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CONTAI NI NG ELECTRON TRANSPORT AGENTS AND THEIR USE I N

WORGMIWZ83 UM NESCENT DEVI CES Techni cal Fiel d 5pdiius2003/032046

i nvention relates to conpounds, conpositions, organic
el ectroni c devices, and nethods for preparing organic
el ectronic devices. Mre particularly, the invention

relates tq,, ﬁ%g%% ::%QG %ﬁﬁ'@&%&tﬁ%ﬂép&ﬁ% E&ﬁg A, used

as el ectron nc e ronic

devi ces such g%ﬂwl %?%%Fr%ﬂb %@@%@B?Vég ices. 10
Background Organic el ectrolum nescent (OEL) devices

such as organic |ight emtti 1'q g.dds (OLEDs) are
desirable for use in el ect¥&HEEL, because of their

thi n prighd in@entloaWelake it€ Bémp&iae Mompoyitiehs, WRg i E1B&rdhic devices,
w de variety of em ssion colors, and | ow drivi ngﬂ

vénd mgthodofEmmepnsing opganamelpefroniqidevieas. %cpﬁ‘péﬁtcu 3, the invention
> lil<§1h 691?0 &?&a&)l ?? Md“ &I%ogg{o\?ng%gga%&e us%I .Iag g‘?l% transport agents in
c @[’gdnm&mgrdhﬁﬂ&azﬁ&b s@dlﬂasdﬁFz&h@ @l@&[’dluminescent devices.

el ectrol um nescent materials el ectroactive

mat eri als, and charge transporting materials suitable

for such devices and neth 0 ki ng the devi ces.

In sone instances, materi al%jd%k ]n('{gov sel ected or

devel o@eganibelebtrflamindstat €OBhpdevicasnueh o ofghlﬁs digheathi®téng diodes

preparation 20 Pattern-w.se ther transfer:

o OhEDs) ?Iﬁld§51¥aﬁ’éﬁﬁ%ﬂ ol eerdronie mefip E‘é‘ﬁﬁf‘ogP theis dhip profye, low
h
q 2@'1 ec%Balﬂ{ Wgantﬁ QWdWEﬁE‘%g ]pf &{ns%i%ﬁ %H)gs %}olvé ﬁrtlvmg

rnal transfer o or gani c
enbltdger OLEIIPs horemmtdntial ufe ip agelivatdord sxch nebankiligbticgeol graphics,
deV|g§ $ been,. shown t.0 be Eartlcularly useful .
MBI ‘?da Yol PAb % SNSSIVE BRPBICY deri vatives have

been u %@reﬁ@ cEiltBRtle08seaddh ddaRTOBPInENUrR IR BRIhiAGcent materials,
materials in CLED devi ces. One oxadi azol e derivative

C @mmcylvg swaieriads, and charge transporting materials suitable for such devices and

(e g i el TR ROSM sy SR B ¥ e o
3 dééewperahﬂﬂyﬁ Fcilitdte pRE BY hofe éfhéRIdevich phepaiifion Yhethods.
4-trjiazole (TAZ). However, OLED devices enpl oyi ng

PB@}t%m -wisgthegneldrrnsien phingtesiplsrfrons genaisheris 10 eespitorsgbstrates has

046 BbERE P LA AP B 0PBBL AR S LONDRLA s

f orgunid loght efnitednafoy €ortration @f otgaajeelectroluminescent devices has been

shown to be particularly useful.

Molecular oxadiazole and triazole derivatives have been used as electron
transport/hole blocking materials in OLED devices. One oxadiazole derivative
commonly used is 2-(4-biphenyl)-5-(4-t-butylphenyl)-1,3,4-oxadiazole (PBD). One
triazole derivative commonly used is 3-(4-biphenylyl)-4-phenyl-5-(4-tert-
butylphenyl)1,2,4-triazole (TAZ). However, OLED devices employing PBD or TAZ
often exhibit short operating lifetimes due to recrystallization of or aggregate formation
by the PBD or TAZ, leading to phase separation and formation of charge carrier traps
that inhibit emission.

In an effort to mitigate these problems in blended polymer systems, several groups have

reported bonding an electron transporting structure such as PBD to a flexible polymer



that inhibit emssion. In an effort to mtigate these

probl ens in bl ended pol yner systens, several groups
whaona/09¢76por t ed bondi ng an el ectron transportiPQI/US2003/032046

structure such as PBD to a flexi-ple pol ynmer WO

2004/ 096783 PCT/ US2003/ 032046 -2 chain, resulting in

aNDEHHT) Q&uﬁﬁ{,o%h'aﬁi o¥phdRmA&HP| Bor example, polymeth lmethacrylates

polgrret hyl methacrylates bearing oxadi azol & si

qsing puadipzae side gpbhaingbaveiswe vaported pHoweverg operatlng lifetimes for

F ooy i8S Bglon BERRGRASSR% Hind RS TREE Sk /6 pp
(e. @ge@ﬁ@n&t EUk&) §tngkelj@k al., SoEneB 0%, PO, (115%

(199 Sunmary of the I'nvention The present
5 i nvention discloses conpounds, conpositions, organic
glectronic devices andufiEhdiodRdfnRhfBEr ! N9 O oan C
el ectroni c devices. Mor ounds and
conposi t Tehpresdie ilieat b8 cl ot RabmPonid ﬁorﬁpodlt@cﬁﬂ origiic electronic
carbon-carbon 10 triple bonds and a het er oar omat i
ri népviRes: and methedsHer prsparingenganig glectronig dewigps MaEpsparticularly,
can
ol ARy P hRRHAR oY ARABAL R UG el bonycarbon
10  deviripésbondsenda betetoaoﬁmithﬁrlﬂlg'ﬂvzarﬁﬂg' alest ond d@sNaunit. The compounds

conmpoynd of Folrrrula | : DJ.n_ 151 wherein D
i s SnRsUseq ASEleFEonLr3Hsh agf‘élﬁ% in Qgapig elfetroni¢ dgiges ich as organic

or agﬁ&ﬁ%ﬁhﬁgknf@gh&gl of a C3_30 al kane, C3.30
het er oal kane, conj ugat ed or unconjugated C6_60
car bocycOne aspectorfabe mventipopmdide S8 cGfptetdaf dFarmniatli ¢

compound, Cl18 60 tertiary aromatic am no 20 compound,

or a conpound of Formulg Il or Fornmula HI \ / \ /| Z Z
Zz G—E—Ar——=——D
J
—- —n
15 I
wherein

D is a core that is a monovalent, divalent, trivalent, or tetravalent radical
of a Cs.3 alkane, Cs.39 heteroalkane, conjugated or unconjugated Cg.¢p carbocyclic
aromatic compound, Cs.¢o heteroaromatic compound, Cis.69 tertiary aromatic amino

20 compound, or a compound of Formula II or Formula III

I ITI
that is unsubstituted or substituted with one or more alkyl, alkenyl, alkoxy, aryl,
aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or combinations

25 thereof, wherein
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[l 11l that is unsubstituted or substituted with one
or nore al kyl, al kenyl, al koxy, aryl, aryl oxy,

wo bawat783 | uor oal kyl , perfl uoroal kyl, het er oal RgT/US2003/032046

heteroaryl, or conbinations 25-8hereof, wherein WO
2004/ 096783 PCT/ US2003/ 032046 -3 Arl is trivalent

radi cal of a aerkugalad rddcadof § asijogyed Cg ety ElR aromatic
compound that .is unsubstituted or substituted wth one
or GRSRROUAL Khat is %nSRBfﬁgﬂlted aF Rep{jtutedayiph ongprmegsgalkyl, alkenyl, alkoxy,

fl | I
hetu% ar}{ll(%ﬂpﬁ%%ok na{ji ns t#’ e}L fhgg{)Eﬁ{?@ hgt)é@_r%loor
het @ndanaticem¢heoeofi ng a - C=N- unit, said het eroaryl ene

bei ng unsubstitu ed or substlgut ed W|th one ofr,
al kyl', al keny‘g‘IS B repdiptergatylenc Baving gy C=1N-ughy tid heteroarylene being

fl qﬂ{s%tfﬁﬂzd opﬁfbfsﬁﬂl@é'cp@itllﬂfhe o bR Vg%ﬂ tﬁ‘?%lgfngafx% aryloxy,

nations thereof; Gis a npn
S eI @mre,dllfo‘roaikj’iyﬂerrﬁgemalk&]l, ha@ralkyl) het€@bar30 or combinations thereof;

het | kyl, -60 het Cl8-6
Lorti ary arorbiat & megpHgesticdlseced fonbhidSess Loty Crao
or m%alkwt@go Hutérba@ﬂ @6%5 aﬁpro? c,%! s ¥driiad/ Af&ﬁxﬁe amino aryl that is

al koxy, aryl, aryloxy, fluoro, fluoroalKy
pertmsubﬂtmabdkyt subh@mleqdd)allﬂkyme omomraéiaﬂyalkenyi alkoxy, aryl, aryloxy,
di cal

seI %qrf@t ons Q‘fﬁ%ﬁﬁgﬁwﬁ 03’331()%(.213 gqrjr'é%yﬁ)ﬂr comlginaigns thereof;

het er oar yl QGBaQn@f[mlalenofad@aﬁse@&tadq&ém @Y, ﬁk?l”@f,_g({:heteroalkyl Cs.
amno aryl that is unsubstituted or substitu

oneso beterasrd. G4yl o Kenytertiagy promptic anyno ary} {habigymsubstituted or

P a8 e, DR SLPALEY ot

an deﬁﬂmcﬁoﬂkyll héte@atkybfheteréyldor odistightiond Ghdiesfe t han
one of D and J.is an _unsubstituted phenyl when n is
equal to 1. MabstNEror&dledd provi des a conposition that

includes a copmoynge ndb nghglﬁmzxgo ngé%lm‘rf‘o{i%g{biagd Jis an

conbination wth at Feast one ot ound
chamgebsnuaa&plnnnlyl wgenrmﬁteﬁjulahﬂol char ge bI ocki ng
mat eri al h}ght em tt| material, col or onver si on

mat er i al ANOWET eSS Hfo'b‘ ?omRﬂSItlf’é‘ ftinglpdss aqpmpogRd according to
Yethﬁ‘ﬁlﬁIarﬁh cBRPERE0R W A RSsBFhe AR R BSﬁr?cPtthBPl@ 'a(bharge transporting

devi ce that includes a conpound according to Fornul
|  onateridoehpogs blodring matdmal, iligheerhitiong mhteriglo nelor convers1on material,
polymeric binder, or combination thereof.

Yet another aspect provides an organic electronic device that includes a
compound according to Formula I or a composition of the invention. In some
embodiments, the organic electronic device is an organic electroluminescent device.

Additionally, a method of making an organic electroluminescent device is
disclosed. The method includes (1) preparing a donor sheet that includes a transfer
layer containing a.compound according to Formula I or a composition of the invention
and (2) transferring the transfer layer to a surface of a receptor substrate.

The above summary of the present invention is not intended to describe each
disclosed embodiment or every implementation of the present invention. The Figures

and the detailed description that follow more particularly exemplify these

embodiments.
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25 enbodi nents, the organic electronic device is an
organi c el ectrolum nescent device. Additionally, a

woredohoehb78d nmaki ng an organi ¢ el ectrol unm nescenPCTES1008032046

is disclosed. The method includds (1) preparing a

donor sheet that includes a transfer |ayer containing

a- conpound according to Formula | or a conposition of

the invention and (2) . transferring the transfer | ayer

to a surface of a redgiefddescription of the Brawimas ahove

sunmary

descri be?fé%ctﬂﬁ' 31 %g%%%%gée/ﬁ@odl neé}étegpﬁnéi\?gktt&dajiﬁ%o{lﬁderatlon of the
i npfodlowingddtaitedatestriyeioprof yerious emtediments il tmnEd:tgnf\eﬁh the

and the detailed .descri B’f‘fbon that follow nore

par?‘icﬁ’{ﬂpﬁwlﬁ}g draxvipes, f1,w enbodi nents. WO

2004/ 096§ BarPGH é&%ﬁ@xﬁ%@ﬁ@ﬁ@w ofﬁn%’rgzﬁﬁc %&%lbﬁfﬂeg& Phisplay
the Drawi ngs The above aspects may bé nore conple [n
und@nstrmimns n consideration of the fol I ovm ng detail ed
descri pt Zi] varjous. e odi rrer}ts in ctio

the 5 ac %‘P%\t\’lﬁ A Ve Pt ftonRr s F F galisr}?@ng materials;

schemat i gj ﬁfedﬁls\é' s%lﬁéxﬁﬁtl@did@%@ﬁmf%n%kﬁﬁﬁé élEé’chlﬁ‘lﬁﬁl%?&ht display;
di spl ay constructl on, Figure 2 is a schematic sid

VI ew of Bigtisik issheshempide side wiewf afra finspembedimiend of an orgamc
é‘i%c%r unusﬁesac S{:hevr{catl c side view of an organic

eI ectrol umiies ? a7 Psplay; 10 Figure 4Ais a

schemat i Eigfie0fB isl #héthatie dide siewITRAESRIEmIYdi@Bnt of an organic

organi c_ el ectrol um nescent device; Figure 4Bis a

sc hdesdralemipesrenydesiigesf a second enbodi ment of an

organic g G I e [ F .
schont i HELEEGHS B LShBRALARe W R i SbBgitel St b organi

or gdeitwluriinesleardevideyim nescent device; Figure 4D is a

schematiﬁ Si d??w ew of a fourth embodi nent of an
or gani ¢ Figysd biasrheeaictide vevide, fopitly gpgodimgappieansorganic

theelggﬁq,q%ggcgﬁts%e spectra for various disclosed
conmpounds; 20 Figure 6 is the plot of the

br i ght nddigurefadepixtethe photunhioescenrd spasirdfoeDS-ious disclosed

compounds; and

Figure 6 is the plot of the brightness characteristics for various OLEDS
containing disclosed compounds.

While the invention is amenable to various modifications and alternative forms,
specifics thereof have been shown by way of example in the drawings and will be
described in detail. It should be understood, however, that the intention is not to limit
the invention to the particular embodiments described. On the contrary, the intention is
to cover all modifications, equivalents, and alternatives falling within the spirit and

scope of the present disclosure.

Detailed Description of the Invention

Definitions
As used herein, the terms “a”, “an”, and “the” are used interchangeably with “at

least one” to mean one or more of the elements being described.
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cont ai ni ng di scl osed conpounds. Wile the invention is
anenabl e to various nodifications and alternative

w0 ooroam96785peci fi cs thereof have been shown by melUS$003/032046

exanple in the drawings and will-%e described in
detail. It should be understood, however, that the
i ntenti omsi lEed] heretno tHel tamn “givthehem ussdttb (NSfet ® 4 &¥npound means that
pari]ﬁ{:ul ar rrents f cribed. On the contrary, the
hofes,

i nt &Mt § 6?P‘%“§ %“«P@F PPt Eleeirets ParEigipRisdn slecon/hole

andr@Jomm’rohvaﬁlthghﬂ bf‘QchﬁqBBhtnorf ﬂP]@r irit and scope
of the present disclosure. Detal scrl ption of the

I nvent | orz‘l\S LGQd Dereinnhei tgmns “mcrphmmk”hﬁesl tna dohtpouﬁal oBcomposition that

" d t h th "at
| eabn e Rt anig e e potrEudi et R e Fromharotyen.
descri begs u‘é@l H&@ﬂll ARG&A3  Aable URIOR 36 9320 keq hy’iir&%rbon that can be

used hereln the term "active" when used to refer

conpléighkf chatmed, hranghed QT@ydmp"Bmmkmrcan ba uspmsntutadl c&Substltuted

trags n rt| l.ec ron/hol

o abIpleals DT o Rk 26/ 148 ohdh T sater doyamples of

As ilkegkshgdledd) but 418 nbelimite @) hgﬁ‘@ph%e A-8h@hS rﬁ‘ane tert-butane, iso-
conmpound or conposition that is not crystalline and

t haProgaiss isqoutasey §Ycé4>ﬂ’€in?@ew¥él?hpé¢mv@iﬁmman©oﬂan® meheptane,

sat ur gﬂ %EL %&c%%lr}@dée%r c:anc’fif}ié3 oce[ (fezg%eh?mgf‘%’??{’@d

br anchedAs med:beﬁ:d:mpthe Térﬁl ‘aﬂlﬁﬂi’ﬂﬁlcﬁﬂﬁs B&th lﬁﬁﬁllgﬁﬁéhaﬁﬁgdegranched and
or su aihygt ed and typically includes | to about
or V4§ ﬁfoufﬁ)ﬂ@é?@dws%hsaﬁ%ed %@&hﬁtﬂé@doﬁn aékyaamglonovalent

| nclde) ot alllR ek r?ieﬁyirkéogg {%ﬁcalg/ s QRBABout' s %%b%rﬁea‘toms In

n-pentane, tert-buta ane °S0-But
c y C$erﬁe¢mbmbmen:ty,dhe hBoyhgrenp admtam@tl aoabout-20Girdrne about 10 carbon

tan ane, decane, dodcecane,
hex %18 aﬁ%amg%‘f ﬁbg@ olipgrfacl Pg%é%}h%fe ngt limdled t@etivh ethyl, n-propyl,
t hen g | tert MY IUABSrop L f CHRLpSH
br anchgg]][l Bk dm g{/c IiC]: al Pﬂ ?sggﬁ tn%gt{tyl H%B&g and ethylhexyl.
unsubst i &8 tli,fd hgreinths telrmu‘laﬁtdnyIAmefatsl«ty la mmoaralmnmdmhlecﬁfta straight-

P00 Rl b Bl on

al Kydnd@ne e heded bainssibstiued et sudSti@fed bl P‘?(%Uf)s 11% alkenyl
carbon atons. Exanpl es of al kyl groups include,

ar eSTABRS typigriiiaciuge e ahout 38tchibion atoms. opysbme em‘dmdtnyﬂnts the

n hep ¢ yr gro‘ﬁﬁg Eor{?%{n/ l&:qto ab?ﬁ%&boc!?)él to atouqqﬁtc\érbion atorgs yﬁxamples of

alkenyl groups include, but are not limited to, n-oct-3-enyl and n-hept-6-enyl. The
alkenyl groups can have alternating double and single carbon-carbon bonds. For
example, the alkenyl groups can be a diene or a triene with a single carbon-carbon bond
between each carbon-carbon double bond.

As used herein, the term “alkoxy” refers to a group having an oxygen atom
attached to an alkyl group. The alkoxy group typically has 1 to about 30 carbon atoms.
In some embodiments, the alkoxy group contains 1 to about 20 or 1 to about 10 carbon
atoms. Examples include methoxy, ethoxy, propoxy, butoxy, and the like. An alkoxy
is a subset of a heteroalkyl group. Alkoxy groups can be unsubstituted or substituted.

As used herein, the term “aromatic” refers to both carbocyclic aromatic

compound or groups and heteroaromatic compound or groups. A carbocyclic aromatic
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As used herein, the term"al kenyl" refers to a
nmonoval ent radical of a straight- chained, branched,

woroogped78x al kene havi ng one or nore aliphati cPCT/US2003/032046

car bon-carbon double 20 bond ané i ncl udes both
unsubstituted and substituted al kenyl groups. The

al keonypougd dipsorhyqindahaticohBdis iy Farben &b tin 30 awaiaio Ming structure.
atons. In sone enbodi nents, the al kenE/ gr oups
conpdieterearpgatinemrpratydds a sompounddhat opntaingas é‘?‘i‘“a‘?%tef oatom

Ex a [ ot
i e Bhm S5 0L Rrpl 1A e o roffic S o2
al kenyl 45 osgsheeain, thateemdlatydt rediérs ngmonotdlent anshtsiateglaomatic

o oRRgEo<Gale BRicA aEine OB {A4pr i ERTple fr5&) MgPpor combinations

C ar t‘HQﬂ%oP ar e %, BRas1 iPLmIRETHIER ‘Eﬁhlfcg obQ Baz%@%ﬂ%@ A Ecompound.

bond. As used heréin, the term oxy ers to a
gr olmrsom\ﬂm@danentscylgeeaxyhgmnp hat v@Ehkrings, apted kiyks, up to 6 rings, up

Th typically h At t 3
o BB rinEon o 1o S bR 2 bBRch ah wroTagE rint LRy g gy can
condotdRs fér é)&n‘?ﬂl’@ lﬂlb t6 @b&t 6@) ﬁ}ptoaz@)‘éﬁi 50, @ipG8abAR 480up to about 30, or

at ons. | es include hoxy, eth oxy, pr opoxy,
but upktp, aban ( ¢aeban dtems. AExaancxyf arybgraupidnskide dfut are not limited to,

or B8t e ne ) BnEnaPRE L AR oE dhhaabre

r ef @hpdrbphddathfensBrapaeiehyic flab i DGileRnaens) he@hh @k OMREy],

and heteroaromatic conpound or groups. A carbocyclic
ar dreiYlpeylypidoilnoseys Jumeanthesdopgend 2dibgdropgreaphinsiahydropyrenyl,

is n

Ly oRofAP el 6 FERS MRy AREAIR AR elR B 2 |
a Cdihjitﬁdimdeﬁd“[a,’a h:]ﬁndmanﬁss AL-dileaiss-cbriadbei] eRagbdnathrenyl, .
selectedfrom Nand Pinring in an aronmati c

g(%rp]g}tquaﬁhéenyhg‘in@ ?%%F%Péipﬁryki term"aryl" refers
t O m)novg%ﬁgéh MRS RER DRI REd s t(? aiv3 egpl?xysﬁ u'azﬁed aromatic

radi cal s having orie to ten-ri ngs,
ri rtgd:ocgchcmadha]m dm/mg sne tdwten emgs rfﬁldaplel fasedarm gaJ ot consbimations

r adi cal a romati c. conmpound.
" BReE e s e i e SRR Btsafo @ ve e FOmatE Compound.
r i r]ﬂ%om'é RnitRdBndnkd) @R ar&!l@né Brofip ha'@S 10 $'Angs, QP %0 6 'rfi‘lg§ up to 4 rings,

up to 3 rings, up to 2°rings, or one aromatfc rin
Th eupatpﬁl rings oumtooﬁanngSc ONCIEi ATPMALS rigg. ahp:iome axemiplesaibe Latylene group

o't 0 o on kB Sa gAY Carbafsss S o et xS, up o 30

gr Qdfsoni Aiéihs) @ up BIL0 drBoroms! Wxh@ ?le& Of aryRiM@B¥dups include, but are
bi phenyl , terphenyl ant hryl, napht hyl, acenaphth I,

phmahtrmegi Ito, divlany mmmenmqynaphquma@c@nwhthene phenanthrene,
f Ua%[h‘?@é’ene f%.lo%erleaas lsﬁ&ﬁlfo@é(ne ﬂhgran%e €, b?:t?%/op?/pe\ﬁe corene,

dihyrophenanthrene, tetrahydropyrene, perylene, spirobisfluorene, pyrene, rubrene, and
chrysene. Specific examples of arylene groups include benzene-1,3-diyl, benzene-1,4-
diyl, naphthalene-2,7-diyl, naphthalene-2,6-diyl, naphthalene-1,4-diyl, naphthalene-1,5-

* diyl, acenaphthene-diyl, phenanthren-3,8-diyl, 5,6-dihydrophenathren-3,8-diyl,
4,5,9,10-tetrahydropyren-2,7-diyl, pyren-2,7-diyl, fluoren-2,7-diyl, 9-silafluoren-2,7-
diyl, anthracene-9,10-diyl, perylene-3,9-diyl, perylene-3,10-diyl, spirobisfluorene-diyl,
5,6,12,13-tetrahydrodibenzo[a,h]anthracene-3,10-diyl, fluoranthene-diyl, rubrene-diyl,
chrysene-diyl, benzo[g,h,i]perylene-diyl, and the like.
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peryl enyl, spirobisfluorenyl, fluoranthenyl, pyrenyl,
di hydropyrenyl, tetrahydropyrenyl, rubrenyl,

W@ ooy oeiT§s | PCT/US2003/032046

5,6, 12, 13-t et rahydr odi benzo[ a, h}ant hracenyl, 6,12 15

di hydr oi ndeno[ 1, 2- b] f | uor enyl

5, 12- di hyslusedaigrdimdaa e, “ér}bd))gh’a’é&tdﬁtroengtbup havmg an oxygen atom
di hydr ophenat hrenyl , and benzo] ? yl eny

us HtARBIAIORN 2 HErou: nAn sXappRlp dC wkeﬁebvé ig @tdir%ﬂdémphenoxy

unsat ur a gp?i
to ten r%ﬁgs?ﬁ )Ilﬁ an&?& use ysfr@gaﬁgﬂfgglgn%%mﬁlé?%gﬁ%ﬁdto apother
t hegreop in Amalteciils, an arylene is a di vaI ent radical of

a carbocyclic arona I ¢ cqQmpound.. 20 In songe

erbodi noht et gg@eﬁ/q%las refprs i@ 2 gingifergacd qfgarbon atoms.
t 0 fherk BdSo HiRrbofhs m f}8%ing stficiue, 3 1ings, up to 2

rings, or one aromatic rlng I'n some exanples, the

aryl ene @srm;ihemmmtthe tesrnlJ‘pomJugzﬁed” cafdroto witsatwsatedignmunds having

rbon at carb at.ons to 30 .
o s oo aps oo dubts ErnBroatS e AtbumaEreguppn-carbon single

ar Y208 afd S#hSn-LaBbY ESubl OB tr@[eebonrdﬁ’t Liléerkeﬁletté’mn ‘unconjugated”
di val ent radi cals of benzene, naphthal ene,

ac enephtohesairaiereamonndnidat arg 5oa¢mmmm§1n For £karopleram
O U B RS ARmahls R LB S 2B Ry SRR Shat bonas

S pl 1ﬁtébﬂu§ﬁhglﬂi&ﬁ%ng@iﬂﬁﬁ%&rﬁdﬁt&ﬁ@g}@boxﬂﬁ%d ¢hibbaAMon double or triple
Specific exanples of arylene groups include benzene-

1, Poadyl , benzene-1,4- diyl, naphthal ene-2,7-diyl,
napht hal &&?seﬁf@%e%,éﬂle lieH%p‘Ql eﬁcpse’l I‘ef'e 9' ﬂn’npound that transports

napht hal‘ene- -diylT, "acena hene-d

pheivdey, htitspods Slectrots, o@aﬁncﬁiphwﬂhcmmfohn@m Be&mbiinytion.
30 4,5,9,10-tetrahydropyren-2, 7- yren-2, 7-di yl,
f1 uor en-As ysedibgrein, 9cl§pt|r%g=h|e _s§1b¥t” ig ;ryapnt stable to electrochemical

antd% ?zﬁjﬁ{‘%l ﬁjé;ilxgﬁaﬁ! %Y oxiGfidd 5?? rgfeguc‘#loglrea}cuons entered into are

peryFene- sp |ro uor ene-
5,&¢mﬁ$bﬁ>tetrahydrod|benzo[a h]anthracene 3, 10 di yl,
sene-diy

{Jleﬁggfgt s Qﬁ%ﬂgp@% ; utg{r& ﬁu%rﬁé{ktyh etquri@ an\,@(yl group that has at least
20%13@1%1@311 IO 5RE0BLARAMrine fofe used herein, the

term "aryloxy' ers to a group having an oxygen atom
at t achedAs esed rlnemry thegpenn fhetégoakanetipleters ocdnualleane it wthidhsat least one

F orabh Rt dsSins STERARY il BBl stipotkd BBAESIQ . P, or si

an %bﬁﬁremlﬁaﬁﬁﬂéhté 'het%rdﬁ!liaﬁ@éiit@ etferdr tHRtheRe M8 iother Eﬁhﬁodlments the
term "carbocyclic" refers to a ring forned of carbon

at dwieroallpmes eontpia mb'(wewa&yé%neb) gtouph ot pely(diallgylsiloxane) groups.

f’; :?ts utr%S se Aééq?%f lgegtéﬁn rr%et §1§<yﬁ f:l;,{élesqf;ol[llgJ atra1ght-cha1ned branched,
and cyclic alkyl groups with one or more heteroatoms independently selected from S,
O, N, P, or Si and includes both unsubstituted and substituted alkyl groups. A
heteroalkyl is a monovalent radical of a heteroalkane. The heteroalkyl group typically
contains 1 to about 30 carbon atoms and can have up to 10 heteroatoms. In some
embodiments, the heteroalkyl group contains 1 to about 20 or 1 to about 10 carbon
atoms. An alkoxy group is a subset of a heteroalkyl group. Examples of heteroalkyl
groups include, but are not limited to, methoxy, ethoxy, propoxy, 3,6-dioxaheptyl, 3-

(trimethylsilyl)-propyl, poly(oxyalkylene) groups having a segment of formula —
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at |l east two carbon-carbon double or triple bonds wth
al ternating carbon-carbon single bonds and

w@ 200b09678ar bon doubl e or triple bonds. Likew SECT/UR®03/032046

term "unconj ugat ed" 10 refers toe8unsaturated conpounds
that are not conjugated. For exanple, an unconjugated

ar o0eC K, @)pUPphediin haaneinteper ¢l 1308 frdCRisk@nintegeradn to 20, and
single bonds_ interrupting alternating carbon-carbon

si neplE(didsilaBclEPS A Betoi?emsabreOBPUIRr{P(@vHay:)20ly - where w
bondsin nﬁéééft%ﬁq 88bSh8 36% Qrgmtt%g[rhf?ltc?% roactive" refers

a conpoun at trans transports
el ect r onas usad h}BMmJ the rmmémeteroaayl" etfesstto amdmlvelent radical of a five to

reconbi nat i on. used herein, "electrochemcally
5 aHE MEBHREARMLE SR AP Gralides OPb O BIFFG Biorostoms independently

degiadald Pon SUONN HRLP B the ms dghion efﬁlﬁéresryi f%%'a%ﬁ&ﬂ&%lent radical of

reactions enteréd into are everS| b
her hetgroptomatie comtpbhndbr &whlayhéteroaﬁlhrmg ta anfuatdypl one or more rings

o CH R PpA e g AQ s aimis PFeed b ey BebEShi ring(o)
Egﬁ&é@éﬂykﬁﬁgs) Bl 8f (st) %y@fbaﬁ&eﬁ?ﬂace 5) Ml&ﬂk)ﬁtrm €38l combinations

he carbon a is rep V\ntha roatom
sel thercefi Ifnrsomegmh@dlmbnt@,th@hetaparyll ring é\@mp mﬁ)gtthﬁmgssup to 6 other
het er oal kf\ are ethers

e b ARES R O thﬁrermg?eP%} %Sﬁgaggg et hﬁ%? ﬁ)ther rmgsh or one other ring. The

pol héfté?&/rgl % ¢ Lothidb BB 16 b 6P Ccaibah kidngd. | 1888 kmbodiments, the
groups used herein, the term "heteroal k

y
i nchalkrearybermiaisy wpiaphout Hhearben at@mn@m@oaboutaf}mcacrw dtems, up to

_al Ez}gp gﬁ%{%’:ﬁﬁgﬁ’\%téﬁle Cng‘qlé)otr raggaﬂthrE%%ber N algi)le ofaheteroaryl groups

i ncihtidés, taotie nonHinsd Itd lfﬁl@dylaﬂﬂop‘hebﬁlt pyﬂﬂ(bl@H nﬁidﬁyd)lyl pyrazolyl,
groups.. A heteroal k i s a nmonoval ent radi cal

hetté‘ﬁ%fﬁylk%‘@ml?h &hipza r@f&}zsew 3p%szRlyh wpadiarqlyl, thladlazolyl
o kR0, K5y 0 B R Bkinctin.

hetenoaukaplyl, penrophiopleingl, irsdolylf carbiroyt, baﬁ)zaxazo’lylt berabﬂmﬂzolyl, :

10 carba torrs An_al kox roup is.a.s et o oo

et BAGAR RO T QU A S HORURY K Pba g By Bonzothiadiazolyl,
' ncﬂe‘ﬂ?&naﬂﬁ%l Bhénaliall, {phé’ﬁahﬁﬁild'irghl d@ﬁhﬁ&qﬁnd?ﬁdﬁgé 1, siloles, and the
pr opoxy, di oxahép , 3- (trimethyl’silyl) opyl,

pollfkeoxyal kyl ene) groups having a segrrent of formula

WO 2004/ 0967 PCT/.MJS2003/032046

m i o an PhREQOFGh I A AR 52 PSCaN o gor Mpelp s heteroaryls

20, ana&éifersnelhwe%a@ 15 Yﬁa‘é hb@@t@&Ng LB RS at18Xk B RetSB8BRMkIC ring. The

of formula -[Si( where w
—C=N- unit tends to be polarlzed an hence electron deficient in comparison to a —
C=C- unit. Suitable examples include, but are not limited to, oxadiazolyls, N-
substituted-triazolyls, N-substituted imidazolyls, N-substituted pyrazolyls, oxazolyls,
isooxazolyls, thiazolyls, isothiazolyls, pyridinyls, pyridazinyls, pyrimidinyls,
pyrazinyls, triazinyls, tetrazenyls, benzoxazolyls, benzothiazolyls, benzothiadiazolyls,
quinolinyls, isoquinolinyls, cinnolinyls, quinazolinyls, quinoxalinyls, phthalazinyls,
benzotriazinyls, phenazinyls, phenanthridinyls, acridinyls, and the like.

As used herein, “heteroaryls that are electron rich” is a subset of the heteroaryls

and refers to heteroaryls that can donate electron density from the heteroatom into a pi

bonding system. Examples include, but are not limited to, monovalent radicals of
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is an integer of 1 to 10 and y is an integer of 2 to
20. As used herein, the term"heteroaryl" refers to a

wooeead7ent radical of a five to 5 seven menbRCT/US2003/032046

aromatic ring that includes one-8f+ nore heteroatons

i ndependently selected fromS, 0, Nand Pin the

ri n@iaryl$ilaholys, tlﬁoﬂlﬁhﬂtspblﬂﬁd)pheﬁ%la ﬂﬁmllsal\eﬂk?rlrc’adjaﬁallyl ,f-aryl
a heteroaromatic co Suc heteroaryl ring can

be fai2g! ytl,oN@H@d@Vrrggﬁl eNﬁSH@Q’ITO]é/MmééhP Bkt ai n one to

about 10 r " .
SO 10N SRR AL SR i v i
ri nof{ sfive wyelaankmbyt aromatg¢ shg thay alchalek phe o1 mgﬁ:, he&mdatoms
conpi.nati on I n. sone nts

¢
et BB ptrrarp S 6. B BhEr T igs 2 oy e Hialent radical
rings, héﬂ&o%nﬁu@tc&%ﬁoﬁﬁd] %chlégl&&oa}ﬁﬂfaﬁﬁ hn% LAPBe flﬁ@d fo%ne or more

2 other rings, or ohe other ring roary

t y piiegsl dnyl cam n@ra'almsl llopibbwt Hbmihd:r 1ﬁ@s celettod f@boamther meterocychc
songe e ar con out

0 Eas Do e Tingls 55 LRS00 st QaAfgah i Sh el ig s, and
aboéﬂmlﬁﬁatfb%‘é BRAedH! %’%onﬁrenﬂn%dﬁﬂelﬁ@% heto&RRRAR rAk %sed to up to
Exanpl es of heteroaryl groups 15 i’'ncl'ude, but are-no

| i n§ otbdr tnags iR kadh yther tihgoph m@ Iorhepymgs; luplto 2iothed aings, y)lr one other

r azol tria tr a
oy 3% e hehadRe vied o disto to b S htapyaroms. In some
i's Oérﬂlbcﬁﬁlﬁbﬂtb,,th@biétbﬂiafw&ne dovtaitkaz t8YaboutB0 @?bdi‘)ydt(ams up to about 40

pyri m dinyl, quinol l|€Rﬁy i soqui noli nyl, benzofuranyl,
bereashdi QMBI to abe %mb%laeft@awy up td amzambyn atoms. Examples

benzql.ni 270! arouﬁ? ﬂﬂ 3@.&%}%&0};‘ %h{g&qlo' 51¥a1ent radicals of furan,

qul nazo I n oxa a2| )

benhivphéss pﬁrz@lleyinnd%lé) PRZ@ble] Riakoly) tetrﬁweﬂ AL, 0xazole, isoxazole,.
phenant hridinyl, acridinyl, and indazolyl, siloles, ‘

andPXefgzoley ﬁhl@éla%e @g@éamkep BYHdine, pYFIgR%AG- PYERZHSy PHgnigine,
- CoNin et 1so<ipﬁn@ fLan %Mﬁhﬁ{e%gr%h&e t?a%jazoﬁrf Hezoaxazole,

to heteroar ve a’- n at’ T'east
h etlmnmhrmhd; bmznmrdgazo]léh emnel@md\lqumamlmbs@dso;tadmb@hthalazme

polarlz d an ce el ectron deficient conmpari so

o GoneEagBdle, G S G PR e RS gt Binizgle, and
not iloh&d, t i ex@MPIE B Rbt¥lotryldi 1 t -2,5-
subséto it utsggmt 1r |e§z o? N- so u byst |etS lljrice%del }r)rlll dagezré?tﬁnnted to, furan-2,5

N- sdlﬂs thIQRIIGBQ}Z;élydlak dL%l‘iLS)}(aCbmiEBQ yHdyl, 1j3gbtnatiaiold-3,5-diyl, 1,3-

oy -Gt YsledtS Oy iiRaai e S S 1 SRl G2 ST pyvidine 2.4-
bertﬁsaxgymlué -3,3-891 p%ame-aoﬂ Wiy, pyﬁﬁﬁal%lzl AR ZRindlife-2,3-diyl, 1,1-

qui nol I'n i soqui nol i n ci anol i nyl's,
qwd1dl§ﬁlki/ lele- ?qﬁrdndmdqtgthse pht hal azi nyl's, 30

acr di nyr o iR RO oBURE ALkaT e MYER ety ippubset of
t hatietcrb@yRh&CidqBferd ©lhetdrSarflefielIEingld: 1da8€odeetamR@hitlis at least
and refers to heteroaryls that can donate el ectron

deriethpterqaspmatitering : Bacy=tehh ut gnds toi be polarized and hence more
electron deficient in comparison to a -C=C- unit. Examples of heteroarylenes having at

least one -C=N- unit include, but are not limited to, divalent radicals of oxadiazoles, N-
substituted-triazoles, N-substituted imidazoles, N-substituted pyrazoles, oxazoles,
isoxazole, thiazoles, isothiazoles, pyridines, pyridazines, pyrimidines, pyrazines,

triazines, tetrazenes, benzoxazoles, benzothiazoles, benzothiadiazoles, quinolines,
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bondi ng system Exanples include, but are not |limted
to, nonoval ent radicals of WO 2004/ 096783

WEDDAB28D3/ 032046 -9 diaryl silanolyls, thi opP€nysmp3/032046

bi t hi ophenyls, furanyls, N-alkyl-1@arbazolyl, N-aryl
car bazolyl, N-alkyl pyrrolyl, Naryl pyrrolyl, and the

i kmoqﬁmohmdmhﬁdslmes th&ohﬁdssl,‘rQulheiaﬂfn@@prlﬂﬁ[t&me‘é efe@lStriazines,
ent radical of a five to seven

toa arorrat c diva
E?naélrnﬁ P%anﬂirﬁgn% afridings) apfee ke or nore
het er oat %‘ﬁlséi &9&9%@&8 Yeng €y P:Sr@@lec{rgm%n” 2a sﬁbg@ 89

P. That 1Is, eteroaryeels |va en
het lactomaqr}ates end oafpo wo deteSacierses et ealoddsmélb@trdﬂ dudsity from the

Rt a5 P G 2
het ﬁfa@ijﬁﬁnbﬁs thi Héz& b1t}ﬁ$ eﬁ?sr Yhrahd, g\gélﬁ%d s catbbbles, N éuyl carbazoles,

r|n cycl oal kenyl rin cyc rings,
li pyeeoleshy faemlfpyrtqiuess amcbthe tilkodi | ma nts, the

heteroar maltldgh ?fu‘sedto u 0 8 oth

ri ngs, SHE° 65?1Hetlhe STy dnaqiyey %“ B§ &P r‘ffF‘th§ copopgd means

2 Othﬁﬁﬂlercbﬂlgﬁundhrs neh8led¥efive, rnbf‘&ect?d]@mﬁﬁﬁ@e‘h@Qﬁ)élcgﬂl%matlon
typically contains up to about 60 carbon ators. In

soneresfbodi nents, the heter oaryl ene contains up to

about 50 at o 40 rbon at ons,

up to abou? E%@]eéeal?btggte Wg&u&foag%'l Be’f% 2l glgytgrroggltpat has all
at ofie hyfogsiphtes ropladerll it fudtie iolE. OAFp%rﬂlﬂﬁbélﬁﬁ i Ruibset of a
are not |limted to, divalent radicals of furan,

thlﬂ%@?ﬂi}’ pyrrole, imdazole, pyrazole, tri azoI e
tetrazol K EJ(]L A& e tgfiﬁlzgdh‘ftloﬂ o;?rg&(e%glg e r%fg?qﬁgldclo%lzp%und or

t hi adi azofe i sothiazo

py r amnpusjtionythatwan be dissolged imcd sol@ion. I0Qolin® ©fbB&iments, a compound or
benzofuran Eenz hi ophene, i ndol e, carbazole,
b ABERSH9R 4hAL 1t SPU AT RO GSAIDIct kR P PP d Bigba solution as a thin film. In

Ci nGiRey éi‘l?oodﬂﬂérﬂ@%@old?ﬁn ot Eﬂ%oﬁﬂﬁ of 9&%&% #1 O be applied to a

benzot hi adi azol €, benzotri a
phewvdeirdie.i Bomrexamabs; il sobitionwdabe bﬁnteé od c@&ledoton8abstrate.

Speci fic, exampl es é etero | ude, but are
not | i mi{eere erel“b?t hicHn Smg{l %‘PO equ 6 Efe-2comnpyd that is non-
1, ?o‘}ylﬁéﬁﬁ%efgz Clla@TRarf’tlﬁéeMJepeaﬁng uftitd WhatiRAONE reépearitl Wlits).

t hi azol e- 2, 4-
benz o[ 1,4s Wﬁlﬁ@@ﬁ ale)IeGmZLSLﬂ)sdtupm;” refers to a group such as an alkyl,

yr , %‘J}’:){?%QJ gy Oﬂf}?ll gf}’&,’fy ﬁ%{trﬁg)%(yg e)l;ﬁ)ary }lluéro fluoroalkyl,

py rpepflebrodk A, drdcth¥ like. QFHMhbﬂﬁgl%uﬁs B Bdrmull Pean be substituted, for
dlalkyI-IH-S|IoIe25d|yI and the like. 25 As used

heredaRple; Wétb@peaf m%g@unsamlwgedaﬁromé“asm albyﬂeca @fcﬂkenyl C1.30 alkoxy,

un y and r fers

he t(té«srzg gjﬁ')lil 6 r%%s n é 3&%‘&? ﬁ\?l {; e&%r ]u 1pro, ﬁl %ﬂuoroalkyl Ci.

| eas perfloomalkst, e.ncbﬂredn&t ic ring. The -C=N- unit tends

to be polarized and hence nore

As used herein, the term “tertiary aromatic amine” refers to a class of molecular

compounds having one or more tertiary nitrogen centers and each nitrogen center is
bonded to three aromatic carbon centers. Examples of tertiary aromatic amines include
diarylanilines; alkyl carbazole; aryl carbazole; and tetraaryldiamines such as, for
example, N,N,N’N’-tetraarylbenzidines, N,N,N’ .N’tetraaryl-1,4-phenylenediamines,
N,N,N’N’ tetraryl-2,7-diaminofluorene derivatives such as those taught in patent

applications EP 0 953 624 A1 and EP 0 879 868 A2, N,N'-bis(3-methylphenyl)-N,N'-
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el ectron deficient in conparison to a -C=C wunit.
Exanpl es of heteroaryl enes having at |[|east one -C=N

wa@ipook/096783 ude, but are not limted to, dival enPCT/US2003/032046

radi cal s of oxadi azoles, N 30 subktituted-triazoles,
N-substituted i m dazoles, N-substituted pyrazol es,
0X abis[pdwnyl)bmmmadalsp knhwazs [TPR)), NUttis(dzaplethalen-2-yl)-N,N'-

U1 hblalegy b diEaale ko Bhias b £2:0iDerohiiiiateast also known as

benzeip)i Adi REL! Qar Aliafthd A8 ati VR
PCT/ US2003/ 032046 ar}fllg i 'soqul ﬁlé & negﬁ)%c?lﬁ%% crlbed in B. E. Koene et

qui hlaﬁi_lggnﬁ,amdﬂnl%éﬂﬁés(w?ﬁit Y. RaieneNo. 5, 792 557, U.S. Patent No.
gg P 5 §$ﬁ 2?6 %aé%tga%f ?gélon% QJ ggﬁ Tﬂf;?@ ! ]:)]edrarr;/‘latrihnﬁne derivatives such as

" hetiRk®aéiBaER U.8abaBhENSE ! 6014, B Jnu%tent SpficatiSEP 0%27 367 A1
heteroaryl enes and refers to héteroaryl enes that can

dongiadugst epincoderiyatwastsycl aokit b HE-trig NN tdearglatmone)inphenplamines and

| | di di cal
of TargrL b AR R ER et T R dee. ¢ irane,
N- aﬂﬂphénﬂﬁﬁiﬁ@?tﬁFHé&}yld}hﬁé YdlsEidazay 'H§ATA')|'@11 I‘213"Lt1rls(N-3-

pyrroles pyrroles, and the |ike used
her Betyl Rh@éyltlgrnhﬁnylﬁlaﬁm)W@hem@mneéédo knpwmasemTw%) 1,3,5-Tris(4-

glog@i? %@Bﬁhen&bﬁéqz%ﬁ%rwgs(ze & (%,engndlc and spiro amine

comﬂnrnatwea“aslﬁhghhﬁr E0dnt aﬁphaaaeﬂﬂﬂ’emso%i hQ, TEki et al., Polym. Prep.
'pe flgaroal kyl" refers to an_alk (g}{gouggthat has all

t hel/HydrBgemds: Bivg Pobm el W8 (@), f3IS§ % ohanake et al.,

per . o f al )
her CIABEOBA 3T e T 1 02 L nEphB o, 1929
contﬁﬁlr(dl%?) 15 conp03|t| on that can be dissolved in a

sol uti on, odi nent.s, conmpound or

conposi t{S‘B HS engggEﬂnﬂh it Hany Pé‘?:‘@%té‘i Bnigo syl prders dap srpnovalent
fr Oa[fbﬁ‘laﬁé)hﬁg kAR Sf ﬁ‘tetrhars} a‘}dﬂlfﬂc drfline Q¢ H&fneﬁ%@ﬂé nents,

a solution of the conpound conposition can

appl i ed fpused f@tﬁ@ls,tthateem "Ft@lrtlaexmmaac anire arglent'l fers oma divalent
be print dor coate As used herein

¢ neTaMkiEL HoriBR L ARetiiR rfup P85 I3ty it at Ofned above,
non- 20 polyneric (e.g., less than three repeating

units when there are repeatl ng units). As used herein,

t heCompayndybst i tuent” refers to a group such as an

et or barGTEBgs o s M pon 'y RE¥ P EETbrSti

t hehetersmombtierivghaviug agleadtpsie LQ=Rouhid! Thé cE&BPolRs can be used in

substituted, for
organic electronic devices. For example, the compounds can be used as an electron

"S_

transport material in organic electronic devices such as organic electroluminescent

devices.

'The compounds are of Formula I:

G—E—Ar——}D

|
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exanple, with one or nore groups selected fromCl_30
al kyl, 02.30 al kenyl, Ci1-30 al koxy, 25 C6-20 aryl,

w@ee0209683/|1 oxy, Cl_30 heteroal kyl, C3-20 het erPer/¥52003/032046

fluoro, C1_30 fluoroal kyl, Cl- 3t2-perfluoroal kyl, and
the like. As used herein, the term"tertiary aromatic
am mlereiref ers to a class of nolecular conpounds

havi ng one or nore te{gltﬂi ary nitrogeﬂ,center_s and each )
ni trogen cent eHSALIHHATE 4 RPWVAIERE diralimhitiixalenty gigatravalent radical

Cenbes &, IR €530 Herdr&dikdrR! dorfli AR druniiiSsed B¢ i
30 di argl.foani [i nei?o gl kyl car boz@?)%%e; (gﬁl;ll %ggeﬁ%dzg?@%ocydm

andatomatig gppipdiethiGreshaterohroasticicompoenxd Iths.&, tertiary aromatic amino
N, NN N -tetraaryl belazi

N, NERPP R 07 3 GPpoup: @ffﬂﬁﬁﬁlﬁ%@mﬂa%g N, N, N N
i as t

tetraryl -2, 7- @& am ge{ | uopene derivative se
taught in pateN p¢at i ons EP 0»-Q P
0 879 868 A2, ,N, N s( 3z net hyl phenyl ) 5
2004/ 096783 P 3/032046 -11

bi s( phenyl ) benzi d (al'so known &s

- o)
N, N - bi s(3- napht hal en-2-yl)-N, N - bi s(phenyl ) benzi di ne
(al so known as NPBJI, 1, 4-bi s(carbazolyl)bi pgnyl (also

knO\I{i\Q as CBP), and other tetraaryldiam ne derivatives
suc 2k 4s ynspRstitefed oF suhstituied with ene @oame adeyl, alkenyl, @y, aryl,

e LM e ———

appthecaf,ivdrerdi® 0 891 121 Al ; peraryltriam ne

derivatives sycgh as _those described in U S Patent )
No. 6,074, 73475 tfb‘é?éeé]ﬁfadéfﬁgf’f% s BERtesRCgsogarbogprticgromatic
st agoRsouhd b @ i i

i i sQﬁ?“ﬁﬁg?%??%%}‘ﬁ%’%#@%gﬁmP%erﬁfn%gfeaaalgl’ alkenyl, alkoxy,
1, sl exyilexy4 tldprey fihenmvaiiyh perfluo)dadind dretsrpalkyl hetdroaryl, or
"-tris(N.N diﬂ%rr}eqr%yl am no)tri phenyl am ne (al so known as
TDAPRCIORS Hreqly § s (N3 10

met hyl phenyl 'Eﬁmﬂﬂg}féoﬁmeﬁ%yléﬁ@mm@ ALK ﬁﬁ‘ilt,%gidklﬁ%arylene
as MIDATA); 1,3,5-Tris(4- diphenyl am nophenyl)benzenes
TOREESYnsubtiuted Resubsbticd witls oamer 1Spierabkydndlkenyl, alkoxy, aryl,

( TOHS] . feralxy
ST ER AT BIgRIR AT, BB e of mbinaions
Di uhereof;ym Chem ) 38(1), 388-389 (1997), Tanake et

al ., Chem Copgmun., 2175-21761 (1996), and Tokito et
al ., Appl. |f2isamepevalentpadicy selegodironshyromeen( €99 2jkyl, Ci.5

As Hisedabar el D hetd? "rertlar [ tic amn.no .
ar yl#" r e%g’r 5% a %&%\%ﬁ"e&ﬁ?’ Bgrélfyﬁﬁ?elréggyi#%n aﬁ%gcﬁngg? ayf that is
a tumstbstituedormubititated witheoresor dedre ARG1, allevel, alkoxyiSe, aryloxy,
herein, the term" tert] arX aromatic am no aryl ene”
re L0, torpalicyl pegflyoroalkyl, heteroalkyl, heteroaryl, or combinations thereof:
J is a monovalent radical selected from Cj.39 alkyl, Cy.39 heteroalkyl, Cs.
60 heteroaryl, Ce.g9 aryl, or Cyg.¢p tertiary aromatic amino aryl that is unsubstituted or
substituted with one or more alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl,
perfluoroalkyl, heteroalkyl, heteroaryl, or combinations thereof;
Z is selected from NH or CH,; and
n is an integer of 1 to 4, wherein no more than one of J and D is an
unsubstituted phenyl when n is equal to 1.

The compounds of Formula I have a core (i.e., D in Formula I) and one to four

end capping groups. The end capping groups are of Formula IV:
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unsaturated aromatic carbocyclic radical of a tertiary
aromati ¢ am ne as defined above. 20 Conpounds

w@ovpouTes are di scl osed that contain at | eastPCTMS2003/032046

et hynyl groups and a heteroarofdtic ring having at
| east one -C=N- unit. The conpounds can be used in
organi c el ectronic devi gesg Fop Jexaspte, ,the conpounds
can be used as an el ectron 25 ransport material in
organi c el ectronic devices sucly as organic
el ectrol um nescent devi ces. ﬂ e conmpounds are of
Formula I: [GE 1 D n WO 2004/096783
PCT/ US2003/ 032046 -12- whereid Dis a core that is a
nonoval ent, divalent, trivalgnt, or tetraval ent
radical of a C3-30 al kane, - 30 heteroal kane,
c 0 nwwat&d*%dluﬁsmh% Ihechd BppRs Ga6RPE Vfthdred t@ﬁfé@%}é B. When
ound, C3_60 heteroaromati ¢ conpound, C18
?Eéraraye momhwil @n%nmdmpsmtgcgmmsn@e eod ca)mgrg@ups:lcszbe the same or

For a ll

ety bR Bonnet e Wi atipe thep abegod pfping sroups, he

oneenarc pglhg gedupy bre tBE k@Y , al koxy, aryl, aryl oxy,
fluoro, Tluoroalkyl, perfluoroalkyl heteroalkyl

het er oarJe engrcapping igHams 6priainpg leakicivecthynyh ercsps Rh¢ end capping
oé;rmltlﬁ/ ﬂlsg %ntglﬁg b g?C%U]]])(ﬁ tht ﬁoarﬂeltje%g‘% ?gn%g% 31r01 g d gl eas(% one —b—N— unit.

'S unsu
S UbEHei —t@ﬂI‘éde tt:ﬁdsﬁb&e@foldﬂﬁé@a@i Katice nédr& eRYytron @ity in comparison
aryl, aryloxy, fluorao, fluoroalkyl, perfluoroalkyl,

hette ,a@g;h@yrcartrp@tdé\uglgrt&ﬂn dhe presence of both of the ethynyl groups and at

least one —C=N- unit in the end capping group tend to provide the compounds
according to Formula I with electron transport capabilities.

The remaining structures in the end capping group and in the core can be chosen
to provide additional functions to the compounds. For example, in some embodiments,
the compounds can be used as electron transporting agents as well as hole transporting
materials. In other embodiments, the compounds can be used as electron transporting
agents as well as light emitting materials. In still other embodiments, the compounds
can be used as electron transport agents as well as hole blocking materials. The
compounds can be solution processible and formed into thin film for use in organic
electronic devices. In some embodiments, the end capping groups and the core can be
chosen to provide a compound that is amorphous.

The number of carbon atoms specified for the various groups in Formula I (i.e.,
Arl, G, E, D, and J) does not include the carbon atoms that may be present in a
substituent. For example, in some embodiments G can be a Cg.p carbocyclic aryl. If G
is a phenyl ring, G would be classified as having six carbon atoms. Likewise, if G is a
phenyl ring substituted with a butyl group, G would still be classified as having six
carbon atoms even though the total number of carbons would be ten. Thus, when G is a
carbocyclic aryl, the total number of carbon atoms in G could be greater than 60.

Substituent groups can be on the core, the end capping groups, or a combination

thereof. The substituents can be selected from alkyl, alkenyl, alkoxy, aryl, aryloxy,
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conbi nations thereof; 15 E is an C3-60 heteroaryl ene
having a -C=N- unit, said heteroaryl ene being

W e@dlo%783 ut ed or substituted with one or nor ePEl/Kg1003/032046

al kenyl , al koxy, aryl, aryl oxys14fluoro, fluoroal kyl,
perfluoroal kyl, heteroal kyl, heteroaryl, or
commo?@tﬂ&ﬁ&lk%hﬁérﬁe&:oa i ﬁet@rd’&%}@,‘&ifk‘t&ﬂ&rgf afi e8hbinations thereof.
sel ected fromhydrogen, CI-30 alKyl, C1-30 20
hetlasoaelepibodimgent® thregaspppaings are Gbssituted With adr:-GaByb (C2-30 alkenyl,

tertiary ar ti c 1 nQ_aryl that 4 s ,uns t Lt uted. or
sutsers iRl e Abre Rl TRy £ SRR Gl g roatio, €.
ar Vs hetafodlk§X YG;.3 héteiasyl, dnkwefmdalakivhs thefiof. Pe @ahdp¥d, the compounds
het er oal kyl, heteroaryl, or conbinations thereof; J is

a regnbeanksituted withal Croe byl £d-26 albenydiCRo aliory) CogRr8oCs-20
het - |

ol FISRY Moy S P15 g BB g AR 80
25 Iewhsdryl, uh@dombinbtiesahaeofor e al kyl, al kenyl ,

al koxy, aryl, aryloxy, fluoro, fluoroalkyl, .

per f | uordhl ehstitueRs EEupaIcRY Prhapes, doigaagppLe, dhe solubility of the

C o q * 3 "

i mHREhAHS e e e SRERANY b B DhpOlnds it oter
onematérials anacdnpssition, therselutioh ipredeedbifityeofthe vdvapoundssor a

equal .to 1. 30 The_conpounds of Forpula | have a core

(i .combirstioR ﬂpeé??ﬁl The FubsHiregifeap Fadifthe %ablﬁ%wﬁaeter of the
gr oy Sncify (BRI Ao DOMRRAIAFB AR afeod i

oS Boud DI G0, CERRNMicH AlARAIRRAR) HENIBHA Aifrin Rduce
whdnteamhbleculir omidievaolesulmhieteeactings aticangppiurg ugdesipblesemissions, or
attachedbt o.the_core % V\hen](? %%?r.e re nore ﬁi‘hﬁ’n one

end ¥ SERPHEGR 6L 7R SHEP S or TGOt eBans 2o phess

s anBoRizaporfidd fHa8depatafiod 6Fhe RBRDBLABNYBen'iE BoraPSiRls are formed
are nore than one end capping groups, the end capping

gr dueshiarfdmshe same. The end cappi ng groups contain at

| east t et hynyl .qaro The _end .cappi n rou | $0

cont ai ndb 8005 SO O the Smpqtnds AP Bie dfvenhgt, HaBsdttent can
| easdlud@@diveleht pdlfokyalkylene) soft segment of Formula V
O(CmHsz)y—_*

*

v

or a divalent poly(dialkylsiloxane) soft segment of Formula VI

*—{ Si(Cszwn)in‘*
y

VI
where m is an integer of 1 to 6, y is an integer of 2 to 20, and w is an integer of 1 to 10.
In some embodiments, the poly(oxyalkylene) or poly(dialkylsiloxane) soft segment can
be connected to an alkyl, aryl, or heteroaryl group. The substituent can, for example,
have Formula VII

—fArf—ss—R"

Vil
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The -C=N- unit tends to be polarized and hence nore
el ectron deficient in conparison 10 to a carbon-carbon

waloublss78ONd. The presence of both of the ethyPgl/US2003/032046

groups and at |east one -C=N ulfi-t in the end capping
group tend to provide the conmpounds according to

For whtre SS igiatpolygbeeilkydéne) bapslpaidlk glsedink) ofesegmERE Ar is an arylene
remai ni ng, structures |n the_end cappi ng group and in

t he8iO8Pe" 4R ipfegr s Oy 1, ppd By ésangay aaﬁefqa@yiapr a alkyl. In some
f ung,{ és RO il %jgteﬁ il NlSed gt%ﬁg: s&iced 1n§cm??o ula VII can

enbo nts, conpounds used a 8ctron
tr amlpcrr the figrmeaien of irmarmuitdulaa or hntagndlecnies @onfigurgtions that produce
mat erj al I n.other epbodi nents, the conpounds can be

us el &S & EXGIAT 1S ??ﬁﬂonagents as well as |ight
em tti N Hh&" éngtlo?hmé s,3hd clsdml%lﬁﬂg o MR TRBE San beﬁ]bstltuted with

conpounds can be use as electron transport agents as
wel dneas rh«megrdzlips cklectgd fetrefliabsC; %hhoraaﬂrm,(ﬂ]ﬂgd@eﬁhmrMyl and

sol uti.an ess and. forned into th fi for e .

o iR Gt T oy TR e Fiprevh e B € fim

th efo%'ﬂﬂag%ﬁr@ﬁérﬂ@s SRY BSmARthds Nen %Hr@as@ W 1lgﬁlzaﬁ&9€(?c@nﬂa@ and electron
provi de ‘a conpound that is anorphous. The nunb of

car #bnitpobdihe copwoindseand aeommbisaticir thoresf. g ompsurds having an increased

F la.l (i.e. .D d J
" ciontation ot sndElesna atinish ke Pus st Giedt Rpetgons and block:
subigdléd whH usef o@%ﬁﬁi@@ld@troldﬂnﬁ@s@@nt&léb&@é NERbo, Bu6RAIKYE or

a C6_60 carboc%gllc aryl. If G 25 is a phenyl ring,

woubaflperoalkskwsy mté@ltagamfdw lnyresthe veapbpiessaroabthe compounds and
Li kI% St%em'efas%fosvaﬁar @‘{b%%}/l ring substituted with a

buty rou be classified as having six

car bon am@nsmeeenﬂmdhhaug Bubstieudn@d taht dielkhe&kn ef beptidislafminescent
woul d be ten. Thus, when Gis a carbocyclic aryl, the

tot qHenghfsh SPChhts WHG5ERPRNIsowRE Hitko erouBhITeRRe widssitable because such
ca§l§3 falil Wee HoRHRRe n%t@ﬁ‘t é}ﬁc@ﬁ'c% > %9{19 elf:hlx@Hnnnescent

¢ pi N roups, or a conbl nation er eo
s u brhvncte&eht @nmnﬂmhmeﬂlte,mbshtﬁammhat doyg knowh ke nydergo electrochemical

gl k l}%ﬁﬂ)‘%&{ r@g@} ls%)c(l{ as zf\ll\gﬂgq%glﬁésf? ?r%%&ng?qirable because such groups
perd‘a!nl&é?ﬁﬁé kel opelsh‘iv h§ied rﬁéél of JREn&S él@(ft}’dlumﬁfégcent devices. In some

conbi nati ons thereo In sone enbodi nents,
ents.csubstiveits thecpntin Hiratable  PB@tons thsat Qan@ﬁ}dat(go
| kox

| k | Cl1-30
? | btockerigariacioS i ordtad stoorag g, Phdils, alcohols, and
30 theliks,aadydd undedratile BRh@eQAEY broupd Qalﬂﬂﬁléﬂﬁ@d' t8R$drogen during

thereof, For exanple, the conpounds 5 can
subenerationef apjoraants edactpbingingsgent dzezmzo Tae lgemratlormf Ipdrogen can

S AR R A e 5510538

a (@ecZfdluminescent device. Chlorine, bromme 1od1ne bOI‘OI‘llC acid, and boronic ester
substituents can cause electrochemical instability in some embodiments. Such groups,
if present in the compounds of the invention as impurities, should be present in
amounts less than about 1000 parts per million (ppm) by weight. Additionally, groups
such as parafluorophenyl may not be desirable in some applications because such
groups are susceptible to irreversible electrochemical degradation. However, any of

these groups can be included if other desirable characteristics can be obtained.
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heteroaryl, and conbi nations thereof. The substituent
groups can enhance, for exanple, the solubility of the

wW@eoopodTes i n organi c solvents, the conpati bi | PEHUS$003/032046

the conmpounds with other 10 matérials in a

conposition, the solution processibility of the

conpound¥he core ® emrie avabhoraldnneliedént, (fivalest)los tettauglentsadical of a

can_nodify the solubility paranmeter of .the _conmpound, . )

modfs-gp Algae; @aﬂo Asierostkanst conteaied oryaremjugaRd es-ecprbgpyclic aromatic

af f { Shbdmd! €94 GEterd b0l vl &/ Rt (]%ft SOHABE amino
i nteractions that can produce undesiPabl e em ssions,
or camyound it metnsobstifitet loe substifated withopd er merekylf alkertyl, alkoxy,

grou can help s ress, 15 r tjon d. phase
sepaaljg' gtafyg?f‘yoﬁug’f?eﬁg ﬁﬁrtﬁiﬁ’gﬂﬁgﬁeh%%rﬁgg% g"%teé‘?aéyl’ or
f or gBfbinkti¥ng thdpédt, fi 1 ms. In sone enbodi ments of the
conmpounds of the invention, a substituent can include

a di val efike pué I amybel forlesmaplesomongedergndivalent-oivaleng ov'tetravalent

* _ * 2 vV . t . ‘
pol ’;%’&gg?)%?i) g o ﬁ‘é rgflapé’ Sg%é‘ah%%g% cqaye stjaight; branched, or cyclic.
Si (SYitaRved) R Dkands caMlinB@s, Buirk ofHimited &Y ﬁ[prglﬁang’oé_g%ﬁne’ e

y is an integer of 2 to 20, and wis an integer
t 0 paptaneBrtthtangmso-eaeRade nemrbutane, ey clopentimx pytlklydxens rdamantane,

TR TR AT W
S ubigbdahble it C;s f HeteRSARHIeE inclitR\0he od Bk BetMiohtonbAelected from S
SS-R' VI WD 2004/ 096783 PCT/ US2003/ 032046 -15 where

ss PsNaP padyyiolhea hitproakkanes, forsarypls earkle ethers vaHugethers. In some

sof , ' ' ' [

o7 BRATERL 0 M2 0 U1 Al T

| n -S0@H.a0xir apolyRdiaiks/lsl ok fued) is€grhdrit of 'fdtdﬁlﬁc{SQWBI@wH)zO]y—

G oups according tqg Fornmula VI can _reduce the .

f or BEF Shisgp niltﬁgeélogﬂlt%égi Wi arinteger of APyt m is an integer of 1 to 6.

confih Ok el R RetetdiBlanR c2IHE Bnsubstituted or substituted with a Cy.n alkyl, Ca.50
alkenyl, Ci.90 alkoxy, Cs.20 aryl, Ce.o0 aryloxy, fluoro, Cj. fluoroalkyl, C;.59

?

perfluoroalkyl, C;.0 heteroalkyl, a Cs.o heteroaryl, and combinations thereof.

In other examples of compounds according to Formula I, the core D can be a
monovalent, divalent, trivalent, or tetravalent radical of a conjugated or unconjugated
Cs.60 carbocyclic aromatic compound. The presence of such groups can impart, at least
in some disclosed compounds, light emitting characteristics. The core D can be a

radical of a Ce.gp carbocyclic aromatic compound selected from

0
oRe
@,,,,,



5 undesirabl e excinmer or exciplex em ssion. In other

enbodi nents, the conpounds of the invention can be
wGaegnidss ed with one or nore groups sel ect edPET/U82003/032046

fluoro, C1.30 fluoroal kyl, Cl-30lgerfluoroal kyl, and

conbi nati ons thereof. These substituents can inprove

the solubility and the film formng propery s, Of the

compounds 3 0

easily |nject electrons and bl otk Rhol es \WF
organlc el e trolunlnescent devi ces. Fl uoro,
! - subgti ppents can al so

them €asp>er to vapor r-p05|t

subs hat ¢ Kpow @@@@ @
quent ofy bonyl's gnd i fot;
may be unde |rable becauSe such gioup@h can degra\~

t he el ectrol um nescent eff|C|ency of organic ’
el ectrol um nescent devices. In some enbodi nments,

contain t
el ect r ochev : B
secondary anlnes  phenol s, al’cohols, and ’the l'ike, )
may be unde3|rable bec# uch groups can be reduced

~to hydrogen during e-r of an organic

e generation of hydrogen

can : |on of the cat hode and

ul ti SRR organi c T nescent
devi i odi ne, ¢ acid, and
boroni c ester #$tituents can ca t rocheni ca
instability in sgne enbodi nents. i f
present in the #nhpounds of the jn

inpurities, sha o]be present i¢ t han
about 1000 parts I 1ion (ppA k.

Addi tionally, @ 30 such as paraf\ ophenyl may
not be desirablerin e applications ause such

groups are susceptible to irreversible el ectrochem ca
degr adat i eny, However, any of these groups can be

i ncl uded ot her desirable characteristics can be
obt ai ned.™~AD 2004/ 096783 PCT/ US2003/ 032046 -16
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The core D can be a nonoval ent, divalent, trivalent,
or tetravalent radical of a C3_30 al kane, C3-30

whedoeiopeBkane, conjugated or unconjugated C6_6BCT/US2003/032046

carbocyclic aromatic conpound, -€3. 60 heteroaromatic
compound, or Cl18 60 tertiary aromati c am no conpound
that is unsubstituted or substituted with one or re
al kyl , al kenyl koxy, 5 aryl, aryloxy, fluor

uor oal kyl , heteroal kyl, heter [,
i oy ._The cor@ Drcan be
val ent ,__trSival ent, '
tetraval ent ; @ kor Ner oafies
al kanes can be i , brancheg/ o clic. w
Suitabl e C3_30 al kanes can i ncl ude, but are not ’

o b el B PR A PR Bt Bt pstivents eeced
cycfrohe@apalkyddyp alkamg, C; 43 alkok Ao Aryl &l g i§loxy, fluoro, C)_5
et hyl hexane, decane, dodcecane, hexadecane,

oct Huewaksl, Guoperflsgioalal. Gap hatenoalkyh C3oo hrigrenryhland gembinations
. : : |
N BRGrOBECPR TR RRAP B CIT% ) L SR Coug sy, Cosoaryl

et h€s E@Ylokﬁiﬂlﬁdﬂﬂl%o flhoroathyE Clgé‘rp@ﬂumbﬁﬂql, (Illaﬁheter oalkyl, Cs.30
het er oal kane i nc¢l udes a pol y](ioxyal,k&I ene) segnment of

f or RefEEoaMs, ororhipations thegol a Each 4 a4 abi {ies PPt e Ph refers to a
seggﬁg}&lg%u ormula -[Si (CWH2vt, +1) 2 y- where wis an

I ntege to 10, y is an integer of 2 to 20, and m

i s an i nWgarD of a dont-corjugatéthmrtaickeliearomatie groupaink dlnege are more
can_be unsubstituted or,substituted with Cl- 20

al kan oBs F’?‘gcapﬁ"kgeﬂy}l?’ tE‘ie%gC@PWé@?“I&caE ge spyectegguglpthat they
ar y ha¥l in frthd 3 ¢ fedfJoRImAFH X Wil in %C%i%gated ortions of D that are
perfl uoroal kyl, Cl1 20 heteroal kyl, a C3_20 hgt eroaryl,
andseperatédemeach ofher pd nogorjngasedhportion.aoml combaiation thereof. For

conBuiae gF oo et Yo e il one

radi cal of a conjugated or uncophugated C6. 60

carbocyclic aromatic conpound. presence of such
groups can inpart, at |least i e di scl osed
compounds, light emtting c acteristics. The core D
can be a radical of a C6_6 ' PogyShic aromatic
compound sel ected fromWZ 2004/ 096783

R

PCT/ US2003/ 032046 -17 / R

the end capping groups could all be attached to the same phenyl ring, to separate phenyl
rings, or to a combination thereof. In some embodiments, A is Si or C.

The core D car;:l;g a monovalent, divalent, trivalent, or tetravalent radical of a
Cs.60 heteroaromatic compound. In some examples, the C;.¢p heteroaromatic compound
contains at least one ~C=N- unit. The —C=N- unit tends to be more electron deficient
compared to a carbon-carbon double bond and can enhance the electron transporting
capabilities of the disclosed compounds. The core D can be a radical of a

heteroaromatic compound selected from



SS PhPAh\N N/ NV NN NN Y NN LR

RRR /\\V1I\V\V I\ RRR I \VR~\V/ RR~\R
wWOoR00WP2804/ 096783 PCT/ US2003/ 032046 -18 \ R PEI/ESIH03/032046

the like that are unsubstituted-pr substituted with

one or nore substituents selected from C1-20 al kyl,

C2- 20 al kenyl, Cl1-20 al koxy, C6-20 aryl, C6-20

aryl oxy, uoro, Cl1-20 fluoroalkyl, Ci1-20

perfl uo kyl, C1-20 heteroal kyl, C3-20 heteroaryl,

and conPingjions 5 thereof. Each R is independently an

C - 30 aNk C2- 30 al kenyl, C1-30 al koxy, C6- :
C6. 30_af yl 8 flyaro, Cl=-30 flugQroalkyl,
or c As t of y-Fach Ya-i/s Cy M NE

Sn. Ph refers to a phenyl group. Wien D’ s a ’
non- conj ugat ed carbocyclic aromatic group and thege N
are nore 10 than one end capping group, the en h
cappi ng groups can be connected such that they Z

all in the sane conjugated portigmof p—all in

conj ugat e rtipfs D fhaYy a serfar a from
ot hdr n @ #HedNpofti or~or BT nati o

t her eof . exawpl e, i f ND is, a dival ent ==¥ri val ent;

or tetraval ent radical of

2

and the like that are unsubstituted or substituted with one or more substituents selected
from Cj.p0 alkyl, Cs.90 alkenyl, Cyz0 alkoxy, Ce.z0 aryl, Ce.o0 aryloxy, fluoro, Cy.5
10 fluoroalkyl, Ci.50 perfluoroalkyl, Cy o0 heteroalkyl, Cs.0 heteroaryl, and combinations
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g 15 the end capping groups could all be attached to
t he sane phenyl ring, to separate phenyl rings, or to

w@2aabi7emt i on thereof. I n sone enbodi nents, APCEUSI008032046

C. The core D can be a nonoval emg- di val ent,

trivalent, or tetravalent radical of a C3-60

het OBl % €O 2 {/Rers ®¥8s £EQ Cl R efeRodyl, Coao aryl, -
hetg%ggfonag+%lcohﬁggﬁﬂR contai ns g?gﬁgggi %%ee-Cﬁﬁ%&’ G20 ALY%
uni €;.50 HeteredtylNor combingtéondshareofbe nore el ectron

deficienf 20 conpared_.to a .catbon:carbo oubl e ban .

and c an é?]rﬁﬁ ELP Wéls QF EEW‘HH ?qu: &ﬁqr? ﬂgtgat 1sa monovglent, divalent,
capafhleht, iof &t@balbAG28icADraeY,, GORRAHIMS c cHfhousd thaPare electron
can be a radical of a heteroaromatic conpound

sel gdt ek €rzanienidrg @@mMOB6TE80 PEMPUISRID I8 S0Be dustnces] the pyesence of

S <R gl e s Yot componncs.
|'i kehd bt DRER HensdBihi $fu €y, RbtefddBSthatid draThs W teRia@N&ofatic amino

nore substituents sel ecte
compound selected from
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from Cl-20 al kyl, C2-20 al kenyl, G -20 al koxy, C6-20
aryl, C6-20 aryloxy, fluoro, Cr-20 10 fl uoroal kyl,

w@ke0209qoe3 f | uor oal kyl , Cl1-20 heteroal kyl, C3-2BCT/US2003/032046

het eroaryl, and conbi nati ons WD-2004/ 096783
PCT/ US2003/ 032046 -20 thereof. Each X is 0, S, or NR2
where R2 jg a Cl-30 al kyl, Cl1_30 heteroal kyl, C6_20

aryl , het er oary or conbi nations thereof. Sone
compound For mul a clude a core Dthat is a
nonoval ent|, dival ent, rivalent, or tetraval ent

radi cal ghN_a C3_60 henergaromatic conpound that are
el ec 5 Ctertiary aromati c am no
conp . , 3t anges, the presence of such D

groups¥can i £ hol e transporti ng characteristics to
t he di scl osgd w \ds. The core D can be a radical
of a C3.60 groaropatic or C18.60 tertiary aromatic

am no conpound sefected fromR S R @O0 X Si ONN

Ao garsonsbbstio b SHsiel #iokang piowbstivients selected
uns %ﬁi C &6%9811 sz 2§ Mkéﬁ}}l t @1 2% Qlka% rC&P §ry9 rCs 51?1007{}', fluor 0, C1-20

substit uent s sel'ected” from Cl
al k Qnytoalkal Qo ptkiosspalkgh Qo mtwoalk@ (260 lzterbaryy; and combinations

oo Fstonts oG8 e BT o010 o Fa B e BRI Y5 st Caso
|5ng g%gﬁygg ﬁtl 5)?@1@&(:@30&@1! 0} 3%@%:% )%f fllofd) C .3 ez balkiyll € 5
perfluoroalkyl, C;.3o heteroalkyl, C3 30 heteroaryl, or combinations thereof. Each X is
O,S,or NR? where R%is a Ci.30 alkyl, Cy.30 heteroalkyl, Ce o9 aryl, Cs 59 heteroaryl, or
combinations thereof.
Other compounds according to Formula I have a core D that includes a
monovalent, divalent, trivalent, or tetravalent radical of a compound of Formula II or

Formula 111

381 388¢

I
that is unsubstituted or substituted with one or more alkyl, alkenyl, alkoxy, aryl,
aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or combinations
thereof. Each Z is NH or CH,. The end capping groups can be attached to compounds
of Formula II or III, for example, by abstraction of a hydrogen from Z. |

Exemplary structures for D where n is equal to 2 include, but are not limited to,

,Q* pasqs



al kenyl , C1-30 al koxy, C6-30yl, C6-30 aryloxy, fluoro,
Cl1-30 fluoroal kyl, C-30 perfluoroalkyl, Cl1-30

whedoeoaBkyl , C3_30 heteroaryl, or conbi nati onBCT/US2003/032046

10

thereof. Each Xis 0, S, or NR22phere R2 is a Cl1-30
al kyl, Cl1-30 heteroal kyl, C6-20 aryl, C3-20

heteroaryl, or conbinations thereof. 10 O her .
compounds accor di ng to For mula | have a core D hat
[ ANR, trivalent, or
d of Formula Il &
that i s unsubstitutedN

- I, alkenyl,
Juor oal I\
=ter oar §

cappi ng_ U oups can behq;;tached to corrpounds of
B exanpl e, by abstraction of a
3 styuctures for D where nis
not limted to, CO 20 a
' US2003/ 032046 -22 a a , ,
NSN R R\ / a’a or the like that are unsubstituted or
suber thedikedhatiardunshbstiptedor substibiad vilk ong osmb@cﬁuésntuents selected

fro C1-20 | kyl, - Ike 1- 20 kox

aryl™ (@( a?ny(ll"chng/i%e?ﬁu&@ ﬁ%ﬂ?&% zgmfylla%r %'M(%y ﬂuoro Cr0

C1l ZﬁoﬂﬁMyﬂ T\ @éﬂfhﬁbroaﬁ]ﬂ,m 2B'|Hét€1foﬁﬂdyl< Y0 @er%@ryl and combinations
hetg&g&&y and conbi nations thereof. Each Ris

i nd Ferly Rds mydependsntly a Crapalky, &b -joealanyl, €1s@akoxy, Cezoaryl, Ce.
| koxy
£ oSl B o SBronthGLE N, Befuploali L b seeibptin, Caso

C3- Béterdaefl porominybinations deedoifnat i ons t hereof . Exenpl ary

structures fo D where n is equal, to 3 include, but
are not [EX gtgactures for D where n is equal to 3 include, but are not limited to,




* *x * 10 R R R R WD 2004/ 096783 PCT/ US2003/ 032046
-23- RRR R - RN* *** g a, or the like that

waeL@40nEsbst i t uted or substituted with one or POT/ES2003/032046
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substituents selected from Cl-2&3%l kyl, C2-20

al kenyl, C-20 al koxy, C6-20 aryl, C6-20 aryl oxy,
fluoro, Cl-20 flwuoroal kyl, Cl-20 perfluoroal kyl,

Cl 20 heteroal C3-20 heteroaryl, and conbi nations
5 thereof. Ea i s independently a C1-30 al kyl,

C2- 30 al ker&yl , 30 al koxy, C6-30 aryl, C6_

30
aryl oxy, gf ljuor c'\ .m0 fluoroal kyl, C1-30
perf | uoro C1,30 heteroallkyl, C3-30 h aryl ,
or co o@ 0 hepeof . Ex ry structur r D
' .mm 4 inclu ut are not limted to,
* S ox % a a IR\ 1 , 10Jor the like th

N isS
unsubsti t ut ed ubstit ed Wi t brone or
substi tuents s&&cted fCI- I kyl,
al kenyl , C1-20 al koxy, ,€6<~20 a S6- 20

fluoro, Cl-20 fluorcal kyl, Cl-20 perf.l uoroal !(yl . 0,
C1- 20 tﬂeefifé ﬁ)ﬁ{ ;i% hnsﬁfi%?edrb%tsﬁﬁﬁﬁﬁt% Wit"ﬁno%e%(r) rrrnbolrg gl}blstg{l]l%nts selected

from Cy g alkyl, Cz.50 alkenyl, Cy.59 alkoxy, Cs.29 aryl, Ce.20 aryloxy, fluoro, C;.5

fluoroalkyl, Cy.59 perfluoroalkyl, Cy_5 heteroalkyl, Cs.o0 heteroaryl, and combinations
thereof. Each R is independently a C.39 alkyl, Cy.39 alkenyl, Cy.39 alkoxy, Cs.30 aryl, Cs.
30 aryloxy, fluoro, Cy_3o fluoroalkyl, C,.3o perfluoroalkyl, C;_3o heteroalkyl, Cs.30
heteroaryl, or combinations thereof.

Exemplary structures for D where n is equal to 4 include, but are not limited to,

Jeasds H **

* *

»
010~ -0f0-

¥ *
?

or the like that is unsubstituted or substituted with one or more substituents selected
from Cy.palkyl, Ca5 alkenyl, Cy.99 alkoxy, Ce.z0 aryl, Ce.q0 aryloxy, fluoro, Cjs0
fluoroalkyl, Cy.50 perfluoroalkyl, C;.oo heteroalkyl, Cs.50 heteroaryl, and combinations

thereof.



t hereof. WD 2004/096783 PCT/ US2003/ 032046 -24 In

Formula I, Arl is a trivalent radical of a conjugated
w@200309¢8% bocyclic aromatic conmpound that i s PCT/US2003/032046

unsubstituted or substituted w t{24ene or nore al kyl,

al kenyl, al koxy, aryl, aryloxy, fluoro, fluoroalkyl,

per f | uor o@lHeydmialeAE'ri9 altiyAlenthedien oa h¥bnju@dted Ce.30 carbocyclic
conbi nati ons thereof. Three noieties are attached to

Arl arpmatic camppuad ey u@nb@tﬁgted 8 SEbstugsdowith onergramore alkyl, alkenyl,

ri natsPO ARG SR ShRPRd el R 1Bl RRGY Relefoury, or

t hatcoatbénationg tlﬁmof dTheee @mﬁétxdstah@ﬁttachéﬁ ROAR (ie., two ethynyl groups and
enbodi nent s is a trivalent radical of LA/ a a
5 a cRrUsER Hleath@ean%tefaes qap bprttpghed tethepsgme gaocyeli repgl jof Ar' or to

Q%?f 0 RRR
orWane I |{< 2?]1«?@%3 é%@ at(ﬁ‘t?e égbuﬁa%§6%§$ut &d with
one or nuheosulesbotinemts Axblsedtiedlenfmdical &f 20 al kyl ,
C2_20 al kenyl, C1_20 al koxy, C6_20 aryl, C6_20

of
@,,,,,

o & OP

g e oo
”

10




fluoroal kyl, C1-20 perfluoroal kyl, Cl1-20 heteroal kyl,
C3-20 heteroaryl, and conbinations 5 thereof. Each R

w0 go0siglggendent |y an Cl_30 al kyl, C2_30 al kenyPCT/U52088032046
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al koxy, C6-30 aryl, C6.30 arylo®p; fluoro, Cl-30
fluoroal kyl, Cl_30 perfluoroalkyl, Cl_30 heteroalkyl,
C3-30 heteroaryl or Can a{ions thereof. In sone
enbodlnengs is a RptH it radi cal of benzene.
The compound accordlno ¥ mula | contain a

di val ent/ 13 A 3 a C3- 10 60 heteroaryl ene

havi L unit. The heteroaryl ene can
be substituted with one or nore
al kyl , «@oxy, aryl, aryloxy, fluoro,

fluoroal kyl, perfljuoroal kyl, heteroal kyl, heteroaryl,
[ eyeof. The -C=N- unit tends to be
ent conpared to a carbon-carbon
doubl e bond and t&ds,tQ enhance the capabilities of
i r@ o 15 function as el ectron
transport agents. gSuiX=2dl e E groups can include, for
exanpl e, a radi caIR of oxadi azole, N substituted

tri azehelikd¥hatib ahdubsfiebd orisdBstiohied wdvae ofhibae betituents selected
N- substi t ut ed Qﬁrazole oxazol e, i soxazgle, thiazole,
€

t hi deamaSorealkehzeiienr Sroiadoxys6emiaad ot e 2pJenydflaro, Ciao
pyT 'fﬂ%&dﬂfyl @%28 poit o?&llgﬁyé b@@roa&l@l aéﬁ%ﬁﬁetex‘o%ﬁ %drb%mblnatlons

benzoX

i soqhéreef IEaeh Reiis udzpemizntly dh m@dﬂkﬂe Co.gutilleady B Rgalkoxy, Cs 30 aryl,
pht hal azi ne, ﬁenzot ri-azi ne phenazi ne,

p hefetrse MY 1B nuorg o - agithweroalieyl Gieso PritlIorqafkyd fpeso heteroalkyl, Cs.30
ggt .porgh &Hg§§m§aﬁadlcal of benzoi m dazol e,

oxa azo |azo e, or triazole. In sone

enbodi nerinsomEembodmbass Ar'rmdltnadilemfradma’ld]faznﬁeae In

Formula |, Gis a noval ent adlc sel ecte

ot agan The FoRoRRdALcORnE to FgRapiarconiates fiplenisadisel B that s a Cs.

het g H@eéﬁbhryléﬁ@lﬁ@m%% RASHHHE L €= Wi, qrhe@eér@a?yl&ﬁé dney

aromati ¢ ari no ary that Is unsubstituted
s u bslnsmhstlemed/\mt subssrtated withoome aginkoyre alkal, Ia@myl a&bknwyl aryloxy,

P GO RSO SET Bee Iy hefanaerloaf Sy iidions thereor

het maroHN- Wit tERTERO BB i Slect HEd&Rient LOMPALEE th cdrBOn-carbon
di scl osed conpounds, the group G can be hydrogen or a

monskeablerond and teadls terenhiancel theyerpabilitise pbthe alisclosed corhgounds to

al k can 5 branched, or cyclic.
Sui 3§ (fsﬁéméﬁ %gtrgrll &%ﬁ% rtaﬁ%rftfjde but are not limted
to, n-pr@@aasle Bigroups can include, for example, a radical of oxadiazole, N-

substituted triazole, N-substituted imidazole, benzoimidazole, N-substituted pyrazole,
oxazole, isoxazole, thiazole, thiadiazole, benzothiadiazole, isothiazole, pyri_dine,
pyridazine, pyrimidine, pyrazine, triazine, tetrazine, benzoxazole, benzothiazole,
quinoline, isoquinoline, cinnoline, quinazoline, quinoxaline, phthalazine, benzotriazine,
phenazine, phenanthridine, acridine, or the like.

In some embodiments, E includes a radical of benzoimidazole, oxadiazole,
thiadiazole, or triazole. In some embodiments, E includes a radical of oxadiazole.

In Formula I, G is a monovalent radical selected from hydrogen, C;.30 alkyl, C;.
30 heteroalkyl, Cs.¢o heteroaryl, Ce g0 carbocyclic aryl, or C;g.¢o tertiary aromatic amino

aryl that is unsubstituted or substituted with one or more alkyl, alkenyl, alkoxy, aryl,



but ane, n-pentane, tert-butane, iso-propane,
i so- but ane, n-octane, n-heptane, cyclopentane,

weyshodesane, adamant ane, et hyl hexane, decane, PCT/US2003/032046
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dodcecane, hexadecane, octadecane; and i cosane.
Sui tabl e C3_30 heteroal kanes include one or nore

het %ﬁ@ijﬁ ThiorS, fﬂu%ﬁ;aﬁgdf e?ﬂ%o?oa]ﬁyl Retefoal qle@roarirlh 8r combinations

het eroal kanes, for e can’ be ethers or
t hi dhgrbefrs. I n sone enbodl ments, the heteroal kane

& ortondssb '%%ﬁ'ﬁf?&i?%@ﬂ%ﬂ@ﬁ%&% RATbe Bydrogen or a

f or MkbRyvalehSal M Eruh 12Ok or WoeFRAINE S m alllfh'h@Q@Jn s strhight,

to 10, ﬁ is an integer of 2 to 20, and mis
i nt é’Q@C ed, of CY@IO@ Suftable T kanlbanss includs, but aanet hlaﬁecb@, n-propane, n-

uns;)&}? ERH(‘%%% anec ergggttgﬁt{ gsz?sgroe%mlezﬁo%m%cz&gtégy n-heptane,
ar y|c??é<hz$ perfthré0 6 ololdxand) adBmir iy, @ﬁﬂylﬁékanecheé?iﬁe dodcecane, hexadecane,
per f [ uor oal kyI Cl_20het er oal k)fxgﬁe a C3_20 heteroaryl

and %@d@ﬂaﬁm dngrieosaih epwtable Give hgicoalkage mslude ong Ar BeFreheteroatoms

co >y a

o nBORPEA froy SRR, EARAREY Fhé fer@lotliahCor 3B, can b efhers or

Ph Iﬂliioaheﬂé’h IlebIﬂD:ﬁBGdih&ﬁﬁ]ﬁﬁ hBteidadliGne O/l aiE 4ol y (oRyalkylene)
the like that i s unsubstituted

or or
s u b§?$f{1‘iﬁté’§ form% QA Gile®)at @A polyidiadiylgioxang) segrapntag formula —

5 80 80 b B B g 08B Rl 20, s

a Can Em)te grﬁtoé  aa by [Thealicine orhéterahikanes canHsresfibstituted omﬂbstltuted

conpQ of the, in nt| esence _of s
gr ot il &1 B W5 G gheo @fﬁ’%}%ﬁ@ as}ﬁlaFa&aé}L’ﬁi%Yuaf%’rO Ci20
Lo trherd0am, C@%g ?erﬂm?oaﬂf}@ U, hé&BRall§l, 3 é;g;gﬁgteroaryl and combinations

het er oar yl". embodi ments, thé heteroaryl
" thereof.

The group G can be, in some compounds, a Cg.¢o carbocyclic aryl that is a

‘ O§
0000008y

o &GO BEB

OO QD L
Jb::“ﬁ”ﬁb,



10 contains at least one -C=N- unit. A-C=N wunit is
typically nore electron deficient conpared to a

w@ a00Bo9s788r bon doubl e bond. The presence of surdI/ES2003/032046
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group tends to further enhance phe el ectron transport
capabilities of the conmpounds of Fornmula |I. Suitable
C3_60 heteroaryls that contain at |east one -C=N ,unijt

can be a nonovalent radical of cPd 35 N N N

WO 2004/ 096783 PCT/S20Q3/ 032046 /I \' N N

\ |/ N

0 < N-> ~' 0

or th at ubstitut &

a Cl g oy, C6-2
aryl -20 arylo ] yl,
per f "ot oal kyl , yl,

heteroaryl, and conbinations thereof. Each Xis 0, S, ’
or NR2 10 where R2 is a
het er oal A«

or the like that is unsubstituted or substituted with a Cj.g alkyl, C, 5 alkenyl, Cy.59
alkoxy, Ce-20 aryl, Ce0 aryloxy, fluoro, Cj.5 fluoroalkyl, C;.59 perfluoroalkyl, Ci.59
heteroalkyl, a Cs_o0 heteroaryl, and combinations thereof. In some compounds of the
invention, the presence of such a group for D can impart light emitting characteristics
to the compounds.

The group G can be a Cz.¢p heteroaryl. In some embodiments, the heteroaryl
contains at least one —C=N- unit. A —C=N- unit is typically more electron deficient
compared to a carbon-carbon double bond. The presence of such a group tends to
further enhance the electron transport capabilities of the compounds of Formula I.
Suitable Cs.¢ heteroaryls that contain at least one -C=N- unit can be a monovalent

radical of



tertiary aromatic amno aryl. In sone instances, the

presence of such groups tends to enhance the
weapab9d7siy of the disclosed conpounds to tranBEDUS$2003/032046

hol es. Suitable groups 15 can be-28el ected from

nonoval ent radicals of WO 2004/ 096783

PCT/ US2093/032046 -29- . s RRX X R ON' YC NN N
N NN Nd the like that are unsubstituted or

substituped with one or nore substituents sel ectg
from ClNéO al kyl, C2-20 al kenyl, C1-20 al koxy,

Cl1l- 30 fl'uoroal kyl, Ci1-30
et oal kyl, C3-30 10

thereof. Each t is an

p J,in Formula | can be a

al Cl-30 heteroalkyl,

b g cay boc) c ar ornanCi s-60
aromati c am'nol Ihat is :tit
ted with one or \mer¥e sulxstitu selct el

fromd - 20 al kyl, C2-20 al kényl, C1-20 al koxy, C6-20
aryl, ©6-20 aryloxy, fluoro, Cl1-20 fluoroalkyl, Cd WO
2004/ 096783 PCT/ US2003/ 032046 -30 20 perfluoroal kyl,

Cl. 20 heteroal kyl, C3_20 heteroaryl, and co tions

t her eg I qapy be the sanme or dif nt
than ) Yul 4 th i s Ay one end
cappN\ag/g (1 nix$s eq to e la 1), no
nore than one of J and D can be-.a phenyl 'that is

unsubstituted. In sope.conpounds, the phenyl is
substituted with a

O<10 O<12 O<2

o0 o< o OO

Q \N:© | [MND N\\_,\{>
or the like that is unsubstituted or substituted with a C;.59 alkyl, Cy.50 alkenyl, Cy.59
alkoxy, Cs.29 aryl, Cs.20 aryloxy, fluoro, Cy.o fluoroalkyl, C;.o9 perfluoroalkyl, C;.9
heteroalkyl, a C3 59 heteroaryl, and combinations thereof. Each X is O, S, <;r NR?
where R? is a Cy.39 alkyl, C;_30 heteroalkyl, Ce.o9 aryl, Ca.z heteroaryl, or combinations
thereof.

The group G in Formula I can be an electron rich Cs.¢o heteroaryl or a Cys.¢p
tertiary aromatic amino aryl. In some instances, the presence of such groups tends to
enhance the capability of the disclosed compounds to transport holes. Suitable groups

can be selected from monovalent radicals of
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5 sterically hindered group selected froman al kyl,
al kenyl , al koxy, aryl, aryloxy, fluoroalkyl,

w@eritluosdal kyl , heteroal kyl, heteroaryl, and BCT/US2003/032046

conbi nation thereof. In some enrd®di nents, when there
is only one end capping group, no nore than one of J
and D can be a phenylat I s.unsubstituted or

substituted. The groug i n some conmpounds of
the invention, a MONOV-¢ A al 10 of an al kane
or heteroalkane The aIka--~ can be strai ght chai ned,
br an ING'L Sui e C3.30 al kanes i ncl ude,
but &r 4 to n-9r opane, n-butane,

n-penfane, ert - but ane, mséipropane i so- but ane,

cycl opent ane, cycl ohexane, adamanfane, n-octane,

n- hept gae eth | hexane, decane, dodcecs#ne, hexadecane,
oct ade 1 N\cosane. Suitable C3 het er oal kanes
[ fromsS, 0, N,
npl e, can be

t he

oK i
fornul a -HX mo)y- O oty (,
segnent of formula - [Si(C,,,HQ,,,+1)20]y mhere wis
1to 10, y is an integer of 2 to 20, and
‘ r of 1 to 6. The al kane or heteroal kane
pStituted or substituted with a Cl1_20
al kyl, CZ.20 20 al kenyl, Cl1_20 al koxy, C6_20 aryl,
C6_20 apylhgxy, fluoro, Cl 20 fluoroat¥gy!, O 20

per fl uot kyl, d _20 heteroal kyl, B- 20 het er I,
and conblyAati ons thereof. In some cofgounds of I
a

e

I, grou can be a C6_60 carbocycllc aryl that
nmonoval radi cal of / \ a a a
20_04/ 09 PCT/

and the like that are unsubstituted or substituted with one or more substituents selected
from Cy.o alkyl, Cy.090 alkényl, Ci.z0 alkoxy, Ce.o0 aryl, Ce.29 aryloxy, fluoro, Cj_50
fluoroalkyl, Ci9 perfluoroalkyl, C;. heteroalkyl, Cs.o heteroaryl, and combinations
thereof. Each R is independently an Cy.30 alkyl, C,.30 alkenyl, Cy.30 alkoxy, Cs.30 aryl,
Cs.30 aryloxy, fluoro, Cy.3 fluoroalkyl, Cy.39 perfluoroalkyl, Cy.39 heteroalkyl, Cs_39
heteroaryl, or combinations thereof. Each t is an integer of O to 4.

The group J in Formula I can be a monovalent radical of Cy.39 alkyl, C;.30
heteroalkyl, Cs.¢ heteroaryl, Cs.6p carbocyclic aryl, or a Cis.6o tertiary aromatic amino
aryl that is unsubstituted or substituted with one or more substituents selected from C;.

20 alkyl, Ca.z9 alkenyl, Cy.p9 alkoxy, Ce.z0 aryl, Ce.o aryloxy, fluoro, Cj.p0 fluoroalkyl, C;.



al koxy, ©6-20 aryl, C6-20-aryloxy, fluoro, Cl-20
fluoroal kyl, Cl1-20 perfluoroal kyl, Cl1-20 heteroal kyl,

W@3002094183 er oaryl , or conbi nati ons thereof. Ear¢I/BS1083/032046
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i ndependently an C1-30 al kyl, G3030 al kenyl, Ci1-30
al koxy, C6-30 aryl, C6-30 aryloxy, fluoro, C1-30

f | uop padfkaptoalicyl,- Gy heeroalkyl Iah Katbroafil -a8a cbﬂﬂ)ﬁfaﬁahskfhhneof The
C3-30 heteroaryl, or conbinations thereof. 10.T

gr ououp £63 A @ Syre gr dittepmt Hisp oy (;qm Fpﬁmgla ,I(EWhen there is only one
?g‘;%@ﬂﬁpﬁiﬁg EMﬁgz(KEt ﬁﬁsoé}fu)ﬁ to, 14 91'1&0?1:11 i r 2 gll%e C@?‘%}ﬁ of J and D can

unit rs ty
def itei agpitenyl thatnis anslﬂalshmredc an borne dompbdendspthe phery] issibstituted with a

presence o uc tends to _further  enhance the
el ectsigAlY L@ﬁ%fﬁgrgfo It frora am ghcvl alkeayls alkggkeryl, aryloxy,

oA 34 S oA LIt o
2004h108ii8htRGHeIRI0 & @BP Obend GDpingi grouy, n@ Iimre thanNdnblof J and D
2' ? Cglil %eja)pll\ll?nxl}lt at\rclls g@%kﬁtitﬁ\c:g Isgls\ll.labsﬁf;u/tec{. \ NN X a
The group J can be, in some compounds of the invention, a monovalent radical
of an alkane or heteroalkane. The alkanes can be straight chained, branched, or cyclic.
Suitable Cs.39 alkanes include, but are not limited to, n-propane, n-butane, n-pentane,
tert-butane, iso-propane, iso-butane, cyclopentane, cyclohexane, adamantane, n-octane,
n-heptane, ethylhexane, decane, dodcecane, hexadecane, octadecane, and icosane.
Suitable Cs.30 heteroalkanes include one or more heteroatoms selected from S, O, N, P,
and Si. The heteroalkanes, for example, can be ethers or thioethers. In some
embodiments, the heteroalkane includes a poly(oxyalkylene) segment of formula —
O(CH2mO)y— or a poly(dialkylsiloxane) segment of formula —[Si(CyHaw.1)20)y—
where w is an integer of 1 to 10, y is an integer of 2 to 20, and m is an integer of 1 to 6.
The alkane or heteroalkane can be unsubstituted or substituted with a Cy.59 alkyl, Cy.29
alkenyl, C;.50 alkoxy, Ce.z9 aryl, Ce.20 aryloxy, fluoro, Cy.o fluoroalkyl, C;_5
perfluoroalkyl, C;.p0 heteroalkyl, a Cs.50 heteroaryl, and combinations thereof.
In some compounds of Formula I, group J can be a Ce.¢p carbocyclic aryl that is

a monovalent radical of

@...mtl
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\'\ XX~NNNI/ NI/ "-Naa, , or the like that
IS unsubstituted or substituted with a Cl-20 al kyl,

w@&220209aBkenyl , G -20 al koxy, C6_20 aryl, C6-ROI/US2003/032046

10

aryl oxy, fluoro, O -20 fluoroal ksl C1-20
perfluoroal kyl, C-20 10 heteroal kyl, a C3-20
X e- thereof Fach X'is 0, S

\ st ances,
presence of such a group tends to W 26@4/096783 ,
PCT/ US2003/ 032046 -33 enhance the capability of
compounds of the invention to trang hol es.
Sui t ab e el ectron
r adi cal V~~ X X s Ol+ C 1~

Xl L X a 00 9 6

@BQ 5c¢ @ e unsubd ted or

substi 7t e ( el ect eg

fro 20 al kyl | ken y,

Yl, yl oxy, uofo, Cl1-%8 C

per f | uor oal kyl ; -20 heterdal kyl, C3-20 heteroaryl ’

55388
w O

or the like that is unsubstituted or substituted with a Cy.o9 alkyl, Cy.50 alkenyl, Cj.n9

alkoxy, Ce.20 aryl, Ce.20 aryloxy, fluoro, Cj.o fluoroalkyl, C;,9 perfluoroalkyl, C;.50
heteroalkyl, Cs.3 heteroaryl, or combinations thereof. Each R is independently an C; .39
alkyl, Cy 30 alkenyl, C;_3¢ alkoxy, Cs.39 aryl, Cs.30 aryloxy, fluoro, Cy.3¢ fluoroalkyl, C;.39
perfluoroalkyl, Ci.3p heteroalkyl, Cs 39 heteroaryl, or combinations thereof.

The group J can also be a Cs.¢p heteroaryl. In some embodiments, the heteroaryl
contains at least one —C=N- unit. A —C=N- unit is typically more electron deficient
than a carbon-carbon double bond and the presence of such a group tends to further
enhance the electron transport capabilities of the disclosed compounds. Suitable Cs.g9

heteroaryls that contain at least one -C=N- unit can be a monovalent radical of



10

10 thereof. Each R is independently an Cl-30 al kyl,

C2- 30 al kenyl, C1 30 al koxy, C6-30 aryl, C6.30
wa@eopkoe783 f | uoro, C1-30 fluoroal kyl, CI-30 PCT/US2003/032046

perfluoroal kyl, C1-30 heteroal kyl32-C3-30 heteroaryl,

or conbinations thereof. Each t is an integer of 0 to

4. Each Xis 0, S, or NR2 where R2s a Cl1-30 al kyl,

Cl- 30hst er kyl , G -
combignat S theré AQ 24/ ¢
-34 NR gnedDp i : ound

i nclude a dival ént pol y(oxydl kyl ene) soft segnent of’
For mul a Cnmt2rmo)y V 5 or a dival ent

pol y(di sil oxane) soft segnment of Formula VI
Sl ( OwH2 200 L Y VI where mis an integer of
6, y isNan Nnteger of 2 to 20, and wis an integé
1to 10. n sone enbodi ments, thg—Roly

Wl Si Loxans) s seQ/-\ ; L0_be
y @w , Ar hets up. T
=an, Tor exanpMe; have Fornul &
Ar-f SSR' VIl  where SS is a ’poly(oxyal kyl en€) or ’
pol y(gia| kyl si | oxane) s segnent, Ar is an aryl ene

| S s&s 0 or 1, and R' is an

IA-sonme exanples, R' is

s according to
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R group in the disclosed conpounds ¢an include a
fluoro, C1.30 fluoroalkyl, 20 C1_30 perfluoroalkyl,
or a conbination thereof. These groups can inprove the

solubility and the filmformng properties he
compoun [ ease-t\Ne ioni zation pote and
el ec N\ _aflf i Wi .@ e \ dso i nation
t her ) N avi \
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or the like that is unsubstituted or substituted with a C;.59 alkyl, Ca.59 alkenyl, Cy.29
alkoxy, Ce-20 aryl, Ce.20 aryloxy, fluoro, Cy.5o fluoroalkyl, Cy.p9 perfluoroalkyl, Cy.o9
heteroalkyl, a C3_59 heteroaryl, and combinations thereof. Each X is O, S, or NR? where
R%isa Cya0 alkyl, Cy.30 heteroalkyl, Cg.o9 aryl, Cs.o0 heteroaryl, or combinations |
thereof.

The group J in Formula I can also be an electron rich Cs.6o heteroaryl or a Cyg.69

tertiary aromatic amino aryl. In some instances, the presence of such a group tends to
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| eas 2\ ; , the energy
di fferénc |>S at M east 3geVR A high bandgap tends to

make t he conpound surtable for use as a blue [|ight
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I'i ght erial. This large @, bet ween
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when a hrg b gap nDIecuIe is desiredlfor use as an
el ect as a
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conmpounds incl ude, for exanple >car bocyclic aromatic

group Such=groups can, in sone instances, be
suffl terlcaIIy hi ndering to reduce the
forrra /nt er mol ecul ar or i ntranol ecul ar 10

enrssro at can cause col or shifti of the

el ectrol escence. Sone group can ilitate o

provi de Bete transport, electron tr ort, or

conbi nati on thereof. Such groups incl e,

tertiar pmati ¢ am no aryl roups and_el ectromyigh
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bal ance 1% t he hd P
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el ec ty of conpounds of
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el ectrol um nescent character of the conpound.
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in a roo |t i-r oary d t ar}

aromatic 0 arp# AO groups cae Iovide conpea”ﬁs

t hat hav SSi o n the red, |gregn, or blue @ ons

of . ,
or the like that are unsubstituted or substituted with one or more substituents selected
from Cj.59 alkyl, Cy.20 alkenyl, Cy.g0 alkoxy, Cs9 aryl, Cso aryloxy, fluoro, Cy.o9
fluoroalkyl, Ci.50 perfluoroalkyl, Cy.o heteroalkyl, Cs_oo heteroaryl, and combinations
thereof. Each R is independently an Cj.39 alkyl, Cs.30 alkenyl, Cy.39 alkoxy, Cs.30 aryl,
Cs.30 aryloxy, fluoro, Cy.3 fluoroalkyl, C;.30 perfluoroalkyl, C;.3 heteroalkyl, Cs.39
heteroaryl, or combinations thereof. Each t is an integer of 0 to 4. Each X is O, S, or

R? where R? is a Cy.30 alkyl, Cy.30 heteroalkyl, Cs.o0 aryl, Cs.o0 heteroaryl, or

combinations thereof.
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conmpounds of the invention where nis equal to 2
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v
or a divalent poly(dialkylsiloxane) soft segment of Formula VI

*_ﬁ Si(CWH2W+1 )201‘*
y

2

VI
where m is an integer of 1 to 6, y is an integer of 2 to 20, and w is an integer of 1 to 10.
In some embodiments, the poly(oxyalkylene) or poly(dialkylsiloxane) soft segment can

be connected to an alkyl, aryl, or heteroaryl group. The substituent can, for example,
have Formula VII

—~fArf—ss—r"

VI

where' SS is a poly(oxyalkylene) or poly(dialkylsiloxane) soft segment, Ar is an arylene
group, v is an integer of O or 1, and R” is an aryl, heteroaryl, or a alkyl. In some
examples, R” is a sterically hindered group. Groups according to Formula VIII can
reduce the formation of intermolecular or intramolecular configurations that produce
undesirable excimer or exciplex emission.

Any R group in the disclosed compounds can include a fluoro, C; .39 fluoroalkyl,
C,30 perfluoroalkyl, or a combination thereof. These groups can improve the solubility
and the film forming properties of the compoundé, can increase the ionization potential
and electron affinity of tl;, compounds, or a combination thereof. Compounds having
an increased ionization potential and electron affinity can more easily inject electrons
and block holes when used in organic electroluminescent devices. Fluoro, fluoroalkyl,
or perfluoroalkyl groups can also lower the vapor pressure of the compounds and make
them easier to vapor deposit.

In some embodiments of Formula I, the various groups D, Ar’, G, J, or a
combination thereof can be selected to provide a high bandgap between the highest
occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital

(LUMO). As used herein, high bandgap refers to an energy difference between the
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HOMO and LUMO of at least 2.5 eV. In some embodiments, the energy difference is

at least 3 eV. A high bandgap tends to make the compound suitable for use as a blue
light emitting material or as a host material for other light emitting material.

This large bandgap between the HOMO and LUMO can be particularly
advantageous when a high bandgap molecule is desired for use as an electron transport
agent, as a hole blocker, as a molecular host for molecular or polymeric emitters, or as
a blue emitting electroluminescent molecule. Some compounds include, for example,
carbocyclic aromatic groups. Such groups can, in some instances, be sufficiently
sterically hindering to reduce the formation of intermolecular or intramolecular
configurations that produce excimer or exciplex emission that can cause color shifting
of the electroluminescence.

Some group can facilitate or provide hole transport, electron transport, or a
combination thereof. Such groups include, for example, tertiary aromatic amino aryl
groups and electron rich heteroaromatic groups. The use of such groups can balance
the hole and electron transport efficiencies, or tune the ionization potential and/or
electron affinity of the compounds of the invention. Such groups can enhance or
modify the band gap and/or electroluminescent character of the compound. The groups
can be used, for example, to tune the color of the emitting light of the compound or
other compounds in a composition. Certain heteroaryl and tertiary aromatic amino aryl
groups can provide compounds that have emissions in the red, green, or blue regions of
the visible spectrum.

Exemplary compounds of the invention where n is equal to 1 include, but are

not limited to
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5 Exemplary compounds of the invention where n is equal to 2 include, but are

not limited to
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X CCC where Arl, E, and G are as previously described
and X represents hal ogen atons. Typically the

wh 2000921183 ar e brom ne atons, iodine atons, or BCT/US2003/032046
conbi nation thereof. Conpounds-8%- Fornul a CCC
includes a wde variety of dihal ogenated

het eroaromati ¢ 10 conmpounds. For exanpl t he
conmpounds can contain a radical of 1, 3 pxadi azol e,
1,3,4-thiadiazole, 1,3,4-triazole, g e like.

.dﬁ‘be made by
r dF’mhlch will be

Di hal ogenat ed conpounds of Formul a
a wde variety of nethods, a nu‘r=
exenplified here. The conpounds Ny ©
2- (di hal oaryl ) benzoxazol es (CCCl |
2- (di hal oaryl)benzot hi azol es ( CX
1- (di hal oaryl)-1, 2- dlpheny .

are a subgenus of the ‘ g Eis
benzox&feh 2 CeHys
1- phenyl - bgpk he eroaryls respectively

Such groups can
(PPA) pronoted

2-an1nothiophenQJ>N2-ani.nophenol, and
N-phenyl -1, 24 sl enedi ani ne, respectively as shown
in Reacmug- Sthane |. Goup Gis a hydrogen in this
reaction s Y, However, the aromatic ring can be
substi t ut d to provide another group G 5 The
readtd on of N-phenyl - benzene-1, 2-di anmine with benzoic
acid to glve 1,.2- qyﬁhenﬁl-lH-ben20|n1%azo

een
denonst r AR &&EMPlARY §ampqua “gﬁﬁ‘yla}sl egualto 1nclu§es gut is not limited to,
tri phenyl phosphi ne oxide in CH2Cl2 s

1, 2-di chl oro-et hape (Hendri kson et al g. Chem,
52 (18), 4137 - 39 (1987)). O her di ophi | es
useful for the thesi s of conmpoungds React i on
Schene | includ 2 10

di yl di am ne (Fisc Y 2846
(1892)), 1- am'nol apht hal en- 2- ol (Bﬁ"bn et al
Tetrahedron Lett 24 (15) 1601- 1604 (1983)), and

(Kaj i ng .
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Di hal ogenat ed 1, 3, 4- oxadi azol e bui |l di ng bl ocks CCCVI

are a suﬁganphrpéomlﬁﬁmﬂywmﬁ%s\éﬁ@ﬂ% Aﬁhclu&é batde KoBhiited to,
as previously defined and Eis the 1,
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10 nitrite with NaN3 and NH4C in
N, N- di net hyl formam de (DMF) at reflux. Reaction

wetvens783 G COCI N, CCCVI , N-. 30 X-Arm </ POY/US2003/032046

X-Ar-~Q) X N-N pyridine / heat x4@ CCCV CCCVII 15
Al ternatively, conpounds CCCVII can be prepared by
cycl ocondensati oq of benzoyl ar @d,Aydr azi des as shown
i n Reaction Schept I. (Gek et al., J. Gen. Chem
USSR (Engl . Transl . 30, 376333766 (1960)) where Arl,
G E, and X are as —agfi nedoabove. I n Reaction Scheme

11, a dihal oaroyl hydNazigé@cCViIl is reacted with
a substituted benzoyl ch i de CCClI X at ygom

t enpet@t ure i n di chl orongt hane 20 with_o#s®s. equi val ent
of triet amine to formll benzoyl aro ydr azi de CCCX.
Al ternat Tveld, a dihal oarlQyl chloride EECVII is
reacted wtp-4a substitut benzoyl W drazi de conpound
CCCXI to for e benzqylyarexl hydr gz{de CCCX. Finally
the benzoyl a n@i- PR gacted with
phosphorus gxychloride gy eflux to Nogm the

di hal ogepag€d oxadi azol eyeonpound CGEVRl . 25 WO
2004/ 096¥Y83 PCT/ US2003/ 0 ,2046 -43 Repction Schene |11

G COCl X X, Ar' ~NNH2 CCCIX X, Ar' A, N | HCH2Cl 2 |
Et3N X O CCCVIII CCCX Q=X Arl1JdC Xl H
X~Ar, ~H NYG G N, NHR_38 OC,H,,
@*‘B 0
CBH”O

Compounds of the present invention can be prepared from building blocks of

Formula CCC:

G—E—Ar—X

X
CCC

where Ar', E, and G are as previously described and X represents halogen atoms.
Typically the halogens are bromine atoms, iodine atoms, or a combination thereof.
Compounds of Formula CCC includes a wide variety of dihalogenated heteroaromatic
compounds. For example, the compounds can contain a radical of 1,3,4-oxadiazole,
1,3,4-thiadiazole, 1,3,4-triazole, and the like.

Dihalogenated compounds of Formula CCC can be made by a wide variety of
methods, a number of which will be exemplified here.

The compounds 2-(dihaloaryl)benzoxazoles (CCCII),
2-(dihaloaryl)benzothiazoles (CCCIII ), and 1-(dihaloaryl)-1,2-diphenyl-1H-
benzoimidazole (CCCIV) are a subgenus of the Formula CCC where G-E is
benzoxazol-2-yl, benzothiazol-2-yl, and 1-phenyl-benzimdazol-2-yl heteroaryls,
respectively. Such groups can be prepared by polyphosphoric acid (PPA) promoted



HCH2Cl2 / EtESBN X 0 CCCXI CCCX X 11 'Ar rG X ..

I NNGPO3 x \\ // 30NN X HO reflux CCCX
w@aoxide7sHi hal ogenat ed 1, 3, 4-t hi adi azol e conmpoRPEMES2003/032046

CCCXI'l -a, which are subgenus of-415 Forrmul a CCC where

Arl, G and X are as previously defined and E is the

1, Scyklddoh@disade ofZardméiyhcid €T GAOPREifotBibPhhol, DR@SRophenol, and
can be prepared hy cyclocondensation of a )
benlﬂdgheayloﬁilfp}k@mdﬁm mige.dpsasetivaleas sovghsdieariion Scheme I Group

(Engr PRy ERRATR: i stdgigh sl AR o] e IR B subsited

ScherperoMde hreotharzroyp 6t oyl hydr azi de i nternedi ate of
Formula CCCX is reacted with 10 P2S5 to provide  the .
5 1,3, 4- t hi Brreasiome H-benzgagcly4-Giminn Wit benzoic agd o give 1,2-

1 Xiiphtny1-Prfler ofhifhizole s bebh ferofdt i i

15 ﬁ%‘og enat e8 11%2,04EE t rsi aez OF% co %ﬁnﬁ%ﬁ%ﬁg{&dé/

whi riphemyédplaosphilng erids i CHzGhrand d ,22dichlocavathiare (Handaikswh et al.,

by cl acondepsal.i f e oyl.arayl hydrazi de

e E0eERgRe 2B AhUT #HSRaBEDR ot Almeleon it etut for e

glcl-l%%%gglr@ g)/f 5%1?@9?81%8 _o%eezrlrc]tion?s%her\rllve) I %90 ééc%@-g?tglyl—naphthalene-l,2—

10 diyldiamine (Fischer, Chem. Ber., 25, 2826 - 2846 (1892)), 1-amino-naphthalen-2-ol

(Barton et al., Tetrahedron Lett., 24 (15) 1601-1604 (1983)), and 1-amino-
naphthalene-2-thiol (Kajino et al., Chem. Pharm. Bull., 39 (11), 2888-2895(1991)).

Reaction Scheme I
15

X, NGX
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X N X
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X S X
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N X
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X2 .X
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defined. The group Ein Formula CCCis a

wa 2®4494783 azol yl radical. In Reaction Schene WCT/H82003/032046

benzoyl ar oyl hydrazi de internmedi4te CCX is reacted
wi t h phosphorus trichloride at an el evated
tenperature, e.g., 1500 C, in the presence of RNH2,

(wher ei ' I , t

het or oal RioteBed o7 Aatiaig s S ol GOy p subgomus of
Al tBsriaild ¢elywhérbevr' ik nao X aeay Ffewdfu@w dEEneleXd BSs the 1,3.4-
reacted with chlorine in glacial acetic acid (Mss et

al . oxagiazehardiggnoietye CRppoypds {<CC VL qag)be syg@gmm the acylation of
19
L by O 0 S0 SBBPS 3 0o se 1.

RNHﬂhal()ﬁﬂyI chloréde GCCVIMIeact%B/ﬂrh a&m&ﬁdutedfi&fzfz))le CCCYV by heating
609- 6 to provide the correspondi ng
1, 3loga bt 43 P it e SO G PERBRGAYZRko Rkl oL Gen. Chem,

ﬁl—r tof USSR,_6 Cé&ﬁrl%' I%"%ﬁﬁl))@o f(%% he dﬂ]a{og’ %téff é%g%%v: compound

15 CCNal i'ldeset@2o¥\oil CACY can da bg&plamsl byfre&aiomdf aheCGdtresponding

wher.e. Ar |, usI ef i and. E
o SHifie i v S G oY Neebineity R iR R B e oo
CCCXVI1 can be nmade by refluxing the

1, 2- phenyl enedi am ne CCCXVI with conmpound CCCXV in
met hanol (Amashukel i et al ., Rgactiohyssher@hdim A,
106(33), 7593-7598 (2002)) as shown in Reaction
Schenme VI. 20

G—COCI
N CCCVi 1 N~
~ - — /
X--/fw—(1 an > X Al\r_<o '
X H’N pyridine / heat X G
CCCV CCCViIl

Alternatively, compounds CCCVII can be prepared by cyclocondensation of
benzoylaroylhydrazides as shown in Reaction Scheme Il (Grekow et al., J. Gen.
Chem. USSR (Engl.Transl.), 30, 3763-3766 (1960)) where Ar', G, E, and X are as

_ defined above. In Reaction Scheme I1I, a dihaloaroyl hydrazide CCCVIII is reacted

with a substituted benzoyl chloride CCCIX at room temperature in dichloromethane
with one equivalent of triethylamine to form a benzoylaroylhydrazide CCCX.
Alternatively, a dihaloaroyl chloride CCCXII is reacted with a substituted benzoyl
hydrazide compound CCCXI to form the benzoylaroylhydrazide CCCX. Finally the
benzoylaroylhydrazide CCCX is reacted with phosphorus oxychloride at reflux to form
the dihalogenated oxadiazole compound CCCVII.
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of the invention utilize aryl-et3ynyl coupling

reacti ons. Such couplings can be achi eved using
Heck- Reaction (H R) net hodol RgactiohsScBeraé WL br om des
and iodides are reacted with aliphatic, aromatic or
het eroaromatic termnal al kynes®Tn ke presence pf a
pal | adi um cat al yst). One suitabl e gatpkytic system i
(PPh3) 4Pd( O A QN (-".3N, as—described-in Saﬁgdhi fgé \H/G
et al., Bull. emHSoc. Jpn. cHdl,/ELQ 752 - 75 o}
(1984). Other citalyst systems include Pd(I1) ang

such as, for ex@@@\d]l Pd(QAc)2 / PPh3 / Cul / Et2NH
and Pd(PPh3)2C12 / PPh3 / Cul / Bt3N/ pyridine. In
one enbodi nent, acetyl ene isxcouji\led wi th conmpounds of

Formula CCCXVIII in a stepw §¢r1 mePiner. This can e

achi eved, for exangl e, by usingceccknet hyl silyl J\u\én a
acetyl ene where § érNH;et hylsilyl (TMSh noi éthar'ac \ﬂ/
as a protecting 15 gioup for afect gkl nus of x 18

acetyl ene. De-pr@cgﬁjd on can be "achi eved by sti E&éléx
e

the TMS-term nat I'ntermedi ate CCCXI X with K2
MeOH at room tenperature. (Takahishi et al.,

Synt hesi's, 627 (1880)). In Reaction Scheme VIX, J is
as described for lefon-nula I. Asimlar reacti@an_c

bg
used to prepafeg: @-’W?CCCXVIWE% 20_React i ¥n Sghejie
& JH S lg)g:CXVII CCCXI X QXX

-46

Vil Si-. J-XUlE- - HR
VD 2004/ 096783 PCT/ U82803/ 03201{@
CCCX CCCVII

Dihalogenated 1,3,4-thiadiazole compounds CCCXII-a, which are subgenus of
Formula CCC where Ar', G, and X are as previously defined and E is the 1,3,4-
thiadiazol-2,5-diyl heteroaromatic group. These can be prepared by cyclocondensation
of a benzoylaroylhydrazide intermediates as shown in Reaction Scheme IV (A. T.
Prudchenko, J.Gen.Chem. USSR (Engl. Transl.), 37, 2082-2084(1967)). In Reaction
Scheme IV the benzoylaroylhydrazide intermediate of Formula CCCX is reacted with
P,Ss to provide the 1,3,4-thiadiazoles CCCXIL

Reaction Scheme IV

X
X j\ N_ _G P,S /}M S\ -G
Sat” N7 \H/ — X \( W/
| H N—N

X 0
CCCX CCCXll-a

Dihalogenated 1,3,4-triazole compounds CCCXIII, which are a subgenus of
Formula CCC, can be prepared by cyclocondensation of the benzoylaroylhydrazide

intermediates as shown in Reaction Scheme V (E. Klingsberg, J. Org. Chem., 23,
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The conpounds CCCXXI Il in Reaction Schenme VIII is a
subgenus of Forrmula | where nis equal to 1. The

w@ eopoTes CCCXXI |1 can be made by the stepw SePCHHSI008/082046

of the thus obtained ethynyls J-48-CH (CCCXX), D C-CH
(CCCXXI'l) with CCC where G E, Arl, D, and J are as
desseedsf)ovhdro ARY (2 ahd XoarbaapielvusiSeleeined. Mhe |gr0L% H in Formula
D GE-Ar-i X CCCXX 31 GE-Arl-X CCCXXIl _GE -Arl = .

X HERCHis p 13 Rirjazply) raflicabdn Regeism SchmapexVi the bengpylasoylhydrazide

cas . I: D ; . i

P LB 8RB R A6 O60R @herare
J- GrEHI$0°WE $n tHeeprese AToof RINEIG @K in Rris alkeh arydtieferoaryl, or
reaction. Alternati velbg CCCXXI 11 can be prepared from

t helesgrpgtiyh) &0 propiderthe b3 d-eyapole CQUXHE nHlP@aBYeELY.dhe he

co rge%?%g%{ak/glgdfﬁﬂﬁ@é@ﬁipfegmeﬁ %viﬁlﬁfh?&ﬂ{ei i SPacthl S MBRY (Moss et

or r wth an equival ent of ethyl” magnesium
br cati, d.eChemd focsPaknbdrmdns. o) 1999AZ006\ 93®)pidr dtbad mhireastive

b GEERRGORER FIrTEA L& RAY REPainda Clokha 1 5aH5 with RN,

wh [ lgcd :
Bl 48k el S 00,59 SEVOON I b it conespondin
by 1.B.ddtiamies WCEKIwo equi val ents of TMS- C-CH and

then desilylated with MeOH | K2C03 as shown in

Reaction Schene | X. The derivative CCCXXV can then be

reacted in a stepw se mannhactibd Sclieydes D- X, J- X

under HR conditions to give the CCCXXIlI. WO
2004/ 096783 PCT SZOgB/ 032046 -47 >§ l?
X N G Ar!
\/i\r1 H/ \n/ NH,R W \(NW/G
X o PCl, N1
CCCX\ ceexill
cl /
X 1/k\ /N\ G
. T
X Cl
CCCXIlVv

Dihalides CCCXVII are a subgenus of Formula CCC where Ar', G, and X are
as previously defined and E is the quinoxalin-2,3-diyl moiety. Intermediate CCCXVII
can be made by refluxing the 1,2-phenylenediamine CCCXVI with compound CCCXV
in methanol (Amashukeli et al., J. Phys. Chem. A , 106(33), 7593-7598 (2002)) as

shown in Reaction Scheme V1.
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Reaction Schene I X Si - / KZCO3 / MeOH GE-Ar-X /[ _
GE Are - Si, GE-A" XHRII Il CCC Si

WO BG83 CCCXXIV J-X DX GE-Arl _ GE- rl1 BCDUSH032032046

[l HR Il CCCXXVI CCCXXIlI Comfounds of Formula |
wherein n is equal to 2, 3, or 4 can be made by first
5 TMS-coupling a di- tri- Rdacti®d Séhen®UBti tuted core
structures DX' (CCCXXVII) to their corresponding
ethynyls to form D (C=CH)" (CCCXXVI1I) as shown in
Reaction Schenme X. Repre i VidHgxanpl es of

et hynyl s CCCXXVI Il i ncl ude, ut limtation:
1,3,5-tris-(4-ethynyl phenyl) enzéne (see E. Weber
al., J. Chem Soc. Perkin mg/, 2, 1251-1258
(1988)) tetraki s(4-ethynyl ph )nethane (seg Y&
al ., 10 J. Amefj. Chem Soc., 1833 (33), 8101-1
(2001)) aMd 2,

, LG’ -tetraet [-9,9"-
splroblfluoféne tris-(4- eth§N§$% nyl ) - am
1,170,273 Al ound ;FEXXVIII |% t hen
vvlth CCCXXI )%o give a corrpg uxd‘gd\?e%r mul a 1 ReacCtion

Scheme X GeBaXV' --X 11l GE ri =D DX C@C)WHRD
CCCXX (u) K2003 / MeOH HR J n  CCCXXVI | CCCXXVI |

15 1 Alternatively t he internediate CCCXXI can be

| d T | | oved
byt si {oPARYERR T e U Bh s e BB Kot <R e Suh

couphngs can be achieved using Heck—ReacUon (H-R) methodology where aryl

bromides and iodides are reacted with aliphatic, aromatic or heteroaromatic terminal
alkynes in the presence of a palladium catalyst. One suitable catalytic system is
(PPh3),Pd(0) / Cul / Et3N, as described in Sanechika et al., Bull. Chem. Soc. Jpn., 57,
752 —755 (1934). Other catalyst systems include Pd(II) and Cul such as, for example,
Pd(OAc), / PPhs / Cul / Et,NH and Pd(PPhs;),Cl, / PPhs / Cul / EtsN / pyridine.

In one embodiment, acetylene is coupled with compounds of Formula

CCCXVIII in a stepwise manner. This can be achieved, for example, by using
trimethylsilyl acetylene where the trimethylsilyl (TMS) moiety acts as a protecting
group for one terminus of acetylene. De-protection can be achieved by stirring the
TMS-terminated intermediate CCCXIX with KoCO3; / MeOH at room temperature.
(Takahishi et al., Synthesis, 627 (1980)). In Reaction Scheme VII, J is as described for
Formula I. A similar reaction can be used to prepared D-C=CH (CCCXXII).

Reaction Scheme VII

J—X . J—-——Z———T‘.i\ — —=

CCCXVi CCCXiX CCCXX
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CCCXXI X is then reacted with the halides of group Dto
give nolecules of Formula | as shown in Reaction

wsedvaions7xd . WO 2004/ 096783 PCT/ US2003/ 032046 PABUS2003/032046

Reaction Scheme XI D+XJn Si C&BO(VI | GEAi XG

E-Ar' - ->GEA'" - D IIl HRHRJ J J n CCCXX

CCCXXI X Chagsgpdun@s € CCXNNEMERdagtidn BERENd VI Réx dbkerfiRlof Formula I
sol ution processible el ectrolumnm nescent conpositions

t hawvheram ipequphitd briecosmeuad C6ICHXITheandbegnads by the stepwise reaction

o1 o PE iRl B h e R A el iy ccc
t NegRere MRS DO JCAH ad dALEBEd Sor BHANIIEE at | east one
of the follow ng: |ow operating voltages, high

external quantum efficiencies, proper color
coordinates (e.g. red, gree 0 bl or displ ay
applications or white for balkc ‘ffodﬁ}%gﬂlﬁﬁﬁggti ons),

| ong operating lifetinmes, and conpatibility with the
printing process (e.g. inkjet printing, thernal

i nduced | aser i nﬁgi ng, gravure printing, Parmé= he

l'i ke). One, aspectcadxt he i nvention pr ovi descxxii
conPosFTing t at—cam e us@d—'r'ifglrgahi c—etectroni @ —E—A—=0D

devi ces such as GRgani c el ectrol unj nescent-Rlevi ces. i

The conpositions 15 include a conppund according to J
Formuf@C| that is blended wit harge transporting

materi al, charge bl ocking natg?éé', light emtting ceexxi
material, color conversion material, polyneric

bi nder, or a conbination thereof. That is, a
conmposition is provided that includes: (a) a first
conlpeased of CACOXKII wvhere D js@daalltod, e rdaction of CCC with a two molar

equivalents of the ethynyl J-C=CH gives the compound CCCXXIII in a one step
reaction.

Alternatively CCCXXIII can be prepared from the ethynyls J-C=CH, D-C=CH
by conversion to the corresponding magnesium bromide derivatives J-C=C-MgBr or
D-C=C-MgBr with an equivalent of ethyl magnesium bromide under standard
conditions. Without isolation, the magnesium bromide salt can be reacted with CCC to
produce CCCXXITII when n is equal to 1.

Alternatively, where n is equal to 1, CCC can be converted to the corresponding
bis-TMS-derivative G-E-Ar'-(C=CH), by treatment with two equivalents of TMS-
C=CH and then desilylated with MeOH / K,CO; as shown in Reaction Scheme IX. The
derivative CCCXXYV can then be reacted in a stepwise manner with bromides D-X, J-X
under H-R conditions to give the CCCXXIIL
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20 n | wherein WO 2004/ 096783 PCT/ US2003/ 032046 -49
Dis a core that is a nonoval ent, divalent, trival ent,

woerotoPa78yal ent radi cal of a C3-30 al kane, C3PGDUS2003/032046

het er oal kane, conj ugated or uncohf-ugated C6_60

carbocyclic aromatic conmpound, C3-60 heteroaromatic

conpound, C18 60 terti ary Roaotet SchearaXo conpound, or

a conpound of Formula Il or Fornula IIl O0 O- - 0 Z

ZzZ\/ \Z 50000 Il Ill that is unsubstituted

or substituted vvitl\ one or nore al kyl, al kenyl,

al koxy, aryl, arytexygE=fluoro, fluor oal By|K2CO/MeOH

per f | uor o&@Heyt rrhet/epoal k§t=E-heteressytsor — G E A=

conbi nati ons 3hereo*f”q wher ei n ﬁ Arl i d trivalent Ill

radi cal of a conjugated C6_30 c bocycl ic aromatic

conpound thywt IS unsubstitut ed/ﬁ( substituted w th omeEcxxv

or nore al kyl, al kenyl, al koxy," aryl, aryl oxy,

fluoro, fluoroal kyl, perfluolceakkyl, heteroal kyl,

heteroaryl, or conbinations thereof; E is an C3.60

heteroaryl eng having at |east ope, -C—N- unit, said 15

het er oar yl ene  bei ng_unsub 1_|_4;=ut ed,_q.r substist ed=w t h

one or noreRal kyl, al keny,l, al kewy, aryl, aryl oxy,

fl uoro, fluoroalkyl per f1 uor oal kyl , heteroal yl,

het eroaryl, or combi nat i bns thereof Gis a

monoval ent radi cal sefg@sigd from hydr ogen, 0

al kyl, Cl1-30 heteroal kyl, C3_60 heteroaryl, ~ 60

ar yl, orCaunpowsds D‘éFoﬂrmﬂy T svhereit i ¢s @yuiaito 22Byoér 4 teatbei rade by first
with one or

al k’glﬂguc%%f% t UL 3@ éﬁ{( > Sgﬁlbfsl it q%ﬁo(rj?(?;rucltqrﬁ%])? ((ejCCXXVII) to their
fl M@%&Miﬁg d?l%fr&ﬁsl&%rfﬁ‘ﬁﬁ Ky iG=C"gy, @CQ@WHI het v&?fryﬁeactlon

or conbinations thereof; J is a nonoval ent ra
selwbemd X &Eme@nt&@veaﬁmmples@f e8@nile tGCCRKMIIL, indl3de, whihout

het 1he aa}‘oér 1Pgifn%—(éaﬁ%wg)gippﬁ}ﬁegggr@tr(gereté a\jﬂ’!gbearre? grlatjj (Clhem Soc.
Perkln Trans., 2, 1251-1258 (1988)), tetrakis(4-ethynylphenyl)methane (see Weil et al.,
J. Amer. Chem. Soc., 123 (33), 8101-108 (2001)) and 2,2',7,7'-tetraethynyl-9,9'-
spirobifluorene, tris-(4-ethynylphenyl)-amine (see EP 1,170,273 Al). Compound
CCCXXVIHI is then coupled with CCCXXI to give a compound of Formula I,

Reaction Scheme X

G—E—Ar—X

) I i
J

B nER, = CCCXX] I
o (ii) K,CO, / MeOH D—[_= ]n it

H-R J J .

CCCOXXVII CCCXXVIII

Alternatively the intermediate CCCXXI can be coupled with TMS-C=CH under
H-R conditions followed by de-silylation to give the diyne CCCXXIX. The diyne
CCCXXIX is then reacted with the halides of group D to give molecules of Formula I

as shown in Reaction Scheme XI.
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substituted with one or nore al kyl, al kenyl, al koxy,
aryl, aryloxy, fluoro, fluoroal kyl, 25

w@esotloaosdal kyl , heteroal kyl, heteroaryl, or PCT/US2003/032046

conbi nations thereof; Z is seleet8ed fromNH or Cl12;
and nis an integer of 1 to 4; and (b) a second
conpound sel ected froma charge transporting materi al,
a charge blocking material, _a light emtting
material, a color conversi onReretieRiSgheme X130 pol ymeri c
bi nder, or a conbination thereof. W 2004/ 096783
PCT/ US2003/ 032046 -50 The charge tranS@nE5& g
material can be eithest a small nolecule o Mpol yneric
material and can tranSport—hol es, el ectrepgxyPr a
conbinatégg__hg eof. The chgggg bl ocking matgri al can
e Or a-pofymer ¢ TatdréarEamdr

be eithef a snall holecul
can block holelf, el é&frons, or a fjonbi nathfon |t her eof .||
The light emttjng material and thg color 5 c nversiom
material can be either a small nol ecul e or pollyneric

mat eri al . lends can b red, for exanple,

by bl endi négﬁgé conmpounds | n%g%é%ﬁgti on or in a rrel't_

Stﬁé&mpbﬁf§8¥? enbodi nents, the conpositions can be in
efo il

th m o m prepared from the bl ended conpounds.

Such corpasé fsiaoisd Gathelet fos sdlutiod Procemivld@eardidringscent

el ectronjic devices by 10 thermal patterning of the
nat@RPLstiophthgt ean hecapfosnly coated Qs ppBEdianéma SebsHatg|fetthe purpose of
be . . - b Nt g . N

o TSI o A0 L] 0300018 Kl o s

pr i cobhipogitioas cavtgpiprilnpioviie abtedstudnetodithd fotlgwahicy operating
patterning. Hole transport _agents useful in these

confSH4EEs Bish CAicEnd) ABIUHBAITICISRAIRS PEACT FARR COPEHPAIGS (f-8. red, green,
ar ot BFLRElaY appIALLYES, whtEhk BQJkH{oghféitb&l]ications long operating

het er oaryl ene derivatives, electron 1 [ nor)gjanl c
andifetimen ene tahpatibilityrmtiethe printing pwicyssee.g. itkjet peotifg, drarmal

t hes terials. Hole transport, pol. rs useful in

t S B i e B BT BB ABEY es, tri aryi

am ne baggdaspedtiotic iabertdn froness Mgﬂ@ﬁiohﬁth@Ecﬁ%%Ed in organic
No. 3,610,649, U S. Patent No. 5,681, 664, patent

apslsctanicolevines 9Bh3s Szanicriectisdumimeseepipddvicesi Ehe yanpositions

98/.0 3 Il of. whigh are. incorporat.ed r.ef erence, .
o R odS et AR lheTb RoRORTPEE R Glnchl 4L FHHRE wansportng

C oppaerigih¢Hagdeslyekih hmatetd RGhedifliteanpeerials cSIBEordBrsion material,
those described in H. Fujikawa, et al., Synthetic
Ve tbelgnerpibindegor aemyingticm thergof. Fhay ish @ ¢pBDesatien is grovided that

includes:

(@) a first compound of Formula I:

G—E—Ar'——D

wherein
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"Char ge-Transporting Pol yners and Ml ecul ar & asses"”,
Handbook of Advanced El ectronic and Photonic

wokdoeiPeBE and Devices, H'S. Nalwa (ed.), 10, PGBUS2043/032046

(2001). Electron transport agent®-useful in these
bl ended systens can be selected from 25 polycyclic

aromati c hydrDGgaekerhatieh aicdavase! divaley RS, diastiAglent radical
at |least one - C=N- unit, and el ectron deficient

i no?Pigahi-v B Eace betemaikans) @niigated o6 HneqmiwaARsy €s.c0 carbocyclic

age }: di i ' spch . . :
T SR S——
( al snponadyorascoriioiind of Formula IT or Formula III

1, 3-bi s[5-(4-(1, 1-di net hyl et hyl ) phenyl ) -1, 3, 4-

oxadi azol - 2-y e LRnown as PR wel JO as

oxadi azol es (Bettgnbhaugen et al.,? tal$,
91, 223 (1997)7; bsti tuted 4 deY i yat N\ves
such as 3-(4-bi phenyl yl)~4-phenyl -5- (4-Tert - o,
butyl phenyl) 1,2,4-triazole (also known as ) as

wel | as starburst Ia‘nd dendrineric derivatives of

011 37%@lamisulbdtiBas® BEdktitufed SR HSn S Gk y®Silkenyl, alkoxy, aryl,
tris(8-hydroxyqui nol ato) WO 2004/ 096783

PCRrYIS2p0B1as Abusoalky 1 peafluerionlisyl, haers)kydstwteroaryl, or combinations
bi phenyl at.abi. s( 8- hydr oxyqui nol at o) al um num (Bal q); and
ot htg?rexégvrl?ﬁ{)eﬁ ds described in CH Chen et al.,

Macronol . Synp! id @bialeht f2HRAV df 2Bhjuaatbd CH, EBbEWIIC akSmatic
et al., "Charge-Transporting Pol ynmers and Mol ecul ar

A aswund thah apsehstigitehenaneiiytcr| vath ensrirgneradlkyl, alkenyl, alkoxy,

SIS LA BRI E N s
bl endednsipat drecofiy € Wi t hout restriction, but are

typically selected fr%m nol ecul ar emtters derived,
from f | uor esdemt3dets) Aeierasaylenehayingpt leastone —C=N- unit, said

het e ni NGBSy
H%[é?@érgilelﬁ@ Selgg 51%]1 1ith&Rl or @n?szgﬁétg& g/?t‘ﬁﬁ)?l% °F Fso’re alkyl, alkenyl,

cycl onet ated”chel ate conp
Rh (alkdx)y, ar@k (aryipxy, Rumotd, fluoda{kiyl,)peafiubr&41kyll hetemnlityl, heteroaryl, or

fluorescent chel ate 10 conpl exes of Zn(I1) and
Al (‘iofr}%)“.la? %ﬁlﬁfeé’g’ of useful fluorescent polynuclear

arylene em tdf SmboREVANIR r4Me £ SHEASH HEf MRIFbJeh OF) 4, alkyl, Cyz0
peryl ene, benzo[g, h,i]peryl ene, anthracene, ~ pyrene, .

dedutsyedlkyleCandefdroasyle fes arflx anises teofiary gafngdtic amino aryl that is

fluores t, pol c) ear... heteroaryl.ene . derjvatives
| PO B Gl o R RGP e o S, arstons,
10-fludro, iRidZRAIR] A7eRflidralRyl, heteroalkyl, heteioa',?ll, or combinatisons thereof;

3,6, 7-tetrahydro-1, 1,7, 7-tetranet hyl ,5H, 11 H1
[ 1] benzopyr addp 8 nPneYalentgadiadseleried fipmpfeso(@dld.oCkn bealsroalkyl, Cs.

ot B4 AL G b e AL PRI i ppogtoed or
Counbstitited with daewmaiordalkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl,
perfluoroalkyl, heteroalkyl, heteroaryl, or combinations thereof;,
Z is selected from NH or CH,; and
n is an integer of 1 to 4; and
(b) a second compound selected from a charge transporting material, a
charge blocking material, a light emitting material, a color conversion material, a

polymeric binder, or a combination thereof.
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540), and 3-thi ophenyl - 7- net hoxycoumari n. Exanpl es of
usef ul phosphorescent cyclonetal |l ated chel ate

wa@oomplogsres of  Ir(111), Ra(ll1), Gs(ll), Ru(llPCT/ERIN03/032046

Pt(11) include nol ecul es derivee®rom 20

phosphorescent organonetal lic L13Ir (111), L13Rh

(1'11), LThRthargd fransportih &ﬂ'uéﬂdl kdnbe eithde 2@a{alll hdlecule or a polymeric
L1L2Ru(I])Y, and L1L2Pt onmpounds where L1 and L2

can™Ber I@h@dsféﬁéranmorahqles@e RRONSH OB b RSt o BereahdThe charge

opt

o1 gbleglah%%‘n géfﬁ&%ﬁa\s’%éﬁ] R‘%ﬁl%ogéég?é &% PhifEBliAhfterial and can block

2- plmiew eleetaizy ar & bmnbﬂapdsrethy:febﬁ NTid hghstmh&mg&natenal and the color
benzi m dazol e benzoqui nol i ne, counar

h
?t ﬁ? %’Hﬁ‘iswlrmﬁpﬂ \can BF‘ gﬁmrw;@y rﬁglec 5 or polymeric matenal Such blends

b t
eraal ey s L) IR PIFAPES) 8408y i

t hestgeo Irpscumwgnbcbdlmgnusf thacempbsanmtsmaaﬂae 11@ thedant pf film prepared from
hex f r,oacet etonate, salicylidene, picolinate,

anot lbﬁ‘\;’}é ‘g%’ﬁé}? Pinate; Yis selected fromcharge

neutral el @hipagiteRIPARARRYER Iﬁﬁq%o%@ﬁfc%% bdoMic devices by

substituted deérivatives of phenathr
bi piiaﬁlmﬁl patteropg|od rﬁl‘B’-t Iaaﬂeaale @nforg ﬂel:egtom Hﬁieactomposmons can also be
derlv l.vVes tho e tau

4 %ﬁ at eg
ap i ca PRI P?B 25 pg tﬁ% thods jncluding, for
CY Ghaniple ﬁlﬁ{ﬁ@ri@ﬁ% skregh 9hﬁﬁﬁ3g dad bH@&)hﬁﬁ)‘gra%Hﬁrbaﬁ%mmg

t hose taught in U Patent Application S'N
09/ 935, 13 eﬁlianmrmga@tusqul mztbesr can@owepmmtpreferably selected from

003/
y efctg{tig% Bﬁ% i %‘m}n/}g n%?(\)/?(np c?Eron L‘fna o%rg 688 SréYquVFS electron
p 0 rrﬁdh)m()ﬂgaﬁlalaﬁd okgrnvmerdic ch(pI&B); ,)or@fo%/rﬁéﬁ detikaRll fbm these

es of useful fluorescent chelate conpl exes of

Zn (IPilt)‘fﬂ%{ﬁoH%F {PRIPPT RALYIORRE Useibinip|thsse Hlands inchude polyvinyl carbazoles,

E'yét% oty en'Hag%d e@lg&‘gé%ﬂ% . taﬂgrft( ﬁ;ﬁL?P%ent No. 3,610,649, U.S.
bl Kagsnf Noh § 48 boGh ek mdmzmmm 09/22837, ard pateht gpplication WO

21~ BB BY Tefis A oPt Smplensf hole ranspor

bi plzemy iRlKRI c%ﬁ?érl'ﬁh Ay aho @ ©) £1|d ths( s%’otgg %mse described -

Fl uorescent Zn (1) chelates such as se t
To ki o Fajikawa, et Sy Sivhthietic Metals, ML s 1611(]1;991)1&d BVSGﬁﬁﬁl,evmua et al.,

(2000), 2064 0o RE.a00, BRI SR140N V0.1 39934 00 SlL e

AI @édtﬁonmdailﬁsom@ptat@elstdﬂa%vkeg s, Nra.lwa{J(eé) H?t299t274 (2001).
No. 6,203,933 B1. Suitable Tight emtting pol yners f

use in HHecniraasppst ageatspseiphuy thesgridended systems can be selected from

polycyclic aromatic hydrocarbons, heteroaromatic compounds having at least one -

C=N- unit, and electron deficient inorganic complexes. Suitable electron transport
agents include oxadiazole derivatives such as 2-(4-biphenyl)-5-(4-t-butylphenyl)-1,3,4-
oxadiazole (also known as PBD), 1,3-bis[5-(4-(1,1-dimethylethyl)phenyl)-1,3,4-
oxadiazol-2-yl]benzene (known as PBD dimer) as well as starburst and dendrimeric

derivatives of oxadiazoles (Bettenbhausen et al., Synthetic Metals, 91, 223 (1997)),; N-

substituted triazole derivatives such as 3-(4-biphenylyl)-4-phenyl-5-(4-tert-
butylphenyl)1,2,4-triazole (also known as TAZ) as well as starburst and dendrimeric

derivatives of triazoles; organometallic compounds such as tris(8-hydroxyquinolato)
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copol ynmers of the pol yfluorenes (PFs),
pol ypar aphenyl enes (PPPs), pol yphenyl enevi nyl enes

w@ BRY®Iq7sand pol yspi robi sfluorenes. 15 I n one PCT/US2003/032046

enbodi nent, a conpound accordi negflto Fornula | is
bl ended with one or nore materials to provide a
c onglomirtun® (Algfedndtaphenky BRshig8-hybixRqliadat)dathinum (Balg); and other

el ectrons. _For, ex_aﬁl e, a conpound of Formula | that
cancapRavafbescabetin ol Chsm et Mackomeld Symp: H%ilt(h}7)and 1.V.

S I le 5 [ G s ffq »

oot Sl IRVRER o B ChaB MR O Gyhle AR ar Glosses”

vi r Haelbobk bhiAdkhesed Flationicaind Phbniomatriadand Ievices, H.S. Nalwa
sel . iQnally, a light emtting polyner or

el e@@gﬂu@ﬁ@@%t small nol ecule can be added to the

bl end 't og {1 m&%ﬁlﬁiﬁ&ﬂe&ﬁﬁeﬁuﬂﬁ{ th@@bl@:ﬁieﬁf‘%&ﬁ?xﬁs LRLD; Rt restriction,

organic em ssive element. These types of “conpositions
canbwi erestypichily selprtet osi thblecidacknrigtarshierispd fromoffiaescetitolynuclear

o e o S SR e
angdkAekees folf mr)hﬁhglgﬁgoi%g%émpgnﬂ@hkm :h{dmgi)? %cgﬂuék%t chelate

a donor substrate or substrate.
congsaeplexes of Zodh dand ANED miixkmplesafaseftldluciescent polynuclear arylene

pi xilated arrays,useful .in O_ED displ ufact ure

an PR R0 S e i o prlet ehegle Ry shf, entbracene,
ef fhyeéR) aycael@etd MAUTIoRERS CPEAmPEs ¥R Flubh&cent polynuclear
thickness of the filmand the ratio of conponents

wi theteroamylene dedeativep deiude aaplecpirs derived from eovimaring syrhips 10-(2-
30 wari [ [ ] tL ter al .

Fo rbe@)&(égﬁ%zé’l&l)é%?,}'??]gtﬁg;h)&@@& legz-ftet%%etﬁyll—qﬁ{,gﬁ, -

hy dn gbeyipbysinato] 6,6 )8zipkgairoligine)1 -aien@lsb lkhowfifas Coumarin C545T), 3-(2-
3-thienyl-7-nmet hoxy-coumarin give rise to_ blue

eni Rarhiazelahz bikilyiaminggoumirind alse kpgva ae Coneern 6 or Coumarin
[ r|ﬁo?l’%hI3Lt}1i0r%%nﬁ17@ﬁ]|e%lgg¥%)9?}naﬁ§t hyl por phyri n give

rise to red em ssion; Coumari n C545T and
WO 2004/ Ba6i8S T fubR3hadsedtcycidnsetiliat@psbetetoreplexes of

oi vty B osih Budh gl toble Rl drovel Ean

| NGHe &esEéﬁt%gﬁﬁ%@ﬂH@L%ﬁqﬁﬁﬁimllzﬁ 10 l“EﬁIﬁIﬂ))é?lg'LaRh(HI)X,

I .
secon corrpoupozl that has structura al

simlarities
t hel 1 OsAD) ¥ohpoBrtD YA aud ko HED) obmpsurds whekeal| afvbk? ein be the same
at .are

core and one or, nore end cappin rqups t .

ot 1 o3 et B ER R BBt St etagebbidentac

a nadhaséf I-firhaphlsiessoxaige, 20piRn9 behikalble S3-phenylbenzothiazole, 2-

conpound, a nonoval ent radical” that includes the end

c afppienyjbeprzmisiagdles he-benzaguinoline, coumarin, (thienylpyridine), phenylpyridine,
benzothienylpyridine, 3-methyoxy2-phenylpyridine, thienylpyridine, tolylpyridine; X is
selected from the group consisting of acetylacetonate (“acac”),
hexafluoroacetylacetonate, salicylidene, picolinate, and 8-hydroxyquinolinate; Y is
selected from charge neutral chelating compounds such as an optionally substituted
derivatives of phenathroline or bipyridine. Cyclometallated Ir(III) chelate derivatives
such as those taught in patent applications WO 00/70655 and WO 01/41512 A1 and
cylcometalated Os(II) chelate derivatives such as those taught in U.S. Patent

Application S.N. 09/935,183 filed August 22, 2001 are herewith incorporated by
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compound, a divalent radical that includes a dival ent
radi cal of the end capping group of the first

W@ vpoeTe; or a conbi nation thereof. The seconBCT/US2003/032046

conpound can be, for 10 exanple;52a |ight emtting

material, a color conversion material, a charge

tr ame@afdel PlatiniiBi(HY pédphy@nscsnah geoabaﬁyll H¥RinQGlsdkno@n as

pol yneric binder, or a conbination thereo In this
pé‘&@E PYrige alse Bsedle orpound can be unsubstituted, can

have as .

the corr Saaost Ssend nubheSRRECAARE ohiPlext SofRT R AR include

cancdmgplexdystic aﬁlﬁ@(SMmﬁblmowkt)&hﬂld(ngMs(ﬂ(m is absent

on the corre ndi ng structure of the 15 fir

R PLERY. hsreaasias Herds; bl@q%e(%luﬁig@wawl)bsnzcgmazola@
rﬁi%lﬁ%? PG PR Prer PRI 84 DR EID i) Biscs-
C 0 rcpnmimolatd)‘ﬂéumhmma(ﬂb)o auet bngheltyﬂa.tolb1s|(r8€h}mlfro>t}lqalrfoilat6)hlununum

: .
COTREM], ARGt U Ibishied?SGin dofBose i BR ke g Sunteti
9r OMBtal B9t mw s93b6C @looof andtlh%aeﬁgmcmwm@@m A2, all of

the corresponding structure of the first conpound
be Whick a@(lncﬂrpemtfsltbwe@nﬁme Usefail 4@Q) ¢heb1t®>aanlpt1ethosdnmught in

fir P can be a radical of
ant‘ﬁﬁa? Bﬁaﬁgtélﬂ%%{)subst ituent group and the
second coiRBIY Ik Bﬁ)htﬂﬂ% polgmiefliof Bbe inQhesd 'B)léihﬁ@ Gﬁ%lymers and

wi t hout any substituent group. Simlarl
r acnoealyrr@rfs oftige 9@J(yélndren@w1ﬁgh palyaauphinylenes ﬂé@bmndu ng

r 0 ca ave i denti cal
iR el B PRSP MG Vot e
c appi ng Tgroae ﬁnﬁb@ﬂmﬁ&t a doatondd a@dordhg eNFhat£ N BMrided avith one or
nmet hoxy substituent and the second conpound includes a
r adPegimyerialy i preside gEowPesitign Hhat punyanspers bpthwies ang electrons.
th .o?%ﬂ?m?{%sé E(Jnﬂgmﬂﬁﬁ df I’Iﬂl?lafl tﬁzﬁgar?ﬁgn @R%ﬁé@&onsgéa%% combined
Additiona second conpound can contain a
r advitlabitteln atsmaﬁ msoleddlaor 4 polyimanc halettramtmﬂﬂﬂxg:ﬁiateﬁ@l Such a
correspondi ng structu e.first compound. For
ex &pIHasIign st Be uee 6iry irhug t iy DIGRA e a9 dsngpmpounds
CONRRLRM, Rarphsent
of T Ro PRoRLE SRt ok G BE A Ry B UL A molecule
f i reah benpddasitpphailend tuforh sompositidiscthit aafi bafotmesiciatoean organic
wi t haut. aqgm xﬁbSt i tuent groups and the second conpound
i ndTUEEE" “H FAdi cal of anthracene with a methoxy
subst i t UReke tylpbkEMotBhosRioRY BT bd ébﬁﬁion‘iﬂoéés&ﬁﬁ' dndlcat® spin coated
2004/ 096783 / US2003/ 032046 -54 included in the
firtg mr%@dmtbunﬂhmdhattﬁée elbeferluménreseent o Fheeeqmapasitings can be, for

oS e POt SR RE AR i Ry By St Frrom o

donor substrate to a receptor substrate. The compositions can be thermally imaged to

form pixilated arrays useful in OLED display manufacture and can be optimized to give
rise to high quantum efficiency electroluminescence by varying the thickness of the
film and the ratio of components within the ranges specified. The emission color can be
varied by choice of the light emitting material. For example, perylene, bis(2-(2-
hydroxyphenyl)benzoxazolate) zinc(Il), or 3-thienyl-7-methoxy-coumarin give rise to
blue emission; benzothienyl pyridine acetylacetonate iridium(III), or platinum

octaethylporphyrin give rise to red emission; Coumarin 6, Coumarin C545T and
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that is a spirobisfluorenyl group with a nethyl
substituent and the second conpound has an end

W@E appioggsyr oup that i s an unsubstituted PCT/US2003/032046

spi robi sfluorenyl group. 5 A subSkituent on a radica

of the second conpound can be of the sane type of

s ubb{rpylsegive fise 19.greeal dayiksions|akea Bplutyl @bk Gxcacydend gives rise to white

aryl oxy, fluoro, fluoroal kyl, perfluoroalkyl,

het@P@éPRyl, heteroaryl, or conbinations thereof)

pr esent j '

Compound o T ik €PRRHIE (b cofdhiia Brockdlfigho Fifmula Land 2

at ovesond eompapddhdtihes sreotphlesimilhetids toshe Brstcaappindg A compound of
f anthracene wi.th 10 a_net hox

[ di cal
S ubereta RS ReE el Qs 5 TROTE SRR GRRIUNS SROPBRISE 3re Afashed o the core.

of :fbbél‘f@&ﬁnﬁ%ﬁ caf theBidR@rHdie MR A ihﬂﬁﬂés- thé Borg P A st

specific exanple, the first conpound has an en
c apPinRpugf.oumondrealenit sadicad fiat vislwies theremd\chpmjng gpoup of the first

substituted w th a methyl .gro and .the .secand .
coremtnei Gt a el SRR o Pt SoqiSfl S disiend capping eroup
spi ¢fahé fifst UemBANNI, BF PednbiBaRST thbtebed T\H’bfs&oﬁd"c%gdﬁm O be, for
group. 15 The substituents on the first conmpound and

t hee*8Bém @ lighhebiliing walisriak 2 lselopfonyersipf matesiat, atopprge itfansporting

th . ' d i he sa esition. In a . .
spabr i 18 bSLle pih e, SRTFRAE bingsl e Bpfbigation ereor.
spi r obi shlthigageet, tigy Rundeddgidung cesl b¥ihdubatitiRidNydn have a substituent
group and the second conpound has_a spirobi sf [ uor enyl
gr U SamsdYRe thelds pigseH Oantgmqmsp@md;% strypture [9é theefipst compound, or
pPOSiti 3 ' h
PP rap S RMARNEy LR o Tobetherg AU R AR ARIHE r b R gructure of the
corfgsidemgeuhd. e semhe umbuodialents, giersubstituent b ag&diof @f the second
QorEpound qo1f t.he corrpagsi gi on can be a small nol ecul e

i .S@MPOHY fot

GMPOHBHCanRR WRiiGRER Rt QR B SROKIRS SHBICES Rhheirsi compound.
| N SRERrRFRRIHFRRuSurd 61_%{9 AP Q&hhb@”ﬁ cah fbg'rt]h@ﬁ&t BYE 0 first end

hole transporting naterial and a ectr

t r ZABPIOE ighavy, oma divalant raflical aftthefirse atdchippargt gou. h@oth the radical of
conposition includes a hole transporting.paterial, an

o B FSRADorhpnd 35 e s aunding Stragiyse S §hp gt conipoiind can be free:
emidf sulbkginwBAlse Th @lspedific &8RO FR BAd &fpphh LCRIR A Pl adical of

of the invention, the first conpound is a conmpound

ac @athiaqege withmaranyisabstitzand gteay and ther stomhebnamppil ipludes a radical

gr firf .conmpound n..be represent.eq,

91 ey o Sl FTEE, S0 S BRERLE e scond
an@odiposiicaidie cot@sthbidihg Sietnea RIP kHRFiGf #Rsoind ER€have identical
second. conmpaound can be polyneric 30 or a small

nolSBesitEents. Ia a sperfic prampierthe firshaad papping gewpean ksairadical of
CoRLPAE 04 o SELAHER S 3l P R st o
gr anthrat2ne witl aZZethovoy subetstuetit)in the same position as in the first end capping
group.
Additionally, the second compound can contain a radical that is similar to, but
not identical to, a corresponding structure of the first compound. For example, a
substituent on a radical of the second compound can be absent on a corresponding
structure of the first compound. In a specific example, the first end capping group is a

radical of anthracene without any substituent groups and the second compound includes

a radical of anthracene with a methoxy substituent. Likewise, a substituent on a radical
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WD 2004/ 096783 PCT/ US2003/ 032046 -55 In a variation
of this first enbodi nent, the first end cappi ng group

wo@eottiogs78cond end cappi ng group has a subst i PCENE2003/032046

that is absent in the other noi€¢#y. |n another
variation, the first end capping group and the second

endinclapgd inghe fieds popyend daa b@aiBBent bn }@Q:oﬁ“esp&hiﬂfhtgi strueniesof the second
(e.qg., aIkyI al kenyl , _al kox , yl 0x fluoro,
| (PERIURYGT I8 e spessiioatargale, the 1’é§F 6<amR9/lrn has an end capping group

het 5191@ b ’rolﬁgﬂlfoq | Qihen & erﬁﬁ@fsﬁbs&ﬂ#e%ﬁ h& t‘ﬂH Q%E‘r?])hg @bmpound

car on at tituents-are erent
sedondnent oap[nm gx;oup Ilimt is ansinsubgtinatach dpﬂcﬂ)mﬂlmmnyb godp.

accordi n For nul a has a first core (e.
the firsts ‘6%‘&% gn ea# Fe ? Qﬁrssg%@alpwss? C@kémﬁ%e sggye type of
th esufogt'itﬁéﬂt"{‘e %I a a aﬂ@:ﬁ&le alﬁloxjr Sar%lh %yidifﬂu&%r ﬁu&BQlkﬁi L

are two id ‘end cappi ng groups). The seco
co m:amﬂmfrodhyﬂ beteppalkytietecoayl, ar sorabinatais ébsub@) aredent on the
cont ai ns

t t I t t et
C O toBierporRing St ot e Fest EpEBbtndus'Bhle S G fitent pusgher of carbon

CONREHME. dnp@gﬁeaiffé%xambf&d tlﬁaﬂrst%d%ﬁﬂplﬁg Mﬁ@'lyg@z?dlﬂl bf altBracene with
a variation of the second enbodi nent, th first core

or aimethoxy suhstitwen ang the satpod pompouﬂdelnslsdwadmﬁmfmdlracene with
has a ubst ent that is abs in t her .

o RO RAGHEH, hitioste? sPRARY Precfbit. e i fomARiAa Bhs an end
COrdaBfing rg%utpghﬁtagi b §girotislioiénys eEpduBQITNeY mthfbam@thyhgoup and the

sanme ty dp substituents (e.g., alkyl, alk g
aI KRG ound egirtaing an pRAEANFINE FIOUD tf@aiskewplro isfluoreny! group

r I Q het eroaryl, or

nsfbllbﬁg |§r¥§éﬂt;}1tgggaﬁlgg$@t he nunber of carbon atons
| n the sTHesdubbtitesitsortte filstf doaipnhd ahditie stddndttompound cannot be of a
enbodi nent, the first conpound is a conpound accardi ng

o QeipeN tbe Hghey & quItE 1 the s BOLEMi Mg Peetip example, if the
(€. eﬂdrb%gf)lhg ?ou%??rg ?gﬁ% ﬁ%ﬂ)ﬁ I g%ﬁﬁﬁft&g wiflla  methyl group and

ex an‘p 'S t e cor
andh&becane compounderas aspirotfislstrersy @rowaqupstngteg moﬂlnsphenyl group in

The, second nd is a small

Lo e ahE tiemitai Rare faritiben B difiand Gongipe groups.
CaRHérPﬂle%E&jfﬁ afEnd con§1&@e@&0&r@nﬁmgu Hehigan  be
represented, for exanple, the forrul a Z2-B-Z2 where

Bis theleﬁeomnE@uad of ﬁmoa@osldemmdaﬂ a smelbnwleenlg (i.e., non-

ca and 72 ncI e
corpbafiefi Y B peM BuShebl el Bdoms ebhmppts, hs compositon
fl lifRTh8&tbot i g hold @%nspietis TableriADARICH @ectittfinsgbr@ed indRrial. In
e., electroactive or electrolum nescent) core. The

gu rathepembedirecnty thecogimesision dagiudss a hele@ansporing apesial.pa electron
¢ qua%tsf)&{lhé {’x}éte? ,tagg athWRt e‘ciﬁwmg r'ﬂgéeﬁ f.“ es.

In one embodiment of a composition of the invention, the first compound is a
compound according to Formula I and has a first end capping group (e.g., the first
compound can be represented, for example by the formula Z;-A-Z; where A is the core
and Z; are two identical end capping groups). The second compound can be polymeric
or a small molecule (i.e., non-polymeric) and has a second end capping group that
includes the first end capping group(e.g., the second compound has an end capping

group Zp; and Z, includes Z;).
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In a variation of the third enbodi nent, the first end
cappi ng group or the second 30 end capping group can

w@omuadeIsh substituent that is |acking in the PCTER2005082046

capping group. In another vari&Ston, both the first
and the second end cappi ng groups can have

subst i t U wariatiah oﬁth@ foifst éBodimeRt, therfarst @d\q;appﬁiF ls¥dup or the second
al kenyl , al koxy, aryl, arylo )é fluoro, WO 2004/096783
PCTINdSADPIBE @@JM@S 2 sgbstinens Ehsh Is@psent i el iler gagigly) In another

het
e SR s SRTRLSRL 18y LIRARE DA e s
c arﬂypmoﬁiubmtueﬂtm (agf alyl, hlkenydpalkoeytarylf h@lo&gmﬂxmo,tﬂlwﬁoalkyl,

nc C und according to or I, a
' d&ﬁﬁu@eﬁﬁ %tefq%ﬁi%fi@t%oagﬁlam 641%‘%@@&9@ th%%ﬂ guttth? pgmber of
00%&%&&1@& ﬂh§ sébsn%;én'tsgd}éd i(}'réﬂt' ng pol ymer. The

first conpound has a first end capping group (e.qg.,
t he fi r sih aceopolenbabmeitethedpsteserpoand 1sfa)¢ompcm1nﬂlaeqordﬁy1g to

R B i S St iSSR0 NS B vl

'TBQHQ Goriga 2-A SEGRREE RNH (GARRY BreGhYPark t\% ideRG¢HERE capping
thefirst end capping group (e.g., the second

congrowrs). Thesdsend eome@mdtc@d be fpolymesximmplasmabymelaenle and contains a
f l.a Z 0 2
| et TuBleBh o B e ptyRa ip e T Snda B Bt o Gge I sccond

Zl)confgwad BontSiANRO&ditdl ) aﬁ@@lzdnélﬁdéﬁ%? for exanple,
to prepare a filmthat includes a sma nol ecul e

bl end winre weriptigief @msmqndgnw@dym th EFsé cotlger élmcorrespondmg
CRRR i Bkl RS AR RRCs SBTBOU e G morey. 1

Th eanoaféalvhnmhgmulfﬁa c@ﬁafhﬂdﬁﬁd: tisteespoidit e raeiidal i thd SedoRd @ompound
variation of the fourth enbodi nent, the first end

capHivR e YRS Of SHBstitue D fek- cAbkyle allpshgrlise o pryb awyloxy, fluoro,
co S
ca[,%?dﬁga%ﬂ {ahORUEN, pp BRI, HREELD0 ok Borh el o B8t but the
anchuntber sﬁczamm amms d@ el snbstinemiyose diffsredtave
substi t ent re of t same type g., alkyl,
al kenyl , tﬁ!&é mbgdigent, ﬂé‘?{}]q SHSQAIPGU A 6£°@PW&SF‘P€§‘F‘€ to Formula
per I h
P 0RHEXopd BB SROACKY o LT GROM oyl e e epresemcd o
c orexainplea by ktfef forranta Zat,mﬁe rwhofe A as thogomt amde/; aretved lﬁmﬁtidal first end

nbod t j L] | ud
COPHPE g Py dorSpbund G AFTEOh Belistie e B £ gpond end
S mﬂak) pifiB lofsup! tBat iAC8ddshé frse @ﬁ'fp@dlbﬁ&gt drdlp (65%1 Sffe second compound can

el ectroactive polyner. The first conmpound has a first

encbegaprshantedy f@@ﬁa@elegby thetfernmyla Zo-B-éowporeddisdhncare and Z, are two
' ep rgeerﬁxrc]:glt s%gmé My ¢ 81% g?dupg and% inQb sI fl Z%ué% aZ élomposmon could be
used, for example, to prepare a film that includes two small molecules with an active
(i.e., electroactive or electroluminescent) core. The similar end capping groups can be
used to enhance the compatibility of the two small molecules.
In a variation of the third embodiment, the first end capping group or the second
end capping group can contain a substituent that is lacking in the other end capping
group. In another variation, both the first and the second end capping groups can have

substituents that are of the same type (e.g., alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro,
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25 and Z1 are two identical first end cappi ng groups)
and the second conpound has a second end cappi ng group

w0 bai/0p6183 udes the first end cappi ng group (e.BCT/UB1963/032046

second conpound can be represeribed, for exanple, by
the fornmula Z2-B-Z2 where Bis the core and Z2 are

t wofluateslkyic perflaomangl, m&dar@ﬂmli Ingergaylips combtha#idns thereof) but the
i ncludes Z1). Such a nposi ti on_coul d be used, for

eanBFtémeltt%C?i’r "éﬁ’éﬁﬂ% aéhfif‘?fPIPﬁft“HgFf PhearbeedomSsmal | 30
mol ecul eyl ﬁﬁﬂh\éﬁnﬁ)gdéﬁﬁknﬁltﬁ@E rﬂl?&ﬁtiao\rﬁl nPAHN Birs Eouglla%ccordmg to

end cappi ng groups second conpo
canfeniudanl e sedmxdcoorrmatmd)tliat tsya sofallttheleeude, and a third compound that is a

o ST TR B eSS oSS LS5 S 5. e
Varéo%nﬂo%ﬁd ehn bdRp fésEﬁtEd %p&%ﬂfﬁé‘ thy thd forfdulaS2, -8 where A is the core

cappi ig group or Pihe second d cappi ng group can
cordmgli ) ame sublenticad figst tehdwappsng grokps) gndl phet dgeonst ¢1mnpoe1nd has a

oot adtearbing b R G Pehp b Bt b e1Sup (£ the sceond
subgdrhgougtsn B@fe&)re@,éﬁe@ ffok &&nﬁﬂa%yttﬁ@ﬁ)rﬁﬁlagzz-BﬂLMer? B is the core

al kenyl , al kox aryl, aryloxy, fluoro fl uoroal k
peréfddlZ@rthQA entical second r%gnll canpertgegrcapw pnd &y includes Zy). Such a

conbi nations t reof u substl t

contomtsRzpptateiRed, iAberahle. 13 PRENC A1 ol APlygs g el
enbadie@Bblent hﬁtﬂ@ﬁ’%ﬂﬁ&kﬁﬂtﬁ@ polghdidehefe fhlere'ﬁﬂ cEEHRO bidlps of the first
accordlng to Formula |, a second conpound that IS a

s mednid sepandcagrmpound gamenhaneathe sappuHlitRithg @méﬁ composition. The
'nas%ahlvﬁoﬁ&#dxgantméﬁdé'§c[etgzel?:%fe§' n, the term"inactive
pol'ynmer™ refers to a po

mer that 10 i s not

el ect r oakta weiadonl of ﬂhathllllﬂl érabodimehigtiic fast d:ntlldagpmg group or the
pol ynmer. The inactive polyner can, serve,

he oo wdﬁapwpgtgrfélprqapﬁn@m%@ﬁawsw&h%tﬁélag@egﬁlat e other end
c O%ng‘g gr&lﬁbe IH eah?tﬁ:r TR{IREH, %t}bﬂl% fﬁ'stfdnﬁstﬁe fc@gnd:@rﬂpéaﬂgmg groups

grou i rst conmpound can repr esent ed,
f orcabamp klmsntmysntls ihleat facer mﬁihasame- Ap(e. g\,hdkgl Allqesylt aikoxy, aryl,

;?L%ﬁlg)?d ﬁgmgé@aﬂl de L Cglbﬂﬁ{ hérg}oéﬁ%yi ﬁ%&gp{g or combinations

CappkRef) bat e QUBstinitaks éa!ﬁ%ﬁﬁﬁﬁa bitRrerk hEfb&NSE @AM s,
group (e.g., the second conpound can be represented,

for exanpl aef;ftqumbmnmtn phel cawrrmsmozznqm@s @ figstj compjeund according to

or okipauieg 3 i PagbiFB SRR Ot Guf AR Ctygqopa et i an

be elétﬁﬁﬂctnfe%ol?%mf@ firbtCoR{pdRAd Bas aﬁflfst titl édpping group (e.g., the first
i ncl udes a sma nmol ecul e blend in an inactive

pol e;mmounét:an e wipeasented,orerdmpde iy ke Broylasiop-4ityehere A is the core

08, R SR EREHRY DB SRl Mg coppound s

ol @Géﬂcﬁéhd(h’appmg @haighahat includes the first end capping group (e.g., the second
compound can be represented, for example, by the formula Z,-B-Z, where B is the core
and Z, are two identical second end capping groups; and Z, includes Z;). Such a
composition could be used, for example, to prepare a film that includes a small
molecule blend with an electroactive polymer where the end capping groups of the first
and second compound can enhance the compatibility of the entire composition. The

small molecules can include active cores.
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active cores. In a variation of this sixth enbodi nent,
the first end capping group or the second end capping

W@e@d/9¢8h contain a substituent that is |acki PQI/UR20081632046

ot her end capping group. In anefher variation, both

the first and the second end capping groups 25 can

hav e SUbEL 4 va+RIbA of fRtfife @nbddifes, ﬂ@rfefstt éhdeaping group or the second
al ky al kenyl , al koxy, aryl | ox fl uoro,

f | u@rdf@pwllg QI ¢AN FORE kaSUW@ﬂ@% ingja ke ¢heryand capping

or QNI ARAIANS valiflRde Bl dRlirst 6 SURBLAHUGR A AR groups can have

s evaibktituentd ceht arerdf thet Md:@pr@ (Esg t alkyl, kikehyldsRoxy, biyi sdryloxy, fluoro,
conBound accordi ng and_a second conp
t ha

uqrgalkyls ﬁaqﬂwowi@é d}eéeroa#h)él hfrt?@@ryémfﬁemalaﬁags thsmoa but the
fir ,&9{?
r e pégog@‘r%té IZ[(SJI (:% &mt%lgl( g?ﬁ)‘l{f&j’eﬁb grg%%l?gto Al -Z where
i s t hin 4 sixthtendodemenidtheg cannpoiltmm indbrde iadfakt ce;mjmund according to

cappi n ou and the. .secon d cont
coP %fgfﬁ%é aﬁ%ﬁ%ﬁ&dwmwmat 18&&%?3@5&65 ef%ﬂ#@ttﬁgg Fgmpound that is an
(e. ﬂaetﬂe%}lyrﬁ@r‘: Adise@ HeieH @hecteﬁn B LR Aﬁgﬁé@%fefs% a polymer that

exanpl e the fornula Y-A2-Y where
2 004 /n00EEE B aPY AUs2batss @312&014§It enb@ingpelypearodlie tmceveapolymer can

d | end
¥ ncteitfe S5 fble, s e B 5t A thySepndicgmpound. The
exafpt &mls&ma MBPAFiest _ndl b&ﬂplﬁg@bup &L YR Firk MR nSIBBhA can be

nol ecul es with active (i.é€ | ectroactive or

el eteprestnied, fetsaxemple, &b dh@”@ppuhgzlgfh&] pehere Ahiethsioerd and Z; are two

C or gx%ucc}agrflfs en O?appﬁlfgog{rr&%psg g@‘#ﬁﬂel ncgﬁ}%ggné F?? aasecond end capping
var grotyp eHat ﬁi‘clddh@tlﬁ&it@trﬁnh caphiag gmpt(e .geithdReoidnipdiell can be
core or the correspondi nft% radi cal in the second

c onisBissented ﬁ‘?raﬁxﬁmé’l% b ke forranla ZorZs vdhereaR ik g cpye andife are two

e Sk 4 BBt 0B Bl S5l oo ot

congxed,fdr évmnq)la ud $fdptatb@nﬁl‘m thaainchides a)ﬁmh]m mcﬁamf Blymakin an inactive
(e.g T al ky d’glP 10 al koxy 1[% _aryl oxy

fl uwnl}netfmw e eBéFFH’RJ%% 6‘59!“R§/P ﬁé@%@@éﬁwpd compound can
het Glieatthe cARBLEAYRI ﬂﬁitén@i?écdﬁfdsﬁﬁf& tsn{ahqnolec es can include
substituents can cohtain a dif ent nu of carLbon

at oavsive torean ei ght h enbodi nent, the corrp03| tion

includes _a first c oun rdln o Formul a |

second: dBpBtRoR AERR S <Bharimanbitos i %8 Rpoiha dipfiyor the
COonpeEsHIerdt@ppihg grok é&n lcbgain LeHbkiitub tRR1Y ﬁ%hng 1@ other end
first conpound has a first core (e.g., the first

congappig group. In another variation, both the first and the second end capping groups

can have substituents that are of the same type (e.g., alkyl, alkenyl, alkoxy, aryl,
aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or combinations
thereof) but the substituents can contain a different number of carbon atoms.

In a seventh embodiment, the composition includes a first compound according
to Formula I and a second compound that is a small molecule. The first compound has
a first core (e.g., the first compound can be represented, for example, by the formula Z-
Aj-Z where A is the first core and Z are two identical end capping groups) and the
second compound contains a corresponding radical that includes the first core (e.g., the

second compound can be represented, for example, by the formula Y-A>-Y where A, is
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can be represented, for exanple, by the fornula Z-Al-Z
where Al is the first core and Z. are two identical

wer@40908s Nng groups) and the second conpound CPOI/EBIV93/832046

correspondi ng radi cal that inclulfes the first core

(e.g., the second conpound can be represented, for
exafRlsecondycotdignd Vrafdivio ifeidcale PinBZrowpst ARl A8HRMAes A;). Such
core and Y_ 20 are two identi cal cappi ng groups;

and?2 Sompestionieaildby uses}utqar eaa@mwr@pmaé@mt t lméudes two small

US e olé‘cﬁ}yeg %ﬁl%%lge 0 e?{cﬁr%%tﬁz a}ﬁ teiec{'ﬂ)fup? tlesc rﬁgglgc?éalp%mg groups.
V\/n efThe tinglac oores caf bd imdf for Siarﬁ{ﬂd o eabdide @mummﬂlbﬂﬁyl of the two
enhance the conpatibility of the entire conposition.
TheSBathmelseglescul es can include, for exanple, active

end ca I.ght

cbod mony AT ey thiR HBBRenE bl hO BBl S e

cor ccﬂsqspmﬂmmradmﬂ mathe isecohd eompomnbbomtum awlsktiodmt that is lacking in

contain a subst tuenf that | ac in the other . i
tte"ﬁ nh@uf TR s @? V&flﬁ%?{l ba@ktﬁ fiFis cprerad tasosaresponding radical
t hemotﬁé K&DRA BS’I‘nPSund' l?éi/\e%ﬁ'{l)stﬂt&n{snﬁatsa?@ 8hGe QQIH%) gﬂﬁ‘%e ©2Q1kyl, alkenyl,

have substituents that are of the sanme type
al kg'lkpxsalak}émryl,oxw ﬂhmry,, flenrgdlkylapsrflosapalkfyl, llnetemalkyl heteroaryl, and

Lle? cgéna ons 61?er%<gjﬁ,ﬁ a!rséﬁlgittieﬂtgf,cg%%ant% @ﬁfgrent number of carbon
subgbhguents can contain a different nunber of carbon

atons. In a ninth enbodi ment, the conposition includes

a first bompightt emb@dxr@ﬁnﬁ,ghQ eompasitinn iaclndess §rst oorpound according

co spal | ecul e a.third

conRaiiholrSh shdn S Rt o8d e Bete B o4 guisbspmpond thatis

- 59 BplRGii0mgtjokEnd0 ITheH st cbipolind Bds £LORPEIB ¢k Batheirst compound

first core (e.qg., the first conpound can be

re p@@é@ﬁ?@&senr@r forexpiple, byhefaenyla Zfyi-4 whese A7 iswhe fisst core and Z:

Al I

capts? 0 Sieplit 8 lond AR A8 oo bR R Eiftgins o

cor ccesppordiinpgradicadthatbinclubest the fiedt UdleS(e lehehd decsiid eanfound can be

(e.g., the second conpound can be represented, for 5
a&%ﬁ{eéen% Torrramg Sy Shoonpule Vyher & Whote Az Stibe sgemhgpre and Y

cor gid g

e iﬁﬁ ?ﬂu i égﬁéﬁ eh&"@a Eﬂoﬁﬁ% 61131? t%? (l)&ﬁn CREOEP%) b\‘ge&li}pdscé)n?ﬂb%tlon could

ex alpeplsed, ﬁooe}pmmi@.rte peepfard afinh et inchidede small ﬂmktdule blend with a light

e bl.end th an ele

¢ heSTo it ne hoce 1 cckiscrt b BebenGnes Bl P aennna s paance the

t hecongfBAdtY Bf the %Mtl&fcohﬁﬁsﬁ%' Tfe AR ﬁﬁﬂéchfé‘g caﬂ— MeIude, for example,
smal | nol ecul es can include, for exanple, 10 active

endactiEp pdheppyingEISUDS.

In a variation of the eighth embodiment, either the first core or the

corresponding radical in the second compound can contain a substituent that is lacking
in the other moiety. In another variation, both the first core and the corresponding
radical in the second compound can have substituents that are of the same type (e.g.,
alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl,
heteroaryl, or combinations thereof) but the substituents can contain a different number
of carbon atoms.

In a ninth embodiment, the composition includes a first compound according to

Formula I, a second compound that is a small molecule, and a third compound that is an
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In a variation of the ninth enbodi nent, either the
first core or the corresponding radical in the second

W@ eopoTe3 can contain a substituent that is | aPKi/m§20031032046

the other noiety. |In another vé&%ation, both the
first core and the corresponding radical in the

se C@B&rdﬁ@ﬁf@pﬂlﬁn@ﬁ nr}hbam@t Sotiysduintl We4 Sirdt ate (@ rge thd fitsb€ompound can
same type ( 15 al koxy ryl,

% al k al kenyl

ar yb%s@yreswt% or e)famrgﬁz (bwtlkﬁyformpﬂ@rz Padk wapney‘}u is the first core and Z are
h

t ne B olECBRAY shupsTing ETRAT oREOutT ELRRY  Blkesponding

carfadival thhoifsludéstha firerbie (e/phakk sseoid cdrhponﬁﬂraaﬂ bk trépdesented, for
i ncludes a fjrst cgg?ound accordin For mul a |

s e CHRIREG Ry Sty YiAe- % vaieeg f2 de% sqgpad C%fﬁdmé Y ﬁie?wo identical
co ng%g%bdpﬁ %g A%g?lgﬁ%g& HY %uﬂﬁh ¥§Eposﬂ&?0(§dl& Bt used, for

compoun ound
c ane)&mmpke po prepatcedilnt that mchndpﬁ aasmﬁynioteeufedﬂmd Wit ad\eledtroactive

mher e first _@g %ﬁ t wo |dent%cal
en dp &Iﬁfﬁ Wéera S %\fﬁ Uf?é AEIGARY RPN FaR SRbACH Shea
C 0 r (5 BHicPOr the Q:ghfeaéodﬂ%@ﬁloh n ‘Thé' dgian Mlﬁedcu'lé's%tan ?&:ltﬁie, for example,

the second conpound can be represented,
exaupWeen®ymmimggmnmnﬂ a Y-A2-Y where A2 is the second

core and_ Y are .two dent cal I ng .groups; .
and Ao et Ciigonps e éoodeblicn it B doBuR fesprresponding
f Or radRYFIRRhEsecht] BSBPGME can tohthinthabstithedt YR Ss FACEHE il the other

nol ecul e blend wth an inactive polyner where t

corlegleaf Inrgothier variagind, bosle tichlr@tcﬂ@pQ)%mUth@ anrreﬂmadme redligal in the
con;% 'olmlcﬁchngf CIIIl gveesrﬁ‘g 1tue Sarl}pf) %‘e to% gqge saquetg%e €. g alkyl, alkenyl,

nol &€

Capﬂk@gl gy R Flox B Eldofo, &]ﬂbﬁizﬂll@ﬂlpwﬂﬁroilhﬁl hewtdalkyl, heteroaryl, or
enbodi nent, either the first core or the correspondin

r ad@%%hmfit’f?nﬁ Hierepd LyH dhe BivpdilpRfs sahcawmn aidifferent mumber of carbon
sub jtuent that is lacking in the other noiety. In

ano er variation, both the first core and the

cor r espalndi taghreaﬂjodiiherit nhé bempesitbonidclndeqpofind cmapoma\aecordmg to
substit etstht are the s

al Kva Ingseqsd cowg? tlbéitT‘F @ﬁggﬁﬁ‘épe b6 g aéblf%F%R‘g)md that is an
ar Yihact%%gyl or. ¥ ‘Pi&Q’coﬁle@ﬁd)l%s%rst REL {d. é‘ Q%nkt)élomgound can be

het er oal het er oar yl conbi nati ons” t her eof
t heepigbatied, lﬁ@*rmam&ptm by dwtfarmula ZdAf-Vewlmme Anmsrtherfxrstfcore and Z are
car.bon n_an el event enbodi

corSEureTSA TidcieabEs SEPHEFF Ok thE g S adang 4 sorresponding
Foriical thatqﬂau@essﬁé AR c6R TRV sebdHd dotnpouR@ YA reprdiBnted, for

first conpound

example n‘gy the formula Y-A,-Y where A, is the second core and Y are two identical
end capping groups; and Azincludes A;). Such a composition could be used, for
example, to prepare a film that includes a small molecule blend with an inactive
polymer where the cores of the first and second compound can enhance the
compatibility of the entire composition. The small molecules can include, for example,
active end capping groups.

In a variation of the tenth embodiment, either the first core or the corresponding
radical in the second compound can contain a substituent that is lacking in the other

moiety. In another variation, both the first core and the corresponding radical in the

second compound can have substituents that are of the same type (e.g., alkyl, alkenyl,
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has a first core (e.g., the first conpound can be
represented by the fornula Z-Al-Z where Al is the

wo 2003009783 e and Z are two identical end cappi nBCT/US2003/032046

groups). The polynmer is a reactflen product of a
nmononmer m xture that includes a first nononer that

conzﬂlaoxys agyl, arglokg,dluokdyfluor etk yldes flhdrealkiyl, ﬁéteﬁdﬁﬂl@l heteroaryl or
the first HE contai ns a radi cal A2, A2

16 Sirir el o ER e s R e Ao ain AsaLTeisabmumlon of carbon

exafphe, to prepare a filmthat includes a snal

nol ecul e having groups in comon with a polynmer. The

c onmon @rmmb@/endnmmmmanmﬁ thheompoyidion hichidey a Gifrsticbmpound

s in, the osition. In a varjation of the
gﬂbfgﬁf?iwgefﬁ%é’a‘if%ﬁtan &iseHard CPH@OPW Hhat sy polyper e first compound
Corﬁaﬁ%ﬁﬁﬁcﬂdﬂé}(é ga%@?ﬂst'ca ?B\?nscﬁ il B n%t@ %‘%lﬁ% aZ—Al—Z

contain a substituent tha
moi ehere Aliis tindirsteoreand Zaiedwo 1¢kmt1haltdmd cﬁppmg gncmpe) eﬂ’td: polymer is

the corres di ng radi cal th C ound ca
ST o ek PEa FRbGE wifptel o RIS Ba angmsr that contains a
al K’ﬁﬂmal&hi{tQMhdethé@%Ycor@r(é’ b, tl@'ﬂﬂs%ﬁnorﬁéﬂ&h&ms aradical A,; and A,
quoroalﬁgﬂ perfluoroal kyl, heteroal kyl, heteroary P

i

or iBeJHEgS Sheh 2 prrrpesitioriean betvsed Fbstsampin te prepare 4 f11m that

O3 i S RS B P e 8t Pt common

C orgeoupcanesitinde thg colpafibilifpdBthe caRPodnds &€ HetonRReieRd
that is a polyner. The first conpound contains a

first edd ad’éfiﬁ‘i“ﬁg‘)fgth‘%) elgventh gmbodiment. ieither the firm gons aralre

b A Z|
B e L T TR Jr p—
c appihegptherangisly. In Theh@olayiaton, ibsttathe €iag o andthelbsitespbnding

J] Ege m xture that includes a first nonomer 25
t héi‘ 16350 Hersecond fompoand canskave spbstivants thay ase e thg same type (e.g.,

d' \éﬁiy? "Hlkén@lj laf@hky Ofryil %?1&8'; ﬁhoﬁnﬂu%gﬁgpg rfg{opc%glfyl Jsteroalkyl,

g.”, the first noho nt ai hs
a rha@r@ayl of candbinatidms theaeofr butplossitbsdimenta vab eonisiad, diff@ent number
exagg S toggrepare a filmthat includes a snmall

ﬁg 20, fng groups in comon with a polymer. The

sim | ar 196 @e:asthiehbdainheri NBe f:d)tﬁﬁésn"i’(ﬁ{jlncﬁﬁgso;{‘ﬁrcfg@ BMﬁa‘& according

can enhance the conpati bili té@t(ﬁ t he conpoun
coﬁq)E@Imql@)hands@sqcan corppoundithat ind polyemer WwEh4 fitst compound contains a

[ . firs nd. ca n or t econd
ool Phopidd Srolb (S R TSRS Bt e Bhnes e, Trcsbinple, by o
| addonnda Zp AtDEwRéB & is@Relcor aRPZ SreGive Ydlentichl ABOSHI®apping groups).
var iation, both end cappi n? groups can have

A

e ipply@mr &8 a yepetiongiradust of pEongmer ny)ggre(tbatgncludebsl@/ﬂlr,st monomer
@S%%tg@é%@%ﬁ%&%@@y ﬁg%ﬁ%i dl%é{fnt rallCAPSARL K%k end capping
group (e.g., the first monomer contains Z,; and Z, includes a radical of Z;). Sucha
composition can be used, for example, to prepare a film that includes a small molecule
having groups in common with a polymer. The similar groups in both the first and
second compound can enhance the compatibility of the compounds in the composition.

In a variation of the twelfth embodiment, the first end capping group or the
second end capping group can contain a substituent that is lacking in the other end
capping group. In another variation, both end capping groups can have substituents

that are of the same type (e.g., alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl,



10

15

20

25

30

perfl uoroal kyl, heteroal kyl, heteroaryl, and
conbi nations thereof) but the substituents can

weondadersh di fferent nunber of carbon atons. | PCHUS2003/032046

thirteenth enbodi nent, the conpedition includes a
first conpound according to Formula I, a second

c onpeflciohlikgl, hetsraaligitetersmyk anid ombindiénsRBé¥H but thd substituents
The fi rst,cogpound has a first end capping group and a

fi r coBiaEn ¢ eiffprent pymber ofcarkoppifihd can be
repr esenj efy; {QhmAARY erEbtl{letcBSLtpf)ﬁflgH RufAks ‘[?"fi tc&@(ﬁ{)&nd

Ais the first core an 1 are Identica
e ncaccangipigiy Kprmulad) a sddoed sempouhdcthapie uschallasoleculs aﬁd) a(i)olymer

appi n ro that includes the first, end cap
g gﬂzf 1%0 %ﬂ?rg%mﬁile%ﬁ rst 865 EARDIRG 2roup @nd p dirgt ﬁf’ret(ﬁiﬁn ﬂ@fh@fSt

fi I ImpRNLE chifbPre rés@rﬁe& %{)éﬂn‘gﬁg%ﬁ/Liﬂgf&ﬁﬂ abzlié:%_%ere A is the first

represent ed, 10 exanpl e ornu
wheroge #1d % ath éwe atemtldaldmste:nd rcdpli[ﬁg gr(mpt)z\d“hei sdemidi coalpound has a

seco roups;. Zl jnc¢lude and B_does

not’ mme fﬂ@‘ 1&5 # tﬁ 19%%‘35"?@ firstep %Wft%]gfﬁméué‘ﬂt a second
of @ré%@ﬁ‘%ﬁffé?ef&ttﬁirﬁthta Rt coRC eLgd &fic Sedohdl SomPBRRITGhH be represented,
that contains a radical that includes the first cor

andonexamdedyribe Erewla FaB Zzonlneac Bsis ghe seaetidocrire amchzz are two

R RGO el P R e, o
C Orjodyriiér i@ tHeadhdtidvh pRstucHSf 4 MehoHeSmAXturd kbt lﬁ?cl\hcfé@ la Y3 €Smonomer

Such a conposition can be used, for exanple, to
pr dptrcontinsia iicalthatindlidesdbe Srmacorernp @catans metvater that contains a

hav g?l%ﬁﬂ?[%élﬂde%?fé%?egoﬂ\& {tct}eg Q olit?;eqﬁrst f o{uﬁﬁer clg%@&s a]rﬁdlcal Az and

botthe teh:&nd; muinbmept@tathes ralivhl BheA singiuldad AgérQilegsmcludes B). Sucha
between the small nplecules and the poly can

enFERPLsiiAR cahp BAhior FX3URE, PHECRAE D im dit e udeg spl molecules
< nb'ﬁg%?fﬁg% gﬁ‘)up%wfh &)Iﬁﬂl&"ﬂwtg Ao Cﬂag%%ogfz%% retamr[g;tﬁg H}ogomgr mixture.

e first en
endleappilagrgumlp botirthe smblhinwlauss bad itheusnilat gratips tetween the

| acki in the ot end roup. | n . a second

et tapeetR b T o ettt GahaiS of fie compounds in
subipd tdHpatithon. that are of the same type (e.g., alkyl,

al kenyl ,” al koxy, aryl, aryloxy, fluoro, fluoroalkyl,

25 per f ITn@rfiyst Vlfaylhtwl‘n@ﬁ the tuitégnih embodineat, yhie, firstend capping group or

oL DL LS R AR ET e aeeninpter n

varchpﬁmg @ro ?l Hﬁ@@edoh& vhii4itiin, b6Bre@d Rhppihe g F§ @eﬁﬂ%’?@ 'sii‘&tltuents
radi cal pol ymer can contain a su Stituent that

i s thgt a&@ﬁige pang WQe - Bealkyp pkeyyl, alkoxy, fandr armloxy, fluoro, fluoroalkyl,

e D S A

of chi EOﬁ:’talﬁEa diffeRnBkhngier 9f carBbik omsallk a miyikd vﬁiaki@ii,\blther the first

aryl, | oxy, fluoro, f]|uoroalkyl, perfluoroalkyl,
core or t e corresponding radical in the polymer can contain a substituent that is
lacking in the other moiety. In a fourth variation, both the first core and the
corresponding radical in the polymer can have substituents that are of the same type
(e.g., alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyl,
heteroalkyl, heteroaryl, or combinations thereof) but the substituents can contain a
different number of carbon atoms. In a fifth variation, either the second core or the

corresponding radical in the polymer can contain a substituent that is lacking in the
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het er oal kyl , heteroaryl, or conbinations thereof) but
t he substituents can contain a different nunber of

weaomom783 ons. In a fifth variation, either therCHESIINS032046

core or the corresponding radi €& in the polynmer can
contain a substituent that is lacking in the WO

2008h&906128;. Fa B bthaD 01 0132 Ofth thebRedid®iie A @k Yorrésponding radical
anoft hgr variation, both t he second core and the
cor N8 BelamsE havechubsiftuents thahare 96 thersamerisne(e. ., alkyl, alkenyl alkoxy,

Subé%l B oh8 0, bRl :p'% AT Berbfndl, neldtii: or

al ke aryl oxy uoro uoroa

per ¢dnionaaink yhe,redffbmrthabllbshtuehte tcati oaxityin,a different number of carbon
conbl nations thereof) but the substituents can contain
a diPP&rent number of carbon 5 atonms. In a fourteenth

enbodi mept, foliR€erfiR E‘B@éﬂﬁdeﬁf‘ tlﬁerwg%ﬁwﬁ Jug{u?e%? acﬁ}gpc%%und

according to Fornula I, a second conpoun
s meddcondin gotouHosmukarid a aeqond yompoundTthet i |arsstallcmﬂpmﬂﬂa d.nﬂl a@olymer

A O N R T N O
t heC(fIIﬁfdﬁHH @aIZbA' PZ@SM@& Q?oxbéxah?plé IE;G;’ tflé f&ﬁlﬂi‘%oz ggrf Wﬁ&‘é }z is the first

are two identical first end capping groups
S ecctsmansbapm}w iHenical fll§é@1ﬁr\<dlppmg@r0¢mi) Thﬂziieudmtcctmlmund has a

first econd. end pln t hat i

di f%eg?nen jore B]r% Lt uﬁgs % &gft Cé’ﬁed ?ﬂgfed’lldcf%pl(‘% gipup thatds different
sechidthe Airaeua @aﬁaﬂvﬁﬁmﬁ%eme&d doipoudd @Q%@rep@éemed for
theforrrula Y- A2-Y where is the second core and

ar eXample, BE Hic feanulagedont whaw Axsis plnm@cgmcbups andm’chrMo identical
Cge&gl%senﬁl C)“P%Ig g)L %/ %BrAzl iAcl fJH%se Sle)aclfhl 2 n od utﬁ.tg Felactmn product

of a nononer

t hadf acmasmﬁmenmnanﬂe itat grtudead fiest imodbmet ﬁﬁt &brft@ihs £ 88 alent radical of
capg g and a second nononmer that contains a
di V&g e‘? EHP@g}g FPuP b2 ssseph HoBACE BiBheanping ddiyalent radical of

bR s5cRREend EbEHIONFLe £ e B B plel o AR tngaisa) 73 and
| nohasisondmadiieatnofonin tindadiGl Y02} idecsa rallia af Zofnd Y,

0 ' n.can be used, for anple, to
) indER 2GRN 15ieh & b maas oSN be FosR.BE P Elhdp prepare a
havamahQURSuédY sHTRRe¥h1Edthat }PaQIE%?@Ips 119 E8fRfhon With a polymer formed

reacting the nmononer m xture. The simlar groups
bethyaedrting éhe monemer ﬂnxﬂnbeEb¢ smllaa gd)ulpbl betsiem th@rtwo small molecules

e B PRl e ioom o S FyeaBihsnd i bppag enhance the

fi rceipu@hiligt ofake mmﬁgg@u(fnourt eent h errbodl nment, the
first core or the radical in 25 the second conpound

can contlapdirg vatiptden efithe fourtsanthiembodinintghé first hercor Herradical in
tl‘?et éécoﬂcpco%pound can contain a substituent that is lacking in the other moiety. In a

second variation, both the first core and the corresponding radical in the second
compound can have substituents that are of the same type (e.g., alkyl, alkenyl, alkoxy,
aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or
combinations thereof) but the substituents can contain a different number of carbon
atoms. In a third variation, either the first end capping group or the corresponding
monovalent radical in the first monomer of the monomer mixture can contain a
substituents that are lacking in the other moiety. In a fourth variation, both the first end

capping group and the corresponding monovalent radical in the first monomer can have
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second variation, both the first core and the
correspondi ng radical in the second conpound can have

waegideent s that are of the sane type (e.g.,P@i/kg1003/032046

al kenyl , al koxy, aryl, aryl oxy;63!| uoro, fluoroalkyl,

perfl uoroal kyl, heteroal kyl, heteroaryl, or

c ormfiibisafub @B $hat ARY EQh sddnl tybb €. 8 VARV, hIeRYISalkaxy, ‘é?'),t #yIdxy, fluoro,
a different nunber of carbon 30 atons. In a thir

var flaemalkyl, gpufferoalisyd, hetqraalkinbeterpniliy cgmbinstions theeeof) but the
cor ' . hcal o fir r.. .

o7 ERERNEH A SRIRYHAR L AERr LD IR 3 FRBYRAon e
t hathede@nl@al cagpinggionp odtHeatoreepddiihg thondyafedtifadital in the second
variation, pboth the first end capping group and the

cor MEBYBAHbE MORSMET BRI L1 cantaing REitpenhat dplekipg in the other
can : - :
CunEU R A RE AR oIt SR A0 Re 70U gy o comresponding
al keoybdvalelt kabaa] irathy Isecomdyharomer thnbave, subftituanotlakate of the same

perfl uoroal kyl, heteroal kyl , heteroaryl, _ or
con®¥Ph -g-oﬂ& AkFRds "}“%B’E% PRy IOEB Yt eitogo ey, perfluoroalkyl,

ConfiPaiRyd hét@%ﬂ’aﬁm ot atBhs ARIRS bR UM Brbstitlefts Eéri %Aéhtain a

variation; either”  the second end cappi ng group or

cor disrpohuimberrdcabah efoms: adi cal in the second 5

mononer Qof the monoger nixtuhe canlcongain a.

subst i t uEHt 28OR S FMPLIMEDES BGVIAR eX47BPIGT WhFre thpfifst gompepnd has two
anodyaRtap¥iak igfdupaN SirhiPdriex hinBles BEAME 1RO iR B Ge $:Q¢Bmpound has
and the corresponding nonovalent radical in the

s e congdthiiesn onfaur eatheapping Frabps i t uents that are of the

oy oxy T Ay 8 empPliiens Boyiae Karm s Pisheufif st compound has
het ide@edakatld cappin@rodcuips! Si@ﬂmamgrb@_ﬁwﬁwe thb&J i@ W hictothe first
the substituents can contain a 10 different nunber of

carEIPong hias nomidenlinsl endeappierasnins J9ddhe spsork eerpp@md has

S e iSRS o R b Baa ERBLAARRLEY, DLOVP

conpoundlizasbove ambodihfeas, providé exumedwbap phe@cotidetspound has two
The above enbodi ngnts provi de. exanpl es where the first
CorfFEABPIAG STOUPS PRI X AP e HICs Shasg iy Wdishhe sscapg gpmpound
eXHRIBE, dRGChi LeptiROsHub b WY hd Sppi d
has ngnl-;yi dent | cgﬁ)ﬁlegg (l:1 pé}“ﬂ%&%ﬁ%ﬁx‘ggfegﬁgé@ggﬁ%{égﬁd
conpoundlteabove embedimeats ppoviild exanipleswhare die deeast commmund has

| ment s

of .the. end cappin roups. The above enbod

or doPasS Lt aP ot Hries: The il Cum R IAFl NS0 Rdhgompound can be
enghe 3R AiffeRHPEomabh bRkr. SAIRL 88anf16d MERAL BRI Which at least
whi ch t he second conpound 20 has only one end cappli ng

gr cg of theramdesappiag granps davstoeppalsimjaritigsso the first compound.

Organic Electronic Devices

In another aspect, the present invention provides organic electronic devices that
include a compound of Formula I or compositions that include a compound of Formula
I. Organic electronic devices are articles that include layers of organic materials, at
least one of which can conduct an electric current. Examples of organic electronic
devices that can be made using the compounds or compositions of this invention
include organic transistors and diodes, photovoltaic devices, organic electroluminescent

(OEL) devices such as organic light emitting diodes (OLEDs), and the like.
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The above enbodi ments provi de exanpl es where the
second conpound has identical end capping groups. The

wena4020p3 Nng groups of the second conpound canP@EUS100&032046

same or different fromeach othed- Simlar exanples
i nclude those in which at [ east one of the end

cappi ng PhOoiganibakechbhi¢@evicalca®béthd ighhic@fecti8liniiBescent display or
first conpound. 25 Organjc El ectronic Devices In

anofgtae. fl hegeiip “preanisrmlectiolupinessantdO&E) désplays @a devices™ refer

el ect & QRi i . ' . a. Formul a

B RSPl PGSR IRRA e B e

| . Eatweer an mlode andaicathdéy i Tieslight emattin g elatsidl bad be a small molecule
i nclude | ayers_of organic materials, at 30 | east one

of (RTLFMIEER 2tV daeed BHYBPR Alisht caiifingprlymes drges deped LEP, a
or %@h&‘e&%l}ﬁ% tok QRdther &gydis gﬁf'srsﬂ@.tmﬁ%l DGt PRI y@gpggtgib%e orin

conpounds or conpositfons of thi's Invention
or gamituniticangitls agr sthenat gahio demorganat mutetitlaileat desfua&$onal or non-

or caplor) Gtiee QiR HiSReY o Gotes ahepm kel iGNt displays o

WO ZRQ4L BIRSoterRal ﬁéﬁ%%gﬁﬁ%%ﬁé‘rﬁlch'ﬁ %Fc-:wlfgpgfx% %f‘%lcélgléigsﬁ tpixelated

el ectronic device can an organic elec
di sgibplyysoand degei angissins grapkids.her ei n, "organi c

o i spi SL TORRABAl S Hoetol Pl Gastedh Copfiaated o Ghes.” Nature,

“emi3g7, noy (%1?99{, !déslﬁ:tri%é REVhERShisR 8f WBAROIARIREQSEe R cRding the
e lig

cat hode. emtting material can be a snal
no| ‘dejgstéonsofedigfroasiromeme edecgiiel apblblpofrgmuhe othet, ithghtapture of

or SiRaP Aot R et Py REPapiayioR e B 1551 ccay of e

pr osticiiedleladteinehdlé stafe (eLEPo) PAiduedt by thils BEYmMBIA®n process.”
organic or inorganic materials that are functional or

“non- f unkis YEHNC plecrplamapascet dpyigs insludgeqn exggnic padssive element.

or i . i i . r i hav .
o O3 RIS Rl TOUAYS BN, BERIT o e
gr appards mapriabl sahdwlichddbativegl aysthodenthdlaarapede mMheirgic emissive
graphics. R Friend et al. in "El ectrol um nescence

i n sl Gurielly mpyides dectrondransrort angoole rasponggiell as light
deSGhisdi6n. ORI ARGHARES Blelirok] £€ Iﬁ@é&é&fh&e@g SRGGicknissive clement

including the "injection of electrons
el efcam dubecathnde hod belef permjehted dath élre, orpindc emptsiveelaient from the
opposi,t charged carriers. (sa-call ed reconhinatjon),
Dt ot B O o et racical amlons bhd holes as
el agditARahOse A Bb tibQEFEE PR RbRHERArdhE BpSositely charged
reconbi nati on process. "
electrodes, they may recombine to form electron-hole pairs that are typically referred to
as excitons. The region of the device in which the excitons are generally formed can be
referred to as the recombination zone. These excitons, or excited state species, can
emit energy in the form of light as they decay back to a ground state.

The organic emissive element typically includes a light emitting layer. The
light emitting layer includes a light emitting material such as a light emitting polymer
or a light emitting small molecule. The light emitting layer optionally includes other
materials, such as, for example, hole transport material, electron transport material,
binder, polymeric binder, wave guiding particles, phosphorescent compounds, and

color conversion materials. In some embodiments, the light emitting layer includes a
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The organi c el ectrol um nescent device includes an
organic em ssive elenent. The organic em ssive

web@annd7ss ncl udes a thin layer, or |ayers, of PECEUS2003/032046

nore suitable organic material sssandw ched between a
cat hode and an anode. The organic em ssive el enent

t y peamapdundpravtiidgso Ebanila GNFor AR, thelicht BAJi®ing layer can include a
transport .as well as light 20 em ssion. en

act FraRd agerding 4o Forpdal g5 well @g aisprandcRmperrshibiatis a light emitting
em S84 gl : ot I : .
" DK, §ICRR fran oD eRA, 3005 oEPibCR i ¢ color conversion
anouateteribl, e polynmesicrgsdet gori acontténaiogahdreofem ssi ve

ns and .hol es. as . r.adical

el ement radi cal ani
cations. S%I f"’ﬁ SiAft éﬂ“f’ § PEFFSRIGR OTEANYT Gpissiy %%Wst fush as hole
OPPRHish&H YayeRALREon ﬁéﬂﬁg&? %gt%?sé lrlél@?%ig{f% lﬁgﬁ,fég?étfb% i[a]%ction layers,

form el ectron-hole pair erre

t o Irde hlockingilaysrs elettien blegking lofers, heffetduyars and thehlileh In addition,
t he exclitons are gen rallé)yforrredggan be ,r,ef?rredto )
as RREIPRESIETRIRIGRISBREC PigTenidn dhi gt gmittige lagier px etfer layers in
st aOBL ¥ReeES For xapleS i dorRBRIM cdidk dfh@f ahiRe@lbyth@ht

as they decay back"to a ground state. "The organic

e eqtipdurainespsnt metprinldalangthenedlon khese dridybtheresuch layag and materials

I ) h | i,aht 1Lt I i | ud l.i gh
o g 1G4 to, b br Gk il ebutofieirobelfies drithePaipCihe laygred OEL
or dvldegtolr eﬁiﬁlﬁﬁlé it BelSérl d d&ﬁé&@&k&xﬂv@ﬁ%e' rEﬂJ&Bseﬁ Hideditdiievice

a as

| ayer optionally includes other materials, suc

f oreffisigngyl a desitsidecolarandysined brghiapssaind @k dke.r Brsome embodiments, a

tr 1 ' ol i ¢ .binder, . wave .
ou SERRh TRERARlo o BlAELy ROTRL ) RA9er |RAr e i
col enissiuseiensito n weice tindbdimehts, s18%t BADECthERVikor 14285 includes a

light emtting | ayer i ncl udes a WO 2004/ 096783 o o
PCFPEEo8B3 ¢85S 0 Fgmudayhasotielbasr sesprd ermp@inAdhanis alight emitting
| . QL QXA ' it - i.nel.ude a .
conpo urrll d acc o%dﬁr%gﬁ??nggé artruslfgé’ ;{ &H%ggév\lg?‘?%%é%gteggg iy gﬁ)r conversion
conpauenal, 4 pelymiesic hinldeg ot aeninbiniatign therdofr Fai exampld) @ied®mpounds or

transport.in terial., a charge_ b]ocking material, _ a
cor BPPR OB o T e Saaybe actigRe b e ammspaer lager, the hole
COMbingri BPert e @afibinBidA ihfeof. avers can al so be

present in organic em ssive element such as hole
t r anspodn spmg embodigieatst therlight emitting moleayleriscludeal ia the organic
i nj ectron injection ers

clkon.l ayer . el In I , ,hole

bl oe%g%sh\ge eﬂgyéénﬁ é)f aléf)g?ﬂcoe e %Wﬁﬁep%{%pg cay, B? p&polecularly doped

| ayelyneraitird dtardd deeryidgandifitichiifig sRéﬂﬂ&tzﬁ‘é HI¥hASSERN polymer

material s can be“(ﬁrr esent in the light emtting |ayer

or TAtHEfSeg gy@d@, | Grgage | Eletdiplurainesceni deyicgsrBlased anoPolymeric

co kR Light emt 10 .

ol ?é%‘té?l% §r Gk A POl el S8 cen%, %@%%@5@@%&9%%&6& polymer or

andight dirittissgiedlyhey@EP) andrdy&s ofpslymers such as
poly(phenylenevinylene) act as the charge carrying and emitting species (see J. J. M.
Halls, D. R. Baigent, F. Cacialli, N. C. Greenham, R. H. Friend, S. C. Moratti, and A.
B. Holmes, "Light-emitting and Photoconductive Diodes Fabricated with Conjugated
Polymers," Thin Solid Films, 276, 13-20 (1996)); a vapor deposited small molecule
heterostructure (see U. S. Pat. No. 5,061,569, incorporated by reference, and C. H.

Chen, J. Shi, and C. W. Tang, "Recent Developments in Molecular Organic
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can be used to alter or tune the electronic properties
and behavi or of the |layered OCEL device, for exanple

W 000a0i7eéve a desired current/vol t age responsePCHUS2003/032046
desired device efficiency, a de&-red color, a desired
bri ghtness, and the like. In some enbodi nents, a
conﬁlﬁqnoﬂuauwbmtmgatbnalEbﬂ\mﬁ@nbleaﬂﬁr Senpaed, ugsd1-481(1997)) or

t hese. ot her ers ht 15 em ssive el enent.
In 8?@1“8%5@%%%‘?&“ % one of these other

| ayers i pgley @ﬁ‘a%n es SP@EEE@ Lgttg&éq Sﬁllt @?uthﬁ% gﬁ%ﬁ?«%h%nhcaﬁ‘%ells (see Q.

wel | as a secon corrpound t

rrat Beij ¥ Yang, 6hug€. ZangnspdAt I rifecget, éP(bl&h),er Elgmh@ngamg
mat eri al

F@tﬁ%& gln%}g%gg% 15: c@ Sétul}‘g’mgﬁ%{ ‘P@r}gﬁfh]émétgpg pﬁb}unct?on " Journal of

ex aftp | Emeridaf CHRIBOIRBSIeR, 118 3IPO3YD0 PIR6H ankiNertically stacked organic
i nvention can be included in the el ectron transpor iy

| ayléght-ent @mg@h@eg@apab@mfmttlﬂgd@t of multple wabdlemitho@ee U. S. Pat.

h
ot S50t 0% s DRBETHET REgrBtet 850 arf ey Fobeburgt, VofBulovic, .
an RIE@ivsE afill 8CIH. CI'h'éﬁ‘ipB@iS C‘?Hﬁee@ﬂbﬁ Fuhible, Igﬁmc Light-Emitting

mol ecul ar| y doped ere charge carfryin

andP@¥icesni i&ﬂ\i@ %@eg@@gz%ﬂeﬂa?@bersedgl n a pgl y?rer

matri x ani ¢ Eletrolumns

devi ces(‘g?@egfl %qorﬁ% reanigLleaiolimi {pugeseent Vécﬁd§midﬁlm‘tm -oxide

PoI (YF®)y spﬁmeﬁﬂamto Qtraﬁéia@refﬁﬁﬁlb@ﬂ;&g 4\)K)h asz)lﬁs@lﬂldﬂ %Fh%? Guitable substrates
ght enitting polﬁ%/q where |ayers

of é&ﬁ?‘ﬁé?fse@emlﬁ &35S, SESIAs S@@Wﬁhw polgpleins, patyethersulfones,
ARSI B0 RDALL o PORRERS kT gy o conca

H Hﬁnll@frfdms Suclﬂls thb Phisti¢ FilarCbnuctoBavailablEsom 3M Optical Systems
ht - em tg Phot oconducti ve D odes Fabri cat ed

Wit VERT S5 “’éE? PUMy rafdsselectedipqlydmides. Anispme epmpgdiments, the
13-
- etsé?sgia?flﬁ%%%&;‘réé (pé‘@%?t‘&j:sq%ﬁ@lﬁh% %R% HP@% gg%l::@fé)é’(gr counter electrode)

i ndBrpdiletiblg roNs efeglans elrra:yeﬁ,lsodmjuséki. Buch £hmterialmaBbe laminated to a
Io ments i n Ml ecul ar

of% otmellepstB8 dor nsbE §3/ 032046 - 66

El ectr 0|’Mﬁaﬁ6@§ﬁlﬁier1blﬁ§cﬁﬁh h}% subdvBed RIRIcaEdal d
Symposia, 125, 1-48 (19973); or  various coﬁtgf)%a{m%%%ndmaybe

of opHeAly tenspasentor sm@ansemrrm lpadditioMtEDRO] suithbid @node materials

%mlucf‘quhw&lg %188 Hg ré]él%a (FgS l 3 (se e, (‘?ﬁi&}dg)ﬁﬂ pxide, zinc-tin

L| ghideEg’olﬂtplmguﬁn @aﬂ@dlﬁmcsﬂeéﬂ 6thkr High |vs§)rk hfhcgbﬁ hetals, and
For ma ﬁlon of Light-Emtti ng p-n Junction," Journal of
¢ 91

t h&O fensthergah lngractise,itbe gnode igoptamty gested withd6)200 A of an
anghepdIyiRt faenSk %‘fﬂdm%@ﬁmochelp planarize the surface and to modify the

effective work function of the anode.

Typical cathodes include low work function metals such as aluminum, barium,
calcium, samarium, magnesium, silver, magnesium/silver alloys, lithium, lithium
fluoride, ytterbium, and alloys of calcium and magnesium.

As an example of a device structure, Figure 1 illustrates an OEL display or
device 100 that includes a device layer 110 and a substrate 120. Any other suitable
display component can also be included with display 100. Optionally, additional

optical elements or other devices suitable for use with electronic displays, devices, or
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light-emtting di odes capable of emtting |ight of
mul ti pl e wavel engths (see U S. Pat. No. 5,707,745,

wo p@anposat ed by reference, and Z. Shen, P. E. PGUUSZING()32046

V. Bulovic, S. R Forrest, and-M- E. Thonpson,

"Three-Col or, Tunable, Oganic Light-Emtting 10

Devlaoms c4n Be pmvided &ﬁﬁeenm@ﬂaﬂﬂmﬂarﬁk&&%ér?osiﬁoh)dﬂb @@kndicated by
anode. fn%{ an ot(rj]g%ni c el ectrolum nescent device is

i ndPRHAPA HlEBERHE0- (1 TO) sputtered onto a transparent
subst r at §, S ERSoIRhast i | ' .

substrates include, gglﬁ%%ﬁ‘%legﬁé‘ﬁ?’%é’@? lrl}gerr1s1 %%%né’%‘%des one or
pl amipfecQEL Wevicesthpodmio light theugh dieyabltedts wWwardasjiewer position 140.
pol ycar.bonat es, polyesters, polyarylates, and o

Dol Y rPRRE ool i ot ehericnsy B nceria in Bikinded destination for the
fi | etBited Gidhewhdthe: iPbegt AGudThharoBsiied,0 | |

from 3Mm Q%t,i cal SVISt ens Iﬁ)l Vi igalaon, gegﬁérrf ég‘g-&?ir’ ggt%égcal component,
fil mqlecamus@vgzﬁ exthp dikyi i diber. enhtrodsments eldgaﬂbm)ﬂﬂ&;ice layer 110 is
t he e ha arrier properties patching those

of PP PEERD St ol it erimdion ol mhhe devic

Fl exonbiberatioh bifovaf indig&® 1nefmaH Bothsn Baf%ingSUaLY Bk used when

mat eri al n%& be lam nated to a ol yner carriéer for
betubpirae 1L isiraapmisaive o light endedrbe daviodieyerel 16rand when a

coat] tr iLs electrically.conductive, and L
et RA R BBt £ POl G e ek epugesiing D emiting
addayer ofi telelit@,ans thel subbteat@ MBS VB &T ¢HfBuratidh ({eHBed “top

i ndi um oxi de, fluorine tin oxide (FTO, Zinc oxide,

varfAyiis beeYee ussdhiwban sybstae &) degsiod dopd ratitrausmit the light emitted
ggwgﬁgé H&Ricd fay and%%‘&%%%dglﬁis}fﬁgéa l;et negénlatgxg aléng%it[rglesa’ndatgg light

nati ons ereo practice

opteimttiaigl1gyer ofithediewict kiodDrd G@nnie thealight Mt byCthe device.

pol ymer liu‘:h 1as PSET of PANIl to help planarize the . ,
sur f ace e gystddP cgn inqnde ope o mogeOlibrde vicgh amanged éif any suitable
t henamed eror EXRBR! i ki i f i i

nmet al s sucoh1 as gl uﬁﬁ%ﬁﬁ}%ﬂ@gﬁazugf% ééd%’a}%ag}%gﬁm . goarn‘ln%? ﬁfrﬂg Stal display
nmaghes) amduleis), device haygn ekl mighs conseitutah kimgke, OFL dbvidéthat spans an
[ithi.um. flugori ytterhbium. anpd. al | oys of calcium_
andHghsa s Benctes lekEoi hefmbanhesepreyice ayer
Fi 9u0 @nighti dohstitiieal Grafity §¥etosellySphast Rvi ' 0

that i n%l udes aedel'f/li%efyl ayerS ﬁ% and&glcggg&gtt?%t%eolzo.
Anyoemepragepushivicaivaigil s foragranphe ovletinely smalh hsdclbeely spaced red,

i it by di.spl. 10 ional | addi ti onal

et e S H 0o bR en o s so
Wi dbvied ger DIl dppelirs pd @i wieke VigheHherPthe WRi2894/0R6783d. Other
PCT/ US2003/ 032046 . -67 | anps can be provi ded between

di éprasrment fanbadklishieappiensions ae alseocoatemmiaiedat ed by

In direct view or other display applications, it rhay be desirable for device layer
110 to include a plurality of independently addressable OEL devices or elements that
emit the same or different colors. Each device might represent a separate pixel or a
separate sub-pixel of a pixilated display (e.g., high resolution display), a separate
segment or sub-segment of a segmented display (e.g., low information content display),
or a separate icon, portion of an icon, or lamp for an icon (e.g., indicator applications).

Referring back to Figure 1, device layer 110 is disposed on substrate 120.
Substrate 120 can be any substrate suitable for OEL device and display applications.

For example, substrate 120 can include glass, clear plastic, or other suitable material(s)
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optional elenent 130. In sone enbodi nents |Iike the one
shown, device |ayer 110 includes one or nore CEL

waleosoesss hat emt |ight through the substrat er€DWA20A3/632046

viewer position 140. 5 The viev# position 140 is

used generically to indicate an intended destination

f grtlmh@e enbstangicily tlginstpame:dj\ﬁ'silbletlighe Sub?rateumo daH ko be opaque to
observer., creen n, iC conponent, an . )

of oBPPIiHEht JaT pramile tainkss sicRlecrypitliermiconrilasitispeor the lke.

( NOBecaiSYMBIne MANKHES ih A¥E! debids b bepgé{t' )

substrate 120 and tr11e Vi ewer ?JOSi tion 1%&%%%%%2@?{&@1113@ due
conPicgneaird wroxgigemar wateRisgosteatel 130 mefeeably protvidemnan adequate
emtting” be used en 10 substrate 120 is, i

tr aer?tsv%ﬁogg%r\lltﬁ By Ghtt S&ﬁ?ﬂlege‘?ﬂl%b 9“%%‘\/‘?18@%?353?% (COFURES offJaminates
wWhethatsproVida 8 Raéate cnQiohaEANEHHQCt rode i s di sposed

in the device between the light emtting [|ayer of the

devi ce aYibstrpfe 120158 plge énclukeany mumberof daives gucanparents suitable in

(t o Lhiing’) may be used when substrate .
1200 B2 vib P e, e o 4P e B 9t P evices: ol
t hefilekey] ipokarizens etva afel\QliffhR6d, bAd 6thd} SRRAPERELWMRS N ators, barrier
the _supstrate and the light 15 emitting |layer of the

devitsePlaglematiby, maskwork end efben sughcomponanés aby thetike. Generally, one
S\driore Qf%\ﬁr&?eslaﬁﬁ%’e c%gftgd,ﬁl ?g%ﬂ:@l b'agleen?e ?919 ég?})wégea%é'og?d on

d
devi ces arrange In any S mann
i n substyata i bafatei fonsing eharemabaak layehéSa§eds of the ORL device or

| displ LCD dul , devi | 110
fn.r ﬁ%{%ﬂ@g fig%/ige filygli iﬂéfgwgﬁﬁg jahf tgagsgl%givgégéﬁ@.t@mo is used and
e nLthé @EUHe@{b@%lg dBREdd 4rBbtt R Shitt ,;tgl;': @I%%ﬂd(\fc%ll%’ erlécgrlglfles that are

other |anp applications, device
corkspiosat etecql the atbstipteof20a@nd sled gmisgiae adhtediaUk cas pidfatbly

" AT GRRRTRARE Rt BF GrafBels Gamwsten o grbishye srodes such as

- bl 4edibinGli o888 LItre) Sr &ANoEmRANd: OF BRE: RELNRLD &Qﬁﬂptﬂ{e oxides.

el ectrodes so that device |layer 110 appears to en
whi t e | ifg¢meniHaA cambe amy ¢lement acembitativabeelemEbtsanitable for use

arr, " or. hackl.i.ght. applicatjons al so

o AASFE Y14 0% RRRAIDA FoR BBl s 9%y 1Pt s LD mocut
apptHeadeyion$00 ista brRYlige. dasior arepblafiz&e ¥t 6@et A¥REnts can be
110 to_ include a plurality of independent]l

ad @revddeietvesm the (b weddp aed thedneklight d_@vicé 9Q, forhigstance an
S ariﬁso%ing lof fe?fegﬁ‘;eoé:lga%@ﬁégolg%elg %‘ft\/a}gl%gygglg’&%?r{ (igzriceesﬁﬁtis itself an

a separate pi xe parate’ su

pi xifbehabndiisddya glefreng 130 dindhcli@s i Bdre Gf pBladivars, Wave plates,
separ Et e se%rrent or sub-segnent of a segnented

di {QIchpapcds. gniiratisgiiVe fogHgs: ruhsmBdcstnatiagss praigotionsereons,

a BEPRh&senh {idsO i or an_ .
o b R ol B he St Tl By ntrtuce
t odévicess er the likevi ce | ayer 110 is di sposed on substrate

120. Figures 4A to 4D illustrate examples of different OEL device (for example, an
organic light emitting diode) configurations of the present invention. Each
configuration includes a substrate 250, an anode 252, a cathode 254, and a light
emitting layer 256. The light emitting layer 256 can include a compound of Formula I
or a composition containing a compound of Formula I in combination with a second

compound that is a charge transporting material, a charge blocking material, a light

emitting material, a color conversion material, a polymeric binder, or a combination
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Substrate 120 can be any substrate suitable for CEL
devi ce and display applications. For exanple,

waewgrese 120 can include gl ass, clear plastiPBCT/U82003/032046

ot her suitable material (s) WO 26894/ 096783
PCT/ US2003/ 032046 -68 that are substantially

t r aghsgeaf.eThe ¢onfigutitioheof Fighies 46uRIUTRAISo #éfhdearhodd @hsport layer
be opaque to visible light, for exanpl e stainless

st el andthe eenfigurtiops pf Eigdres d& sndstlp inchile aprelachion farsport layer
Be teri i ice

par T A B B BT Rolel pEhRERbGE SRBRE rom e gotpge,
oxygepectivelpalae compbmids ahé cdidPogiti@fserfaly prefmditive@isorathn be
ade.% ate 5 envi roghma}{;t al barrier, or is supplied with
oneERdebineene.ap b oftheseilaigss 1somgmpberisents, g OEL devices of
pr O - ' ' : at

2R AP-ASFRARLS SR AR B A haEL | U U e oo
c onipo hightt emistirig lajdre2 5brand GELeletdnondexnsportilagiersidoays such

as transjstor .ar s,and other el ectronic devjces; ) )
color 114 wpode 235 e FR ,%W@rca[l@Zemmd_fwgé:pgsluctmg materials
andsyeh AemeRiN, hiSYs, HRVIRESmpdiRHE, 310X RE! EdrlicthR ceramics,
ribs, black matrix, mask work and other such

comendeciive disparsians earld doadudByr @obinhers, incledingyfonexample, gold,

el egtrodes w |l be coated,, deposited, .patterned, .or. . .
ot HOPREE aimeobRRng et BT S5 B Rue g i oxide
t hgIT@)EivbiAgtih dYRe (FTO),ane rp‘élfﬂgflilfrvlﬁ.e ’I@bn&ﬁ\hdtﬂeanﬁ fhe cathode 254

devi ces of the device |ayer 11 enalig
t r 2498 PP siigleclaxerp of eenductimpmaterialsed theydan irsdudeEnultiplei leyers. For

o LI BT LB T oot
12Qagerdf thleiveniriisd Mgertitaimiabifn$ ) 18 oPdle@ivab hd a layer of lithium

substantially transparent to |ight, for exanple

t r dHOBPeRTta IRYALNIEST AP aoBdyGiva SESaRifdAYeEs i ndi um tin

oxi de (| h @gr% . 8 a}iﬁern

conduct i]\q/h? 6% té%yoﬁkg@rre%t gglt%gsnﬁégrﬁéc%orne errgerslt? mtg} the anode
coribiortht doviceodndaheimanigratisniiowaidsethé edconbinativh zbndEfhe hole transport

di | a r device 100. For examle, elenent 130 can be

DO AR GLTOrBEK 941 @R BifgieE I HyoPHSiees AR ticiode 252 Tn
Or JARIc@xRRbRE §lorany&! ‘ﬁﬁfé ' -
betsvve'en.xt hg Lé%)gﬁglg Sllrag and5¥eﬁé2% gggiﬁcg t g)g\??%gm%’g{g{ﬁamne

f ordetingitvgnsshan N, Nbbis(3sinadylphemdj-NelS tbiv@her sd fhenzipine (also known

pol arizer . ternatively, n devi 100 is. itself an )
P8 Do NS Es St Y Seelliyfiborgishog Eibe S oiytamine
MO IdRriOAtivieObiRhiag o 4,4 WA kEN N -afpRenylatSédipRéi@rtine (TDATA) or
antireflective coatings, anti-snudge coatings,

pr gyt Ton(NSrmethylphoy 1i¥-phtnytrsigoripkenybmene (ATDAFA). Other
gre \?Ig%\:lléglres gf&%%glla*sﬁﬁag%%] g }nst’he %gl%ttlrarr]lggdrt ﬁ%reerrinél%ee (r:(])cp%%lg
phthalocyanine (CuPC); 1,3,5-Tris(4-diphenylaminophenyl)benzenes (TDAPBs); and

other compounds such as those described in H. Fujikawa, et al., Synthetic Metals, 91,
161 (1997) and J.V. Grazulevicius, P. Strohriegl, “Charge-Transporting Polymers and
Molecular Glasses”, Handbook of Advanced Electronic and Photonic Materials and

Devices, H.S. Nalwa (ed.), 10, 233-274 (2001).

The electron transport layer 260 facilitates the injection of electrons and their
migration towards the recombination zone. The electron transport layer 260 can further

act as a barrier for the passage of holes to the cathode 254, if desired. In some
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Figures 4A to 4D illustrate exanples of different OEL
device (for exanple, an organic light emtting diode)

wa@ oovitiogarsat i ons of the present invention. EachPCT/US2003/032046

configuration includes a substrdat®e 250, an anode 252,

a cathode 254, and a light 30 enmtting |ayer 256. The

| i gbrtangpies, thengedudy @fandioht 29t 260Cak € famntaRignte 8fganometallic
Formula | _ qQr _a conposjtjion containing a conpound of

0
For FRMeeYnd;trs@dweroryanisnlaig) pHmingmddrad). Othesstamaplenef electron
IS - ' | '
SRR ST A RRAL h PRE Gl ore el 285 BELREATBAB -1
c ondieneshydethyiiplenyi1,3,4-opadiyrod2-vlJenpetel 2-(biphényl-4-yl)-5-(4-(1,1-
Con$,i na}txi OH %20184/ 096783 PCT/ US2003/ 032046 -69 ) )
t heSB oYl RERIGRYY durt- Ao adiazolt (tBpBEPa and ethsnepmapyuads described in
i nc K a -
contf:il}gﬁfgtn :%ghlg Ngé&gﬁa__g_%(l ggrs g] Z }égg’nlda?%]? %%:q fuggGganzulewcms etal,
el eThavge-Traaspting Polyyers ardfdolethlesldssesty Bamibooki6f Advanced

reofBersidmd Prdan udiaart haneen BT nalondcd T 1Bz oon).
present TRY§BSdne hveAiorP&mnin | ~
these | a erlge Inn some enbodi negllﬁ?g,ggtéﬁgtt%ﬁ)gfé\c} %@Ieags g{ld devices

Fi ghreisclyde 2 poipeynddscerdingtp Gionduler] or avpowiosition thef incheles a
invention.in one or _bot f he light emtting |ayer

s eomr o e e FoRCiauln Sk onyar Ssethd coimpoRd B s @ charge
252ranrportiag hoegiaP wehafR Blydkitinhdérib0 b MRt 481tk material, a color
conducting materials such as netals, alloys, netallic

c orfPBYpIgoN magterial, BReIHWSTIC bivdeil ot & gembimation thereof0In one embodiment,

C o e iy CAPEL a0 Brar SR HERC Ao BrB QHIRE Bovices or clements

al ubhtroamentelighit Uaving diffeénitFolok meum(;ﬂé,tﬂig'lﬂes shéWlé MTOEL
ti n%ﬁi de gll TO), fluorine tin oxide (FTO, and

pol dismpy ?0fsthatingludespluraty effdELetereentndifbadiment togactbether and
si u n .
o B FuRlrafR R0 T oSt 3hlaRord Rl A b race o emi
c atditieennanjors of ligitefor ekayple red, gedenmmiisiuanOné of A&y ofdflements
golg .a 1gqla$/er of, cal ci um.and % | ayer .of alum num a

| ayer B 3, 09TRRARNG g campasyen of the praserfinvenfighyr i de, or

a nmetal TRy : Y i (€1l

T s por T D e B HE 91 B B PRt D pfles only.
f r ohdjadeat devacks mayritesepireted cinicontaatn dvertepipingneigr, at different

t ownar %s he rfet?lorrbi nati gn zone. The hole tr nsgort

| ay P 7ESORSA e A SO Btan Que GIrpchiqn; iy the display sUpstrate, for

of eﬁhﬁPIe[ 2 PstterR of ?ﬁaﬁ’eﬂ QfHhed Iransplaberd CoRRIFBVE XS Eh be formed on
the hole transport |ayer 258 can include, for exanple,

a dheshbsisate dallawedttnastripedpattgmn of a hole transport material and a striped

(N’a l'}r%%elﬁtgﬁé a%t@?ﬁ I(q)?' }eep Er@XA,)ath bMe_hbgihtc' é&@ﬁﬂg’ Lﬁpﬁgyzeirscj if&?owed by a

striped pattern of cathodes, the cathode stripes oriented perpendicular to the anode

stripes. Such a construction may be suitable for forming passive matrix displays. In
other embodiments, transparent conductive anode pads can be provided in a two-
dimensional pattern on the substrate and associated with addressing electronics such as
one or more transistors, capacitors, etc., such as are suitable for making active matrix
displays. Other layers, including the light emitting layer(s) can then be coated or

deposited as a single layer or can be patterned (e.g., parallel stripes, two-dimensional



10

15

20

25

30

as TPD) or
N, N - bi s(I -napht hyl)-N, N - bi s(phenyl ) benzi di ne (NPB),

w@erooa/09¢78&ar yl am ne derivative, such as, PCT/US2003/032046

4,4, 4"-Tri s(N, N-di phenyl am no) t4¥l-phenyl am ne ( TDATA)
or

4, 4pat&m donuieiduaterBithho Reses, -t PORA YhedHoa ey érf dldvien devices.
m ne mTDATA? O her 25 exarrpl es of materials that can

be ARY pHher sititabletqonptaission 1y alyeronteraplated bydhpatesent invention.

pht hal oc
1,3, 5- Tr?ﬁ?(Hz’f & @iﬁ)&?‘ LR PUhSAD s uitiele qolpydisplyy- In exemplary
ancembddiments cmtplo uﬁﬂh& ehungdntsa®! 0 digiseligins d‘heﬂafaﬁle m@anydisplays and

Fuj i kawa, et al., Synt het| c Metal s, 91, . 161 (1997)
anodej’m\?s CRRSEIGHQS; cgivggd p thesgengral pg@qtructlon illustrated in Flgure 3. Some

tﬁ@se%ﬁgta%gaﬁgagdf’seh%méf&ms Mol ecul ar d asses”

Handbook of Advanced El ectroni ¢ and Photonic Mteri als
and 30 Deeunstmstiond.of OEIlabaAﬂthgbtd cyn inthide D3R G odrc(12i@6d Jubstrates,

The el.ectron, tr ort OfaC|I|tatest\%§ L
! e riBpdds) BHlE Paftpot T SR trontgRsOR IR b haledaection layers,
t heelé @R TRjeb@dd 180erd AMissive By Z@IIS e&ﬁ&%aﬁ%ﬁ% £t axlldaytﬁ%r layers and

260 can further ~act as a rrier for assage o
h oI reetetlds shigabbsinH{oldle deddes. Gondeaitiond can alss orwbudd@olarizers, diffusers,

96.7.83 ., PCT/ 003/ 0 6
" 14T BROES TSP PR P! B0 bript B s Tioat figrs f the ke
%ﬁﬂiﬁﬁﬁ@ﬂs' ih€ludS AIMOBNEnlE 'c§(08 1@%@5@% YiagiekatMhps, for example
al um num (Alg3). Other exanples of electron transport

et WER9Te PR CTRéS Vg Imdteriad feprovidad by dirspel stamp yransfes Gamination transfer,

o et b leBRa it & e i vt e sl sorpugsarea sigle

2- (ddéquiode phir fenyps)that-Hade élarée Bumber of closel Eaced emlsswe layers
di net hyl et hi"ﬁ) phenyl ) -1, 3, 4- oxadi azol e (tBuPBD) and

1)
ot REHEREHBY Sl’sméé%e@rth%tiﬂ FfﬁnSf@: pnd onable é@loatnumple electrode large
Macy;, p$_SerR, 125, 1 (1997) and J.V. G azul evicius
et al., “"Charge-Transporting Polynmers and Ml ecul ar

-3 asses"Gonsanctivme of hiw rdolatioe OELHigsltysonandndndet bare or Clrcultlzed

Phot Mat | H S. Nal
233169558 S0P, BB O KABHTE R oG AB | lgHirs,hol

emibjobiiéh 19¥Rrs C@l&ﬂ‘oﬁX@e&ﬂﬁ lgf‘éfk %ﬁﬁssnjeol % co!l&%lh?]ﬁ‘}jgtgﬁg%ayers, and

conpound according to Formu nmposi ti o
i noithetdayers andanpcmﬂlsi sEbEridiQigL tiw1€ecsr Guhsiructioms can also include

o el et dRLeSOgT B, bR conlto eFRabdhuaess chancement

| i ghinsedidithé NRe. B SidaBbns iBclf@E Sfaphic QRYiEASH ﬁﬁlpmeé gr 1c6hs)
a polynerlc bi nder, or a conb |naP|on t her eof .

entsegmeripd alphwmlemcsmpdm (ean abldlaﬂla@l Enlehladlcaimﬁ Smaﬂhnonochrome

t adj devi ces or .el ements
e S AR B P T oSBT bl aclik iR dispays
3 giavgastic ﬁﬁicatdﬂ b6 paﬁ%ftahaﬁteglﬁfddmgiﬁaﬂe@ WeBlphbie displays);
of CEL el ements 310 adjacent to each other and
large area pixel display tiles (e.g., a plurality of modules, or tiles, each havmg a
relatively small number of pixels), such as may be suitable for outdoor display used;
and security display applications.
Constructions of high resolution OEL displays can include bare or circuitized
substrates, anodes, cathodes, hole transport layers, electron transport layers, hole
injection layers, electron injection layers, emissive layers, color changing layers, and

other layers and materials suitable in OEL devices. Constructions can also include
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di sposed on a substrate 320. Two or nore adjacent
el ements 310 can be made to emt different colors of

wo c@hn9eB8Or exanpl e red, green, and bl ue. One PCT/IB2083/032046

of elenments 310 include a conpeld or conposition of
the present invention. 20 The separati on shown between

el epdladizrs ﬁfffusersf bighti gulides] leadel ViésHp Jb6ies €8me Idrishtness enhancement
Adj cent (ﬂ i; be separated, in contact,
ove I%Pp R 31 APP Fatigns fléclhmactlzfe%p%aw Siriomuitisels or full

i n ooeedil %’% %ﬁe%{pﬁ%ﬂe atfii rﬁlFlFie@bﬁ?xj a4 gfé@%ﬁsrpﬁtys plus segmented

For exarple, a pattern o para
tr Wwf&ﬂtndmmidmnpw@ grleste sndvaed bmsffﬁrdfm@gIQmoltlﬂikﬁl devices plus

bst IIo triped ern of a hole
©r ST Boh Gl PE oR 7 s Ut | WkwEwiy mavepalications
of Ofdpartit@sy uéﬁfﬂ hBHRithéATEr BIY t&%é G%hgx%%l yﬂ%%ﬁled construction

followed by a striped pattern of
c atineltdessthe highgesoliutemt teahsfee Dﬁfﬁtﬂd greoh and blue ehttiap edsssive layers

? g: Irﬁ?eg c liélg)lﬁ\fgbsﬁg?q? Itla L!gﬁtrlg%ﬂg q?ﬁfe? g)lte}qgs? b5t thms (root mean
e ntquhrﬁ)?éldg%,roﬁglﬁhﬁw tBE iraz?s%l?édpﬁlht‘éﬁaﬁﬁ‘ E Qﬁcﬂﬁﬁjéterg 3P1eRe

provided in a two- dinensional pattern on th
substrate and associ ated with addressing el ectronl CS

r ransistors, capacitors, etc.,
sugﬂe{e\}g} g?%logﬁ? {%(ﬁlgi" lﬁ‘ﬂ’l?rsng active matrix
di spl ay sAndthdr espdcayﬂme inveRGbw Pidviids Rendth&or Rphtih gl Brganic

Iay Ssi can then be coated or deposited as a single
;Fiﬁ‘ rohurpigesceit dsyicesr Hesidqvices inclydsral Qréams emigsiys structure that

Bl A A BTG g

andoesulr] iehéditionm m £ sezl:emii c&fpoundniiatas h ﬁghﬁ&mﬁﬂ@' Material, a charge
construction is iﬁgrrpl ated by the present
i nVBHEROSHDE PAte aé Ell King rH’f‘t%ﬁla? caopCEyAsa material, a

MUl icAth R, SHSRl@nardol (GXESP! ary  embodi mentss,

each ‘of the el'enents 310 emts [ight. There are many
di spl aysIn aerthis apjgicatienss, rtomdesnabhtopsttmwbﬁe etimbye Iay@s of an organic |
struction. ill sftrated in F| gure 3. Sone

of
P CEP RSP T PG i et ele e oBPvE fissie dlplays. Methods.
Cotigit ﬁaﬁ@iﬂlgﬁmﬁﬁe GEibetRRaHehb BN Sy &éﬁlﬁlé’ﬁ%fqg ol &alﬁ?er '

circuitize substr at es, anodes cat hod es,
tr @hgtpbthograayerwtte@nr@; ke Plflnang,psereen Ipaymlg anﬂl d’led1ke

i njecti ect.r.on i.njecti si ve

| ayers, nglg Iagge%g ﬁ%trt]l § lpﬁeﬁe]?téﬁ}‘é%mh Qﬁcﬂw%tsﬁ’é&i{?i?f@’f glg]é‘ﬂa ag @rganic
MakREiralis dsvits. altldenbrsheBilis GR g Phﬁéﬁihat@@@ﬁrﬁﬁ’s%ﬂ lﬁj'fb? 988 transfer
al so include polarizers, diffusers I'i ght guides

| efayesinclydgna cempryns) aceeniing o Forghlades e cempasitienrertaining a

g oy LA OB e

ex armﬂriral, a charge transporting material, a charge blocking material, a color conversion
material, a polymeric binder, or a combination thereof. The method of preparing an
organic electronic device includes preparing a donor sheet having a transfer layer and
transferring the transfer layer from the donor layer to a receptor sheet.

A particularly useful method of forming organic electronic devices of the

present invention, for example, organic electroluminescent devices, includes
transferring one or more transfer layers by laser thermal patterning. This method is

described in, for example, U.S. Pat. Nos. 6,358,664; 6,284.425 ; 6,242,152; 6,228,555;
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where an em ssive material is provided by thernal
stanp transfer, lamnation transfer, resistive head

wo b@aed78pri nting, or the |like; white or singlBPCT/OB03/032046

| arge area single 15 el ectrode p?aﬁ-r | anps that have a
| ar ge nunber of closely spaced em ssive | ayers
pat 6.828643;16/2215558; 6|22d 548 06,2 Ma52MI6, 194N Sf 6)114,088 5,998,085;

e el R L

i nchppleahnh @eQil Mod. 00853 68@1 09?%&56%&6%44 %‘Q@%%éz 980; 09/451,984:

cathodes, hole transport layers, €l éctron
| ay@9/831, ﬁ?ﬂ @nQ@040ﬁﬁ§66|'Eh¢ dffegiveneseofahe patterhing @eddesican depend

| | | d
ot ot B8 BronfitEF PLine Sl Vet n° ceL devi cos.
Const r ucOhOParafdier & HO bR vadsr f1lH9§tFUfngﬁae né?thg‘i’faﬁlﬁfé iér During

| i ght guides, |enses, |ight control right
e n hiEmeEse He trmﬁfeﬁklyeaquﬂﬂ:éy bidaks clépy elvag itioenknd mvidmgelmaged and

aI 0 ang édnrggl%glg gop L1 f(%é% ot aéﬁbgﬁ%gﬁbghly? ﬁ%ugateg polymers that exist

i ndiheateads) chasm@dnformutioat) rsﬁé@a@p%lmﬁywﬁe\eﬁ 18s ! é’a% have high
matri x di splays; small nonochr one passi ve or act 1

rrattPlil%kleéFrélggtBWd Fsiis f@?%moﬁlparﬂbﬂes@ttbat df@nb@rmd@ ﬁbers In

?;rfgébtg Eéﬁ%ﬁ‘%ﬁ f%ﬁd?}loﬂ%uflgg lﬁser b-len?lglo n%g&]'gfﬁtl@%b%mlttmg

noqmllseﬂers oin bé d:leﬁlpn@ag mﬁwmdegraa cohdqabhceedf ?oéi@ig‘e formation is
nunber pi xel s), such as may be suitable out door

di §B11%Br ‘?}Be‘ar fag%eﬁ*&dg%%%n the jragsfeppdpatigom| Avetheoparameer is the
Co
o FSAALE Bl (A 870 bl SR e e, T

C atstrgngb madydiegnfluncepby thel sajubility pataedier@Omiph@hisiPOsithe transfer
ction layers, electron injection

I a aéyreg hncgﬁ\egg‘fe‘?@rlsﬁﬂf%“res col or changing |ayers, and
ot her | aiyebise ARG Tik Adstrabidich 30L& tia@zp%:?g@avfh‘é &8bstrate surface

Constructions can also include WO 2004
PC’FP@JS@GD@#O@ZOJD@ trangfgrrgb(eag i zamspounidfol ueapssitibr ghthe present

gui h ntrol filns, brightness

enﬁ‘g‘ﬁe?:‘%m]’ seft 31 % ’;Hlfﬁq{’ Ratafmeless afﬁﬁsmpefglﬂﬁ ShEORIAYG pieyen make
acipossible theﬁ@ﬁﬁttatﬁfdimf bihér patetnifOhRinods. A 'ah ex&ﬁkl‘afth aterials can
di spl ays; ~active or passive matfix nulticolor or FFI

co |b6 ﬁela?t%w@sthzﬁlt%dlé@gwéﬁ inetheseoolupility ipacanietets (Satcnmore than 4 J'2

/2 [ 1ansfﬁzr 0 h resolutio
deg?lfegaﬁggpmfega% élrorrrg g(ﬁga?lé ar%B“ of? C%B’ﬁ’?g’ﬁﬂ W?fgd@ﬁﬁ%gim
subfPolatueys; Theid Coerelatioh with Cli¥n#iyal SRRCHEATHRINumMERE! Estimation
_ errbodl ment for this type of

cularl ful
P nabd Ertafiol siey Addinos oo costa nselhidesiicheoticgioy DI, Van
r e%’é‘}éiéno Elste(iéf@&@ﬁceqjub'h@lgers Er\?e{bﬁn %hgptlejre 7. ltSQ)I-

em ssive [ayer
The solub111ty parameter of a materials can be determined from measurements

of the extent of equilibrium swellihg of the material in a range of solvents of differing
solubility parameters. The solubility parameters of the solvents themselves can be
determined from their heats of evaporation. The solubility parameter 3 is related to the
cohesive energy Ecq, and the specific volume V by the relationship & = (E.a/V)"2 For
solvents of low molecular weight, the cohesive energy is closely related to the molar

heat of evaporation AHy,p according to Econ. = AHy,p — pAV = AH,,, —RT. Thus, Egop



onto a common substrate. Hi gh resolution transfer

nmeans that the rns (root nean square) edge roughness
wo@toonles783 ansferred material is 5 mcronmeters PCT/UBRS3/032046

10 Methods for Fabricating CEL tdyers Another aspect

of the invention provides a nmethod for preparing

or gami &cancheal duddtediroasbe Atat € ¥iGRsatiohsE tHEIG1SS or from the course
| ncI ude an organic em ssive structure that includes a

2R PERSSWEG 128 aifugsgtion of amRssattifeon t hat i ncl udes a
C 0 poun gBQ{] u;e's?d:rﬂé Hilﬁ e s s'u@n ?sdﬁgolgﬁlgﬁ chindt b %ge?prﬁ%tF% dndirect

conpoun material,
t r amsthod¢ havg tonbt asechﬂ’or déteﬁhhaﬁ@(ﬁl & theik B(blﬂbilﬁﬁ)t Parhdkter.aTo determine

bi nd
5 Contdr ASRPURY BH@mERE of s Pobieesi e ga&ﬁ%ﬁm Sieding of thespolymer in a
des{/a{rﬁgln@f sofveB At drhifh rﬂ&% R é!l?l:lrgg LAY fel ?otOf it grng% gwelhng of the

el ectronic device on 0% su

f abpdlpateyvsethesslubditgipapiniys of Mief doebsits 18?eﬂe@éited The solubility
patterning |nclude selective transfer, exanpl e

| asRameer ofihe pelypst érdetiprdabite PR Pa rib @loy shers midigium swelling

in n r

o Egg?tagif'eﬂ gfég} ésng%lte&lnlﬁgefﬁ %déﬂ&%sr Igﬂ&?n(é&?uﬂ ﬁ/ é)&gar?cg?rs that are less
10 makhagoagreaeghan that of tetpoymiet. TavicRs sotefld RREWGHR EGlthédtetically

pre redtgﬁt Pslatransfer The transfer
| ayé€ miaH%% a8 ”g ity RB@H??&F@@&@P%/% bagedrgy they pddifiveyporgributions of
C Orﬂaﬁ&iotnhpgfo it RO 83 e n ﬂﬂe@ﬁlct’ﬁé %M-J&d reference.

Formul a | second C
emttin gprgmt: @iacetbmcalenhaer gmtammg spnorrtplongd nﬁtcﬁnpcisitmna)f the
ers

ﬁg ﬁ) ‘r£ % 1ibl|r19 C l% ]6)8 tFl%E:Adg Iah]&é§t i B?ﬂ by églﬁg;wéthrg}gl transfer of the

15t heoabund bEcdmd3RfbndforR b ¥R NGarRfer BhERM:E to a desired receptor
el ectroni c device includes preparing a donor sheet

h a\ﬁilh‘émé@ tFagsf@plel éxyplnaysam lamps paf ey madgby beating aﬂgheermttmg ‘
! A |
aM?}f {’ @oﬁ&ﬁs&% ff}%sege %ﬂlel? g:aﬁ;%: gfn%:tbgﬂgl&ttenumng layer alone or

eI Mg@ﬂtlﬁotﬂ&vdl@ﬁfe 18ert BEmatRfils @hthel YRR Qr&!%ptofrphbstrate
exanpl e, _.organi c el ectrol um nescent devices, includes

t r ansf efi§Hg 2 §hewsan preple phn dreanal teapsfes dpyor|shess200 suitable for

20 ter(‘glﬁ%'ﬂethp ?fe%@l{tg %tlﬁ% hb%g&?e&%ﬂ%g 4250 éﬁ@@%@'&%se éubstratg I’210 an
6, 2ol AndhGlagaB? RS an Omlﬁl)ﬁglit&eﬁﬁ&?coﬂ@ilsidﬁzwKQ?Q@‘l@yer) 214,

_73 6. 228, 543 6, 3. 6,221, 543; 6,214, 520:
6, 782PHq] inseriapet éﬁ% adrgpsiopigyer 2 8pmpygme a compound according

5, {d PorPRia I & e@@oﬁn@&?tlolﬁﬂgt inclfded c‘b@npo%ﬂg aEcQ)rdmg to Formula I in

co- assi gned
addition to a second compound that is a charge transporting material, a charge blocking

25 material, a light emitting material, a color conversion material, a polymeric binder, or a
combination thereof. Other compounds, compositions, or layers can also be present.
Examples of suitable donors or layers of donors are disclosed in U.S. Pat. Nos.
6,358,664; 6,284,425; 6,242,152; 6,228,555; 6,228,543; 6,221,553; 6,221,543;
6,214,520; 6,194,119; 6,114,088; 5,998,085; 5,725,989; 5,710,097; 5,695,907; and

30 5,693,446, and in co-assigned U.S. Patent Application Serial Nos. 09/853,062;
09/844,695; 09/844,100; 09/662,980; 09/451,984; 09/931,598; and 10/004,706.

Emissive organic materials, including LEPs or molecularly doped polymer films

that include the compounds or compositions of this invention, can be transferred or



Application Serial Nos. 09/853,062; 09/844, 695;
09/ 844, 100; 09/662,980; 09/451,984; 09/931,598; and

wQAU0d04673D6. The effectiveness of the patt erniPQI/US2003/032046
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process can depend 5 upon the phyg$cal properties of

the transfer |ayer. One paraneter is the cohesive, or

i | meSbERRG) Péefdfiﬁtﬁéﬁ’e(}%e?'i A¥rEhn ok Bket [P

t he tsransfg}fr ?nasyérr prefera fy reeaks %%n?%earong t grsubstrateby
| i ne pthcirigdhe gransfergeykranfthe domorrelgmdnt aljpcentstottise feoeptot 4ral selectively

edge,of.a pattern. Hi gh canj.ugat ed pol rs.that

ext senti S penalenitnti Nestip Sorie Fomtct ot selestve ranster are
pol y BRRKEE NE Yortkh@BRS U.S 8%t Y. &, 200152 1Prah 8188 1dyErs can also be
strengths and el astic noduli conparable to thaf of

pol y transfened fromalonor sheetspyithout sedectivelydransfdging the transfenlayer. For

during. the | aser thernal, i ing of light emttin

ol y REPPIE 058 1YeF ERpe i o e ibe s ik esmepee, acts as a
of  peRhipRalgeinkPThaREINBE reRasdd@h theltRinbfer Riyef BYBMEcted to a receptor
edges on the transferred pattern. Another "paraneter is

t he sahstraiggtypicetly Wit the appliceviorcelf et okprassutee Juchrgnethod, referred to
| ayer t rf s 15. stre h ma .
oc T PR 9D 5 U8 Sl P SRTDlT e porion

conpétierddif] totthe @teptoe transfer |ayer and the receptor
surface. In sone_instances, it is desirable to sel ect
the mat er Materis from sepaaterdoner shets sarbe farslerrd adjacent to other

mat eri.al . {0 { a, C . .
T bR hE Aty BORRHOD: e dvics, o
sol ubifferdny ppaicasef thesame e cioapAlteihevdly, marprialy ¢roaf separate donor
even nake 1%%@posgrjgbl thermal transfer qr, ot

er . . .
pat t él?eﬁFSrfg" e ey QPP PE or l“l"ﬂéalﬁﬁlt‘é’leﬁéﬂ% rggipiration with,
be s ' j
e, S e Y Sk ey ARSIyt gyt
and, s@nebheainkthod fognphetolithapraghyl, HepositiorBthPorgh a shadow mask, etc.). A

det er m. ned cordi.ng to Propertie of Polyners; Their
Cor r SRIELY SFOUET SPESHEAHAS T B9 Drapiieelonesepts Gam Bf tosgfto form 2

Esti g&it BachPdbhoP SRt frmy SdeQP it bbitioRs 6F @dRievice. It will be
Contributions, third edition, edited by DDW Van 25

Kr evendenstodd det/otber Rriienscd timsbldewibess sr @hst devik@9 On the receptor, may be

Ch . 89-225. . Th ilit t f .
;. e grmed i BROBSTHE P by Ak RiablA mresed PN hosghtpfegaphic
ext epfocedse Gk jet ProtetRess whd Varitehs @thek PAntIRE 6 hadk-bedprocesses,
range of solvents of differing solubility paraneters.

The whrthpt ¢anvontinmelyriseskar newly develapedent s t hensel ves
can be d]ﬁ{ llgi{gyre;)het%e%ﬁ(ggrsﬂlgser%‘z{ge ? é&isnebgefat pgc}f?lﬁ\orr @%ﬁ.oguitable films are

The sol ub ara

cohegéseibe@rgs. PatoNoa a4 s25pa @, 12855601 ume V by t he
relationship S = (Eeeh/V)"2. For solvents of |low
nol ecul ar Iwﬁug Bret2 ontipnakwidedpyes 242 aay\peicoatefl 9 efhgrwise disposed

L2558y W s, I 598 Rl B s
Ecohbetween the substrate and the LTHC layer during imaging or to provide mechanical
stability to the donor element for storage, handling, donor processing, or imaging.
Examples of suitable underlayers and methods of providing underlayers are disclosed
in U.S. Pat. No. 6,228,555 and in co-assigned U.S. Patent Application Ser No.
09/743,114.
The underlayer can include materials that impart desired mechanical or thermal

properties to the donor element. For example, the underlayer can include materials that



WD 2004/ 096783 PCT/ US2003/ 032046 -74 and 6 can be
cal cul ated fromthe heat of evaporation of the sol vent

W@eookiondT83 he course of the vapor pressure as BCT/US2003/032046
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function of tenperature. Because-ggne materials such
as pol yners cannot be evaporated, indirect nethods
haveiQnig lfﬁ}‘ﬁ %gecflﬁ)(f hélE &ed'eghpaéﬂ 16% tﬂ{) nfai] ?6rfdu§@4'i§€1{eiz{tf\'¥ fo the donor

par anet er . eterm ne solu

t he pdisyraier Suthen enddrlay&r mayrbsusd! th Iilg:r@fse hé‘kﬁ flo®! tptB¢ transfer layer,
in a.vari etéfof solvents of differing 6 i s nmeasured

and PrEREmPIso dgnIave he ipAstigSeRsiHyityef the éon?fol yImer vs.

t he sol ub .

The sol ubiPt PURRYATERPASO Il I REACS e BERNREFbroperties or for
t he pdiesiondeatwedenshesubstrath end theeDTHUMUsing] dniunderlayer that improves

obt ai ned. Iling will be S sol vents havi ng

sol u e?W%‘f&Héﬁ%%@S&fﬁﬁ?ﬂ%&éi’&g layigr may pesyit 19 ﬂeéafi@lﬁomon in the
t hantrhdi@drrddf infal ?@ RAQla¥ ¥RAm, l-ghﬁrsgnﬁrc%se%%%ﬁmaéﬂ f@;ﬂfjﬁe used that

for theoreticall estlmalngthe sol Ity “paramneter
of aregoteprs ﬁllm detantinaticiai sbpareu(amm& the BIHiMhayerthat might
funct,i onal rou&g&present i as outlin

th
in t POCIYESS, ZCCuf & 1agIng | 6? éﬁ[il 1ae|'lélgf Fahfeduce tﬂe amount of

devi s18ficaPdik@ktidnGkhibied 'ﬁ?QfﬂﬂgfeﬁEd ?Qﬂiéﬁ§ bt the ‘i‘raﬁ:ffef ﬁ?er In other
present invention can be made at l[east in part by

sel e@ases, BOWREI HEImaY b@d@&‘l@bledﬂ emiptoylBidedayeouthdt promote at least some

oo Tt Aept AP RET T a5V R, ARG, orRadipt to roduce

| anpan ginpagbieetwaéielabyrs daghg Rfagng thahéangiFovitie Bthermal@kulating
on a_ donor sheet and then selectively transferring the

| i ghfumelinn: (Yepgratiay dpring prsies maﬁ plsa@rayidean ehanael faethiegelease of
| ay S%a%esolrha{'igﬁf bt g&%rétgd &gﬁeﬂfn ]H‘ﬁ?q%; ?ﬁzm%}magmg Providing

substrate
trarmrbhnacﬁmminmyda@tdta(ﬁ@m&umh@bgelefeefs 20 use in the
present ipnventjaon. Donar el enent 200 includes a base

subst r at el Borgndeglaver spay; besubstaniindly| tapaparent at thgdmaging wavelength, or
0 pt | ABRh1sh be b 16551‘? Hﬁﬁﬂ?’% };@5‘% 102'?31’1&)( & of H@%ﬁﬁfd‘iﬂm Attenuation

4, an optional “Inte

2 1 8 woefledtion of 1raagmgrmdw1|rd>n dyche andeglaydrandyoberised td c@trod heat
conposi ti.on that.ing¢ludes a conpound according to
For nERSraHOR dUIngimaging, + 5 a second conpound that is a

charge t rﬁrﬁ?ﬁgb' ROLTRICSR{&/214%4 ﬁhﬁﬁ&ﬁlﬁh?&hbﬁlﬂ shekts of the present

mat eri al , emtting materia
convievgition toraounlé atadiatiopehengy into thd duher sheet. ‘Bhe LTHC layer preferably

comhi nat.i on th reo oun; s tions,

" oy dPEosH rgfoR 8ossri e o5 rifIao] gt lgser light) and

donQiosivétis dt3sRf §p&{10ﬁ| of HeSn&llént %cﬁ&tid?ﬁﬁﬁ') et lld eﬁablg"i‘ltansfer of the

Nos. 6,358, 664;" 6,284, 425; 6, 242,152; 6, 228, 555;

6, zztgmgfq:g laygr fggm tgggon(ﬁ sheet tcsths ;receptor Sultable LTHC layers are
described in, for example, U.S. Pat. Nos. 6,242,152, and 6,228,555.

In Figure 2, an optional intetlayer 216 may be disposed between the LTHC
layer 214 and transfer layer 218. The interlayer can be used, for example, to minimize
damage and contamination of the transferred portion of the transfer layer and may also
reduce distortion in the transferred portion of the transfer layer. The interlayer may
also influence the adhesion of the transfer layer to the rest of the donor sheet.

Typically, the interlayer has high thermal resistance. Preferably, the interlayer does not

distort or chemically decompose under the imaging conditions, particularly to an extent



6, 214, 520; 6, 194, 119; 6,114, 088; 5,998, 085; 5, 725, 989;
5,710, 097; 5,695,907; and 30 5,693,446, and in

waeoeoa®si7ghed U. S. Patent Application Serial NOBCT/US2003/032046
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09/ 853, 062; 09/ 844, 695; 09/ 844, 101, 09/ 662, 980;
09/ 451, 984; 09/931, 598; and 10/ 004, 706. Em ssive

or garhat rdfdeRth@transféri it onk—EP&u@ﬁal"@h% GitbAkyeY tﬂ)?c[%lﬁ9 remains in
polymer filnms that include the conpounds or

conp62ntestarith he LI layawduririgdhe trepsferqmocasaand smoeshbstanuauy
VO 2 7 | ect
{ranoryigar Piln iR Vel S0Re i G tibgdr. for example,

to aUrSzdaerNosLﬁ;M:rmzearﬁﬁzmﬁgs ng the transfer |ayer
of the donor eI ement adjacent to the receptor and
sel ect i veft/Figheadar efﬁﬁitf@mﬁ@ﬂa}éﬂr@ﬂﬁmlnclvécﬁmnbosheet 200.

t he ?" a’ﬁ@%&a fﬁlg%@]gﬁggf&hﬁ@mﬁéﬁgﬁépgg on crfrtglgifeéi:n invention and

I ay eca ipelnda bisypother wmithble medt@ial od nfatepils] ﬂﬁ@ése&hﬁ’ 8hSor more layers,
vvlthacdut sel ectlvelléﬁ &Sfe”l ng .t he transfer | ayer.

For A@R&Apn&ombmat otheyadterialp Beansisk laver 48 i la capable of being
donoge) I or.ar

Jonoti gt 0l LGP AERAn 9y S R A e
cont thetdedorn elermentdc exposed toslifest heating ot mnmgidgsta&mﬁdm thA€can be

| t Such t
" oF citiatpef By tstl filhean boisHor Paikiintnd onrerisd lnisehsat. o
transfer TIKB?%&EEn't i ehtiG R GEr }:)\I/E¥EES a Abhi@enhifti ra%gfe% ia%r that

10 t hereof o the receptor. teria from epar at e
donofckfesst eorapavnd of Formigh dor e domgpsitiemthat mchutihtez[ compound of

mat receptor t or m adj acen evi ce

por ?IiE do ns fa b ]?rﬂ { d’é“’@ﬁ? aa%‘i?flg 8gmp8?n‘ﬂg‘ﬁtf1f5 ’@g‘f elﬁﬁ?lﬂg #aterial, a charge
of tikmspating ﬁﬁﬂ(érﬁ@ a eﬂaig%rﬂlkﬁﬂdlﬁgeﬂn}{tenﬂpﬁ @bloLSnvel G matenal a
separate donor sheets can be transférred direct

t op Rotymeic hinderapk 3 gnmluv@trwhﬁrgof e@nfsvva}at)f pmvxﬂutgﬂle mansfer layer is.

oth .y evi o tterned,onto

O Ao B T B B e e ey of e
(e. gayerpﬂm;bnbd:d hpes,dRhYinddRRes idtb@dyel, M héat %&%%g layer. In
mask, . etc, FﬁAes vari ety of other conbi nati ons of

or ﬁ’é'ﬁéne&% lnlﬁbéﬁgntea& mgterighean hegsofighilized byo%ivhtme of a suitable

t ft
coc AR, 1 0D A958R SRR 5 s T e
t hedy spaviating, gmvuré h&{tm@ﬁMagﬁSroﬂ rcloﬁthfg k£iE€E80ihg afi@®he like. The

be 20, f or d in e in part any suitable
pr oSabEnt ehoperpTalsT %a%@eﬁs.nphe@deagmlz mtgqagwglg éesg., $wall or dissolvc)

j et Jpyee r !
mask- gas g%%%?g%}gés}gg}s@ Ibﬁéltlﬁhg 8%%#\? g&{t i ona F{;%}méscgﬂ then be annealed
newlapd teselepeevapbratdd tg leave 2 tiaheferiyer. S u bstrate 210

can be aT%oIIyrre itm %EIJI table filnms ar
e transfer layer can then be selectively thermally transferred from the

resulting donor sheet or element to a proximately located receptor substrate. There can
be, if desired, more than one transfer layer so that a multilayer construction is
transferred using a single donor sheet. Suitable receptor substrates are described, for
example, in U.S. Pat. Nos. 6,242,152 and 6,228,555.

Receptor substrates can be pre-patterned with any one or more of electrodes,
transistors, capacitors, insulator ribs, spacers, color filters, black matrix, hole transport

layers, electron transport layers, and other elements useful for electronic displays or

other devices.



described in U S. Pat. Nos. 6,242,152 and 6, 228, 555.
25 In Figure 2 optional underlayer 212 maybe coated or

wordenn78e di sposed between a donor substrat ePERUS1008032046
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LTHC | ayer, for exanple to control78heat- flow between
the substrate and the LTHC | ayer during imaging or to
provi de mepRaf&Rion iShibt dds¥ribed By e @&ng leSATRAEs, Wifich are
st orage, handling, donor processing, or

Ex an‘rﬂ@‘@‘@i fog ifilyststien omlyand asearos intertlertwo ho Hmlmﬁg in any way.
provi di ng underl ayers are disclosed 30 in U S. Pat.

No. 6,228,555 and in co-assigned U S. Patent

Application Ser No. 09/743, 1EKANIFLERder| ayer can

i ncl yde naterlals thatzlnpart aeS|rea necganlcal or

t her Al ahe 0 ‘ : e yMphe b

t he ﬁg@gg%g&gégiﬁg i ncl ude naterlals that WO

2004 2003/ 032046 -76 exhibit a | ow
specific heat x density or | ow thermal conductivity
relative to the donor substrate. Such an underl ayer
may be used to increase t_fI o.the ansf er

| ayer, for exanple to | ove t i magi sensitivity
of the donor. The underlayer nay aljsg i nclude
materials for their mechani cal prdp ties or for 5
adhesi on between the substrate and th HC. Using an
under| ayer that inproves adhesion be n the
substrate and the LTHC |l ayer may result iacggss
dlstortlon |n the transferred |nage As an exanpl e,

i n sbal s a2 gih Melnylfyectoxenipateised that reduces

ayer g f%?‘* AL SR g TS 1.65mon,

t he [iommiun‘rednbanaté' 7.37%4) 1@-’%@1@9 ah1€200'P @ﬂhce@rﬁnel@hls was refluxed for
phy Slﬁinrmgm tortion exhibjited by transferred portions

of t bydhe dropywise agdifion @%159§t,}’1hi©w§iﬁ‘d|386 17 ga1.99 mol) over
be deginbaPhdi OTﬁéTPsl YorlREGEE VS %ﬂr%)&:%t Q t(gvo Hgl tration of the

| east sone egree O se aration

| ay ecopletlrehctipn mixdgiiragnd éxzzrpoﬁmam@f chet filtrafeQRVE 8n oANTIA fvas taken up in
gap b tlvveen | ayers duri n that can provide a
t her ffa¥* 4°R&IA qrgactfsrhwe |5o% %2;‘%&2 &t108 iy fellongd by water (2 x 100

[ Maginfgd I

15 oo TR BlRCLL OV LR (PIAR sinnehdt, ) RRFerRid o a pro-
| ayeweighéd 00 thr@Laedkad fIR5I Hihdich

| ead tetg fewer imaging def ectg &%%tg%gnﬂa%g%é?ﬂu@&l@dto high

s ubsra&numahrt;llatlmtrsrgmoernrhmxccssd oatgihrangidea The pogesidue gave 376 g
ea arti IIy absorptive or
r ef I {e% 3(&?@&%@1@3{1 C&%\’gj%gﬁ %BIF- Attenuation

Part B: Synthesis of 4 Octvlovaenzmc acid Hydrazide

To the contents of the flask from Part A was added 98% hydrazine (387.14 2).
This was refluxed for 5 hours (106 °C). The cooled solution was poured into 3L of
water and the precipitated solid filtered, washed with copious amounts of water and

* dried in vacuum to give 343 g (91 % yield). 4-octyloxybenzoic acid hydrazide. Melting
point 90 °C



or reflection of imaging radiation by the underlayer
may be used to control heat 20 generation during

WO pegiogggs3 | n Figure 2, an LTHC | ayer 214 can bRCT/US2003/032046
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included in donor sheets of the pygesent invention to
couple irradi ation energy into the donor sheet. The

LTm%@rSﬂt% &G 3LDibhd gtion absorber
t hat absorbs |r?c:| en rla ?Ja? dl% ﬁg’ﬁh | aser 1ight)

and convdntpg 2k ﬂaéaﬁttechwtth Iatreﬂm{ ofndetwer amrbmdglmtlc stir-bar was

radi o enabl.

tr angl}téo uf:e({/%s d 8Fﬁ° HEOUOLHY cf(sté)h(g Jﬁ? éﬁﬁ?’lyll chloride (150
Sui t adll,©.04T6))| TUe hfixtarEwadRBakPRE 8'h%ursf Mos??ﬁatﬁp kiony! chloride was
U S. Pat. Nos. 6,242, 152, and 6, 228, 555. In Figure

2, afiistPed @ﬁf Apllqvraddyy r@y@rvalzqfehmwynmdeu by p@sewv@pomaen Distillation
the LTHC er 14 and transfer |ayer 218. The

i nt eBPEAL %@r brgmehenzog} chlqridap (ROt tqmpmmmﬁ 0'C; distillation temp
danag& ﬁzggﬁont natlon of the transferred portion of

t he a and may al so 30 reduce distortion

in the transferred portion of the transfer |ayer. The

interla er nay al so |nfluence t he adheS|on of the

t r anB £1245 3Van

Typi cal | y : the Ji.nt.erl er - S] St
Pr ef er abl Vnd%r ablapke éPf‘%@Qgelﬂge? d%fﬂm&?ﬁ“%‘i’)@ (9? a5, g,0.11925
chenmed) Wik Mae0mPOSRutiOST4-5i ok YRG5 a6 AR
particularly to an extent WO S as a8 r}g}d}d 50.88 g, 0.1925

PCT/ ms@wéﬂ@ghﬂmme (27 nalhalt9.48em @ek925 thed) ity 30shibrof extthylene chloride.

RS R AR ARSe TE FLIOB mR R Rac o

pr ocwasfiherdd bﬁ” alﬁdtre—ﬁty@&i!ll&l&tl iffnh Hot DNEYSH 26T ©fe TOBB ol (18 % vield)
tranéfe ayer. Suitable interlayers are described in,

for &0 %PE‘O'N dAgoctyigrgpiengeyd [begzahydrazie. and

6,228,555. 5 1n Figure 2, a thermal transfer |ayer 218

is included in donor sheet 200. Transfer |ayer 218

i ncl Mﬁ%&ﬂuﬁﬁ—(hﬁlmgmhbhﬂMSQﬁ (bﬂ@ldg{vﬁﬁIEﬂi'll 1.3 4 oxadiazole
i nvention,and_ ca ude r suitable materi

or mat er i AMXYE Q %’g é’gbrpﬁl oﬁneao H&Xé’)tl’e&?@f lbenzﬁ}}’éf?élde (39.1g,
or | @0@%&3%}1& gﬁoéghbﬂxs %Rgﬁflect I@b? 1S wak" 1§1Ie% }ﬁmr Unreacted

218 i s capable el ng y trans erre
uni t plespharuporyichiomile was sliryilled bffaint ¢he residaé poura oimamrwhed ice. The
when_ 10 ose to dlrect heat i n

or BT RLGERCb PTG o R G pnad recustabaiprs BOR / wate to
| i ghgivé 93.BeaB9 op ?iéﬁi)be(fz ﬂaﬁo%m@éheﬁﬁstg?[%\f}qbg@i&gx?ﬂ%ﬂ 1,3,4-

heat. The present invention further
ethXiad@ZOlpansfer | ayer that includes a conmpound of
Formula | or a conposition that includes a conpound of

[r————

Part F: Synthesis of 2-(2,5-Bis-phenylethynylphenyl)-5-(4-octyloxyphenyl)-
[1.3.4]oxadiazole ‘

Pd(PPhs), (71.6 mg, 0.1 mmol) and Cul (23.6 mg, 0.1 mmol) were added to a
mixture of 2,(2,5-dibromophenyl)-5-[4-octyloxy)phenyl]-1,3,4-oxadiazole (3.20 g,6.3

mmol) and phenyl acetylene (1.29 g, 12.6 mmol) in 20 mL of dry Et;N. The reaction
mixture was magnetically stirred for 3 h under reflux. The cooled reaction mixture was
poured into an excess amount of methanol and the precipitate was collected by
filtration. Re-crystallization from methylene chloride / hexane gave 2-(2,5-bis-

phenylethynylphenyl)-5-(4-octyloxyphenyl)-[1,3,4]oxadiazole (2.50 g, 72 % yield).



Formula | in addition to a second conpound that is a
light emtting nmaterial, a charge 15 transporting

worioe/09eB3 a charge bl ocking material, a col orPCT/US2003/032046
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conversion material, a polyneric8ti nder, or a

combi nation thereof. One way of providing the transfer

| ayer is. ‘H 556 @ L

material onto the dg\fg!g% s?k?}stgrngttsgﬁo}f q%ﬁ?‘lﬁ%@@s (d,J=9.03 He,
I ayetZH),dk@i:(ddbéd: 15958205 Hz,&2H), T4t édd, afy&et J1 IhsEH}z,aM@f, 7.37(,J=

| Bl AR R 7 e A B SOy, ST b = 9.04 B,
of azmyBisakt, 9—2@39 eppatl ©hsosal 3553, Q}P@é{ ?;’P? 89290t CigH CH, chain),

t he donor substrate or an%/ one of t'he’a ayers
spi nOOB4L, Vrrgh. 8@;Hay3ﬁieCH§))a mEMWMH@dCQD@W 1'6@ 93, 163.14, 162.16,

kni f ting and the |i | vent chos

pr ef g?‘é@?;}?’a%ésl%% dﬁ%@% Pé"b]@ 1?%f7e17f§:51 w23 ﬁ3(1323g67 123.25, 121.68,
svel I 17206,415306Y 60, 92281, s8lg4! &ie7 7l ' lcayeys

in the donor s?neet gggt%aﬁcégsﬁﬁi’j%%?’bz?%g;%g 66%&4 26.29,23.04,
and 1482.so0l vent evapor at ed to | eave a transfer Iayer.

25 The transfer |ayer can then be selectively

thermally transferred fromthe resulting donor sheet

or ekeample 4:0S thtREGX b B §,5-3le' gﬁ@ﬁﬁgtjlfxﬁg%gkﬂg [-5-#4-0ct¥loxyp_henyl )-
substrat e. ere can Dpe, i

t r anBlihdloxadiaroleo that a multilayer construction is
transferred using a single donor sheet. Suitable
receptor substrates are /‘cribed, for exanple, in
U S Pat. Nos. 6,242,1524nd 6, 228, 555. 30 Receptor
substrates can be pre-patt§gned with any one or nore
of electrodes, transistors\ capacitors, insulator

ri bs, spacers, color filterg aClN matri x, hole
transport |ayers, electron ayers, and
other elenents useful for ¢ spl ays or
ot her devices. WD 2004/ 096

A jB2046 -78
The invention is furthe scri bed by the foll ow ng
exanpl es, which are pr ded for illustration only

and are not intended to be limting in any way.
EXAMPLES 5 Exanpl e 1: Synt hesi s of
2-( n

- )3 4-oxadiazole
By the general method for the synthesis of 2-(2,5-dibromophenyl)-5-[4-
(octyloxy)phenyl]-1,3,4-oxadiazole in Example 1, the reaction of 3,5-dibromobenzoyl
chloride (20.13 g, 0.06747 mole) with 4-octyloxybenzoic acid hydrazide (17 g, 0.06747

mole) gave the 1ntermed1ate 3,5-dibromo-N'-[4-(octyloxy)benzoyl]benzohydrazide
(12.87 g, 36% yield). Cyclocondensatlon of the intermediate 3,5-dibromo-N'-[4-
(octyloxy)benzoyl]-benzohydrazide (12.17 g) with POCl; (63 mL) gave the required 2-
(3,5-dibromophenyl)-5-[4-(octyloxy)phenyl]-1,3,4-oxadiazole (6.12 g, 52% vyield).

Part B: Synthesis of 2-(3,5-Bis-phenylethynylphenyl)-5-(4-octyloxyphenyl)-

[1.3.41oxadiazole
Using the general method of Example 1, the reaction of Pd(PPhs)s (71.6 mg, 0.1

mmol) and Cul (23.6 mg, 0.1 mmol) with a mixture of 2,(3,5-dibromophenyl)-5-[4-
octylxoy)phenyl ]-1,3,4-oxadiazole (3.20 g, 6.3 mmol) and phenyl acetylene (1.29 g,



OC8H17 Part A Synthesis of Methyl 4-octoxybenzoate
10 Into a flask were introduced net hyl

wd20waoosybenzoate (251.0 g, 1.65 nol), pot asBCTIIG2003/032046
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carbonate (276.37 g, 1.99 nol) ang11200 g of acetone.
This was refluxed for 45 mn followed by the

dr op-1ai cslﬂn@@)cihtzqu of dl%rmtrsgl%he%%oﬂ@ﬁ%&z%i 58bis- 3%8 1-ylethynyl-

nol ) over 1 hour period reaction m xture
ref | wheryly- 61(4tqw1@ayghenyl)+[ﬂ Batlpxadiarole @88 g 831% gield). DSC and

react evapor at f the filtrate gave
an mp;hg nEé‘c gcetrgqgae Lﬁgqunﬁn;[%glgqh acetate and
extract ed vvlth 5 % NaOH (2 x 100 m) followed by water
(2 x_100 n1) The or gani c Iayer was dri ed I\/gSO4)
concdzampled: S; S lethyaslpd
thre%c ﬂe ] fiM(Q:%d Qn ents of theflask wer e
subj emm Ilation to renove the
excess l1l-octyl brom de. The pot residue gave 376 g (86
% yi eld) of nethyl 4-octoxybenzoate 20 Part B
Synt hesi s of 4-Cctyl oxy®™ ' ' Ae
contents of the flask
hydrazi ne (387.14 g).
(106 C). The cool ed sofu of

wat er and the precipitated solid | tered, washed with
copi ous anounts of water and 25 gei ed in vacuumto
give 343 g (91 %yield). 4-octyl enzoi c acid
hydrazide. Melting point 90 C e!\ 096783

PCT/ US2003/ 032046 -79 Part C. Synt

31 s of

2, 5-Di bronmobenzoyl Chloride Into a flask fitted
with a reflux condenser and nagnet i c 8tz bar was

I ntroduce

mol ) and ﬁxng39 gg%r%?ago e?ﬂch@egﬁ ig?)ff’aﬁ%‘fr) fj}%ﬁ hs)s (127.5 mg,

M Xt gf1enived ahe Cul kX filgf 08 Iﬁmal)amtﬂ\@ﬁﬁxtafe df@e(stﬂlalﬁfmﬁophenyl) 5-[4-

chloride was 5 distilled off fol by renoval

t he PEMEPHIEENE-1Di-axgdiagalp6r goH 2 i) illrlda]t-ﬁtor]rylpyrene (Lancaster

?Z\r/rger %P%r & (1%8%0%& %ﬁgﬁﬁﬁﬁ?g?@h {]cﬁsrwt%?ga‘%p?ﬁ?f woskip and

Hg) . relyistalliZatiGy ﬁbhﬁﬁe&ylbﬁe chloride / hexane, 2-(3, 5—b1s-pyren—1 lethynyl-
2,5-D brﬁrm N -[4-(octy )[%% benzo_yl I benzohydr azid ]Y
UndePhey. r%%@qtyleﬁywh@méb Apxedigrele 6hddentily meld)

chioride (5 {MR ¢80 Mu2 1€35;) 5 8.89 (d, 7 = 9.06 Hz, 2H, pyrene), 8.5 (d, J = 1.29
Hz, 2H), 8.22 (d, J=7.76 Hz, 2H), 8.14 (s, 1H), 8.01 (d, /= 6.79 Hz, 2H), 7.99 (d, J =
9.06 Hz, 2H, pyrene), 7.94 (d, J = 7.44 Hz, 2H, pyrene), 7.92 (d, J = 7.44 Hz, 2H,
pyrene), 7.81 (d, J = 8.41 Hz, 2H, pyrene), 7.78 (d, J = 7.76 Hz, 2H, pyrene), 7.76 (d, J
=7.44 Hz, 2H, pyrene), 7.72 (d, J = 8.74 Hz, 2H, pyrene), 6.77 (d, J = 8.74 Hz, 2H),
3.57 (t, J = 6.47 Hz, 2H, CH,-0), 1.62, (m, 2H, CH,), 1.38-1.29 (m, 10 H, CH, chain),
0.96 (t, J = 7.12 Hz, 3H, CHs). DSC and photoluminescence data are given in Table 1.



nol) was added to a solution of 4-octyl oxybenzoic acid
hydrazi de (50.88 g, 0.1925 nol) and triethylam ne (27

wWorRg040%748 g, 0.1925 nol) in 800 nL of nethyl eP€T/US2003/032046
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chloride. The reaction m xture wd2 stirred for 5
hour s at roon1tenperature The preC|p|tated SO|Id was

filtalxashplé i: 85 . L IH VDK alger

Part E: Synthe3|s of

2-(2,5-D bronophenyl )-5-f4-(octylox )phenyll-1 3
4- oxadi azole A m xtu
2,5-di bronmo-N - 4- (
(39.1 g, 0.0743
m.) was refluxed f
oxychi ori de was di
onto crushed ice.

) benzoyl ] benzohydr azi de
-esphorus oxychl oride (203

/| water to give 33.6 g (89 Wbyl
2- (2, 5-di bronophenyl ) - 5- [ 4- (oct yjex
oxadi azole. 25 Part F. Synthesis of
2- (2, 5-Bi s-phenyl ethy yl. phenyl) -5- gct yl oxyphenyl ) -
[1, 3,41loxadi azol e Pd(PPh3)4 (71.6 nmg=O.1 nmmol) and

Cul (23.6 ng, 0.1 mol) were added to Q. }r1xture of

2, (2, 5-di bromophenyl ) - 5-[ 4- octyloxy)phen? -1, 3, 4- oxad

i azol e (3R Ghe Sendral MBPhId |
12.6 mol § in @ 0 L of d(?F)}g{Et N. Y%ﬁﬁge?g%‘gfﬁdm)@“ (24.0m,

g,
m xt g-IO@ nyel) ﬁﬁ@ﬁéf (&%m;;yo@ﬂummeﬂ wfidra mlﬁun@mdér(Zﬁehbmmophenyl) 5-

Theuﬁf(‘}&?ﬂ obBRGL 31,76, Snliateh of el B o L s g By rene (0.96

£i4.25 aimdd)in §8anLiof af}aEﬂ3N be Qiftef WOR-IF 2 1Y 58ME pyren-1-
chlorlde / hexanﬁygave - bi s-

phenyle pclwquaz Ri@ﬂylodkﬁﬂﬂ@mﬁla)zo e

LA B i 0 Tt
(d, ;JH—pﬂeré}ﬁ 4268 (BHszl84@ﬁz(IH/) 845 (8 P W@ 1H,7]§9ren63 $98 (d, 7 =7.81

dd, J 95, ,
I(-Iz Hey 1H)78§1 8(1:5 (1, 3H, wr%) +8200—1 (m74ﬁ7pxrgnb) 0887, 86 (m, 4H,

L oS0 T o 0 b5 a8y g T a2 I 171,75

CH2) Hz,11I$f 6.672d,(2H), B, (t, PH26.60 8izn)H, @Hgtcgol 61 észaHficﬁ;} 1.36-1.27
~"NVR (100 MHz
163 (Iq, 104 }ﬁ_zg:hamiﬁq%bé J .-_.;gg)sggz 31135}@9, Ca;_lg@sggnals observed that

117, 36 phef g Rgougb g Bttt Ygus SehogENgh it of e carbons

32. 1®ere2Bcdudtedd8r. 6C 2@0 MHZ® Q) 6 285.08,,163.22, 162.15, 135.55, 134.55,
133.48, 133.18, 132.66, 132.37, 132.21, 132.12, 131.68, 131.44, 131.54, 130.59,
130.19, 129.60, 139.27, 129.24, 129.06, 127.44, 126.70, 126.50, 126.41, 126.19,
126.16, 126.03, 125.83, 125.10, 124.97, 124.91, 124.83, 124.18, 122.24, 118.17,
117.64, 117.00, 115.05, 94.58, 94.37, 92.49, 68.00, 32.13, 29.63, 29.57, 29.33, 26.24
23.01, 14.28. DSC and photoluminescence data are given in Table 1.
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14.32. 10 Exanple 2: Synthesis of

2- (3, 5-Bi s- phenyl et hynyl phenyl ) - 5- (4- oct yl oxyphenyl ) -

W@ 2903/0d6z8x adi azole N, N O Q OCeHl7 Part A: Syne¢iEEE®03032046
2-(3 ,5-Dbbrono henyl)-5-[4-(octy$pxy)phenyl -1 3

4-oxadi azole 15 By the general nethod for the

np

» 3 Hrhéjoisadiazgle chl ori de (20. 13 g,

0. 06747 nDIe) mnth 4 ogtyloxyben20|c acid hydra2|de

(17 g, 0.06747 nole) gafe the internediatE

3, 5-di brono-N -[4- (octyl \, y ]benzc¢~dﬁHZ|de

(12.87 g, 36%yield). & A

i nternmedi ate 3, 5-di br ono-

(octyl oxy) benzoyl ] - benzohydr azi de &4/

(63 nL) gave the required 2- N

(3, 5-di bromophenyl ) -5-[4-(octyl oxy) ph ]1-1, 3, 4- oxad

azole (6.12 g, 52%yield). Part B: Synt e@b3,of

2- (3, 5-Bi s- phenyl et hynnyl pheny -5-(4- octyloxyphenyl)

[ 1,3, 4lox‘alsingzmal gen2hl bieihng df Bxa@@Rer,ahe ﬁ&éth@beqfd(PPh3)4 (123.1 mg,
W§ e 1, the reactiaon of Pd(PPh3)4 (71

nnD

1)) nd el 4G m, O mlwmaanma 2 Bcibromophenyl)-
353 P4 9& Iy r@%ﬁ@ﬁ %3 goclx%alag&gﬁ 5‘8%% E{}{n(hl% ang -ethynyl-0,0,01-

ag itqlnglaoﬁ)tme&qsgw Mrlm mﬁgﬂogaﬁ 86 3nIPEH Aﬂyﬂm éﬂﬁ 2fRébwork-up, 2-[2,5-
\-/vor kbl&@-gltglg)rgmlgqu]lgl p@q{g}@?@wyl)&h&p@ﬁ 4- octyloxy—phenyl) -[1,3,4]oxadiazole
phe [) yl oxy-phenyl)-[ 1, 3, 4] oxadi azol e (2.88

8n(§ ]U/g ?P%&@RF)DSC and photol um nescence data are
gl ven in ‘EaboEMHz (51653)38‘@%3 (<$ J SYA6ESi1H),H.04 (d, J = 8.79 Hz, 2H), 7.9

2-(3,5-Bis ren-1- ethy hen 5-(4-
oct W%Q@p?\%‘%iﬁ )1HQ’17 %32 gﬁgﬂémhﬂ? 49.8i08d1z, 1H), 7.34 (d,
e B B SO gt IO g 0,577 o

0.2 2?11)06)74\4d,th-8 7@11{1 QED, 157 Et,JZ 3 &Sﬁ{blmm@ﬂ’yll)séﬁﬁégﬂ CHy),
octyl xo phenyIE] 4- oxadi azol e (5.70 % 11,2
a3 PPypy P Ebfe i 7~ 7.08 1, 3H, Cit; P 100 Mitz (CaDe)

165.10, 162.81, 162.38, 135.34, 134.84, 134.25, 133.3, 132.31, 129.29, 129.24, 129.08,
126.74, 125.50, 125.47, 125.43, 124.36, 123.89, 123.71, 121.36, 116.76, 115.22, 95.36,
91.22, 89.90, 68.15, 32.15, 29.66, 29.6, 29.37, 26.28, 23.04, 14.32. DSC and

photoluminescence data are given in Table 1.

17 g) with POCL3

Table 1: Tg, DSC and Photoluminescence Characterization of Compounds where n = 1

Example | DSCMP(C) | Tg(°C) Abs (mm) Excitation | ‘Em (mm)
2 149 - 308 378, 398
3 197 74 285, 300, 369, 397 300 408, 428 (sh)
4 - 67 289, 413 289 475
5 144 - 308 308 418

DSC at 20 °C / min in nitrogen atmosphere;
Abs (10 pm solution in dichloroethane)
sh = shoulder



Chemicals)(1.29 g, 12.6 mmol) in 50 nL of dry Et3N

gave, after work-up and recrystallization from
woreaohphdese chl ori de / hexane, PCT/US2003/032046

2-(3,5-bis-pyren-1-yl et hynyl - -84-

phenyl ) -5-(4-octyl oxy-phenyl)-[ 1,3, 4] oxadi azol e (6.25

g, 70% yi aihg)photbiurdineddvit ctM‘Bf Ey%gﬁés HiPs §% sﬁG‘wm]n F1gure 5.

9.06 Hz, 2H, pyrene), 8.5

(d, J:776Hz,2H) 8.14(s,1H) 801(d J—679

pyrenet ox Hdnl 134 x&diﬂalmldz 2H pyrene) 7.78 (d, J
= 7.76 Hz, 2H, pyrene), (d, J = 7.44 Hz, 2H,
pyrene), 7.72 (d, J = 8. 74 Hz, 2H, fYrene), 6.77 (d, J
= 8.74 Hz, 2H), 20 3.57 (t, J = 6.4 :

1.62, (m 2H, CH2), 1.38-1.29 (m
0.96 (t, J = 7.12 Hz, 3H,
phot ol um nescence data are ¢

Synt hesis of 2-(2,5-Bis-p

octyl oxyphenyl )-(1, 3, 41oxa zole N O N OC8Nn !
5 Using the general meCHb® of Exanpl e 1, the reaction of

Pd( PPh3) 4_(24. 0 1) and 8.0 ny, 0.04

mol ) wi t?{S 47%&’2%?18%? 0§Et@1§ waaaéﬂeé%kéﬁgbrqm@henyl) 5-[4-

ol A PRI b ke ANETEEN B0 inloh Blesaceiyebg (129 8, 0.0126

rrlt ?moﬁr 9095@13@) igdide, (22 bteg, Miknmml)zar(dZ PBGH:Bh§}4 fm &1E; 0:063 mmol).

e en
2 xad e gplte Rs kst SED POt Bafisnd felegriil-hos Qracooting the

10 g'Z ﬂ-]%iate@é'b@ ﬁ%bhd §1a9§1a§ Qolle&tea b&‘f g’étn(ip add w%é&i 8 methanol. An

pyr €F¥EFSS B m_mh@gl was addCSIO thﬂzflltra.tbl() give. aZﬂlftBerl‘joﬁ of m3tldr1al Column

(e o 1R s e
cbhddntrafiofiy J;( tdadlo% et'ﬁyIlacEﬂa;te) éggéunkgactehlzlga 5- le%Zm&S’henyl) -5-[4-

2H), 3.46 (t, Hz,
CH2)(OCt1’1036')P1132Y71] 1L§ 4(q1<\admm:|e f@mvadﬁaa mixtures 802-(3-brainc=5-

5 SOy R SRR AU LT el e e

mz g%%ﬁgﬁgﬂmg%%%mgg gféﬂlg%zoie'i éﬁgpée@éh crystallization
gave pure 2-(3-bromo-5 phenylethynyl-phenyl) 5-(4-octyloxy-
phenyl)-[1,3,4]Joxadiazole (0.95 g, 18% yield) &
'H-NMR 400 M@z (CDCl3) 6 8.22 (t, 1H, J = 1.43 Hz), 8.20 (1, J = 1.76 Hz,
20 1H), 8.07 (d, J = 8.9 Hz, 2H), 7.82 (t, J = 1.65Hz, 1H), 7.56 (m, 2H), 7.36 (m, 3H),
7.01(d, J = 8.9 Hz, 2H), 4.03 (t, J = 6.59 Hz, 2H, CH,-0), 1.96 (quin, J = 8.02 Hz,

2H), 1.52 - 1.28 (m, 10H), 0.89 (t, J = 7.14 Hz, 3H).

Example 7: Synthesis of (9,9-Dioctyl-9H-fluoren-2-




133.48, 133.18, 132.66, 132.37, 132.21, 132.12,
131.68, 131.44, 131.54, 130.59, 130.19, 129.60,

wa3w48%678329. 24, 129. 06, 127.44, 126.70, 126. 5BCT/US2003/032046
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126. 41, 126.19, 20 126.16, 126.03854125.83, 125. 10,

124.97, 124.91, 124.83, 124.18, 122.24, 118.17,

117. 64, 175 d¥ce-tdld. Hi5turd éf 58):01%9;92«110& lfﬁﬂ)reré&l@w 24.4 mmol) in
32. 13 Pg[rgs 29.57, 29.33, 26 24 1, 14. e

and ph8 Nwatadded copres (B fedids (?’érﬁ) qng, Or b6 @H!pl) paladium (10)

2004/2193@[@ %@%?9&, kﬁ%@%gﬁ 204 ﬁlpheﬁ?lpﬁés%mee@éﬁ mg, 0.346 mmol).

Synt hes
2- [ 2 TEH‘I&tlgyl@BI-l acétfleno (Horgt 30:5 nphal nwhethey agddd sldehy hixtare stirred for

Nt HEBRY iAo ot e oo ermperatre, The

h
;ng @?ﬁ%ﬁ ﬁﬁ'thﬁfﬁg ﬁ&gfegh%m%(?gfﬁ v%lbt}ﬁgléls arl;l? )E{P dlrlzgﬁwgm& Eool to room

2( 2, gar@pemtmmhmdyyér chrddatograptiydyyamean yhe mobile phase) showed the
4- oxadi azol

b ot B 8 e gt B Prpetionate rpdst5d pepdustwith RE valueless than
rrm)l ihat 8f BBrdtho-9f9-dibdtyHM @ aP&rolfrh BfheRLKadRd to the reaction mixture

bi Ec, 9131 the iinsolpblesrfdtangd offHEmfiloateyvasl evapiretet n% dfmésb-andtthe residual
YOS BB ey PR oy SRR e avarco:

(d, Sblﬂh(&l &ﬁl\bﬁter ing 6vEr mﬁg‘nesﬂ-xﬂ) squa?@aI{dSeva%&‘)mory &R oil

(d. J = 7.82 Hz, 7.38 i)

7 3401(aaacteryled ay (%% pctyl-Okly uorenz%Ly(emlwnle trinetiplsilage ()H) 2 g, 86%
511,3% 7.16 (d, J = 8.09 Hz, 2H), 6.77 (m 2H),

674? J,= 8.79 Hz, 2H), 3.57 (t, J = 6.59 Hz, 2H,

CH2- O), 156(m2HCH2) 131123(m|(}|CH2

chaip), , ( = 13C 100 VHz

( CoDE 8R! ' AL-tiorene. 84,

igg ; Z i’géagglu&% g??ﬁ gh%ggg%gl ﬁ%«g’ﬁgéesyl%g@qg glmethylsﬂane (10.3 g,

123. 2112 ni2dl) Besthdnbb was addetipoPdsiunBfcadfonated2.92%, 282.18801). The
68. 15, .32.15, .29.66, 29.6, 29. 3¥ 26. 28, 23.04, 14. 32.
DSC BRI SHE BB A viooreimBeratite 19420 hgntemdithenriiliered. fThe filtrate was

20 Takp6rated td dryreSCanantle RRRLRE |té\5§hrﬂl Sk &&Tx
Characterization of Conpounds wher g nﬁ: ¢. Washing with water, drying
over magnesium sulfate and evaporation gave an oil characterized as 2-ethynyl-9,9-

dioctyl-9H-fluorene (7.20 g, 82% yield).

Example 9: Synthesis of 2-[3-(9.9-Dioctyl-9H-fluoren-2-ylethynyl)-5-

phenylethynyl-ghenywlulk:s--g 4-octyloxy-phenyl)-[1.3.4]oxadiazole

CgH,,0



Exanpl e DSC MP(C) Tg CO Abs mm Excitation -Em (m) 2
149 -- 308 378, 398 3 197 74 285, 300, 369, 397 300

WaA®4/09283 (sh) 4 -- 67 289,413 289 475 5 144PCTF/USD83/032046

308 418 DSC at 20 C/ mn in nit-Bégen atnosphere; Abs
(10 msolution in dichloroethane) sh = shoul der WO

2004/ 0967 3Gco¥din d 5200 g3 PceduBbf Hx@mple 1, the reaction of 2-ethynyl-9,9-
phot o um _nescence spectra of Exanples 2 to 5 are shown

i n Fidshd-Bl-luesene fexangple 8) with agnelapgquivalent of 2-(3-bromo-5-

oot PTG IS RUFRHABIT S epagioggle @xgmple ) gives 205

C8 H1 199-toctyl7BH-fluosenl 24y lechynf)- EptaNyleiBmy R gag1]-5-(4-octyloxy-phenyl)-

2- (3,55 di br qmophenyl ) - 5-[ 4-

(oct@ﬁég¢3 ¥hYF] - 1, 3, 4- oxadi azol e (5.08 g, 0.01 nol),
phenyl acetylene (1.29 g, 0.0126 nol), copper (1)
iodide (23.6 ng, 0.124 mml) and Pd(PPh3)4 ((70 ng,
0. 06 kx 10: Stwethesix ofi2-€3.8eRistriniethlylsila IpBe
hours and filt ile ,hof. On cooling the 10
filt = O%as collected by filtration
and washed wi th nethanol. ,An excess or nethanol was
added to the filtrate to éyye a further crop of
material. Col um chromaied
sol ids (hexane / ethyl acet
concentrations up to 10%eth
un-reacted 2-(3, 5-di bronophen
(octyl oxy) phenyl] 1, 3, 4- oxad
m xtures of 2-(3-brono-5 15
phenyl et hynyl - phenyl ) - 5- (4- of
i azol e and 2-(2, 4-bi s- ~
phenyl et hynyl phenyl ) - 5- (4-$i¢t yl oxyphenyl ) - [
1, 3, 4] oxadi azol e. Repeated crystallization from hot
hexane gave pure

aphy of the conbined
\E m xt ures of
acet ate) gave

5- /N'\N
@- ol oned by
o
yl oxyphen @ 1, 3, 4] oxad

OCgH,,

10 2- (3- brompgs 35 plagnyd ﬁ]‘iﬂxmdf'ﬁg%jgilb}(ﬁéééh%fzﬁ?}5yﬂ49863t§10xy)phenyl]—1,3,4—

15

20

oxadiazole (11.47 g, 24.4 mmol), triphenylphosphine (0.1816 g, 0.692 mmol), copper
(D) iodide (0.062 g, 0.326 mmol) and palladium (II) acetate (0.0594 g, 0.265 mmol) in
100 mL Et;N was added trimethylsilyl acetylene (6.0 g, 61.1 mmol). The mixture was
stirred in the ice bath for 30 minutes. The ice bath was removed and after a further 30
minutes warming to room temperature the mixture was heated at reflux for 20 hours.
The cooled reaction mixture was slurried in 150 mI. methanol. The insoluble material
was filtered off and dissolved in chloroform. Precipitation with hexane and evaporation
to dryness of the hexa;;;‘;})lution gave 2-(3,5-bis-trimethylsilanylethynylphenyl)-5-(4-
octyloxyphenyl)-[1,3,4]oxadiazole ( 1.5 g, 11 % yield). The methanol soluble filtrate
was evaporated to dryness and dissolved in 250 mL chloroform. About 1.5 L of hexane
was added. Filtration gave a dark solid material (3.5 g). Evaporation to dryness of the
filtrate gave a further crop of 2-(3,5-bis-trimethylsilanylethynyl-phenyl)-5-(4-
octyloxyphenyl)-[1,3,4Joxadiazole (3.5 g, 34% yield in total).



phenyl )-[1, 3, 4] oxadi azole (0.95 g, 18%yield) 1H NWMR
400 MHz (CDC13) 6 8.22 (t, 1H, J = 1.43 Hz), 8.20 (t,

wQ 2004096763 Hz, 20 111), 8.07 (d, J = 8.9 Hz, 2P)T/UF2082032046
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30

(t, J = 1.65Hz, 1H), 7.56 (m 2H8§7-7.36 (m 3H), 7.01
(d, J =8.9 Hz, 2H), 4.03 (t, J = 6.59 Hz, 2H CH2-O),

i_l)_mhenxl )-

(9, 9[.1516]9&@@&“ uor en- 2-yl et hvnyl ) -t ri net hvl si | ane
25 C8H17 C8H17 Si; WD 2004/096783 PCT/ US2003/ 032046
-85 To an ice-cold m xture of'\,"\

2- brono-9, 9-di octyl fl uor aﬁ@,\owm nmol ) in
100 nmL Et 3N was added co (1) iodide (31.0 ng,
0.163 mmol ), palladium(I]I acetate (29.7 ng, 0.132
mol ) and tri phenyl phosphil e (90.8 ng, 0.346 nmol).
Trimethyl silyl acetylene (3.0 g, 30.5 mmol) was then

added andAtrhieture f 24(®8,5is-triméthieiladylesRynyl pHeh #3-5-(4-octyloxyphenyl)-
fol |l owe ? by a further 30 mnutes while warm ng to room

t enpldrhtioradiazgie(l.2Gg %W&MR@%@M@WW (0P8, 2.21 mmol) in
for r

t e G50 BIG RSl LHE apEAe K 0BT, Digiop ofthe soli
Wﬁbl washpimwith mtemf \aad dtyhmg gm&cGai}blst@hﬁﬁll—%hm}ﬂ)ﬁﬁ-Q4-|aﬁt§loxyphenyl)~
the fo a oduct wit val ue | ess

t han[fl {"EIH ‘g?zo%’ 688%@ g(S Plglgft yl fl uorene. Petrol eum

et her waslt ?@Fﬁ pﬁ? [ t n

i nsol ubl esl,ti:l ilftere f. gzﬁ{‘?(tﬁ"r )agtlgr ége{r;ago‘fr glﬁze)ds 06-8.04

to d2yhdsk=a8v HHe7.78g1dua) = 180 Hzp e U0 (RIpet, Vel £POHZ), 4.04 —

Col k9 BEAcENED o~ S35 T cS oY il raghar (RS 168 L AR 2R, quin, 7=

eVARRY Bzh S HAY24QUH, 1213 ﬁﬁt Ly ﬁ?ﬁ)ta@m)

(9,9-Di octyl-9Hfl uoren: | eth trriet hyl sil ane
(10.2 g, 86% yield). 15 Exarrple 8: Synthesis of

2- Ethvnyl - 9 Lyl quoeeToasqutlon of
st 2 pore i met hyl sil ane

(10.3 g, T@ﬂ-m%cl’iﬁi@éallX'sﬂnﬁig%ﬁﬂon‘@?—@&gﬁqoﬁﬁ 1SR 48D g, 0.612 mol)
carbonate (2.92 g, . m Xt ure was

st i ripebl Ogtmk. omdme iae addadr k8 Iflbrof 20 M selngomofietrhtmriyl ammonium

fil th%ld?oqude-rllﬁ%lgth ol. althe sORition immediately turned red -brown. The solution was

stirring vigorously for 18 hours. During the course of the reaction a precipitate was

observed. To the reaction product was added 35 mL of water and after stirring for an
additional 5 minutes the contents of the flask was filtered. The yellow solid obtained
was re-crystallized from hot ethanol to give 2-Bromo-9-fluorenone as shiny yellow
needles (98 g, 62% y1eld)

BC.NMR (CDIy) § 192.35, 143.64, 142.97, 137.06, 135.73, 435.00, 133.67,
129.40, 127.53, 124.58, 122.89, 121.69, 120.41

Example 13: Synthesis of 2-Bromo-9-(2-biphenyl)-9-fluorenone

O
sfac




20 evaporated to dryness and the residue taken up in
hexane. Washing with water, drying over magnesi um

wa okad@sand evaporati on gave an oil charact er PZEUSZS3/032046
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15

20

2-ethynyl-9,9- dioctyl-9Hfluoren88{7.20 g, 82%

yield). Exanple 9: Synthesis of

2- [ 3- (9, 9-Thivednpountivids Wde Acdoriling tt& YHeyprbcdture’Siven by Pei and co-
phenl et hynyl - phenyl | - 5- ( 4- oct%/l oxy- phenyl)-f

.3, anskeriBel of . 8oz Glemn B A9 cAPAS BOND) with a 74 % yield.

e O VR AR OB 0.2 5551

2- et hymyd 1 9698 00ERY, Y35 o 3y ane 415X anel(SHSM) W.14-2.12 (1H, m),
nol ar equi val ent of 2-53- br ono- 5-

ghgnﬂ 1¥-hG-AG K PHehy1= 8.8 H@agiﬂ%n} 6999-(|1)Heg@',|1)= 1.37 - 7.52 Hz), 6.84 - 6.80
(9, éﬂalfi’)é‘??"y% Faor %-?ﬁg‘?gﬁ@-%éﬁ Kﬁf}rf)ztl %F&ﬁgrr?g;ﬂe% Hgh 605 6.57 (1H, br

heny ] -57 7HDE 614 o6yL20ENN 4,7 7.7 1) A 9% adi@zQebr d, T = 7.82 Hz),
Exarrgle e 10: Synthesis of

2- (322481EL by §./ ¥y si | anyl et hynyl phenyl )-5. . (4. .

octyl oxyphenyl)-f 1,3, 4l oxadiazole Si~ N, NO -tQ Si

OCOH17 10 To an ice-cold mxture o

2- ( 3 Exatipi Siethesis ob2{B 59,95 yhd - 1, 3, 4-
oxadi azole (11.47 g, 24.4 mol ), trip yl phosphi ne
(1) iodide (0.062 g,

(0.1816 g, 0.692 mmol), qopper
0.326 mmol ) and pall ad

0.265 mmol) in 100 nL

NLywets added trinmet hyl silyl
acetylene (6.0 g, 61.4 The m xture was stirred
in the ice bath for 38xr

.BrThe i ce bath was

renmoved and after a furthe 0 15 minutes warnmng to
room t enp%%treﬂﬁxihg SoltHickt S EbMRTo-02 eﬂ§1)f9;?ﬂn!zd%én<fé]9{(%o g,7.26

20 hour$. The C00 ed reaction mxture was'slurrie
150 mg) redhobodcetiThed iwas eflddsl fewadrops af coneergratéd hiyelrandloric acid.

g];];( aggﬂgﬁég 33%‘6%%5{"?% grl S%rr%tn% ersr? Tkllzc):r c%%'k% Itma)l(tnllrgQNavsmptered into 200 mL

acetate (0.0594 g,

water and the obtained solid filtered, dried and recrystallized from chloroform / ethanol
to give 2-bromo-9,9-spirobifluorene (2.26 g, 79% yield).

'H-NMR (400 MHz, CDCI3) §7.85 - 7.83 (2H, d, J = 8.10 Hz), 7.82 -7.80
91H, d,J=7.62 Hz), 7.71 - 7.69 (1H, 4, J = 8.10 Hz), 7.49 — 7.47 (1H, dd, J = 1.86,
8.1 Hz), 7.40 —7.34 (3H, m), 7.14 - 7.10 3H, t, J = 7.42, 7.61 Hz), 6.84 (1H, d, J =
1.37 Hz), 6.73 — 6.70 (3H, m).



to dryness of the hexane sol ution gave
2-(3,5-bis-trinethylsilanyl et hynyl phenyl)-5-(4-

waoeanglogsrgphenyl ) - [ 1, 3, 4] oxadi azole (1.5 g, 11 BeWUSL0d3/032046

10

15

20

The net hanol soluble filtrate 20 -88s evaporated to
dryness and di ssolved in 250 nL chloroforn1 About 1.5

2- (3, 5- blstrlrrethyIS|IanyI ethynyl phenyl )-5- (4

octyl oxyphenyl )-[1, 3, 4] oxadi azole (3.5 g, oy| eld in
total). WD 2004/ 096783 PCT/ US2003/ 03204 :

11: Synthesis of
2- (3, 5- Bi s- et hyny! phe -
[1, 3, 4l oxadi azol e N-N
2-(3,5-bis-trinethyl#&
yphenyl)- [1, 3, 4] oxas

2% -(4-octyl ox
2.21 nmol ) and
Anol ) in et hanol
(30 n.) was stirred at roon1tenperature for 20 hours.
Filtration of the solid, 10 mashlfg'MAth wat er and
dryi ng gave
2- (3, 5-bi s-ethynyl - phenyl)-5-( tyl oxyphenyl) -
[1, 3, 4] oxadi azole. (0.75 g, 80)%yield). 1H NMR (400
MHz, CDC13) 8 8.20 - 8.19 (2P d J = 1.43 Hz), 8.06 -

g 82‘ i ( ZHBéﬂ?ezgﬁme p{]ocgdtgzayéﬁ {eilH treacélogf%@z(gl,{gzs-

?‘%ékt?%rgﬂpl@&l??g ﬁ@oct§103;§pt(e%§l) [$,.3 A?Biﬁﬂf%blecgk flél Blyith a two

0. 9omolay esqulsm OE 2- 1@9@)) 9 quhlﬂuqrgne @mnnnésl@ gives the required 2-
2- B | t
ol oL TSP LA Ly RgRINA G515y phlpyY-1.3 dloxadiazole.

1100 rrL pyridi ne was added 18 nL of a 1M sol ution of
tetrabuty]l ammoni um 20 h dI‘OXI de in mat hanol . The

sol

vvasstlr r the

Cour se ofﬂtnﬁ SX%ﬂé%%td?%ﬁfbés argétaoll@m[h%?&%ce é’é*’f%ra%g?ev%fabl-laa@r

t he nnehcllllaﬂyl dpp@hbmymeﬂMBHﬂeﬂE%yﬁﬂenﬁﬂlamgQfoleaﬂi‘ﬂlsport material
afte TJAln for _an additional m nutes th

cont siye depanyelsB Flilqoﬂlé?@dpqu%aty)eﬂﬂld&m@ﬂ) jagtylacetonate

obt aig¥84r) complex and various electron transport agents. The electron transport agents

are as follows: Comparative Example 16 contained PBD, Example 16-A contained the
material prepared in Example 3, Example 16-B contained the material prepared in
Example 2, and Example 16-C contained the material prepared in Example 5.
ITO-glass substrates (Applied Films Corporation, CO; ca. 25 £/sq.) were rinsed
in acetone (Aldrich Chemical Company), dried with nitrogen, and rubbed with TX1010
Vectra Sealed-Border Wipers (Texwipe, NJ) soaked in methanol (Aldrich Chemical
Company, Milwaukee, WI), after which they were subjected to 0xygen plasma
treatment at 200 mT base oxygen pressure and output power of 50 W in Technics
Micro Reactive Ion Etcher, Series 80 (K&M Company, CA). A hole injecting layer was
formed by spin coating PEDT 4083 (Bayer Corp., later denoted as PEDT) from its
water suspension at 2500 RPM spin speed after filtering the suspension through 0.2pum



was re-crystallized fromhot ethanol to give
2-Brono-9-fluorenone as shiny yell ow 25 needles (98 g,

W@20pd@B3l) . 13C- NVR (CD13) S 192. 35, 143.64, RARUSHN3/032046
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15

137.06, 135.73, 435.00,' 133.67, -9t29. 40, 127.53,

124.58, 122.89, 121.69, 120.41 Exanple 13: Synthesis

of 2NBloanmicfof(iRrd)ifellaind b ﬁm@élﬁ%ﬁﬁﬂ@ﬁﬁtrog& £49 fId¥EY BO°C for ca. 15
WO 2004/ 096783 PCT/ US2003/ 03204 -88 Thi's conpound

was W&¥e according to the procedure given by Pei and

co- worke Pei . ] J.~ 4924 .-

2936 (2005 F Vil opfiaindle %’fx‘? P Par e ?&’dowﬁﬁgife%” mlL of a

8. 34StocB seliti¢rlBl,contlinidg 6.005 P VI8 (Bulyiie) Sovkedc), 01050% MTDATA and
(1H, bg J = i‘.,46, 8.01 Hz%, 7.35 - 7.28 (3H, n%

7 210. QS_L%B@?  ing§y5 m, chlorofoymy Fhe fipal gepcentptign ghsolids was

¢ Sty ) 3 hut oy . B bt e

Hz é Tig: sZﬂlltionaJst/)ﬁEsp(lmcbhteﬁ) lin triplidate oagpglass-ITOBPEDT subst@fds at the spin
- 6.57 (1 r . . . ,
t,J é??‘fi&ﬁ ?5&01?4?1\6.3%2{ filtration throystyd.2pm Mylps sxciodijtess, br d

S\)]/ ;Z h 25 IHgA g?yeg oéc?‘lgé&%ﬂﬁgtr%{sg%ﬁt {n%‘%dﬁl égq m{%&régxg) was deposited

r ef | undengacgoinl(ta.d0 *abrr) with sublimation rates 0.5-2 A/s. All OLEDs were capped
2- brono- 9- (2- bi phenyl )-9-f1 uarenone (3.0.9, 7.26 n)

in SHithc tg'%ik? ¢ompqsad Rbe2- dudéyotlithiuyy ﬂlﬂ‘éﬁb‘% @4F, Alfa Aesar Co.) and
concgbAdireshiiAmqal! Rirh Aeaf! | A for Li ;
conti nued for 30 %%n’ut es. e%gbé)égﬁggéhér?é{}gtr%%mgA ff)r LiF, and 15
pour28d fant’d upder high vawatier (18fid 0Pherrpbt ai ned sol i d

filtered, Ig}ri %&é?nfl recrystallized from chl orof orm/

et hanol ¢ B iR TMPIBRGE 1@269313%?5{%? GISATYTErgFRts and hingigange-current-
79% Wil hests € i i i 7 -
(2H d. b8 es 89%%}&%\43 the 90t Boingh Eigilgﬁt%g’,?s“?%g egf glide of 0-20
Hz) .mA/cpr-gaye 6@ following reshlts. 8. 10 Hz), 7.49 - 7.47 (1H,

dd, J = 1.86, 8.1 Hz), 7.40 - 7.34 (3H m, 7.14 -

7.10 (3H, t, J =7.42, 7.61 Hz), 6.84 (1H, d, J =

é C'3I' /'I'lIaLIqil;e)nzd ’Sie A (gi;’onﬁzo_ﬁgiéﬂ)ﬁi"for PramPfes 48R3¢ 498 Crhparative Example 16

Ex. Stock | MTDATA | BTPIr | ETM | PVK | MTDATA:BTPIr:ETM:PVK
Solution (mg) (mg) (mg)
B (ml) '
Comp. 1.7 10 2.5 10 15 27:7:27:40
16 mg
PBD
16-A 1.7 10 2.5 10 15 27:7:27: 40
mg
Ex.3
16-B 1.7 10 2.5 10 15 27:7:27: 40
‘ mg
Ex.2 :
16-C 1.7 10 2.5 10 15 27:7:27: 40
mg
Ex. 5




Exanpl e 15: Synthesis of

2-[3,5-Bis-(9,9-spirofluoren-2-vlethynyl)phenyl|-5-(4-
wocedngloosrsphenyl ) [1, 3, 41loxadi azole ~I O N - N PCBHID0BY32046

t he general procedure of Exanple-4l- the reaction of

2-(3,5-bis 5 ethynyl phenyl)-5-(4-octyl oxyphenyl)-[

1,3, Thﬂmdpa;mnﬁneémt@ash& of¥ahipsa two nolar

equi val ent -brom-9, 9-spirobjfluorene (Exanple 14)

ivels tBe reg D, -

g-spl rof | uo m-{-go%amitg)sr?%%n% 1= b7 CBtL\I‘ﬁhgl_f%%‘yeszl —
) -1 1C®n1?4]16> adloﬁbl(b327 E><amb$§ 1B: SdBeeri ng @05.0 0.234
Conp A 705 prtat(o O ssexampte

descrrggs% el ectroﬁ U%h%esc enc% per f ormance of bi 1 ayer 0.0156
mol ecullaB y dopé@%ﬁkﬂzyrreﬂ (I\IIZDP) OLEDR.5ystens 1329.0ng 0.369
hol eF MHOATFAT—em-SSH G‘Gp""’*

(2- en2Sthi =ny|0pyr|dglgat del m(pﬁg) 1390 0.162
acetyl acetonate (BTPITr) conpl ex and various electron

tran ort, Theel ectron transport agents are

as f Py o fprmanee. 16 cont ai ned PBD,

Exanpl e 16 A cont ai ned the 15 material prepared in

Exanpl e 35 stocksglugion £ warmadanmetq me M&Dé\ﬂ?ﬁa pnd 8.5 mg BTPIr in 7 mL

5 br LA, EABIBA L MO RERURISHS B350 -
(Ap pp]neﬁgﬂeﬂlylnlylphanylp&(&tdctymoxy@ﬁbn}d)i[1 2,5](@‘&61@2()16 \ﬁ%hﬁExample 2 and 15
rinsed | et one AI drich Chem cal npan ed
W N R PR RS BT Qb aebisgooopged hhe following table as
Seal gesiaedern, ’fﬁ@%l&({n-r@m fisco I\/P#&i oﬁ%?&ﬁ?@?gpgﬁm’ces at the

(Al drich Chem cal 20 Conpany,

whi cdpit bpegd wé 2SOORBN] afttefilttation Kyrowth @R @mNyloh fre@bfiRexs.
at 200 nir ase ygen pressure and out t power of 50

10 win Tech‘ﬁ Ber Og/FIE?tEf“‘R‘é%PéP?K‘/ afesial Alg W Sandy Cerp) wgs deposited
( KEM {RPPAMm 10" ﬁoﬁlgggh lﬁﬁ&tﬁd&l‘ra ﬁ_@he’;{' a\f@gsrs' Ac}f 8L were capped

by spin coatl ng PED eno
as PEITh chthode ¢camsposediviea. § uﬁ}?ea&hthmnaﬂu&‘idﬂlﬁ@%lﬁepAﬁsar Co.) and

fil th
200 A s ST S50 L JoPNP A e 0P S b LiF. and 15-
f ol | 30 sbrow RABAALA ka0 01085 "TAR ke Herclefated in this

for ca. 15
15 experiment are shown in Table 4.

Table 4 Preparation conditions for Experiments 17A-C and Comparative Example 17
Ex. | Stock ET PVK MTDATA:BTPIr:ETM:PVK
Solution | -
C
17-A° [ 1.7mL | 10mgEx2 15 mg 27:6:27:40
17.B {17mL |13 mgEx2 15mg 27:6:32:37
17-C | 1.7mL |17mgEx2 15mg 27:6:22:46
Comp. | 1.7mL | 10 mg PBD 15 mg 27:6:27:40
17

Device performance data is summarized in Table 5. All tested devices exhibit

20 deep red electroluminescence (CIE x,y 0.68, 0.32) with no electroluminescence



To a vial containing 0.010 g of PBD (Dojindo Co.) was
added 1.7 nL of a Stock solution B containing 0.075 g

wWEYN40ROBY ner Source Inc), 0.050 g MIDATA and PEI/0SD832046

10

15

20

25

g BTPIr in 8.5 nL chloroform TheXinal concentration
of solids was approximately in 0.010 g PBD, 0.015 g

PVK, cd@8dondrd3] MTDATS @I‘IQIJ&C nt oQﬁiEﬁigrsl FJ—%&%}H& t&Mentrations of

was spun-coated in triplicate
S ubsthe &1 campoimnt (;Eﬂampl@pbjeB arnﬂ 12 EID}D TRBMldlf:ataT that efficient red
filtrati Qn t hr ou

fi
b ool Bl R can e bl S bk BespTeimiStion i a

deposgnitaatid dfoDA\vm gqrnm aAd 21(@ 551;;& %éaylé%ﬁ{ylphenyl) 5-(4-
sublimation rates were ca

Wi t f\o‘-‘é}’léwﬂmﬂﬁl)'{fbﬁﬁa@@dla@ﬁledETW-I&0$EdoD6V1|ceS’1W11|hrh1gher concentration

(1 BT I By g i OBt o Recens exciplen

Li F, foafigtickDbetwedh MADAYA URE EBD A HicheR CoitFhfrdibrid ot MITPDATA prevents
toff OLED el ectrol um nescence spectral neasurenents

and femiohtaiiag efficieah and pwe gatissingewite teoptpkpapeditions (e.g. ‘based on

o PP APER B LA ARAREY Rl RiE 229 59O 20

Pr eqﬂkﬁylbmynylphﬂiyﬂ) Moﬁ@loxlﬁpﬂdﬁyﬂ)eﬁ 3LB10x &diadtles one can address this
Corrparlg\lt i ve Exanpl.e 16 . St ock MIDATA BTPIr ETM PVK

NTD/RFDIErT i introdiinan @W{m cieRgcqmporgnt whichiys losieped exmplex

N Y T T —

27 :MTDATA 4fd pmsglblﬂongé’r dbyicE operatidf lifetimek0 15

2002 @evicgeg basEe)c(i' on52-(3,5-bis—phenylethynylphenyl)-5-(4-octyloxypheny1)-
[1,3,4]oxadiazole (Ex 17-A to 17-C) showed higher efficiehcies than those of a control
device (Comp. Ex. 17). Moreover, an increase in concentration of the ETM component
resulted in an increase in efficiencies (Table 5 and Figure 6). Figure 6 shows
efficiency-brightness plots for studied devices. Table 5and Figure 6 indicate that at
projected commercially required luminance for the red electroluminescence (ca. 200-
300 Cd/m?), efficiencies of the studied MDP compositions fall in the 2.5-3.5Cd/A
range, which is comparable with the best previously achieved MDP OLED results.

Table 5: Performance characteristics of lamps at a brightness of 200 Cd/m?

Ex. CIE x,y _
coordinates | QE,% |“Bff, C/A | Bft, /W | Voltage, V
17A | 068,032 | 33 27 0.78 105
178 | 063,032 | 37 3.0 0.93 104
17-C | 068,032 | 40 34 12 54
Comp.
17 | 068032 | 24 2.1 0.53 125




WO 2004/ 096783 PCT/ US2003/ 032046 -91 Table 3:
Performance characteristics of lanps Ex. CIE X,y

w@oanape1ss es Vol tage . _V CE, % Bri ght ness Dd/ nRCEUS2003/032046

10

15

20

25

ImW Conp. 16 0.671, 0.327 13.8-98-18 205.0 0. 234
16-A 0.561, 0.43 12.2 0.032 12.1 0.0156 16-B 0.679,

. 32WEdLA%r: 329. 0 0.369 16-C 0.681, 0.319 13.4 0. 88
139.0 0.162 Experinment 17: Device Performance A stock
solution C was nmade up of 40 ng MIDATA and 8.5 ng

BTPIf in roform A quantity of 1.7 nmL was
adde{j to ‘gc\(ﬁné’f)u]&cgﬂ{% ﬁ 10 mg 2-(3,5-bis-

phenyl et hynyl phenyl ) - 5- (4- oct yl oxyphenyl ) - [

1, 3, 4] oxadi azol e from Ex le 2 and 15 __np PVK. The
approxi mate content of t Viear A& TeeerdEl in the
followi ng table as Exanple 17.1] The sol uti on was
spun-coated onto gl ass-1{TQ PEDT [ubstrates at the
spin speed of 2500RPM affer filtation thfough 0.2m
Nylon mcrofilters. 10 | ayer of, el ectrop transport
material Al g (HWsands CorLp) was dep03| t ed], under
vacuum (ca. 10-5 tort) with sublimtion rates 0.5-2
A's. Al OLEDs were capped wth p cathode conposed of
ca. 7-10A of lithiumfluoride (LiF, Alfa Aesar Co.)
and wiEgOOA of al umi num (A, Alfa Aesar Co.), deposited

at rates of 0.5A for LiF adl Al nder ..
i gh-vacuum (101t Rongvignsarestaf Bfest, o ptavilffiGhadical of a Cozo

eval dliedn@dCi 43 HetdrSalkahe, &?ﬁﬁlﬂgateﬂﬁﬂtuné‘éxgxgdﬁédl\ﬂs gor&arE%B&&mAammam

Tabl e 4 Preparation condi tions for periments

and oGt Gase hetrmapneaticronpeundtGe ko tErrlammomatlc ammo compound,

> 18ragppeln i B Rl ag, 1%y 6 18

27 6 32 37 17@C m 14 ng Ex 2015 ng=xX7: 1460

that is unsubstituted or substituted with one or more alkyl, alkenyl, alkoxy, aryl,

aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or combinations

thereof, wherein

Ar! is trivalent radical of a conjugated Ce.39 carbocyclic aromatic

compound that is unsq@§tituted or substituted with one or more alkyl, alkenyl, alkoxy,

aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or
combinations thereof;
E is a C3.69 heteroarylene having at least one —C=N- unit, said

heteroarylene being unsubstituted or substituted with one or more alkyl, alkenyl,

alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or

combinations thereof;

G is a monovalent radical selected from hydrogen, Cy.30 alkyl, Cy.39

heteroalkyl, Cs.gp heteroaryl, Cs.e0 aryl, or Cyg.gp tertiary aromatic amino aryl that is



Devi ce performance data is summari zed in Table 5. Al
tested devices exhibit 20 deep red

webk@anooBun nescence (CIE x,y 0.68, 0.32) w thrPeDUS2003/032046
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15

el ectrol um nescence WD 2004/ 0967884PCT/ US2003/ 032046

-92 contribution from MIDATA: ETM exci pl ex em ssi on

even vatubstighal oraabaiitfet MithodiR @imoré ARyE hMea AIMRRBRY taryl, aryloxy,
(Exa(rH)I es 17-B and 17-C). This indicates that o

effi USFR ﬂuea)all@ﬂ,d@gﬂ@qrgﬁkyﬂeggtgmﬂﬁygg éxﬁtewrhlem eopglyinations thereof;

wi thout adm xt qﬁ}ﬁf}%ﬂ%?%&%{iﬁg%ﬁﬁeg @ro'nI CE;;() alkyl, C;.30 heteroalkyl, Cs.

conbi nati on of
2- ( 3 sbhdveroanyh aelyyh etyhyoryd phaayiay dofdti®amino aryl that is unsubstituted or

octyl oxyphenyl)-[1, 3, 4] oxadji azole (ETM is used.

Devi é@%%gb}t‘?cw’ﬁ?i Q%% Pr micakyl akewy, alkoxyvaryhaaylgre fluoro, fluoroalkyl,
expectgriol | Vv i - Istics,

wher eas gxdc%i] ,gixﬁtér?%ffﬂégﬁgﬁﬁé&%@%bﬁ%@k@s&&gﬁeﬁ,PBD at

hi gher concent Zas Ndher GH, BMidDATA prevents from

obt ai ning efficient, and ggre %nissLon wth the control _.
conposi tions (&1 By hto W@WD{&?R‘@B@@WWD and J is an
Thi s uadBSRSEea ghBa1 vl%nqﬁﬂs@gua-t§ $,5-bis 10 _

phenyl et hynyl phenyl ) - 5- (4-dctyl oxyphenyl ) -[1, 3, 4] oxadi

azol es one can address this problem by introducing an

el ect,ron ficient c onent .whi.ch has | owered )
exci 21 ex %%F?%BP?W Og;&)%l Qﬁ”&x?rw ORRsIATSe 1adifa] ef3 Co-c0 aromatic
al | ogbigorindrseleb@d Mogher concentration of MIDATA and

possi bly | onger device operation |lifetinmes. Devices

based on

2- (3, 5- bi s- phenyl et hynyl phenyl ) - 5- (4- oct yl oxyphenyl
15 [1, 3, 4] oxadi azol e (Ex 17-A to 17-C) showed hi ghg
efficiencies than those of a control device
Ex. 17). Moreover, an increase in concentra

ETM camonen res ed ip_an i n e
RS, (R
ef fi chedCy- bght ne '/o udi d

Sand Figur'e 6 indicatethat at

Cd/ A Eff.,

38 10.5 FJ,h7- %hO. 68, 0.32 3.7
-0

coordi nates CE,
17-A G 2

GO

-
sOlss
O‘oo‘o‘c‘



17-C 0.68, 0.32 4.0 3.4 1.2 9.4 Conp. 17 0.68, 0.32
2.4 2.1 0.53 12.5 25 WD 2004/096783 PCT/ US2003/ 032046

WO B4/O0NESTLAIM 1. A conpound of fornula | [ QENUS2031032046

10

15

51 wherein Dis a nonoval ent, digsalent, trivalent, or

tetraval ent radical of a C3_30 al kane, C3_30

het er oal kane, conj ugat eg or conj ugated C6_60

carbocyclic aromatic , C3_60 heteroaronatic

conpound RC18 60 tertia gfmati c am no conpound, 10

or a conpoy or Forrula Il 000 - -0
g ted or substit d with one

0

or al koxy, aryl, OXy,

fl uoro; per fl uoroal kyl , I kyl,

het eroaryl , i 15 thB b ar8in Arl
is trivalent radigal of a conjugate cdar bocyclic
aromatic conpou IS unsubg , R

substituted with
aryl, aryloxy, fa
het er oal kyl ,
E is a C3.60 heteroaryl ene having at | east one: - C=N
unit, said et eroaryl ene bei ng unsubstituted or
subst it ut €f th one or nore al kyl, al kenyl, alkoxy,
aryl, arylexys fluoro, fluoroal kyl, perfluoroal kyl,
heteroalkyl heteroaryl or conbi nati ons t her eof ;

that is unsubstituted or substituted with one or more substituents selected from Ci.o
alkyl, Cp59 alkenyl, C;9 alkoxy, Ce-20 aryl, Ce.20 aryloxy, fluoro, Cj.po fluoroalkyl, Cy.o0
perfluoroalkyl, C;.p0 heteroalkyl, Cs.o0 heteroaryl, and combinations thereof,
wherein
each R-imsmiMﬁdependently an Cj39 alkyl, Cz.30 alkenyl, Cy.39 alkoxy, Ce.30
aryl, Cg.30 aryloxy, fluoro, Cj.30 fluoroalkyl, C;.39 perfluoroalkyl, C;.3 heteroalkyl, Cs 3o
heteroaryl, or combinations thereof; and

A is C, Si, Ge, Pb, or Sn.

3. The compound of claim 1, wherein D comprises a radical of a Cs.gp
heteroaromatic compound having at least one —~C=N- unit, said Cs.¢p heteroaromatic

compound selected from



G is a nonoval ent radical selected from hydrogen,
ClL 30 alkyl, C-30 25 heteroal kyl, C3_60 heteroaryl,

w@200809&8y| , or C18.60 tertiary aromati c am noPEF/YE2003/032046

10

that is WD 2004/ 096783 PCT/ US2003§jgd32046 -94
unsubstituted or substituted wth one or nore al kyl,
al kenyl , oxy, aryl, aryloxy, fluoro, fluoroalkyl,
yl, heteroal kyl, heteroaryl, or
conbi nat horS thereof; J is a nonoval ent radica
selecte@/frr Cl-30 alkyl, C1_30 heteroal kyl, C3_ 60
het er oar ¥ C6- 60 aryI or C18-60 tertiary aro '

am no ,a sub tute r 5 bst i
T el b (0

fluor\ Iky N pe / or yl er
heteroaryl, or conbinations t’hereof; is? NH or ’
and n is an integer of 1 to 4, mherein no nore thg
one of Dand J is an unsubstituted phenyl when f{
equal to 1. 10 2. The conpound of cla|n11 wher eNgA

conpri ses a radl caI of a 60 ar

sele Sl
2004 09 13/03 046
R
O D
— \ 7/ Q
N—N
SO0
W, O ]

OO0 o™

Q

that is unsubstituted or substituted with one or more substituents selected from Cj_o0

alkyl, Cy.50 alkenyl, Cy.50 alkoxy, Cs.o0 aryl, Cep aryloxy, fluoro, Cy.zp fluoroalkyl, Cj.z0

perfluoroalkyl, Cy.o heteroalkyl, Cs.59 heteroaryl, and combinations thereof,

wherein



R/ \ Rand that is unsubstituted or substituted with

one or nore substituents selected from Cl-20 5 al kyl,
w@260209@Bkenyl , Cl-20 al koxy, C6-20 aryl, C6-2PCT/US2003/032046

aryl oxy, fluoro, Cl-20 fluoroal ky$7- Cl1-20

perfl uoroal kyl, Cl1-20 heteroal kyl, C3-20 heteroaryl,

and conbi nati onsisthey, @pNR? RH; C ' ]

i ndependently an legi%o aIRky\%}%E@C% %;Oa%;f@g%%l,?i Cdfgggteroalkyl,a

al ko%yg-20 TPl 363-2ahstproa-@@ campinptign thdreafr o, C1- 30

fluoroal kyl, Cl1-3o0 perfluoroal kyl, Cl1-30 heteroal kyl,

C3-30 10 heteroaryl, or conbinations thereof; and A

is C4. Si, TEe comPourd ofSMaim3t, whegsik DauRses radicdl B 4C; 4,

wherein D conprises a radical of a C3-60 _
5 het ebegioararatic coBmesnt thahiswelesiontich @z of a Gimeso taTtinty aromatic amino
unit ' roaromati ¢ 15 conpound sel ect ed
fromc%@?za'g’él {fg%‘}gg)tﬂgd/ US2003/ 032046 -96- N~ N\ / -

S\ / - N N N/ N NN AN/

\ ~(] N . : A NNN, and

10 , , , and



10

15

N N that is unsubstituted or substituted with one or
nore substituents selected fromC -20 alkyl, C2 20
w@bkdoasngd7s3 Cl - 20 al koxy, C6.20 aryl, C6_20 arylP&I/US2003/032046
fluoro, Cd _20 fluoroal kyl, Cl-20-48 perfluoroal kyl,

Cl_20 heteroal kyl, C3_20 heteroaryl, and conbi nations

t her eof erein V\D 2004/ 096783 PCT/ US2003/ 032046

-97 Xis , or reR2|saC130aIkyI a

Cl - 30 het I kyl, O aryl, a C3-20 heteroaryl

or a conbi njati on there 4 The conpound of claim1,
wherein D rrprl ses a r[\ﬁdl of a C3_60 5

het er g&ke pufd i |s electron rich or of a
C18-6 i g Pi c\a@no conpound sel ected from
\' ~ ~ i "R'"RXO-NNNI X\t X1
@4 X RRRARFYNN \ / LNV O & _N--O/ ON
10 “ \ 83 PCT/ US2003/ 032046 -98- N N

that is unsubstituted or substituted with one or more substituents selected from Cj.z9
alkyl, Cy.50 alkenyl, Cy.50 alkoxy, Cs.20 aryl, Ce.20 aryloxy, fluoro, Cy.2 fluoroalkyl, C;.0
perfluoroalkyl, C;0 heteroalkyl, Cs_z heteroaryl, and combinations thereof,
wherein

each R is independently an Cy.3g alkyl, C, 30 alkenyl, C;.39 alkoxy, Ce.a0
aryl, Cs 39 aryloxy, fluoro, Cy.3 fluoroalkyl, C;.39 perfluoroalkyl, C;.30 heteroalkyl, Cs.30
heteroaryl, or combinations thereof; and

X is O, S, or NR? where R%is a Ci-30 alkyl, a Cy.3p heteroalkyl, a
Ce-20 aryl, a Cs.p heteroaryl, or a combination thereof; and

t is an integer of 1 to 4.

5. The compound of claim 1, wherein n is equal to 2 and D comprises a radical

selected from

Q***

O.Q O. **
SOl ay N @

, and



that is unsubstituted or substituted with one or nore
substituents selected from Cl-20 al kyl, C2-20

w@bkdoasngd7s3 C1_20 al koxy, C6-20 aryl, C6-a0 arylPI/US2003/032046

10

fluoro, C1-20 fl wuoroal kyl, Ci1-2099-perfl uoroal kyl,

Cl1- 20 heteroal kyl, C3_20 heteroaryl, and conbi nations

t her aof ic RYRBRRLD0BRBRi TRl SwilNARREMIGE stibstidienfskeRred from C

al kyﬁ{,a ™0 aFUEen())/I , C1- 30 alf oxy, C6-30 > ar;?l , OG-eSOrom 120
ar yl abkyl, Gxhamdkanyl, €3 8lkbxyy Clsaedril) ICs.2631y188Y, fluoro, Ci.o fluoroalkyl, C;.z0

per fl uar oal .~ Cl-30 heteroal kyl -3 het er.oar yl
or cBAb %’lah% L&‘tzh]é?t%@%?(yﬁlgg'm}@%%mﬁ%§?88?mﬁﬁﬁ{19\?§e¢/‘%‘)e°f’
R2 i gharefnl- 30 al kyl, a C1-30 heteroalkyl, a 10 C6-20

aryl, a C3-20 heteroaryl, or a conbination thereof;
and t is an i neahdt isohdgpendently 8. CiBb elkyb fpouslliew, C130 alkoxy, Cs.30

Cnai B Codorafxd g Hpgt ity g Pe BRI o bgerolkyt, Coso
/1 apgleldRy20R4bREE3nPEEE2003/ 032046 -99 that is

unsubstituted or substituted with one or nore
substituents selected from Cl-20 al kyl, C2-20

al kepyl , - 20 al kaxy. -2 . Co- . .
i uoPy, " cTIaEpRS R o BBt o Rl tidbomrises a radica
Cl- 2geiheécerroml Kyl , C3-20 heteroaryl, and conbi nations
thereof, wherein 5 each R is independently an Cl-30

al kyl, C2 30 al kenyl, ¢ -30 al koxy, C6-30 aryl, C6-30

aryl oxy, fluoro, CIl.30 uor oal kyl, Ci1-30

per fl uoroal kyl , C1-3 eroal kyl, C3-30 heteroaryl,

or conbi nations theredf” 6. The conpound of claim1,

wherein n i,s equal to 3 and D conprises a radical




10 selected from- I \ R RRR *1 / RRR R / I \
I / R \ * t R RI\ I/ I\ NI\ ~~~~ and W

wWQOM40098¥83 PCT/ US2003/ 032046 -100 that is PCT/US2003/032046

10

15

unsubstituted or substituted w thhgonhe or nore
substituents selected fromCl-20 alkyl, C2_20

al kegyl i C\f%l'u&g ‘ﬁéu £o oahs(tﬁﬁtea%rl He ordord Qu&ftﬁ’deﬁf%yselected from Cj.99

fluoro, perfl uoroal kyl,
Cl- 2@1khbfbrz@dkétwl,,cl(£8alk®qh é?rsecrmi} Sas-.zo ayloxy,dinoradtiio Agoroalkyl, Cy.z

al ey Perrooros iYL Glonl SRV £ an RESEp RS b SO g gersef

aryl @p¥eid | uoro, C1-30 fluoroal kyl, CI-30
per fluoroal kyl, Cl1-30 heteroal kyl, C3-30 heteroaryl,
or combi nat i onsachiReiséndeperdentiyer ComptiyhdC2ah alkbaylnCiso alkoxy, Ce0

\;\Qleggrltygélsﬁ %F e u<t§8, _3%?&1015%& oy : 1' f,%gr uoroaﬂ(y‘iaé -30}1eteroalky1 Cs.30

heteroaryl, or combinations thereof.

7. The compound of claim 1, wherein n is equal to 4 and D comprises a radical

selected from

*

that is unsubstituted or substituted with one or more substituents selected from Cy.9
alkyl, Cy.99 alkenyl, Cizgalkoxy, Ce.o0 aryl, Ce20 aryloxy, fluoro, Ci9 fluoroalkyl, C.20
perfluoroalkyl, Cy.50 heteroalkyl, Cs.20 heteroaryl, and combinations thereof.

8. The compound of claim 1, wherein Ar' comprises a trivalent radical of

VRS
00000088



I ~ 1 that is unsubstituted or substituted with one or

nore substituents selected from Cl-20 al kyl, C2_20
w@bkdoasngd7s3 C1_20 al koxy, C6_20 aryl, C6-20 arylP&I/US2003/032046

fluoro, C1-20 fluoroal kyl, C1-2010115 perfl uoroal kyl,

Cl_20 heteroal kyl, C3-20 heteroaryl, and conbi nations

thereof. 8. The conpound of claim1, wherei

conprises a trivalent radical of [ \ ,

al kenyl, Cl_20 4l koxy, C8°20 aryl, ©6.20 aryloxy, ’
fluoro, C1_20 fluoroalkyl, d-20 pe or oal kyl ,
Cl 20 het € Pyl , C3_20 heteroaryl, conbi nat @O

that is unsubstituted or substituted with one or more substituents selected from C;_z
alkyl, Cy.p9 alkenyl, Ci.20 alkoxy, Cg.20 aryl, Ce.o0 aryloxy, fluoro, Cy.pq fluoroalkyl, Cy.o9
perfluoroalkyl, C;.5 heteroalkyl, Cs.20 heteroaryl, and combinations thereof,



10

15

20

wherein each Ris independently an C-30 al kyl, C2_30
al kenyl, d-30 al koxy, C6-30 aryl, C6-30 aryl oxy,

WO bavateq78C1- 30 fl uoroal kyl, Cl1-30 perfl uoroal kRECT/USH0BB32046

het er oal kyl , C3-30 heteroaryl, -k2-conbi nati ons
thereof. 5 9. The conpound of claim1, wherein Arl
conpri sesyRrdig | val ent radi cal of benzene. 10. The

conmpound of claim 1, wherein E conprises a radical of
oxadi azol e, NeaguRds indepeadenthyi arGl-e,allyl.Sezs lkentle@: 20 alkoxy, Ce.s

i m dazolke, benzoi.n dazol N St t ut oke, .1
oxa e ag TS oMo et Gy PRATCEio ooy, €
bennefehiagdli @Zednthindtoat Medxgl €, pyridine, pyridazine,

pyrim di ne, pyrazine, triazine, tetrazine,
benzoxazol e, benzot hi azol e, quinoline, isoquinoline,

ci ngolin i n i . Qi i\)ne . hal azj .
ben? otri g‘? i %éll,np P de%%z?nr?e# ‘%}%}ée;}lér‘ﬂ}hﬁ%%?aglﬁﬂ%t radical of benzene.
acridine. 15 11. The conpound of claim1l, wherein E

conprises_a radical of benzoi m dazol e, oxadjazole, .

t hi 481 azdihe cogpound ofcdpim 1, yeherefp ¥ compsisemhyragicak phoradipzole, N-
wher ai . . v ‘

e Shuf Qo8 5 ksl BAhALBLBIe RPbiuicd pyrsot
c onmbk @vald, dsoxbdvde, eibzalethiaimesle sbenrothindizelet isothitizok| pyidine,
aaaa.,aRRa.aaaaW 2004/0978 .

PCTP gg@@%ne, PYHEIeirisgine detrgging en%a,zol?, bep?othlazo]e,

R, Euin\)liﬁe,\iso'qufnoﬁhe, cinnoline, quinazoline, quinoxaline, phthalazine, benzotriazine,

phenazine, phenanthridine, or acridine.

11. The compound of claim 1, wherein E comprises a radical of benzoimidazole,

oxadiazole, thiadiazole, or triazole.
12.  The compound of claim 1, wherein E comprises a radical of oxadiazole.

13. The compound of claim 1, wherein G, J, or a combination thereof comprises a

monovalent radical of O
Q)

00000088
)



\'/ /' V] V5N NN NN\V/ -\VI N/ N-\VI W

2004/ 096783 PCT/ US2003/ 032046 -104- \ NNN \ N X X
WO 2004/096788 ~-<c ~| N QD-<C X X G -~Q N. 5 N N PCHUS2003/032046

oxSi X RR ,Si,R W 2004/ 0967830RCT/ US2003/ 032046

-105- . ONi / I NNNNN ~~or~\ | that is

unsubst it ut ed.or substityted with one or nore

5 o tne W

XS
=Y,

Y oMo 5 ,
S G

¢ O

OO oo GO

2




wherein each Ris independently an Cl-30 al kyl, C2-30
al kenyl, Cl-3o0 al koxy, C6-30 aryl, C6-30 aryl oxy,
WO bavateq78C1- 30 fl uoroal kyl, Cl-30 perfl uoroal kRpET/USH0BB32046
het er oal kyl , C3-30 heteroaryl, €d04conbinations
thereof; 10 Xis 0, S, or NR2 where R2 is a C1-30
- a $66-20 aryl, a C3-20
thereof; and t is an

he-Lonp d of claim1,
200 ‘783
\ 1"‘? HhEGQ \
Yan \%E}EQE»L@
CB Mg BHL7

C8H170 WD 2004/ 096783 PCT/ US2003/ 032046

N—N N—N
o000 o
X X , N ,

(D
040 840 00
OO0 410

2




-107 15. The conpound of claim1, wherein the conpound

is \/ i N\ N OGCHL7 C8HL7 / / \ \\ ON NI H C8HL7
WO 2004/08498347 \ / \ / O CBH17 C8H17 N N C8H17 QaCT/¥S2003/032046

CBH17 8H 17 C6H13 N O C8H17 C8Him5-0 \ 4 / \ N C6H13

C8H17 5 C8 17 WD 2004/ 096783 PCT/ US2003/ 032046 -108

OC6H17 170 i it / C8HL7 N_ aHn N O C6H13
ey

s >
@@”@

s~
OO0 .0 Q0
that is unsubstituted or substituted with one or more substituents selected from Cj_
alkyl, Cp. alkenyl, Cy.30 alkoxy, Ce.20 aryl, Ce.20 aryloxy, fluoro, Cy.z9 fluoroalkyl, Cj.z0
5 perfluoroalkyl, C;.2 heteroalkyl, Cs.p heteroaryl, and combinations thereof,
wherein
each R is independently an Cy.39 alkyl, C,.39 alkenyl, C1.39 alkoxy, Ce.39
aryl, Ce.30 aryloxy, fluoro, Cy.30 fluoroalkyl, C.3p perfluoroalkyl, C;.30 heteroalkyl, Cz 3o
heteroaryl, or combinations thereof;
10 X is O, S, or NR* where R” is a Cy.50 alkyl, a Cy.30 heteroalkyl, a
Ce-20 aryl, a C359 heteroaryl, or a combination thereof; and
t is an integer of 0 to 4.

14.  The compound of claim 1, wherein the compound is



O N C8H77 C8H17 or 16. The compound of claim 1,
wherein the conpound is WD 2004/ 096783

wWEDAE2Z803/ 032046 -109 N- 11 Ny O O NN N NeQIDC82403/032046
Oi / -=s\ OIl~-CBHOO /-186-N ON CBHL70 N Jc
OC8H17 WO 2004/ 096783 PCT/ US2003/ 032046 -110 OC8H17
ONGCBHL70 I / \ ON/ \ =/ \ Si

GgH,O

or



-N ON OC8H17 C8BH170 , or OC8H17 Ot ,NI~ N
C8H170 ONO NO N N1 OC8HL7 NX O C8HL70 17. A

W@ ip0%783 on conprising: 5 (a) a first conmpounelCDS2003/032046
formula I WO 2004/ 096783 PCT/ US2403/ 032046 -111

GE-Ar'" D Il J n wherein said conpound conprises a
first core D attached to first end capping 5 groups
of formulalVGEA1 Il JIV

15.  The compound of claim 1, wherein the compound is




Dis a nonoval ent, divalent, trivalent, or tetraval ent

radical of a C3.30 10 al kane, C3_30 het eroal kane,
waeompugased or unconjugated C6_60 carbocycl i c PCDIAL0F032046

conmpound, C3_60 heteroaromati c copgpound, C18-60

tertiary aromati c am no conpound, or a conpound of

Formula Il or Formula Ill oo o0 - - 0 I 15 t hat
i s unsubst i XUted or substituted vvltmor Pnj?e
al kyl, al kepyr, al koxy, aryl, ) uor o,

quoroaIkyI yl, heteroaryl,
or corrblnatlon @ ' is trival ent

radi cal of a cow'ugateo R0 carbogyclic aronmatic
conmpound that i g ! uted or sWpstituted with one
or nore al kyl, ; , o x|, aryl oxy,
, perfluoroalkyl, teroalkyl
s a C3. 60

fluoro, fluor
het er oary N conbi nati ons thereof;
hete@qab e having at | east one oS unit, said
heteroarylene bei ng unsubstituted or substituted with
one or nore al kyl, alkenyl, WO 2004/ 096783
PCT/ US2003/ 032046 -112 al koxy, aryl , @]
fluoroal kyl, perfluoroal kyl, hetero
or conbinations thereof; Gis a no
sel ected from hydrogen, Cl-30 atg?
het er oal kyl, C3_50 heteroaryl, :
tertiary aromatic am no aryl that
or substituted with one or mor e _a
al koxy, aryl, aryloxy, flu
per fl uoroal kyl, heteroag
conbi ngHi,Qps. t her eof ;
sel ected f
het er oaryl ,
am no aryl that
one or nore al kyl
fluoro, fluoroalk¥
het er oaryg n _or €0
0‘ O

oxy, fluoro,
1.®ﬂ. het er oar yl ,
quaTlefd ! adi cal

g 1]30
aryl, or C38-60
5 unsubstituted

pnoval ent 'a¢Fq9I
.30 heteroal kyl, C3- 60
Cl18-60 tertiary aronmatic
Unsubstituted or substituted with
al kenyl , al koxy, aryl, aryl oxy,

10 perfluoroal kyl, heteroal kyl,
pi nati ons thereof; Z is NH or CH2; n

is an i ) 1to 4, wherein no nore than one of D
and J is®d bstituted phenyl when n is equal to
1; and

or

16.  The compound of claim 1, wherein the compound is



(b) a second compound sel ected from a charge

transporting material, a 15 charge bl ocking material,
w@200ugid7sem tting material, a col or conversi onPCT/US2003/032046

material, a polyneric binder, ofl0@ conbination

thereof. 18. The conposition of claim17, wherein the

conposition conprises a hole transporting-material

and an electron transporting material. 20 19. :

conpound is selected fro
material, a charge bloc
mat eri al ,
conbi nat i on
radi cal that

a 25 charge transpo
g material, a Iig
on naterlm

he first core of

ath a 30

irst core of the

Jg group that

ayp of the first

ﬂﬂio|ﬂg group can be
SZIO\/‘ 2046 -113

pe that is

of a sane type that is present o
the first compound, or substitute
substituent that is absent on the
first conpound; a second end cappi
conprises the first end capping gt
conmpound, wherein the second end

substituted with a substituent that is 3
first end capping group; a divalent radig t hat
conprises a divalent radical of the firstNerd capping
group of the first conpound, wherein the dival ent
radical in the second 5 conmpound can be unsubsi e,
substituted with astltuent of a same typd t 1s
present on the first aqd cappl-n p, or_/fbstituted

with a substituent that irst end
cappi ng group; or a co : 21. The
conposition of claim2 [ he seconf\conpound
i s non-pol yneri c, ai g’ sing a
second core and agjigﬁg g

gr oup. Ceir©



22. The conposition of claim 21, wherein the second

end capping group of the 15 second conpound conpri ses
wo b@4/096783 end cappi ng group of the first conpPCIUS2003/032046

23. The conposition of claim22,-1i@rther conprising a

light emtting polymer. 24. The conposition of claim

22, further conprising an.electroactive yper. 20

25. The conposition of cla conpri sing an

i nactive polyner. 26. The CQRM claim 22,

wherein the second core of t S onpound is

different than the first core o mNst conpound

and the conposition further 25 cd

that is the IGgagdign product of a

conprising a fir mononer conpr i|

and a second nonofe opprising t

5ing the fir
e second cor g

O
of the second conpound
the first conpound. 28§
further conprising a J
2004/ 096783 PCT/ USQ¥3/ 032046 - %
conposition of cl§ 27, further
el ectroactive pokyner. 30. The c

' core of
\'n127,

nprising an

osition I ai m
ol yner. . The
second couyeynd
™ 'fferenfythan
ound and

has a second end capping gr
the first end capping grou
the conposition further co i ses a pol yner
t he reacti on product ofHgO nonomer mi xture conpri sing
a first nmonomer conprising the first end cappi ng grou
or a divalent radical of the first end cappcCgy, group
and a second nononer conp, ing 10 the nd end
cappi ng group or a dival ent/Tagical of t second end
capping group. 32. The conpes\tion of, g aim 20,
wherein the second conpound is W pol yfern conpri si ng
the reaction product of a nononer Ktufe conmprising a
first nmononer,, conprising the fist\gbre of the first

compound. 15844 e conposition of| claim?20, wheret
the second conp is a polyner that is the rea bn
product of a non ,thture conprjiiging a first
nonomner conpri si ng tée O

OCgH,,

17. A composition comprising:

5 (a) a first compound of formula I



first end capping group or a radical of the first end
cappi ng group. 20 34. The conposition of claim17,

wob@repersEonposi ti on i s anmorphous. 35. The conPpOEUS10081032046

10

15

20

of claim 17, wherein the conposidlibn is solution
processible. 36. An organic el ectronic device
conprising a conpound of Formula |l: [GE1D J 25 In
wherein D is a nonoval enf, divalent, trivalent, or
tetraval ent radical of a| & ¥ —&rkane—cED30

het er oal kane, conjugated{ or uncopj ugated {C6_60
carbocyclic aromatic WO D004/ 096 #3 PCT/ Us2003/ 032046
-115 conpound, C3_60 hetgroaromatic conpopnd, Cl18 60

tertiary aromati c am no fonpound,, or a cpnpound of

Formula || or Forrrulall_OOOi'IO zzgz 000\
O Il 11l 5that is unsubstituted or substituted with
one or nore al kyl, alkenyl, alkoxy, aryl, aryloxy,

fluoro, fluoroal kyl, perfluoroal kyl, heteroal kyl,

het ewbeeipl , or conbi nations thereof, wherein Arl is
trivalent radical of a conjugated.C6 30._carbocyclic .
aromat i ¢ conp e RRRGiCOmEHS AR, R B ffached to first end capping
subsgrotipht domiila Tone or nore al kyl, al kenyl, al koxy,

10 aryl, aryloxy, fluoro, fluoroalkyl, perfluoroal kyl,

het er oal kyl , heteroaryl,chE-eeAﬁFnafEEﬂs*thereof; E

is a C3_60 heteroaryl ene havingjat | east one -C=N

unit, said heteroarylene beinq unsubstituted or
substituted wth one or nore allkyl, al kenyl, al koxy,

aryl, aryloxy, fluoro, fluoroal kyl, perfluoroal kyl,

het er oal kyl , heteroaryl, or 15“conbinati ons thereof;

v

D is a monovalent, divalent, trivalent, or tetravalent radical of a Cs_39
alkane, Cs.3p heteroalkane, conjugated or unconjugated Cq.¢ carbocyclic aromatic
compound, Cs.¢p heteroaromatic compound, Cs.6 tertiary aromatic amino compound,

or a compound of Formula II or Formula III

jes o el es et

m

that is unsubstituted or sﬁbstituted with one or more alkyl, alkenyl, alkoxy, aryl,
aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or combinations
thereof, wherein

Ar! is trivalent radical of a conjugated Cg_3o carbocyclic aromatic
compound that is unsubstituted or substituted with one or more alkyl, alkenyl, alkoxy,
aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or
combinations thereof;

E is a Cs.69 heteroarylene having at least one —C=N- unit, said

heteroarylene being unsubstituted or substituted with one or more alkyl, alkenyl,
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that is wunsubstituted or substifluzed wth one or nore

al kyl, al kenyl, al koxy, aryl, aryloxy, fluoro,

f1 uogigak w1, fﬁ?!o&k,uﬂ?&&aj fidroalk@t ﬁérﬁﬁbﬂ&&ﬂkyl,Wﬁ&%éﬂg\flﬂeteroaryl, or
or conbi'nat’ions thereof; 20 J 1s a nonoval ent radical

sel ecambinatiaphti@red) al kyl, C2_30 heteroal kyl, C3_ 60
heteroaryl, C6.60 _aryl. .or. C18-60 tert.iar romat| c

ami no aryl thaf 1 & MoRud %ldse‘&.‘:%dé’f%%ﬁ/%ﬁ%%%ﬁme kvl Crz0
one KdterdBIk®], @;lsyheterdhi® Tlsp a8, ko2 XY s coBér¥ibry BbMBGX ¥mino aryl that is
fluoro, fluoroalkyl, er fl uoroal ky?, het er oal kyl ,

het epussbsfituted or sudisti qﬁm{wm ong pranersfalkyd, alkenyly airoxgaryl, aryloxy,

gﬂg %?or% %ﬁod@kjﬂgbgfgl%ﬁ’n Skgg; S}{elpetrtiatllgg,n fér egljr?jgﬁyﬁ]’\?% gﬁﬁlﬁirfaggﬁ]s thereof;

equal to 1. 37JisH@ofdvait fad&absdléctet RomlaYi6 lkof, Gih@hdRroalkyl, Cs.
36, wherein the device is an_ organic, . i )
el ecohsiRAHeSeeormtyldel/peo tedipryarompdis/apgay gyl that is unsubstituted or

PCT./ mﬁg@d%ﬁp@or%@ aﬁgfl, a@]ﬁ:glyg %g%%&,gar% 3.811518[] iﬂﬁoro, fluoroalkyl,

device of clarm erern

el ecperfihaunilikels beoioatisy, eeroamh bt s@abianticHsghdIteS;

em ssive el enment conprising the conpound of Formula
. 5 39. The ozgsaﬁﬁc"r@%étroni ¢ device of claim 38,

wher ei n the organGnfBLSsH B 4, ¥nef%ho fddkd BH8h one of D and J is an

conprises a charge transporting material, a charge
bl oclkisnbstiteted phady] when pas gquat focl;maderi al , a |i ght
emtting terial, col or ,conver,si on |layer, or a, .
Cobi nat 1 Oh  theraef contpoting SSlphigd Srogun ret lseispating material, o
devi &ﬁrgéfbls&m%m&%ﬁawqgﬁt Sty LGRA, & cBIBr $SAWeSsion material, a
el ement” has multiple | ayers and the conpound of

For npfilamerig bingler, er 4 ceyhbinatian thenegf.| ayer. 41, The

organi c el ectronic device of claim 38, wherein the

organic em ssive elenent has nmultiple layers and the

conpraind THe dodigitdnlof cRirhN72wh&leind8e E6RPSROS T édtprist®a hole
| ayer. 42. The organic electronic device of claim 38,

wherteinspertiag awigsial el of elpgraniransporting materiaght eni tting
materi al .
19.  The composition of claim 17, wherein the composition comprises a hole

transporting material, an electron transporting material, and a light emitting material.

20. The compositi_q& of claim 17, wherein the second compound is selected from a
charge transporting material, a charge blocking material, a light emitting material, a
color conversion material, and a combination thereof, said second compound having

a radical that comprises the first core of the first compound, wherein the
radical of the second compound can be unsubstituted, substituted with a substituent of a
same type that is present on the first core of the first compound, or substituted with a
substituent that is absent on the first core of the first compound;

a second end capping group that comprises the first end capping group

of the first compound, wherein the second end capping group can be unsubstituted,
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a conpound of Fornmula I: GE -A113-D Il J n 25
wherein Dis a nonoval ent, divalent, trivalent, or

t et r QuatiRRid Wittt ﬁﬁ)'suﬂlfentaofg%aﬁﬁ type ﬁhﬁﬁ@ pr&@nl% the first end capping

het er oal kane, conjugated or unconj ugated C6
car bgroy|ar culaatmrtad ath asuhsssuend thaCss ¢ z&xseltt@méh@ﬁr%nm ¢apping group;

conmpound, C18 t er romati c no

o moand o SRt A et 2B BRRH Hhyho Bt ena

PCT/ éd§§ﬁ1?, ! ﬁe first ddmPotthd) wheredrl the ldivaldolp #ddida$ in the second
ut ed or

unsubs substituted with one or nore al kyl,
aI k eqwmpouad kaixhe ursupstituted spbeityted witior sibstitugni il sayre type that is

Conhnr B (e rso g Zafiind Yypup, i SSReg ] ¢ aytgfipont that i absent on
radltﬁahrgfen@cgp;ﬁugg@hgcbr% 30 carbocyclic aromatic
conmpound that is unsubstituted or substituted with one

or nore al kyl ,2edRingtion theweky aryl, aryl oxy,

fluoro, quoroaIkyI per fl uoroal kyl, heteroal kyl,

het eroaryl, or conbi nat i ons thereof; 10 Eis a C3-60

het eZloar yTign@niiméition ofclaimas wherein the becondicbmpesmidis non-polymeric,
het eroaryl ene bei ng unsubstituted or supstituted wt .
one B se6pRd eQRRUNA SOMPHSINE 2 S§EqadhGPre ﬁfcgért,leaa‘; onegegond end capping
fl ugg fluoroal kyl, perfluoroal kyl, heteroal kyl,

het oae or conbi nati ons thereof; Gis a

nonoval ent radi cal selected from hydrogen, Cl_ 30

o122 o Bikkagpes o b 2 S eIt 5o gnd Fippg Eroup of the
uns Us*éé&ﬂcf uﬁa c gﬁééstthay ;ﬁ%)t( §M ¢hpPifg RbupBf tBe Hkdf ¥bmpound.

al kenyl , al

23.  The composition of claim 22, further comprising a light emitting polymer.

24.  The composition of claim 22, further comprising an electroactive polymer.

25.  The composition of claim 22, further comprising an inactive polymer.

26.  The composition of claim 22, wherein the second core of the second compound
is different than the first core of the first compound and the composition further
comprises a polymer that is the reaction product of a monomer mixture comprising a
first monomer comprising the first core and a second monomer comprising the second

core.

27.  The composition of claim 21, wherein the second core of the second compound

comprises the first core of the first compound.

28.  The composition of claim 27, further comprising a light emitting polymer.



fluoro, fluoroal kyl, perfluoroal kyl, heteroal kyl,
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C3_ 60 heteroaryl, C6_60 aryl, «n4€18.60 tertiary
aromatic amno aryl that is unsubstituted or 20

subsbot ut ede BbhPosaiiéh O cIATRI 27, Fhiher coﬁ‘lbi‘iﬁ'ﬁF lan eRlclOacYive polymer.
aryl, aryloxy, fluoro, fluoroal kyl, perfluoroalkyl,

het er oal kyl , heteroaryl, or conbinations thereof; Z is

i S. i nt. f ._wher ej
ror o> ¢han TRcolpoiaet YRR gitnet chitgltind BF diteBrERgymer
when n is equal to 1; and 25 (b) transferring the

transfer |ayer fromthe donor sheet to a receptor
sheedl-  wWAB? eompesiiion eiakaime}7, wheeain thersagongicomneynd haga second end

Zg, asé{jg?%t %8@1 gﬁt #?ﬁ@%‘@#ﬁ"% g"rre fftél‘repég?p@g%_g?oﬁlgggsf tlgeI A ompound

secomitl the compusitiors firthet eshprisesa polinedr dieat iy ¢ $ERtibh Pduct of a
material, a charge blocking material, a,SOIiight i
enm t POAGMAREL g ComprisHg 3 {TglgRowms sampgisingithe firsyend capping group

POl Y§BS &iSalthi¥dfical &'théfirst SPERRIORhNEEELEecond monomer comprising

the second end capping group or a divalent radical of the second end capping group.

32.  The composition of claim 20, wherein the second compound is a polymer
comprising the reaction product of a monomer mixture comprising a first monomer

comprising the fist core of the first compound.

33.  The composition of claim 20, wherein the second compound is a polymer that is
the reaction product of a monomer mixture comprising a first monomer comprising the

first end capping group or a radical of the first end capping group.
34.  The composition of claim 17, wherein composition is amorphous.
35.  The composition of claim 17, wherein the composition is solution processible.

36.  An organic electronic device comprising a compound of Formula I

[— Jo—
G—E—Ar———1p

wherein
D is a monovalent, divalent, trivalent, or tetravalent radical of a Cs.3

alkane, C3.39 heteroalkane, conjugated or unconjugated Cs.gp carbocyclic aromatic
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compound, Cs.¢ heteroaromatic compound, Cig.o tertiary aromatic amino compound,

or a compound of Formula II or Formula III

that is unsubstituted or substituted with one or more alkyl, alkenyl, alkoxy, aryl,
aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or combinations
thereof, wherein

Ar’ is trivalent radical of a conjugated Cg.39 carbocyclic aromatic
compound that is unsubstituted or substituted with one or more alkyl, alkenyl, alkoxy,
aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or
combinations thereof;

E is a Cs.¢p heteroarylene having at least one ~C=N- unit, said
heteroarylene being unsubstituted or substituted with one or more alkyl, alkenyl,
alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or
combinations thereof;

G is a monovalent radical selected from hydrogen, C;.30 alkyl, Ci.30
heteroalkyl, Cs.gp heteroaryl, Ce.0 aryl, or Cys.¢o tertiary aromatic amino aryl that is
unsubstituted or substituted with one or more alkyl, alkenyl, alkoxy, aryl, aryloxy,
fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or combinations thereof;

J is a monovalent radical selected from Cy.39 alkyl, Cy_30 heteroalkyl, Cs.
60 heteroaryl, Cs.9 aryl, or Cig.so tertiary aromatic amino aryl that is unsubstituted or
substituted with one or'more alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl,
perfluoroalkyl, heteroalkyl, heteroaryl, or combinations thereof;

Z is NH or CH; and

n is an integer of 1 to 4, wherein no more than one of D and J is an

unsubstituted phenyl when n is equal to 1.

37.  The organic electronic device of claim 36, wherein the device is an organic

electroluminescent device.



WO 2004/096783 PCT/US2003/032046

10

15

20

25

-116-

38.  The organic electronic device of claim 37, wherein the organic
electroluminescent device comprises an organic emissive element comprising the

compound of Formula I.

39.  The organic electronic device of claim 38, wherein the organic emissive
element further comprises a charge transporting material, a charge blocking material, a
polymeric material, a light emitting material, a color conversion layer, or a combination

thereof.

40.  The organic electronic device of claim 38, wherein the organic emissive

element has multiple layers and the compound of Formula I is in a light emitting layer.

41. The organic electronic device of claim 38, wherein the organic emissive
element has multiple layers and the compound of Formula I is in a charge transporting

layer.

42.  The organic electronic device of claim 38, wherein the compound of Formula I

is a light emitting material.

43. A method of making an organic electroluminescent device comprising:
(a) preparing a donor sheet comprising a transfer layer that comprises a

compound of Formula I:

wherein

D is a monovalent, divalent, trivalent, or tetravalent radical of a C3.5
alkane, Cs.30 heteroalkane, conjugated or unconjugated Cg.¢o carbocyclic aromatic
compound, Cs.¢o heteroaromatic compound, Cis.p tertiary aromatic amino compound,

or a compound of Formula II or Formula ITT
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that is unsubstituted or substituted with one or more alkyl, alkenyl, alkoxy, aryl,
aryloxy, fluoro, ﬂuéroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or combinations
thereof, wherein

Ar' is trivalent radical of a conjugated Cg 30 carbocyclic aromatic
compound that is unsubstituted or substituted with one or more alkyl, alkenyl, alkoxy,
aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or
combinations thereof;

E is a Cs.¢p heteroarylene having at least one —C=N- unit, said
heteroarylene being unsubstituted or substituted with one or more alkyl, alkenyl,
alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or
combinations thereof;

G is a monovalent radical selected from hydrogen, C;.3p alkyl, Cy.30
heteroalkyl, Cs.¢0 heteroaryl, Cq.p aryl, or C;g.6o tertiary aromatic amino aryl that is
unsubstituted or substituted with one or more alkyl, alkenyl, alkoxy, aryl, aryloxy,
fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or combinations thereof;

Jisa monovalént radical selected from Cj.30 alkyl, C;.30 heteroalkyl, Cs.
6o heteroaryl, Cq.60 aryl, or Cys.go tertiary aromatic amino aryl that is unsubstituted or
substituted with one or more alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl,
perfluoroalkyl, heteroalkyl, heteroaryl, or combinations thereof;

Z is NH 61 CH, and

n is an integer of 1 to 4, wherein no more than one of D and J is an
unsubstituted phenyl when n is equal to 1; and

(b)  transferring the transfer layer from the donor sheet to a receptor sheet,

wherein the transfer layer forms at least part of a light emissive structure.

44.  The method of claim 43, wherein the transfer layer further comprises a second
compound selected from a charge transporting material, a charge blocking material, a
light emitting material, a color conversion material, a polymeric binder, or a

combination thereof.



