion, but cannot lead to high luminance.

_SUMMARx OF THE'INVENTIQN
| _Aécordingly, an object of the:present;invenfion is to
delQe the abqve-described.problem énd to provide a néw.
pyrromethene metal complex-capablé of resulting in an LED
-héViﬁg high luminance efficiency and high.chromatic.purity
:and an LED'usihg the same.

The present invention is directed to a.pyrromethene.

métal complex.



~and an LED using the same. The present invention is directed to a
pyrromet hene. netal conplex. 22 June 2006 - 4 The.present invention is
also directed to an LED material conprising the pyrrone?2 here2006t al
conplex. The present invention is alSo directed to an LED generating a
em ssi on having an ‘eni ssion peak wavel ength in the range of 580.to. 720
nm by el ectrical energy. The device conprises at |east one of: an LED

mat eri al - conprising a diketOpyrroIp[g 4-c].pyrrole derivative and an
~argani.c fluorescent naterial having a fl.uorescent peak wavel ength of 580
to 720.nm and an LED material conprising a pyrronmethene .netal conplex.
- According to the present invention., the pyrronethene netal conplex has
highly fl umtuswﬁswbmvegtlandlsthésef dizecirdbgousad LES LEDs. By using
t he pyrronet hene netal conplex,- an LED having a high energy efficiency, a
- high | oateanicd, comprl $indh tlheon’ﬁrrempﬁheny ‘wgitale compileé¥ed. DESCRI PTI ON

- OF THE PREFERRED EMBQODI MENTS Pyrromet hene netal conpl exes represented by
t he chem(xﬂhefRﬁﬁﬁﬁQ¢(HﬁvﬁmtionomﬁbélééséFFﬁééeﬁnthﬁﬁlPEDArt Ar 4 Ar5 R2
N, ' NR (1 _

1 geéégatlng a emission having an emission peak wavelength in

..the range of 580 “to. 720 nm by electrical energy. Tne dev1ce |
.comp:ises at least one of} an LED material comprising a -
ndiketanfrolot3,4—C]nyrfole derivative and an_organic‘

fiuorescent material having a fluorescent peak waveiength of

580 to 720inm; and an LED material compriéing a pyrromethéne
‘metal COmpiex. |

| Accdrdi_ng to'. the bresent ' inventi_on.', the- pyrromethéne

'-metal complex'has-nighly fluoréséent propérties and
.therefore.can be used for LEDs. By using the pyrromethene

metalléomplex, an LED having a high energy efficiency,.a _

high luminance, and a high chromatic purity can be achieved.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

-Pyrromethene'metal-complexes represented by the chemical

formula (1) will now be_deécribed in detail.

(1

"R, R?, and L are each a substituent selected from the

‘group consisting of hydrogen, alkyl, cycloalkyl, aralkyl,



S NIAr2 Ar (L)M1 Rl, R2, and L are each a substituent selected fron1the
group consi sting of. hydrogen al Kyl , . cycl oal kyl, aral kyl, 22 June 2006 5.
_“al kenyl, cycl oal kenyl , alkynyl,'hydroxyl, nmer capt o, alkdiypneammylthlo :
~aryl ether, aryl thioether,. aryl, heterocyclic, halogen, hal oal kane,

hal oal kene, hal oal kyne, cyano, al dehyde, carbonyl, carboxyl, ester,
carbanoyl, amno, nitro,'silyl, siloxanyl, and a fused aromatic ring and
an alicyclic ring formed with adjacesmt-substituents. Rl,.R2, and L may be
the sane as or different fromone another. Mrepresents a netal having a
~valence of mand is selected. fron1the group consi sting of boron

At 1 oD, EdisPa RTL | HRESRL o Bl ke o PeSFRA re 2Ot ot od |
B e e %2%%42%%% SFRLGREREerT RaveunBetrameiRin 2o
Slbs T h e M ang 2?2%3@0%5kﬁ§§300aa%2aﬁ%>ﬁaew F7ape. PiRanvae
| Unsat ubReey 3%% R o SHE OBy BB RR R oot S ona,
' siloxanyl, and a fused aromatic ring and an alicyclic ring '
- formed with adjacent substituents. Rl;_RZ, and L may be the
 same'as or different from one énofher. M represents a metal

having a valence of m and is selected from the group
~consisting of boron, beryllium, magnesium, chromium,_irpn,

nickel, copper, zinc, and platinum. Ar! to Ar5 represent

aryl. |

--'In'these substituents, alkyl means saturated aliphatié

.hydrOCarbon substituents such as methyl, ethyi, propyl, and
.butyl. Cydloalkyl means saturated alicyclic ring'

éubstitueﬁfs such as cyclopropyl, cyclohexyl, norbornyl, and
‘adamantyl. Afalkyl means substituents formed_with aromatic -
hydrocarbons.having an aliphatic hydrocarbon.therebetween,

such as benzyl and pheﬁylethyl. Alkenyl means unsaturated
“aliphétic hydrocarbon substituents having a double'bbnd,

-such}as vinyl, allyl, and butadienyl. CycloalkenYl means
'unﬁaturated alicyclic ring substituentS'having a doublé bond,

such as cyclopentenyi, cyciépentadienyl, and cyclohexene.
Alkynyl means unsaturated aliphatic hydrocarbon sﬁbstituents
'having a triple bond, such as aceéYlenyl. - Alkoxy means

substituents formed with aliphatic hydrocarbons having an



such as vinyl, allyl, " and butadiehyl Cycl oal kenyl neans unsat ur at ed
alicyclic ring substltuents havi ng a doubl e bond, such as cycl opentenyl,

.- cycl opentadi enyl, and cycl ohexene. Al kynyl nmeans unsat @2dteel2@06 phati c

hydr ocar bon substltuents having a triple bond, such as acetylenyl. Al koxy
means -substituents fornmed with aliphatic hydrocarbons having an 22 June
2006 6 ether linkage therebetween, such as nethoxy. Alkylthio neans
substituents in which sulfur is substgtuted for oxygen. .in the ether

| i nkage of al koxy. Aryl ethers nmean substituents formed with aromatic

hydr ocar bons havi ng an ether |inkage therebetween, such as phen0xy Aryl

t hi oethers nean substituents in which sulfur is substituted. ' for oxygen in
- the et IR¥heT nldpfeage BhGrebehupsn. AFyPhné§n§et§P6ﬁht|@Nkﬂiﬁk%Rbon
substituents, such as phenyl, napht hyl phe phenant hryl , terphenyl,
and pyr§fRs $¥R%ﬁtﬁ5%¥?% 1ﬂeﬂh§°Ey§PF§u§uB§tsP&@ﬁ&§q¥%ﬂ L PREIRR of her

t han carbon such as furg hi enyl , oxazol yl, gyl qU|nonI and
car baz oty thef Heen <L Hka ?I%ﬁr?ﬁ50x¥hloPFﬂ& eﬁﬂ&ﬂﬁw i odi ne."
Hal oal kane,, hal oa] kepe , a d h oal k subs |tuents i n whi ch hal ogens

are SUBSHTYTA SR b7 LRFERGERE ﬁrér&se& R BB Ayl |
.?'nléieﬂé'%th%ﬂ?ﬁ'?’f%%%t?f%ﬁ%‘?%gw%ﬁgi[ SR T L R L
.ring, éﬁggé drgu spgguentge&groﬁxghesui %Ilq% gu stituted .
Mfor oxygen'in.the ether_linkage of-aryl ethers. Aryl means
aromatic-hYdrocarbon substituents, such as phenyl, naphthyl,
biphenyl, phenanthryl, terphenyl, and pyrenyl. Heterocyclic
means cyclic substituents having an atom.other-than carbon,
such as fux&l, thienyl, oxazolyl, pyridyl, 'quinolyl, and
- qarbazolylli Halogens mean fluorine,.chlofine,'btomine, and
‘iodine. Haloalkane' haloalkene- and haloalkyne mean
'substltuents in which halogens are substltuted for . part or
entlrety of the ‘above- described alkyl alkenyl, or alkynyl.
Aldehyde, oarbonyl, ester, carbamoyl, and amino includes
_.substituents-haVing an’aliphatic hydrocarbon, an alicyclic
'_ring,ran'aromatic'hydrocarbon, a hetenooycle, and the like
'therein.. Silyl means silicon compounds such as
. trlmethy151lyl Each above-descrlbed substituent may have a
substituent therein.or not. The fused aromatic.ring.and the
alicyclic-ring may have a substituent or not. |
"_Boron complexes represented'by the following chemical
formula (2) have higher fluorescence quantum vield in the

: metal complexes represented by the chemical formula (1).



. therein.. Silyl nmeans silicon conpounds such as trinethylsilyl. Each

above- descrlbed substituent nmay have a substituent therein or not. The-

fused aromatic ring and the - alicyclic ring may have a sthbmet298ht or not .

Bor on conpl exes represented by the follow ng chemical formula (2) have

hi-gher fluorescence quantumyield in the netal conplexes represented by
the.chemcal formula (1). 22 June 2006 7 Ar9 Are Ar6 RA N:NR3'(2) Ar s

"5 AA7 R RR3to R6 may be the sane.agy ar different. fromone another, and

‘are each a substituent selected fromthe group consisting of hydrogen,

al kyl, cycloal kyl, aral kyl, alkenyl, . cycloal kenyl, alkynyl, hydroxyl,

mer capt o, . al koxy, alkylthio, aryl- ethers aryl thioethers, aryl,

het er ocycl i ¢, hal ogens, hanaIkaAe Q@boalkene hal oal kyne, cyano,

al dehyde, carbonyl, carbox@ esfersfMcarbanoyl, amino,. nitro, silyl,

si l.oxanyl', and a fused ar opaj nd an allcyclic ring forned with

adj acent substituents. AR 1 Beént ar{2) groups. These

substituents are the sane as Jlf mcal formula (1). By substituting .

al kyl having a carbon nunberAbf é 5 Aﬁnre for at Ieast one of Arl to Ar4d

of the formula (1) and at R

" R3 to RS may be the same as or dlfferent from one another,

and are each a substltuent selected from the group
-conslstlng of hydrogen, alkyl, cycloalkyl, aralkyl, alkenyl,
t cycloalkenyl, alkynyl, hydroxyl, mercapto, alkoxy, alkylthio,
-aryl ethere,_aryl_thioethers, aryl, heterocyclic, halogens,
haloalkane,-haloalkene, haloalkyne,-eyano, aldehyde,
Carbonyi, Carbokyl,'esters, carbamoyl, amino, nitro, silyl,
siloxanyl, and a fused aromatic ring and an alicyclic ring
formed Qith adjaCent snbetituents. Aré to ‘Arl® represent
aryl groups. These substituents are the same as in the
chemical formula (1). |
By substituting'alkjl having a carbon number of 4 or
'more for at leaet_One.of Arl to Ar* of the formula (1) and at
least one of'Ar'6 to"Ar9 of the formula (2) the |
'dlsper51b111ty of the material is 1mproved and thus hlgh
1um1nance can be obtalned : Preferably, both RS and R6 of -
'the formula (2) are fluorlne in view of the avallablllty and
the synthe31s of prlmary materials. Exemplary pyrromethene

metal complexes are represented'by'the following formulawe:



. l'east one of Ar6 to Ar9, of the fornula (2) the . dispersibility of the
material is inproved and thus high | um nance can be obtai ned. Preferably,
both R5 and R6 of the formula (2) are fluorine in vi ew 3! “Pﬁ@og@allab|llty
and. the synthesis of prinmary materials. Exenpl ary pyrromethene netal
conpl exes are represented by the following fornulae: 22 June 2006 - 8 C -~
) C6 C6H13 (2) NN NN .~9%SN F C6H13 C6H13 CH3 C3) (4) (5 Cd HlsH13 63
- C6H13 C6H13 CHCH3 .. 6 13 C6H13 1.9%9N-B.N F F~F/ NBNFF, F/ ~.\

- C6HL3 C6H13 C6H13 C6H13 C6H13 C6H13 (6) N CsH13 C6H13 (8) 0 CH 3 CHU

C6H13 C6H13 (7) ° / "\ N N KN N N FFB .

[1]




“F~F F/ \ - F OBHL3 C6H13 CBH13 CBH13 O%CH 3 CH O 22 June 2006 9 (9)
5H11 C5H11 (10) CH3 CH3 B-N.N B.' FF FF ~F. 0 "C5H11 CHCH3 CH3 5 11
"CH3jH3(12) Cl1) \ / \' CH3: OCH3 CH 3 CH 3 NB-N/ R2Nung2006 g F F
CH3 H3 CH3 O CH3 CH3 CH3 N.N N B NP F FF F 22 June 2006 .

[13]
0




10 (16) ~NNBNNB-N FFFF (18 (19) N;B N F 'Fo (20) o\ o .11P
"ov FFO'022 June 2006 11 \ON .N/ F. FB-N F\ O. "10 (23)
(24) (25) NFB:N ~r r F ~NB_LN NBM S 22 June 2006

- 10 -+




14 ... FFF (26) (27). (28) NB-N./ N. N FNF>FFBF N. . BF 22
June 2006 12 (31) (29)°/. \ (30) -NB.NWB, F F F\ / \ FBsF (32)
©(33) (34) r~r N:B N F~F. N NFFB%\ / , \ ~N |\?—2{13@)20996) C N
-.(37) N. - NN N FBF.kN W F 22 June 2006 13 2

<~ 11 -




(38) 1'0(39) ' (40) S N N N.BN 3

N N FIF
N F (45) (46) (44) ~ .:\. NNNBNN NFBF F ,F FBF O22 June 2006
1 ~ (52) (50) (51).2FBme200f. . N

. 14 KB, "NB.N. N. F F.F ~F F$F N

PFEB-F (41) (42) (43) N



 FBN FBF (53) (55) CA-CaH9: CA CAH9 -CSHI1A, \ /' r N .NFAN FBF F FKF

C4HO CA C4HO C4HO CsHi 1 CAl 22 June 2006 15 - (56) - (57).(58) CAHO CA
. CAHO CAHO CA C4H9 ~N.B.N N N N. N CH3 CH. CBC H 4H9 4H ®s CaHs
CAH9 CAH9 CAH9 . (59) (60) CH3 CH3 C4H9 c4H9 N.B, N N, B, N CH3 CH3 C4H9
. CAH9 (61) (62) CAHO 4HO CAH9 CAHO N.N N.BN / - / C4H9 | |

- 13 .-

- (40)




C4H9 C4H9 C4H9 C4H9 22 June. 2006 - 16 The pyrrorret hene met al ~ conpl exes of
‘the present invention may be prepared in accordance wi'th the fol1 owi ng
 procedure. Conpounds represent ed by the forrmul ae (7) and2Z Bine066 heat ed,

wi th. phosphorus oxychloride in 1,2-dichloroethane, ‘and are followed by
react i ng -a conpound represented by the fornmula (9) in the presence of

- triethyl-am ne. Thus, a net al conplex represented by fornmula (1) is .
obtained. Arl to Ar5 'Rl and R2, M. kg and mare the sanme as in the
description  above. J represents a hatogen. Ar5 Ari p - (7) 'RL' NH Are
Ard HR2 NH (8) Ara J-M'(L)m1 (9), . Thus t he prepared pyrronet hene.

nmet :hﬁorrpl ex of the present i ntion |#

" LED t he ey i nveMa]on now be
- formed of a 30 t



"rightf Exenpl ary materials of the anode include conductive - netal.oxides

such as tin oxide, indiumoxide, and indiumtin 22 June 2006 - 17 oxide- . .

(I TO; netals such as gold, silver, and chrom um cond@tiwe20Gor ganic
conpounds such as copper iodi'de and copper sulfide;. and conductive
pol ymers such as.. polythiophene, polypyrrole, and polyaniline. In -
‘particular, 1TO glass and Nesa glass are preferably used. The resistance
of the transparent anode is not |limtied as long as current can be supplied
. to ensure that light is emtted fromthe device, but preferably, it is |ow
‘with respect to power consunption of the device. For exanple, a substrate
with |Igjhavi ng a resistancegspf 300 QD or Iess i gsgged for the anode. The
thlcknessCQHQ TQ.i S. ~<H9accordogggto the

\ 300 nm" A ql.r S
ss, or t j K 1

afi vely, soda- 14

substrate I'S O/By
" devi ce. Prefgrybl
t herefrom .

‘However, thel ate i s not
- the .anode ed the st
~a plastic. YO may g deposi t ed

~cheni-cal regfion netdipd, or




~the like and is not Irmted to ber ng formed by these rrethods - A cathode is
~preferably forned of a material capable of effici ently injecting el ectrens
“into an organic layer. 22 June 2006 18 Exenpl ary cat hode Juna2@06 al s

i ncl ude plati num gold, silver, copper iron, tin, alumnum indium
_-chromium 1ithium sodi um pot assium cal ci um rragnesi um cesium and -
strontium- - In order to increase the electron-injection efficiency to .
‘inmprove the performance of the deviceie metals having a | ow - work function,
such as: lithium -sodium potassium calcium cesium and nmagnesium

and- al | oys contai ni ng these rret al s are advant ageously used... However,
generally s eakr n t hese g hav alo \%fek functr on are general |y
unst abl e | ntB¢ hRYLFpmel ePSr mg Qﬁp A& R5d ot hi ghI y stable

- ‘el ectrod d d h I t 1,1 I th
Tmgnes i AAYSBFLERLER PS RRPBR-FEsIN Aty aseiqvam?ﬁr%ei pa

- thi ckness ne er,on vacuum deposition) can be given as a preferred exarrpl e.
Al t er nRFUEFHY Fnorganr c salts such as lithiumfluoride nay be used.

~order-to p ot ect rgg%@ggﬁte@ %f er, %I%I %O%urieat al(@uca f oey a#ll{hese gol'd',_

sil ver, COp %I’ I I’OI’] Ium or

" netal s, 0 e t i con o
nitri dehggt 8 &Qﬁﬁ ﬁ%égg %s °;§5‘§%?/’\9‘?’%ﬁ%"| olho% td &{lyvr rf’q{ aﬁH ‘oride, a

g hyggog%@&naeaefariwsa viAgkagkady B eo%rp%%a rterﬁregaédmf P iR e by 2

R " formula (9) in the presence of trlethylamlne Thus, ‘a metal

- complex represented by formula (1) is obtained. Ar? td‘Ar5,

“R1 and.Rz; M, L, and m are_the same as in the descripfion

_'ebove. J represents a halogen.

@)

(8)

J—M—(L),, = (9).

' fhus fhe prepared pyrremethepe ﬁefal complex . of the
'preSenf inveﬁfion is euitable fer an LED material. An LED .
ef-the present invention will.now be'deseribed in detail.
An apode is formed of a transparent material to transmit
) light. Exemplarj materials of'the anode include COhduetive

metal oxides such as tin oxide, indium oxide, and indium tin



whi ch the conductivity can be ensured, such as resistance heating, =~
.el ectron beam sputtering,. ion plating, or coating. The substance which
- brings about light emissionin the present invention rm%?%ﬂﬁﬁ%ppge:‘(l)_a-
hol e transporting 22 June 2006 19 layer and a enissive layer; (2) a hole
~transporting layer, a emssive |layer, and an el ectron transporting |ayer;
"(3) a emssive layer and an electron transporting layer; (4) a hole
transporting |ayer, a em ssive |ayer,1and a hole- blocking layer; (5) a
hol e transporting l'ayer, a em ssive 1layer, a hole-blocking layer, and an
el ectron transporting layer; .(6) a em ssive |ayer, a hole-blocking |ayer,

nd . ect rting: | ; 7). a I containi f
The mat 8RS (GRODioREBas dRa 1 ToP T Lger 4t FYBRcend: ROEOBAOMaY have a
mul til tructur, f (.t 6 | L d of

T e EBhgRb AR el oyl SoBN0) ST RL! bethe, saRposed of e
tranSporﬁngrl%ﬁﬁ%id%he%ﬁﬂ*%gﬁdﬁg%%yklﬁ?f%%?gg.EQShEEECtron ‘transporting

' yayer._? subsStance “whi'ch brings” about _emssion, in the present
Lovent e pRER0RNAHSL QUSSANLL MBS FEIVERPUIAGY | 2ol Rl o ool on
Subst angag 81abRC BECRRAL GIGL I HBELESeRy GLEGL OPYREO! Ol 3, 4-c)pyrrol €
deri\ g a speciti'c structure and an” organic uorescent materi al
.haying fesistance of the transparent anode is not limited as long '
as current can be supplied to ensure that light is emitted
frdm the device, but-preferébly,_it is low with_fespect té
pqwer.cbnsumption bfithe'device. For example, a substrate;
with ITO having a resistance of 300 /0 or less is used for
thefénode. ‘The thickness of ITO is set according to the |
resistance therebf and often set in the rénge'bf 1do to.300
- nm. - A ‘glass éubstrate is formed of éoda}lime Qlass; alkali-
free glass, or the.like.' The thickness of the glaés
subsﬁrate iQLO,Smm of more té ensure the meChaniéal streﬂé£h;
of the device. Preferably, alkali-free glass is used
because féw ions éré e}uted=therefrom.. Alfefnatively;-SOda-
. lime glaSS'coafed with 5102 may be uséd; Hdwever; the
substrate is not limitéd to being formed of.glasé as long as
_ the aﬁode can be ensured the stable function therebf; and
.méy be formed of a plastic. iTO may be depositéd by an
electron beam, sputtering, a chemical reaction mefhod, or
the like and-ié.not limifed to being formed_by these methods.
A cathodé is preferably formed of a material capable of

efficiently injecting electrons into an organic layer.



f1uorescent peak wavel ength of 580 to 720 nm Alternatively, .the
substances conprise a pyrronethene netal conplex. These subst ances may  be
contained in any layer of the above- described |ayers, aRdupe@P@ ably, are-
contained in the. em ssive |ayer because both substances are fluorescent.
22 June 2006 20 The hol e transporting |ayer serves to transport holes
I njected from the anode. Exenpl ary hol e transportlng mat eri al s i ncl ude:
triphenyl amines, such.as N, N -di phenyhg -
N, N - bi-s(3-nethyl phenyl). -4, 4' -di pheny-1; 1. -di anine and N, N -
bis(l napht hyl )-N, N - diphenyl 4, 4" - dipheny 1,1 -di am ne;
s(N—aryIcarbazoIe%gand bls(N-aIkyIcarbazoI % derlvatlves
degimaty aJcFer’r‘i‘fér‘c‘F%sp up ongeld, h%i‘éYSEycl i C.

pyrazol
conpounds, such as oxadlazoles . hthalo and p rins; and .
-polyner§°P§GEh AL Fo| RGNy 1 5&?@ afhgﬂgﬂﬂr of the

polye | Srewn R @WZ@%%#EF r°ﬁ§9&$ﬁg¥¥'%¥@rﬁo@$ﬁ&ua{‘3.
t hese a as .t hey can nto a. th n d . does i'nhi bit
the tr al@pdrfieny B &rees 0O de S Ot TS 5 -1ﬁ%>?%°¥r§ﬂsport. o
b o el T Merdmilnce, (0, GRS Sayifl] IREE TR RELENS 2 986 0 Y,
: ggalleD %E%r 'f%ln'cti-_gl}l.e, Is%%ho é ﬁ%trpilﬁ:?,e”éodﬂ)&ﬁ,”tﬁc?{‘a&?lﬁxﬁ, ! &Qfélﬂﬁ‘,“ ng a :
B fcesium, and.magnesium and alloys containing these metals
.are advantageously used. __However, generally speaklng, these
Imetals'having-a Low work function_are generally unstable in f
‘the ‘air, so forlexample the.method of nsing a highly stable
'electrode and. doping the organic layer w1th a small amount
. of lithium,_magne51um, or cesium (1 ‘nm- or less in thickness
_wnéh measured by a thickness meter_on vacunm dep031tion) can
be given as a. preferred example. Alternatively,_inorganic
'salts such as lithium fluoride may be used. In-order to
'protect the cathode preferably, a metal such as platinum
- 'gold, silver, copper,:iron, tin aluminlun“.or 1nd1um or an
alloy of tnese metals,:an'inorganic substance.snch as silica, -
titania,-or silicon nitride, and.a'polymer-such:as_polyvinyl_'
alcohol, polyyinyl'chloride,”or-a hydrocarbon are further
laminated. Preferaoly, the cathode is formed by a.metnod in
which the conductivity can.be ensured, such as resistance
heatino, electron beam, sputtering,_ion plating; or coating.
~ The substance which brings.about'light emission in the

'present invention-may comprise: (1) a hole transporting



wavel engt h-of 580 to 720 nm by el ectrical energy. A light having a peak’
wavel ength | ess than 580 nm cannot lead.to red em ssion w th excellent
chromatic purity even if thepeak width. thereof is snmal22Jae 2006 ot her
hand, a light. ‘having a peak wavel ength greater than 720 nmleads to a
fdegraded | um nous efficacy and therefore, cannot provide red em ssion 22
June 2006 21 with a high lumnance. The enissive nmaterial conprises at _
.least one of the following (a) and_(py._-(a) A diketopyrrolo[3,4-c]pyrrole
derlvatlve represented by fornula (3) and an organic fluorescent material .
~havi ng a peak fluorescent wavel ength of 580 to 720. nm Arll 0 RB-N IN—R?
(3) Arl12 R7 and R8 are each a substituent sel ected fromthe group
consi st 1®3yesf aBAk P eRASSAYe davsdi rihbet sﬁQﬁeJF?QP%HP%&%PQSH%K?Ftu%nts
“represented by fornmula (4);, and_nay be the sane - or djfferent, -C(C
H2)ri o APRESBAYe RE¥eRe aRd RD @%%Q¥¥9RﬁF¥P¥ﬁRBﬁ?%Qﬁﬁ&a¥%¥ecf%h ?ron1the

‘grou consi sting of. hydroge al k havi ng car bon nunbers of 1 to
g p emissive gayer %nd %n elec ron traé%portlng layer; 4)

“hble trapsporting—layer, a emissive layer, and a hole-
bleckihg.layer;'(S) a'hole'transporting layer, a emissive
1ayer,'a hole—blocking layer, and an electron transporting '
”layer; (6) a.emissive layer,'a holefblocking layer, and an
electrom trahsporting layerf or (7) a monolayer containing -
some of the materials of theyabove-described layers. Hence,'
:the.LED may have a multilayer structure of (1) to (6)-or a
mon_olayer structure composed of an LED- material alone or
including.an LED material and a material of'the_hole
-transporting_layer, the hqle-blocking layer, or the electron
-tran3porting layer. The substance_which brings_abdut light
emission, in the present imvention, means substances and
'layers.contributlng~to.the 1ight emission of the device, and
may-emit light itSelf or may help to emit light. -
~The sﬁbstances ef the preseht lnvemtion comprise a_
'diketopyrrdlo[B,4-c]pyrrOle derivative having a.specific
structure and an organic fluorescent materlal hav1ng a
'fluorescent peak wavelength of 580 to 720 nm. Alternatlvely,
the substances comprise a pyrromethene metal eomplex. These
‘substances may be contained in any layer of the above-
described layers, and preferably, are contained in the

emissive layer because both substances are fluorescent.



4, phenyl having no substituent or having alkyl having a carbon nunber of
1 to 3 therein; and RO and R10 may be the same or different. Ar13 is a

" substituent sel ected fromthe group consisting of pheny2 %ne2A8pht hy!
‘having al kyl" or al koxy or hal ogen or. phenyl, and naphthyl. -n represents a.
22 June 2006 22.whole nunber of 0 to. 4. Aril and Ar12 a substituent

sel ected . fromthe group consisting of.phenyl, naphthyl,styryl, and

carbazolyl. (b).A pyrronethene netal gonpl ex represented by t he

above-described formula (1). 1n the case of (a),

diketOpyrrolo[3'4 clpyrrole. derivative represented by fornul a (3) and an

[ t t | .having a - eak fluorescent waye th of 580
002350  nm afBeB8dent TR0BROT tdh e bt SEHERt 0 FFERBPRBEL PORES

di'k | I h dth

{1 tor oY BELRRAL FrohP Hb0ehs e“v"’f‘a“e v Bl Bodponnas gﬂsp?eieﬁigﬁ”hﬁ
f or mul 3 b bed det t t R? d
o " Bk AT, k2 Hit RS RRR er l)‘?cqe?%'*zs NS bhRELs 7

- strai ghy ghain s acshds ShaiA, Spop fa 71806, B OBV o BonTR DY
3 Iphediyly. diamifiea

~ethyl, nipropy I.SOp utyl ert-butyl:,
n- pe”tybii?ipgﬁgﬁkhyi) Re%tXhiﬁ%é%yi“J“%*Dﬁfﬁﬁ&H} 1”1heé¥£mlﬂehepty'

n- octyl
blS(N arylcarbazole) and bis(N- alkylcarbazole) derlvatlves,
and pyrazollnes, stllbenes,.dlstyryl derlvatlves, hydrazones,
hete;ocyclic_compounds} such as oxadlazoles phfhalpcyanihes;
.iand.porphyrins;:and polymers, such as polycarbonates and
.styrehes having a monomer of the above-described compoundé
as a Side chain group, polyvinyl-earbazole, and-polysilanes.
:Hdwever, the hole transporting materials_afe hof limited te
..these asllong as-they can be;formedlinfo a thin £film and'
-does not 1nh1b1t the transportlng of holes 1n3ected from fhe
anode.. The hole transportlng layer may be formed of one of
the above descrlbed materlals alone or may be-formed of a
plurality of materials.

. The emissive layer is preVided with an LED materiai.
The”LﬁD of the present invention emits light haﬁing arpeak
wavelength of 586 to'726 nm by electrical energy. A light

'having.a peak wavelength less than 580 nm cannof 1ead_to red
eﬁiSsien with excellent chrqmatic_ptrify even if the peak -
wiath.thereof is shall. On the.o£her hand, a light_having a
peak wavelength greater than 720 nm leads to a degraded

luminous efficacy and therefore, cannot provide red emission



-tetramet hyl butyl, 2-ethyl hexyl, -n-nonyl,.decyl, undecyl, - dodecyl,
~tetradecyl, pentadecyl, hexadecyl., heptadecyl, octade%é elcosyl

. henei cosyl ,.. docosyl, tetracosyl, and pentacosyl. Prefer H@VCZQ?Sand R8 are

methyl,” ethyl, n-" propyl, isopropyl, n-butyl, sec-butyl, isobutyl, :

- tert-butyl, n-pentyl, 2-pentyl, 3-pentyl, 2,2-dinethy[propyl n- hexyl, 22

~..June .2006 - 23  n-heptyl, naoctyl,..1,13.3,3-tetranethy|buty|,, and 2-

et hyl hexyl, which have carbon nunbers;pf-1 to 8. Mire preferably, R7 and

- R8 are nethyl, ethyl,n-propyl, isopropyl,. n-butyl, sec-butyl, isobutyl,
and tert-butyl, which have carbon nunbers of 1 to 4. The. al kyl groups

-haV|ng car bon nunbers of 1 to 4 _represented R9 and R-10, i ncl ude nethyl
.ethyl, i gpypioh |Js‘6‘B+Bﬁ9Fe n- B Ie“‘lée“'cl"&;ﬂﬁ/ e’i’vﬁ?blﬁ%}'rpri‘a?ﬁﬁ t&r t - but yl .

" The ph d h | kyl h b
oo a8 ok BRSO EEpdh gRﬁa%”a@?]z e Y L pr ooy Sabon.
i sSopropvl t ed t t f
e P oY Pﬁaq%{%%moqé ass SRIEL eéﬁﬁv%w?%a@srm%é%sﬁbst Ttuents at up
to th bondi whet her, .t h bst it uent gy : o
-dio-f.f er ;]%e ]f?o%%llgg%sg%of'%’émuifln??ﬂl ?eld?\ugt Zdrguaennp?e er a’ﬁ v eat}sﬁ;r:s ﬁ:tso; S
- carbon nlﬁ‘é#!@:?{ P héviﬁg 8 Bugﬂe%ﬂ;'o%%' lc%ntt{"wsa\% tq 'b% %fos b{Tf -{E’d n_‘?t hyl',

n-'propy I'sopr opy , SEcC buty , 180

N-R7  (3)

- R7 and R8 are each a'subsfituent selected from'the_grQuP'
COﬁsisting of alkyl-having_carbon numbers of 1 to 25 and
 substituents represented by formula (4), and may be the same

or différent."

_Rg
1
—C—(CH)—Ar"  (a)
R '
: k9tand RlO_are eéCh'a'sﬁbstituent Seiecfed from the group
cohsisting §f hydrogen,.alle_having carbon-numberS-df 1 to-
'4; phenyl having no substituent or having alkyl having'a
carbon number of 1 to 3 therein, and R® and R! may be the
same or different. Ar'’ is a substituent'seledted'frém-the
group conSisting of phenyl- and naphthyl having alkyl or

alkoxy or halogen or phenyl, and naphthyl. n represents'a



- pentyl, . 2-pentyl, 3-pentyl, 2.;2-dinethy|propy| n- hexyl , nr-heptyl,
n-octyl, 1,1, 3;3-tetranet hyl butyl:; and ethylhexyl The- al kox

preferably, has a carbon .nunber of 1 to 8, and speC|f|@aUP96

met hoxy, ethoxy, n-propoxy, isopropoxy., n-butoxy, sec- butoxy, |sobutoxy;

tert-but oxy, n-pentoxy, 2- pentoxy, 3-pentoxy, 2, 2-dinmethyl propoxy,

n-. hexoxy, n-heptoxy, -n-octoxy,.1,1,3,3-te;tranethylbutoxy and .

- 2-ethyl'hexoxy. 22 June 2006 24 Hal ogen-nean fluorine, chlorine, brom ne,

- and iodine.. The phenyl which the phenyl groups represented by Ar13 have

therein further has al kyl or al koxy having a carbon nunmber of 1 to 8.

These al and Ikox the s as Ve. Na ht h ou -
-regres?ﬂgég bY™R T§i§¥l§g§° qh %gﬁth? X thZEhéﬁﬁFV1 g ﬁ%z“%é Jgany o
substitye refera e sa ubst.i t uen in e ove: descri be
ohenyl  EFBpERS e RoSarEoRrY 5 APe” B TN RN R AR oup
'conS|st|n9 gf g enyl napht hyl , . styryl, and carbazolyl The. - napht hyl,
styryl- 5 car% zonIgroups may be conblned with ' ' :

i ket onyrr ol Q3. £~ SENGHSLRCAKEhELSD BhuB0RRILRgcLLG W gieol . These

phenyl, naph yry car may have stltuent

-'ZFL??" e%‘;% QZF%%FF%%QFE%H?L L °L| Ei?’[ o, arytoxy. “2'r§’?e?h. oet her,
aryl, " het ghogygl i:sseame“?a)s,_' %.yhmé%p@ﬁﬁ&%ctﬁnﬂ@fﬂﬁfdw and an.
7fdériv5£i§e represented'bj formuia*(S) end an'erganic
tfluorescent material hav1ng a peak fluorescent wavelength of
580 to 720 nm are used as both a dopant and a ‘host.
".:_Preferably, the dlketopyrrolo[3,4-c]pyrrole:derlvatlve is
’used es-a%hoet'and'the orgenie fluefeecent-material'ie nsed.
ae a dopant. ; | R
E The compoﬁnds represented by formulae'(3) end (4) will
-new be described in detail. Substituents R and:R3L which
t; ere:alkyi ha&ing a carbon number of 1 to 25, may have a
straight chain or a side chain. Snecifically, R7 and R® may
' be;methyl; ethyl, n—ptepyi,_isoprdel,_n-butylé séc—butyll
‘isobutyl, tert-butyl, n-pentYl; 2~pentyl,-3epentyl; 2,2-
dimethylpro'pyl, n";hexyl, n-heptyl, n.-octyl', 1,1,3,3- |
tettamethY1butyl, 2—ethylhexy1,_n¥nony1,_dech; undédyl,
dodecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl,
-oetadeeyl, eiCoeyl, heneicesyl,_docosyl, tetraCOSY1, and
pentacosy1. Pieferably, R7 and Rs.are methfl,_ethyl, n-
ﬁropy;, isopropyl,-n;butyl, sechﬁtYl, isobutyl;.tett-butyl,

'-n-pentyl,'2-pentyl,'3-pentyl, 2,2—dimethylpropy1, n-hexyl,



alicyclic ring formed with adjacent substituents. Halogen is the sane as
in the above description. The .alkyl groups may have a straight chain or a
. Side echain and preferably - have a. carbon nunber of 1. to 25 ’ﬁ%¥@ preferably
of 1.to 8. Exenplary aIkyI groups are the sanme as in the above
descrlptlon The cycl oal'kyl groups,. preferably, have a carbon nunber in

the range of 5.to 12, and specificaLIy i ncl ude cycl opentyl,, cycl ohexyl,
cycl oheptyl ,. cyclooctyl, 22 June 200632325 cycl ononyl, cycl odecyl,

'cycloundecyl and cycl ododecyl. More preferably,. the cycloalkyl i ncl ude
cycl opentyl, - cyclohexyl, cycloheptyl, and cyclooctyl The aralkyl gr oups .
“aré not I|n1ted I n these carbon nunbers referabl they have a carbon -

nunber  8rheptyl '2$'9§£¥§4|¥%ﬂ4§'3TWE§I?%%F%$ uBXhzy? 22 benzyl 2- propy
P- ph | - d th | b | but

o df RERyAARsenprl ve%%ﬁ?&w@a%%ﬁwﬁpmner MeSgecyl,
' h | | h 5d I Pr.ef bl Jth b |, 2-.
| beﬁzi{'yw%'ﬁ%%% pﬁe’ﬁﬁﬁ'&yh pre” sty sk [}En% e

W, WAL d|

I I decyl
_group_s gﬁ&*?ﬁt}r’ rc%ftiy :ﬂt ?’19°a‘%%%5§2¥§?90 ‘ir%efﬁsz pr‘ﬁ%yf"gnﬁ ﬁ%gtn;l eg%/hyl
a, a--dq_ng%%tgl ﬁ%ﬁef@' c&helnyé b4utyl ‘and w, wdi metyl - wphenyl - butyl

‘groups. . 0 groups ar® substituents.in whi ch oxygen in the -ether

Finkage of oK1 Yrtihd b RlGCEHIbA LS o5 1 to 4

: represented by_R9'and R1°.1nclude_methyl, ethyl n-propfl,
isoﬁropyl,:n-butyl,“seCQbutyl, isobutyl, and te;t-butyl{
' The phenyl.groﬁps'represented by R and R“Vmay haye a;le'
.With'a earben_number of_l te-3, and this alkyi includes
'hmefhyl eethyl h¥propyl ahd iSOﬁropyl The phenyl groups
represented by Arl3 have at least one of alkyl alkoxy
.'halogen and phenyl and may have these substltuents at up to
.th:ee'bondlng sites, whether the substituents are the same
': as or differeat.frem one another.. In this instahCe,
preferably, alkylhhas a carbon number of 1 to 8.
Specifically this aiky;.includes-methyl;-ethyi, hfpr0§y1,
;isopropy1,;n—butfl,_sec—butyi;'iszﬁtYl, tert-bﬁtyl;'n_
pentyl;hzfpentYl,'34pentyl, 2,2-dimefhylpropy1, n-hexyl, n-
hePtyi. n~o¢tyl, 1._,1,3;3-t'etram.ethylbuty1, 'and"z-eihflhexyl.'
?he alkoxy, breferabiy; has a carbon-number'of_i to 8, and
specifically may be methoxy, ethoxy; h—propoxy; iéoPropoxY;
nfhutoxy, see-butoxy; isobutoxy, tert- butoxy, nFﬁentoxy, 2-
 pentoxy, 3-pentoxy,_2,2—d1methylpropoxy, n- hexoxy, n-heptoxy,

nadctoxy,.1,1;3,3-tetramethylbutoxY, and 2-ethylhexoxy.



An aryl oxy group generally neans a substituent fornmed with -aromatic

hydr ocar bons havi ng an. et her |inkage therebetween. dgitlo% i n the

_ present invention, aryloxy-groups include subst. |tuent55§ &nth an
~aromatic hydrocarbon having a carbon nunber of 6 to 24.and a saturated or
unsat urat ed heterocycle which have an ether |inkage therebetween. This
“hydrocarbon and heterocycle may. have no substituent or have al kyl or

al koxy having a carbon nunber. of 1-tm4 8-therein.. The aryl thioether groups
are. 22 June 2006 26 substituents in.which oxygen in the ether |inkage of
an aryloxy group is replaced with sulfur .The aryl groups, preferably,

h b b 24 d. ficall | A

| ;xzpﬁ:ﬁé‘ioé’%n”nﬁﬁﬂghéiuoal%%. pﬁima“ ﬁof %lé{‘aﬁ%#aewp“e@ﬁ%l wor enyl |
_ ant hracen ant hr ace Nbre refer bI roups o
i ncl udePPRBY IWhic HFh? ﬁﬁ §F§%‘% é%qﬁr %E%ggaryl groups .
. f h b : h

~ Therel neneretfy EvEHiEscRre BATR a&a'e'?%oma“‘“;q P%E?%Feg ng B atom
ot her than, carbgn, H%hgagl% b y be

e

saturat®8 or “unsat uia pre era uns:ﬁuratg‘é peC| -~ they
I e PR, B e %Js'zsgﬁ%gﬁ%r?am“fe“y'
' ' _napohthyl and 2- naphtyl and may have any substltuent and
_Jpreferably'the same substituents as in'the above—described
.'f'phenyl gfoups.” |
-Ar?lland_Arlz are subétituents éelécted:from[the group
':consisting-of_bhehYl,_naphfhjl,.stYryl, and carbazolyl. -The.
;naphthyl/ styfyl and carbazolyl.groﬁps-may_be combined wifh
dikétopYrrolo[S,4-c}pyrrole skéleton_ét anj bonding site
_thereof.' These.phehyl, naphthyl, styryl, and carbazolyl
groﬁps'ﬁéy haﬁe a_suﬁstitﬁent'selected from the group
.¢ohsisting.bf hyd#ogen, cyéno, halogén, alkyi,_éycloalkyl,
aralkyl, alkpxy; alkylthio, aryloxy; aryl thioéther, aryl,
‘hetéfoCYclic,'amino, silyl, and a fused aromatic ring and an
_éiicjdliclriﬁg_fbfmed Qith adjacent substituentsf "Halogen |
"ié ?he samé'as in the abové.descriﬁtidn. The alkyl g:oups
- may have a straight chain or a Side'chain and preférably
-héve_a carbon number of 1 to 25, more preferably of 1 to 8.
Eiémplary alkyl groups are the same as-in the abové
'deécription. =The'cycloalkyl groupé;.preferably; have a
‘carbon nUmbef in the range of 5 to 12, and specifically

jinclﬁde cyclopentyl; cYclohexyl,'dycloheptYl, cyciooctyi,



dibenZOfuranyI,'phehoxythienyl, pyrrolyl, imidazolyl, yrazonI pyridyl,
bipyridyl, triazinyl,. pyrimdinyl, pyra2|nyl pyndazméFl %%%5 |Z|nyI '

i soi ndolyl, indolyl, indazolyl, pur|nyl qU|noI|2|nyI
i.soqui nolyl, phthal azi nyl, naphthyrldlnyl qui noxal i nyl., qui nazolinyl,

.‘qui noli nyl, phthalizinyl, carbazolyl carbollnyl - benzotriazol yl ,
benzoxazol yl , phenanthrldlnyl acrldlnyl pe. rlnldinyl, phenant hrol i nyl
phenazi nyl , ,|soth|azolyl _ phenoth1az5nyl; i soxazol yl-, furazanyl, and

.“phenoxa2|nyl These heterocycle groups may further have al kyl or al koxy 22
June 2006 - 27 ‘having a carbon nunber of 1 to 8 therein. In the amno

groups, at _|east. one hydrcggn of two hydraqgens thereof be repl aced

“with aIEVPlﬁHQPﬁ& a “EIBOF Wdmo & FrovPder Yy, B DaF kIt °%§9¥%g a car.bon

inber Bpeg bRstayatill Pt lc%c'liiod Ot SrRRERERD. ot er goycl | ¢y

LN LSkl “L?:p@p%ﬁg&gla o DS D el 1 o2 214

000 oL RER! s SIS bt RSl bR Rl LSRRI e

dfﬁcfﬁdlné¥§L§§;?¥Loﬁa§F@%§%b%ﬁ£qpﬁﬁgﬁ%ge;E%%r g%‘ﬁ% ?ry+8% ln?lugi -aryl-

.jhaV'ng 9eﬁ@§90n2nB@H§§lpf %fﬂﬁy%4 phenyl ethyl o, o~ '
dlmethylbenzyl - phenyl butyl, o, - dlmetyl - phenyl butyl
m-phenyl—dodecyl, m-phenyl-octadeoyl,.w—phenyl—elcosyl, m-_.

' pnenylsdocosyl gronps. :Preferably, they are benzyl, 2-

.;benZyl-pronyl, B-phenyl-ethyl,.a,a—dimethylbenzyl, w—phenle
'butYl, m,mﬁdimetyl—w—phenyl—bntyl, m—phenyljdodecyl, and w—.

' ;phenylfoctadecyl groups, and more_speCificaliy are"benzyl,

._Z—benzyl-propyi; B-phenyl—ethyl, d,a-diﬁethylbenzyl,-m—

: phenyl-ontfl; and w,m—dinetyl4m—phenylebUty1 groups.
Alkylthio-gronps are substituents-in which-ok&gen in.the_
erherilinkage of an alkoxy group iszreplaced with sulfur..

An aryloxy group generally_means-a substituent-formed witn
daromatic hydrocarbons having:an_ether”iinkage therebetween,

In addition in the present 1nvent10n, aryloxfegroune_
include substituents formed with an aromatlc hydrocarbon

_ hav1ng a carbon number of 6 to 24 and a saturated or
unsaturated heterocycle which have an ether 1inkage'
therebetween. .This hydrocarbon and.heterocycle may.have no
substituent or have alkyl or alkoxy'having a’carbon_number

of 1 to 8 therein. The aryl thioether groups are



“heterocyclic group, or the like. The aryl having a carbon nunber of 6 to
- 24 and the heterocyclic may further have al kyl or al koxy having a carbon
“‘number of 1 to 8 therein. ~The fused aromatic ring and 2%%9elPeoring
formed with adjacent substituents may have a substituent or not. Preferred-:
-di ket opyrrot o[ 3, 4-c]pyrrol e derivatives .include the followi ng: 22 June
2006 28 do N ~-NNNNN x OC -NN/- NNNNNNNNNN NNNN. N 1
22 June 2006 29 % _ONM O p -NNJ-24d0-N-~-N 1'1 ANN\V N~N 00

zéﬁbstifqehts.ih which 0xygen'ih the-ether-linkage:of an
ﬂarjloxy gfoﬁp-is replaced with sulfurl Thé'érylzgrOUps{_
_préferabiy; haye_a carbon numbéf of 6 to.24j'and. S
épecifiéally include_phenyl; 1-néphthy1, 2-naphthy1, 4-
'biphenyl, phenanthryl, 2-fluorenyi; 9—f1ﬁqrenyl; é—
 anthra¢eny1, and.9-anthracenyl{  More prefefably; the aryl
 Qr§ups1include phényl,.1—napﬁthyl;'2anaphthyll'and 4- -
_‘biphenyl. These arylugroups may further havé alkyl or
'élkbxy_having a,carbon number Qf.1 to 8.theréin. Tﬁe
héterocyClic groups have a chlicﬁstructure haVihg an atom
. other than carbon, such as nitrogen,'bxygent or~sulfgf.
:Theyumay be sathrdted-or~ﬂnsafuratéd énd ﬁreferabiy o
_:unsaturéted; Sbeéifiéally, they inclgde_thienyl, 
benzdtb]thienyl;.dibénzo[b;d]thiehYl, thianthfenyl; furyl,
furfuryi,.ZH—pyrényl, benzofurahyl, iéobeniofuranyl, |
dibenzofuranYl, phénéxythienyi; pyr;olyl, imidazdlyl,

- PYrazolyl,_pyridyl, bipyridyl,:triaiinyl, pyrimidinyl, -
-:pyrazihyl, pyridézinyl, inddliziﬂyl,'iSOindolyl, indﬁlyl}
'indagolyl, purinyl, quinolizinyl,:qﬁinoiyl, isbquinolyl,
phthala?inyl,Inaphthyridinyl;IQuinoxalinyl, quinazolinyl,..

-gﬁinolinyl, phthalizinyl, darbaiolylf carbélinyi,.
bénZQtriazolyl, benzoxazolyl, pﬁenanthfidinyl, aCridinyl,
.péiimidinyl, phenanthrolinyl, phenazinyl;_isothiazolyl,
phenothiazinyl, isoxazoly;; fﬁrazanYl, and phenoxazinyl.

" These heterocycle groups may further have alkyl or alkoxy
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_ahaving_a earbon'number-efal to 8-therein._ In.the.anino'
grouhs;hat least one hYdrogen'of.two hydrogene thereof'may
:'ibexreplaced With;alkyl haQing a.carbon number of 1‘to'25,
cycloalkyl havingha carbon number of 5 ro 12;'arquxy
ineluding'aromatic hydrocarbons havinj_a'darbon_number of 6
hro 24, aryl'havingha carbon number of 6 to 24, heterocyciic,
-er'the like;- In thlS 1nstance aryl having a carbon number
of . 6 to 24 and heterocycllc may . further have alkyl or alkoxy
hav1ng a carbon number of 1 to 8 thereln In-the 51ly1
"_groups,_at least one of hydrogen of three hydrogens thereof
-may be replaced w1th alkyl having a carbon number of 1 tol25,
"cycloalkyl hav1ng -a carbon number of 5 to 12, aryloxy
1nclud1ng aromatlc hydrocarbons hav1ng a carbon number of 6.
~to 24 .aryl_hav1ng a carbon number of 6 to 24, a.
.heterocyclie Qroup,IOr the 1ike. The,arylehaving'a carbon .
number of 6.to'24 and the heterocyclic may furrher have
alkyl or;alkoxﬁ having aICarbon number of 1 to 8 therein.
:  The’fused'arematic.ring_and aliCYCiiC'ring formed with
-adjacent eubsfitUents-may'haveza substituenteor-not;
Preferred'diketopyrrolo[3,4—c]pYrrole derivatives

include the following:
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0~1 00 N~.~ NN-/ O OOCH3 NKk.-NN- CAN N-C2H5 'CH3 22 June 2006 37 The
- di-ketopyrrol o[ 3, 4-c]pyrrol e derivatives are prepared. in accordance with,
. for exanpl e, .enbodi nrents of EP Unexam ned Patent Ampllc%ﬁfqﬂ?aﬁgﬁllcatlon -
"Nos. 0094911 and 0133156.. Aromatic nitrile and diisopropyl succinate are .
~heated together in t-amyl alcohol in the presence of - potassiumt-butoxide
- to prepare a di ketopyrrolopyrrole precursor. The di ket opyrrol opyrrol e '
“precursor is heated ..with an al kyl-hadide in dinmethylformam de (DVF) in
‘the - presence of pot assi umt-butoxi de and is followed by a gener al '
'processing, Thus, the diketopyrrolo[3, 4-c]pyrrole is obtained. The,

di ket opyy -o[3;4-c]pyrro|e derigral T\ i nvention are
fl'uor escq and nost g gscence quant um
efficiency’ DMF or have a\mol ar aQﬁorpt|V|ty

of 5000 : O

atives have a flu®
‘ne or



I'n-the- present i nvention, organlc fluorescent naterlals haV|ng a peak
“wavel ength of 580 to-720 nmare used to generate-red enission.
' SpeC|f|caIIy, the organic- fluorescent. materials |ncIude2${HR9¥Q9§r|vat|ves
. of aromatic -hydrocarbons such as terylene;. fused heterocyclics such as
- pyridi not hi adi azol e, . pyrazol opyri di ne, and d|ketopyrrolopyrrole
napht hal i m do derlvatlves such .as = = : _
' bls(dllsopropylphenyl)perylenetetracagmoxyl|c i mdo; perynones rare earth
“conpl exes such as Eu conpl exes of 22 June 2006 38 whi ch t he Ilgand is
acet yl-acet one or benzoylacetone and phenanthrollne :

' conplex thereof to generat_
cpurity. R16 R17_R11_'




X.Rls NHN R12 (5) . .R14 Rla At |east one.of Rl11l to. R17 has an aromatic
ring or forma fused ring with an adjacent substituent. The others are.
_“each a substituent selected fromthe group consisting of22 H?ﬁ?@&%n, al kyl ,
cycloal kyl, - aral kyl, al kenyl, cycloalkenyl, al kynyl, -hydroxyl, mercapto,
-al koxy, aIkyIthlo aryl ethers i oaryl thloethers, aryl, heterocyclic,
hal ogens, hal oal kane, hal oal kene, hal.oal kyne, cyano, al dehyde, car bonyl ,
carboxyl, 22 June 2006 39 esters; - caebanoyl, amno, nitro, silyl,
'Slloxanyl and a fused aromatic ring and an allcycllc ring formed with
adj acent substltuents X represents carbon or. nltrogen If X is nitrogen,

~R17 does etal of the metal couplex I's sel ected fromthe
group coné : Qn. . b j iron, .
ni ckel, . copper'—¢i \ : astitudts are the sane
~asin fornula (1_ A \ g patrilal s have a

~hi gh quoresc uly): .
' the f ol . ded as a nmetal

he pyrronet hene

skeleton 24



7R3 RRI8 X R22 R19 (6) 21 20 R R26 R25 R At .l east one of R18 to-R24 has_
~'an aromatic ring or. forma ..fused ring with an adjacent substituent. The

. others are. each a substituent selected fromthe group £ 0Phg of o
~ . hydrogen, alkyl,. cycloalkyl, aralkyl, alkenyl, cycloal kenyl, alkynyl,"

hydroxyl, nercapto, al koxy, alkylthio, -aryl ethers,  aryl thioethers, aryl,

~heterocyclic, halogens, haloalkane, hal oalkene, ‘haloal kyne, cyano, ‘ '
-al dehyde, carbonyl, carboxyl, estersz3carbanoyl, amino, nitro, silyl,

- siloxanyl, and a 22 June 2006 40 fused aromatic ring and an alicyclic

ring formed with adjacent substituents. X .represents carbon or nitrogen.

i i These substituents are the sanme as-
pyrronet hene nmetal conpl ex _
-prevent the degradation of .
wstate and thus to generate |ight
6 epresentedmﬁy formula (1),

W

by fornmula (1) is use

: represeht».
(ntensity in athin-fil¥

fl uorescence
with high lu
' exenplary met




naterials having the pyrrorret'_hene' skel eton include the follow ng: 22 June
2006 41 (64) (63) \ /4 [/ \/ / V' \* NN~ NeNFFFF (65 (66) (67) N -
\' NN \ NN.BNB.-IN/ FFJFF_ S\ ~-N [68) (69)-(70)22_NB€20&§ NB FF

" ICTIN-g g NFFEN FF 22 June 2006 42 (73) (72) N ~\
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FF (74) N N(75) . (76) ' \' N, FF1\ N\N-FFF

" F
\

FN, "INONFgF (79).” (81) (80)

FFE/ |

N\ OAC NN\
'O CH3H 3C 22 June 20082 Jug: 2q084) (82)
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H3C CH3 (86) (8,5) CBH13 CBHI3 (89.) NBN-FFFFN N \ ~ B HC CH3

F~ F O OBNI3 C6HI3 NJ (87), (88). N, -N, . ~N F BF F BF 1 22 June 2006 -
44, (91)~ (90) 's 00 N- N NN_ FF F~ F S~ ~S 0\ (922 @8PR0p64) NN NN
"F FN ,NF<F\ \ | FB1%> CNr 1 CNAN--NB FF/ \ \ FF (98 _ |
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"V \ o/ (99) FF N&E F F 22 June 2006 .45 (.100) - (101) H3C FF H3 F:
(102) (103) N~ FBIFF. F (104) .(105 N, NB. N FFE FFO /ON
(106) (107). N, BB N NN F F F F. 22 June 2006 46 PhJeredi06t o o
transfer energy from ahost material to dopant, it is inportant that the
- fluorescence spectrumof.. the. host material overlaps the absorption
spectrum (excitation spectrun) of the dopant. The fluorescent

' - 37 -

.'The.dikétopyrrolot3,4—cjpyrrble:derivatives.are pfepared_-.
'in acéordance with, for'example, embodiments Qf EP |
ﬁneXamineleéfent Application.Pubiicafion Nos. 0094911 and
0133156. "Aromatic nitrile ahd_diisopropyl sﬁCcinate'ére.
-hgated together iﬁ t-amyl élcohoi_in the presence of
'potassiﬁm—t—butoxide to prepare é diketbpyrrolopyryole -
.precursor. The diketopYrrolopyrrole b#écufsér is heated
~with an alkyl halide in dimethylformamide'(DMF)'iﬁ the
preéence'of potassium-t-butbxidé-and is foiloWed'by a
_genéral processing, Thus, the diketopyfrblo[B,4—ci§yrroie is.
obtained. |
- The'diketopyrréio[B,4-c]pyrrble derivatives of the
present invention are fluorescent,_and'mpst of the
'_derivativés have a fluorescence quantum efficienqy of 0.3 or
‘more- in tbluene of DMF or have_a-mqlar absorptivity'of 5000.
@r“more. | |
- In thé_present iﬁvehtioh, organic_flﬁoréscent materials 
ha&ing.a peak wavelength of 580 to .720 nm are used to
-generéte red émissién. fSpeéifically, the organié
fluéréscent materials include fused défivatiVes of aromafic
hYdrocarbons such.as terylene;.fused.heterocyclics such as
.pyridinothiadiazole, pyrazdlopyridine, and
diketopyrrolopYrrole; naphthalimido deri#atives”such as
bis(diisoprbpylphenyl)perylenetetraCarbo#ylic imido;

‘perynones; rare earth complexes such as Eu complexes of



spectrumof a host, here,, is measured when the hostis in athin-filmstate -
and the absorption (excitation) spectrumand the fluorescent ctrunlof
dopant are nmeasured when the * dopant- i.s .in a solution st Qne%ﬁ? .
- because the host is "in a thin-filmstate and the dopant nolecularly doped - -
in the. host is. in alnobst the same state as in a solution, in the LED. If

a material- having excellent chronmatic purity, such as the above-described

- subst.ances havi ng a pyrronethene skeggton and netal conpl exes thereof; is
used as ‘a dopant, the dopant exhibits a small Stokes shift (the difference’
‘between the peaks of the excitation spectrumand the fluorescent spectrum
of several to anoneters n the dapant i d for-generating a

R o ts

red emi'®iG Hﬂ ﬁé@?iggaghpgﬁkaqﬁ£X%) HoroBafr P A% d2H gh chrogatlc
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shorter green green reen, bl ue,

'." avend%etgfdgheyﬁmhsxgnaﬂet ﬁ%ﬁ% ey)wsa%&odﬁ Sohbggeer | apped

cspectruns I's ergy tra econmes d and 22 June 2006 . 47

~thus 1t 809?&198 sﬁht%ﬂ%mﬁdﬂﬂtéﬁlﬁggééﬁh loc Qﬁiﬁ&d the Light woul d

be whit n o partial em ssion ost naterlal and thus woul d

:_not begﬂ&?aifép&kbﬁy@hﬂhddgfvﬁﬁﬂvéel%ﬁéﬁYas zinc porphyrin;

.-thlophenes, pyrroles- .rhodamines; deazaflav1n derivatives;
- coumarin derlvatlves,'oxazines; phenoxazines: phenoxazones'
"qulnacrldones; benzothloxanthene and the ' analogues thereof;

. and dlcyanoethenylarenes.

- Preferably, the’ organic fluorescent materlals have a
'pyrromethene,skeleton represented by formula (5) or a metal
complex thereof to generate a ‘red emission hav1ng excellent

-;chromatlc purlty.

At least one of R11 to R!7 has an aromatic r1ng orlform a-
;fueed rlng w1th an adjacent substltuent. The others.are
' each a substituent selected from the group consiSting of
.hydrogen; alkyl,'cycloalkyl, aralkyl, alkenyl, cycloalkenyl,
alkynyl, hydrokyl,-mercapto, alkoxy, alkylthio,faryl ethers,
_{ ale fhioethers, aryl, heterocyclic, halogens, haloalkane,

haloalkene, haloalkyne; cyano, aldehyde;'carbonyll-carboxyl,



.Accordingly, t he host'naferial preferably has a fluorescent peak :
wavel ength of 540 to 720 nm so that the dopant can enit |ight of 580 to
720 nmwi th high luminance and high chromatic purity.. Bulwedfees h

~yel | ow,.
correspond to such host materials.

gol den yell ow, an orange, a tango, and a red fluorescence

derivative - represented by fornmula (1) is used as a host. material,
“therefore, the derivative preferahl yydras a yellow, a gol den yell ow,
a tango or a red fluorescence. In the case of (b), the LED materi al

or ange,

‘conprises a diketopyrrolof3,4-c]pyrrole derivative represented by

bt e oSS ARG ek B RTERBETE T (AT P o e

.3_

concentr

- positions ene skéleton o fhe conpl ex.

pyrro

-Fb“eve%d%éﬁéﬁ%“ﬁﬁbs$§WﬁéH9§theﬁerEPEBQHH@§ 2aSpbhnaBle niG YL 1f

ore cannot .l ead to sufficient red

I on . quencnl ng, and there

- .enmissipg dINFOGRIEI NE7E S tidUai 4O, t hend-ioeaii 9P Bhe28edlne 2
t he pyrronet hene skel eton decreases the concentration -quenching bec

 the adipseuss Sé&1 606448 UEL o] tﬁedgrehg%baau@&lln@fb&ttbiax@nthe
substituent. On the other hand,

“beryllium, magnesium, chromlum iron, nlckel copper, zinc,

"and- platlnum.

These substltuents are. the same as in- formula (1)

Preferably, the organic fluorescent materlals_have a hlgh'

fluorescence quantum yield to ensure increased. luminance.
_ )L ESL

Preferably, the follow1ng complex represented by formula (6)

,1s used as a metal complex of the organic. fluorescent

materials having the pyrromethene skeleton.

(6)

At least one of R!8 to R24 has an aromatic ring or form a

'_-qued-ring with an adjacent substituent. The others are .

each a substituent selected from the group consisting of

~hydrogen, alkyl, cycloalkyl, aralkyl, alkenyl, cycloalkenyl,

alkynyl, hYdroxyl,'mercapto,'alkoxy, alkylthio, aryl ethers,
aryl thioethers, aryl, heterocyclic, halogens, haloalkane,

haloalkene, haloalkyne, cyano, aldehyde, carbonyl, carboxyl,

esters, carbamoyl, amino, nitro, silyl, siloxanyl, and a

aV|ng a.

Wen a diketopyrrol o[ 3, 4-c]pyrrole.

an

formila -

and

Lhat TSR St Po 0PI o?aéﬁ& BY hRYEQRYGENG ndr %'s&meef to the 1-,
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- if the substituent at the 8-position can rotate, the fluorescence quantum
yield of the pyrronmethene netal conplex is degraded ent'
_‘invention, by introducing an aryl group to the 8- p05|tE%ﬁnﬁ?%pﬁé
pyrronethene skeleton to prevent the rotation thereof, a high fluorescence
quantum yield and degraded concentration quenching can be. achieved.
~ This prevention of the rotation is ensured by Art and Ar4 of fornula (1)
and Ar6 and Ar9 of formula (2), whichy@re aryl -groups. The pyrromet hene
nmet al  conpl exes. of the present invention may be used as a host, but
preferably, they are used as a.dopant because they have a high

fluoresgggeg afbARLYA ¥h‘ﬁbd anld o8 gEldydald Hanf 2494 Qfidihe em ssion
spectrum Since excessive doping causes concentration quenching, 10 weight

~per centa@f,aéeﬁengubzatl@ﬁeh%abl % réprededtd tardiisto Bl fftden MOree
preferably, 2 weight percent of the. dopant is used for the host naterlal

. The dopani s "Byt PEgeR! OrRdegbdy godepeestion with the host material. _
Alternatively, the dopant and the host- nmaterial are m xed wth each ot her

_and then arenhés8uktiBestslentdepes ithé Bime dapant fonmdie cony ai ned -in part
~of the host:material or the entirety of the. host material. The dopant nay

be | ani nat edo22 pusee28Bly,- thQ pyErdmeayRnedmdialdicamgiizad in the host
“material - Since even an extrenely small anount of - a pyrromnethene. netal.
Conplexrepresented by formula (1) is used to prevent the '
'tdegradatlon of fluorescence 1nten51ty in a thln film state
and thus to generate light w1th high lumlnance
. Besides the metal complex ‘represented by. formula (l)

o exemplary metal complexes of the organic fluorescent

'_materlals hav1ng the pyrromethene skeleton 1nclude the

follow1ng



~can emt-light, the pyrronethene nmetal conplex may be. disposed bet ween
“host -l ayers. The dopant applied to the LED material is not linmted to only
. one of the above-described  pyrronethene netal conpl exes22 &m¢ 2906l urality
~of. - pyrromethene nefal conplexes may be mixed. Alternatively, a

pyrronet hene netal conplex may be mixed with at a known dopant. Exenplary

: known dopants which can be nixed include naphthalindo derlvatlves such as

-bi s(. dii sopropyl phenyl ) peryl enet etracgiboxylic imdo; perynone
derivatives; rare earth conpl exes such as Eu conpl exes of which the Iigand
"i's acetylacetone.or benzoyl acetone and: phenanthrollne

4- (di.cyanonet hyl ene) - 2-. et hyl - 6- (p-di met hyl am nostyryl)-4H pyran and the
.anal ogues thereof met al. phthalocyanlne derivatives such as nagne5|um

pht hal ocyani.ne /3 - qhl or ophtteaj ocyans e, deazaf | avi n
~derivati ] c\ i ' I Ves; qU|n./ i ? ohenoxa2|nes
. and ovaines : ~ materials in ol o[ 3, 4-

c]pyrrole derlvat g the specific subst

pyrraol opyrrol e d&(i fused aromatic ring s such as

“ant hracene and py'enéB’ 223
tris(8-quinoli
. bi sstyryl ant hr
derivatives;

-chel ated oxyngi d g6hpgt such as

e tq;a}pu ym. bisstyry,
@ _06 - 50 v




t’et raphenyl but adi enes; coumari n derivatives; oxadlazoles
-pyrrol opyridi nes; perynone derivatives; cyclopentadlenes '
_ thi adi azol opyri di nes; and pol'ymers such as pol yphenyl ene?2 Jﬂnﬁﬂoeﬁes
pol ypar aphenyl enes, and pol yt hi ophenes. An el ectron transporting material
- needs to efficiently transport electrons injected from t he cat hode between
the . electrodes where an , electric.- field. is applied. Preferably, the.
el ectron transporting material® has a hpgh el ectron- injection efficiency
and.efficiently transports the injected electrons. Hence, the electron
transporting material, preferably., has a-high electron affinity and
~electron noby mnth t hermal and eIectrochenlgﬁh stabnlity. Preferably,
the el ectron Wrapsporting mat €/2hl. produces few inpu s when it is '
prepared and uséd. Exenplary el ectr gfials include ,
-qui nol i nol7 et al f=eg §s such a§ 8yhydgoxyqui noli ne alunigqum, tropol one
~metal conpl exedy
- napht hal enes, . CO|nMBrlocr|vat|ves

es, al dazi MesN,_. hy gtyryl

~derivatives, pF zﬁhef iINJopyTr O b pyri di er pyri di ne
.- phenant hroli n§ .qU|noIP es_and n&a&phorus £54
materials.my Il 'ndent ed.or d ted mﬁ_b other

electron transporting
'pure red em ssion, 22 June 2006 51




the reconbinati on of holes with el ectrons mist occur wth high-probability
in the em ssive layer, but not in the-other layers, Wen a-

- di ketopyrrolo[3,.4-c]pyrrole derivative is. used, for a %%ﬁ?ﬂﬁ3996naterlal
preferably, the ionization potential of the electron transporting: naterlal
~i's 5.9 eVor nore. The electron transporting materi-al needs to be stable -
-agalnst -power distribution-for |ong hours in order to nmaintain a stable
‘red ‘em ssion over time. On this accougg, - the el'ectron transporting
_material,-preferably, has a ol ecul ar weight of 400 or -nore, nore .

. preferably of 500 or nore,.and further nore preferably of 600 or nore.
This is because nmany of. the mat eri al s havi ng ‘a.. nol ecul ar- melght | ess
than 400 are . easily affected by heat. In order to[ﬁéﬂn1a heat - r esi st ant

el ectron trapsportingJayer, it is |nportant t 0 consi g&ry
gl asggdyr anst at ure’ 6$31mt erial s3 terial
gl ass-transj [

Prefer apy ransportino “has a gl.gs
t enper a\u ¢ 3 nore pr, _ 410C, and
~preferably of : s such an el e -al ting mat
" conmpounds ha¥{ng apjstyucture in wh plu Ty of skel eps
‘conbi ned_wj ‘ avi ng an ar okqt ic




- 52 skeletons of the above-described derivatives can be directly used as
~the skeleton of the electron.: transportlng mat eri al . Preferabl , the

. skel eton has at |east one -quinoline ring or phosphorus Sk iuns 2

~ hol e-bl ocki ng | ayer prevents holes fromnmoving w thout the

- reconbi-nation.of holes injected fromthe anode with electrons injected
fromthe cathode between the electrodes where an electric field is

applied. The hole blocking |ayer incjgases the provability of the

reconbi-nati on, depending on . materials of |ayers, and thus inproves the

-l um nance efflciency of the LED. For the material of the hol e-bl ocking

. layer, therefere, a substance, is selecte&xwhlgh has a.l ower gqpergy | eve
of the highest’ g%ccupled nole@&lar orbital tham that of the holoe

-~ transporting matyerjal and rarely produce af Aok

~adj acent | ayer. capable of trg

efficiently bl ock above- descrlbed

materials are _ y. uged as a nateria




22 June 2006 53 pol ycarbonate, polystyrene, poly(Nvinylcarbazole),

- pol ymet hyl met ha. cryl ate, pol ybutyl met hacryl ate, polyester ' poI SU|fone
. pol yphenyl ene oxi de, pol ybut adi-ene, hydrocarbon resin, @sin,

" -phenoxy resin, polysul fone, polyam de, ethyl.celrulose, V|nyI acetate, ABS :
resin, and pol yurethane and hardening resins such as phenol resin, xylene
resin, petroleunlre5|n urea resin, nelam ne, unsaturated polyester,

~al kyd. reS|n epOX|de resin, and silicgpe_resin. The substances-in the

- present ‘invention-is forned by resistance heating evaporation, electron
bean1evaporat|on sputtering, nolecular deposition, coating, or the like,
~and qigﬁhhod is not limted to these. ﬁﬁﬂ raIIy reS|stance heat.i ng-
evapor at ch, el ect ron=Ram evaporati o [

per f or mange ckness of th Rt ween 1 to

1000 nm: p ance t hereof t.is used
- as.electr eT'OVg~ =(id  QErse current or ot 1™ may be
“used. It i erab 78033 current wval ug LAV as AW as -

possi ble wit 3 ¥er cohsunption and{ hg ‘etine e devi ce.

The LED of the ntion may be used i di spl ays and

©.segnent - type dlsplays. I'n a natrlx systen1 pi xel s" of a dlspfay are arrayed
in.a matrix, and inmages




|nclud|ng characters are dlsplayed by aggregating the pixels. 22 June 2006
54 Size and shapes of the pixels depend on -use. For exanple uare

pi xel s having a side length of .300 pmor |ess are used égﬁuﬂﬁﬂgﬁ ayi ng

| mmges and characters on personal conputers, nonitors, and TVs. Pixels
having a side length of the order of mllinmeters are used for

| arge-screen. displays such as instruction panels. In the case of

- nonochrome di splays, single color. pixgels are arrayed.. In the case of
“col or- di splays, red, green,:-and blue pixels. are: arrayed in typlcally a .
stripe arrangenent or a delta arrangenent. Matrix-type di spl ays nmay be

dri ven by arhl BeacseRuethdl RS LDy FAFY YhdRLidtesyaiopp Wil e the.

Iine-sequen system has a’ si active matrix system

.-can hav QQntadXim&ég%mgBr%h\E' %a&eftfh%r 'ﬁ%esc et]%c‘!tfﬁnsﬂft ens are .

sel ected accofding to u he segnment - system a plx pattern is fornmed

50 thattherﬁegteﬁﬁ'te%qauna%ﬁtab%n thie HrRiAebRbddUsani ght is entted

at predeterm ned areas. Exenplary segnent-type displays include. hour

plates pixdightabnChpekruhng§Mee ahid Adpicat e PRRSAE Nt Ndi cators Of
audi ovi sual apparatuses and el ectronmagnetic cooking devices,. and -

_indi cat gpeBaREMSoef a BYERIDRAELES. iBhad@iuded S:Mférﬁmlﬁé\(héél@ £§9ﬂi€n& system
may coexist in a display panel. Exanples
- thin- fllm state and the absorptlon (exc1tat10n) spectrum and
b'the fluorescent spectrum of dopant are measured when the
odopant is in a solutlon.state. ThlS is because the host is
_in a thin-£ilm state.andfthe dopant molecularly doped in the
‘host is 1n almost the same state as in a solution, in the
fLﬁD} If a materlal hav1ng excellent chromatic purity, such'
as the above described substances having a pyrromethene .
skeleton and metal.complexes thereof, is used'as_a dopant,
'_-the dopant exhibits a small Stokes shift’(the'dlfference
.betmeen the.peaks of the excitation spectrum and the
fluorescent spectrum) of'several to tens of nanometers.
Whenlthe dopant.is used for generating.a red emlssion-having
a.peak_wavelength of 580 to 720 nm'and.high chromatic_purity,
:the;dopant exhibits.an absorption (excitation) spectrum in
the‘areas of yellow{ golden-Yellow,_orange, tango, and red
'_(-ih. the range of 540 to 720 nm). If a host material |
.exhibits.a fluorescent.spectrum_in a shorter wavelength band
of yellow1sh green, green' blue green, blue, lavender, and
purple than the yellow band and thus the overlapped

spectrums is small,_energy transfer becomes difficult and



. Exanpl es and conparative exanples of the present invention.will now-be

- described. The present invention is 22 June 2006. 55 not limted to the

. foll ow ng:exanpl es.. Conmpound nunbers...  shown in.Exanpl%%hﬁﬁéwp6designatef
~a conpound represented by the above described formula of the same nunber.

. The structures of conpounds were anal yzed by the following. 1HNWR .
~anal ysis was perforned in a heavy chloroform: solution.with Superconductive
. FTNWR EX- 270 produced by JEOL. El enendal-anal ysis was perfornmed with CHN - :
Corder ‘MI-3 produced by Yanaco, with lon Chronmatography DX320 produced by -
Di onex, -and Sequential |CP Enission Spectrochem cal system SPS4000 produced

. by Sei kﬂaﬁ@ﬁi@'ﬁ?”ﬁnﬁg NBES peP ettt Waidh MRS Woshit t h MassmiSpeasd | onet er
“JM5- DX303 produced JEOL. Absorption. spectra.and fluorescence. spectra

were neRsUlegnt nw6u1d19e6wmlt/elnetd lies o0 i ¥ed i Genv § 4 orSPEESTH Ot onet er
,U-3200 produced by Hitachi.and Spectrofluoroneter F-2500 produced by :

 Hitachinosespgest 8Ly andBxame &oh1By HdteVeconfe Gaspanith [Highn 30 i of
-1, 2-di.chl or oet hane, 1,3 g of 2-benzoyl -3, 5- bi s(4-n= hexylphenyl)pyrrole 1

g of 2,dnbbm4dis-phexykphenyl )pyrrole, and 0.47 nL of phosphorous
j*oxychlorlde ‘were reacted with one anot her under ref | ux for 12 hours.
- Accordlngly, the host materlal preferably has a : :
'fluorescent peak wavelength of 540 to 720 nm, so'that the
"dopant can em1t light of 580 to 720 nm w1th hlgh lumlnance
_and high-chromat;C'purlty._ Substances hav1ng a yellow
Qoiden'yellow, an orange, a tango, and a red fluOrescence_
rcorrespond;to'such host materials. When a
diketopyrrolo{3;4fc]pyrrolegderivative'represented'by
_formula (1) is used as a host material, therefore, the .
'dderivative_preferablj has a yellon,_a golden yeilow, an
.orange, a tango,;or_a_red.fluorescence. |
In the caseIOf (h), the.LED materiachomprises a
diketopyrrolo[3,4-c]pyrrole derivative represented by
forﬁula (1) | | |
It has been known that pyrromethene metal complexes ‘are
.partlcularly used for ~dopant to generate light w1th hlgh
lumlnance and that red emission is generated by 1ntroduc1ng.
aromatic rings to;thelle, 3-, 5-, and 7-positions of the
_pyrromethene skeleton of the compiex; ‘However, the'known
‘pyrromethene compounds are 11able to cause concentratlon'
guenchlng, and therefore cannot lead to sufflclent red

emission. . Introducing a substituent to the_8—p051tlon of



“After cooli ng 3.6 nL .of dii so'p-ropy'l et hyl am ne and 2.6 nL Of_' boron
trifluoride. diethylether conplex were added and stirreqaégf_g B urs. After..
50 mL of water was added, 22 June 2006. 56 extraction 4@s™f PP3r med with -

'-:__dl chl oronet hane. The extract ‘was concentrated and refined thr'ough a colum - -

chromatography with silica gel and thus results in 1 g of purplish red.
-powder. The following'is the results of 1H NWVR analysis. 1H NWR (CDC13 (S
= ppm): 0.90(t, 12H), 1.29-1.65(m-328),. 2.39(t, 4H), 2..64(t,.4H, '
6.44(t, 2H), 6.49(s, 2H), 6.60- 6.63.(m 9H), 6.83(d. 2H), 7. 25(d 4H) ,
7.82(d, 4H) El enental analysis was perforned on the assurrptio'n that the

- COMposi Tth%nPE&E:EHk%h%fnet R AONART QS EBHY SPE2EondBRtrhgslhi S are as

foll ows.  Valles I n parentheses are theoretlcal val ues. C 83.5% (83.2%,

CH 8..4% ﬁ%n%%ﬁnnge%aaﬁd:%ﬁuﬁhe adé%ﬁ@ﬁgé&us2&@@r5%s%r38&ﬁai PA) ACCOVd'”g_ﬁ

_ to nmass spectrorretry, the main nol ecular ion peak of the object was M Z =

908.. Thusctibaiceaullrreet Pl siskPOrEsst Wasohdensi bradranagaypound
[1].. This Conpound [1] exhibited the follow ng photophysical properties.

Absor pt iLgN thee slube thdkt 248 e (SPoention deshl ﬁb@a’e&;haanh FI uor escence-
- spectrum Amax 613 nm (sol vent: -

: 'fluorescence quantum yield of the pyrromethene metal complex
is degraded. In the present invention, by 1ntroducing an
'aryl group to the 8- p051tlon of the. pyrromethene skeleton to
" ‘prevent the rotation.thereof, a high fluorescence quantum_

'yieid”and degraded concentration quenching'can be_achieved.pr
':-This prevention of the rotation is ensured.by Arl and Ari_of
.'Eformula (1) and Aré and Ar® of formula (2), which are aryl

groups. .The pyrromethene metal complexee:of the present
inventionimay-be used ae a host, but preferably, they are

"used.as a:dopant because they have a high fluorescence

ouantun Yield and a small half band width of the emission-
epectrumr | |

_ Sinoe exoessiue doping causes concentration'quenoning,

10 weight}percent bf dopant is,.preferablyisused_for'tne:

-nost material. More preferably,lz weight'peroent of the_

dopant is'used for the host material. The dopant may be
' provided by codeposition with the host materiélt
Q.Alternative1Yi the dopant and the host material are mixed

‘with each other and then'are'simultaneously-depoeited.f The

dopant'may be contained in part of the hoet_material or the

~entirety of the,host material. The dopant may be'laminated,



di chl oronet hane) An LED using Conpound [1] was prepared. An | TO

‘transparent conductive |ayer deposited on a glass substr haV|ng a

. thickness of "150 nm (produced. by el ectron beam 22 June Z%hénm
gvaporation by Asahi Gass, 15 QO was cut. into.30 nm x 40 m*nand then

was subjected to etching. ThIS | TO pl ate was subjected to ultrasonic

cl eani ngs successively using acetone and plate cleaner Sem cocl ean 56

~(.produced by Furuuchi . Chenmical)-fag 15 nminutes. each,. and then rinsed

with  ultrapure water. Subsequently, the ITO plate i.s subjected to

ultrasoni c cleanlng in i sopropyl al cohol for 15 minutes, then.imersed in

hot met han dléyell%fﬂﬁwt&fs pésle §O6n - thé Ohb Qe bYr B, ngslx% @anl ate

was subjecte tto a UV- ozone treatnment for one hour on.the eve of

process 4f ¢ mﬁfﬁ Wrh 1. tdifolkd: off h&{yﬁ fheméiﬁaﬂéahatawaéoab%ﬁd I n a

. vacuum vapor depo I on appar atus and e apparatus was evacuated to a

pressur & dn Widhta Qe 19 OMomEnERE hd€a1PbahBlex ma . s
4, 4" -bi s(N-(mtolyl)-N phenyl'am no) bi phenyl was deposite a thlckness

of 50 nrafgpdsudnvetdden -hod¥ §i ng-rhayebp@utvappmmaavabombl mo Next
1, 4- di ket o- 2, 5- bi s( 3, 5- di met hyl benzyl ) - 3, 6- bi s(4-

m?t hyl phﬁbéﬁm rigd alék 41ﬁiwéd ot@ 8519 bn&tofBtRei aboﬁéddege!ﬂ‘ﬁ.bléﬂd [1]
.as.a dopant are sjnultaneously deposited so.as to forma |ayer having a
-thlckneq&mﬁomﬁihunéﬂmbfalkﬂﬁmﬁlexes and a plurality of
pyrromethene metal complexes may be mixed. Alternatively, a
-pyrromethene metal-cqmplex may ‘be mixed With at a kﬁown
-dopant. Exemplary known dopants which can be mixed inClude'
naphthalimido derivatives-Such as |
bis(diisépropylphenyl)perylenetet#acarbo#Ylic imido;
perynone_derivatives; rare earth.complexes such as Eu
.domplexes.of which the ligand is écetyiécetone or
benzoylacetone and phenanthroline; 4—(dicyan6methylene);2-_
méthyl—Gf(p-dimethylaminostyryl)~4H-pyr5n-and the analbgues
thereof; metal phthalocyanine deri?atives such as magnesium
phthalocyanlne and alumlnum chlorophthalocyanlne,
rhodamines, deazaflav1n derlvatlves, coumarin derlvatiVes}
" :qulnacrldone derlvatlves' phenoxazines,.and oiazihes |
| Exemplary host materlals 1nclude the dlketopyrrolo[B 4-
g]pyrrole derivatives having the specific'substltuents;
other pyrrolopyrrole derivatives; fused_aromatic ring
' cOmpoﬁnds.such'as anthracene and pyréne; metal—Chelated
_oxynoid compounds such as tris(8—quinolinolato)aluminium;_

bisstyryl derivatives such as bisstyrylanthracene



content of 1 weight percent, and the host material was further deposited
.so0 as to have a thickness of 35 nm Next, ..0.5 nmin thickness of |ithium
~ and 150 nmin thickness of silver were deposited to for?d {use 2086 hode.

" Thus, an LED of 5 nun x 5 mmwas conpl eted. The thicknesses descri bed
above 22 June 2006 58 'were:.nmeasured by . a quartz crystal oscillator

thi ckness nmeter. 'The resulting LED generated a red em ssion having a. peak
wavel engt h of 618 nmand a | um nance g§ficiency of 4.2 cd/A Exanple 2
‘Synthesis of Conpound [2] In the same procedure as in Conpound [1], 1.2 ¢
-of 2- benzoyl -3, 5-di phenyl pyrrole were reacted with 0.8 g of 2,4 '

di pheny ' dyee f ' dar.
anal yo AR YeD AR e pR s R R e LSt on 6. 25(s,
2H). 6.5 Zec B¢ T A4l ond oS3 LBuntiblin 30tk Y8 EisBRa 2} el vSi 5 Vas

perforned, on the-assunption that the conposition fornula of the powder -

-masJCS%Hg? T es are as e V. #5¥b' _ ses are-
t heor et calfgga u]élsaﬁ%eéwﬁég??g%%%%ﬂ lﬁéﬁ}\%’z( ? 7% ﬂél\}llﬁ%d%}g% 99, F:.

6.6% -'(ﬁlﬁa&@az@io%yﬁ/aiaeg% afacC oodiviid i STRAS SPFSTRidY1edde’ Main -
~mol ecul ar ion " peak of the object mas-nfz = 572.._ hus, the resulting red
vinylenes;-polYparapheny;enes; an@ polythiophenes. . o
An electron transporting matefiai needs to'efficightlf
'ffrénéport-éléctrOns injepted from.thé catﬁbdé befween the
.eléctrodes'whére an;elect:ic_field is appiied. Preferably,
‘the electron transpérting material has_é.high electron -
'iﬁjeCfidn:efficiency and éfficiently'transports the injected
' e1ectfoné, .Hénce,'the_électrbn traﬁsporting material,'
préferabiy, has_a-high_elegtron affinity.and electron.
mobility with thermal and electrochemicai stability.
.Preferably,‘the-eléctron tranéportiﬁg_material prbducés.few
impﬁritieé when it is prepared and used.._Exemplary electron
'transporting materials iﬁclude quiﬁolinol metal.complexes
suéh as 84hydroquu1noline alﬁminum, tropoloné metal
: _cOmblexes, flavpnbl me;al complexéé, perYlenes,_peryhones,
 naphthélenes,_coumafin defivatives, oxadiézoleé, aldazines,
biss&yrjl derivatives, pyrazines;-oligopyridines such‘as
bipyridine and'terpyridine; phenantﬁrolines; quindlines, aﬁd.
-aromatic phosphorus oxides; These'materialé may be used
independenfly.Or'be_mixed or déboSited with other e;ectron
-transpdrting materials.

- In order to more efficiently generate pure red emission,



powder was identified as Conpound [2]. This Conmpound [2] exhibited the
foll owi ng phot ophysi.cal properties. Absorption spectrum_Amax 556 nm -
(solvent: = dichl oromet hane) Fl uorescence spectrum Amax %bb“ﬁ#ppéolvent
di chl or onet hane) 22 June 2006 59 An LED using Conpound [2] as a dopant was
prepared in exactly the sane procedure as in Exanple 1 other than the
dopant used. This resulting LED generated a vernilion enission having a
 peak wavel ength. of 608 nmand a |uniggnce efficiency of 2.6 cd/ A Exanple
3. Synt hesi s of .Conpound [3] In the. sane procedure as in Conpound [1], 0.4
g of 2-(2 nethylbenzoyl)-3,5-bi s(4-n-hexyl phenyl).pyrrole were reacted

wi th 0. ﬁﬁegrgéoﬁblngf%,éﬁ ol B%)i)élsppﬁrfﬁ )elt\lgc{ d %Lpé@d&@&lr Owﬁ:ﬂ Of

~purplish red powder results o a ysis are as f

. %"%g?/ﬁ(ﬁp%spf&abﬂpﬂ{% ifl- %ﬁ@ em]iz%@lvel l%%e]r Q?d{ﬂn&? "&1} Gt%?%éﬁeéH) ,

- 7.23(d, 144 rs /- Skhén éfhlﬁb%aw&%lw@l 345109];)&9:&62@& fdléfEE&b@ﬂvé hes assunpt i on
that the conposition fornul a of the powder.was C64H77N2F2B. The results
are. asuéeh! pYE. aVéhussive ﬁﬁ&%&h&§§e§ré¥é%ably, the ionization
| poteotial of the electron transporfing material is 5.9 oV or
more. The eleotron tranSpofFing material needs to be stablo'
'against power_distribution'for long hours in order to
maintain a stable red eﬁiSsioo over time. On this account,
fhe eléctron transpofting material,.preferabiy, has a
:moleculé# weight of 400 orimore, more preferablf of 500:or
.more,. aod forther moré preferably of 600 or more. This is
because_many of1the materials having a_molocular weight lesé
than'400 are easily affected by heat. In order to form a
oheatjresistant électron transporting layér, it is_importanf
fosconsider the-glass—tfansition temperature of materials.
A matéfial having a higher glass-tfansition temperature
_resﬁlts in a.more'stable amorphous layer. Pteferabl&,fthe
-eléctron transporting ﬁatefial has a gléss-transition-:
'.teﬁperature-of;90°C.or-more more preferably of.110°C;.ahd
further more preferably of 150°C. As such an electroo |
transporting materlal organic compounds having'a_structure
.1n-which a plurallty of ékeletons are oombined with each
other having é'conjugated bond, an.aromatic hYdroca:bon
group, an aromatic heterocYciic group,. of a combination of

these groupsotherebotween are preferably used.. The



thedretical values. C 83.3%(83.3%, H 8..4%(8.4%, N 3.1%(3.0%, F

. 3.2% (4. 1%, B: 1.2%(1.2% According to nass spectronet , the main
nDIecuIar ion peak of. the object-was mZ = 922. Thus, nF@QQ@ting _
purplish red powder was identified as Conpound [3]. This Conpound [ 3]

exhi bited the follow ng photophysical 22 June 2006 -60 properties.

Absorption spectrum .max 568 nm (sol vent: dichl oronet hane) Fl uorescence
spectrum Xmax 613 nn1(so|vent: di ch§pronet hane) An LED usi ng Conpound [ 3]

~as a dopant was prepared in exactly the same procedure as i-n Exanple 1

other than the dopant.used.. This resulting LED generated a red em ssion

having §k8§éﬁoH@V8ke@ﬁEha%Bv@l%ényEBEéidéﬁﬂ%&ﬂ%ﬁbéﬁéaﬁ'@@Cdlﬁﬁcélﬁ cd/ A
Exanple Synt hesi s of Conpound [4] In the sane procedure as in Conpound

[1]. 0. §s8d0£s2tﬁé sRBEBYbRACRFO e B 1Rdi S - trdspd PEERY | ndYEF DAL, Ver e
Zreacted with 0.25 g of 2,4-bis(4-n-hexyl phenyl).pyrrole to produce 0.1.8
g of _puPﬁéfébabzgl,pe_neeékelz%nr o2l tax Ofeadt NYR ap@dysimareing 68! | ovs.
| phosphorus oxide. | :

The the—blqcking layer prevents holes from moving
-_withouththe reeomhinationyef holes-injected from.the anbde
'@ith electrons injected from the cathode between.the-

electrodes where an electrlc field is applied. The hole4
blocklng layer increases the provability-ef the
recombination, dependlng on materials of layers, and thus
improves the luminancelefficiency ef the LED. For the
material.of'the hole-blocking.layer, therefore,_a snbstance_y
is selected hhich has a lower energy level of the highest
occupied molecular:orbital'than that of the hole _
transporting material and thch_rarely produce-an'exciplex
'with an adjacent layer. .Since materials capable of
.tranSportlnglelectrons can efficiently block‘holes, they-
above4described electren transporting materials are
preferably used as a materlal of the hole- blocklng layer

The hole transportlng layer, the em1351ve layer the

electron transportlng layer, and the hole blocking layer are
Iformedsby depositing the respective_materials independently
or_by:mixing at least two materials. Alternativelyf the
materials'may be dispersed in a binding polymer including

solvent soluble resins such'as polyvinyl chloride,



"H NNR(CDC13 (S = ppn)) 0.84(t,_12kb,_1.07-1 65(m 32H), 2 25(t, 4FD

2.64(t, 4H), 6.53(s, 2H), 6.61-6.69(m 11H), 6.88(d, Zh%% %ﬁég

' 7.24-7.37(m5H), 7.83(d, 4H) El ement al. ‘anal ysi s was per f rog the .
assunption that the conposition fornmula of the powder was C69H79N2F2B. The
~resultss are as .follows. Values in parentheses are theoretical values. .
"C.84.3%(84.1%9, H 8.1%(8.0%, N. 2.9%(2.8%, F. 3.0%22 June 2006 - 61 -
(3.9%,B: 1. 2@6(1 299 According to amss spectronetry, the main nol ecul ar
“ion peak of the object. was mZ = 984. Thus, the resul ting purplish red
"~ powder was identified as. Conpound [4] Thi s Cbnpound [4] exhibited the

fol I ow ﬁ@lﬁb@iﬁ@hﬁ%eca 0 1R drieeS | ﬂ&ﬁm-ﬁl'riﬁlézﬁﬁ%i&i’% max 569 nm

(sol vent: ~dichloronet hané) Fl uorescence spectrum nax é nm . (solvent

© di chl-or poefiatny1A8 thERryalate ,Cormaititt | te Bsacrfioped! pebyoseeared in .
Vexactly the sane procedure as in Exanple 1 other than t dopant used.

_Thi s repolysau£bhb, gpoayphestyl orRd B EsS) %blmwmam@ﬁdkyd@d@éﬂﬁﬂﬁh Of
618, nm and a lum nance efficiency of 3.8 cd/ A Exanple 5
'res1n ketone resin, phenoxy resin, polysulfone polyamlde,
_ethyl cellulose vinyl acetate ABS resin, ~and polynrethane_,
and hardenlng resins such as phenol re51n Xylene. resin,
lpetroleum re31n, urea resin, melamlne unsaturated polyester,
zalkya.resin,.epoxide”resin, and 51llcone resin.

.:.The substances- in the present 1nvent10n_1s formed by
resistance*heating.evaporation) electron'beam-evaporation[
lsputtering; mblchlar:deposition, coating, or the 1ike,pand

. the method is not limited to these;. Generally,-resistanCe
_heatinglevaporation and_electron_beam evaporation are
.preferablesin~view of the performance of the LED,_ The

thiekness.of the substance is set between 1 to 1000 nm
”depending on the resistance thereof. |

‘Mainly direet Qurrent.is used as_electrical energyl and

: epulse'current or'alternating current ﬁay be used. It is

:preferable.to set a.ourrent Qalue'and voltage as.low as
p0351ble w1th respect to power consumption ‘and the llfetlme
of the dev1ce.

The LED of-the_present-invention may be used for matrix-
type-displays'and segment-type displays. ln a-matrlx system,
pixels of a display are arrayed in a natrix,_andrimages

minclnding-characters are displayed'by aggregating the pixels.



Synt hesi-s of Conpound [5] in the same procedure as in Corrpound [1], 0.45 g -
of 2-. (4-met hoxybenzoyl) -3, 5- bi s(4-n- hexyl phenyl Ypyrrole were reacted with
.~ 0.25 g of 2,4-bis(4-n-hexylphenyl)pyrrole to produce 0.25Jupe@00furplish

" red powder. The results of 1H NWR analysis are as follows. 1H NVR (CDC13
(S =ppm): 0.91(t, 12H), 1.28-1.67(m 32H), 2.00(s,3H, 2. 38(t, 4H),
2.63(t, 4H), 6.21(d, 1H), 6.43(s, .2H),.6. 46(d 2H), 6.63(m 8H), 6.80(d,
“1H), 7.25(d, 4H), 22 June 2006 62 75482(4 4H) El enental  anal ysis was

performed on the assunption. that the conposition fornula of the powder was '

C64H77N20F2B. The results are as follows. Values in parent heses are .

et et §idk, WaShacks e 1A iy, dipdndin (B2 ek Sxdiiphd0%- 0:

- 1.8% (1.7% According to nass
Spect” oAkAs, BRI MV AEU SipoonfeToP! b bE HEzILE [92? --

This Coepaurdd %s@i@ﬁﬂ%%ﬁé’&‘eé %ﬂ@%ﬁ‘&r&@@eigpbﬂsbé%onﬁiopert ies. -

- Absorption spectrum Xmax 566 nm (sol vent: dichl oronet hane) FI uor escence:

-_SpeCtrU@bmpﬁ%ér@llm3HﬁfB¥§“”Hnd TVs. Pixels having a side length
of the order of m1111meters are used for large screen |
dlsplays_such as instruction panels.' In the case of

.monOChrome-displays,'single eqlor_pixels are arraYed, In'.
thedeeee.of.color disp;eys, red, green, end bluefpixele ere

._-érrayed.in typicaliy e stripe arrangement or'a deita .

B arrangemeﬁt; 'Matrix—type displays may be:drived by a'line#
seqmential'syetem or.an_active matrix system}_ Whiledthe_ |
line-seqﬁential syetem has_a simple structure,.the_active
matrix system'can heve an_edVantage in-drivihg performance;'

:TheSe-driving systems are'seiected-according togUse; |
In the'segment_system. a.pixel.pettern is formed so that
predetermined infermation'is displayed and thue light ie
emitted at predetermined areas. Exemplary segment%type
_dieplays inclﬁdethodr biates of'digitel clocks, temperature
'indicators,.eperatien indicators of'audiovisuai'apparetuses
and}electromagnetie cooking derices, and indicator pahels.of
eutomobiles.. The matrix system and the segment'system may
eoexist in a.displey panei. | |
‘Examples
-Examplesﬂand comperative examples-of.the present

invention will now be described. The'present invention is



- di chl oronmet hane) An LED usi ng Conpound [5] as a dopant was prepared in
.exactly the sanme procedure as in Exanpl.e 1 other than the dopant used.

" This resulting LED generated a red em ssion having a pedidunaéfengt h of
'615.nm and a -l uni nance efficiency of 4.0 cd/A- Exanpl e 6 Synthesis of
;Cbnpound [6] . I'n the sane procedure as in Conpound [1], 0.4 g of 2- (4-

cyanobenzoyl ) - 3, 5- bi s(4- n- hexyl phenyl ) pyrrol e were reacted 22 June 2006 63

with.0.25 g of 2,4-bis(4-n-hexyl phenydgpyrrole to produce 0..3 g of auburn

powder. The results of 1H-NWMR analysis are as follows. 'H-NNR(CDClB (S =

'ppn)) 0.91(t, 12H), 1.33<1.65(m 32H), 2.44(t, 4H), 2.64(t, 4H), 6.52(s,

24, 6. ?gdlnmedtstzoth@ £ou oAty Geflids 2Hoorp A& ndibers 7. 83(d, 4H)

anal ysi s was perforne t he assunption that the conp05|t|on

fornul asibuh hen PEXEIRP1 8BS e GBAHAGNIGRR THE conipttifld Scéifedentot | gys.  Val ues
in parentheses .are. theoretical values. -C. 82.60 .(82.3%, H 7. 9/6(7 9% ,

N 4. 6%Kd: BBBve Fae3e3Velt£6%nulB oF e badld AR NOrR® mass
spectronetry,. the. main nolecular ion peak of the.object was m Z =933.
- Thus, t@@rﬁ@ﬁﬂféb”@faébﬂpaunds were analyzed by the following.
1H-NMR analy31s was performed in a heavy chloroform
© " solution with Superconductive FTNMR EX-270 produced by JEOL.
'T{Elemental-analysis was performed with CHN Corder MT-3
' prOduced by Yanaco, with Ion Chromatography DX320 produced
-by Dlonex and Sequentlal ICP Emis51on Spectrochemlcal

.system SPS4000 produced by Seiko Instruments
Mass spectrums were measured w1th Mass Spectrometer JIMS-
VDX303 produced by JEOL. | |
Absorptlon spectra and fluorescence spectra were
measured in 4 x 10-6 mol/L of dlchloromethane w1th
'-Spectrophotometer U—3200 produced-by Hltachl and
'Spectrofluorometer F 2500 produced by Hitachi, respectively.
Example 1 | |
.7Synthesis of Compoundtilj
In 30 mL of 1,2¥dichloroethane, 1.3 g of 2- benzoyl -3,5-
bis(4—n~hexYlphenyl)pyrrole, 1 g of 2, 4 -bis(4-n- |
hek&lphenyl)pyrrole,_and'0,47 mL of phosphorous'oxychloride
were reacted wlth one another under reflux for 12 hours.
After_cooling,'3.6 mL of'diisopropylethylamine and 2;6lmL of
boron trifluoride diethylether complex wereladded and

stirred for 6 hours. After 50 mL of water was added,



- powder - was identified as Conpound [6]. This Conpound [6] exhi-bited the
fol | ow ng phot ophysical properties. Absorption spectrum  .mx 576 hm
_ (solvent: dichlorone.thane) Fluorescence spectrum Xnaﬂ%@@eﬁﬁ%sol vent.:
5'd|chloronethane) Exanpl e 7 Synt hesi s of Cbnpound [7] In the sane procedure
' .as in. Conpound [1], 0.5-g of.2-(1-
napht hoyl ) - 3; 5- bi s(4 n- hexyl phenyl ) pyrrol e were react ed vmth 0. 25. g of.

. 2, 4-bi s(4-n- hexyl phenyl )pyrrol e ta. ggoduce 0.2 g 22 June 2006 - 64
of purpl e powder. The results of 'H NVR analysis are as follows.
"?H-NVR(CDC13 (S = PPm) 0. 93(t,. 12H), 1.25-1.65(m.32H), 2.21(t, 4H),

2. 64(t ’exq‘]lirgac%'%r?7 44 ﬁ@f%ﬁ?ég(w§thzﬁg.ch§?§éﬁlgthaﬂgb %hgo(a%ra%@

7.24(d, 4 El'enent al anal ysis was

perforppd o é&@é&&@@tm& réPfheat hﬁrSQrP;Hoﬁ' Ebmmoewbaaa%g&la wder
was C67H77N2FZB The results are as Val ues i n parent eses are

' theoret‘d 103 Pl ues g - Bda 3PaE83r&¥hth if: 1% (8£0piipiNsn2r8Y (2. 9%, F
3.1%. (4.0%, B: 1.1%(1.2) According to mass spectronetry, the main
”DlecmﬁEWdé¥1 The following is the results of lH-NMR analysis. |
':1H—NMR-(CDC13'(6 = ppm)); 0.90(t, 12H), 1.29;1.65(m. 32H)7"
. 2.39(t, 4H), 2.64(t, 4H), 6.44(t, 2H), 6.49(s, 2H), 6.60-
'6.63(m, 9H), 6.83(d. 2H), 7.25(d, 4H), 7.82(d, 4H)
| 'Elementai analysis was performed on the assumption_thaf' '
_the composition formula of the powder was CgH;sN,F,B. The
'f results-are as follows. Values:in pareﬁtheses are
_fheoreticél.values. .
~C: 83.5% (83.2%),'H§'8.4% (8.3%), N: 3.2% (3.1%), F:.3.2%
(4.2%), B: 1.2% (1.2%) |
o According to maSS spectromefry, the main moiecular ion
peak of tﬁe objéct.was m/2 = 908. Tnus, the'resulting
burplish-red-powder-was identified as Compound [1]; This
Compdund'[l].exhibited the fdlleWing_photothsical'
‘properties. -
| ;Absorption specfrum: Amax 568 nm (solvent:
' dichioromethane) |
_ Fluorescence spectrum: Amax 613 nm (solventﬁ
dichloromethane)'
| An LED using Compound [1] was prepared. An ITO
etranspérent conductive layer depoSited on a glass substrate,

having a thickness of 150 nm (produced by electron beam



peak of the object was miZ =958. Thus, the resulting purple powder was
~identified as-Conpound [7]. This Conpound [7] = exhibited the follow ng

. phot ophysi-cal  properties. -Absorption spectrum ‘. max 571 Pdynedi0fént : .-

di chl oronet hane) Fl uorescence spectrum a.max 616 nm (sol vent: '

- di chl oromet-hane) An. LED using Conpound [7] as a dopant ‘was prepared in

exactly the sane procedure as in Exanple 1 other than the dopant used.
This resulting LED generated a red enmgssion having a peak wavel ength of

619 nm and a |lum nance efficiency of 4.2 cd/A 22 June 2006 65 Exanple 8".

. Synt hesi s of Conmpound [8]. In the same procedure as in Cbnpound [1],.0.4 g
O 2 DeRtk B TR SUe A RS Gale5Ry BRGS0 Rl gogoﬁserg
Dl g o gy §27 2L R G 7o)
0,50 FRbhcEth o Bl i lende B o1 BlapEabaL 1R )5
powder &@&:545&@5B@Q§Eg§ Sgﬂicoclean 56 (produced by Furuuchi o
| :Chemical) for 15 minutes;each,:ehﬁetheﬁ rinsed with - |
ultrapure Water '.Subsequently, the ITO bléte‘is sﬁbjedted
:to ultrasonic cleanlng 1n 1sopropyl alcohol for 15 mlnutes
then immersed in hot methanol for 15 minutes, and was.
'followed by drylng. The.ITO_plate was subJected-to a uv-
'_oéone treathent for_one hour on the eve'of the process of
' mahufacturing the LED. 'Then the ITO plate was placed 1n a
| vacuum vapor dep051t10n apparatus and the apparatus was
evacuated to a pressure of 5 x 10‘5.Pa_or below. On the'ITC'
:plate 4,4 blS(N (m-tolyl)-N- phenylamlno)blphenyl was
'dep031ted to a thickness of 50 nm to form a hole
htransportlng layer bylvacuum evaporatlon: Next, 1,4-diketo-
' 275;biS(3 5-dimethy1bénzy1)-3.e;bis(4-
.t:methylphenyl)pyrrolo[3 4- c]pyrrole as a host materlal and
.Compound [1] as. a dopant are 51multaneously dep051ted so as
to form a layer hav1ng a thickness of 15 nm and a dopant
content of 1 weight percent, and the host material was |
further deposited so as to have a thickness of 35 nm.  Next,
.0.5 nh_in thickness of lithium and 150 nm in thickness of

.silver'wefe deposited to form the cathode. . Thus, an LED of

-5 mm-x 5 mm was completed. The thicknesses described above



. results are as follows. Values in parentheses are theoretical vaI ues. C

- 75.0%(74.6% ., H 5.2%(5.19%, N 4.2%(4.0%, 0: 9.3% (9.29%, F: 4:4%
7(5 5%, B 1. 6@6(1 6% According to nass spectronetry, thelugi Ofrol ecul ar .
ion peak of the object was mZ =692.. Thus, the resulting blue- purple
“powder was identified as Conpound [8]. This Conpound [8] exhibited the-
fol | owi ng phot ophysi cal properties. -Absorption spectrum Xmax 584 nm-
(solvent: dichloronethane). Fluorescegce spectrum Xnax 632 nn1(so|vent _
- di chl oronet hane) An LED using Conpound [8] as a dopant was prepared in 22
June 2006 - 66 exactly the sane procedure as in Exanple 1 other than the

dopant upek ditisukes il R0phEPeacREhaied Bt ¥ g ! Oy ckAYLammaLREek

.wavel ength of 641 nm an um nance-e

Synt hesi fegqrm}f&i C u ], 00.35 g
~of 2 bolglréoyl 3, 5-bi s(lilﬁn a%é%%pﬂgﬁyfégygﬁgéglﬁér ggygggpgde’\% {]% 0. 25 g

“of 2, 4- maafé&éhﬁwlmymr}yd:)marglfuﬁ@nﬁﬁegueffﬁc;eacy of fl, liecra%p' e
: povvder The results of 1H NIVR anal yS|s are .as foll

Example 2
'Synthe51s of Compound [2]1
In the same prooedure as ih.ComPOund [1]1, 1.2 g of 2-
tbenzoyl—3,5—diphenylpyrrolé-were reacted-with_O.B Q of 2,4-
diphenylpyrrole.to'produce‘1,4 g of.réd powder. The results
- of 1H;NMR analysis is as.rollows.
'1H;NMR(CDC13 (&5 = ppm))}--6.46(t,_2H),_6.25(s, 2H); 6.67-"
6;88(m 11H), 7. 43.(m-6H) 7.90(d. 4H) |
| Elemental analy51s was performed on the assumptlon that
_ the comp051t10n formula of the powder was . CagHTﬁQFZB The
results are as follows.. Values in parentheses are |
theorotioal:values. |
C: 82.3% (81.8%), H: 4.8% (4.7%), N: 4.9% (4.9%), F: 6.6%
(6.6%), B: 1.9% (2.08) |
According to'maos Spectrométrf, thetmain-molecular ion
:peak of the object was m/Z = 572. Thus, the resuitihg-red-
powder was 1dent1f1ed as Compound [2]. This Compound.[Z]
_exhlblted the following photophysical properties.
| _Absorption-spectrum: Xmax 556 nm (solvent:
‘dichloromethane)
- Fluorescence spectrum: Amax 600 nm (solvent:

diohloromethane)



IH NVR(CDC13 (S = ppn)): 0.94(t, 12H), 1.38-1.41(m 16H), 1.68-1.83(m
8H), 3.80(t, 4H), 4.00(t, 4H), -6.36(d, 2H), 6.46(s, 2H),.6.53(t, 2H),
°6..62-6.73(m 5H), 6.85(d,.2H), 6.94(d, 4H), 7.86(d, 4H? JEnede¥ al
anaIyS|s was perfornmed on the assunption that the.conposition fornula of
the powder was C59H67N204F2B. The results.are as follows. Values in
parentheses are theoretical values. C 77.5% (77.3%, H 7.5%(7.5%, N

0 3.2%(3.1%, 0:-7.1% (7.0%, F 3.1%64-1%, B: 1.2% (1.29% According to
mass spectronetry, the main mol-ecular ion peak of the object was mzZ =
-916. Thus, the resulting. blue- purple powder was identified as Cbnpound

L8], This CRAPeRRTushAl, eshipliife (e Jo1d g ehod pg;yo%—aclaédpmpert'es

22 June'. 2006 . 67 on spectrum

di chl or e I S &heset )Eﬁgﬁb
d|chIor%ﬁ%%ﬁggekhgxgggge%%% ynthegng%% Cbnp&ﬁ%gl[lg§ e g%%e _

~ procedugspast thEOWPQH&@ E@buf%f% ﬁﬁDzbéﬂérated a .
napht oyl ) - 3, 5- bi s(4-net'hyl phenyl )pyrro e were reacted mnth 0 25

0102, 4 Gushis TBhaBeAY R o DerOThiare orftfih e oéog)%m@mpoaoder The

results of 1HNWR analysis are-as
' 1um1nance efflclency of 2.6 cd/A.

Example 3
:SyntheSis eprOmppund [3}
| In the same procedure as in Compound [1], 0.4 g of 2-(2--
we_methylbenzoyl)~3,Sfbis(4-n—hexylpheny1)pyrrole were reected
| with 0.25 g of 2.,4-bis(4-n-hexylphenyl)pyrrole to produce.
.le'g of'purpliéh_red powder. The results of lH-NMR .
-ahéi&sis-are as.follows. | |
1H~NMR(CDC13 (o ='ppm)): o;as(t, 12H), 1.29-1.67(m, 32H), .
2.39(£,4H), 2.63(t, 4H), 3.51(5, 3H), 6.00(4d, 2H); 6;51(3;
. 2H), 6.63-6.73(m, 10H), 7.23(d, 4H), 7.81(d, 4H) |
'Elemental ahaleis was performed on the assumption that
the comp051t10n formula of the powder was C&JQ7N2F2B The
:“results are as follows. Values in parentheses\are
ntheoretiCal values,. | | |
C: 53.3% (83'3%) H: 8.4% (8.4%), N: 3.1% (3.0%), f: 3.2%
(4.1%), B: 1. 2% (1 2%) |
Accordlng to mass speetrometry, the main molecular ion
_ peek of the object was m/Z = 922. Thus, the resulting
purplish red powder was identified as Compound [3]. This

Compound [3] exhibited the following_photdphysical



f-ol | ows. - lH-NNR(C DC13 (S = ppm)): 2.00(s, 6H)., 2.40(s, ..6H), 6.26(m .
“8H), 6.39(s, 2H), 6.65(t, 1H), 7.00(d, 1H), 7. 12(d 1H),  .7.24(d, 4H), -
- 7.24-7.33(m SFD; 7.7.7-7.86(m 5H) El enental analysis_mﬁéhpQQMQﬁned-on'the-
assunption.that the .conposition fornula of the powder was CA7H37N2F2B. -
The -results are as follows. Values in parentheses are theoretical val ues.

C 83,5%(83.2%, H 5.6%(5.5%, N 4.3%(4.1%, F: 4.8% (5.61), B 1.5%

(1.6% According to mass spectronmetryggthe nmain nol ecular ion peak of the.
object was mZ = 678. Thus, the resultlng pur pl e powder was i dentified as
Corrpound [10]. This Cbnpound [ 10] exhibited the follow ng photophysi cal '
propert| 835 %ﬁlggne 2006 68 Absorption spectrum .max 575 nn1(so|vent

. di chl Bt d%e anej FIuorescence spectrum Xmex. 613 nnl(solvent

dlchloronet LED_ usi onpound 0 qnt vas prepared-in
- exactly trmjgbﬁéFéX%ﬁ%dﬁchggumhnE?SﬁpP%% ﬁg éh the dopant ‘used.
- Thi.s re&yéﬁig?ohgghggggrated a red em ssion haV|ng a peak mavelength of-

620 nm an um nance eff|C|ency of 3.0 cd/A
Fluorescence spectrum Amax 613 nm (solvent
_ dlchloromethane)'

An LED us1ng Compound [3] as a dopant was prepared 1u_
iexactly the'same procedure as in Example 1 other than the
'_dopanr,used. This resultiug LED generatedia red emission
. having a peak_wavelength of 618 nm and a luminance
’_efficiency of 4.0 cd/A.

Example.4'
'Synthesis of Compound [4]
- .In the same procedure as iu_CompOund [1]1, 0.5 g °f.2;(4-
..phenylbenzoyl)-3,5—bis(4-n—hexylphenyl)pyrrole-were reected
: uith.OLZS g of 2;4-bis(4-n—hexylphenyl)pyrrole to produce'
'0.18 g of purplish.red.powder.g The results or 1H-NMR
'anelysis.are_as folloWs. |
‘1H-NMR (CDC1, (6.='ppm)); 0.84(t, 12H), 1.07-1.65(m, 32ﬁ),
l2.25(t_,4H)._2.64(t, 4H), 6.53(s, 2H), 6_..-61'—6.6.9(1-'11, 110),
6.88(d, 2_Hj, 7.23(d, 4H), 7.24-7.37(m,5H), 7.83(d, 4Hj
. . Elemental analysis was performed_on-the assumption'that
rhe-composition formula of the powder was CgoH,oN,F,B. The
results are as follows. Values in parentheses are
theoretical values.

uC:184.3% (84.1%), H: 8.1% (8.0%), N: 2.9% (2.8%), F: 3.0%



_ Exanple'li Synfhesis of Cbnpound fll] In the sane'procedure as in Conpound
[1] .35 g of 2 benzoyl-3,5-bis(4-(2, 4- d|nethylphenyl)phenyléwgyrrole

were reacted wWth 0.25-g of 2, 4-bi s(4-(2, 4- di net hyl pheidduppi

| )pyrrole

to produce 0.15 g of purple pomder The results of 1HNWR analysis are as -

~follows. 1HNMR (CDC13 (S = ppm)): 2.18(s, 6H), 2.32(s, 6H),
12H), 6.67(s, 2H), 6.81(d,8H),: 6.94-7.07(m 11H), ~ 7.11(d,

- 2.36(ss;
2H), 7.43(d,

4H), 8.01(d, 4H) Elenental anal ysis_wag performed on the assunption that

t he conposition fornula of the powder was C71H59N2F2B. The

results are as

follows. vhlues in parent heses are theoretical values. C 86.4% (86.2%,
H 6.0%g 122%%((2 8%) F: 3.0% (3.91), B: 1.2% (1.1% 22 June.

. 2006 6 ccor |ng to nmass spectronetry, the nain nolecular

the ObJeCt W@Eogﬁ%n 88 mabiusp

as Conpound [ 11]. his . Conpouln 11] eghlblted the foI oW ng

ion peak of. -
a¥e§ohdent|f|ed'

phot ophyshabs REEPEHLEEE AR/ IO EPECtriiE , R AdSuDFL§o! vent.:

di chl or et hane) Fl uorescence spectrum ,max 626 nm ('sol vent:.

purpllsh red powder was 1dent1f1ed as Compound [4]1.
Compound [4] exhibited the follow1ng photophy51ca1
_propertles o

Absorption spectrum kmax 569 nm (solvent
dlchloromethane)

Fluorescence spectrum: Amax 615 nm (solvent:

‘dichloromethane)

This

An LED using-Compound {41 as a dopant was prepared in

exactly the same prooedure es in Example 1l other than the

'dopant used. This resulting LED generated.e red emission

having a peak'Wavelength of 618 nm and ailuminance
efficiency of 3.8 cd/A.
" Example 5

Synthe31s of Compound [5]

In the same procedure as in Compound [1], 0.45 g of 2-

(4fmethoxybenzoyl)-3,5-bls(4-n-hexylphenyl)pyrrole were

reacted with 0;25'g_of 2,4-bis(4-n-hexylphenyl)pyrrole to

~produce 0.15 g of.purplish red powder. The results of 1H-

NMR analysis are as follows.

' 1H-NMR(CDC1, (8 = ppm)): 0.91(t, 12H), 1.28-1.67(m,

' 2.00(s,3H), 2.38(t, 4H), 2.63(t, 4H), 6.21(d4, 1H),

2H), 6.46(d, 2H), 6.63(m, 8H), 6.80(d, 1H), 7.25(d,

32H),
6.43(s,

4H),



dichloronethane) Exanple 12 Synthe5|s of Cbnpound [12] In the sane
procedure as in Cbnpound [1], 0.4 g of 2-(1- '
. hapht oyl )-3, 5- bi s(4- nethylphenyl)pyrrole were react ed vm%%ﬂ““SZQQGQ of _
.2, 4-bi s(4-met hoxyphenyl )pyrrole to produce 0.1 g of purple powder, The
'results of 1-H NWR anal ysis are as follows. 'H NWR (CDC13 (S = ppn))
1.97(s,. 311),2.40(s, 3H), 3.54(s, ‘3H), 3.86(s, 3H), 5.99(d, 2H),.6. 25(s
4H), 6.30-6.39(m 8H), 6. 69(t, "1H) - 629%Z(d, 3H), 7.14(d, 1H), 7. 26(d, 2H),
7.26- 7.37(m. 3H), 7. 78-7. 95(m 5H) El enental analysis was perfornmed on the.
assunption that the conposition formula of the powder was C47H37N202F2B:
-_The resultgdarqus fol lows. Values in parentheses are theoretical values. .
G 79.6% (7 H 5.1%(.5.29%9, N 4.0%(3.9%, 0: 4.6% 22 June 2006 70

(4.5%, F ﬁﬂ@%@ﬁ%dﬁ@anéiysﬂsE%asJpérﬁofﬁéérthghéoaﬂﬁﬁﬁptiBﬁcth%%Etryy

~ the mai'n nol ecul ar. ion peak of the object was m Z 10. Thus
resul ti ege wr@loemmerfmhdecmlfhedp@ﬁd&enwasndd}ﬂ,%}«zoﬂns fegrpound
"~ .[12] exhibited the follow ng phot ophysi cal -~ properties. Absorptlon '
' SDECtrUEbsulE&Xa&%FHEmﬂbﬂldﬁﬁ“ Values in parentheses are
htheoretlcal values. | | |
C: .-82.1%_ (81.9%), H: 8.3% (8. 2%) N: 3.1% (3.0%), O: 1.8%
- "';(1 7%) F: 3.0% (4. 0%), B: 1.2% (1.2%) ' |
| Accordlng to mass spectrometry, thelmain'molecular ion
_ upeak of the obJect was m/Z = 938. Thus, the resulting
hpurplish.red powder Was'identifled as Compound [51. This
-ﬂCompound [5] exhibited the follow1ng photophy51cal :
.propertles
| Absorptlon spectrum- lmax 566 nm (solvent
dlchloromethane)
-Fluorescence spectrum: Amax 611 nm (solvent:
dichloromethane). |
.. An LED;using Compound [5]_as a dopant was prepared in
_ ekactly the same'proceuure:aS'in Example-l other than the
?dppanf used."This reSultinQ'LED,generateo a red emission_
"havlng a peak wavelenéth of 615_nm and a luminance' |
E efficien_cy of 4.0 cd/A.‘ |
.Example.6
Synthe31s of Compound [6]

. In the same procedure as in Compound [1], 0.4 g of 2 (4-

l cyanobenzoyl) ~-3,5~ blS(4 -n- hexylphenyl)pyrrole were reacted



_dlchloronethane) Fluorescence spectrun1 :max 624 nm (sol vent:

~di chl or onet hane) An LED using Corrpound [12] as a dopant V\B.S prepared i.n
.. exactly the same procedure as in. Exanpl e 1 other than-tHeJ “&6 &? used. .

~ Thi's resulting LED generated a red emi'ssion having a peak wavel ength of

. 628 nm and a | um nance efficiency of 2.9 cd/ A Exanple 13 Synthesis of -
.Conpound [53] In the sane procedure as in Conpound [11,'0.4. g of 2-
-benzoyl -3, 5-bi s(4-n-butyl phenyl ) pyrrog® were reacted with 0.25 g -

of . 2, 4-bi s(4-n-butyl phenyl )pyrrole to produce 0.27 g of red powder. The
results of 1H NWR anal ysis are as foIIOms 1H NMR (CDC13 (S ppm): 1 97(5,

.3 2 3 3 4 Y 2
2l 2 ot B itk S A pfetiele

7.26 22p9)ygng &€08uburhlpohded.7( IF1"'¢he3'i')esu7.l.t7§ -of gﬁ-mﬁ@naﬁﬁﬁ‘tﬁe anal ysj s

~was perforned on the assunption. that '~ the conposition fornula of the
powder #asf&pPHHAN2F2B. The results'are as follows. Values in parent heses
are. theoretical values. C 83.1%(82.9%, H 7.5%(7.4%, N 3. 6%(3 5%
F 4. 09@H NMR(CDC13 (8 = ppm)): 0.91(t, 12H), 1.33-1.65(m, 32H)

2. 44(t 4H),'2.64(t,_4H), 6.52(s, 2H); 6.59(d, 2H), 6.70-
6.75(m, 8H), 6.93(d, 2H), 7;25(d; aH), 7.83(d, 4H)
Elemental analySisiwasﬁberfofmed on the aéSumption that
. the qdmpositioh formula of thé powder was Cg4H;4N;F,B. The “
:results.éie as follows. Values in barentheses'are_
B théoretical'valﬁes. | o
_c:'az;s% (82.3%), H: 7.9%.(7}9%),'N:-4.6% (4.5%),'F:.3.3%
(4.1%), B: 1.2% (1.2%) | | |
According to masé sﬁectrometry, the maiﬁ molecular ion
 peak,§f'the.object was m/Z2 =933. Thus, the fesﬁ;tihg auburn
bbwder'Was identifiéd.as'Compound t6]; This Compound&[61
- exhibited the following phétothsiéal propertieé.
| ;'Absqrptién spectrum: Amax 576 nm (sélvent:
zzdichloromethane)' | | |
 F1g§réscen¢e speétrum: Amax 626 nm.(so;venﬁg
dicﬂloromethane)
Exémple 7
..SyntheSis of Compound [71]
In the same procedure as in Compouﬁd [1], Ols.g_offz-(l-
Ina?hthoyl)-3,S—bis(4—n—hexylphenyl)pyrrole were_reacted with

; 0.25 g of.2,4?biS(4—n-hexylphenyl)pyrrole to produce 0.2 g



(4.8%, B 1 396(1 4@@ Accordlng to nass spectronetry, t he mai n nol ecul ar
“ion peak of the object was mZ = 796. Thus, the resulting red powder was
identified as Conmpound [53]. This Conpound [53] exhlblt%gJ??ﬁgqqgllomnng
phot ophysi cal properties. Absorption spectrum .nmax 569 nnl(solvent
di chl or onet hane) Fl uorescence spectrum , nmax: 611 nn1(so|vent _
di chl oromet hane) An LED using ‘Conpound [53] as a dopant was prepared in
exact|ly the same procedure as in Example-1 other than the -dopant used.
~This resulting LED generated a red em ssion - having a peak wavel engt-h of
. 617 -nmand a lumnance efficiency of 5.0 cd/A. Exanple 14 Synthesis of

- Conpoundg] pk-phia %Q)vmex‘)f 5o td Sul el r by Ofik anaPySi8 8fecqgpound [ 10]

. was dlssolved Subsequently,. 1..88 nL of phenyl magnesi um brom de (1.0
mol /L i gohqiokwahydr of uran) was 22 June 2006 72 dropped into the : _
tetrahydrofuran solutioon at 20C and then was reacted at 60C for 9. hours

“Af ter cgohmngcpam md of ppﬁyes masga@dedlamq L heresext.resqtni ,0r3 288, per f or med
“with dichloronmet hane. . The extract was concentrated and refined ‘through a
- colum echrarat,0gHgRh2 W4 (t SidHEA. 6 gBY (ApdsHNyS6 . 40(s, 2H), 6. 64(t__
1ﬁ),'7'00(dd, 2H), 7.24(d, 4H),i7;24—7;34(m,'3H), 7.80-
7. 87(m 5H) -
| ‘Elemental enaly51s was performed on the assumption that
" the comp051tion fprmula of the powder was. Cg,H,;N,F,B. The
dfesults ére'as folloWS._lVaiues ineparentheses are
theoretical values. . | _ .
- C: 84.3% (83-9%) H: 8.1% (8. 0%) N: 2.9% (2.9%), F: 3.;1%-
(4.0%), B: 1.1% (1. 2%) | "
:ehccording-to mass_spectrpmetry, the_main molechler ien_:
.peak 6f the object was m/z =958. Thus, the resulting purple
powder was identified eS'CQmpound [7].  This Compouhd [7]
exhibited the'folloﬁihg photqphysical propertiee.
' Absorption_epeettum: Amax 571 nm (solvent;
dichloromethahe)' ﬂ

Fluorescenee sbectrumi Amax 616 nm (solvent:

dichloromethéne)-

An,LED'ueing:Compouhd [71 as a dopant was'prepered ih
texectly the same procedure.as'in Example 1 othexr than the
.d0pant-used. This.resplting LED generated a :ed.emission

haVing a peak_waveiength pf'619 hm and a luﬁinance

efficiency of 4.2 cd/A.



results in 0.32 g of purplish red powder. The follow ng |s the results of.
~1H-NMWR anal ysis. . V. 1HNWR (CDC13 (S = ppm))_: 1. 97(s 2.40(s, 3H)
 3.54(s,. 3H),.3.86(s, 3H), 5.99(d, 2H), 6.25(s, 4H), 6.3 ne§@9ﬁ1 8H) .
6..69(t, 1H), 6.97(d,.3H), 7.14(d, 1H),,7.26(d; 2H), 7.26 7.37(m 3H),
7.78-7.9.5(m 5H) Elenental anal ysis was perforned on the assunption t hat
--t'he_conposi tion formul a of the powder was C59HA7N2B. The results are as
foll ows. Val ues in parentheses are - t¢woretical .values. C. 89.3%
(89.29, . H 6.0%(5.9%, N 3.5%(3.5%, B 1.2% (1.4% Accordingto mass
_spectronetry, the main nol ecul ar ion peak.of the object was mZ 794. Thus,
the‘resg*%%g urpllsh red powder was identified as Cbnpound [59]. This
.Conpoun ? exhi bited the foll ow ng photophysical - properties. Absorption.

spectrQ§%ntH@§1§6§fnabhgghﬁanqgg di chl oronet hane) Fl uorescence spectrum
?.max 613 nm (sol vent 2 June 2006 73 dichl oronethane) An LED using

‘Conpound [ 59} 8feasHRBABEoWREURECR Q% idbmpdta |pL T e SAMe ¢F ogedure as in |
-*Exanple 1 other than the dopant used. This. resultlng LED generated a red
emSSIOl'Slenzoyl 3, 5- bis(4- methoxyphenyl)pyrrole were reacted with
| .0.25 g of 2 4- blS(4 methoxyphenyl)pyrrole to produce 0.2 g
'of blue purple powder The results of lH-NMR: analy51s are
_"as follows _ - |
. -_1H ~-NMR (CDC1, (8 = Ppm)) '3.67(s, 3H), 3.86(s, 3H), 6. 38(d
2H), 6.47(s,.2') 6.54(t, 2H), 6.64-6.75(m, SH), 6. 85(a, 2H),
6.96(a, 4H), 7.89(a, 4H) |
. .. Eleﬁental enalysis was-performed-on the aSsumption'that
.the.composltioﬁ-formula_of the powder was C;ngNéO4FZB. ”The:
.resulte ere as follows. Values in parehtheses.are
‘theoretical values. o
-c£p75.0%l(74.6%), H: 5.2% (5.1%), N: 4.2% (4.0%), O: 9.3%
(9.2%), F: 4.4% (5.5%), B: 1.6% (1.6%)
| Accordlng to mass spectrometry, the. main molecular ion
”lpeak of the object was m/2 =692. Thus, the'resulting-ber-
:purple-powder'was 1dent1f1ed as Compound [8]. :This.Compound'
[8] éxhibited:the following photophysical.propertiesf. |
Absorption speCtrum: Amax 584_nm (solvent: |
diohloromethane). | |
| ”fluorescenee spectrom: Amax 632 nm (solvent:
diChloromethane)

. An LED using Compound [8] as a'dopant was prepared in



havi ng a peak wavel ength of 616 nm and a | umni nance ,effrciency'of 3 8 cd/ A
. Exanpl e 15 For preparing an LED, the same procedure was gﬁen @% t he

. hele transporting | ayer was deposited, and then the co &ﬁﬂzﬁ ] was .
- deposited to a thickness- of 50 nm Next, - 0.5 nmin thickness of |ithium:
~and 150nmin thi'ckness of _silver were succe55|vely ‘deposited to formthe
cat hode. Thus, an LED of 5 nm x 5 mmwas conpleted. This resulting LED
generated a red em ssi on having a peae wavel ength of 622 nmand a

1 um nance efficiency of 2.5 cd/A Exanple 16 An LED u3|ng Conpound [63] as
a dopant was prepared in exactly the same procedure as in Exanpl e 1 other

than t g, dORANh&ISE4ne THEScE&sEbt hB0ihERxaRPERAlCdthared RN S5iedn having
a peak mavelength of 609 nmand a | um nance efficiency. of 1.6 cd/A ...An

“LED' usigypdepirasendl, [8ﬁ11§3ré'§9§’6‘3‘.n§ﬁ§EDr géﬁéﬁﬁtleﬂ aexad lemidwEigane. '
~-procedur e as |n Exanpl e 1 ot her than the dopant used. This resulting LED

gener atrRflyithd efl F¥A ShaRel 8RYtRJod paa,knmamueaguhlmhaﬁ% nm and a
. l'um nance 22 June 2006 74 efficiency of 1.1 cd/A - Exanple 18 For .
fpfepa“difiﬁlédﬁ& 6ﬁezsan6dpAocedure as in. Exanple 1 . .
. Example 9 -
Synthe31s of Compound [9]
| In the same procedure as in Compound [1], O 35 g of 2=
benzoyl 3,5- bls(4 n- amyloxyphenyl)pyrrole were reacted w1th
:0.25 g of-2,4-bis(4—nsamyloxyphenyl)pyrrole-to produce 071 g.
of.blue—purple powder. The results of ?H-NMR analysis.are.
as follows. . _ . _
EVE “NMR(CDC1; (6 = ppm)) 0.94(t, 12H) , 1._3’821.4_1-(m', 16H),
'1.68—1.83(m; 8H), 3,80(t, 4H), 4 OO(t dH), 6.36(d, 2H)(.
. _'6._46('_'s, '__2}1“), 6.53(t, 2H), 6.62-6.73(m, SH), 6.85(__d'.,__'2H):,.
6. 94(d '4-ﬁ)-' 7.86(d, 4H)
Elemental analysis was performed on the assumptlon that
- the.comp051t10n formula of the powder was Csyﬁ”N204lzB._ The.
.:reeults_are as followei Values in parentheses are
.theoretical'velues..
C: _7J7.-5% ('7’7..3%), H: 7.5%_(7'.5%_), N: 3.2% (3.1%), O: 'f.l;%
--(7 0%), F: 3.1% (4.1%), B: 1.2% (1.2%)
Accordlng to mass spectrometry the main molecular ion
peak'of the object was m/Z2 = 916. Thus, the resultdng_olueh
' purple-powder was ldentified as Compound [9]. ‘This Compound

_{9] exhibited the following photophysical properties. .



was taken until the hole transporting | ayer was deposited. Then.,

1, 4-di ket 0- 2, 5- bi s( 3, 5-di net hyl benzyl ) -3, 6-bi s(4- .

met hyl phenyl ). pyrrol o[ 3, 4-c]pyrrole as a host materi al éﬁﬂh952006 -
di et hyl ani no- 5H- benzo(a) phenoxazi ne-5-one (the fluorescent peak mavelength
was 610 nm.in dichloronmethane) as a dopant were sinultaneously deposited:
so as to forma enissive |layer, having a thickness of 25 nmand a dopant
content. of 0.5 weight percent. Next,62,9-dinethyl-4,7-Bi phenyl -1, 10-
phenanthrollne (BCP) was deposited to formthe electron transporting layer
havi-ng a thickness of 25 nm. Finally, 0.5 nmin thickness of |ithium and

150 nmin. tAh$dPEsor§ spebt v : Weiaxd8B9Shied sbdvieartm t he cathode and thus
an LED of ‘5 mm Xx.5 mm was conpleted. This resulting LED generated a .red

em ssi 0oai8RYbHEmaBhaeysi on peak wavel ength of 609.nm and .a spectrun1ha|f
‘band - wi dth of 71 nm depending on the . dopant'. The.red em ssion.exhibited

‘a | um nance Plucf¥écerdé Bpepdeamanimapl 664 nmlua@av@ht16 V. Exanples 19 to
- 25.and 28 to 29-and Conparative Exanple 1. LEDs were prepared in the sane

'-procedudﬂchiorom&khapbe .18 except that conpounds shown in Table 1 were.
used as a hole transportlng material, a host material, dopant, and a .
.cathodeExamplealo The results are shomn in Table 1. HTNH 22 June 2006 -
75 wused. in Exanple 25 is the foll ow ng conpound CQFE _
Synthe51s of Compound [10]
 In the same procedure as in Compound [1] 0.6.9 of 2-(1—'
nephtoyl)—3,5—bls(4-methylphenyl)pyrrole were_reacted wirh
.0.25 g of_2,4-bis(4—methylpheny15pyrrole to produce 0.55 g._
..of_purple powder. The results of 1H5NMR analysis are as
' followe; | - |
1H-NMR' (CDCL, (8 = ppm)): 2.00(s, 6H), 2.40(s, 6H), 6.26(m,
8H), 6,39(s; 2H), 6.65(t, 1H), 7.00(d, 1H), 7.12(d, 1H),
7.24(a, 4?1), 7.24-7.33(m, 3H), 7.77-7.86(m, 5H)
| 'Elemental”analysis was performed on the assumption that
the .composition formula of the powder'was C47H3;N,F,B.  The
”results are as follows. Values in parentheses ére
theoretical values. .‘ _
C: 83.5% (83.28), H: 5.6% (5.5%), N: 4.3% (4.1%), F: 4.8%
(5.6%), B: 1.5% (1.6%) | | -
| Accordlng to mass spectrometry, the main molecular ion
_-peak of the obJect was. m/Z = 678. Thus,'the resulting
purple powder was identified as Compound'[iO]. This
: Compound [10]) exhibited the'following-photothSical

- properties.
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Absorption spectrum: Amax 575 nm (solvent:
| ‘dlchloromethane)
Fluorescence spectrum kmax 613 nm (solvent.

dlchloromethane)
.An LED using Compound [10] as.a dopant was prepared in’

eXactly the same procedure as in Example 1 other than the
" dopant used. This-resultingiLED generated a red emission
having a peak:wavelength of 620 nm end_a luminance_
efficiency of 3.0 cd/A. | |

5Examp1e 11

- Synthesis of_Compound [11]

| In the same procedure'as.in Compound tl] “0 35 g of 2;

‘=benzoyl 3,5-bis(4-(2,4- dlmethylphenyl)phenyl) pyrrole were
reacted with 0.25 g of 2, 4 bis(4-(2,4- .
'dlmethylphenyl)phenyl)pyrrole to produce 0.15 g of purple
powder. The results of lH-NMR analy51s are as follows.
1n-NMR (CDC1, (& = ppm)): z.la(s; 6H), 2.32(s, 6H),
z.jﬁ(ss,le), 6.67(s, %ﬁ),.6;81(d;8ﬂ); 6;94-7.07(m, 11H),
'7.11(d, 2H), 7.43(d, 4H), 8.01(d, 4H) |

}Elemental analysis was.performed on the.assumption'that.

the'composition formula of the powder was C;yHgoN,F,B. The
results are as foliows; 'Values'in parentheses are
theoretical values. | |
C: 86.4% (86.2%), H: 6.0% (6.0%); N: 2.9% (2.8%), F; 3.0%

(3.9%), B: 1.2% (1.1%)
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g Accdrding to-masé spectrométry, the main.molecﬁlar ion
.péak of the object_was-m/Z/= 988. Thué,.the reéulting
Pﬁrple Powder was identified as cbmpound [11].. This
Compound [11] exhibited the Eollowing photophysical
.propértieé. “ o | |
| Absorption spectrum: Amax 576 nm (solvent:
:dichlorgméthéﬁé) | |
_FluOrescence spect;um: Amax 626 nm (solvent%
dichloromethane)..
Example 12
"Sypthesis of Compound [12]
o ih the éame proceduré as in Compouhd [1], 0.4 g of 2-(1-
naphtoyl)—3,5—bis(4—methylphenyl)pyrrole were reacted with
0.25 g of 2,4-bis(4—methoxyphenyl)pyrrole to produce 0.1 g |
.of purple pdwder. The results of 1H—NMR-analeis are és :
'follows. | | | |
1H-NMR (CDC1; (8 =ppm)): 1.97(s, 3H), 2.40(s, 3H), 3.54(s,
3H), 3.86(s, 3H), 5.9§(d, 2H), 6.25(s, 4H), 6.30-6.39(m,_8n),
6.69(t, 1H), 6.97(d, 3H), 7.14(d, 1H), 7.26(d, 2H), 7.26-
7.37(m, 3H), 7.78-7.95(m, 5H) | '
| Elementai analysis was performed:on the asshmption fhat
the composition formula of the powder was C,;Hy,N,0,F,B. The
results are as follows. Values in parentheses are
theoretical values. |

C:79.6% (79.4%), H: 5.1% (5.2%), N: 4.0% (3.9%), O: 4.6%
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'(4.5%), F: 4.6% (5.4%), B:. 1.69 (1.6%)
_According-to'mass,spectrometry, the main molecular ion -
'peek.of the object was m/% = 710. Thus, the resulting L
_purple powder was 1dent1f1ed .as. Compound [12] This
_Compound [127] exhlblted the follow1ng photophy51cal
propertles | |
a Absorptlon spectrum kmax 577 nm (solvent-
dichloromethane)
Fluorescence spectrum Amax 624 nm (solvent:
idlchloromethane) |
"An’ LED.us;ng:Compound [12] as a dopant was'prepared_iu -
-exactiy the Saﬁe prccedure:as'in Exampie.l'cther thah»the
dopant used.j-This.resulting LED generated a red.eﬁission
'hauing a peak wavelength.of 628 nm and a luminance
efficiency of 2.9 cd/A. |
Example 13
SyhthesiS“of Compounds[53]
In the‘same-procedure'as in Compound [1], 0.4 g of 2-
; :benzoyl 3,5~ blS(4 n butylphenyl)pyrrole were reacted w1th
-:O 25 g of 2,4- blS(4 n- butylphenyl)pyrrole to produce 0.27 g
.of red powder. The results of 1H-NMR analy51s are as
follows. _ -
IH-NMR (CDC1l, (8 = ppm)): 1.97(s, 3H), 2.40(s, 3H), 3.54(s,
3H), 3.86(s, 3H), 5.99(d, 2H), 6.25(s, 4H), 6.30-6.39(m, 8H),

6.69(t, 1H), 6.97(d, 3H), 7.14(d, 1H), 7.26(d, 2H), 7.26-
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2006 - 77 Exanple 26 An LED was prepared in the same procedure as in.

" Exanple 24 except that 10 nmin thickness of copper phthal ocyanine

.(CuPc) as. a-first hole transporting |layer and HTM as a second hol e

~ transporting |ayer were successively. peposited. V This resulting LED

- generated a red em ssion.” having an em ssion peak wavel ength of 612 nm and
..a. spectrum half band - width of. 40 nmaccording to the conpound [65].

' fhe.red7__ﬁlﬁ§igﬁ)gthbquq9g(thEﬁgnce of 6400 cd/n2 under. .an applied
.voltage o 4" V. , Exanple 27 For preparing an LED, the conpound [100],

‘which has ag1éheRtgscanhipeals wavel a GO tHa idsslingd i nBaidene:
solution, was used as a dopant. to formthe enmissive layer.. vV . - -
'~ the composition formula of the powder was CssHgoN,F,B. The
"résultsiare asrfolloWs. Valués in parentheses-are:
theoretical yaiues.-
C: 83.1% (82.9%), IH:_"7._-5% (7.4%), N: 3.6% (3.5%), F: 4.0%
”(4.8%)','_13';-_1'.3% (1.4%) ‘
._According td mass spectrometry;'the main molecular ion
peak of the ébjectfwés m/Z = 796.. Thqs, thé_reSultingﬁred_
. powder was idéntified'as Cémpéund [53]. This.Coﬁpound [53]
exhibifed fhe fqlloWing photophysical propéfties:-
--Absqrption SPéCtrum: Amax 569 nm (solvent:
dichioromethane)
Fluoreécence spectrum: Amax 611 nm (sélvent!
.dichlorohéthéne)
."An_LEDlusing'Compound [53] as a dopant.was prepared in'
'Lexactly the same procedure as in Example.l other than the
- dopant used. ThiS'résélting LED generated a red ehisSi0n 
.haVing a peak wavelength of 617 nm_and_a luﬁinance
effi&iency of 5.0 cd/A.
Example 14 |
Synthesis of“Compound [59].
In 30 mL of absolute tetrahydrofuran, 0.5 g of compound
[10] was diésolved. ‘Subsequently, 1.88 mL of

phenylmagnesium bfomide (1.0 mol/L'in tetrahydrofuran) was:



Subsequently, 20 nmin thickness. of the host material used in the enissive
"layer and 5 nmin thickness of BCP were successively used to formthe
. electron transporting -layer.. Aluminumwas used for t he2chnh38e6 i nst ead of -
“silver. Qher processes mere the sane as in Exanple 18. This resultlng
LED generated a red emi ssion having an:emi-ssion peak wavel ength of 629 .nm
and a spectrunlhalf band wi dth of 28 nm according to the conpound [100].
The red em ssion exhibited a |um narnce of 7500 cd/ n2 under an applied
-voltage of 14 V. Exanples 30 to 47 ...LEDs were prepared in the sane
procedure as in Exanple 22 June 2006 - 78. } 27. except that conpounds"

shown idrdEpt&sinténené %E%aﬁ%@%o@%x%nhgﬁdﬁﬁﬁii%tzm aRaephah, a host
~material, and a dopant. The results are shown in Tables 2 .and 3. 22 June.

2006 KﬁaéI%Qa@tedOaﬁ 90°CCEb9 fo- HMdﬂs L @ﬁibﬂJcoolhdg)LbormE of

water was added and then extractlon was performed w1th '

dlchloromethane. .The extract was oonoentrated and’ reflned-
fthrough.a_colnmn.chromatography With-silidéngel and thué
| results in b;3z.g'of bg;plish red powder. The followingdig
'the results of lH-NMR analysis.

iH-NMR.(CD¢l3 (5 = ppm));n'1.97(s; 3H), 2.40(5, 3H), 3.54(s,
i.3ﬁ);ué.86(s;_3H);d5;99(d,.2H), 6.25(s, 4H), 6.30-6.39(m, B8H),

6.69(t, 1H), 6;97(d,.3H),'7.14(d,.1H),|7;26(d,'éH), 7.25-\ |

7737(@' 3H), 7.78-7.95(m, 5H)

Elemental analysis was;perfofmed On the essumption'that

tne_compositionfformulazof-the_powder.waslc$ﬁu7NzB; The.
1dresults are es'follows. Valuee.in.parentheees.are

theoreticel veluee;. o |

- 89.3% (89.2%), H: 6.0% (5.9%), N: 3,5%.(3.5%),'B:e1.2%

(1.4%) -

_'Aocording_to mass epectrometry, the main moleoular ion_
'peak'of the objecf was m/Z = 794. 'Thus, the resultlng
purpllsh red powder was identified as Compound [591. This'
Compound [59] exhlblted the follow1ng photophy51cal |
propertles.

Absorption spectrum: Amax 568'nm (solvent:
' dichloromethane)

~ Fluorescence spectrum: Amax 613 nm_(solvent:.
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'-dlchloromethane)

. An LED u51ng Compound [59] as a dopant was prepared in

: exactly the same procedure as.in Example l other than the-

- dopant_used. Thls resultlng LED generated a red emission

_:having a peak wavelength of 616 nm and.a lumlnance

efficiency of 3.8 cd/A.

Example 15

For~preparing an LEb the same procedure_waS-takenpuntil
the hole transportlng layer was dep081ted and.then the

'compound [53] was dep051ted to a thlckness of 50 nm. Next,

';0,5 nm in thlckness-of llthlum.and 150.nm in thlckness-of

Silver'were successively deposited'to form'the cathode.
Thus, an LED of 5 mm % 5 mm was completed "This resulting
‘LED generated a red emission hav1ng a peak wavelength of 622

nm and a lumlnance efficiency of 2. 5 cd/A

..Example 16

- An LED us1ng Compound [63] as a dopant was prepared in

exactly the same" procedure as in Example 1 other than the

dopant used. This resultlng LED generated a red em1551on'

' haVing a peak wavelength of 609 nm and a luminance

efficiencyfof 1.6 cd/A;

- An LED using Compound [85] as-dopant was. prepared in
-exactly the same procedure as in Example 1 other than the
-dopant_used. Thls resulting LED generated a red emission

"having a peak wavelength of 628 nm and a luminance
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efficiency of 1.1 cd/A.

o Exa@ple 18

E -

' For preparing an LED, the same procedure as in Example 1

' was taken until the hole transporting layer was deposited. -

*_'.Then' 1,4- dlketo 2,5-bis(3, 5 dlmethylbenzyl) 3 6 blS(4—

_methylphenyl)pyrrolo[3 4- c]pyrrole as a host materlal and 9-

 d1ethylam1no~5H~benzo(a)phenoxa21ne-55one'(the fluorescent

peak wavelength was 610 nm in dichloromethane) as a dopant

' were simultaneously deposited so as to form a emissive layer -

_having a thickness of 25 nm and a dopant content of 0.5

weight_percent. .Next,;2,9—dimethy1¥4;7fdiphenyl—l,10—

" phenanthroline (BCP) was deposited to form the electron

transporting layer having a thickness of 25 nm. Finally,_

" 0.5 nm in thickness of lithium and 150 nm in thickness of

silver were deposited to form the cathode and thus an LED'of

5 mﬁ x 5 mm was completed. This resnlting LED generated a

~red emisSion'having an emission peak Wavelength of 609 ‘nm-

and a spectrum half band w1dth of 71 nm dependlng on the

'dopant. _The red emission exhibited a luminance of 3000

cd/m? under an applied voltage of 16 V.
Examples 19 to 25 and 28 to 29 and Comparative Example 1
LEDs were prepared in the same-procedure as in Example

18 except that compounds shown in Table 1 were used as a

- hole transporting material; a hcst_material, dopant, and a

cathode material. The resclts are shown in Table 1. HTM1l.~

¢D- C
v
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used. in Example 25 is the following compound:

HTM1
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81 Exanpl e 48 For preparing. an LED, 1, 4-diketo-2,.5-bis(2- phenybenzyl)

3, 6- bIS(4 nethylphenyl)pyrrolo[S 4- c]pyrrole was used as a -

- 77 -

;Exahple.26
An LED was prepared in the same procedure as.ln Example
;24 except that 10 nm 15 thickness - of copper phthalocyanlne
. a(CuPc) as a flrst.hole transportlng layer and HTM1 as a
pSecopd hole'transporting_layer were Successively"depOSited.
:This-resultiné-LED“generated a red emission.haviag:ah |
'emissiOn-peak wavelength of 612 nm and_a.speCtrum.ﬁalf'Band
:cwidth'cf 40 nm'aCCording to the.compouhdf[GS]. The red'
k emiSSioh exhibited;a_luminance of 6400 cd/m?'under_an. |
f-appiied vcltage of 14 V.
--Example 27
For preparlng an LED, the compound [100], -which has a
”fluorescent peak wavelength of 619-nm rn_dlchloromethane.
.sclution, was_used as acdopant to form the.emissive ;ayer;
'SubseqUently,IZO.nm in thickness_ofpthe hcst.material used
in the_eﬁissiye layer and 5 nm in thickness;of BCP were
successivelyiused-to form the eleCtron:tranSporting 1ayer,
"Aluminum was used for the cathcde instead.qf'eilver. - Other
fpr0ceeses were the same as in EXample 18. .This.reeulting
"LED generated a red emission hav1ng an emission - peak |
wavelength of 629 nm and a spectrum half band w1dth of 28 nm
accordlng to the compound [100]._-The red emission exhlblted_
a - luminance of'7500 cd/m? under anfapplied voltage cf 14 V.
Examples 30 to 47 | | |

- LEDs were prepared in the same procedure as in Example



~host.material. O her processes wer e the sane -as in Exanple 21. This .

resul ting LED generated a.red enission having an enission peak wavel ength
~of 639 nmand a spectrumhalf band width of 33 nm accordi’hee 2¥& he

- ‘conpound [99]. The red enission exhibited a |unminance of 2000 cd/ nP under
~an applied voltage of 13 V Exanple 49 For preparing an LED, o
1, 4-di ket 0- 2, 5- bi s(3, 5- '

dlnethylbenzyl) .3, 6- - bi's(4- ethylphenwh)pyrrolo[s 4- c]pyrrole and the

- conmpound [1], which had a fluorescent peak wavelength of 613 nmin .
dlchloronethane sol'ution, -were. used -as a.host material and a dopant, L
. respectjyelyee [5§Eg N&at pé&ﬁﬁééﬁasweﬁewﬁhense%lee bnaB@emphRBuslis =~

resultlng LED..generated a red em ssion having an em ssion peak mavelength

of 618 unAnth e SPELi S BEhG RABErYaTt Na0hod® MELe2aeAr digia t0 the
-conpound [1]. The red ‘em ssi on exhibited a |uninance of 8000 cd/ n2under . -an

-appl i eopidige Bie Wesh1fsrste SHBGnVASE ¥aposist @dah@ &.t hi ckness of 10 nm

" to forma first hole transporting |ayer, and then N N - o
di'phenyl - N- N - di (napht hal ene- 1-yl ) - 1;1' - di pheny- 4, 4' - di ani ne(a- NPD) WS
'deposited to a thickness of 50 nmto forma second hol e transporting Iayer
The el ectron transporting 221 June 2006 - 82 "layer was formed of ETML:
.-Qther processes. were the sane as in Exanple 49. ETML has an |on|zat|on
- potenti al of 5-99 eV o
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_EXample 48

For preparlng an LED, 1,4- dlketo 2,5- blS(2 phenybenzyl)-

'3 6 bls(4 methylphenyl)pyrrolo[3 4- c]pyrrole was used as a

hostsmater;al. Other processes were the same as in Example

21. This resultlng LED generated.a.red-emlssion having an

emission: peak wavelength of 639 nm and a spectrum half band

'w1dth of 33 nm according to the compound [99] The red

em1551on exhlblted a 1um1nance of 2000 cd/m2 ‘under an

'applled voltage of 13 V._

Example 49

‘For preparing an LED 1 4-diketo-2, 5~ bis(3, 5.

'dlmethylbenzyl) ~-3,6-~ blS(4 ethylphenyl)pyrrolo[B 4- c]pyrrole

and the compound [l], which had a fluorescent peak
wavelength of 613 nm in dichloromethane soiution,_were_used
asia,hoSt.material and a-dopant, respectively.o Other
proceéses were'the-same as 1in Example 28.. This resulting

LED generated a red em1351on hav1ng an em1551on peak

_wavelength of 618 nm and a spectrum half band w1dth of: 48 nm
-accordlng to the compound [1] The red em1551on exhiblted a

lumlnance of 8000 cd/m2 under an applled voltage of 14 V.

-Flrst, CuP¢ was dep031ted to a thickness of 10 nm to
form'a first hole transporting layer, and then N,N’-

diphenyth—Nf4di(naphthalene—l-yl)—l;1”—dipheny+4,4’-

' diamine(a-NPD) was deposited to a thickness of 50 nm to form

 a 'second hole'tranSporting layer. The_electron-tranSporting_
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- Synt hesi s of 1, 4-diketo-2,5-diethyl-3.,6-bis(1 - - o
naphthyl)pyrrolo[3 4- c]pyrrole I'n 36 nL of t-anyl alcohol, 7.3.9g of
‘pot assi umt but oxi de were solved, and then 10g of 1- napﬂﬂﬁbncﬁ@ﬂie were .
added stirring the solutlon at 90C. Into the solution, 6.7 nlL of

' di i sopropyl- succinate were dropped taking time for- 2 “hours and were . .
pl'aced under ref lux for one day. Next, 30 nL of nethanol and 4.4 nL of
acetic acid were added at 60C and _thn_requxed for 30 m nutes. After
- cooling, the product was separated out througha filter and subsequently
rinsed wth methanol, thus resulting in a red powder, Next, 2.89 g of the
resul tiy Qﬁ]'erre%d%o%é’@r@f diBip! VegthiBr8Proke8be Vrercahfie? s%m& Qs

pot assi umt-but oxi.de were-added and stirred for ©one hour. Then, 1. 5'nL of

“methyl. nptﬁﬁﬁn gfdedypngd héé'éﬁeﬂoﬁizﬁ’é%ﬁrﬁelﬁén@i}ﬁl dlet 81, 990 eyl Of

-~ wat er.-was dded, extraction was performed with dichl oronethane. The

“ext raCt(d&%tﬁ@EWﬁlﬁtﬁﬂn@é&léﬁibn@ﬂtraﬁﬁﬂgme@ pBbiGR 1 ceftiommt ogr aphy Wit h
silica'gel and thus results in 1.5.g of yellow powder. The followng is
the. re%ﬂé&ﬁméﬂéﬂ"ﬂ%ocﬁi@édsﬂ)ﬁ Rikbhll\lﬁeiﬂﬂﬁl3n(isa mpekirl ad. %ilght 6H) ,
3.35(qq, .2H), - 3.70(qq, 2H), 7.58-7.68(m 6H), 7.76(t, 2H), 7.90(m 4H, :
8.02(d,of2H)01E ermrntsalremﬁwmg m genéoatred anretheeadsyiipni cmavnlm@t 22 June

- 2006 - 86 . -

;an em1551on peak wavelength of 618 nm and a spectrum half
.zband w1dth of 48 nm . accordlng to the compound [1] The red
-em1551on exhlblted a 1um1nance of 9000 cd/m2 under an

: “applied voltage of 15 V.-

ETM1

Examples 51 to 53
g LEDS Were‘brepered.in the .same procedure as id Example
49dexcept that thevcdmpeﬁhdseshowhfin.Table 4 were used for
'-thejelectrod'rranspértiﬂgﬁiayer, The reSults.are shown in
' . table 4. _ETMZL ETM#;{eﬂd'ETM4 shown in Table 4'are as

‘follows:

ETM2




- ~12000 cd/ n2
1. ,4-di ket o-

the conposition fornula of. the powder- was C30H24N202. The results are as

~follows. Values in parentheses are theoretical values. C_81.2% (81. 1%,

" H 5.3%(5.4%, N 6.3%(6.3%, 0: 7.2% (7.29% Accordi g Juweafes

spectronetry, the nmin nblecu[ar i on peak of the object powder was mz =

- 444, Thus;. the resulting yellow powder was identified as 1,4-diketo-2,5

di et hyl - 3, 6 bi s(1- napht hyl ) pyrrol o[ 3;.4-c] pyrrol e. Subsequently an LED was

prepared using-this 1,4-diketo - 83 -

2, 5-di et hyl - 3, 6- bi s(1-. napht hyl ) pyrrol o[ 3, 4- c]pyrrole as a host naterlal

g_and t he conpound [53] as a.dopant. Qther processes were the sane as in

- Exanple 53. This resulting. LED generated. a red enmission having an S :
_em-ssion peak wavel ength of 615 nmand a spectrum half band width of 43 nm
;according to A -d eni ssion exhibited -a- Iunlnance of

\(.V.' Exanpl e 55 Usi ng.

pyl ) pyerralgo. [ 3, 4-clpyrrole as a

: host_naterlal , processes were the same-as. in
Exanple 54, Thi -+ - a red em ssion having an

em ssion peak wavel engtTrc 51 nd™a spectrun1ha|f band ‘w dth of 43 nm

‘according to the conpound [53]. The red emission exhibited a |uni-nance of
16000 cd/ n2 under an 22 June 2006 o : ' '




- 87 applied voltage of 15 V.. Exanple 56 Synthesis of

1, 4- di ket 0- 2, 5- bi s(4- net hyl benzyl ) - 3, 6- bi. s(4-. p- :

t ol : yl napht hal ene- 1-yl ) pyrrolo[ 3,4-c]pyrrol e " instead of22lunggRfhonitrile
and nethyl iodide, 4-p tolyl-I- napht_h%qi trile and 4-methyl benzyt bronide
were used, respectively her processes were the sane as in Exanple 54.

Thus, 1.2 g of orgnge8pewdgr wer e lobtalnefl. _The_ flollowing is the results
of 1H NWVR anal ysi d. VR | ( EDJEBIBES-| @M E: | 8 20. (s, 6H),.2.49(s, 6H),
4.38(t., 2H), 4.93(t3<2H) | 6 69(T| {24~ p.88(t = .4H), 7.35(d, 4H),.
7.42-7.64(m 12H),| 8. Q& T, [4H) [Efgmental pnal ySis was perforned on the
assunption that the E@mposi td dldjef Ru| & pfot hepowder was. C56HA4AN2OZ .
The results are gs f8_|§ ows. VAl figs|inf pal ent heSes are theoretical val ues.
C. 86.6% (86.6% , H. S-E.U/%(I'.T%, N3P S699—q 4.1% (4.1% According
to mass spectro_rretry,ggﬁe ragn g %;%l a& Oél peakk of the object was mzZ =
776. Thus, the 'resulg@g or dng ef Ywas¥i defftilfi ed as
1, 4- di ket 0- 2, 5- bi §{4- : : : _ . .
met hyl benzyl ) - 3, 64biSs %@-mLyIQ%QtD}a gn,e-(}-_l%pyrrol o[ 3,4- c]pyrrole.
Subsequently, an LEé pr eparg aszsn%;g hiss 1,4 (i keto-. _
. 2, 5-bi s(4-net hyl belzyE)- 3} . 6- hi g(|4} p-t ol yl napht hdl ene- 1
| - 'l & |EE
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22 June 2006 88 yl)pyrrolo[3,4-c]pyrrole.as a host material. O her
.processes were the same as in Exanple 54. This resulting  LED generated a
red em ssion having an eni ssion peak wavel ength of 616 %%$5ﬁ3-965pectrum
hal f band wi dth of. 43 nm according to the conpound [53]. The red em ssion’
- exhibited " a lumnance of 9000 cd/nR under an applied voltage of 13. V.
Exanpl e 57 synthesis of 1, 4-diketo-2,5-dinethyl -3, 6-bis(4-p-
t ol yl napht hal ene-1-yl)pyrrol o[ 3,4-clpysrole V Instead of -1-naphthonitrile
and nethyl iodide, 4-p tolyl-1-naphthonitrile and met hyl i odi de were used,
.respectively. Other processes were the sanme as in, Exanple 54.. Thus, 1.4
g of orgggﬁ pawggr were obtai ned. The following is the results of 1H NWR
anaIyS|s 1 HNWVR ' (CDC13 (S = ppm)): 2.49(s, 6H), 3.05(s, 6H), 7.35(d,.

4H). ., Ts¢ftRe836Mbrloth - aix88042,3a1&RAdd 6 4f)s (FE emental anal ysis was

perforrred on the assunption that the conposition formula. of the powder was

C42H32NRQ§htﬁ§Q)p§Q§5hb§3aue ? raldi@ns. Val ues in parentheses are _
~theoretical values. C 84. 6@5? 699, H 5.4%(5.4%, N 4.7%(4.7%, O

5.3% . (5. 4%h Ascmdbmgttammsmwlr onEty \y dﬁ@dﬁg"sm&s@ul ar ion

peak of the object was mZ = 596. Thus., the resulting
butox1de were solved and then 109 of 1 naphthonltrlle were
added st;rrlng_the solution at 90°C. Into the solutlon, 6.7
mL offdiisopropyl:succinate were drqpped taking.tiﬁe for 2
.hqurs and1were prlaced under reflux for one day. Next, 30 mL
of methanol and 4.4_mL.of acetic acid were added at 60°C and
'thén refluxed for 30 minutes; .After_cOoliﬂg, the produét'
'Wéé-separated-OUf through a filter and.subsequentlj-rinSed
:with mefhanol, thus_resulting insa_red powder; :Next, 2;89-91
.of-the_reéulting red powder were dissolvéd-in 80 mL of DMF,
and 2.1 g Of-botassiumet-butokide were'added and'stirred fér

. 6ne'hour.. Then, 1.5 mL of mefhyl iodide was added and

stirred at 65°C for one day. After 50 mL of water was
'added, extraétion was performed with dichlofomethane. The
extracf was concehtratéd and refihed—thrbugh-a cdlumn
'chromatography with 5111ca gel and thus results in 1. 5 g of
yellow powder. The following is the results of 1H-NMR
-ana1y51s. -
lﬂ-NMR (cDC13-(6_= ppm) ) : _d.93(tt, 6H), 3.35(qg. 2H),
3.70(aqqg, 2H), 7.58-7.68(m, 6H),'7;76(t} 2H), 7.90(m, 4H),
8.02(d, 2H)

' Elementa1'analysis was performed'on the assumpfion that



. orange powder was identified as 1, 4-diketo-2,5-dinethyl-3,6-22 June 2006
- 89 bIS(4 p-tol yl napht hal ene- 1- yI)pyrroIo[3 4 c]pyrrole Subseguently;_an
" LED was prepared using this 1,4-diketo- 22J“ne200 -
2, 5-di met hyl - 3, 6- bi s(4-p-tol yl napht hal ene- 1- yI)pyrroIo[3 4- c]pyrrole as a.
,:host material . Gther processes were the sane as in Exanple 54. This' ,
.resulting LED generated a red em ssion having an em ssion peak. mavelength L
.of 616 nmand a spectrumhalf band-wgdth of 43 nm according to. the :
cofpound - [53]." The red emission exhibited a .lum nance of 15000 cd/n2
under. an applied voltage of 15 V. Exanpl e 58 Uslng

1, 4- di keh@- 2oapdsiRtivH -thrmiurdaht e ) pSrdSr Swas C30H,,N,0,. The |
, bi s(1- napht hyl") phenyl ) pyrrol of 3, 4- c]pyrrole as a host". %erlal ‘and t he

~ conpoungelsth 135 a@ced%Oaa@olmsLEDmegrfﬂ%sﬁen&é%spa@eesses were the
-same as in Exanple 54. This.resulting LED generated a red emssion having.

- an enlggbg&égyggﬁmygidgguh of 616 nmand a spectrum half band wi dth of
48 nm according to the conpound [1]. The red. emnission exhi bited a

lum nanee @f1.230Qgad/1) ungders % eppdipd Nol&age p6.38)Y. okxampke 59
 Synthesis of 1,4-diketo-2,5-bis(4- nethylbenzyl) 3, 6-bis(1- '
phenanthnybkpyrrolo[3 4- c]pyrrole | nst ead of naphthonltrlle and nethyl
1od|de 1

'Accordlng-to mass spectrometry, the main molecular ion
.:peak of the object powder was m/Z = 444 Thus, the
: resultlng yellow powder was 1dent1f1ed as 1, 4 dlketo 2,5-
-dlethyl~3,6—bls(1—naphthyl)pyrrolo[3,4-c]pyrrole.
.ssubsequently; an LED wasdprepared nsing.tnis 1;44diketo-f
_ 2 S;diethy1—3 6—bis(1—naphthpl)pyrrolo[3 4—c]pyrrole.as_a
.host materlal and the compound [53] as a dopant .Other'-
processes were the same as in Example 53. ThlS resultlng
- LED generated a red emission having an em1551on peak
_wavelength of 615 nm and a spectrum.half band w1dth_of_43fnm'
according to.the compound [53]. Tne red emiSsion.exhibited
a 1uminance'of 12_000'.cd/m2 under en applied voltage of,14lV.
.dExample 55 | _.. |
| dusing 1,4-diketo-2,S;dimethyl~3,6-bis(1-
'napnthylfpyrrolo[3,4—c}pyrrole'as a host material, an-LED
: wasjprepared. Other processes were the same aspin Example
-54T' This resulting LED generated a red emission having an
emission peak wavelength of 615 nm and a spectrum helfibandjf
width of 43.nm according to the compound'[53]. 1The red

emission exhibited a luminance of 16000 cd/m2 under an



;phenanthrenecarbonltrlIe and 4- nethylbenzyl bronlde wer e used :
respectively. Qther processes were the sane as in 22 June 2006 90 Exanple
54. Thus, 0.9 g of orange powder were obtained. The fol2bhine@006 t he
results of 1H NVR anal ysis. 1H NVR (CDC13.(S = ppm): 2.18(ss,. 6H),

4.40(t, 2H), 4.90(t, ZFD 6.64(t, 4H), 6.79(t,.4H), 7.62-7. 86(n1 12H)
'7.96(t, 2H), 8.79(t,: 4H) El enental analysis mas performed on the : .
assunption that the conp05|t|on f or ngrj-a- of the pomder was C50H36N2C2. The
results are as follows. Values in parentheses are theoretical values. C
86.30-(86.2%, H 5.2%(5.2%, N 3. 9% (4.09%, 0: 4.5% (4.6% According to

mass spgﬁéipg@toaltggg 5§|ﬁ5nqlecular ion.  peak of the object was mZ =
696. Thus, the resulting orange powder. was |dent|f|ed as

1, 4- dlkﬂk@m 18- 953(4 -
nethylbenzy )-3,6-bis(1- phenanthryl)pyrrolo[3 4-c]pyrrole. Subsequently, an

LED wassphepases osi n1g4athliketod2diskefi®(4-methylbenzyl)-3,6-bis(4- _
-2, 5-bi s(4-net hyl. benzyl) -3, 6- bi s( 1- phenant hryl) pyrrol of 3, 4 c]pyrro e.as a

host et 61y Bhapht helefeot ey 9pyieion o3 Sapydolie) Exanpl e 54. This
resulting LED generated a red ' em ssion having an em ssi on peak mavelength

- of 616 -nm amdsBeadpectt uunabalthohaltdu\Medtatnd)fmeaamymmﬂde ng-po- t he
cofpound _[53]' The red em ssion exhibited a |um nance of 13000 cd/nR
: - tolyl-1 naphthonltrlle and 4- methylbenzyl bromide were- used,
' ;feepegtlvely. ‘Other procesees were the ‘same as in Example
' 54,. Thus,-1.2 g of orange powderewere obtained. ~ The o
© following is the_results Qf'lH-NMR.analysis.
. IH-NMR (CDci3 (8 = ppm)): 2.20(s, 6H), _2.4.9(s,'6H),'.4.3'8(t.,
2H), 4.93(t, 2H), 6.69(t, 4H). 6.88(t, 4H), 7.35(d, 4H),
7.42-7.64(m, 12_3_)., -3.00(1:., 4}_1’)" | | |
Eleﬁental analysié was ?erforﬁed on the assumption.thaf
'the pemposition formula of_thé bowder'wae:C5§Q4N§h.' The
‘.resuifs are as follows.  Values in parentheses are
‘theoretical values.. . _ |
S C: ._8_'6.6%'(86.'_6.%)_', H 5.7% (5i7%);.'N: 3.5% (3.6%), O: 4.1%
(4.1%) o | | |
.Aceording'to meés-spectremetry; the main molecular'ien
 peaﬁ‘of the object wée m/ % = 776. Thus, the resultin§
'~orange:powder.was identified ée 1,4-diketo-2,5-bis(4-
ﬁethylbenzyl)—3,6—bis(4-p-tblylnaphthalene—1—y1)pyrroio[3,4-
_c]byrfple. o | |
| Subsequently, an LED was prepared-using this-l;e-diketo—

.2,Sebis(44methylbehzyl)—3,6—bis(4-p-tolylnaphtha1enefl—.



under an applled voltage of 15 V. Exanple 60 Using

‘1, 4- di ket 0- 2, 5- di net hyl -3, 6- bi s(1-phenanthryl) 22 June 2006 91 -
pyr.rol o[ 3, 4- c]pyrrole as.a host material, an LED was- pri2paned006 o her .

‘processes were the same as in Exanple 54. . This resulting LED generated a:
red .em ssion having an enission peak wavel ength of 616 nm and-a spectrum

- half band width of: 43 nm according.to the conpound [53]. The red. :
- eni ssion exhibited a. | um nmance of.JEQOO-cd/NQ under "an. applied
voltage of 14 V. 22 June 2006 92 ‘CD C) CD cv ( 0O0O0C CD. OO0 7 Jcc
P G D cT E pE CLNto. CD S

yl)pyrrolo[3 4- c]pyrrole as a host material. Other'
'ﬁppprocesses were the same as in Example 54. This resultlng
: LED generated a red emission hav1ng an emission peak.'
.wavelength of 616 nm and a spectrum half band w1dth of 43 nm
accordlng to the compound [53] The red em1351on exhlblted'
:a 1um1nance of 9000 cd/m? under an applied voltage of 13_VL'
'Example-57 | | . . |
synthesis of 1,4-diketo-2, 5—dimet-hy1~3-'6-'b.is(4.-p.- .
tolylnaphthalene 1 yl)pyrrolo[3 4- -clpyrrole |
Instead of 1- naphthonltrlle and methyl 1od1de 4-p-~
tolyl-l—naphthonltrlle'and methyl 1od1de were used'
.respectively Other processes ‘were the same as’ in, Example
54. Thus, 1.4 g of orange powder were obtalned The -
followlng is the results of lH-NMR analy51s.
-1H—NM§_(CDC13 (6 = ppm)): 2.49(5, 6H), 3.05(s., 6H), 7.35(d.
4Hl, 7;44?7.65(m,.lOH), 7.98(d,'2H5, 8.02(dd, 4H).
| ;Elemental,analysis was performed on.the assumption that
thercomposition_fbrmulapof the powder was_C4552N§5; -‘The
.results are as follows.' Values in parentheSes are
theoretlcal values._ |
-C 84.6% (84.6%), H: 5.4% (5.4%), N: 4.7% (4.7%), O: 5;3%
_(5 4%) | |
Accordlng to mass spectrometry, the main molecular ion .
-peak.of the object was m/Z = 596. Thus, the resultlng

orange powder'Was identified as 1,4—diketo-2,5-dimethyl-3,6-
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::blS(4 -p- tolylnaphthalene 1- yl)pyrrolo[3 4- c]pyrrole.'
Subsequently, an LED was prepared u31ng thlS 1, 4 dlketo-
2 5~ dlmethyl 3,6~ bls(4 P~ tolylnaphthalene 1- yl)pyrrolo[3 4-
c]pyrro;e as a host material. cher processes were the same
as in Example 54. This :esultiog LED'generated a red
eﬁission'having-ahiemiSSion peak wavelength Of-61o nm and a
'aepectrum half band;width-of 43”nm according'toythe.compound
-e[531;' The red emission exhibited a luﬁinence of 15000 cd/m?
1zunder_eﬁ'apblied voltage Qf-15'V; | |
'Exempleo58 | _
| ‘Using l,4-diket072,S;dimethy1—3-(anaphthyl)¥6—(3,5-'
,bis(1-nephthyljphenyl)pyrrolo[3,4-c]pyrroie as a_host -
material and the oompound [1] as a dopant,-en'LED was
prepared. 'ther processes were.the same as in Example 54.
.This_resuiting LED generated a red emission haﬁing an |
;emission peak.ﬁaveleogth of 616 hm and a spectrum half band
w1dth of 48 nm accordlng to the compound [1]. The redf'
- emission exhlblted a 1um1nance of 9000 cd/m2 under an
-:applled_voltage_of 13 V. |
Example 59 |
Syhthesis of'1,4—diketo-z,s-bis(A-methylbenzyl);3,6-bis(15
phenahthryl)pyrrolo[B;4—c]pyrrole.
Instead:of'lenephthonitrile and_methyl iodide, 1-
pheﬁanthfenecarbonitrile ahd 4fmefhylbenzyl bromide were

used, respeotively. Other processes were the same as in
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Ekampleisg,'.Thus, 0;9 g_ef-orahge pqwdeerere obtained.
_The following.is_rhe-results_of iH-NMR analysis. | |
?H;NMR (¢bc13.(6 - ppm)): 2.18(ss, 6H), 4.40(t, 2H), 4.90(t,
ﬁ),f5,54(t;-4H)._5.79(t,_4ﬂ), 7.62-7.86(m, 12H), 7.96(t,
- 2ﬁ), 8.79(t, 4H) | |
.Elemental_ahaiysis wee performed on the assumption that
" the eompdsitibn:formule of the poWder.was'Cmﬁg6N55{ The
'.resuits ere as follows. Values_in\parentheses are |
theeretica;‘vaiues, | | |
*C: 86.3% (86.2%); H: 5.2% (5.2%), N: 3.9% (4.0%); 0: 4.5%ﬁ
(4.6%) | | o
Accordlng to mass spectrometry, the main mqleCularjien”
peak of the object was m/Z = 696. Thus- the resuifing-
: orange powder was 1dent1f1ed as 1,4- dlketo 2 5- blS(4—
methylbenzyl) 3 6~ blS(l phenanthryl)pyrrolo[B 4 c]pyrrole.
_Subsequently, an LED was prepared-u51pg this 1,4-diketo-
'2;5—b15(44ﬁe£hy1benzyi)f3,e-biS(1—phenantth1)pyrroio[3,4-"
clpyrrole as‘?'hoSt'mareriala Other proeesses.were rhe_same
lasrin'EXamplef54. This resulting LEb generated'e'red |
emieeion.heving an emission.peak,waveiength of 616 nm and a
: spectrum-half band width ef 43 nm_according to.the compound
[53]. The red emission exhibited a luminance of 13000 ca/m?
.:uhder_ah'applied voltage of 15'V;
--Exampie 60

' Using 1,4-diketo-2,5-dimethyl-3,6-bis(1-phenanthryl)



Exanpl e 61 Using tris(5,, 7-di phenyl - 8- quino]inolato)aluninun1(lll) as a
host materical, an LED was prepared in the same procedure as in Exanple 1

.- other. than the host nmaterial -used. This resul ting LED23dmee 204 a red

em ssion having an em ssion peak. mavelength of 613 nm and a | um nance
efficiency of 3.2 cd/ A . ‘Conparative Exanple 2 Using the conpound [86.],
as the dopant, an LED was prepared in the sanme procedure as in Exanpl e 61
other than the dopant used. This resul ting LED generated ared emssion :
havi ng an emi ssion peak wavel ength of 627 nmand.a |uninance efficiency of
1.0 cd/ A" Exanple 62 An | TO transparent conductive | ayer deposited on a

gl ass  pIA t334JE@ﬁ¥Ekéiérﬁ§k£eﬁ§ ofmaB8ragn ( Pradeesd Ry  electron beam
evapor ati on by Asahi . ,Smag cuf |%to 30 mMm x 40 nm and then

was . patgripaaddi t tddest fwéssé@vweﬁeatﬁet 6Amef a30i8 PHamd1W di4h of the
remai.ning 1 TO of - 270 p by photolithography. The | TO stripes diverge up

to a phieh fsull A JMERNyORerh £ed Wa 0£8d 06m8881 BR) hakriag a@ngi t udi nal
direction of the stripes in order to facilitate the electrical connect ion

Wi th exmdsslon Peal mxﬁéﬁélegmsof Séhé efimedntioaukpeat@ninC hallda biangs

- successively using acetone " and cl eaner Semi cocl ean 56 (produced by

Fur uuchmﬁnemﬁ:ads) MR akeeer@0P$ to the compound [53] The red
_em1531on exhlblted a. lumlnance of 17000 cd/m2 under an .

“applied voltage__of 14 V.



94 for 15 mnutes each, and then rinsed with uItrapure wat er .
Subsequently, the I TO pI ate was subjected to ultrasonic cl eanl ng in

i sopropyl al cohol for 15 minutes, then imersed in hot 2%hmad806for 15
m nutes, and was followed by dryi ng. The ITO plate was subjected to a
UV-ozone treatnent for one hour on the?? eve of.the process of

manuf acturing an LED. 8 Then, the | TO pllate was pl-aced in a vacuum vapor
deposition appar-atus Sgd thega)parctgus was evacuated to a pressure of 5 x
10-4 Pa. or. bel ow. n t§1§~ | TIO Bl at &, |10 nmin thickness. of. TPD was
deposi ted. Next,.1 4-g'c! ketoF 2, 51 i s([3775
di met hyl benzyl ) - 3, b- biZsg4- et hyl-phgnyly )yrrol o[ 3, 4- c] pyrro.le as a host
mat eri al and -Conpopnd %%] as ‘a gopant” yere sinultaneously deposited so as
to forma |layer ha g Hht-ekfesstef50 nm and a dopant content of 0.6
wei ght percent, ap EI@ s further deposited so as to have a- thickness
of - 50 nm Next, a rras "-\Qﬂ ch hafl Beg provided wth 16 openi ngs having a
Wi dth of 250 pm (a r éhAi i g. ortifonjwi dth of 50 pmand a pitch of 300
pm on a Kovar plphtg b§ \ wet etthing was fitting to the substrate, in
vacuum so-t hat .th&.@%ﬁl ng<E of . £t hé2 msk orthogonal Iy crossed the I TO
stripes. "The nmask ja téde I1|TO p| at e aglhesively cane. .into contact vmth
each other by magnet af thg backsidé. | Then, 50 nmin t hi ckness of - _
magnesi um and 150 jnm i B tki§§nes_§ pfg-al unt num are di sposed and thus a 32 X
16 dot. matrix devfice &as qagpl et 8d{ By dr|V| ng this deV| ce by a -
| o0 | 2| el
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‘22 June 2006 95 matrix.system -characters could be displayed without
cross talk. 96 22 June 2006 CLAIMS: 1. A pyrronethene netal conpl ex
-represented by formula (1): - (1): Ar5 Arl Ar4 R2 N, N RYJunp2006 3 (~-)m1
Art :wherein Rl, R2, and L are.each a substjtuent sel-ected fromthe group
. consi sting.of hydrogen al kyl , cycl oal kyl, aral kyl,. al kenyl, cycloalkenylf
- al kynyl, hydroxyl, nercapto, -alkoxy, alkylthio, aryl ether, aryl- '
~thioether, aryl, heterocyclic, hal ogesy hal oal kane, haloalkene haloalkyne

cyano, al-dehyde, carbonyl, carboxyl, ‘ester,.carbanoyl, amino, nitro, e
silyl, sil.oxanyl, and a fused aromatic-ring and an allcycllc ring formed
with adﬁﬁgﬁg} sgpstituents, and Rl, R2, and L may be the same .or different;
Mis a net havi ng a val ence of ‘mand is selected from the gr oup

'- consi sting @gmgrefls(hewhhbﬂ XlrregnﬁﬁdmlmEQm 1 uh{ Qfm F.tﬁt gl

copper -zi nc, d- platinum and Ar5 are ary and at [ east one of
Ar' to fé‘la'ﬁoéﬂ RA¥Er9h2UP aRaviEnd wiis PregarsdUin Wk samsar bon nunber of

4 or nore. 2. A pyrromethene netal conpl ex represented by fornmula (2):
(2): 1Qbr00edure as in Example 1 other than the.host“materiai used.,
This resulting.LED generated a red emission having an

emission beak.wavelengthfofh613-nm-and a luminance
.defficieney of 3.2 cd/A. - | |

Comparative Example 2 |

| Using the compound [86] as the dopant, an LED was"

prepared in‘the sameuproeedure as in E#ample 61_other'than7
_the dopant used This-resulting LED generated a red
‘emission hav1ng an emission peak wavelength of 627 nm and a

luminance efficiency of;l.o cd/A.

Example 62 |

An ITO transparent eondudtive 1ayer deposited on'a giaSs‘

substrate, having a thiekness.of 150 nm (produced by.
electron beam evaporation by Asahi Glass, 15 @/0), was cut
1nto 30 mm x 40 mm and then was patterned with 32 strlpes
-hav1ng a pitch-of 300_pm (a w1dth of the remainlng ITO of
270'nm) by photolithography.: The ITO stripes diverge up to
‘a pitch of 1. 27 mm (an opening width of 800 pm) in a
longitudlnal dlrection of the stripes in order to facilitate
the electrical connection with external._-The ITO plate was
snbjected'to ultrasonic cleanings successively'using acetone

and cleaner Semicoclean 56 (produced by Furnuchi Chemical)



Ar9 Ar Ar6 RA N, NR3 (2) Ara Rs R5 Ar7 -wherein R3 and R4 are each a
~substituent selected fromthe group consisting of hydrogen, alkyl, :
cycl oal kyl, aral kyl, al kenyl, cycloal kenyl, alkynyl, hydZolupe208er capt o,

al koxy,  al kylthio, aryl ether, aryl thioether, aryl; heterocyclic, hal ogen,
hal oal kane, . hal oal kene, - hal oal kyne, cyano, al dehyde, carbonyl, . carboxyl,

" ester, carbanoyl, ami.no, nitro, silyl, siloxanyl, and a fused aromatic
~ring and an alicyclic ring formed wdh adjacent substltuents and R3 to R6 -
may be the sane or different; and both R5 and Rs are fluorine; and Ar6 to
Arl are-aryl. 22 June 2006 97 3. Alight emtting device conposition -

conpris h ne I t t or- 2. 4.
A li ghtf%ﬁﬁgﬁgg%cgagﬁergﬁh gﬁgﬁbgg%%g \)\sﬁtg{lq{)ﬂ}rég ’Ir)éout léht

'e”‘ss'0§ub§equ@ﬁ€§§”ttﬁétm@@nﬁiaténﬁﬁs B e teRl R dliesdd bt em tting
devi ce-generates a emn ssion having an em Ssion peak wavel ength in the

~range of188Rih® ¥RO0i88pPYpye! 8TEbh6d! £0o2NaB0Yni it h&rﬁé%psinﬁi‘&esé@' ch.
bring .about” I'i ght enission contains at |east one of: (a)

di ket opy b0 e fhahoY ' Fore1deminatiewe boar @wtf@imwéd)wlwﬁig and an
argani c fluorescent material having a fluorescent peak wavel ength in the
‘range ofh&80rd op¥abe nwaswWsabgeattar ol a (%) ozdneArtklkathdi: MY Rhd3) O -
Ar12 wherein R and R8 may be the sane of different and are each a -
subst i thkeunt emlEnéedvefOﬁnthbepgboupscomsmmmuﬁadﬁhnﬁdgﬂaduﬂﬂum)carbon

.cnunbers of | to 25 and substituents

. Then, the ITO plate was placed in a vacuum vapor.dep051t10n
.'h_apparatus and the apparatus was evacuated to a pressure of 5.

x '10-4 Pa.or below. Qn the ITO plate 100 nm in thickness of.
TPl)'was déposited. Next, 1,4-diketo-2,5- -bis(3,5-
'dimethylbenzyl) 3, 6 -bis(4- ethylphenyl)pyrrolo[B 4- c]pyrrole
as a host material and Compound [1] as a dopant were
51multaneously dep051ted so as to form a layer having a
‘thickness of_50_nm and a dopant content of 0.6IWeight\
percent, and ETM2 was further deposited so as to have-a'
-thickness of 50 nm. Next, a mask which had been provided
cwith 16 openings having a width of 250 pm (a remaining
:portion width of 50 um and a pltCh of 300 pm) on a Kovar
.plate by wet etching was fltting to the substrate in wvacuum,
so_that the openlngs of the mask orthogonally crossed-the'
ITO stripes.. The mask and the ITO plate adhe51vely came

-1nto contact with each other by magnet at the backside.
Theni 50 nm in thickness of magnesium and 150 nm-in
thickness of aluminum are disposed and thus a 32 x 16 dot

matrix device'was-completed. fo-driving this device by a



. represented by formula (4): RO C-(CH2)r-Arl3 (4) RILO wherein R9 and R10

‘are.each a substituent selected fromthe group consistin drogen,
~al kyl having carbon nunbers of | to 4, phenyl having no28dB§Q2Q nt or -
havi ng al kyl .having carbon nunmbers of 1 to 3 therein, and RO and R10 nay
" be the "sane or different. Arl3 i's a substituent selected from the group
consi sting of'phenyl and naphthyl having al kyl or al koxy or hal ogen or
phenyl, and naphthyl; n is a whol e 9®=22- June 2006 nunber of 0 to-4; and
Ar" and Ar12 are each a substituent selected fromthe group . consisting of
_ phenyl, naphthyl, styryl, and carbazolyl -and Ar" and Arl2 may be the sane
or di ffesentx §§\Qtéﬂﬂ) 3nhi-abt e o dRY IS PAHHES vl tHO WO Mdss Ny a
pyrronet hene netal conpl ex .represented by formula (1), wherein fornmula (1)
st 5 fafkAT' (1) RZNMN, RN WNRA3 ~)ml Are wherein R, 'R2, and L
 are each. .a substltuent sel ected fromthe group consi sting of hydrOgenl S
al kyl, cycloalkyl aral kyl, al kenyl | cycl.oal kenyl, al kynyl, hydroxyl

~‘mer capt o, alkoxy, aIkyIthio, aryl ether, aryl thioether, aryl, - .

1heterocycI|c halogen hal oal’kane, hal oal kene, hal oal kyne, cyano, "
.-al dehyde, carbonyl, carboxyl, ester, carbanoyl, amino, nitro, silyl,
- siloxanyl, and a fused aromatic ring and an allcycllc ring fornmed mnth

- adj acent substltuents and R, R2, and L may be the sane or different; _M is .

a netal having a valence of mand is selected fromthe, group conS|st|ng'of'
..boron. : ' ) o ) L : '



. beryllium magnesium chrom um iron 6 ni ckel, copper, zinc, and platinum
and Ar' to Ar5 are aryl. 5. Alight“emtting. device according to claim4,
- wherein the substance which bring about enission furtheﬂdegQ%es an
em ssw% LAMgkerials and a hole transporting material and an el ectron
transporting material, and the light emtting device conposition conprises
the di ketopyrrolo[3,4-c]pyrro- le derivative and the organic fluorescent
mat eri aly e%mn | aim5, wherein the
di ket opyrr%yn?b;l -ceggért%%}dmpl ﬁ@%@\%ﬂbg&%ggﬁmt erial and the organic
fluorescent fdtlerial is a dopant. 22 June 2006 99 7. A light enmitting
devi ce according to claim4, whergisn the organic fluorescent material is a
conmpound having a pyrronet hgfe s ' et(m- represented by formula (5) or a
met-al conpl ex thereof conprigyn selected fromthe group consisting
- of  boron, beryllium ma ' i ron, ni¢kel, copper, zinc, and
~platinum R16 R17 R11 X ' (5?1 R14 R13 V\/nerei n at - | east one of
R 'to R1l7 has an aronmatic r::&gs oriforgs?a fused ring with an adjacent _
substituent; the others of to(Rvt are each a substituent selected from
t he group consisting of hydrogen, alkyl, cycloal kyl, aral kyl, al kenyl,

cycl oal kenyl, alkynyl, hydroxyl, nercapto, al koxy, alkylthio, aryl ether,
aryl thiggethiek, @& %hg éaﬁégs&ws%abétﬁuemb%@a,frdaa{r@@r&wéonswe@kkene |
hal oal kyne, cyano, car bon car boxyl , éster, carbanoyl, am no,

‘nitro, @Ndwensﬁlkﬂx@{ﬁk@?'kwaﬁ@"ﬁﬂ fﬂ%ﬂy cygleatkanyh a."ﬁymg bysioh raecap®el i ¢ ring
formed ‘%I&Qy Ay AhRN BryP st ' 8NbSthe BRI hetéroERiE Halogen, haloalkane,

: haloalkene haloalkyne, cyano, aldehyde, carbonyl carboxyl, ester,.carbamoyi,

ammo nitro, silyl, siloxanyl, and a fused aromatic ring and an alicyclic ring formed
- 'with adjacent substituents, and R', R?, and L may be the same or different; M is a

‘metal having a valence of m and is selected from the group consisting of boron,
" beryllium, magnesium, chromium, iron, nickel, copper, zinc, and platinum; and Ar' to

" Ar® are aryl, and at least one of Ar' to Ar'is an aryl group having an aIkyI group with

a carbon number of 4 or more.

2. A pyrromethene metal complex represented by formula (2):

(2):

~wherein R* and R* are each a substituent selected from the group consisting of
‘hydrogen, alkyl, éycloalkyl, aralkyl, alkenyl, cycloalkenyl, alkynyl, hydroxyl, mercapto,
."-alkoxy, alkylthio, aryl ether, aryl thioether, aryl, heterocyclic, halogen, haloalka_ne,.
'haioalkene, haloalkyne, cyano, aldehyde, carbonyl, carboxyl, ester, carbamoyl,
- amino, nitro, silyl, siloxanyl, and a fused aromatic ring and an alicyclic ring forme_d
. with adjacent substituents, and R® to R® may be the same or different; and both R®

and R® are fluorine; and Ar® to Ar'® are aryl.



or nitrogen, the nitrogen not having R'. 8. A light em'tting devi ce
according to any one of clains 4 to 7, wherein the netal n‘gl ex iIs
_ represented by formula (6): X23 R24 R18 X R22 N.. N R1@2(Je§l W1, 20 R26
R25 R wherein at | east one of R18 to“R24 has an aromatic ring or forns a
fused ring with an adjacent substituent; the others.of R18 to R24 and R25
and R26 are each a substituent selected fromthe group consisting of
hydr ogen, al kyl, cycl oal kyl, aral kyl, al kenyl, cycloal kenyl, al kynyl,
~hydr.oxyl 3. Aight @ptitting deWcxgompoditidnt domprisangyd pyetdneathereermétat corogleas, aryl
'het erocygét f&1 |nac|| qrggq rIa_,al oal kane, hal oal kene, hal oal kyne, cyano, al dehyde,

ar bonyl? tboxy carbanoyl, amno, nitro, silyl, siloxanyl, and a

fused arorratlc ring and an allcycllc ring formed with adjacent
substitu ' t ot having R
22 3une Sablsn Biftudh bavEFhRgRin £ fuiafte laaEind Iy BARYAINE, 470G O
t he -orgam'BSerith@MmﬂnodBWra tzathm;rﬂ're Imsemhmmvroerganhmeﬁ aet al conpl ex

' l'i gh
1 mopi B e ricdion e et bl e Farobt SoS P2 M 2, 2T o
- -wavel engelhctncaltehergyaargbthefSUEﬂendze)wmmb bring atumirllghtremlhson nmteuns at conpri ses a
- Pyrromet ReneXerah) & ARBlSHYrB6 4 gjpE}HoFeOde?ibé’tNE‘?eﬂreQént@d by formula (3)

and an organic fluorescent material having a fluorescent peak wavelength in the

" range of 580 to 720 nm; wherein formula (3) is:

(3)

- wherein R’ and R® may be the same of different.and are each a substituent selected
from the group consisting of alkyl having carbon numbers of 1 to 25 and substituents
represented by formula (4):

“R®
| 13 :
—C—(CHo)—Ar (4)
- FI1° ' '

" wherein R® and R™ are each a substituent selected from the group consisting of
hydrogen, alkyl having carbon numbers of 1 to 4, phenyl having no substituent or
having alkyl-having carbon numbers of 1 to 3 therein, and R® and R" may be the
Same-of different. Ar'® is a substituent selected from the group consisting of phenyl.
and -'naphthyl havihg alkyl or alkoxy or halogen or phenyl, and naphthyl; nis a whole _
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number of 0 to 4; and Ar''.and Ar'? are each a substituent selected from the group
consisting of phenyl, naphthyl, styryl, and carbazolyl and Ar'! and Ar'? may be the
same or different, and (b) a light emitting device composition. comprising a
pyrromethene metal complex represented by formula (1), wherein formula (1) is:

(1)

- wherein R', R?, and L are each a substituent selected from the group consisting of
hydrogen, alkyl, cycloalkyl, aralkyl, alkenyl, cycloalkenyi, alkynyl, hydroxyl, mercapto,
- alkoxy, alkylthio, aryl ether, aryl thioether, aryl, heterocyclic, halogen, haloalkane,

. haloalkene, -hal6a|kyne,' cyano,-aldehyde, carbonyi, carboxyl, ester, cﬁarbamoyl,'

- amino, nitro, silyl, 'silo_xanyl, and a fused aromatic ring and an alicycliq ring formed
with adjacent substituents, and R', R? and L may be the same or different; M is a

- metal having. a valence of m and is selected from the group consisting of boron,

- beryllium, magnesium, chromium, iron, nickel, copper, zinc, and platinum; and Ar' to

Ar® are aryl.

- 5. A light emitting device according to claim 4,
wherein the substance which bring about emission further comprises an emissive

. materials and a hole transporting material and an electron transporting material, and
.-the light emitting device composition comprises the diketopyrrolo[3,4-c]pyrro- le -
| de’n‘Vgtive and the organic fluorescent material.

" 6. -A_Iight emitting device according to claim 5, wherein the diketopyrrolof3,4-c]pyrrole
-derivative is a-host material and the organic fluorescent material is a dopant.
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7. A light emitting device according to claim 4, wherein the organic fluorescent
‘material is a compound having a pyrromethene skeleton represented by formula (5)
or a metal complex thereof comprising a metal selected from the group consisting of

boron, beryllium, magnesium, chromium, iron, nickel, copper, zinc, and platinum,

- ‘wherein at least one of R" to R'” has an aromatic ring or forms a fused ring with an
adjacent substituent; the others of ‘R'" to R" are each a substituent selected from
the group consisting of hydrogen, alkyl, cycloalkyl, afalkyl, alkenyl, cycloalkenyl,
-alkynyi,_hydroxyl, mercapto, alkoxy, alkylthio, aryl éther, aryl thioether, aryl,
heterocyclic, halogen, haloalkane, haloalkene’,'haIOa'lkyne', cyano, aldehyde,
carbonyl, carboxyl, ester, carbamoyl, amino, nitro, silyl, siloxanyl, and a fused
“aromatic ring and an-alicyclic ring formed with adjécent. substituents; and X is carbon
or nitrogen, the nitrogen not having R". ' ' -

8. A light emitting device according to any one of claims 4 to 7, wherein the metal
complex is represented by formula (6): | |

wherein at least one of R18 to R?* has an aromatic ring or forms a fused ring with én
adjacent substituent; the others of R18 to R* and R* and R* are each a substituent
sel_écte‘d from:the group consisting of hydrogen, alkyl, cycloalkyl, aralkyl, alkenyl,

- cycloalkenyl, alkynyl, hydroxyl, mercapto, alkoxy, élkylthio, aryl ether, aryl thioether,

_ a'ryl. heterocyclic, halogen, haloalkane, haloalkene, haloalkyne, cyano, aldehyde,
.ca_rt__)or_lyl, carboxyl, ester, carbamoyl, amino, nitro, silyl, siloxanyl, and a fused

~ aromatic ring and an'alicycl_ic' ring formed with adjacent substituents;. and X is carbon
or nitrogen, the nitrogen not having R%.
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9. A light emitting device according to claim 4, wherein the organic fluorescent
material comprises the pyrromethene metal complex represented by formula (1).

10. An electric circuit comprising a light emitting device having an organic fluorescent
material with peak emission wavelength in the range of 580 to 720 nm, wherein the
material comprises a pyrromethene metal complex according to claims 1~ or 2.



