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AGENTS 'AND THEI R USE I N ORGANI C LUM NESCENT DEVI CES Technical Field 5 This
i nvention, vedab@moed”es conpounds, conpositions, organic el eRCTUSARRRMGCeS,
and met hods for preparing organic el ectronic devices. Mre particularly, the
invention relates to conmpounds and conposiit-i ons that can be used as

el ectron transport agents in organic electronic devices such as organic

el ectrol um nescent devi ces kar Q i I | um nescent (OEL)
devi ces such as orgam%? %ggﬁﬁﬁggﬁgggggﬁégggfEﬁﬁﬁ%g?%&g'%ﬁ%irable.for use
in el ectronic nedi a becad¥8- o5t ndi PR¥ATH PPOFFTEN T BW“Rei ght, capability

of obtaining a wide variety of emi ssion colors, and | ow driving voltage.
OLEDs have potential. use in applicati gné ;suii @ backl i ghti ng of graphics,
15 pi xel at ed displays, and |arge eni ssia&Blt s. There is continuing
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mat er i alhjs, and charge trgnisoélortlgrﬁg n’g['?grl aF’s sﬁ%@ﬁe’ f%drmcs%c ev?%%%egand
met hods for nakidmgethdils foewepang drpasoaecionst dndes, Mat eritghkelyathe heveatbect ed

or devel oped which facilitate one or nore of these device preparation,
met hods. 20 PAPIRIEH f GHTSROUTHE ARFAFOTEROHINE (025 £ WeA 4P €IoFFOmTaRAGR SBHEBIT t o

recept or subst : . . Ml -0r.m ng CEL

devi ces. Sel ec({rg%/ng(’s?]}ggfonné &ﬁg%gﬁss?&e}? 0 gﬁg(r: glgﬁflﬂgﬁl I gg%Jng?ﬁe{l?geS'rs for formation
of organic el ectrol um nescent devices has been shown to be particularly
useful . Ml ecul ar oxadi azole and triazol e derivatives have been used as

el ectrol® 25 transport/hol e bl ocki ng nedackpround n OLED devi ces. One

oxadi azol e derivati - . [ : s s :

2-( 4- bi phenyl ) - 5- ( ﬂ‘%?%g?%%ﬁ?ﬁ%—g%té,ég“&%‘ﬁﬁz%f%as( PERC lgemitnediodes
derivative conmBk)dealtsirshlSidrdsdimpdienitngd hedia pbetygd oSthé# i rofile, low

butyl phenyl) 1,2,4-triazole (I;AZ) . However, OLED, devices enpl oyi ng PBD or
TAZ often exHiuht eaabilitbplebigining 4 widevariety of gaissioncelrs, epdlaw deyingn of or

aggregate for r%tli!agé? OLEDs have potential nse in applications such as backlighting of graphics,

15 pixelated displays, and large emissive graphics.

There is continuing research and development of electroluminescent materials,
electroactive materials, and charge transporting materials suitable for such devices and
methods for making the devices. In some instances, materials can be selected or
developed which facilitate one or more of these device preparation methods.

20 Pattern-wise thermal transfer of materials from donor sheets to receptor substrates has
been proposed as one method for forming OEL devices. Selective thermal transfer of
C organic light emitters for formation of organic electroluminescent devices has been
shown to be particularly useful.

Molecular oxadiazole and triazole derivatives have been used as electron

25 transport/hole blocking materials in OLED devices. One oxadiazole derivative
commonly used is 2-{4-bipheny!)-5-(4-t-butylphenyl)-1,3,4-oxadiazole (PBD). One
triazole derivative commonly used is 3-(4-biphenylyl)-4-phenyl-5-(4-tert-
butylpbenyl)1,2 4-triazole (TAZ). However, OLED devices employing PBD or TAZ
often exhibit short operating lifetimes due to recrystallization of or aggregate formation

30 by the PBD or TAZ, leading to phase separation and formation of charge carrier traps
that inhibit emission.

Tn 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



30 by the PBD or TAZ, |eading to phase separation and formation of charge
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The present i R EISES }Eﬂ%e‘gf’% eé"s’é’é‘?@@ﬁﬁ?ﬁﬂﬁ&?&‘ & 8%‘?@5%5@6%@%%@@ ectronic
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particul arly, oundsand conpositions are discl’'osed that contain at
| east tvib carbon-carbon 10 triple bonds and a heteroaronatic ring having at

| east one -C=N- unit. The conpoun can be used as el ectron transport
agents in organic electronic devi ﬁ&gw&jawf € el ectrol um nescent
devices. (- One as {; i QB Ry ala3s]e P l:
[0E1 DJn 15 F‘%%Eé%‘m fortdSH TR B 'Juﬁgé’gaﬁl%n%@a};’%%g%&e%%h ,

trivalent, or deeiceqyad arthodatirgatpariaf osgahd. &t tmhkadeice€3Mige patiellady kane,
conj ugat ed or unconjugated C6.60 carhocycljc aromatic conmpound, C3-60
het er oar omat | CoBWRPRssHRd comgoghonseie fisploses thaontaimal lpgst Dho ehoGHBON or a

compoung, of chll’iﬁg lb3ndd ardla HeRLBMofhatit hng having at least one —C=N-unit. The compounds

can be used as eleciron transport agents in organic electronic devices such as organic

electroluminescent devices.

One aspect of the invention pro.vide-s a compound of Formula I:

G—E—Ar—==-D
J
L. —1n
15 I
wherein
D is a core that is a monovalent, divalent, trivalent, or tetravalent radical
of a Ca.39 alkane, Cs.59 heteroalkane, conjugated or unconjugated Cggp carbocyclic ﬁ

aromatic compound, Cs.p heteroaromatic compound, Cyg.go tertiary aromatic amino

20 compound, or a compound of Formula II or Formula III :
Q O o] 0
31
o< HO0<
II I

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

25 thereof, wherein



OO0OO- -0 zzzz O0OO0OO it Ill that is unsubstituted or substituted
with one or nore al kyl, al kenyl, al koxy, aryl, aryloxy, fluoro,

f 1 uor oal kykyo BRifdgded 0al kyl , heteroal kyl, heteroaryl, or Eenbsoeddens 25
t hereof, wherein 1 WD 2004/ 096783 PCT/ US20034032046 -3 Arr is trivalent

radi cal of a conjugated C6-30 carbocyclic aromatic corrpound that is

unsubstituted or substitu ‘{i@qs‘&‘ixﬁaﬁb %Moi@ 4 ¢ ky khcaalr&ﬁéﬂl aryl,

aryl oxy, fluoro, fluoroal per 1 uoroal teroa et eroar or
conbi nati ons t hemgwiind BhaEid msabs{ﬁ%ute@ohmbenmmdyvmmendm\mog aélq&l(ﬁkényumﬂlthysai d

het er oaryl ene bein unsybstituted or s sti ed w e or re al kyl,

al kenyl , al koxWY]agVIloxya prgx foroplkyh pgt F?Péli‘%alF‘?EVPalﬂﬁleBFtF{R?FﬁDq’rkyl

het er oal kyl , OSIE ﬁl{twn,sﬁ%e onbi nations thereof; Gis a nonoval ent r adi cal
r

sel ected from h ogen, CI-30"alkyl, CI-30 heteroalkyl, C3-60 heteroaryl,
C6-60 aryd, or C18 60 terEusaat s @rmwrgleamhmn@ayc——t\]mmu sscu'd Héferomsidnstheingt ed

or substituted with one or re K al kenyl oxy yl, yl oxy

fluoro, fl uor oa?ﬂ@?glsnuﬁéﬁi 1 ﬂg‘\;B%IF%‘V}/ h g ‘érrIB%el@;}Fﬁ "15 aféfL aryloXy,

combi nations t f S I | kyl,

Cl -30 heter oalhjgﬁ(ﬁ8 f&&o%léﬂ %gggfa{)?ﬁﬁi %%%er(g iy @%teragﬁrﬁ%%%g%%{ t errgtg%%ﬂa

aromatic amno aryl that @Gss mn&mbsilemtumﬁdalcselectedmm hydragbm\ﬂ; 1y kg, Gf3onor e
5

al kyl, al kenyl, al koxy aryI aryl oxy, fluoro, fluoroalkyl, 1
per f | uor oal kyl , qﬁ@f’@kﬂaﬁl&ﬂ hetgrapat ey Pyl OF CopmtieTHaw e anserarylzhatds NH or

-2 209, ot 2 Iyl ey R BLEY i, SRISILIRE AR, Py 1S o
conposi tion t hafludrocihusdeskd, pafiporvatkyd terratlng, hetero2@, lod combmationsthereof;
CaTb ALl on W D At east O o et dieal hleciad Trom &1 SthoL, & Rty Cd
o0 heteroaryl, Ce.g0 aryl, or Ciggp tertiary aro_matlc amino aryl that is unsubstituted or
substituted with one or more alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl,
15 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 phenyt when n is equal to 1.
Another aspect provides a composition that includes a compound according to
20 Formula I in combination with at least one other compound that is a charge transporting:
material, charge blocking material, light emitting material, color conversion material,

polymeric binder, or combination thereof.

‘f’"\,‘

Yet another aspect provides an organic electronic device that includes a
compound according to Formula I or a composition of the invention. In some
25 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.
30 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.



material, charge blocking material, light emtting material, color )
conversion material, polyneric binder, or conbination thereof. Yet another
aspect prwgizotagenssor gani ¢ el ectroni ¢ device that incl uperusetopepsind -«
according to Formula | or a conposition of-4the invention. In sone 25

enbodi nents, the organic electronic device is an organi c el ectrol um nescent
device. Additionally, a nethod of making an organic el ectrol um nescent
device is disclosed. The nethod |ncludes (1) preparlng a donor sheet that
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i npl enentation of the present invention. The Figures and the detailed
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above aspect < ey BERBFE Lorsrarsrye ey SPIER T B a S AR  ne

fol | ow ng det gbhseghcg@scri ption of various enbodi ments in connection wth the

5 acconpanying drawi ngs, in which: Figure | is a schematic side view of an
organi c el ectrol umFrth@amaéﬂkﬁmﬂaﬂyﬂd@mmﬁm@n@mhﬁlﬁt@Ml@ngen@gan@t@m@mt| c
side view of a don\(%;rl shget f aferrl nmat er. ! t% é
schematic side vi eW'd¥® 3l dF Pﬁa el %%%%ﬁec%‘?gwr%ﬁcen PV gure 4A

is a scfiemati ¢ si degpir@WAGE a8cHellaSit sRABRRN BRMirsPEmBBdiHABHN £ organic
el ectrol um nescent device; Figure 4B is a schematic side view of a second

enbodi nent of B&ﬂtrdmgamscentébmt,rol um nescent device; Figure 4Cis a

schemati c side vi ew. of thir odi.ment of an {J
E,‘| ectr O| um- nescent \ﬁé gﬁ s a scgnemngc szde VIew fo'd SECOHC{ g%ﬂod‘.:lment ofan 01‘0'3.:[110

electroluminescent device;
Figure 4C is a schematic side view of a third embodiment of an organic
15 electroluminescent device;

Figure 4D is a schematic side view of a fourth embodiment of an organic
electroluminescent device;

Figure 5 depicts the photoluminescence spectra for various disclosed
compounds; and

20 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, Q
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

25 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

30 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.



Figure 4D is a schematic side view of a fourth enbodi nent of an organic
el.ectrol um nescent device; Figure 5 depicts the photol um nescence spectra
for varioug,ghesfbeesed conpounds; and 20 Figure 6 is the porats20d3/08t086

bri ght ness characteristics for various OLEDS5- cont ai ni ng di scl osed
conpounds. While the invention is anenable to various nodifications and
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in the drawings and will be described in detail. It should be understood,
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Invention 30 Definitions As used herein, the terns "a", "an", and "the" are
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the term"active" whéeR use "to a cofrpound nean

can transport hek@ght chhiads PRiiched egyaiRs TiRallkine cRabeuhdibeliaelod Bitahed
recombi nation, emt {@:ﬁght, or a conbination thereof. As used herein, the

t er m " anor phous2nd @pieBy tusludes & ip 6bavd 28 or & dnplosit €9 sarbppatoms Examples of
crystalline and_that .dge of cr al.lj ze when renpved froma solvent. As
ised herei n, -t napaeragds, BRkad htFified 6 ubeGab JrRUER: o ST eoRriline SR pe
strai ght jghai neﬁrop@xﬁ@ﬁ&ﬂﬂﬂmc?é%/&%ﬁniaﬁe, choRhatdnealagainte, N OsHRS hildpted or
substituted and t?/pl cally includes 1 to about 20 or 1 to about 10 carbon

at ons. Exanpl esedplheaineadosne, idedeasdes, bpxadegans, erdadechng, adiicoganen- pr opane,
n§but ane, n-pentane, ,tert

cycl ohexane, adamant a & e%l?%%i?‘gﬁ ,télﬁl?ﬁé%é,g%‘g ,U%ng??l&yl %ﬁ@%ﬁ%@lﬁbﬁg gé‘%’.ﬁ%%n aflf'®
dodcecane, hexagdegrngkyl @EhpY BGARR undiklihEaba N bstintedS AhSAEY] 12 hnbvalédie term
"al kyl " includes both ‘straight-chai ned, branched, and
radical of an alkane. The alkyl group typically has 1 to about 30 carbon atoms. In
15 some embodiments, the alkyl group contains 1 to about 20 or 1 to about 10 carbon
atoms. Examples of alkyl groups include, but are not limited to methyl, ethyl, n-propyl,
n-butyl, n-pentyl, tert-butyl, isopropyl, isobutyl, n-octyl, n-heptyl, and ethylhexyl.
e . As used herein, the tem“alkenyl’; refers to a monovalent radical of a straight--
chained, branched, or cyclic alkene having one or more aliphatic carbon-carbon double
20 bond and includes both unsubstituted and snbstituted alkenyl groups. The alkenyl
groups typically include 2 to about 30 carbon atoms. In some embodiments, the
alkenyl groups contain 2 to about 20 or 2 to about 10 carbon atoms. Examples of
(_7 alkenyl groups include, but are not limited to, n-oct-3-enyl and n-hept-6-enyl. The
alkenyl groups can have altemating double and single carbon-carbon bonds. For
25 example, the alkenyl groups can be a diene or a triene with a single cartbon-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 bas 1 to about 30 carbon atoms.
In some embodiments, the alkoxy group contains 1 to about 20 or 1 to about 10 carbon
30 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



cyclic al kyl groups that are unsubstituted or substituted. An alkyl is a
monoval ent radical of an al kane. The alkyl group typically has 1 to about
30 car bonwat20me09678a 15 sone enbodi nents, the al kyl grouBCEaise®sa32046 t o about
20 or | to about 10 carbon atons. Exarrpl e$-of al kyl groups include, but are
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carbon atons. Exanples enyl groups include, but are not |imted to,

n- oct - 3-eny| &ﬁr@oay%;s%cﬁaal%hwng o teg I&%%ﬁymtﬁﬁlﬂaééseé&ﬁgﬁﬂémbméwml ng

doubl e and si ups
can be a di eng@ S‘Feofgq:hrgﬁg’n&élaﬁgg agl? ‘g{léﬁg gﬁ%%%%‘ow&ﬁc%%%ﬁaﬁg? (%Ingiac h
car bon- car bon jdestht embodithenAsthaaed ghqrpdian uptth &0 idgsmupab BCﬁﬁg’é et & BndsPuR

group having an oxygen atom attached to an al kyl grou The al koxy group
typi cal | y has Q4 E@gaimie 330Esdiies HEsner, one| 3o malia igrh bl 4rshemeup e8e al koxy
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substi t ut ed. used herein, the term"aromatic" refers to both carbocycllc
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conpound t hat at’ons an aroma ture.
het er oar omat i g@emwpﬂomsﬂ@raqﬁrmmhém@l pyeddiyaiditsy dedpiirans, tte@ﬂ@dh@wnqm om
selectedfromS 0, and P.inring in an_aromatic ring structure. As used
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carbosyE 1 R RANE 20 At L PO ARSI pSELEROES: O
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As used herein, the term "arylene” refers to divalent unsaturated aromatic
carbocyclic radicals having one to ten rings, multiple fused rings, or combinations
thereof. That is, an arylene is a divalent radical of a carbocyclic aromatic compound.

20 In some embodiments, the arylene group has up to 8 rings, up to 6 rings, up to 4 rings,
up to 3 rings, up to 2 rings, or one aromatic ring. In some examples, the arylene group
contains up to 60 carbon atoms, up to 50 carbon atoms, up to 40 carbon atoms, up to 30 (‘j
carbon atoms, or up to 20 carbon atoms. Examples of arylene groups include, but are
not limited to, divalent radicals of benzene, naphthalene, acenaphthene, phenanthrene,

25 anthracene, fluorene, 9-silafluorene, fluoranthene, benzopyrene, corene,
dihyrophenanthrene, tetrabydropyrene, perylene, spirobisiluorene, 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,

30 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-tetrahydrodibenzofa,h]anthracene-3,10-diyl, fluoranthene-diyl, rubrene-diyl,
chrysene-diyl, benzo[g,h.i}perylene-diyl, and the like.



In sonme enbodi nents, the aryl group has up to 10 rings, up to 8 rings, up to
6 rings, up to 4 rings, upto 3 rings, upto 2 rings, or one aromatic ring.
The aryl .gneopoané78gontain, for exanple, up to about 60, PUOPUSWEABBMHS 50, up
to about 40, up to about 30, or 10 up to abo#it 20 carbon atons. Exanpl es of
aryl groups include, but are not limted to, phenyl, biphenyl, terphenyl,
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napht hal ene- 2, 6b@hdsl napht hal ene- 1, 4- d| yI napht hal ene- 1,5- diyl,

acenapht hene- d|y| phenanthren 3,8-diy drophenathren 3,8-diy 30
4,5, 9, 10- t et r ahydr opsaaechereig; Y tergw&eﬂgathe errsra{%mpé»ﬁmé that B?lgﬁports
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5,6,12, 13-tet rahydr omstmemzbe[ramh‘le&?emtxhclaamnﬁlﬁstd}ﬂe’djsyheanf $teisie antlbeneheindal

rubrene-diyl, chrysene-diyl, benzo cg% yl ene-diyl, and the |like. WO
2004/ 096783 PCTHeZ RN GagDlgt anypxidation an or reductlon reactions entered nto are
_ 1eversible. :

As vsed herein, the term “fluoroalkyl” refers to an alkyl group that has at least
20 one hydrogen atom replaced with a fluorine atom.
As used herein, the term “heteroalkane” refers to an alkane in which at least one
of the carbon atoms is replaced with a heteroatom selected from S, O, N, P, or Si. In
<~» some embodiments, heteroalkanes are ethers or thioethers. In other embodiments, the
heteroalkanes contain poly(oxyalkylene) groups or poly(dialkylsiloxane) groups.
25 As used herein, the term “heteroalkyl” includes both straight-chained, branched,
and cyclic alkyl groups with one or more heteroatoms independently selected from S,
0O, 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
30 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 segrment of formula -



As used herein, the term"aryl oxy" refers to a group having an oxygen atom
attached to an aryl group. An exanple includes, but is not limted to,
phenoxy. YO 28t@6788k (-*) in any fornula infra indi cat e®CTHBS2003633%6n of .a
bond to another group in a molecule. 5 As-&sed herein, the term
"carbocyclic" refers to a ring forned of carbon atons. There are no
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reduction reactions entered into are_. reversible. As used herein, the term
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het er oat ons i rtﬂ&zp@iglleimtayns&qi teabewt S0rcarbod, atorfs, U, to Ebomrél(JSlart@ﬁdtdeprdes bot h
unsubstituted and substituted al kyl grou A het e;ﬁoal Ia{ i s a nonoval ent
Sy prEEIN Gy

Cadi cal of & HBPE DAREHEAOTHOT HBIQHRL %@Férg%apm of RglR¥oRrH LIquns
about 3Q5 car bqp;akOE: 48 HoP]@&ht&?‘%é?ﬁH&ﬁth%Bh&%HSfﬂﬁﬁFﬁmdﬁ%lﬁ?ﬁ%azolyl,

triazolyl, tetrazolyl, thiazolyl, oxazolyl, isoxazolyl, oxadiazolyl, thiadiazolyl,

~ isothiazolyl, pyridinyl, pyridazinyl, pyrazinyl, pyrimidinyl, quinolinyl, isoquinolinyl,
benzofuranyl, benzothiophenyl, indolyl, carbazoyl, benzoxazolyl, benzothiazolyl, .
benzimidazolyl, cinnolinyl, quinazolinyl, quinoxalinyl, phthalazinyl, benzothiadiazolyl,

20 benzotriazinyl, phenazinyl, phenanthridinyl, acridinyl, and indazolyl, siloles, and the
like.

As vsed herein, “heteroaryls having a -C=N--unit” is a subset of the heteroaryls -
and refers to heteroaryls that have a ~C=N-- unit in at least one heteroaromatic ring. The O
—C=N- unit tends to be polarized and hence electron deficient in comparison to a —

25 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, quinoxaiinyls, phthalazinyis,

30 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



30 enbodi nents, the heteroal kyl group contains | to about 20 or 1 to about
10 carbon atons. An al koxy group is a subset of a heteroal kyl group.

Exanpl es .ofwdnedoengabkyl groups include, but are not |i mrEdUs2003/0320460XY,

et hoxy, propoxy, 3,6-dioxaheptyl, 3- (trinmethylsilyl)-propyl,

pol y(oxyal kyl ene) groups having a segnent of formula WD 2004/096783

PCT/ US2003/ 0320di@rylsilanSlyls( fnpherdly, bitkesphenyls SummylsNNegeyl cafbabolypNeagnd y i s
an integer of 2 to 20, and poly(dialkyl sil oxane roups having a segment of
formula -[Si (cuwbamomwlm@mowl N-arid pysralybgad teflie. t 0 10 and y is an
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nmonoval ent radi cal aromati udes

one or nore het ef DRltORevddepebacabingtic S8f drt ﬁﬂlﬁd&@ﬁmesor Iﬁoreme&mbtans n the
ring. That is, a heteroaryl is a monogval ent_radical of a heteroaromatic
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ring(s), heteroary cyc cyc
rings, and conbiifgndran &@mhiaeir@m‘bouﬂ m aﬂ@f&u@m@lecmml ardofteer hetegscoaliey! ring

has up to 8 other rings, up to 6 other rin up to 4 other rings, up to 3
other rings, uptBgsh h@ﬁf@#’ﬂﬂnﬁ& arﬁlrﬂllﬁ@ ox kqnwhgng(v}aéyclﬁ@kﬁrrmwn
typically contains t

het eroaryl cont ‘é?%bm%borgéh%%éoﬁjt ﬁ ané n(gsrmthe lﬂeﬁer{) gr%%gp irmgés @3?‘1&8 ﬁlpeto

atoms, upoto aPetHer ﬁﬂgs: ap eon o&te@ﬁﬁgs Qp t6!B otier AiBSd)tip28 2 GRIR Yl g & od Ghe other
Exarrpl es of heteroarg llgroups 15 include, but are not limted to, furanyl
e

t hi ophenyl, pyr¥og yT gietgabIng typigaiizeosiajis up tﬂrﬂbalzf(ﬁ%&fbctﬂeﬂtt@m& olnygome
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benzofuranyl, begsed iitbma hgnyl aboumpéayﬂmn fenH Rz Aplto albkﬁiﬂ@(méﬂ)@hﬁ{oms Examples
benzothlazolyl . benzi mdazol yl, cinnolinyl, quinazolinyl, qU|noxa i nyl,
a

pht hal azi nyl , behhserRimaime Zetups mch@ieb@ﬁzam Rotdmmifsg to, fﬂiﬁ@ﬁl@?zfﬁ‘ﬂiy $ of furan,
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and.refers to hekﬁimreyﬂﬁadldwe h'b%ﬂﬁaz’mle Gyhting, rpyhdaﬂnatpyt@a@; pﬁﬁtﬁldme

het eroaromatic ring. The
quinoline, isoquinoline, benzofuran, benzothiophene, indole, carbazole, benzoaxazole,
benzothizole, benzimidiazole, cinnoline, quinazoline, quinoxaline, phthalazine,
benzothiadiazole, bénzotriazine, phenazine, phenanthridine, acridine, indazole, and

20 silones. Specific examples of heteroarylenes include, but are not limited to, furan-2,5- -
diyl, thiophene-2,4-diyl, 1,3,4-oxadiazole-2,5-diyl, 1,3,4-thiadiazole-2,5-diyl, 1,3-
thiazole-2,4-diyl, benzo|1,2,5]thiadiazole-4,7-diyl, 1,3-thiazole-2,5-diyl, pyridine-2,4-
diyl, pyridine-2,3-diyl, pyridine-2,5-diyt, pyrimidine-2,4-diyl, quinoline-2,3-diyl, 1,1-

_dialkyl-1H-silole-2,5-diyl, and the like.

25 As used herein, “heteroarylenes having at least one -C=N- unit” is a subset of
heteroarylenes and refers to heteroarylenes having at least one -C=N- unit in at least
one heteroaromatic ring. The ~C=N- nnit tends to be polarized and hence more
electron deficient in 6omparison 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-

30 substituted-triazoles, N-substituted imidazoles, N-substituted pyrazoles, oxazoles,
isoxazole, thiazoles, isothiazoles, pyridines, pyridazines, pyrimidines, pyrazines,

triazines, tetrazenes, benzoxazoles, benzothiazoles, benzothiadiazoles, quinolines,



-C=N- unit tends to be polarized and hence el ectron deficient in conparison
toa 25 C=C unit. Suitable exanples include, but are not limted to, '
oxadi azol wiosoodbosmabst i tuted-triazolyls, N-substituted PETAR208932046 :
N-substituted pyrazolyls, oxazolyls, isooXfizolyls, thiazolyls,

i sothiazolyls, pyridinyls, pyridazinyls, pyrimdinyls, pyrazinyls,
triazinyls, teksqagiines cii@lifex qadbydifes kpnrahihaziiilezings badoliateazol yl s,
qui nolinyls, isoquinolinyis, cinnolinyis, quinazolinyls, quinoxaiinyis,

pht hal azi nyi s, PIB0a%essz Banpaiaridipes. acididga2pd fislikephenant hri di nyl s,
acridinyls, and the,ljksg. u [0 PO ne | ectron
rich" is a subset d%ékﬁgjﬁef%r%§%§ lggﬁéhﬁe %@é&ﬁ%x%%%ggggﬁgigﬁfhat can
donat e el ectr olietetongichys &rndosfdrhe ledrefaohhembaniad donite eldeandidagityyEing He
Exanpl es include, but are not limted to, npnoval ent radicals of WO

2004/ 096783 PAWtEIsion3nyIph I emg Suitaply exanpleiongnde divaicabradiepls o1

bi t hi ophenyl s, ..f > y. r r / I
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"het er oaryl eneN_m@fl(ngﬁok@,warﬁrp@fmxek;,carﬂim@hmt radical of a five to seven
menber aromatic ring that includes one or nore heteroatons 5 independently
sel ected from S, 0,Anuseddgram, thn erm;“snacive;evegnomnes feieéerite 2gppapert meandi cal
of a heteroarogatic comound. S a _hetero i.c ] an fused to one
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anot her jhet er og¥¢gebf.c ring(s), heteroaryl ring(s), aryl ring(s),

cycl oal kenyl ring(s), cycloal kyl rings, and_ conbinations thereof. In sone
enbodi nents, the heberwsdhsrin.itse tarmg Prsluppsda !t wiupta & albylgrethdat hsmgs, Y
to 4 other rings to her rings t ok h rin .0r QN t her .
ring. The het aretydPekEarys i Bairusthe Bty A BIC AP s G S 1
some C enbodi nBadrsalk{yihe heteroaryl ene contains up to about 50 carbon atons,
up to about 40 carbon atoms, up to _about 30 carbon atons, or up to about 20
carbon atons. Exanpbesseddierdiethertern ysodiiongrerpssiblen esfegdo asompaynd ¢fot 1 ni t ed
to, divakent radicals f . i I. o] razol e,
tri azol 45 et r Gl pas s Baisity Oty BY SR EgphBhaBEn) ompKhR

t hi adi azol e, i sfhfvsRBAlleat iPyatittbngocadyibiedad b @oatpd fradi luthynr dsrd thinfdm. In

qui nol i ne, isoquinoline, benzofuran, benzothiophene, indole, carbazole,
benzoaxazol e, other embodiments, a solution of the compounnd of composition can be applied to a
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substrate. For example, the solution can be printed or coated onto a substrate.
As used herein, the term “small molecule” refers to a compound that is non-
20 polymeric (e.g., less than three repeating units when there are repeating units).

As used herein, the term “substituent” refers to a group such as an alkyl,
alkenyl, alkoxy, aryl, aryloxy, heteroalkyl, heteroaryl, fluoro, fluoroalkyl, Cj
perfluoroalkyl, and the like. The various groups in Formula I can be substituted, for
example, with one or more groups selected from Cy.3 alkyl, Cz.39 alkenyl, Ci.3p alkoxy,

25 Cé.20 atyl, Csa0 aryloxy, Ci.30 heteroalkyl, Cs.op heteroaryl, fluoro, Cy 3¢ fluoroalkyl, Cy_
30 perfluoroalkyl, and the like.

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

30 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 Al and EP 0 879 868 A2, N,N'-bis(3-methylphenyl)-N,N'-



benzot hi zol er benzi m di azol e, cinnoline, quinazoline;qui noxaline,

pht hal azi ne, benzot hi adi azol e, benzotri azi ne, phenazi ne, phenanthri di ne,
acri di ne, ' iwdas@lesrsand 20 silones. Specific exanpl es of RETEPYRFNIBes
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pyrim di nes, pyrazines etrazenges, ,,ben zol es,
benzot hi azol es, ﬁztﬂfcﬁldéﬂfﬁ ﬂéﬁ%?qeﬁ’etgi 7096783

PCT/ US2003/ 03204, hendfirkis Haﬁhhﬂﬁe (afsbMASWh aﬁqmgmm,aqhw BREN-3-
qgui noxal i nes, pht% Zi nes, benzotr|a2|nes phenazi nes, phenant hri di nes,

acri di nes]¢and tﬂ]@hﬂpkmyhi\é—phwbhnuaobnphen\ﬂlaenm MEW@@SM@A&A@ BB AcTnisih
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herein, the ter rq93qq|j§§7gor oal kyl" refers to an alkyl group that has all the
hydrogen atons replaced with fluorine atons. A perfluoroalkyl is a subset of
a As nsed herein, the term “tertiary aromatic amino aryl” refers to a monovalent

aromatic ring radical of a tertiary aromatic amine as defined above.
. As.used herein, the term " tertiary aromatic amino arylene" refers to a divalent

unsaturated aromatic catbocyclic radical of a tertiary aromatic amine as defined above.

20
Compounds
Compounds are disclosed that comntain at least two ethynyl groups and a
( hetercaromatic ring having at least one ~C=N- unit. The compounds can be used in
organic electronic devices. For example, the compounds can be used as an electron
25 transport material in organic electronic devices such as organic electroluminescent

devices.

The compounds are of Formula I

G—E—Ar'—==-D

|




fluoroal kyl. As used herein the term"solution processible" refers to a
conpound or 15 conposition that can be dissolved in a solution. In sonme
enbodi nemye, 20au/meTsound or  composition that is sol uti oHCHUSEWEIBEE can ‘be
coated froma solution as a thin film In-18ther enbodiments, a solution of

t he conpound of conposition can be applied to a substrate. For exanple, the
sol uti on can behgeinnt ed or coated onto a substrate. As used herein, the term

"smal | nol ecul e" ref d that Q. . |
Chan t hr a6 rapeat| no. uni P SHER S tbpeyh g iRk il g bl
the term "subsiitaepbikangficar, ﬁhét@roﬁlkﬁﬂi@ 'é@?]ﬁglﬁéﬁ @ﬁu@&nﬁig&éh Ce) @wdych@l koxy,

aryl, aryl oxy, heteroalkyl et eroaryl | uoro, fluoroalkyl,
per f | uor oal ky | aromaidc edvepdunieCs FHhetevearorouic fgmnq@@d; Quskoteniara anon@an apyano

substituted, for exam Wi roups sel ected fromCl -30 al kyl,
C2-30 al kenyl ,CO8PO4p £r@&ggipou§g @%mﬂ%m& ﬁ(gﬁar yl oxy, Cl-30

het er oal kyl , C3 20 hetergaryl—fluogo, O _30cflu
perfluoroalkyl and the INke 5—used herein,
amne" refers to a cl ass,/of
nitrogen centers and each ni/t rogery center is ee aromati c
carbon centers. Exanpl ep”of 1 i aly aromatio am nef i e 30
diarylanilines; alkyl carbazole; aryl carbazole; and tet raaryl di am nes such
as, for exanple, NN, NN -tgtraaryl benzi dines,

N, NN, N tetraaryl -1, 4-phenyl enedi am nes, N/ N, N N

tetraryl -2, 7- dﬂamsnmﬁmhﬁdmombi;tﬁabﬁw&é@ awch nxge tligk elkeapightkokn apdt ent

applications EP 0 9 62' AI EP 0 87
N, N - bi s(3- rreﬁwlpfmﬁ‘ﬁw TSGR0t 8 e heR s Giesbinaciopy
bi s(phenyl )bquélgbpe,h@@@o knovvn as TPD) N, N - bi s(3-naphthal en-2-yl)-N, N -

bi s(phenyl ) benzi di ne (al sq known as NPB), 1, 4-bis(carbazolyl)biphenyl (also
known as CBP), and ot hehr tl%trrvabnytadlca}ﬁfrﬂecﬂéﬂlgatfét%\eeSarémhasromﬂb@e

d bed 2235-22 U. S.
patont o, 5. Fosmonhd TR is syl F R BhER il Gipe TR F0rE A SR wibi, e
0 891 121 Al; per afyydy! Hlasongusteslkyiabé@srosket) idferoalkyl, heteroaryl, or

combinations thereof;

15 E is an Cs_gp heteroarylene having a ~C=N- unit, said heterocarylene
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.a alkyl, Cy.50

20 heteroalkyl, Cs.o heteroaryl, Ce.sp aryl, or Cys.gp tertiary aromatic amino aryl that is O
unsubstituted or substituted with one or ﬁore alkyl, alkenyl, alkoxy, aryl, aryloxy,
fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or combinations thereof,

J is a monovalent radical selected from Ci.3q alkyl, Cj3 heteroalkyl, Cs.
g0 heteroaryl, Ce g9 aryl, or Cis.6o tertiary aromatic amino aryl that is unsubstituted or

25 substituted with one or more alkyl, alkenyl, alkoxy, aryl, aryloxy, fluore, fluoroalkyl,
perfluoroalkyl, heteroalkyl, heteroaryl, or combinations thereof;

7.is selected from NH or CHa; 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.
30 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:



t hose described in U S. Patent No. 6,074,734 and patent application EP 0 827
367 Al starburst am ne derivatives such as

4, 4"+ 4" - t'r iveObdodé7as yl am no)tri phenyl am nes and PCT/US2003/032046

1, 3,5-tris(4-diaryl am nophenyl )benzenes, 4, 413-4"-tris(N, N

di phenyl am no)tri phenyl am ne (al so known as TDATA), 4,4',4"-tris(N-3 10

met hyl phenyl - N- phenyl ani no) tri phenylgnigne (al.so-kfowy as nrDATA);
1,3,5-Tris(4- diphenyl am nophenyl)benzenes}( TDAPBs); and ot her dendridic and
spiro amne C derivatives as taught in patgnt application EP 0 650 955 Al,
Tokito et al., Polym Prep. (Am Chem So Div. Polym Chem) 38(1),
388-389 (1997), Tanake et al., Chem Commun., 2175-21761 (1996), and Tokito
et al., Appl. Inst. Phys., 70(15), 1929- 19 1931 (1997). As used herein, the
term"tertiary aromatic amno aryl” refeh‘g to a nonovalent aromatic ring
radical of a tertiary aromatic am ne as fined above. As used herein, the

termi tertiary gnbiihd O AUIDRs HHARE end BRLS hbwfisdiialean o Uy
aromatic car boc?f{g:l i C radliﬁcal (S)f aet grﬁlarﬁaf’o%gw?g amaj#le as de ?}r?gd above.
20 Conpounds Chepoarsdsorathending ehd sgginghabups tezind cappihg gstups v e thy syhe or
groups and a heteroargmatic ring having at |least o -C=N- unit. The
cormpounds Scan beifiESG Ihsomg; %W‘gm@lltéé‘fq’t%ﬁ?eée ﬂ‘@\}]il‘i‘f@g[?anlf&e €8S SARIITRS £4ONES, the
conmpounds can b : el -eaLr 25 transport material in organic

el ectroni c devi glled;&l?glc ‘:’e{gﬁbosr gaﬁfleégee'ect rol um nescent devices. The
conpounds are of For Tht and cappmgftoipsiRontainh MIeR2004 QBGHI Frd(EE/ UE2 0B LHPRPA6
-12- wherein Dis a core that is a m)nov%géatnt, divalent, trivalent, or,

t Zgr aval ent r adPOHP alsgreoptags aggoup Kbl Is actoganeine iR ah SRRt Sitor
unconj ugat ed CoTH0_eafPagy tlii€ to be polarized and hence more electron deficient in comparison

10 to a carbon-carbon double bond. The 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,

13 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

20 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 (ie.,
Ar', 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

25 is a phenyl ring, G would be classified as having six carbon atoms. Likewise, if Gisa
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 Gis 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

30 thereof. The substituents can be selected from alkyl, alkenyl, alkoxy, aryl, aryloxy,



aromati ¢ conmpound, C3-60 heteroaromatic conmpound, ClIS-60 tertiary aromatic

anmino 5 conpound, or a conpound of Fornula Il or Formula IIl 0 00O Il Il
that i s uwewbstidtssed or substituted with one or nore aPRyIGS26@BkE0yd | ’
al koxy, aryl, aryloxy, fluoro, fluoroal kyl4- perfl uoroal kyl, heteroal kyl,

het eroaryl, or conmbinations 10 thereof, wherein Ar' is trivalent radical of

a conj ugat ed §Rs30MEHORRGY hiffofs AR Heforo ARMPRAED aby1aindl D mibASHBAL iHkogd or
substituted with one or frofe al kyl,” al kenyl”, "al koxy, aryl, aryloxy, fluoro,

f1 uoroal kyl , pesohhaembedifghts, the tempaindy lare fubsignipdwith a 6130 dlyibCnatikenyl,

th f; 15 E.i C3-.60 het | havi - C5 it id
he'ta (ra(ragaryl enecli'S ca(yﬂﬁé'ﬁpoaé}%i’ g,?ogaéylggﬂ g(\f/: 1%?@130%%{1’ Iéo B‘?rﬁﬁ‘:’.)rpélkﬁll k1 |

al kenyl, al koﬁ)hete%a\lﬂ(yl CALHeXYaryll hitDERnbihatitRt Ridof! FoP8XdhpleriBakdipounds
het eroal kyl , heteroaryl, or conbinations thereof: Gis a nonoval ent radical

sel ect ed fr oncdnhlr ogeirinted wigoa &1 ndlkyl (> Balkery), hebedlloadyk P 2o 8L 6620
heteroaryl, C6-60 apyl r S-6 tiary aromati ¢ amno aryl that is
unsubst i t ut ed®™d| Onguﬁé?ﬁﬁt @ﬂ'@ﬁu\?fqaﬂ(%n ‘%Peﬁﬁ&?@ag%iﬁl;zog‘%tﬁ@ﬁ&% aa¢%26xy, aryl ,
aryl oxy, fl UB&QPOEI-}}I%ﬂ%hh)yﬂaﬁoﬁgﬂl%}e@gr oal kyl, heteroal kyl, heteroaryl, or
conbi nations thereof; J is a nonoval ent radical selected fromC -30 al kyl,

Cl - 30 heteroal kyl , TE@Ssuts@tizat @oops ozl enlbgicéXoaeydmplerth€iGubilits efrthe ar y

aromatic amno aryl that is unsubstjtuted or.. 25 substituted. w th one or
el hyh BPRBRnS 3 wrgpic SRR, e by iy §2 0% CORRRBRGRIVich proer

per f | uqqoal kY parcfilah ddboliplositiBe {188 Qtitdn prBLesSOITRY BAIEABMANRILE 2 2 1S
selected fromNH or CH ; and nis an integer of to 4, ereln no nore than
one of J and Ormbinaton Gasebst Thambstitpdrengdn mbdify theisslubduippatavicter oBtheThe ()

end” cappi g gFUDREn AN Sapar Ry R Uisk mlivaRe Phvien TR 9v2004] 066763
PCT/ US2003/ 032 olecular or intermolecular interactions that can produce undesirable emissions, or

any combination of these. For example, substituent groups can help suppress

15 aggregation and phase separation of the compounds when the compounds are formed
into thin films.
In some embodiments of the compounds of the invention, a substituent can

include a divalent poly(oxyalkylene) soft segment of Formula V

O(C,, Hsz)y *

*

20 V

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

*—{f Si(CwH2w+1)201»*
¥

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.

O

25 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
+—tAr--ss—R'

Vil



-13 GE-AllIlIr" 1!l 131V where the -* indicates where the end capping
group i's attached to the core D. Wen there are nore than one end cappi ng
groups, thewvent4wapisng groups can be the same or 5 diffePERUS2008/0R0He
embodi ments when there are nore than one endlTappi ng groups, the end
capping groups are the same. The end capping groups contain at |east two
et hynyl groups. whae 8 cappiorgalkyiess) pr ably(dielhpisdoxmensaft oagmelnt, tAvat an srydenc
het eroaryl ene havi ng at |east one -C=N. _unit. The Czl\f0 unitf tends to be
pol ari zed and h&Y®- it & Beget Pidhorde 2P Rent a7 AbANEET g0 AT 2 6lkyh 1 some

car bon- car bon dethgehae agﬁﬁcaﬁfﬁiﬁﬂ%dgoggomoﬁ%s 46 B PIrmA[O¥RZaRNd at

IFeast one -C=N- unit 1'n the end cappi ng pte to provide the conmpounds
accordi ng to Foredikatie fotrhiticsl of ¢hieomolecdmsyonttarcapathad dohfigsratidisethaigmadudeng
structures in the_end cappin roup and.in the core can be chosen to

provi de addi ti oNBfeSTaNEEFORET CHCXWLE BRFS\TRds. For exanple, in sone

nbodi ments, 15 th - 1 '
el T3 hot &7 o ZEETRPUTHRIGA s oo o L A BE L0 20E T

as well as hole transporting materia ment s, e conpounds
can be used as eheot more gmapspctddipm fgernt £, asfivwebdlkyls Cl et fiwrodlkyingnd
materials. In still other enbodjnents, .the conpounds  can _be used a

el ectron trans pSP{flb%i’@BﬂE%th%O flesq SIRgIEns caR EPPF@?’W?‘L&I@Y a??‘iiléhe éﬁrpounds
can be sol ution f&%ﬁﬁgﬁﬁiggﬁs gﬂgxg&?fr@ﬁggds?{:% ﬁl@egsefthé Mol %‘Stchﬁalﬁaéﬂ t%%lg&%%?e

el ectroni c devi ces. e end cappl ng groups a

can be cHosen tffipyafitbecanmantiaund atchabinas om thergifo Compbhedshaviigr andficreasetion
atons specified for the various groups_in Formula | (i.e., . Arl, C—a E, D,
aEd J) does not ipHzteR@otmElASETgR SHEIYIAR ATy cpelypissieiections gnd block

S

St et PR e B LSRRI LB B B 1L«
atons. Li kew se peiffuotsallsyl aubguhenysl can inlsg Iswdrshe vapoe graskirh ofl tHewtopdpogndsgmd G
vould still be o R i S5ia %0 Vapor Wposic
15 In some embodiments, substituents that are known to be photoluminescent
quenchers, such as aryl carbonyls and nitro groups, may be undesirable because such
groups can degrade the electroluminescent efficiency of organic electroluminescent
devices. In some embodiments, substituents that are known to undergo electrochemical -
elimination reactions, such as alkyl amines, may be undesirable because such groups
20 can degrade the operating lifetimes of organic electroluminescent devices. In some
| embodiments, substituents that contain titratable protons that can undergo
( electrochemical reactions, such as primary or secondary amines, phenols, alcohols, and
the like, may be undesirable because such groups can be reduced to hydrogen during -
operation of an organic electroluminescent device. The generation of hydrogen can
25 lead to delamination of the cathode and ultimate failure of the organic
electroluminescent device. Chlorine, bromine, iodine, boronic 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
30 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.



carbon atons even though the total nunber of carbons would be ten. Thus,

when Gis a carbocyclic aryl, the total nunber of carbon atons in Cicould
be great eWOt2641096T3 Substituent groups can be on the coPET/RYUIBRWICappi ng
groups, or a conbination 30 thereof. The -dfibsti tuents can be sel ected from
al kyl, al kenyl, al koxy, aryl, aryloxy, WO 2004/096783 PCTI US2003/ 032046 -14
fluoro, fl uoroal kylTheperd Dwen bakloydnovhlente divaley,ltrivietteoairytalenaradical of a

conbi nations t er%&f. stn Ii(%ma nbodi nent.s, the co égﬁis ar supsti t ut.ed
With a G -30 dfiehlkape Cyon BRETARC, Comtaysd PRUIEIERSE S o o DOFBLOHORIAIE oy
fluoro, C-30 cfoH}')% Q21 AV netonPnAR cbh ig@ﬁﬂﬁ'dﬂdl Go@nlm%%&hgﬁ@ﬁiﬂﬁxl C3- 30

het eroaryl, and Conbi nati ons thereof exarrp , thé conpounds 5 can be
substituted wicompsugi thzmsamm;bsunmd Qltﬁuh$tl¢eﬂ¢gilwltf®ne2?0 nzdrk alky), abengl) abkoyy,,

ﬁSE ggoaﬁiyl O g ug}r Yh@‘fcgp ‘R}'Phﬁﬁlz fﬁh‘ﬁﬁﬁ%’ﬁgﬁgﬁ@ ﬁ%%%%%gﬁsa)-sf iot uent

groups can en%%%ant)ggth@fg@frpl e, the solubility of the conpounds in organic
solvents, the conpatibility of the conpounds with other 10 materials in a

conposi tion, the sdl‘hsrtqomrﬂ)[ambe,isr bianigtly, aghonhaland mpclend strivelentaocetrbvakatti on
thereof. The substituen [ the, solubility parapeter of the
conpound, modifFYICHRE 4 %1?5 erBG’ﬁ%ﬁ‘ﬁ' ip qufﬁ?#’ﬁétr@ggehaaﬁh% 121 ‘FW?S?
reduce i nt r angpl@emlEr, Akalddch TRAGRUb@Tard ALGEARI B phdtRhe, G2 tRfeORHCe
undesirabl e em ssions, or any conbi nation of these. Br exanpl e, Substituent
groups t@n helmnsiup,gmeé:stamﬁ, ismgropgag, iwabnt, p&ﬁwmawy&loh&mmf adan®ntane,

conpounds when the conpounds are for t hi one
oo ment o of-PE BrEBAHG S BB e Fosrecateohat R AL RaRRe ) Ude a

dival ent pol y(lea@éﬁé KHliapRICS! ?ﬁl&teﬁ%ﬂfﬁﬁ@&t inBhab BhEH} Mol RoterXCHERAON frofl®s,V
or a divalent poly(dialkylsiToxane) soft segnment of Formula
Si (CWH2w+t ) 20 Q, ¥, By and Si. The heteroalkanes, for example, can be ethers or thioethers In some
embodiments, the heteroalkane includes a poly(oxyalkylene) segment of formula
15 ~O(CpHanO)y— or a poly(dialkylsiloxane) segment of formula ~[Si(C,Haw.1).0]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 C; s alkyl, Co0p
alkenyl, Cyo0 alkoxy, Cs.pp aryl, Cs.op aryloxy, fluoro, Cjoy flnoroalkyl, Cy a9
perfluoroalkyl, Cyz0 heteroalkyl, a Cs 59 heteroaryl, and combinations thereof.
20 In other examples of compounds according to Formunla 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 C )

in some disclosed compounds, Jight emitting characteristics. The core D can be a

radical of a Cq.4p carbocyclic aromatic compound selected from

DES
o 00 00088

25



VI where mis an integer of 1 to 6, y is an integer of 2 to 20, and wis an
integefr of 1 to 10. 25 In sone enbodi nents, the pol y(oxyal kyl ene) or

pol y( di al ' kyweizdawasis} soft segment can be connected to arcCwK3h30moy , or
het eroaryl group. The substituent can, for e%&nple, have Formula VI *4Ar-
SS-R' VII WD 20041096783 PCT/ US2003/ 032046 -15 where SSis a

pol y(oxyal kyl ene) or poly(dlalkyIS|onane) sof t segnent AR, 1S an aryl ene
group, Vv is an integer , :

In sone exanples, R
Formula VIl can
configurations that ¢ : )
ot her enbodi nents, the conpounds of t he i nvBntRon can=t i 4
one or nore groups _sel egted fronlfluoro c 30 quoroaIkyI, Cr - 30 ’
perfl uoroal kyl , @ Thegﬂ Sgpstituents can inprove
the solubility akRg
i ncrease the ioni
and a conbi nati op
potential and el &
hol es when used i n~organ T be
or perfluoroal kyl substituents can al so | ower the vapor ‘pressure of the
conpounds and nmake them easier to vapor deposit. 15 In sone enpodi nents,
substituents that are known to be photolunlnescent
carbonyls and nitro groups,
degrade the el ect oI i
devi ces- | n-sone
el ectrochem cal
undesi rabl e because s
organi c el ectrol um ne

e



enbodi ments, substituents that contain titratable protons that can undergo
el ectrochem cal reactions, such as primary or secondary am nes, phen9I§,

al cohol s, warmbo4/09ses3 | ke, nmay be undesirabl e because sucRCFrusoms/ 0826 be
reduced to hydrogen during operation of ari8ergani c el ectrol um nescent

devi ce. The generation of hydrogen can 25 |l ead to del am nation of the
cathode and ultimate failure of the organic electrolum nesgent device.

Chl ori ne, brom ne, Qroni c acid, and boronic este ubstituents can
cause el ectroche ¥ lity in some enbodi nents. Su roups, if
present in the Gpny he invention asnimpuritieg\should be present
in anounts | ess than abod Arts per_mAbsiion (p 0] i

Addi tionally, groups 30 sach . uo |y n 0 able in
sone applications because ble t r eversi bl e

el ectrochem cal degradati on. However, any of these groups can be,i ncl uded

PCT! US2003) 0320i6e ik O e BB s DS S0 T Ty AV BAIGen e
or \tetr aval ent gbattCAbIgT, (. R kARG a%%”ff‘?%lb@ FLAbkAMorgApgat ed or

unconj ugat ed C6. 60 carbocyclic aromatic het er oaronat i c
conpound, or l&r6alkykChbepeyilasroathyl, €; ahictenoallcdnGohetetdeag!, aml eomshibattont ut ed

or substituted wit n r jmre al kyl, alkeny], al koxy aryl, aryl oxy,

l uoror Bl Uor offFIEPT. EHGH IIRERARGHLY dhdriar Sk 30 HEEM oy oy, o
conbi nati ons the Toxy! PRoAPCE . sRba1la: cf or ﬁ’ﬁﬁﬁ‘&h%irl @ ﬁz‘lﬁjﬂt

divalent, tri va?ge(ﬁ?}f o9 et r’ggg{:}}ant ?ﬁai gf%lpeof an a kalﬁ%q%%\f et e’rg'qé?ekane.
The al kanes cahetbeagt raicgmbinabpsstbbed]. ¥achdyslC,&8i, G&EY, abfr. PBrForsab kanes ()

can incl ude, bﬁ%e aie not limted to, n-propane, n-butane, n 10 pentane,
tert-butane, |BY"8t&54 e, iso-butane, cyclopentane, cycl ohexane, adamant ane,

n-octane, n-heptanewhhysh&Ri@njidefealebotRIearanftic HEXRIRCRER arfFlRdecane,

and icosane. Suitable C3. 30 het er oal kanes_ I ncl ude one or nore heteroatons
sel ect ed0f r om Ban 0fs e cappingrgto§), thefnd chping gedupanasbe danedrdaphdhatdhey be

ethers or thioethers.,, In sone. enbodinen he het eroal kane incl.udes a
pol y(oxyal ky; g?f&)aﬁé’é&?esﬁ{mé‘fmpg? pgrlnfg 0%%’( %?@%ﬂt‘?ﬁ’(’é&om of 1Y it are
pol y(di al kyl si gxanedd $&H¥EH otRér Yyod ABHldonjdgatedPortidi Wb teBbiation thereof. For

example, if D is a divalent, trivalent, or tetravalent radical of

>
@é@

15 the end capping groups could all be attached to the same phenyl ring, to separate phenyl

O
rings, or to a combination thereof. In some embodiments, A is SiorC.
The core D can_—lsg-a monovalent, divalent, trivalent, or tetravalent radical of a
Cs.60 heteroaromatic compound. In some examples, the Cs.p heteroaromatic compound
contains at least one —C=N- unit. The —C=N- unit tends to be more electron deficient
20 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



where wis an integer of 1 to 10, y is an integer of 2 to 20, and mis an
integer of 1 to 6. The al kane or heteroal kane can be unsubstituted or
substi t ut edV@i2fM/086186- 20 al kyl, C2.20 al kenyl, Cl-20 al kBRY/USDO3AR0r y| |
C6.20 aryloxy, fluoro, C-20 fluoroal kyl, CLi®0 perfluoroal kyl, Cl-20
het er oal kyl , a C3.20 heteroaryl, and conbi nations thereof. 20 In other

exanpl es of conpoun ccording to Fornmula I, the core D can be a

nonoval ent, dival en ivalent, or tetravalent radical of a conjugated or
unconj ugated C6. 63 bocyclic aromati ¢ conpound. The presence of such
groups can inpart, pt \[‘ﬁast in sone disclosed corrpounds Ilght emtting

characteristics. The=dre D can be a radical

aromati ¢ conpound—_sél ecyed fr 004/ 678
R-\/ O PhP @
I\ WD 2004/ 096783 2aba Nazhae 3 N A s

are unsubstituted or substltut ed with one or nore sub’stltuents sel=ect ed
e
P
- X == 7N
50 QO Y0 QO

| -
| & O OG-0

o000 0
Qo0 040 G40

—N
O 10 G

N=

@N >
and the like that are unsubstituted or substituted with one or more substituents selected

from C].z(] alkyl, Cz_zo alkenyl, C1,20 EﬂkOXY, Cs_zo BIY], Cﬁ_zo aryloxy, ﬂUOI'O, C]-zo
10 fluoroalkyl, Cy g perfluoroalkyl, Cy g0 heteroalkyl, Cs.20 hcteroaryl, and combinations



fromdCl-20 al kyl, C2-20 al kenyl, Cl-20 al koxy, C6_20 aryl, C6-20 aryl oxy,
fluoro, C-20 fluoroalkyl, 01.20 perfluoroal kyl, Cl-20 heteroal kyl, C3 20
het er oar yWO 28d/0%G8bi nations 5 thereof. Each R is i ndeprawufesawonsansCl - 30°

al kyl, C2-30 al kenyl, CI-30 al koxy, C6-30 a&yl, C6.30 aryloxy, fluoro, Cl.30
fluoroal kyl, Cl-30 perfluoroal kyl, Cl-30 heteroal kyl, C3-30 heteroaryl, or

conbi nations tferepfradraeh &, § orNRShherSR? ifpcl_garall@m,- cPh hét%fcﬁ!l@l,t(%a@ali% '

phenyl group. Wien D is a non-conjugated carbocycli'c aromatic group an
there are noreCasbetehearylopecadngwppitegeadr oup, the end cappi ng groups can be

ted such that,th |l.in the jMgated porti . D, all
" Conj ugat ed por t1 S8 e et Ko e EsERE s B Sa PR yetens”
non- conj ugat edirRAkhi, @Pten@ValdntGRMLAIRALION, h&t6fo8RImatic QbmpBt@Mhheare kfeckbd S @

divalent, trivalent, or tetravalent radical of 15 the end cappi ng groups
could al§ be atithaaredistotertiney swmstishenye compind: dn sepaimstascyshieyiresendergs, or

1o & monoval S D G0 cmimeR ol Goco bre ¢atrdyitinto P el frodpotedt oo
het er oar omat i CTRORE W bk (BORR cﬁ&ﬁ@% ﬁéterdaflﬁnéﬁ%'&@d@&tt&&igﬁ;’ RERiCatRgPoUnd

contains at |least one -C=N- unit. The -C=N unit tends to be nore electron
deficient 20 conmaued stlected fambon- car bon doubl e bond and can enhance the

el ectron transporting
can be a radica

PCT/ US2003/ 0320¥
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/[ - NJUN - N/ N Q<t C N&\NO and the like that are unsubstituted
ofF substituted with one or nore substituents selected fromd -20 al kyl,

C2- 20 al Kewy 2009096288 al koxy, C6-20 aryl, C6-20 aryl oxy, fHQRFBE00308200 10
fluoroal kyl, Cl1.20 perfluoroal kyl, Cl-20 het®roal kyl, C3-20 heteroaryl, and
conbi nati ons WO 2004/ 096783 PCT/ US2003/ 032046 -20 thereof. Each X is O S,
or NR2 where R2 is a & -30 alkyl, Cl-30 heteroal kyl, C6-20 aryl, C3-20

het eroaryl, or conbi ons t her ege Sonme conpounds of Formula | include a
core Dthat is a no sl ent divt, trivalent, or tetraval ent radical of
a C3-60 heteroaromati ¢ conpound thdat are electron 5 rich or a C18-60

tertiary aromati c am o conpound.n] n.sone instances, the presence of such D
groups can i npart~hegl e (RN o@ racteristics to the disclosed
conpounds. The D adical of a C3.60 heteroaromatic or C18.60

tertiary aromatic m'no ppound selected fromX N11\ RS R X R S\R\'
8pp N 10 X X 1 X Hx\ \' NG / NN NUN\V/ N\ / N

i
?

and the like that are unsubstituted or substituted with one or more substituents selected
from Cy_pp alkyl, Co.p0 alkenyl, Cyz0alkoxy, Csa0 aryl, Ce.o0 aryloxy, fluoro, Cyog
fluoroalkyl, C;.50 perfluoroalkyl, Cy.op beteroalkyl, Cs oo heteroaryl, and combinations
5 thereof. Each t is an integer of 0 to 4. Each R is independently a C; 3 alkyl, Cq30

alkenyl, C;.30 alkoxy, Ces0aryl, Ceso aryloxy, flnoro, Ci3p fluoroalkyl, ;s
perfluoroalkyl, C;_sp heteroatkyl, Cs 3o heteroaryl, or combinations thereof. Each X is
0, S, or NR? where R?is a Cy.50 alkyl, Cy.3¢ heteroalkyl, Cg.o9 aryl, Cs o heteroaryl, or
combinations thereof.

10 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 T
O 0 Q O
ava z
loje R esace! |
C | Il ‘ 1M
15 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 gompounds

of Formula II or I, for example, by abstraction of a hydrogen from Z.

Exemplary structures for D where n 1s equal to 2 include, but are not limited to,

/4} “H-

1 ? 1 ? 7 5



WO 2004/ 096783 PCT/ US2003/ 032046 21 i N N and the |like that are ‘
unsubstituted or substituted with one or nore substituents selected , from
Cl - 20 al kyb,20@8298B3al kenyl , Cl-20 al koxy, C6-20 aryl, CeBcP@WSz0ybizeys fl uor o,
Cl-20 fluoroal kyl, Cl-20 perfluoroal kyl, @B.20heteroal kyl, C3-20heteroaryl,
and conbinations 5 thereof. Each t is an integer of 0O to 4. Each Ris

i ndependently a Cl-30 alkyl, C2-30 al kenyl, CI-30 al koxy, Chao aryl . C6-30
aryl oxy, fluoro, Cl-30 fl uoroal kyl, C1 30 perfl uor oal kyl

het er oal kyl , C3-30 gf oay yl, or yons thereof. Ea S, or
NR2 where R2 is @ Ky, C pal kyl , C6-20 ar C3-

het eroaryl, or+"com trons t - Ot her conpounds according to
Formula | have a core Rat i ncl ude A3 e alent di val ent , ival ent, or
tetraval ent radi {G) ; mpound ' orf Yormula 11 oa- -0
[1 111 15 that i & uAsubstituted uted,, e or | kyl ,

al kenyl , al koxy, aryl, aryl oxy, quoro fl uoroal kyl, perfluoroal kyl, -

het er oal kyl , heter@@ryl or conpipations thereof. Each Z is NH or CH2. The
end cappi ng group§ BN be attachgd to conpounds of Formula Il or 111, for
exanpl e, by abstr3 vdrogeg from Z. Exenplary structures for D
where n i s equa 2 : not limted to, 20 WO 2004/096783
PCT/ US2003/ 032046 2 N S%

or the like that are unsubstituted or substituted with one or more substituents selected

from Ci.po alkyl, Cogp alkenyl, Cya9 alkoxy, Cezparyl, Ce.20 aryloxy, fluoro, Cj.ao (Y
5 fluoroalkyl, Ci.2 perfluoroalkyl, Cy.o0 heteroalkyl, Cs.g heteroaryl, and combinations .

thereof. Each R 15 independently a Cl_go alkyl, Cy 30 alkenyl, C,.3¢ alkoxy, Cs30aryl, Cs.

s¢ aryloxy, fluoro, Cy0 fluorcalkyl, Cy3p perfluoroalkyl, C;.ap heteroé]kyl, Csao

heteroaryl, or combinations thereof.

Exemplary structures for D where n is equal to 3 inclnde, but are not limited to,

10




or the like that are unsubstituted or substituted with one or nore
substituents selected fromC -20 al kyl, C2-20 al kenyl, C1-20 al koxy, C6-20
aryl , C6. 2 aroybeswys fluoro, Cl-20 5 fluoroal kyl, Cl-20 REVES06YEGaA06Y]| |
Cl _20 heteroallcyl, C3.20heteroaryl, and corlfi-nations thereof. Each Ris
i ndependently a C-30 al kyl, C2-30 al kenyl, C1.30 al koxy, C6-30 aryl, C6- 30
aryl oxy, fluoro, C-30 fluoreal kyl, C1-30 perfluoroal kyl, Cl-30 heteroal kyl,
C330 heteroaryl, or conbingtions thereof. Exenplary structures for D where
nis equal to 3 include, # are not limtedto, -1 \ 10 RRR Rsl RR
-23- RR\ R R R R Nor the like that
ad W th one or nore substitjuents sel ected
fromCl_20 al kyl, -' Reh) CB 20 aryl oxy,
fluoro, C-20 qu < pal kyl , Cl-20 wroalkyl
-C3- 20het eroaryl .« A ¢ . Each Ris i dependently a Cl-30
al kyl, C2-30 al ken ) 3QnNaryl oxy, fluoro,
CI-301

Cl -30 fluoroal kyl, I het Oary yI &3- 30
Ns_4 her eof e strud D where n is
ot |i to

het eroaryl, or conbi nati oNs
or the like that are unsubstituted or substituted with one or more substituents selected

-are unsubstituted or

equal - to 4 include, but are

from C,.p0 alkyl, Cy.0 alkenyl, Cjo0 alkoxy, Ce.op aryl, Cs.zo aryloxy, fluoro, Cio
( fluoroalkyl, Cy.g0 perfluoroalkyl, Cyoobeteroalkyl, Csa0 heteroaryl, and combinations
5 thereof. EachR is independently a Cy_3p alkyl, Cozp alkenyl, C;3p alkoxy, Ce.aparyl, Cs-.
sparyloxy, fluoro, Cy.s fluoroalkyl, C;.3o perfluoroalkyl, C;.3p heteroalkyl, Cs s
heteroaryl, or combinations thereof.

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

10 ,
or the like that is unsubstituted or substituted with one or more substituents selected
from C,.50 alkyl, Cy.2p alkenyl, Cy_a alkoxy, Cegp.aryl, Cezp aryloxy, fluore, Cyap
fluoroalkyl, C;.59 perfluoroalkyl, C;.0 heteroalkyl, Cs 50 heteroaryl, and combinations
thereof.




Si / f a S 10 or the like that is unsubstituted or substituted with one or
nore substituents selected fromCl -20 alkyl, C2.20 al kenyl, CI-20 al koxy,
C6. 20 ar Wwo 2@8/02€78ar yl oxy, fluoro, Cl-20 fluoroal kyl, El:T/BSzOpﬁ'o:ﬂD{Goroal Kyl ,
Cl - 20bet er oal kyl , C3-20heteroaryl, and coni¥idnati ons thereof . WO 2004/ 096783
PCT/ 1JS2003/ 032046 -24 In Formula I, Art is a trivalent radical of a

conj ugated Chao car hofytflacl, A@’rfgrmfwgemmewuiatchﬂﬁ;gat@dmagmdc tiied or
substituted with one or nore al kyl, alkenyl, alkoxy, aryl, ary oxy, fluoro,

fluoroal kyl , papfilie ﬁ@ﬁP%{ﬂd thatds erswistiyicd onsebstibred With ope ot wais alistli dkenyl,

t her eof . Three | et| tac { t ps and 5 |
group E). The E[‘l%m aliugﬁoggl %&Q@ﬁééﬁ {mrg?lﬁgl Qgtﬁlgo a@é%*%eg‘éﬂ??‘ 8% ng of
Art or to di fcic@mﬂﬂﬁudﬁaﬂwc IThfeerthdigGesire Aftdchbdas Agr(Re.C o Mﬁﬁiﬁ@rd sQagh
other. In sone enbodi nents, Art is a trivalent radical of R R Ph Ph Ph

10 R / 5 R\ moupE). Thedhrapmnoigtiay codratiapet/logrusrraimspelic iy, of ORIR R R

- different carbocyclic rings of Ar! that are conjugated to each other.

o
@,,,,,
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or the like that is unsubstituted or substituted with one or nore
substituents selected fromC -20 alkyl, C2.20 al kenyl, d 20 al koxy, C6.20
aryl:, C6-2Wearoph/o%y$3 fl uoro, Cl-20 fluoroal kyl, Cl-20 pardi/useoesisess, Cl-20
het eroal kyl, C3-20 heteroaryl, and conbinati-8hs 5 thereof. Each Ris

i ndependently an Cl-30 al kyl, C2.30 al kenyl, Cl-30 al koxy, C6-30 aryl,

C6-30 aryloxy, fluoro, Cl-30 fluoro8l ky Cl. 30 perfluoroal kyl, C .30

het er oal kyl, C3. 30 hEteroaryI, oR—66 3t i ons thereof. In sone

enbodi nents, Arl ig_ag trjvalent rad gt benzene. The conpounds accordi ng
to Formula | contai ) [ E that is a C3_ 10 60 heteroaryl ene
havi ng at | east 1ni ke Pleteroaryl ene can be unsubstituted or
substituted with . al kenyl , al koxy, aryl, aryloxy, fluoro,
fl uoroal kyl, perflUoroal kyl ,S\heteroal kyl, heteroaryl, or conbinations
thereof. The -C=N unit tendg to be nore el ectron deficient conpared to a
car bon-carbon doubl e bond ends to enhance the capabilities of the

di scl osed conpounds to 15 f ton as el ectron transport agents. Suitable E
groups can include, for exanj adi cal of oxadi azole, N substituted
tridzole, N=substituted im nzoi m dazol e, N-substituted pyrazole,
oxazol e, isoxazole, thiazole, fthi azol e, benzot hi adi azol e, i sot bi azol e,
pyridi ne, pyridazine, pyriniaine, pyrazine, triazine, tetrazine,

benzoxazol e, beng ghd¥iaaghis pelinGithfalck Sbstit @AM 8ht BPmof ABAHERS sclected

qui nazol i ne, qui noxal1 ne, phthalazine, benzotriazine, phenazine,

phenant hri di ne, feen CabgediyloC, 4 hlehylk€; oolatkoxpntes. o abybdiqve atybyxyEloore| Adgs a

radi cal of benzoj m dazgl e, oxadi azqole, thiadiagzple, or triazole. In sone
enbodi ments, E i ‘t@a’g fgl-?ﬁ& F"ﬂﬁ?ﬁ&%B@E@P@Yﬁ@ﬂﬁ:}é&‘r&?@?fé{l’@d eomgmgtions

nonoval ent< r adi I R f

het er oal kyl , &qgécg eﬁ%t%?%gﬁf}ﬁr,{ %ﬂ%g lggir?g(%o% qugcgirolé#mggbﬁms{ﬁ%%ﬁ?g 7t a§¥1§/
aromati c am no @ayhrytost ko sy Hisbidalkyld 05 padilnstdatkyl, &2l swhtthroalks], @ls spor e
al kyl, al kenyl, al koxy, aryl,. WD 2004/096783 PCT/ US2003/ 032046 -26 aryl oxy,

fluoro, fluoroallEAroaryept ¢ARRBIoRy hestdt or 0al kyl , heteroaryl, or

conbinations thereofy, some embodiments, Ar' is a trivalent radical of benzene.

The compounds according to Formula I contain a divalent radical E that is a Cs.
10 60 heteroarylene having at least one —C=N- unit. The heteroarylene can be
- 'unsubstituted or sﬁbsﬁtuted with one or more a]kyl,-alkeﬁyl, alkoxy, aryl, aryloxy,
fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or combinations thereof.
The —C=N- unit tends to be more electron deficient compared to a carbon-carbon
double bond and tends to enhance the capabilities of the disclosed compounds to
(_. 15 function as electron {ransport agents.

Suitable E groups 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,

20 quinoline, isoquinoline, cinnoline, quinazoline, quinoxaline, phthalazine, benzotiiazine,
phenazine, phenanthridine, acridine, or the like.

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

In Formula I, G is 2 monovalent radical selected from hydrogen, C.3 alkyl, C;.

25 30 heteroalkyl, Cs.gy heteroaryl, Cs.q0 catbocyclic aryl, or Clg_sg tertiary aromatic amino
aryl that is unsubstituted or substituted with one or more alkyl, alkenyl, alkoxy, aryl,




In sonme of the disclosed conpounds, the group G can be hydrogen or a
nonoval ent radi cal of an al kane or heteroal kane. The al kanes canbe stralght
5 branche8p 2004/0091Bi c. Suitabl e C3-30 al kanes incl ude, BAT/US2®3/0304d i mi t ed
to, n-propane, n- butane, n-pentane, tert-ttane, iso-propane, iso-butane,

n- oct ane, n-heptane, cyclopentane, cycl ohexane, adamantane, ethyl hexane,
decane, dodcecgiRxyhexR6 ahaRalky 10561%&%@&?1 hRRELAISASRAG0arSY ok e&hﬁin%%m?so

het er oal kanes i ncl ude one or norée hetero sel'ected ffomS, 0, N, P, and
Si . The het er otheleahes, for exanple, can be ethers or 10 thloethers In sone
enbodi nents, the h er oal e.iqcl des a al kyl e e se nent of

For mil o - O om0y y "GPER 5 s F ok P P B3 e R B by

[ Si ( CWH2WH1) 20fhpndvaRing ratlida$ oftsh Mﬂﬁrﬁﬁﬁ%e&i"oalkézﬁ IPhe Mkares 8ih b@gt?@&ft of 2 to
20, and mis an integer of 1 to 6. The al kane or heteroal kane can be
unsubsti fut ed orncheB st ayolie dSuiteblenCaeso @lkazes lablluylt,,bummmt Hinited yd, n-1C0pALG, n-

al kox C6- 20 .fluoro, Q 15 fl roa Cl- 20
per f | ﬁor oal kyl g“%f E(ﬂ‘?@%@? g‘é‘lﬂbﬁ%‘e ds‘bgmf@nehéﬁo %‘Hﬁqeyfl ;06 h‘?ﬁﬁ?"r‘?at | ons
thereof. The Q%Q}Uiaeﬁ%aﬁ@ E’l%he)laﬂe Sé?l'ﬁﬁa‘f@ﬁ@%ﬁﬁqﬁe afle, @8 6R @&fcpc%x

that is a nondvafent radical of OR, PR '20 'Ph Ph’ Ph Ph WO 2004 09678
PCTI US2003/ 032@t@lecané/ and icqdne. SmtzR),lSCg 3 helmoﬂkms tidcdridel mic wn sus héterohwehsor
substituted wt 2 aI ken 20 5 kox 20 aryl,
06- 20 aryi oxy, %ﬁfﬁ?&%@m% @@yh rhete al% é?’i‘ff’ﬁﬁpgea \\466@?6?6

het er oahfyl, athﬁ%th%?s fﬁts@ﬁle%wodu&aﬁk Maaémmn&mﬁé o1y(bﬁyaﬁ9ﬂsné§o mpounds
of the Invention, the presence of such a group for can inpart” |1 ght )
emtting char amgmemsmﬁ fosnula ~O(Cr,HnmO)y—or a poly(dlalkylsﬂoxane) segment of formula — { }1

[Si{CyHaw+1)20]y~ where w is an integer of 1 to 10, y is an integer of 2 t0 20, and m s

an integer of 1 to 6. The alkane or heteroalkane can be unsubstituted or substituted

with a C].go alkyl, Canp a]kenyl, C1_20 a]koxy, C6_20 aryl, C5.20 axyloxy, ﬂUOI'O, C 1-20

15 fluoroalkyl, Cy.2p perfluoroalkyl, Cq_zoheteroalkyl, a Cg.5 heteroaryl, and combinations
thereof.

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

monovalent radical of

O
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to the conmpounds. The group G can be a C3-60 heteroaryl. In sone
enbodinments, the heteroaryl 10 contains at |east one -C=N- unit. A -CN
unitc i s t'ypr@asposmss e el ectron deficient conpared to a BEO&MeHebEN
doubl e bond. The presence of such a group tezls to further enhance the
el ectron transport capabilities of the conpounds of Formula |I. Suitable
C3-60 heteroaryls that contain at | east one -C=N- unit can be val ent
radical of \ NN/ f \ N/ / / N\ N/ :

| 28/ V' N NN/ \ CIJ
PD-wt Gdh) X X or e |i ke thy

al kyl, C2_ 20 al kenw

Cl - 20 fl uoroal kyl ,
het eroaryl, and gcoRfir ons
a Cl-30 al kyl, @ het er oal K
conbi nations ther&of. The groug '

C3-60 heteroaryl or a CIS-60 tertiary aromatic amino aryl. In sone ’

i nsttances, the presence of such group nds to shance the capability of
t he 'dirscl osed conpoug i groups

H\ fﬂ
) Si
.
or the like that is unsubstituted or substituted with a Cy.0 alkyl, Cs.50 alkenyl, Cio9
5 alkoxy, Ce.00 aryl, Cé20 GI'YIOXY, fluoro, €20 ﬂllOl'Gﬂlle, Ciao perﬂuoroa}kyl, Cian
heteroalkyl, a Cs.50 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 Cs.¢p heteroaryl. In some embodiments, the heteroaryl
10 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 L
Suitable Cs_gg hetercaryls that contain at least one -C=N--unit can be a monovalent

radical of

15



15 can be selected from nonoval ent radicals of WO 2004/ 096783

PCTI US2003/ 032046 -29- /X\ X"t x RR97/, / 1 R\ x NN SIR\ -~DRCEO
Ni /| WD&MONSEN-&N-0 QN / / N/ N\ 1\ 1\ I\ SWS%@/‘PSZ%that are
unsubstituted or substituted with one or nm@8e substituents selected from
Cl-20 al kyl, C2-20 al kenyl, Cl-20 al koxy, C6-20 aryl, C6-20 aryloxy, fluoro,
Cl-20 fluoroalkyl -20 perfluoroallcyl, Cl-20 heteroal kyl, C3-20

het eroaryl, and c ations thereof. Each R is independent]y gn Cl-30

al kyl, C2-3o0 al ken/ ~ Cl-30 al koxy, ©C6-30 aryl, C6-30 ary uor o,

Cl -30 fl uoroal kyl N Cl N30 perfluoroal kyl, Cl-3o heteroalkyl ‘
het eroaryl, or conpFati ons thereof. Each t A i of 0 fo 4. The
group J in For 3 7 i C%
het er oal kyl , : =Y ‘ D tertiary
aromati c am no ol | : i nor e
substituents selected fromdd - 20 al kyl, TC2-20 al kenyl, C-20 al koXy C6- 20
aryl, ©6-20 aryl uor oal kyl, ClI WD 2004/ 096783

PCT/ US2003/ 0320 kyl, C _20 heteroal kyl, C3-20

het eroaryl, and‘ss The roup I can be the sane or

di fferent than groQ Whe ere is only one

i M

P
/

»

o

SaselrSssXvIcAS

or the like that is unsubstituted or substituted with a Cy.zp alkyl, Cao0 alkenyl, Cy.o
alkoxy, Ce.z0 aryl, Cs.20 aryloxy,‘ fluoro, Cy 0 fluoroalkyl, Cy.op perfluoroatkyl, Cyz
heteroalkyl, a Cj.p0 heteroaryl, and combinations thereof. Each X is O, S, (;r NR?

10 where R%is a Ci.30 alkyl, Cy3p heteroalkyl, Cs 20 aryl, Csp heteroaryl, or combinations
thereof. '

The group G in Formula I can be an electron rich Cs.gp heteroaryl or a Cyz.6p

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

15 can be selected from monovalent radicals of



end capping group (i.e., nis equal to 1 in Fornula 1), no nore than one of
J. and ‘D can be a phenyl that is unsubstituted. In sone conpounds, the
phenyl is subsdoisbed7exl with a 5 sterically hindered groupcEURotsdzdsbom an
al kyl, al kenyl, al koxy, aryl, aryloxy, fluorzml kyl, perfluoroalkyl,

het er oal kyl, heteroaryl, and a conbination thereof. In sonme enbodinents,
when there is only one end ‘cappi ng no nore than one of J and D can
be a phenyl that is unsubstituted uted. The group J can be, in
sonme conpounds of the invention, : radi cal 10 of an al kane or
het er oal kane. The al kanes can be strajght chai ned, branched, or cyclic.
Suitable C3.30 a nes e}, but i e\not Ilnlted to, n-propane, n

- but ane, n-pent afje r u e, iso-§ropane, iso-butane, cyclopentane,
cycl ohexane, adang#nt neX n-oct ane, nahébtane et hyl hexane, decane,
dodcecane, hexadecane, octadecanb, and i cosané. Suitable C3.30

het er oal kanes i ncl ude, one or nore heteroatons sel

and Si. The hetero Ar exanple, can be et
e i ncl udeg a pol y(oxy

enbodi nents, the h&
formula - O(CnHZnO)y- oI y(di al kwmloxane) s
- [ Si (OwH2wr+1) 20] X Yhe ' \n teger—qf 1 pod

20, and mis an Nn egers

& or thioethers. In sone
| ene) segnent of
gment of fornula

yod S an integer of 2 to
-:@n kane can be
3 . 25=20 al kenyl, Cl-20
al koxy, ©C6-20 aryl, C6- 20 aryl oxy, fl uoro, CI-20fI uor oal Kyl , Ci- 20
per f | uor oal kyl , 0 eroal kyl, a C3.20 heteroaryl, and conbi nati ons

tEereof In some of Formul a |, group J can be a 06-60 car bocyci c
that is ( D\=s al ent radical of 0 0-0-0 25 WD 2004/096783
PCT/ US2003/ 032046 - 3 Ph Ph Si I Ph Ph RS R

Y ’ >
g AT Rats
L Or0

OO0 OrO-0+0
S0 O Q

3

>

5 and the like that are nnsubstituted or substituted with one or more substituents selected
from Cy_g alkyl, Cogp alkenyl, Cyz0 alkoxy, Cezo aryl, Ceqp aryloxy, fluoro, Cp o
fluoroalkyl, Cy.op perfluoroalkyl, C;oheteroalkyl, Csppheteroaryl, and combinations
thereof. Each R is independently an Cy3p alkyl, C;.39 alkenyl, Cy.39 alkoxy, Cs.a0 aryl,
Cs.30 aryloxy, fluoro, Cy5o fluoroalkyl, Cy.3¢ perfluoroalkyl, Cya0 heteroalkyl, Cs 5o

10 heteroaryl, or combinations thereof. Each tis an integer of 0 to 4.
The group.J in Formula I can be a monovalent radical of Cy.34 alkyl, Cy.30
heteroalkyl, Ca.6p heteroaryl, Cs.¢p carbocyclic aryl, or a Cys.o tertiary aromatic amino
aryl that is unsubstituted or substituted with one or more substituents selected from C,.

aealkyl, Cy.g9 alkenyl, Cy.op alkoxy, Cs.ap aryl, Cs.20 aryloxy, fluoro, Cyzo fluoroalkyl, C;.



glj- cb 5 or the like that is unsubstituted or substituted with a Cl -20

al kyl, C2-20 al kenyl, Cl-20 al koxy, C6-20 aryl, C6-io aryloxy, fluoro, Cl-20
f 1 uor oal ke 2000096285 per f | uor oal kyl, Cl-20 heteroal kyl, E3w@seobsi3eoaryl ,
conbi nations thereof. Each Ris independenily an Cl-30 alkyl, C2-30

al kenyl, ClI-30 al koxy, C6-30 aryl, C6-30 aryloxy, fluoro, C-30 fluoroalkyl,

C1-30  per f | ugs pedfkytoali§l -0, hab@algl, kithe hii@o@91,hat eombingtionsahereoibilpat i ons
thereof. 10 The group J can al so_he a C3-60 heteroaryl In_some enbodi nents,
the het er oar ylgrowbheat hesthe fame guditisrat themgroup s i Forrate iy Whep thera istaply eng |y

| ect f
of Such & gr otao AL broubtPE, A1 A A TRARARY Ho SR M AR S B EFESNCC
capabilities afe dptengl thal io aachbetumdu e sSomSubipdi:els GBe fhenyh dtsabamiml svithhat

contain at | east one -C=N- unit can be a nppoval ent radi cal of WO
2004/ 096783 PGierigednbindersd gawip selegted\iraip gp alkyll, alkqnpl, algoxy.\aryl, rylexyny N/

I
{ ':' N\ - 'Y]Jﬂ}%lkﬁl, 39#11{1911031@1, he{eroaik)ﬁ, Héte\roéryf, ai\uli\la\:oﬂzblnénéx ﬁ’lex%o%.l H sotne N/

'. emnbodiments, when there is only one end capping group, no more than one of J and D
| can be a phenyl that is unsubstitoted or substituted.
The group J can be, in some compounds of the invention, a monovalent radical
10 of an alkane or heteroalkane. The alkanes can be straight chained, branched, or cyclic.

Suitable Cj3¢ 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 Cj.39 heteroalkanes include one or more heteroatoms selected from S, O, N, P,
15 and Si. The heteroalkanes, for example, can be ethers or thioethers. In some
embodiments, the heteroalkane includes a poly(oxyalkylene) segment of formula —
O(CnH20)y— or a poly(dialkylsiloxane) segment of formula —[Si(CoHaw.1)2.01y—~
where w is an integer of 1 to 10, y is an integer of 2 to 20, and m is an integer of 1 o 6.
The alkane or heteroalkane can be unsubstituted or substituted with a Cigo alkyl, Cp0p
20 atkenyl, C;.o0 alkoxy, Ce.z9 aryl, Ce.op aryloxy, fluoro, Cqo fluoroalkyl, Ciop
perfluoroalkyl, Cy.o heteroalkyl, a Cs. heteroaryl, and combinations thereof.
In some compounds of Formula I, group J can be a Cg.6p carbocyclic aryl that is (:j

a monovalent radical of

@HQ—H:‘

o S0 BEE

25




/[>- X NNN or the like that is unsubstituted or substituted with a
Cl-2o0’al kyl, C2_20 aikenyl, C-20 alkoxy, C6-20 aryl, C6_20 aryl oxy,

fluoro, Clwaofbuesasl kyl, Cl.20 perfluoroal kyl, Cl-20 10 FPeatiszaalokiots a

C3. 20 heteroaryl, and conbinations thereof. -Ekch X is 0, S, or NR2 where R2
is a C-30 alkyl, C-30 heteroal kyl, C6.20 aryl, C3.20 heteroaryl, or

conbi nati ons thereof. Hhag [ .can also be an electron rich
C3. 60 heteroaryl aromat i §Panfho aryl. In sone

i nstances, the p A A

PCT/ US2003/ 032046 $_enhance,_t héicapabi i t \ sripolind
invention to tra s.ta el Qf N oups™ caif ected
from nonoval ent Aadi‘ca of [/ X X s: R RP ;DR CLO 4 0-0 R.b / I N

N\ f \ NI N5 N-N or the like that are t?r?surbstituted or substituted
with one or nbre substituents sel ected

SO ve :
- v,
O‘O'o‘ooege 3
C | ® 9 |
XS,
SXGIEC IS ,

5 or the like that is unsubstituted or substituted with a Cy.0 alkyl, Cy.00 alkenyl, C;o

>

alkoxy, Ce.o0 aryl, Ceao aryloxy, fluoro, C;.op flnoroalkyl, C;.oo perfluorcalkyl, Cy o
heteroalkyl, Cs 9 heteroaryl, or combinations thereof. Each R is independently an Cy.30
alkeyl, Cy 39 alkenyl, Cj.39 alkoxy, Cesp aryl, Cs.a0 aryloxy, fluoro, Cy 3 fluoroalkyl, Cy39
perfluoroatkyl, Cia9 heteroalkyl, Cs 30 heteroaryl, or combinations thereof.

10 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 Ci¢

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



from Cl_20 al kyl, C2.20 al kenyl, Cl-20 al koxy, C6.20 aryl, C6_20 aryl oxy,
fluoro, C-20 fI uoroal kyl, d _20 perfluoroal kyl, Cl-20 heteroal kyl, C3.20 -
het er oar WO 2@m@#9¢83bi nati ons 10 thereof. Each Ris i ndeﬁ@ﬂﬂ@ﬂ@dﬂgﬂlm Cl - 30

al kyl, C2-30 al kenyl, ClI-30 al koxy, C6-30 &eyl, C6.30 aryloxy, fluoro,

G -30 fluoroal kyl, C-3o0 perfluoroalkyl, C-3o0 heteroalkyl, G ao

het eroaryl, or conbinations thereof. Each t an i nteger of 0 to 4. Each X

is 0, S or 41 vvher R2 i 58 Q al Ky 3Q het groal C6. 20 aryl,
C3- 20 heteroar g 1 eff AE( 2004/ §96 \ P / US2003/ 032046
-34 Any R group n tha o.- ] he eent e/ cam=¥ncl a dival ent

pol y(oxyal kyl ene) soft sednment of Fornula V* QCn2mD)y V 5 or a
di val ent pol y(di al k il oxane) soft segment of Formula VI Si (CWH2w+1)20 Y
VI where mis an ier of 1to 6, yis an integer of 2 to 20, NandW|s an
integer of 1 to 10 In sone enbodi nents, the poly(oxyalk :
poly(dialkylsiloxwhe)msoft segnent can 10 be connected to
or heteroaryl group—(The substituent can,

-+r-3_-SS-R' S S /
sdft segnent,
is an aryl, hete ‘ ’

hi ndered group. G oups accordlng to Formula VIII can reduce the formation
of internol ecul a r intranol ecu

exci mer or ex0|d NI

OO0 O™

aeSeslrSesRvicat)

or the like that is unsubstituted or substituted with a Cyzp alkyl, Cya9 atkenyl, Cy.a0
alkoxy, Ce.20 aryl, Cso9 aryloxy, fluoro, Cy.z flucroalkyl, Cig perfluoroalkyl, Cy.z9
10 heteroalkyl, a Cs.2p heteroaryl, and combinations thereof. EachXis O, S, or NR? where
R? is a Cy.39 alkyl, Cy.30 heteroalkyl, Ce g aryl, Cs.z9 heteroaryl, or combinations |
thereof.
The group J in Pormula I can also be an electron rich Cs.¢p heteroaryl or a Ciz.6p

tertiary aromatic amino aryl. In some instances, the presence of such a group tends to



20 O _30 perfluoroal kyl, or a conbination thereof. These groups can inprove
the solubility and the filmform ng properties of the conpounds, can

i ncrease 't lweo po@miogasi on potential and el ectron affinity mfr/vseoroapeunds,
or a conbi nation thereof. Conpounds having &g-increased ionization
potential and electron affinity can nore easily inject electrons and bl ock
hol es when used énE <480k aslhl%;%ftﬂueaﬁaasmrbtfu%m&ﬁﬁm & bR rp%nﬂoiégorsaﬂéﬂig'
25 or perfluoroal groups cdn al so I ower the vapor pressure

conpounds and nedl@tromhm&wseanb@s&la}j@ifrdmsmvaldrmr@tmb afnbodi ment s of
Formula I, the various groups D, Arl, G J, or a conbination thereof can be
sel ected to provide a high bandgap e hi ghest occupied nol ecul ar
*cular orbital 30 (LUMD). As

, 9 / nd LUMO of at |east 2.5 eV. In sone
enbodi nents, the Qrenhce is~gat |least 3 eV. A high bandgap tends
to make the conpo Xfor use asﬂa blue light emtting material or
as a host material for other light emtting material. This |arge bandgap
between the HOMO and LUMO can be particularly 5 advantageous when a high
bandgap nol ecul e i1 s/T or use as an el ectrof ansport agent, as a
hol e bl ocker, as a ost for nolecular o ol yneric emtters, or as
a bl ue enlttlng ele sgScent nolfgcul e. Some cprpounds include, for
exanpl e, carbocycly k-6, gr oups.NSuch gro DS fean, i.n sone instances,
be sufficiently Lal Xty @ivde‘ g tg reduce hpt i
t-er nol ecul ar or “htr ﬁ%he ar gonn _gyr at i produce exci ner or
exci pl ex em ssion that 'can cause: color shifting of t he el ectrol um nescence.
Some group can facilitate or provide hole transport, electron transport, or
a conbination t =30 h groups include, for exanple, tertiary aromatic
amno aryl groups_ahd el gtron rich heteroaromatic groups. The use of such
groups can bal ance 15nthe hol e and el ectron transport efficiencies, or tune
the ionization potentilal and/or .electron affinity of the conpounds of the

' —@‘OQG

| s~ |

OO+0 OO0+
00 0 O

>

or the like that are unsubstituted or substituted with one or more substituents selected

from C;zp alkyl, Cpo0 alkenyl, Cy50 alkoxy, Ceap atyl, Ce.a0 aryloxy, fluoro, Cyg

fluoroalkyl, Ci.o9 perfluoroalkyl, C; heteroalkyl, Cs.a0 heteroaryl, and combinations
10 thereof. Each R is independently an Cj.3¢ alkyl, Cs.30 alkenyl, Cy.3 alkoxy, Cg.sparyl,
Cs.aparyloxy, fluoro, Cy_39 fluoroatkyl, C; .30 petfluoroalkyl, Cy 30 heteroalkyl, Cs.ag
heteroaryl, or combinations thereof. Each tis an integer of 0to 4. Each Xis O, S, or
NR? where R% is a C1.30 alkyl, Cy_30 heteroalkyl, Cs 99 aryl, Csz9 heteroaryl, or

combinations thereof.



nodi fy the band gap and/or el ectrol um nescent character of the conmpound. The
groups can be used, for exanple, to tune the color of the emtting |ight of
t he conpomadomrosiss her conpounds in a conposition. Certacwubmmm:nwﬁyl and
tertiary aromatic amno aryl -20 groups ca34provi de conpounds that have

em ssions in the red, green, or blue regions of the visible spectrum

Exenpl ary COWpoundSAﬁ?Rtéi'@uﬂﬂ\tﬁé\Edrﬂlilﬁ)degbﬁth@ihﬁenﬁﬂb.'@énin@lu@chfawa%?, but are
not limted to \ / C N N,Ni \ CBH 70 WD 2004/ 096783

PCT/ US2003/ o3z®ﬂﬂ0k¥aé,lsylpnqivsoﬁsegmenqomeﬁmf QC6H17 | \ \ FFFF FF N
N. / \ N\ OC8H' 0CBH17 C8H17CBHL7 ~N g (Stngzo and 5 Exenplary
conpounds of the invention where n i's equarln 210} I ncl ude, but are

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

: *‘_f Si(CwH2w+1 )QOf‘l—*
. 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 1to 10.

In some embodiments, the poly(oxyalkylene) or poly(dialkylsiloxane) soft segment can - D

10 be connected to an alkyl, aryl, or heteroaryl group. The substituent can, for example,
have Formula VII
—farl-ss—r
Vi

where SS is a poly(oxyalkylene) or poly(dialkylsiloxane) soft segment, Ar is an arylene
15 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 VI 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, Cy_3 fluoroalkyl, O
20 C1.30 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 t;«; 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,
25 or perfluoreatkyl 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, A, G, 1, ora
combination thereof can be selected to provide a high bandgap between the highest
k occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital

30 (LUMO). As used herein, high bandgap refers to an energy difference between the



not
CA7 O |

limted to WO 20041096783 PCT/ US2003/ 032046 -37 NN-\ \ / \ / O G6Hn
\'/ V. NN CA CeHn N VI V' 1 0C}1 CeHn O N CeHn CeHn CeHn

C3Hn«3 _.: NWo\odu96fgsl, , CHv O N N C6H1L3 C8H17 CeHn OCBéit/DS20m3/miZo46e a
C6H170 WO 2004/ 096783 PCT/ US2003/ 032046 -35-

TN

10

15

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 nse 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 intermelecular 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 spectrom.

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

not limited to




-331 GaHn BHAn NO1 I\ C6H'n, \ { / CHI3\ \1 ON3HL ~~) [/ _. "..
CsH17 and An exenpl ary conpound where n is equal to 3 includes, but is not

limited twoz200shoodgsO N \ { \ { I / Il * NN ( OW 2008067804639 '
PCT/ US2003/ 032046 Exenpl ary conpounds wheg3g-n is equal to 4 include, but
are not limted to, / OCBHL7 \ O\\ 0 CBH170 \\ ~~ e [/ \

T
N o O

5 Exemplary compounds of the invention where o is equal to 2 include, but are

not limited to



O NN CBHL70 OCCBH17 OC8H17 \J ON i C8H170 01/ S \ / =f ON t,fN
OC8H' * CBHt 70 and WO 2004/ 096783 PCT/ 1JS2003/ 032046 -40- OCBH17 O P N Nt i
CeHL70 | I" WO 200408783 0 -N O N N OCBHL7 PCT/US2003/032046

37~




rd~ o ~ 1 ~ CBH170 Conpounds of the present invention can be prepared from
bui |l ding bl ocks of Fornmula CCC. 5 GE-Arl X X CCC where Arr, E, ,and G are
as previwoshpdemssri bed and X represents hal ogen at onsPCTYS2003/¢52¢4| | y t he
hal ogens are bronmi ne atons, iodine atons,-3®% a conbination thereof.
Compounds of Fornula CCC includes a wi de variety of dihal ogenated

het eroaronmati ¢ 10 conpounds. For exanple, the comspounds can contain a

radi cal of 1,3, 4-oxadiazole, 1,3,4-thiadiazole, 3,4-triazole, and the

| i ke. Di_hal ogenated conpounds of Fornula CCC ﬂ- made by a wi de variety
of nethods, a nunber of which will be exenpl h:d“ﬁére. The conpounds

2- (di hal oaryl ) benzoxazol es (CCCl 1), 15 2-(Mfhal’oaryl)benzot hi azol es ( CCCHI

), and 1-(di hal oaryl)-1, 2-di phenyl -1H be of ni dazol e (CCA V) are a subgenus
of the Fornmula CCC where GE is benzoxazq -yl, benzot hi azol -2-yl, and

1- phenyl - benzi ndazol - 2-yl heteroaryls, ctively. Such groups can be
prepared by pol yphosphoric acid (PP
PCTI US2003/ 032046 -41 cycl ocon
2- am not hi ophendH,.~2=ani i nophen
respectively as sho i i
reaction schene. Ho RS
anot her group G 5 The reg

c acid CCCl with

s asﬂighenyl enedi am ne,

efre |. Goup G i1s a hydrogen in this
tic ring can be substituted to provide
N- phenyl - benzene- 1, 2-di am ne wi th benzoic
acid to give 1, 2- diphenyl benzoi m dazol e has been denonstrated with
triflic anhydride / triphaayl phosphine oxide in CH2O 2 and

1, 2-di chl oro- et hane (Hendni }{gon et at,

CgH, {,' - '\J
CBHW .O R

An exemplary compound where n is equal to 3 includes, but is not limited to,

and




J.Og Chem, 52 (18), 4137 - 4139 (1987)). O her dinucl eophiles useful for
the synthesis of conpounds of Reaction Schene | include

N2- p- t ol yl - waysodaeesse- 1, 2 10 di yl di ami ne (Fi scher, Chem PB&US2003/83209826 -
2846 (1892)), 1-ami no-naphthalen-2-ol (Bart8h-et al., Tetrahedron Lett., 24
(15) 1601-1604 (1983)), and 1-am no C naphthal ene-2-thiol (Kajino et al.,

Chem Pharm Bull., 3Bxediliry c38$8uRBbielO0 19 dqual ibebmtinds, the bt limledNZ OH
XN X Ar'-000HO0~0 \-Ar1 X X CCCl CCCI1 NHZ CC SH Xr'!_ COOH ~ --Ar' CCC
CCClll NH2 NHPh X\ | X A)' -COON ~AX X CLCl CyHMO 2004/ 096783

PCT/ US2003/ 032046 -42 % zote buil di ng bl ocks CCCVI
are a subgenus of Formul a&CCC wh @!&' 1d” X are as previously defined
and Eis the 1,3, 4-

OCH,;

oC H




oxadi azol -2, 5-diyl noiety. Conpounds CCCVII can be synthesized by the

acyl ation of 5 substituted tetrazoles CCCV as shown in Reaction Scherre .

| n” React i wio 28et#®61831 |, a di hal oaroyl chloride COCVI i sPEEASRWFHIRMG a
substituted tetrazole CCCV by beating for48bout 12 hours in an inert

sol vent such as pyridine (Myznikov et al., J. Gen. Chem of USSR, 62 (6),
1125-1128 (1992)) to form tdhe di hal ogenat efCgiadi azol e conpound CCVII. The
tetrazol e of CCCV can be pr€pared by re yon of the corresponding 10
nitrile with NaN3 and NHACL i , N- di et formam de (DWF) at refl ux.
Reaction Schene |1 G GOCI C& No\X-Ar/ N X-Ar OA x N-N pyridine /
heat x G CCCV CCCVI | 15 Alternatixs MNcorrpounds CCCVI1 can be prepared by
cycl ocondensation of benzoyl aroyl hydr azi des as shq i n Reaction Schene

[11. (G ekow etHaD . Gen. Chem ~), 30, 3763-3766
(1960)) where Art, E, and X are ls defined a . In Reaction Schene
[11, a dihal oaroyl )@@i de CCCVIIJ is reacted /Mmith a substituted benzoyl
chl oride CCClI X at roongf i7) dichlorongthane 20 with one equival ent

of triethylam ne to for ! ; ge CCCX. Alternatively, a

di hal oaroyl chloride CCE é- pi é\ bstituted benzoyl hydrazide
conpound CCCXlI to form y X. Finally the

benzoyl ar oyl hydr azi dg i i sphgr us oxychl oride at refl ux
to form the dihald 1. 25 WD 2004/ 096783
PCTI US2003/ 032046 10

. 7
s

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

10 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.

Dihalogenaied 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 (CCCI),

15 2-(dihaloaryl)benzothiazoles (CCCIIL ), 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-y1 heteroaryls,
respectively. Such groups can be prepared by polyphosphoric acid (PPA) promoted



CCOX X, gr ANX HNHz -G Arl-~.

X, ArA Cl X O CCCXlI
O H-Ari X wig‘20bl/696FP$3Cl

X o't A

H XCH2Cl2 / Et3N X 0 CCCX | |
G-N.NH2 X, Arl1J~H YG H CH2ClI2 / Et3N X 0 CCCX) CCCX x
NXHN-N 0 retlux @CTULUEBWH3L046

CCCX O

D hal ogenated 1, 3, 4-t hi adi azol e conpounds G8CXI | -a, which are subgenus of

Formul a CCC where Art,

cycl ocondensati On

5

rmul : G and X are as previously defined and E is the 1,3,4
t hi adi azol - 2, 5-gtMkohRingLtRAN @ ABIh &icHRUOCCT HeH 2 -SathoRBofHeaR L ehiRYphenol, and

2082-2084(1967)] ... 1 t. LV t n | ar
i nt er medi git e 012&I Il—soarﬁﬁ?§g%dé Péélr%ggﬁcgg}ﬂ\%ﬁ ?ﬁ’ “% eé%é%&?
1, 3, 4-thi adi aqu@gom(ithergfiﬁ@fm_i on Schene IV X 0\1

5 The reaction of N-phenyl-benzene-1,2-diamine with benzoic acid to give 1,2-

of a benzoyl aroyl hydrazi de internedi ates as_shown in
Reacti on SchenmsN{pheryk-1,Z-pherpiengdiaging respectsslyGiraip ws SRR ipn Scirpmnad) Grousy7,

ovkbydr g%ﬂ ?%%ubsﬁtuted

0 provt

diphenyl-1H-benzoimidazole has been demonstrated with triflic anhydride /
triphenylphosphine oxide in CH;Cl; and 1,2-dichloro-ethane (Hendrikson et al.,
J.0rg.Chem., 52 (18), 4137 — 4139 (1987)). Other dinucleophiles useful for the

synthesis of compounds of Reaction Scheme I include Nz-p—tolyl—naphthalene-1,2—

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)).

15

Reaction Scheme I

©:NH2
OH

Ar—COOH

CCCl

SH

Y

A;‘—COOH

CCCOl

L.,
NHPh

A;’——-COOH

A

CCCl

Y

N X
>
S

CCCli

CCClY



XN /GPISS X ArAVSI~G \ i ri H111( \\ // X0 NN CCCX CCCXIl-a 15

Di hal ogenated 1, 3,4-triazole conpounds CCCXl |1, which are a subgenus of
Formul a ®&atyooeass7ke prepared by cycl ocondensati on of tHCT/US2003/032046 *
benzoyl aroyl hydrazide internedi ates as s¥dwn in Reaction Schene V (E
Klingsberg, J. Og. Chem. 23, WO 2004/096783 PCT/ US2003/ 032046 -44
1086(1958)) where Ar', G and X are as previously defined. The group E in

Formula CCCis a d,3,4-1r.l I r.adi I n.React.i che V, th
benzoyl ar oyl hydr azﬁ’glglogfiﬁ{té(ﬁgélix é%aglaé&aqhgdlpggﬁf%atdmﬁﬁ%% %bﬁﬁ%s of
trichloride aforamleCecayiege tehonnad W e as Sregionsy AR fifed kil Ehethpngsence of
RNH2, (wherein Ris alkyl, aryl, heteroar or 5 heteroal kyl) to provide

|
the 1,3, 4-triexdiagolchbexy l.mmptyefiﬁ@ppwﬁ%g@iﬁg cap &f spathesiend tyibe agiletonadcX i s

reacted-with chl orj i | aci etic acid. et | . 0C.
perki n Tr ane. SPyplsR BB SEY oS G Gic PRl B Roaglon SRS B
f or m conpoundgigiictoYi chlfed OOV idkebdtbadivith inSubaReie tetizble (RINEK by(Heafdain et
al ., Acta Chem Scand., 45(6), 609-615 (1991)) to provide the_correspondi ng

10 1, 3, 4-t ri afookbetd2drys. in pp arer| ©ivestivehas pynding (WMypniky i al., Befem GeC 7R x

Ar | ~, NYG X I X~ Arl' DY i, [G.X Cl CCCXLV 15
Di hal § des COCMMSSRy G (7 fhganas (sp2pdp i e balegpieprtidtort copBorat o
CCVIL The tetrazole of CCCV can be prepared by reaction of the corresponding
10 nitrile with NaN3 and NH4ClI in N,N-dimethylformamide (DMF) at reflux.

Reaction Scheme IT

G—COCl
\ CCCVi L
N >~ X—Ar—
X-ar— b — ¥ o
X ﬁ" pyridine / neat G
CCCV CCCVIi
15 Alternatively, compounds CCCVII can be prepared by cyclocondensation of

benzoylaroylhydrazides as shown in Reaction Scheme L (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 1II, a dihaloaroyl hydrazide CCCVII is reacted

with a substituted benzoyl chloride CCCIX at room temperature in dichloromethane e

20 with one equivalent of triethylamine to form a benzoylaroythydrazide CCCX.
Alternatively, a dihaloaroyl chloride CCCXII is reacted with a substituted benzoyl
hydrazide compound CCCXI to form the benzoylaroylhydrazide CCCX. Finally the
benzoylaroylbhydrazide CCCX is reacted with phosphorus oxychloride at reflux to form
the dihalogenated oxadiazole compound CCCVIIL

25



as previously defined and E is the quinoxalin-2,3-diyl noiety. Internediate
CCCXVI I can be nmade by refluxing the 1, 2-phenyl enedi am ne CCCXVI with
conpound’ Ca@Xxe4iess78®t hanol (Amashukeliet al., JJ_ Phys. neoszoésdzems A ,
106(33), 7593-7598 (2002)) as shown in ReadBion Schene VI. 20 WO

2004/ 096783 PCT/ US20031032046 -45 Reaction Schene VI H2N NH2 lox O R NN
R X~ Ar' kG CCCXVI X~Ar' Y N X 0 Ref | uxgrégti Schefuddr CCCXV CCCXVIT - 5
Compounds of the invention utilize aryl-ethynyl coupling reactions. Such
couplings can be achi eved using Heck-Reacti df TPPR) et hodol ggy where aryl
brom des and iodides are reacfed w th aliphatdggpar omatlg het roaromatic
termnal alkynes in the pre ﬂ\ngf a pall ag: um cat al yst™ Nsu | e
catalytic systemis (PPh3)%Pd(i) Qul'l EL3N, epg descri beja i n"Sagechi ka et
al., Bull. Chem Soc. Jpn..X57, 10 752 - 755 (1@84) Qt her cgh?béit syst ens
include Pd(11) and Cul suchC@QV]flor exanple, Pd(QAc)2 / PPh 1 Et 2NH
and Pd(PPh3)2C12 / PPh3 | Cul / Et3N/ pyridhne. In one enbodi nent;
acetylene is coupled with conpounds of F rmJ a CCCXVIII in a stepw se
manner. This can be achieved, for exanpl€aby aising trinethylsilyl

acetyl ene where the tritnethylgilyl (TNB)_Xr@:tl; Y} acts as a ot|ecting 15
group for one term nus of ac Ierm De- protection gan be&~ g8
stirring the TMS-term nate |nt r medi at e %Qé?l#( with KZCDSI Ne room
tenperature. (Takahishi et al Synt hesi ¥'1980)). | Reactlon Schene
Vi1, Jis as described for F&@¥a 1. Asinilar reaction cab@aXused to
prepared D-C=CH (CCCXVIl). -

{ | T )E\H o
. . G
X‘AHJ\N’N\"’G POCI, X
| H N—N
X O reflux
CCCX CCCVII

Dihalogenated 1,3,4-thiadiazole compounds CCCXH-a, which are subgenus of
5 Formula CCC where Ar', G, and X are as previously defined and E is the 1,3,4-
| thiadiazél—Z,S—diyl heteroaromatic group. These can be prepared by cyclocondensation
of a benzoylaroylhydrazide intermediates as shown in Reaction Scheme IV (A. T.
Prudchenko, J.Gen.Chemi. USSR (Engl. Transl.), 37, 2082-2084(1967)). In Reaction

Scheme IV the benzoylaroylhydrazide intermediate of Formula CCCX is reacted with
( 10 P,Ss to provide the 1,3 4-thiadiazoles CCCXIL

Reaction Scheme IV

O

H Al s
X N G P.S < G
\Arj/u\N/ \”/ 295 X \« W/
| H N—N
X O
CCCX CCCXll-a
13 Dihalogenated 1,3,4-triazole compounds CCCXIIT, 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,



20 Reaction Scheme VII 1/ / J-XJ i i- - J - HRCCCXVIII CCCXl X CCCXX WO
2004/ 096783 PCT/ US2003/ 032046 -46 The conmpounds CCCXXI Il in Reaction 'Scheme
VIIl is aveulmgemarss of Forrmula |  where n is equal to 1.pdhESmoenpacsd ‘
CCCXXI'I'l can be nmade by the stepw se reactdden of the thus obtained ethynyls
J-C=-CH (CCCXX), D-C=CH (CCCXXI'l) with CCC where G E, Arl, D, and J are as
described fordas{1s8s) Wherb ARSE; 1h@X 56 A8 pRyvMukly deBn&LTRY sGEUd Forfnfla Ari - X
| GE-Ar' XGE-Arl1 =DXHRIIl HRII CCC XXl CCCXXfIl 10 In cases
of CCCXXffl whekdsplikt-ddaralyl ralicel EnReaciige Schemel, bebepiaytarayihydramde ar

equi val ents of_, t . .. - C=CH . gi ln one step
reaction. Alt%d lten agél\?}{eﬁryy@%&;]&%%q'é‘glrp\@gp}%?gsp%gg%?’;dg g%%;%é%é% tﬁﬁly Flgmﬁr?’C:CH,
D-C=CH 15 bye gQny@IG|ifthd fredche SORNES PONEidty RBINGE iati) Ki@0AEE oder i vati ves
J-C=CMgBr or D-C=C-MBr with an equival ent of ethyl nagnesi um brom de
under sPandarketerealinl to Biegidevipe hovttriagele &G eRILt Adciragyrdithen br oni de sal t

can be react W {.h . : en nis e l,. to.
Al ternativel ;9 e%i‘l?r g%déa%é%%(ﬁegﬁgie%@@a‘%ﬁ %8 aec%a?ggﬁt’tc& cﬂl@&oss et
cor r espondi ngy). 30Ckirs-JAVOPERT] Yahi.VE (5 B9 2006GT0RD)2obdthér RALEBRRfveW th two

equi val ents of TMs-
solvents to form compound CCCXIV. The compound CCCXIV is reacted with RNH,

(Gautun et al., Acta Chem. Scand., 45(6), 609-615 (1991)) to provide the corresponding

10 1,3,4-triazoles CCCXIIL
()
Reaction Scheme V -
O X R
H \ I
& 1J\ NG  NHR AN, &
Ar~ N T kA X \/ 7/
b PCI \
X 8] 3 N—N
CCCX\ ceexil
cl /
X Axon o
l‘\r
X Cl
CCCXilvV
®.
15 Dihalides CCCXVII are a2 subgenus of Formula CCC where Arl, G, and X are

as previously defined and E is the quinoxalin-2,3-diyl moiety. Intermediate CCCX VI
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 VI




C=CH and then desilylated wwth McOH / K 9C03 as shown in Reaction Schene | X
The derivative CCCXXV can then be reacted in a stepw se manner with

br om des: Dw 208¢0¢s783nder H R conditions to give the CCCXXiCHUSz003%062046
20041096783 PCT/ US2003/ 032046 -47 Reactiond3cheme | X \Si / K2G33/ MeCH
GE-Ar, XGE Arc :-Si--- iIGE--A X Hn ccc ,7s1\ CCCXXV CCCXXIV J-X DX
GEA; GErj-=D =HRHRIII J C@@g@g\ghsgggg@wl Conpounds of Formnul a |
wherein n is equal to 2, 3, or 4 can be made by Tirst 5 TM5S-coupling a di-
tri- or tetra- substituted core structures DX' (CCCXXVI1) to their
correspondi ng ethynyls to form D (C=CH)N (CCOKXVI11) as shown in Reaction
‘Scheme X. Representative exanples of eth s CCCXXVI11 include, wthout
limtation: 1,3,5-tris-(4-ethynyl phenyl)fbenzgne (see E. Wbe
Chem Soc. Perkin Trans., 2, 1251-1258 (\]19 )),

t etralds(4- et hynyl phenyl ) net hane (see W t al., 10-1,
Soc., 123 (33), 8101-108 001)) and 2,2' H, 7' -tetraet hyn
spirobi fluorene, tri sx\(4-1 hyng phenyl ) am ne (see EF3(1 1 278 A ).
Conmpound CCCXXVII| i s Ahen goupl ed V\nthCCOBXXI to gi ve/I\a coypound of

Formula |. Reaction Schétrre G E-Ar X ¥ &
efluxing Me

CCCXV CCGCXVI

5 Compounds of the invention utilize aryl-ethynyl coupling reactions. Such
couplings can be achieved using Heck-Reaction (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
(PPhy)4Pd(0) / Cul / EtsN, as described in Sanechika et al., Bull. Chem. Soc. Jpn., 57,

10 752 — 755 (1984). Other catalyst systems include Pd(II) and Cul such as, for example,
Pd(OAc), / PPhs / Cul / Et;NH and Pd(PPhs)>Cls / PPhs / Cul / EtsN / pyridine.
In one embodiment, acetylene is coupled with compounds of Formula

CCCXVIII in a stepwise manner. This ¢an be achieved, for example, by using
trimethylsilyl acetylene where the trimethylsilyl (TMS) moiety acts as a protecting

15 group for one terminus of acetylene. De-protection can be achieved by stirring the
TMS-terminated intermediate CCCXIX with K2CO5; / MeOH at room temperature.
(Takahishi et al., Synthesis, 627 (1980)). In Reaction Scheme VIL, J is as described for
Formula I. A similar reaction can be used to prepared D-C=CH (CCCXXII).

20 Reaction Scheme VII
= Si«/._\_
| o
J—X —_— J———— 8. ——— J p——t
H-R |

CCCXVII : CCCXIX CCCXX



1l GE- r'* =D DXn (1) HRD+-=1 CCCXXI J (ii) K2CB / MeOHn H-R 3 n
CCCXXVII CCCXXVII1 15 Alternatively the internedi ate CCCXXI can be coupl ed
wi t h TVSwo=oGhhasmgter H R conditions foll owed by de-si IPﬂTalszmslotsm4g| ve the
di yne CCCXXI X. The diyne CCCXXIX is thend46eacted with the halides of group

D to give nolecules of Formula I as shown in Reaction Scheme XI. WO
2004/ 096783 PCT/ U%%h@%@&ﬁ%ccﬁ&tﬁ%%h&fbnmeﬁ@mm Qﬁ?ﬁﬁgénué &FO&GQ@(V' !
GEA7 XGEA1= -E- Al HRII CCCXXI  CCCXXI X |

Conposi t i ons wiBrdhés equiktogl. ﬁ"@eaomnomdeﬂé@mcasbbmadoWYﬁh@@M@tﬁ@cﬁom

el ect r ol um nescen n or i oted onto
a substrate f %‘et BS%‘BI”B‘&B@@ %Psr}?ﬁ?@ggm @r@aﬁh&@@@&b i cent
devi ces. OLERAeyLESAPL 8PaREY ofd AMLAARE foCREmRR{ LT Ons can typical ly
provide at |east one of ‘tHe follow ng: | ow operating voltages, high external
guantuns effi ci enci es, proper coI or coordinates (e.g. red, green, 10 and

bl ue for display applications or whi tﬁ for a KI i appl i cati ons), | ong
operating lifetinmes, and conpatibili 93(%?{1 gﬁlnti ng process (e.g.

i nkj et printing, thermal

O

J = p—=

CCCXX CCCXXi

G—E—arlx 0, G—E—pAr—X —————— G—E—A

X & J A | !

=D

J J .
coe ceoxx cooxon
10
In cases of CCCXXII where D is equal to J, the reaction of CCC with a two molar
equivalents of the ethynyl J-C=CH gives the compound CCCXXMI in a one step
reaction.
Altematively CCCXXTI can be prepared from the ethynyls J-C=CH, D-C=CH
15 by conversion to the corresponding magnesium bromide derivatives J-C=C-MgBr or
| D-C=C-MgBr with an equivaleﬁt of ethyl magnesium bromide under standard
conditions. Without isolation, the magnesium bromide salt can be reacted with CCC to
produce CCCXXTI when n is equal to 1.
Alternatively, where n is equal to 1, CCC can be converted to the corresponding L)
20 bis-TMS-derivative G-E-Ar'-(C=CH), by treatment with two equivalents of TMS-
C=CH and then desilylated with MeOH / K2COs 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 CCCXXIII.



i nduced | aser imaging, gravure printing, and the |like). One aspect of the

i nventi.on provi des conpositions that can be used in organic electronic
devi.ces suchoamsmpgani c el ectrol um nescent devices. The cPefUSIODI/@I184615

i ncl ude a conpound according to Formula | tH&t is blended with a charge
transporting material, charge blocking material, light emtting materi al
col or conversion naterial, polyneric]&ﬁmﬂe&Sd&muﬁDﬁonbination t hereof. That
is, a conposition is provided that includes: (a) a first conpound of
Formrula F GE-A'" D J 20 n wherein WD 20041096783 PCT/ US2003/ 032046 -49
Dis a core that is a nonoval ent, divalent, trivalent, or tetraval ent

radi cal of a C3-30 al kane, C33%geﬁeteroalkane conjygayﬁgmam unconj ugat ed
C6- 60 carbocyclic araﬁﬁ%kmrgodbound GCIE-Govheteroasbmat+ec—eonfPoURd; f"CI8- 60
tertiary aromati c am no cknpound? or a co und of 'Formula Il or Follmul a
1l OO0OO0O- O 5000\ /7 0 Il I'll that ig unsubstituted or substituted
with one or nore al kyl kenyl al koxy, aryd, aryloxy, fluoro, ccoxxv

fl uoroal kyl , perfluoroé? heteroalkyl, het eroaryl, or conbi nations

t hereof, wherein 10 Arl |s trival ent radigoaixef a conj ugated C6-30
carbocyclic aromatic conpound that is unsubstituted or substituted with one
or nore al kyl, alkenyl, alkoxy aryl, aryloxy fluoro, fluoroalkyl,
perfluoroalkyl heterod , heter?ar , égnblna@+ams-§heL@of Eis an
C3-60 heteroarylene haw;wg at Ieas ﬁe “t>hhﬂun|t sai d ”

J
(’ CCCXXVI CCC‘;O(HI
Compounds of Formula I wherein n is equal to 2, 3, or 4 can be made by first
5 TMS-coupling a di- tri- or tetra- substituted core structures DX, (CCCXXVTI) to their

corresponding ethynyls to form D-(C=CH), (CCCXXVII) as shown in Reaction
Scheme X. Representative examples of ethynyls CCCXXVIU include, without
limitation: 1,3,5-tris~(4-ethynylphenyl)benzene (see E. Weber et al., J. Chem. Soc.
Perkin Trans., 2, 1251-1258 ( 1988)) tetrakJs(4—ethyny1phenyl)methane (see Well et al,,

10 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 o give a compound of Formula L

( Reaction Scheme X
G—E—Ar—X
m rG E—Art—=-p
1) H-R
p—x, WAL, p] oo I
(i) K,CO, / MeOH on !
. E _In
CCOXXVI CCCXXVill

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 X1



15 heteroaryl ene being unsubstituted or substituted with one or nore al kyl,
al kenyl, al koxy, aryl, aryloxy, fluoro, fluoroal kyl, perfluoroalkyl, °* :
het er oal kyh 200b@8e@sparyl, or conbinations thereof; G i sa/oswombent radical
sel ected from hydrogen, Ct-30 al kyl, Cl-3@8- heteroal kyl, C3-60 heteroaryl,
C6-60 aryl, or C18-60 tertiary aromatic amno aryl that is C 20
unsubstituted or substituted with one or nore al kyl, alkenyl, alkoxy, aryl,
aryl oxy, fluoro, fluoroal kyl, perfluoroal kyl, heteroal kyl, heteroaryl, or
conbi nations thereof; J is a nonoval erfteactdi SeltengeXbct ed from Cl-30 al kyl
Cl-30 heteroal kyl, C3- 60 heteroaryl, C6-60 aryl, or Cl1 8-60 tertiary
aromatic amno aryl that is unsubstituted or su _ﬂ; ted wwth one or nore
al kyl , al kenyl, al koxy, aryl, .atyl oxy, fluoro, fludroankyl, 25
perfluoroal kyl, heteroal kyl, hgterocaryl, or conbk%i?baap thereof; Zis
sel ected fromNH or CHI; and "n is an integer of 110 4;~and (b) a segqond
conpound sel ect ed $romra ¥haf ge transportinoAneser i-at—-4 Gchirge iing
material, a light emttingy matétRal, a coIor%&ynversﬁon nateria”, a
pol yneric binder, or a combination thereof. 2004/ 096483 PCT/ US2003/}032046
-50 The charge transporting material can be either a small ol ecll e orj,a
polyneric material and can transport holes, electrons, or a conbination
t hereof. The charge CBLE¥ki ng materi al CEaXXbe either a smalllnolecule or a
polynmeric material and can block holes, electrons, or a conbination
t hereof . The €p@pesiiENt ting material and the color 5 conversion material can
be either a snall I I K I I terjal. C ) can be
prepareg, for exanp‘%?ﬁgv?e ghﬁﬁﬁéﬁﬁﬁ%ﬁ@%ﬁyﬁéﬁ%%bF%ﬂgggghﬁ@?%ﬁn%r ina melt.
state. |n songngeidnsent san emiRoRPOosiatddn priared dae 4 subshee for i phmpbid of
prepared from the bl ended conpounds. Such conpositions can be useful for
nmeki ng or ganii@betatingossnic elesirobagingscentdeviaesr PREDYavies Brapgrediiramaéiosat eri al s
onto a receptor j ti I . f0 - t.her mal
pri nt i ng,  pac e GERIPIeLE Ay ERD, RaGdndtr 3Bl hingZlow Sk

voltages, high external quantum efficiencies, proper color coordinates (e.g. red, green,

10 and blue for display applications or white for backlight applications), long operating
lifetimes, and compatibility with the printing process (e.g. inkjet printing, thermal
induced laser imaging, gravure printing, and the like).

One aspect of the invention provides compositions that can be used in organic
electronic devices such as organic electroluminescent devices. The compositions

15 include a compound according to Formula I that is blended with a charge transporting

material, charge blocking material, light emitting material, color conversion raterial,

n
@

polymeric binder, or a combination thereof. That is, a composition is provided that
includes:

(a)  afirst compound of Formula It

G—E—Ar——D

20

wherein




exanpl e, inkjet printing, screen printing, and photolithographic patterning.
Hol e transport agents useful in these conpositions are preferably sel ected
from tertiwopgoawooemsi-c am ne derivatives, electron rich ReT@suas)2ene
derivatives, electron 15 rich inorgani c and-4%ganonetal |ic conpl exes, or
polymers derived fromthese materials. Hole transport polymers useful in

t hese bl ends include pol yv Rl costhbieiz alp@shovalbht, afvlent Ml RdeR 2GaSirPl st eddi il
the types taught in DE Patent No. 3,610,649, US. Patent No. 5,681, 664,
patent appl i cat Pbh Co® AkE3p heterepnme ssprjugsiodi & anreiugited Gedhoergyclisl | of
whi ch are incor ; e er- f . ort. 20
agents incl ude ?}%%g&g?%gﬁ%’ﬁﬁaﬁ%g?ﬁ@(ﬁ%m%&% 3&): %‘%@%@‘%ﬁwg‘%@aﬁ&gg@% %%%né
described in HcoﬁFbﬁddamﬁac@hp@Jnd,of%ﬁﬁﬁl&ﬁi@r%ﬁn@lﬁﬂ 91, 161 (1997) and J. V.
Grazul eviciua et al., "Charge-Transporting Polynmers and Ml ecul ar d asses”,
Handbook of Advanced El ed andoPhot oni ¢ Yt € Dey? ces, H.S.
Nal wa (ed.), 10, 233-274 (« Rctron transpony s&ful in these
bl ended systens can be sel ‘ f 25 pol ycHe hy*dr ocar bons,
het er oaromati ¢ conpounds haviwy ‘ d\el ectron

defi ci ent 5 norgani ¢ conpl & ita e el ect fon t ranspor agénis include
oxadi azol e derivatives such as_2-(4-biphenyl)-5-(4-t- butﬁl phenyl)-1, 3, 4-
oxadi azol e (al so known as PBD) I

1, 3- bi s[5- (4- (1, 1:di | - 4- dij - Vi k
as PB:I)S<[1Ii rn(::r)(asti%%ceillS Hggélggstﬁ %? %’6%‘2@%‘?‘3@1 Irl? %@?@e Wgée]%gn a’ltdlﬂg(g(glz%&? (known
oxadi azol es ( Betiygmbhausenfigdroaliyl, pSyiibhrlkiye, Hveiredbyl, Bdterod?B, dr t8MBInationd\-

su&;sti tuted triazole derivatives such as
3-\(4- bi phenyl y| YheaeqQih8ASIPINS- (4-tert- butyl phenyl) 1,2,4-triazole (also known

as TAZ wel |l as starburst. | I . Lyativ lazol.es;
organo?re'?lz)l li ¢ conpounds é‘\ﬁcﬁa‘ggﬂg&ﬁ{}%{‘@ﬁ%?S‘%g zr&{e%gfg_%%?b%l%cg %%g‘g?%
PCT/ 1JS2003/ 032Q4fpourkllthad ikl ahsubshithdd @3 sumtithied with one or more alkyl, alkenyl, alkoxy,
bi phenyl at obi s( 8- hydr oxycHJi nol at o) al um num ( Bal qﬁf;g and ot her conpounds
described in C. REYlEERxEro, fooseatlsaperiunrasikyly beygeropikylh doteyoaapdoy . v.
Grazul evicius e g . Transporting Polyners and Mol ecul ar d asses”,
Handbook of. Adv%ﬂ%égag?lg(}pé%ﬁt;’c andpPhot ogi c l\/gteri al s and Devices, H.S.
Nalwa 5 (ed.), 10, 233 (20@l} an C;.4p heteroarylene having at least one —C=N- unit, said

15-l heteroarylene being unsubstituted or substituted with one or more alkyl, alkenyl,
R alkoxy, aryl, aryloxy, flnoro, ﬂﬁoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or
combinations thereof;
G is a monovalent radical selected from hydrogen, C;_5p alkyl, Cy39
heteroalkyl, Cs.¢9 heteroaryl, Cgs0 aryl, or Cis.60 tertiary aromatic amino aryl that is
( 20 unsubstituted or substituted with one or more alkyl, alkenyl, alkoxy, aryl, aryloxy,
fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or combinations thereof;
I is a monovalent radical selected from Ci.ap alkyl, Cy.3¢ heteroalkyl, Cs.
go heteroaryl, Ce.gp aryl, or Cyg sp tertiary aromatic amino aryl that is unsubstituted or
substituted with one or more alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl,
25 perfluoroalkyl, heteroalkyl, heteroaryl, or combinations thereof;
7. is selected from NH or CHy; and
n is an integer of 1 to 4; and
(®)  asecond compound selected from a charge transporting material, a
charge blocking material, a light emitting material, a color conversion material, a

30 polymeric binder, or a combination thereof.



Smal | nolecule emtters useful in these blended systens are w thout
restriction, but are typically selected fromnolecular enmtters derived
from fl ugpess@at7spol ynucl ear aryl ene and het er oar yl eugcaarstmabiznes,
phosphorescent cyclonetal |l ated chelate c6dplexes of Ir(l111), Rh(Ill),
Cs(ll), Ru(ll), Ni(H and Pt(11), and fluorescent chelate 10 conpl exes of
Zn(11) and AL(M ﬁ’h%@fﬁh%é 1@hspéPS dinateli I8 Se RMthe PAIMAVBLRR1e R ¥ [pBEn «5’% eric
emtters include nolecules derived from peryl ene, benzo[g,h,i]perylene,

ant hr acene, npﬁyfrrm@pd daczanspbis helesrededtiong roz m@@mbE)aanp Itesseast Tlhs ehzuge

o e R kg B A 5 eRALH S0R HSbE b 551, 5 R 5 hoder  ved

from coumari

benzot hi azol s Ziétnd,-dr@ldoaththien thekeof, Thkeihedmidhyd m&i‘e‘nﬁj‘hnhlthla delor

[ 1] benzopyrano[ 6, 7, 8-1jlquinolizin-1 |-one (also known as Coumarin C545T),
3-(2- Henzot mDa\zemslsm ynaRridl exnhd athen@smaﬂmqlwu(mrwlﬁn@wmfsn@@bﬁmh blenés or

Co [ 540 d 3-thioph - f f I
ohosphorcocent o BaFe UL EFF RGP R PR R 1)
Ru(ll), and PEa(eUJ}l sbﬂﬁ'eﬁﬂ;%dﬁﬁér@& lﬂﬁeec%nﬁjp%fsin\bﬁ chd B E@iﬂéd from
organonetal lic L'3 Ir (RU, L13Rh (111) L21r(f)X L L2Rn. (111)

L' LZCB(lT)Y tﬂlﬂlﬂbﬂf(dldo)ﬁﬁouﬂdﬂd L' L2Pt(||) conpounds where L' and L2 can be

t he same - or dlff rent i.n each,instance and are opt.ionally substituted
cycl onet al | ated bi al@ﬁggpgoqltﬂwﬁag bB]use alf%r maﬁmg orgamcp electronic evu:es%

2-(1- ngzht hy ) heA7eHRER Jégoﬁﬂ]e*m& AEOEO% LY ﬁJrZTBE‘% EQ&P&%@%%%@ 2-

phenyl benzi m dazol'e, benzoqui nol 1 ne, counari n, I enyl pyridine),
phenyl pyri di mleefulﬁﬁnbmﬂmmlal pmytiqupatutnuag, @dnmnkfynmycﬂmﬂhemyjdmg fdi ne, ( N
ey ot P Y Siredl b bSO SR SonST st g of

hexaf | uoroacetyl a%ﬂl@ﬂﬁi oftabbAY LiHRNA 11RIsE CbhPRtforRNte ﬁe@f%l?ééi&ﬂéd‘ﬁbinnat e,
Y is selected fromcharge néutral chel ating conpounds such as an optionally

substitut ed tetdaiyeavingesanine ghenatives,eldciren mchlhaquoanryiameeder@yuvezsndttatdnat ed \
lr(M elate erivat.ives 30 SUCQI&V t hpse tau | IlcatlonsV\D |
00/ 70655 and? Wgﬂ% AEaneget I"Bgﬁ’%‘figﬁ &8 y@?(ﬁ 4%%“’8 %T’erl vatives |
such as thos %ngt@fw@tﬂdwtr&ﬁs?on Batyeids uARRlH BRkE BlRnS Mclua%&gﬁ-mgaﬁ@arﬁdzb&@

August 22, 2001 are herew th incorporated by WO 2004/

PCTI US2003/ 032@¢baming based polymer of the types taught in DE Patent No. 3,610,649, U.S.
Patent No. 5,681,664, patent application WO 99/32537, and patent application WO
98/06773, all of which are incorporated by reference. Other examples of hole transport
20 agents include copper phthalocyanine (CuPC) and compounds such as those described -
in H. Fujikawa, et al., Synthetic Metals, 91, 161 (1997) and I.V. Grazuleviciva et al.,
“Charge-Transporting Polymers and Molecular Glasses”, Handbook of Advanced O
Electronic and Photonic Materials and Devices, H.S. Nalwa (ed.), 10, 233-274 (2001).

Electron transport agents useful in these blended systems can be selected from

25 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-yljbenzene (known as PBD dimer) as well as starburst and dendrimeric

30 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-
butylphenyI}1,2,4-triazole (also known as TAZ) as well as starburst and dendrimeric

derivatives of triazoles; organometallic compounds such as tris(8-hydroxyquinolato)



reference. Platinun(ll) porphyrins such as octaethyl porphyrin (also known
as Pt(OEP)) are also useful. Exanples of useful fluorescent chelate

conpl exes wb 2@afobéB3and Al (1]1) include conplexes such BET/US2003/032046

bi s(8-quinolinolato) zinc(ll), bis(2-(2 5 kydroxyphenyl)benzoxazol at e)
zinc(U), bis(2-(2-hydroxyphenyl)benzothiazolate) zinc(ll),

bi s(2- (2- hydr oxphiemyl(Adg) eiebiphenkl dokis@Xadrazqhiplats)aipihlm (BhgS;8nd other

qgui nolinol ato) al um num(1T1), and bi phenyl at obi s( 8- hydroxg ui nol at o) al um num
(BALQ) . FI uor e§@EReurgs desariped fief-di-deie 6& il dagrameb SyEpghe a&/(lfl’%?aiatnéje\t’- al .,

Synthetic Met : - 385539/ ) 0. na | cat.i on WO
.01/ 39234 A2, ala}fé%‘f‘é%“%ﬁiz‘%h ar eg‘??@%}%@?gfggﬁ%&?e erenigég.ﬁpééesgﬁﬁ "A(IT1)
chel at es i ncl uiientitheseft/alighted FlecttdnG: arfdeRtendnitNOIatdi 20z OBSviBk, HYiN:2bh e

light emtting polynmers for use in these blends are polynmers and copol yners
of the pélyflu 28pE01)-pol ypar aphenyl enes ( PPPs),

pol yphenyl enevi nyl e ( - ' | Sif -
enbodi ment, a conpo§ ﬁ%ualg@g?%? ﬁ%ﬂ& 59@(%751:} gﬁ‘?é 1|§1§: hﬁﬁgggzsv# %Whg%@}%rt ”Ct%%‘r e
materials to pbavireéypacaigneRsict fom mokiculaamiticBn&pDdet et fubebest filfnuclear

el ectrons. For exanple, a conmpound of Formula |I that can transport
el ectrons can BElasmsldegroafyiere dartvaivesaperahorespsneeidanygprtladedeliofateri ¢ hol e

transporting ' it C d virtue
of the- bl end FaupisRes o HD RoEURRID 2 A0 REpE e PP BnE R fRa G Bt

emi ttingpol ymesmelexed &Ll bid ARSTR Exa81pMsl of it RC flh@es@anpdlgnrtdedryidnet he
blend to form conpositions that can be fornmed into an organic em ssive

?.emant. Thes e emyiyas inghudg sngleailes dsniged Fammsrdena, bpwiel pholbesdsns) ethrgengan be

Compost ti ons cBReRE, 0+ s0 4 nEbichdl kR PR HDEERG Mty 1 oy

can be ther mal hytetdagylsiceddiRaiifdsanriade GoROwlcS 8d¥Blet dt@n tOurAarkiBGREH & 10-(2-
substrate. The conpositions can be ther [ to formpixilated

h |1 d
arrays useful ibﬁHTGﬁEE?Qh’I%‘BI%@F/'W@@thﬁﬂa%ﬁmgg%?’béﬂes&ﬂH\*Ized to give rise
to high t | Cl . 1 j ' f.
the £ 8 'ana " THEMABYERGK. EETRLAR-TERACTAR MorliCatd IS0/ REES

eni ssi on col or peguwtiiezolyl)-7-dicthylaminocoumarin (also known as Coumarin 6 or Coumnarin

540), and 3-thiophenyl-7-methoxycoumarin.
Examples of useful phosphorescent cyclometallated.chelate complexes of
Ir(T), Rh(HID), Os(ID), Ru(Il), and Pt(Il) include molecules derived from

20 phosphorescent organometallic L'sr (), L'sRh (I, L'LI(IDX, L'L’Rh(IDX,
L'L20s(INY, L'L2Ru(l)Y, and L'L?Pt(IT) compounds where L' and L? can be the same
or different in each instance and are optionally substituted cyclometallated bidentate
ligands of 2-(1-naphthyl)benzoxazole, 2-phenylbenzoxazole, 2-phenylbenzothiazole, 2-
phenylbenzimidazole, 7,8-benzoquinoline, coumarin, (thienylpyridine), phenylpyridine,

25 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(1Il) chelate derivatives

30 such as those taught in patent applications WO 00/70655 and WO 01/41512 AT and
cylcometalated Os(Il) chelate derivatives such as those taught in U.S. Patent
Application S.N. 09/935,183 filed August 22, 2001 are herewith incorporated by



30 varied by choice of the light emtting material. For exanple, perylene,
bi s(2-(2- hydroxyphenyl)benzoxazol ate) zinc(ll), or . .
3-t hi enyhw@20miober8y - counmarin give rise to blue eni ssi orgr/bsnaisbi@nyl

pyri di ne acetylacetonate iridiun(lll), or-jlati num octaethyl porphyrin give
rise to red em ssion; Coumarin 6, Coumarin C545T and WD 2004/ 096783

PCT/ US2003/ 033Rdbhce: Btk pSpBintR sk Ss S AGArRHBTARD ki od - bUL ! att ed

decacycl ene gives rise to em ssion. The ‘conpositions can I nclude a
first conpounBt(@EEpradé algo tisefiflornul a | and a second conpound that has

structural simlarjties to.the first c nd. co of or noul.a 1
has a core and on ’Eﬂmﬁﬁ‘?%ﬁ?ﬁ 1@3@5?%&%@%&%‘{%&?%@@& ﬁ%%ég(ﬂltaomaff €core.
The second coppEUBesGah hdsb@dfimiBdtdaindiabidael.udes the core of the
first conpound, a nonoval ent radical that includes the end cappi ng group of

the fir§t compbongpheayliienaixantlaeadincdl), bib@t Cindrexyphemylbevaiteintolatari cal of
the end cappin u f. the firs opo , , or C Lnation thereof. The
second conpouﬂgc@éﬁxg@,' fl{y,drof(yphgpg P 'BE”X%%Q%PXM‘?@W% BFS@{I , a color
conver si on i j alJ : ki ng
am;%lﬁf]61?11013@1)891%51&1%1(%]?)"2‘?&g%ﬁ%?%t?ﬁgg@?ﬁﬁgféex& Aol dRinRhes

mat eri al , l'ynmeri ¢ bi nder, . I'n tthis aspect, the
second conpoufBAlcgn Aeoresesutist (lf)uwheldies sah dsakeseaambby Tobentt aloSyabsi&me type

that is prese n.the_ corre [ structure of th irst co und,_ or
can b subst  Meid | TAEeIGoRE PoBR b abeuten Wi PReo B REeHa ng
struct ype of i I’Hépllé NUSORE A ' 1S elufib g osiRSEHitiHent on
a radi ggl of %Eghi&gec%%%ﬁbrcag%p unggfi‘:ngh' be%e%@?gﬁe té(;"; 1tﬁﬁgt glr?§a&§gﬁtlH )
corr espondi ngUst. PaehtiNe. ©203,933 Bir st conpound. The correspondi ng structure

of the first conpound n be the first core, the first end _cappin groupbo?
a dival ent radical Swfabf%&htﬁw%@%ﬁlante T Ref 1grBsp blasde ﬁrﬁtméml%a%& of the

second conpou oﬁ&‘?er& BERE ?Mﬁﬁ%ﬂg& (?glg;g)s kég@pgﬁégﬁe%eg%%] @ﬁrjsﬁ,s t conmpound can be

free 20 of substi‘tuents. Fn-a speci I'rst 'end cappi ng. group
can be a radi pakplehylcaetihylems{EPWi) halipolgspyrobisfisvieherent group and t he second

compound includes a radical,. of anthracene w.thout an ubstituyent group.
Simlarfy, both tht 0% TR0 HROTRROUE acco\g%ﬁﬁ&ﬁ%rnaﬁaf%ﬁﬁer@&?fﬁvé $BRAF ng

structure of. Lig fiE3tis COMRMRY GAPOLIRYE tat 80 drSfbort both holes and electrons.

For example, a compound of Formula 1 that can transpert electrons can be combined
with either a small molecule or a polymeric hole transporting material. Such a
composition can be charge balanced by virtue of the blend ratio and the compounds

20 selected. Optionally, a light emitting polymer or electroluminescent small molecule
can be added to the blend to form compositions that can be formed into an organic
emissive element. ( \)

These types of compositions can be solution processible and can be spin coated

to provide thin films that are electroluminescent. The compositions can be, for

25 example, in the form of an amorphous film that can be thermally transferred from a
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

30 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 iridinm(11I), or platinum

octaethylporphyrin give rise to red emission; Coumarin 6, Coumarin C545T and




substituents. In a specific exanple, the first end capping group can be a
radi cal of 25 anthracene with a nmethoxy substituent and the second conpound
i ncl udes: awaop@s7@f anthracene with a nmet hoxy substi t wemtus2003tohz4e ane
position as in the first end capping group53Additionally, the second
conpound can contain a radical that is simlar to, but not identical to, a

cor r espondi ng a}(?g@g Wi 1k 16 BRek binsdsion BROLPE AR deEXARRNE givds Al fUPELd t uent

on a radical of the second conpound can be abSent on a correspondi ng
structure of tREP§PEBt conpound. In a specific exanple, the first end

capping group is a di cal .of anthr W, t hou st tuent oups and
t he second corrpoundT cﬁoﬁrffé)gi%ogs cﬁaangfl @gﬁggpr%ﬁ?%}jé%@]n%ec\é#?% {é) Frée??ﬁ%nﬂa
substituent. Liskeydsmppusd st hisusntued sinil@dics 3 thd@rd QoM H88d 8A compound of
PCT/ US2003M32046 -54 included in the first conpound can be absent on a

correspontli ng Starmstadrhas hopredid ose oo AT eWherpRAE sTo¥psdhdtaneitashed iof the core.

le, the fiyst d has an end i t hat i :
Spi 1 0bi 71 uor erfiE GFGUE RO RURS & CRUEH et freTadts @ 2 8E8R f¥ompound
has an end capRichpodh®Wnbitiialchfraditalietinstidtdihe €nd Bkl gffo{l?-@f fR¥lrsgr oup. 5

A substituent on a radi cal of the second conpound can be of the same type of
substituent (e.agmpoabd.\d divaeeadi¢al thadt kipkydes ardyvalerd radient pf thelemd cepping group

fl I kyl , fl | kyl ., het | kyi . het |, mbi nat i
thereor)  pr esert i Hoh iR oS AR HEERY o 101 ke PoREoRd A EnG” but
contain g di ff ekenl RS smi@{neGRsBEA, 2 8618 Bonvetich SPRAAL h eha¥a MR Sortdie

first end capping groupis a radical of an IJk racene with 10 a nethoxy
subst it uent andnathealseciage tlonpog nutdnat lagdymeriq bididerabr oforaliniiion thewef. Wi t h
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met hyl group ang J{fige HROARAGs GRINA YAGhSQIHAbORI stﬁﬁﬂusapﬂk&gs&?gi@ﬁ%&%& I's

a spirobisfluoreny group substituted with a tert-butyl group.
substituents orcanipe shbstisuied with @usnbstiapant thae issabsanidn congoesporsimsituchee of tha

P TS e e e A LS
substituted wi td @holBl bhrbd id8kiR4P10ARE on a corresponding structure of the first compound.
* The corresponding structure of the first compound can be the first core, the first end

., ... .capping group, or a divalent radica] of the first end capping group. -Botlrthe radieal of
the second compound and the corresponding structure of the first compound can be free:
20 of substituents. In a specific example, the first end capping. group can be a radical of
anthracene without any substituent group and the second compotnd includes a radical
of anthracene without any substituent group. Similarly, both the radical of the second
compound and the corresponding structure of the first compound can have identical
substituents. In a specific example, the first end capping group can be a radical of
25 anthracene with a methoxy substituent and the second compound includes a radical of
anthracene with a methoxy substituent 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
30 substitnent 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



t he second conpound has a spirobisfluorenyl group substituted with a
phen,rw] group in the sane position where the nethyl group is | ocated on
the firstwendog@emsni S groups, 20 then the groups are necrasnaigenes to be
structurally simlar. The second conpound-8f- t he conposition can be a snall

nol ecule |1f...e., non- polymeric) or can be a polyneric material. In some
enbodi nents, §{ude@h BreOBki dodthouhd e EteshsBRtdh @c&fﬁ;ﬁoﬂdﬁ@ﬁﬂﬁﬁré RPERE&Tal
and an electron transporting material. In other enbodi nents, the

conposi tion i neingoexl. dnkobéer spesifisexenplg, atast campotad hesl ascmdeanRiss group

transporting erial, . and a light emtti mat et.i al. . one odi nent of a
composi 11 on-oft et srpEREamyL 60 Filbe oy ady mnd BBt Fedsting < o
Fornul a | andphagy éhdf dapping@RehPBRNk BE uBfuddifcd: @irobikfthdredyiesdup. conpound can
be represented, for exanple by the formula Z1-A“Z1 where A” is the core and

Z1 are tiwo i denti cal subsiitucripmi agdigrlonfhy secTind cempamd aeobp olifhd seams the of

pol ymeric 30 or S I cule (i .e., non-pgl I C nd has a second end
cappi ng gr oi ns?tl’”f’ifuegf #&{%@ %ik%m%’i aﬂ%que?ﬁﬁégﬁﬁfgﬁgfuﬁf%&%@’éqagqi t he second
conpound has ?grilgl'aﬂ)z%%@ﬁie‘?&oa]Hﬁ?H&cx%aﬁyl,?ﬂ@oé%iﬂa’ﬁ%hyﬂﬁ@x%o%| reseMiQdra@@4/ 096783

PCT/ US2003/ 03 In a variation’of this first enbodinment, the first
end cappi ng graogspondinpetrsaemnd theeimdt capmiund bgt cantaih asliffersuthwnituehtarbdrat i s

absent in the other. noiety. In another variation, the first end cappin
Croun and 1 he “Eorin SORUES BHTFRC PO T A GAEpHe Bam s & et SBtHene watk o
(e.g., g kyl, a"i‘ﬁé‘tﬁ&éfl sub@itkt¥ind floYseeorfll hR6Yind flhRie®a rﬁd&h‘?%@ﬂtﬁﬂ%@ eAwith
per f Luoroal kyl , het éroal kyl, heteroaryl, or conbinations thereof ut the

nunber of camrhethoay susstituent. Nia anothst speudivtesample, tieffiretreentpouhdhas memdnd ;
enbodi nent, the first c mt)ound,i .a conpound accQqrdi n\ﬁ ogrrul al .and has)
histusign

to F

a first core CEPRIDE S1OHB Bl it SEORISEHS OpRSYasprEeith e mefiyt eeRMBde by
A R  p e S o
and cont ai ns aubstituted with a tent-bugl group. or tetraval ent radical that includes
it Ea Lh;@t Af? r e (e $ne s}lgs%nﬁa%%soorr]xdthe %%%glgggun%oa%tdat{lg Secon ggrhgo%lndézmﬁrt] %eAc)%a

different type if they are substituted in the same position. In a specific examaple, if the

first end capping group 1s a spirobisfluorenyl group substituted with a niethl}ﬂ group and

the second compound has a spirobisfluorenyl group substituted with a pheri¥l group in

the same position where the methyl group is located on the first end capping groups,

20 then the groups are not constdered to be structurally similar.

The second compound of the composition can be a small molecule 6..2., non-
polymeric) or can be a polymeric material. In some embodiments, the cor-osition k\)
includes both a hole transporting material and an electron transporting material. In
other embodiments, the composition includes a hole transporting material, :xz electron

25 transporting material, and a light emitting material.

In one embodiment of a composition of the invention, the first compgound 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 4 is the core
and 7, are two identical end capping groups). The second compound can be polymeric

30 or a small molecule (i.e., non-polymeric) and has a second end capping grovyp that
includes the first end capping group(e.g., the second compound has an end «=pping

group Zp; and 7 includes 7).



In a variation of the second enbodi nent, the first core or the correspondi ng
radi cal- in the second conpound has a substituent that is absent in the other
noi ety. I'n wdlo@ymtReer variation, the first core and the pormssqsenshong
radical in the second conmpound have the sane&%ype of substituents (e.g.,

al kyl , al kenyl, al koxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyl,
heteroal kyl, het eroaty} varhiof Qb0 st OABodiRAE Ao fildtind OBpinB YIRS o0k n
atonms in the substi tuen?asrarlg di fferesnt. (.) I'n a thilrd nen%gglirf%ent, ?Iﬁee%%rbgg
conpound is a cempecappthgasewy khisrigsubstitFent miudt és at@entin diredothersneiefyi s anether

cappi ng group (e, g.. the.first conpound can be represented, for . exanple, Dby
the T orml o 21 - KrtionriBF 675 P cEREDC PG A2 eGP Ptk el CRibars HEsad
cappi ng groups) +y,d e FRERBAGOEDALRY li@nd, 31BLY, Rl S8, ﬂﬂﬂobﬁ&or%al%?lc,ond
end capping group that includées the first end capping group (e.g., the
second cofpoundpadnorobkkyt, dpteesdintl debterbayl, ox evipbmatitnys théreof) buhibe auAbeBaz2
where B is the core and Z2 are two 25 | tical second end cappi ng groups;
and Z2, include§* I)?togﬁé%ﬂﬁsﬂ?g%%’}%ﬁ%%%?%ﬁﬂtd be used, for exanple, to
prepare a film that ynelddes  hHodiRERY, ke BhEthRAni¢ Qcaﬂ%aﬁh'a\é@ma{dg-tgw

el ectroactive or electrolumnescent) core. The simlar enhd cappl ng groups
can be used toFemidatend hes aciivspatre Gi.4.i thy fioft cotmpotmdeaniel deprasdneasi) farsxainplea
variation of the third emhodi nent, the first end c in oup .or the second
30 end cappi ng BYW"%W%!‘?W%?@&& Piﬁﬁ%ﬁf’retaﬁggfg@ tg’ﬁg‘iﬁnﬁﬁalieﬁdtcﬁ@l%her
end cappifpd Or gt TIRRGLARIONROLA Litbe RYHeridi: J il mBleub g 2658RY 2CNd
cappi ng groups €an have substituents that dre of the sane type (e.qg.,

al.kyl , al kenyl , dokilenk yrivaany] gr tetrapatexyzadichlbatioincMEe206 4irQ@616938.¢., the second

PECT/ US2003/ 032046 - 56 fl uoroal kyl, , petdj t.uar al kyl , het eroal kyl,
het er oar yl , oncé@ﬁ%?%étqoﬁﬁ@st%ééééﬁ‘z EB’GtAitl “&%&éti tuents can contain a

different nurber of gaj bafaiohlor R schhcbriRihbi e HQLL RN he LiRscORAS i On

inclms a first conpound accordi

ing to ornmula 1, a sexroad conpotind that is
a smal | nol ecul kddibahindha s¢dond dompogeiind atshidtitient that & dbsgt in teiotlier mgpiety. In

Compound an.  benBpasaHiTde Fot (B EHPIE OBy TORBTE SR 3 S CHRgoEh | s
ts ngﬁgr gongg g ngﬁﬁvggtﬁg ENRIR e BE LiaRlindhts $¢ 5 S DG C ARRKPY 2864 RS, AYky! fitfo,
fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or combinations thereof) but the
- - - number of carbon atoms in the substitventsare different.
,, In a third embodiment, the first compound is a compound according to Formula
20 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 first end

capping groups). The second compound is a small molecule and has a second end

capping group that includes the first end capping group (e.g., the second compound can

be represented, for example, by the formula Z,-B-7, where B is the core and Z, are two
25 identical second end capping groups; and Zp ncludes Z;). Such a composition could be

used, for example, to prepare a film that includes two small molecunles 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

30 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,



second end caFpying group that includes the first end capping group (e.g.,
the second conpound can bye represented, for exanple, by the fo muwra:

Z2- B-Z2 wyas enolBossssi he core 10 and Z2 are two-:identi calpEggouehRbsieCappi ng
groups; MX2 includes Zr). Such a conposi-tbon conwl d be used, for exanple,

to prepare a tfilin that includes a small nolecule blendi(witlr a Iight
enmitting polyngiordiIesiCpddin OSSR BRIRHNGN HeRSoRY1, bR RuhbingfionsaRde s SRNEe

coi nni pound can enhance the compatibility odBfithe entire conposition. The
smal | nol ecul esbstiaents eapl apdtnime tiffesed oreder afcaronauivnas.i ati on of the fourth

enbodi ment, the fin-it.end c rou r..the end ca ro
can contain a subs'?lf’tatfg F’l‘ﬁ‘g %é 3?%!’?@8 tlr?ntl%cém@?sﬁ fS‘e“r?a“P%ﬁg c%)é&ng @
group..'In aandaﬁlmavlaﬁmwneeom 6l thBsis histiall ek, 2hi @ 1HeC ORtEp SR thARPA NI
groups can have substi rents that are of the same type (e.g., alL t

al kenyl , 5 al koxight emytting m@v;rleox?he fitstioemopouinidies e dirsdyend capping gronp &d. gythe first
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conposi tion i ngliugere ﬁwJ ldEétEcaPﬂfB@@hH‘ g@ﬁﬁog‘rgﬁﬁlg ahdihe 59&1’1’1‘6'&1&5011@(1 ﬁ@sraf‘) ad

conpound that 1s a small nol eculi tRitd conpound t hat
el ectroacti ve gocdnygnamd. cafrphtag’grmtthammiwiﬂadhdnﬁst end ¢apingegnob Eapphaspegndup

.g., the first | b , , b h
e Dk bt oGRS SERIZE BRSNSy BP0 e e ona
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I ncl udes the first end c4rping group (e. Second conpound can be,
represented, fammmxmnp lcapl dlly;a usért féromxaiplea t/@eprrz 3 ihvaha ifclidestamenatlor e an d

Z2 are two |dent|c n cappin roups; arndrdz2 includes Z Such
a conpositi orfn%lﬁﬁ%\‘ﬁ? Bﬁaﬂ@ 8?‘“‘8‘?&%‘58@“ g"g‘e&r‘@ﬁé’i‘ CAPPILG §rQYRT, Ofhigtirst

neludes a skl 30uRbasshR @Jneé?lﬂaﬁ(é@ e AIBRY WAL R ARbMIRonGEe ¢

end cappi ng groups o Irst and seco conpound can enhance

conpati bi |l ity smalimblenlentanrieclodnmdivetcomn. The small nol ecul es can incl ude

active res. WD 2004/ 09678 TJ820Q3/,03201 -57 ILn a.variation of the
fifth etbodinent, t @W?@?ﬂ%ﬁgé‘a’p\‘gﬁ%&%ﬂ& P fipgrsnd sapgrng group or the

second end capring group can contain a subsiituent tha is lacking in the other end
capping group.. In another variation, both the first andi #he second end capping groups
can have substilzents that are of the same type (e.g., alikoyl, alkenyl, alkoxy, aryl,
aryloxy, fluorcy flucroalkyl, perfluoroalkyl, heteroaliyl, heteroaryl, or combinations

20 thereof) but the:substituents can contain a different nuenber of carbon atoms.

In a fifth embodiment, the composition includess a first compound according to

Formula I, a semond compound that is a small moleculk;, and third compound that is an
electroactive pullymer. The first compound has a first snd capping group (e.g., the first
compound can lve represented, for example, by the fonmala Z;-A-Z; where A is the core

25 and 7, are two identical first end capping groups) and it second compound has a
second end capping group that includes the first end capping group (e.g., the second
compound can lve represented, for example, by the forrmula Z,-B-Z, where B is the core
and Z; are two iidentical second end capping groups; amd Z, includes Z;). Such a
composition cauld be used, for example, to prepare a fifim that includes a small

30 molecule blend weith an electroactive polymer where tig: end capping groups of the first
and second conypound can enhance the compatibility aiff the entire composition. The

small molecules. can include active cores.

O



end cappi ng group can contain a substituent that is lacking in the other end
capping group. Inanother variation, both the first and the second end

cappi ng gr owpoeamdeidve substituents that are of the sanecrypectas®4s
al kyl, al kenyl, alkoxy, aryl, aryloxy, fluor67-5 fluoroalkyl,
perfluoroal kyl, heteroal kyl, heteroaryl, or conbinations thereof) but the

substituents can Contlﬁharaﬁatﬂiﬁéﬁﬁ@ﬂfth%ﬁmé@fméﬁft tﬁ@ﬂ%@en@ééb% grBuPortth¥ bdbond
embodi ment, the conposition include a first compound according to Formu a
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first conpound and the second conpoun first corrpound has a first end

cappi ng grioup (élugrqalltsh,qaerﬂucgoalkphb@famﬂ@érhct;@eoarylepr egehinaibns tleredxbmphe, by
the fornula Z1- A-ﬁ%] where Ais.th &Wg g tfaret identical first end
cappi ng groups) * t'f%?@c?%@%%ﬁ%% opmber 01 carbon ¢ %ﬂ% cappi ng 15. group

that includes the fingt ;BfgeGBRRLRA WOy iio%xtﬂmqn&ﬂ& SBEORGN QR 3 be

represented, for exanple, by the fornul a B-Z2 where B is the core a
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conposition could be sed, for to prepare fil, hat Iude
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(e.qg., alkyl, alkenyl, koxy, aryl, aryloxy, fluoro, fluoroalky
per f | uor oal kyI itetiealdatkkepld capeing goapy) gndohe sxwobd ncanp@nﬁ hat heemofl ent oéppide
substituents can contai.n a dltﬁ%ﬁrent nunber of carbon atons. In seyvent h

enbodi nent?. t he SRS pcigdes; the ikl ged SARNIESFORD FoBullia SerO88 COTREG GOESr nul a
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a first core (e. the' first onpound can be represented, for exanple, by
the formul a-Z identical second end capping groups; and Z; includes Z;). Such a composition could be
= - used, for example, to prepare & film that includes a small molecule blend in an inactive
- polymer matrix where the end capping groups of the first and second compound can
20._ enhance the compatibility of the entire composition. The small molecules can include
active cores.

( In a variation of this sixth 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

25 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

30 a first core {(e.g., the first compound can be represented, for example, by the formula Z-
Ay-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-Ao-Y where A, is



Al -Z where A is the first core and Z are two identical end capping groups)
and the second conpound contains a correspondi ng radical that includes the

first co ﬁ@a%%mﬁ he second conpound can be representgeuéahs@%aep e, by
the formula Y-A2-Y where A2 is WO 2004/ 096%83 PCTI US2003/ 032046 -58 the

second core and Y are two identical end capping groups; and A2 includes Ar).
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correspondi ng..fadi cal jin._t sec t ai i t . that is
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third conpound that is "15 a |ight emttlmnf pol ymer. The first conmpound has
1

a first core (mthgsecopieofppand kyrpobstiducatsihifere epihe same tipe (¢-.8r abkyhraieayl, by
the forypula Z-A -Z where, Al s the first, core angd re.t l.dentjcal end
cappi png;r oup 0 ﬁf@hgy?@%’oﬂﬁoﬂ%ﬁ’ﬂ)ﬂ&ﬂ ICB‘?{ElB?WEHﬁE hS%F?aé‘?ﬁg}?&?f%fYL&Bﬁlcm
that incl udes cbmBinklisdith&86% bhfihe substilRn&ERER BONERTIAEBRNC MBS of EABbESENt ed,y
for exanple, by the fornmula Y-A2-Y where A2 is the second core and Y 20 are”’

two identical a@m. cappi ng groups; and A2 includes Ar). Such a conposition
could De et of RN BLFARE Bl R FBY S5 e o
and second cOpPPsAthI£RRA seetMANSepolifd theORRahiall thélboi®fant RehiedEdhfound that is
conposition. The small nol ecul es can include, for exanple, active end
cappi ngtir oups light emitting polymer. The first compound has a first core (e.g., the first compound
can be represented, for example, by the formula Z-A;-Z where A; is the first core and 7.
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 the second core and Y
20 are two identical end capping groups; and A includes A;). Such a composition could
be used, for example, to prepare a film that includes a small molecule blend with a light
emitting polymer where the cores of the first and second compound can enhance the {>
compatibility of the entire composition. The small melecules can include, for exarmple,
active end capping groups.
25 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,
30 heteroaryl, or combinations thereof) but the substituents can contain a different nuunber
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 corapound that is an




25 In a variation of the eighth enbodi ment, either the first core or the
corresponding radical in the second conpound can contain a substituent that
i s lackirig worzoed®emBher noiety. In another variation, boPATUs200Bi08286 core
and the corresponding radical in the secondS®onpound can have substituents
that are of the sanme type (e.g., alkyl, alkenyl, aikoxy, aryl, aryl oxy,

fluoro, fluoroalleytroadtiee ?blyﬁ{e@.aTKé/fi_rst behp6arl Hey la firdQoeeds. ORE Yikst cBfnpound can
conbi nati ons thereof) but the substituents can contain a different nunber
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cappi ng groups; and A2 includes Ai). Such a conposition could be used, for
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can incluge, forcexasal@pping@rapki ve end capping groups. In a variation of
the ninth enbodi nent, either the first core or the corresponding radical in

':Tg_e second conpound daa veBwian of the stgdsambaganent: ¢ither the fugedaragr tha cotiespondisg
i
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perfluoroal kyl, heteroal kyl, heteroaryl, or conbinations thereof) but the
substituents careeodrcamporndianhave sbshinens thas rrecefrthe pametypaie g alksl, akienyl,

enbodi ment, t he SQMRORYL bRy ki Rn doalki BerrtBFRAYN %heRGSHH AetoByl, or
combinations thereof) but the substituents can contain a different number of carbon
atoms.
In a tenth embodiment, the compeosition includes a-first compound according to
Formulal, a second.compound that is a small molecule, and a third compound that is an
20 inactive polymer. The first compound has a first core (e.g.,-the first compound can be
represented, for example, by the formula 7-A,-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 the second core and Y are two identical
25 end capping groups; and Ajincludes 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 eﬁtire composition. The small molecules can include, for example,
active end capping groups.
30 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,



Formula |1, a second conmpound that is a small nolecule, and a third conpound
that is an 20 inactive polymer. The first conpound has a first core, =~ -
(e.qg.,thewbimetesemapound can be represented, for exanpl BCTRB2G05@320481 mul a
Z-Al-Z where Al is the first core and Z ar@&- two i dentical end capping
groups) and the second conpound contains a corresponding radical that

i ncl udes the ikogy, €9 &ylBygfluorbBugesRyd pedhpaialdl drterbakylehsasant ed, for
exanple, by the fornmula Y-A2-Y where A2 is the second core and Y are two
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variation of thfcgheiertdondrbogbumidan lave BebsutRarsthdiste sfahesoic tybe(e.g.,
alkyl, atkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, E
heteroaryl, or combinations thereof) but the substituents can contain a different number
of carbon atoms.
20 In a twelfth embodiment, the composition includes a first compound according
to Formula I and a second compound that is a polymer. The first compound contains a
first end capping group (e.g., the first compound can be represented, for example, by a {J
-formula Z;-A-Z, where A 1s the core and Z; are two identical first end capping groups).
The polymer is a reaction product of a monomer mixture that includes a first monomer
25 that contains a divalent radical that includes a divalent radical of the first end capping
group (e.g., the first monomer contains Zy; 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 enbance the compatibility of the compounds in the composition.
30 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, fluoroalkyi,



corresponding radical in the second conpound can contain a substituent that
Is lacking 15 in the other noiety. In another variation, both the first
coree and twe2enrpespondi ng radical in the second conpounBCT/ER2MEVE046
substituents that are of the same type (e.gl- alkyl, al kenyl, alkoxy, .aryl,
aryl oxy, fluoro, fluoroal kyl, perfluoroal kyl, heteroal kyl, heteroaryl, or
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of carbon atons. 20 In a twel fth enbodi ment, the conposition includes a

first conpoundcancesaiadn adifiarent mambar of qarkgidatamsecond conpound that is a
pol ymer. The first ¢o nd..cont ai- fir end.c LNg gr e.g., the
Mee%th exﬁ&énﬁ?rg,?thee )?gggﬂto%l,%og f,ﬂﬁi\%% 8?nn§|c§ﬁ!1% PIS d

first conpound can De represente K Zr where

A is the core ardrdng & Forinda I, d@pddn@abripbtisd thanid il Aele@ile R )a pol e
polymer is a reaction product of a nmonomer m xture that includes a first
‘monomer 35 t haThe Bt apmpounddiay alfissttend sapring gtonatand adirsider @ sdithafisnt radi cal

of the first end cappin r 8., the first .mon r.contains Z2.- and Z2
i ncl udes a rad?%?o ! Cfﬁ)b?g@g%%n%& @Be %’%Ii"elf”i %’nt%?:gwganggéa?l W@?e&gﬁﬁ? ﬁm to
prepare a fil mdBahd Zneatetdesdencamiist ¢l @gging gre\Eé). MhheNeOoBconpBATHRNa W t h
a polynmer. The simlar groups in both the first and second conpound can

enhance the cospsand bid ¢appingsretrethebirpladeideififstiend cepmip®gionp &n buBdsdcand

vari ation of the Lft.h e di the first end.cappin rqup or the
second end cap%?rﬁéhv%?so%fgfe?gﬁ&% @Eegérﬁt e _&eb%‘_t ﬁ’?ﬁ%‘?ﬂndtcﬁ ° ‘gd‘?”é‘g:i?i THBeP e
ot her eng _Capﬂjr'éﬂajﬂgléyﬂy theFordil@h TSB-Zatvhardel P, thd @icbn @ Béte GAPR) B t§10UPS can
have substituents that are of the sanme type (e%., al kyl, al kenyl, al koxy,
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to Formula I, a second conpound that is a small nolecule, and a polynmer. 5
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second conpou ngorhﬁ@si@on can be used, for example, to prepare a film that includes small molecules
that have groups in common with a polymer formed by reacting the monomer mixture.
The similar groups-in both the small molecules and the similar groups between the
small molecules and the polymer can enhance the compatibility of the compounds in
20 . the composition.
In a first variation of the thirteenth 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 a second variation, both end capping groups can have substituents
that are of the same type (e.g., alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl,
25 perﬂuofdﬂkyl, heteroalkyl, heteroaryl, or combinations thereof) but the substituents
can contain a different number of carbon atoms. In a third variation, either the first
core or the 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
30 (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



second end capping group that includes the first end capping group ZI but a
second core that is different than the first core (e.g., the second ' -
conpoundwaemnobessrsapr esented, 10 for exanple, by the fomelVE20B40B20E2 where B
is the second core and Z2 are two ( ident-b2al second end cappi ng groups; Zl
I ncl udes Z2; and B does not include A). The polyner is the reaction product

of a nmononer dihettrudiery! Makndthéed vasiesom bbihrthé s¢BRROaBe antd cRRpRIdNE dadiagi cal
that includes the first core and a second nononer that contains a radical
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the second end capping group (e.g., the first monomer can contain the radical Z; and
the second monomer can contain the radical Ys; Z3 includes a radical of Z; and Y3
includes a radical of Y). Such a composition can be used, for exaruple, to prepare a
20 film that includes small molecules that have gronps in commmon with a polymer formed

by reacting the monomer mixture. The similar groups between the two small molecules
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and the similar groups between the small molecules and the polymer can enhance the
compatibility of the composition.
In a first variation of the fourteenth embodiment, the first core or the radical in
25 the second compound can contain a substituent that is lacking in the other moiety, Ina
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
combinaiions thereof) but the substituents can contain a different number of carbon
30 atoms. In a third variation, either the first end capping group or the comresponding
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



in the polynmer have substituents that are of the sane type (e.g., alkyl,

al kenyl, alloxy, aryl, aryloxy, fluoro, fluoroal kyl, perfluoroalkyl,
bet er oal kywo heli/es@ss yl , or conbi nations thereof) but thesudwbsdspelst s can
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the seconl cor emamdnet ofitles mwooThetenixtealcan sedand swhgtituens phat ds Jgdauw thantheA2

i ncl udes Al The. i.s th a roduct 15 of a no m Xt

that incl ud)es amf’ieP r?Bﬂ%ﬁ%Yar aﬁgf‘e%g#h&sﬁgn%e&ﬁ\f&?@ﬁg afoé@iagg cforre[s l311“?% st
end cappi ng gr %enmnar@%pmhgemmﬂaﬁia 62 hAleRBbRirStnYeth8Nre bRMeGRhe Of
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al kenyl , Ikoxy aryl ox quo oal erfI or.oal kyl ,
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- structural similaqities to at least one of the end capping groups.
==+ - The above embodiments provide examples where the second compound has two
end capping groups. Similar examples include those in which the second compound
20 . has only one end capping group or more than two-end capping groups.
The above embodiments provide examples where the second compound has
( identical end capping groups. The end capping groups of the second compound can be

the same or different from each other. Similar examples include those in which at least

one of the end capping groups has structural similarities to the first compound.

25
Organic Electronic Devices
In another aspect, the present invention provides organic electronic devices that
inclide a compound of Formula I or compositions that include a compound of Formula
1. Organic electronic devices are articles that include layers of organic materials, at
30 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 organic electroluminescent device includes an organic emissive element.
The organic emissive element inclndes a thin layer, or layers, of one or more suitable
organic materials sandwiched between a cathode and an anode. The organic emissive
element typicaily provides electron transport and hole transport as well as light
20 emission. When activated, electrons are injected into the organic emissive element
from the cathode and holes are injected into the organic emissive element from the
anode. Electrons reside in the organic emissive element as radical anions and holes as ( 3
radical cations. As the injected charges migrate towards the oppositely charged
electrodes, they may recombine to form electron-hole pairs that are typically referred to
25 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 ernitting layer includes a light emitting material such as a light emitting polymer
30 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



25 Organic Electronic Devices In another aspect, the present invention
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process."” The organic el ectrol unm nescent device includes an organic em ssive
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one or My e SULLARLE o\ SLARNL ollE Sl Ao WILANS PILESRL 5L HTRG0T o
o compound according to Formula I as well as a second compound that is a light emitting
material, a charge transporting material, a charge blocking material, a color conversion
. -material, a polymeric binder, or a combination thereof. ‘For example, the compotnds or -
... compositions of the invention can be included in the electron transport layer, the hole
20  __ transport layer, or a combination thereof. |
. In some embodiments, the light emitting molecule included in the organic
( ' emissive element of an organic electroluminescent device can be a molecularly doped
polymer where charge carrying and/or emitting species are dispersed in a polymer
mafrix (see J. Kido, "Organic Electroluminescent devices Based on Polymeric

25 Materials,” Trends in Polymer Science, 2, 350-355 (1994)); a conjugated polymer or

light emitting polymer (LEP) where layers of polymers 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
30 Polymers,” Thin Solid Films, 276, 13-20 (1996)); a vapor deposited small molecule
heterostructure (seé U. S. Pat. No. 5,061,560, incorporated by reference, and C. H.

Chen, J. Shi, and C. W. Tang, "Recent Developments in Molecular Organic
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substrate has barrier properties matching those of the protective (or counter electrode)

film. Flexible rolls of glass may also be used. Such a material may be laminated to a
polymer carrier for better structural integrity.

20 'The anode material coating the substrate is electrically conductive and may be
optically transparent or semi-transparent. In addition to ITQ, suitable anode materials
include imdium oxide, fluorine tin oxide (FTO), zinc oxide, vanadium oxide, zinc-tin ()
oxide, gold, platinum, palladium silver, other high work function metals, and
combinations thereof. In practice, the anode is optionally coated with 10-200 A of an

25 ionic polymer such as PEDT or PANT to help planarize the surface and to modify the
effective work function of the anode.

Typical cathodes include low work function metals such as aluminum, barinm,
calcivm, samarium, magnesium, silver, magnesium/silver alloys, lithinm, lithium
flnoride, yiterbium, and alloys of calcium and magnesium:

30 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* e of emtting t of multiplé wavelengths (see
‘U S Pat. Device layer 110 can include one or more OEL devices arranged in any suitable

..-manner. For example, in lamp applications (e.g., backlights for liquid crystal display
....(LCD) modules), device layer 110 might-constitute a single OEL device that spans an
.. entire intended backlight area. Alternatively, in other lamp applications, device layer
20 . 110 might constitute a plurality of closely spaced devices that can be
contemporaneously activated. For example, relatively small and closely spaced red,

(-- green, and bine light emiiters can be patterned between commeon electrodes so that
device Jayer 110 appears to emit white light when the emitters are activated. Other
arrangements for backlight applications are also contemplated.

25 In direct view or other display applications, it ﬁay 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 resolntion display), a separate
segmoent or sub-segment of a segmented display (e.g., low information content display),

30 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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| anps can be pr ded between display 100 and viewer position 140
i ndi cat ed by - substantially transparent to light, for example transparent conductive electrodes such as. -

indium tin oxide (TTO) or any of a number of other transparent conductive oxides.
Element 130 can be any element or combination of elements suitable for use
with OEL display or device 100. For example, element 130 can be a LCD module
20 when device 100 is a backlight. One or more polarizers or other elements can be
provided between the LCD module and the backlight device 100, for instance an
absorbing or reflective clean-up polarizer. Alternatively, when device 100 is itself an (j)
information display, element 130 can inclide one or more of polarizers, wave plates,
touch panels, antireflective coatings, anti-smudge coatings, projection screens,
25 brightness enhancement films, or other optical components, coatings, user interface
devices, or the like.

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

30 emitting layer 256. The light emitting layer 256 can include a compound of Formula [
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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el ectrode di spgsed b e substrate andt ht 15. emttln

The devi e doolibysts HHARSFIIE hETGHA ERrEPetiiey of Fi wediat i oet &y er
110 can incl UdﬁleQEg%t@ﬁutﬂﬁ &y@s%\ﬂ'tﬁ@&e@f&ﬁ%ﬁﬂoﬂt![h}@f‘%(ﬁu' table manner.
For exanple, in |anp appllcatlons (e.g., backlights for liquid crystal

di splay (WD) nodul é“éyt ﬁnfdh\/ﬂi?@ﬂﬂayféﬁdelﬁﬂ mgsrmcaﬂcyrfsnmtdmsengmﬂnqhg 0kkrials

devi ce that span glnt %3 i nt ﬁﬁded bac 1% I}éjﬁfgrnatl vel in

other |anp appft itesial oy aretiliG gpmpe: s St S EORBRLYS SRR

pluralityy of - Ck@&ﬁﬂcﬁvé&@ﬁ&ﬁoﬁ’@%@@&ldﬁl@@e 5APMB8, mcRAMC IR ek ARFIRUSHY,

acti vat ed For example, relatively small ‘and cl osely spaced red,” green, and
lue light em @ie@mumcmﬂaldmmaﬂmremnmdcdieun:eatanummﬂueineumdodaélugoum hzitde

evi ce | ayer ears to e ite light . wh t he e

2ot vat ed o heHOIaRRGpironmes el Aty f e abprS A it fifode 254
contenpl ated. 2z bé‘mﬁ%l@%%feré/éf%ﬁ!n@ﬁcti% eftertil S 1Yy Pinkal | ¢ HAtle 1atyeﬁay:ope
desirabl e for device Tayer 10 to inAclude a plurality of ependent | y

addr essabl e OEkexdrplecansanode ef 2 ngheds mitancludeiayenef @am@n anfl 4 fagyeeoft gaddlaor s.
Each devjce m ght esent .a.s e.pi xel ar at ub-p of a
i1 at e di spiyr e RgR R ! Hmaltaren,t BB EEnd s e BB o
sub- segnent . of {R,BELRALRINDAERAAY 2 Léndctivd &xgamewefrat ion content displ ay)
30 or a separate icon, portion of an icon, or lanmp for an icon (e.g.,
i ndi cator applicati d‘rlns)hole transport layer-258 facﬂltates the injection of holes from the anode
into the device and their migration towards the recombination zone. The hole transpoit
v~ layer 258 can further act as a barrier for the passage of electrons to the anode 252. In
20 . .: _some.examples, the hole transport layer 258 can include, for example, a diamine
derivative, such as N,N'-bis(3-methylphenyl)-N,N'-bis(phenyl)benzidine (also known
( as TPD) or N,N'"-bis(1-naphthyl)-N,N'-bis(phenyDbenzidine (NPB), or a triarylamine
) derivative, such as, 4,4' 4"-Tris(N,N-diphenylamino)triphenylamine (TDATA) or
4,4'4"-Tris(N-3-methylphenyl-N-phenylamino)triphenylamine (nTDATA). Other
25 examples of materials that can be in the hole transport layer include copper
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 *
30 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



Referring back to Figure 1, device layer 110 is di sposed on substrate 120.
Substrate 120 can be any substrate suitable for CEL device and display |
appl i cat w@ngws0ds@gs exanpl e, substrate 120 can incl ude glcagiss2oeisarspl astic,
or other suitable material (s) WO 2004/ 096783 PCT/ US2003/ 032046 -68 that are
substantially transparent to visible light. Substrate 120 can al so be opaque

to visible ld@hiesf BE cRERIPLEnFoAINLI60 ShEBS forﬁié&%hﬁ%'tzhﬂﬁg&ldn‘l&ﬂﬁc
poly-silicon, or the i ke. Because some materials in devi ces can be

paL t |t c uIt ar Ilgowmp@ mﬂ(&hb’@oéimmgéﬂ@m élunlmuréiﬁbﬁ)r @thf:be@@wjt %G;ﬁf@ﬂed‘man er, _
substrate r Vi 1.0 a rri.er, or is
supplied with %‘ﬁ rg aﬁé Fﬁs%lbe ae&BO g% lﬁla]turc.!lr@ré %%[Pb(% (g'\}l de an
adequat e envidigRIFMHIN)II8ATI-EI3 4-81@&&&50&12@1]1;%&@@nz%ﬁﬁeﬂymlﬂ}i&(my1nunber of

devices or conponents suita le’in CEL devices and di splays such as

transi sfor ardimgthyiafeylinheeyl)-él3etorahizeld@bnkBE) aebpiber Coﬁlilpﬂﬂléﬁ%d%p@bealrlnz er s,

(ibe, bl 2ok nﬂﬁf@ferﬁ%@kﬁl@%ﬁ%ﬁ@lﬁﬁq Ry el T S

Ceneral |y, One h.pfc- TRESHREGELSIOIRE aemIMd@@ﬂ@p@Ia@gbs” den@sbiiest Apatar ned,
ot herw se di sposed on sub ra e 120 belf)ore form ng the remaining Tayer or

| ayers of theEleH Bhatenic yaprisds waysk), 1@0233\(\%011)a l'i ght

Q
transm ssive substrate 12 used are bottom
rime Ve oeet 1?6&58868? iR ﬁ%%ﬂf@lﬂé.@%o@&ap R
substrape 120phand:hbea 85hpSInde-BRURIH 8 IFoEmBNTRr RIceidbalbY thas eRiaNs i al |y
transparent to l'ight, for exanple transparent conductive el ectrodes such as

indiumtin ox¢cm1@0(llhd'@)00®fﬂ1nath@m1&a hirfdditiopfto atshemdtaompoped that iseahdiget | ve | )
oxi des. Elenent 13 nt _or conbin on of ele nts suitable °
for use wit h“ﬁﬂorgpgﬁaéﬁp% %’3{3 gge Ot m&%?’l%)%g\’#b IR 1%6 %5n be a
LCD modul e 2Qn\8R1dnaeMESS, %ﬂqymén@bm@% bt Q%mbﬁaﬁo@fhef&fekﬂﬁie%&ﬂ%ﬁ[rﬁerﬁr
other el ements can be provi bet ween the LCD nodul e and t he backl i ght

devi ce 100, fOELidinplayncan bmma%th@tm@gbfrandethatdww@a@anédﬁmcqs gpsleareniser .

Al t ly, when d 1.00 i t Rt | t
130" cati nol e BREnFiE Rat e afirth ik PO cleliel, T3 L ¥Ehi
antirefl ecti v@sgeabdongss indRbés SPMEGRy 60OELRYSnend Bl PAARN HChEEREer and

disposed on a substrate 320. Two or more adjacent elements 310 can be made to emit

different colors of light, for example red, green, and blue. One or more of elements
310 include a compound or composition of the present invention.

20 The separation shown between elements 310 is for illustrative purposes only.
Adjacent devices may be separated, in contact, overlapping, etc., or different
combinations of these in more than one direction on the display substrate. For ( _>
example, a pattern of parallel striped transparent conductive anodes can be formed on
the substrate followed by a striped paitern of a hole transport material and a striped

25 repeating pattern of red, green, and blue light emitting LEP layers, followed 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

30 one Or more transistors, capacitors, etc., such as are suitable for making active matrix
displays. Other layers, inclunding 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



25 brightness enhancenent filns, or other optical conponents, coatings, user
interface devices, or the like. Figures 4A to 4D illustrate exanpl es of
different b ddexbesgs (for exanple, an organic |ight em tpamgsmonededss
configurations of the present invention. Each- configuration includes a
substrate 250, an anode 252, a cathode 254, and a light 30 emtting |ayer
256. The |1 ght fiicht dimbANELe 898 (G ihddae|dro Ar BRTRBHQledBhtltcdicks. OF 2
conposition contalning a conpound of Forrmula I 1n conmbination wth a second
conpound t hat i Angotheasuymblercanstpetiph igaipatarteaplated bytibe gesdit aolentige. mat eri al

alight emtting erial, a. color con siqn material, a.pol ri c bjnder,
or a conbination WO / B@e’ﬁéﬁfﬁﬁé%@g?@ e tlp&cqqmlgg?%rﬁﬁé‘impiafy
configurations Ghydigh€ScfCond Ahhon Attt aThA Gl PR BRG] AYET 258
and the configurations of Figures 4B and 4D i ncTude an el ectron ttansport
l.ayer 268. Thedideayensructneuoteledbyshd garrd hensamotlen dhisedted trlhgsref3. Borde
cat hode, respectively. The conpounds agnd_conpositions of the present .

i nvention can b%f@oﬁeﬁ&“ﬁ&écﬂm%aréﬁlé%&?segéf FPD(S‘%t hese |l ayers. In sone

enbodi ments, the OEL-gdeyi i - 4D i ncl : ]
conposition of the i(r%vent Fgﬁnsﬁﬁ%ﬂr?ég%{{r@%gﬁﬁa%ﬁdl{}%y |%ﬁlﬁgﬁrnm§#j%§ ?t%/er 256
and the el ect r oanmddesoaghodss, haly eranHk lafdre, cdsrade tdbshoarldyaathoidiaje2tidn Riyers,

typically formed using conducting materials _such as netals, _alloys,

metal |i ¢  conpoubl@@ronyiicstionlayersscmisyyetayeisverl el ing lavers. awheltiet lay@s and

di Spersi ggs, an%aﬁﬁgﬂ%ﬁﬁéﬁighpﬁtﬂﬁg{rﬁes.' @(‘)“ﬂsﬁqbﬁgrs cfdﬁ’ﬁlss)f@éﬁmeﬁlolﬂﬁ 1%’, diffusers,

pl ati num “pall adium alumnum calcium titanium titaniummtride; 1 ndi Um
ti-n oxi de (1 TQightfguides, laeset,ilizhoximte] (hRO)brigatmdsspmhymreinientBlms] hed fwrdde. 252
aﬁd t he cat hode 254 can be single |layers of conducting .materials or they
can include nul fPplictipayisclude phite opsingls colordares Aa singte RIXH AERBY EOTfEPMPHC | ude

a layer of alum - . of: f i ; er
of al ani num & VB OoP S R A d Ay apt PP e T ah Sl B
nmetal |ayer andredistdonbiaditharmabpigativies ot ty dike; Whiee hodieele calospofetartpyiggle 258

~facilitates the injection of holes fromthe anode into the device and their
ssive layers ‘

- i grati ortdt owar d&ckaile RagdanBT hat hays adwige numier ofclesely spasssom

- patterned by laser induced thermal transfer; and tunable color multiple electrode large

_ area lamps.
T Constructions of low resolution OEL displays can include bare or circuitized
.+ substrates, anodes, éathodes, hole transport layers, electron transport layers, hole
20 - injection layers, electron injection layers, emissive layers, color changing layers, and
other layers and materials suitable in OEL devices. Constructions can also.include
(' polarizers, diffusers, light guides, lenses, light control films, brightness enhancement
films, and the like. Applications include graphic indicator lamps (e.g., icons);
segmented alphanumeric displays (e.g., appliance time indicators); small monochrome
25 passive or active matrix displays; small monochrome passive or active matrix displays
plus graphic indicator lamps as part of an integrated display (e.g., cell phone displays);
large area pixel display tiles (e.g.; a plurality of modules, or tiles, each haviﬁg a
relatively smail numbér of pixels); such as may be suitable for outdoor display used;
and security display applications.
30 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



| ayer 258 can further act as a barrier for the passage of electrons to the
anode 252. In 20 sone-exanples, the hole transport |ayer 258 can incl.ude )
for exanplgy 20d4/64¢889 ne - derivative, such as PCT/US2003/032046

N, N - bi s(3- et hyl phenyl )-N, N - bi s(phenyl ) b&2zi di ne (al so known as TPD) or
N, N - bi s(1-naphthyl)-N, N - bi s(phenyl )benzidine (NPB), or a triarylamne
derivative, SUfflaBSrs, fiffhserd, tighh iohidbh, Nerdbd) HRRYE AWM Achd, bRBRMYsRh - lERATA)
or 4,4 ,4"-Tris(N3-net hyl phenyl - N-phenyl am no) tr Lpheny_f’am ne (MIDATA).

Ct her 25 exanpilass, aid thalike.i Applicatians welvdpective aripessive matrxansivorlor pufdlr

i ncl ude copper ht hal ocyani ne PC) ... . .

G 5 Te o bR AR QR ot e s mpsohmn fol asigr Tspings Ples REsRERES
such as those deggiHidRdicafor hmgsUkigk anRr indiced transfly Bf ARhiresdMaiodl devic8d plus 161
(1997) and J.V. Grazulevicius, P. Strohriegl, "Charge-Transporting Polyners
and Ml 2cul arthainpd Sesstampighighpoin BE s swestatcl) adiseonity dispityRpplieations.

Materials and 30 Devi.ces, H..S. | wa . (ed,), 10 33-274 (2001). The.

el ectron t ran_s(BB‘? parfy 'i}@&y %Sulreg%q’gﬂﬂ:%{gg%ﬂp%éy en?féﬁ? ¥ @ﬁt(t%rln% %%Hgaécﬁ‘d
their m gratigpHOWaE dEhtrERIERAANRLRALT RA, ZLBLandNEe BHAGhHE CMikHRNSRA T
| ayer 260 can further act as a barrier for the passage of holes to the

cat hode 254, idntdesomewn shbstetaedTighreodnicddsnssr PEIisUS20D3 1108 204iBmean7 0

exanpl es, the electron transport,|layer. 260 can .be_farned using the

or ganonet al | i csq“?i”iﬁ’ﬁrﬁ Slohes egs(‘gth?/%g%ﬁ HEEHYY O BGHAmRNR E’ﬁ%@%) . Ot her
exanpl eggof electron transport materials useful in electron transport |ayer
260 include 1,3-bis[5-(4-(1, 1-
di met hyl et hyl ) Miethods ol F $hricadingd) BE.dlay2rs/| | benzene, {3
2- (bi phenyl -4-yl)-5-(4-(1,1 i, et hyl.et hyl ) phenyl ) -1, 3, 4- oxadi azol e o
(1 BUPBD) and ot her Absibtiiistke gbbErhbtioh RroviRs Rathed ol vipp R R g ol

Symp., 125, 1 {dQRMmABedr dbvidsk aTH 83icek Yiicl®de A organic Sk skh&nRARAL | Ng

Pol ymers and Mol ecul ar d asses”, Handbook of Advanced Electronic and
Phot oni ¢ Mat erinalugessmebniernd o€ Foramea I dad eempesdtion thailOpcl2d® g @daionnd he

t | t] tenpl ates |igh i tting OFEL.djspl d .devi 10
Phat i néPude o COMFOLMGOBEEB IR REoPS PEPRAita 1oF U CORfis BrGHR pabaree
includes a copRRPAngeResRA, MG dHpambteiifl, R86loF t&tiVelstorAmaRaANd conpound

that is a charge "transporting naterial, a charge blocking material, a |ight
em tting mat erpaymerc bivesy or a combination thereof.

LA

In certain applications, if is desirable to pattern one or more layers of an organic -
electronic device onto a substrate, for example, to fabricate emissive displays. Methods -
20 for patterning include selective transfer, for example laser thermal transfer,
photolithographic patterning, inkjet printiﬁg, screen printing, and the like.
One aspect of the present invention provides methods for making an organic O
electronic device. A donor sheet is prepared that has a transfer layer. The transfer
layer includes a compound according to Formula I or a composition containing a
25 compound according to Formula § and a second compound that is a light emitting
material, 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.
30 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;



conversion material, a polyneric binder, or a conbination thereof. In one
enbodi.ment, CEL displays can be nmade that emt |ight and that have adjacent
dewvi ces 'or wq) REMs3s3l5 that can emit |ight having differ i/ EEPEY032R6r
exanpl e, Figure 3 shows an CEL display 300-/8hat includes a plurality of OEL
el ements 310 adjacent to each other and disposed on a substrate 320. Two or
mor e adj acent e$ PR 632!2(1 358[16 QEl ﬁ?&ﬂ&i :11@1 , 5900 6,19d]111 968, e, 08 I15098.086; | | ght
for exanple red 6gree mor e of elenents 310 include a

conpound or condéshPEBIT; @O Q9ﬁe5 é?%@%?}taﬂfié\v@%t‘ﬁ“énan% corassigagshl e Fal¥R5 hown
between el ement g, 31040, Sfm‘?:il Nds! 5@/%??}662‘, QORI AT EFo/ QM Y(,?(% 0OfHs3LRB! oI ?@
may be separated;  In contact, overldppi'ng, etc., or different’ Coibindtrons
of these in nor@9/9311@59&mﬁd dO/DG@UD@rTlmmfﬁeb&veﬁhemﬂfaye pattkesiing pmcedsaran depapl e,

a pattern_of parallel strlaged trans arent conductive anodes can be forned on
the subst?ate fERMSMRENIHC P@P@i“ﬁéﬁ %‘ﬁtt“ia@?fﬁf@ﬁefa hol e transport materi al and

a striped 25 repeati 69@ g{cpmot Eﬁﬁswgr&qﬂ{rhﬁﬁggm Uﬁ the | p%}felgf{%rt Fles

| ayers, followed by a rip Ftern of ca € ca stripe

oriented perpe nﬁhagﬁig’;lthettmntsf&elf@zeﬂpieferﬁﬂy biaBs cléah atong neslinieldividiy waged end
suitable for form ng passive matrjx displays. In_ other enbodlrrents
transparent cordiBeEvEreaHBae Paadheateerd ama&;@mdéaghla cquiugaed gplyEss thagxist

tt th h
50 oneor more By ARGE) AN Cul SRR St st ERAL BB STLEABE G " 2
maki ng agpi ve nt%hiﬂ@(sheﬂﬂﬁpbﬁyaastﬁrhﬁiulﬂ aygfafabld ohitdif pelvafeniit Gbersehi tting

| ayer (s) can then be coated or dep05|ted as a single layer _or can be
patterned (e.g. praﬁepﬁaplm edgerfpreajiondyging ihrelasr diramalimazoteidphy epitting

BCTI US2003/ 03204 t the
anodes or el ect? mers ggﬁéégmng%g %Eerﬁélge P%&uggcn:@% f?ddgn% i?g[}'%t so15
cont enpl at ed b}/rd’uBE t@ﬁl@ﬁﬁfﬂggd:d\é@l&é bRthe ttmsfmed@aﬂmdj eebther grapkry is380 can be

a multiple color displa I'n exegl ary enbodi nents, each of the elenents

310 enits |ightstepairef the honddaym %qswa%tha ﬁ@nﬁeﬁl@wr@é@ theoresentorctroae Edver ed
by e Saseral 6gnghiye bR LIS et AT o Rpal) o 0%t .,
i ncl ude bare orlagtfeMdithd Zeeptotdusiatat es,
) _ In some instances, it is desirable to select the material on the substrate surface -
- .. and the material to be transferred (e.g., a compound or composition of the present
invention) such that the solubility parameters are compatible to improve or even make
20 . possible thermal transfer or other patterning methods.. As an-example, the materials can
be selected such that the difference in these solubility parameters is no more than 4 772
( cm > and, preferably, no more than 2 JZ cm™ as determined according to Properties
of Polymers; Their Correlation with Chemical Structure; Their Numerical Estimation
and Prediction from Additive Group Contributions, third edition, edited by D.W. Van

25 Krevelen; Elsevier Science Publishers B.V., 1990; Chapter 7, pp 189-225.

The solubility parameter of a materials can be determined from measurements
of the extent of equilibrium sweﬂihg of the material in 2 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 & is related to the

12 For

- 30 cohesive energy B, and the specific volume V by the relationship & = (Ecqw/V)
solvents of low molecular weight, the cohesive energy is closely related to the molar

heat of evaporation AH,,, according to Econ. = AHygp — pAV = AHysp — RT. Thus, Egqp



anodes, cathodes, hole transport |ayers, electron transport |ayers, hole
injection layers, electron injection |ayers, enissive layers, color . ° .
changi ng Wwayeéguesmad other |ayers and 10 material s suit 0T8ISRH3CR4devi ces.
Constructions can al so include polarizers,-7éi ffusers, 1ight guides, |enses,
l'ight control films, brightness enhancenment films, and the Iike.

Appl i cations iang B%ﬂﬁbw/ﬁﬂbﬁla@ﬁ 8 eHecheBOdfvapHh@en 31 83 s @ fihi@k ch@EPS,

for exanple where an em ssive material is provided by thermal stanp
transfer, | amOﬁételWOIpr&S@ff%aS afmlégtpls@ﬁtv@m@ﬁ@et hermal printing, or the

i ke; white or sing)e_calor 1 ctr | anps
that have a | arge el 88?13(5130%&1 g o s‘g e a&gpgra egaﬁ'?gﬁxﬁed by

| aser induced gidigsd¥lavé fPMShsRE foﬁdt@erhﬁﬁh@'@h of qmlmoxmhzylp@fm@ére%rde@mhﬁ ge
area | anps. Constructions of |ow resolution CEL displ %és can include bare or

circuitied §hﬂ)§ﬂ1ﬁb}1‘é’§ﬂrﬁh@@%@f the peliimgn she ¢ilebrivra peeling of yeelymeslivat r on

transport |ayers, ction.layers,,electyr I njection I er

eni ssi ve | ayeré’nf’té'(ﬂ? S&V ﬁgh& FTiRg\Pes ea%@ia}}f P?I:'fggg# IJ&WHSWFA gﬁhg
tabl e n |

sui ' ﬂlgéél etﬁc sﬁgﬂﬁﬁﬁ ﬂ&taing P o BB s@llv§1?c]§ %%‘%k b e sBlubf

di ffusers, ht NSes, I|g t control ness e hancenent
films, and t h@afameecr oﬁmﬂ pcdymf:nmsieﬁmd asdbe poiapim this pldi whetremdxamms spelithg,

i cons segnent ed. al phan nerl di.spl ays. (e. nce tine indicators

snal | ) m)nocﬁr d*’rr%bt%le g§‘§’Pﬁ 5’&1?5\%@01%/?8 W%P%g'&v’é’ﬁlsﬁb'@ﬁltg RATamCiBhbahirs fgss )
t of

passi veyer ac r{é‘i‘ée&éﬁh&’d 1?19{ é’ﬁytrl Bﬁ%ﬁér g’fﬁé}f)ays Qﬂaﬁ%t%dé ﬁa’i’*&?eo?e%cﬁl?% 0

an |ntegrated I splTa ne disp arge area pl xe i spl ay..
tiles (e.g., aasmr}nam@ ullwolmb1h1rpgadanster of a pollyasr bmd lonhievaddyie conalbationedfy ()
smal | nunber of pixels); such as be suit e fo ut door . di_spl ay used;

and security dPRGHOB SRS IE%%CPBWS‘LHE%@Y@S%%S[ VLt qddﬁéﬁ%ﬁ)ol‘{? GHES BIFERR on OEL

displays can inclugg Qﬁaglee{m&brdewk&gﬁ%ﬁ&mﬁug%@gmﬁim%ﬁﬂ;%au fgf fiedes, hole
transport |ayers, e gctron transport |ayers I njectron ayers,

el ectron inj egirdsent ihegntion caebe sside at Ile:m;mpa,rt bpbdectivh drgmabtriagee os theand

other | ayers and mat ces. nstructions can al so

r| al s suj tgb ' %/
i ncl ude!ho 2064799 o3 S U °h3PaRrSpeRtdO 2 drfifeddeacaion i ght
gui des, | ensegypdiigh tFo(f QREGBle, AispaPs addh@hl OESR SANARCEITBAL a light emitting

layer on a donor sheet and then selectively transferring the light emitting layer alone or

along with other device layers or materials to the display (receptor) substrate.
Figure 2 shows an example of a thermal transfer donor sheet 200 suitable for
20 use in the present invention. Donor element 200 includes a base substrate 210, an
optional underlayer 212, an optionél light-to-heat conversion layer (LTHC layer) 214,
an optional interlayer 216, and a transfer layer 218 comprising a compound according (‘>
to Formula I or a composition that includes a compound according to Formula I in
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;16,242,152; 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 LLEPs or molecularly doped polymer films

that include the compounds or compositions of this invention, can be transferred or



films, and the |like. Applications include active or passive matrix
multicoelor or full color displays; active or passive matrix nulticolor or
ful ' col or wospiayerspl us segmented or graphic indicator PERES200&032046 | aser
i nduced transfer of high resolution devices pifsis 5 thernmal hot stanp of

I cons on the sanme substrate); and security display applications. One
particul arly usefec@ripahigited iflthd Phddfd YBRr Gbml )ESdBR khett RAY LBERE substrate by
construction includes the high resolutiontranstfer of red, green and bl ue
em tting em ssivelicaypths trapsfenlagerad wivpionon blement adjadeitifie thewotnior anl selegtivdlpr

means that the r (root .mean. sqya e roughness of the transferred
material is 5 mi g&?ﬁgﬂﬁ %PQOB‘?I. qlegg%&. %@tﬁ@gﬁg&é& #g]i‘sr%?"—ra%rtﬁ%%ﬁtl?cﬁ. e&ﬁgﬁ%@r s
Anot her ~aspect Ofgekdifhell MY, O dxAfpl, QY5 A8, No. W10 PranPlefRAEsRAn QL8 dBI C
el ectrol um nescent devices. The devi ces include an organic em ssive

structure that itraokfeded francdomoosirdtsofitieot saléctivelydranafecinmibs ittansfor ket For
I ncl udes a conpound oie 15 F rgul a |l gn addi.tion, to a secorF]é:I conpound that is
a |ight emtting St&TRle &fransierdpyer gan o farmer op idogorsibatraty fhat.dn efsepgr acts as 2

bl ocki ng mat eri alemosa) Bier ARRYET 5 RMbabl Gtk Ble trsfeP Phy¥IRIdofitableB 485 recBhtof
conbirnation thereof. In certain applications, it Is désirable to pattern one

or nore |ayers ofsubgirats, Ggndadly vettethe epplicatide of et onpressirs Ubshratethod geferred to
exanple, to fabri c:i\t e. em ssive di sg}lgq}/s Vet htodalg 2Q for Eﬁ%‘hterni ng i ncl ude
sel ective transf & ARG EaRSTRL qaRde IS o tFARpTef fig pafis trans ﬁief’t%&ai‘réﬁﬁf”&lon
patterningygi nkj %erg(gﬂfgﬂlggace feen printing, and the |like. One aspect of

the present invention provides nethods for nmaking an organic electronic
devi ce. A donor sheet Mstepale fimmestpatait ddnes steeetsican bé éandfayet adjddeet torasf er

| ayer includes a cq und according to . Forrmula | or a coppasitiogn.containing
a 25 conpound acdBRAAGOR & 1EEPIRt IR IoPm FioEnSE i PRRHNS Gharsrat APaces. o gnt
emtting materi afiffeRnGRAGEAR JHHRNGRRY dovidd. WALy, BaeAAk IRnPIakHGonor

material, a color conversion material, a polyneric binder, or a conbination
t her eof .. The met sbeetotandregpmstenyyd alirectty gratop of airdi partinl evedyuigoegismationdeish,

reparin donor sheet having.g transfer |ayer an transferring . the _.
ranater o1 Ser 1 ot e bR iy b oS PRLEbE oftodiuise Pl CCarEr oy
useful method of &MY RIS, S8R IR R 6 &RoRThrbllh a shadow mask, etc.). A

variety of other combinations of two or more donor sheets can be used to form a

device, each donor sheet forming one or more portions of the device. It will be
;- understood that other portions of these devices, or other devices on the receptor, may be
20 - . -formed in whole or in patt by any suitable process including photolithographic -
processes, ink jet processes, and various other printing or mask-based processes,
('_ whether conventionally used or newly developed.
In Figure 2 the donor substrate 210 can be a polymer film. Suitable films are
described in U.S. Pat. Nos. 6,242,152 and 6,228,555.

25 In Figure 2 0p:£;_c)¥1:'=11 underlayer 212 may be coated or otherwise disposed
between a donor substrate and the LTHC layer, for example to control heat flow
between 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

30 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



present invention, for exanple, organic electrolum nescent devices, includes
transferring one or nore transfer layers by |aser thernmal patterning.. This -
met hod i swodemawéised in, for exanple, U S. Pat. Nos. 6, BSBUSBY3I0BNE34, 425;

6, 242, 152; 6, 228, 555; WD 2004/ 096783 -73- Pgg/ US2003/ 032046 6, 228, 543;

6, 221, 553; 6, 221, 543; 6, 214, 520; 6, 194, 119; 6, 114, 088; 5, 998, 085;

Patent  Appl | coton e peifiphéar ARty B Y Bohd B RTH G e doror
09/ 662, 980; 09/sdbslra8B845uch@8/A3dr]Hy8Bmanbel uddd 10GkkrdA6 heakliwefo the tranvdadsferof

the patterning process can depend 5 upon the, phiv)si cal properties of the
transfer | ayer fOISHENpls QHBIPEVe; the Ieleirasifyky obthedopes st rengt h, of the

transfer layer. Duri ' %JE : @&ﬁl}l .
cleanly along the | iﬂn%u3PV| iﬁgm?/tdrr%géﬁdﬂan %ﬂ?%‘gﬁ%%@%%@gﬂ%%%ﬁfem
edge of & patt edhesidd giwyencthe sutgatiednp e ITEHE. Ukidg aximierlayan teat tpaeds chai n
conformati ons, such as polxﬁhenylenevinylenes, can have high 10 tensile

strengths and afbesiercbaiern e seiatcapr dhe b THRdpyesmaygpsiiradesadlistorben é then
tice, cl ti i L RO f. |.i ght
Pritting ot yigneeficd AR bbb, WionAREh A\l TRPhDMA e 07

edge fornati on rédices Otdiminbteselnidatgl otsepdGeon 0NN THT Biyef eaf ggbhpat tern. .
Anot her paraneter is the strength of the bond forned between the transfer

| ayer and the rdsspissocaidegas imaging ofithe dgperangrin Waiy coeradnes hermawanbyf t he
sol ubi l'i ar apet. C Ll tar r recept or
sur 1l‘J al:el. {q/npsoﬁeﬂ?%lﬁélt@sgéc}g@ Eﬁlbit‘%&/@g%ﬁsg%feg Pt% g[%sng Iogtt: ea{i/af%‘éfega ee%' ihlglc’t%ﬁ !to he

substrate surf aags, BReveh Iﬂ@tiﬁrdeailra’tﬂ@to@nﬁlbﬁﬂﬁdeﬂagﬁd tiz@ pthmotd aclengd @bkne Or f.f_: )i
conposition of the present invention) such that the solubility paraneters -
are conpati bl e UeSrer 9p pepaEtign betasn paREODD ayeis Spps imagingdpr exaspld ©rprofucst her

patterning net %%&[ g-%lg%%m%%ﬁ%l%ﬁa#@mggﬁ%%{?&ﬁt Lal ﬁrogﬁfa a a%ﬁﬁ%ﬁg §s uch that

the difference Tn Seé SO ers i s*no nore cm 312

and, pref erabl YundionSegaritanduiting indgePndlylaspraaide & thaed]l fe ¢ler Wicag: 60
Properties of Polyners; Their Correlation with Chem cal Structure; Their
Nurrer i cald Est i gasasdbat maydemeasnatedibyheptingeldbe L i elaprslipngsmegingubayiding

third edition, ﬁéﬂ5gﬁlcmg%lrﬁ@glfeﬁggﬁe“%%nlﬂg%ge&e%&sﬂ sevi er Science Publishers

BY., 1990; Chaﬁ' er 7,
‘ The underlayer may be substantially transparent at the imaging wavelength, or

may also be at least partially absorptive or reflective of imaging radiation, Attenuation
or reflection of imaging radiation by the underlayer may be used to control heat
20 generation during imaging.

In Figure 2, an LTHC layer 214 can be included in donor sheets of the present

invention to couple irradiation energy into the donor sheet. The LTHC layer preferably
includes a radiation absorber that absorbs incident radiation {e.g., laser light) and
converts at least a portion of the incident radiation into heat to enable transfer of the

25 . transfer layer from the c{c;;lor sheet to the receptor. Suitable LTHC layers are
described in, for example, U.S. Pat. Nos. 6,242,152, and 6,228,555,

In Figure 2, an optional interlayer 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

30 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



The solubility paranmeter of a materials can be determ ned from nmeasurenents
of, the.extent of equilibriumswelling of the material in a range of solvents
of differingo26mloabigki ty paranmeters. The sol ubility par anBEEUS2083/0328¢
solvents thensel ves can be determned fromtfidir heats of evaporation, The
sol.ubility paraneter Sis related to the 30 cohesive energy E oy, and the

speci fic vol une Vhitedddes thekdhifeRsdinte® non{faedivnd) "Phe ifeflaycs @ pi@illySreMbink QY

mol ecul ar wei ght, the cohesive energy is closely related to the nolar heat
of evaporati on Aldeapcawib i [AGHE dayet serins-thakipagfer pigpsss 2nd\ig b subsrmtialfpus
Ecuh WO 2004/ 09678 CT/ Us 320 - nd. an he eal gul ated fromithe
heat of evaporat itrogns‘t(lzg}re‘i1 ﬁgf%3§$€rgxhs?er§$yef T %ﬁ%t%%%m?%&ygrg ar%gesg ﬁ%@éb%}r’t B}Fgﬁ,lrgglgw e

as a function of (1 gnpaealNdses,2BegaUsR1 6,0P%SHMt erial s such as pol ymers cannot
be evaporated, indirect nethods have to be used for determ nation of their

sol ubi | ity aranet er. IxFigiee 3ramihaenaldransier agen 8 i inclysigd amdenor shyet £A@.

pol ynmer, the equiqibriums l.ing, 0f the ner_in.a variety of. solvents of
G tTering S i o mAIeTredRR ¢ 18 etgle? sebugaf T HrotmeSide of s TotoeBtiav kR,
vs. the sol ubili toyn PRIAREIE oIRE shil®ISOhMARE & thicSan .lidiossh in UAE of flodidykdsy
paraneter of the polynmer is defined as the point on this plot where maxi num

swel ling is obtalgnedr isegmbinagonivith other atesiakso rIransisrdmyes 2h&is qagaldoplibeing t v
paranmeters that are l.ess,10.than or_greater than that . t.he pol r.. There
e Several ot hoWEc s IBSHERT s vl Fah Brepielf Ry oplei bl iR ireF Bl S
of a pol yngy basepe 86hdr RRnaMeistex}6sed @EIréd WEAtBROrb ﬁnag;ﬂ%aiddmﬁ@h thHi QUi Be
present in the polyner as outlined in the above-cited reference. Organic

el.ectroni ¢ devi cabsebed by Highiglodesinppueriea tepterénd apd sonviegad ofto bemd.  pr esent
irfwention can be made .at Ieasg. int{)art b% sel.ﬁctiv ther.malLr tranlsfert f the
15 conpound or conposi t1edRFPOm S PRPIRT Frodfiesalichy SREping franyer l3yel thits ¢ eq

receptor substr gh@uddsQl corRiRb 6f Fétinfild PyiSa dsaifRshaafcli®sRdthYng 6t i Ng
alight emtting layer on a donor sheet and then selectively transferring

the light emtti riprmaladrinafditen br a sesperhepmpaunddhitds 2 ki coittingyeateriay a charge
reterl 2 19 nggl e bLBSER) S REh B R PSR oA R R © ©
i nvention. Do nor REARRR bid8R, dCddieteSatn MR 8ofs URRL WA} 6f p2dBdindhe transfer layer is.
by solution coating the }light emitting material onto the donor substrate or any of the
; ~ layers described suprg, i.e., undeilayer, interlayer, light-to-heat converting layer. In
this method, the light emitting material can be squbi]ized-’By addition of a suitable

20 compatible solvent, and coated onto the donor substrate or any one of the above layers
by spin-coating, gravure coating, Mayer rod coating, knife coating and the like. The

( solvent chosen preferably does not undesirably interact with (e.g., swell or dissolve)
any of the already existing layers in the donor shect. The coating can then be annealed
and the solvent evaporated to leave a transfer layer.

25 The transfer 153_1;1; 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.

30 Receptor substrates can be pre-patiemned with any one or more of elecirodes,
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.



optional underlayer 212, an optional |ight-to-heat conversion |ayer (LTHC

| ayer) 214, an optional interlayer 216, and a transfer |ayer 218 conprising
a conmpoumd zogossdsng ( J to Forrmula | or a conpositi orPGIAER0P3HEMHEes a
conpound according to Formula | in addition780 a second conpound that is a
charge transporting material, a charge blocking 25 material, a |ight
emtting material, arreahmnu@ﬁm&aﬁﬁemsmarﬂyahe f@loﬁ@hgéﬁiﬁtﬁesbmrare or a
conbi nati on thereof. Ot her conmpounds, ositions, or |ayers can also be
present . Exanrﬂf@‘ﬁd@if%di‘tsﬁbql@%ﬁéﬁ%a@ HFHstdB?BW@IQ%YWaECI osed 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 30EXAUPIEN, and in co-assigned U S
Pat ent Ap Ircatron Serral hbs 09/853 062 09/844 695 09/844,100
09/ 662, 9 .;-H; sle 5 of 325~ Bis Y Iph 5=-C g
naterlals |ncI %EE or nDIecuIarIy doped polyner fllns that |ncIude

t he conpounds ns of this invention, can be transferred or WO
2004/ 096783 PCT/ US20031032046 -75 selectively transferred in the transfer

| ayer froma donor sheet to a receptor substrate by placing the transfer

| ayer of the donor el enent adjacep . and sel ectively heating
t he donor el enment. Methods for the gl ective transfer are
described in, for exanmple, U S. Pat. 26152. Transfer |ayers can al so
be 5 transferred from donor sheets without €| ctively transferring the
transfer layer. For exanple, a transfer Iaer be formed on a donor =
substrate that, in essence, acts as a tenporar ner that can be rel eased )
after the transfer layer is contacted to a receptorocaybstrate, typically
with the application of heat or pressure. Such a nethod, referred to as

| am nati on trarftek; Seathedicofiidettivt 4 ottoavishesatt he enti re transfer layer, or a

| t 10 th to th t f t
choots b Do tr ansBPACMska R BN GABRBYL iR b b a1 O R eRrolbo. f or m
adj acent devi ng% &Qﬂf&da%hﬁaf%f@?@'?,ﬁgeﬂ% ﬁl%lﬁ'a‘ﬁﬁslzoﬁ of Qedrbil G AR LA £0f

t he sane devic ternati vel erials ‘from separate donor sheets can be
transferred di r@oﬁhyfobnwtbtpy%dm;r—wusn apdutibn af 1-avedbipinde (386.13 tgr K0P ool Wteh,

a 1 hour period. The reaction mixture was refluxed for two days. Filtration of the

cooled reaction mixture and evaporation of the filtrate gave an oil. This was taken up in
15 ethyl acetate and extracted with 5 % NaOH (2 x 100 ml) followed by water (2 x 100
mi). The organic layer was dried (MgS04), concentrated, and transferred to a pre-

weighed 1L three-necked flask. The contents of the flask were subjected to high

)

vacuum distillation to remove the excess 1-octylbromide. The pot residue gave 376 g N

(86 % yield) of methyl 4-octoxybenzoate.

20
Part B: Synthesis of fi:aetvlovaenzoic acid Hydrazide
To the contents of the flask from Part A was added 98% hydrazine (387.14 g).
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
25 * dried in vacuum to give 343 g (91 % yield). 4-octyloxybenzoic acid hydrazide. Melting

point 90 °C



15 other layers or materials previously patterned onto the receptor by
thermal transfer or sone other nethod (e.g., photolithography, deposition
t hrough a skhadewesls, etc.). A variety of other conbi narcons:2eb/osme6 or
nore donor sheets can be used to forma devige, each donor sheet form ng
one: or nore portions of the device. It WIIl be understood that other
portions of t hesep ey %?ﬁ;iles%of’i?%m andtféﬁé{)ﬁ@hi&ﬁi receptor, may be 20
formed in whole or 1w part Dy any sultapl e process including

phot ol i t hographi ¢ pr dness2§, ﬂashhtueémlﬁrmﬂasesndeam amdmlagnsnmmémr prgnt i ng
or mask-based proces whet her conven I r ped. In
Figure 2 the dondft r@%{‘fﬁl?ﬁ %‘%ﬂ@b@&ﬁmﬁécé(g%s néllﬁﬁ’eﬂ?&@g ﬁﬂeﬁ%d%ﬁgq
descri bed in U S.,Pa 8512511 I
under | ayer 212 rrali/]ﬂbﬁe %g@eﬁor ot%g%ve\lnggéeh% spose ﬁce’gt\%g{r?qgfo ?ncé]?&ide%
substrate afd t hedikfliHg dftfpliowed by remava) bEthe eemantderdly docay evdpovationeDivadatidrthe
substrate and the LTHC | ayer during inmaging or to provide nechani cal
stability to the ghondf geif@rfedibrdmebesroylableridhapdt termperation di0 potigdbiting fenay

i mgi.ng. Exanples of suitable underlayers and net hods of providing

underl ayers are di%é&l osdymgoHgh U.S. Pat. No. 6,228,555 and in co-assi gned
U S. Patent Application Ser No. 09/743,114. The underl ayer can include
materials that inpart desired mechanical or thermal properties to the donor
el ement. For exanpieD: tShechefsef b ayBbraaa N-PEldidgotpbeido 18edbRydriikie

2004/ 096783 PCTI US2003/ 032046 -76 exhibit a | ow specific heat  x density or
I ow t her mall0conduct i viU&dﬁT@Ib&itﬁk@bthmtf@m %@bmmbb@whddm%@ﬂ 4arg, 0.11925

under| ayer may be used t crease. he othetr
exanpl e to i nprovEtHE Sa&r%éﬂﬂﬁ S?@ﬁ'é’f‘t ?\Z}lqc ?ﬁ‘y Fﬂzem‘ﬁg%o?’y&f% e&ﬂygga%@r}%nay
al so include mat %bglaﬁdtrsyth;mﬁme (PReiIanbasly, ProPRhiol)Es 800 nkl06f mBthghe shieAde.
between the substrate and the LTHC. Using an underlayer that inproves

adhesi on between Thﬁeresﬁmtmlatvée Mg stired for Piopzs s Foarm jerapesaiiue. The piesigitated solid

distortion in the ns e
under | ayer can be" %Ig% r‘f’%gj{f dﬁggt%llgéggﬁ rﬁoﬁ?{ﬁé?gra}mg%ﬁ | on§gﬁ3 % yield)
-separationief theEHizohaer4tBatyioxyHRhzoylibenzohydrazide.

Part E: Synthesis of 2-(2.5-Dibromophenyl)-5-[4-(octyloxy)phenyl}-1,3.4- oxadlazole
A mixture of 2,5- dibromo-N'- [4- (octyloxy)benzoyl]benzohydraz1de (39.1¢g,
© 00743 mol) and phosphorus oxychloride (203 mL) was refluxed for 8 hrs. Unreacted
20 phosphorus oxychloride was distilled off and the residue poured onto crushed ice. The
_ precipitated solid was collected by filtration and re-crystallized from EtOH / water to
(‘_ give 33.6 g (89 % yield) 2-(2,5-dibromophenyl)-5-[4-(octyloxy)phenyl}1,3,4-
oxadiazole.
25 Part F: Synthesis of 2-(2,5-Bis-phenylethynylphenyh)-5-(4-octyloxyphenyl)-
[1.3Aloxadiazole '
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 EtsN. The reaction

30 mixture was magpetically 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).



ot herwi se occur during inmaging of the donor nedia. This can reduce the
anount of 10 physical distortion exhibited by transferred portions of. tthe
transfer waymosodkmssot her cases, however it may be desir RETAIS2eP3@pPUOY

under| ayers that pronote at |east sone ! degree of separation between or
anong | ayers during imaging, for exarrpl e to produce an air gap between

| ayers during imagi ngy thgg R hb L@ URCtY g

Separ ation during |rrg{g| ng r(ray a s %w dIe ?gﬁla]hnefﬁf ﬁbgﬁ)ej @’e?etagée o%’ 15
gases that may 1), Jesqdated 119§, &éﬁtHzngHQf’? 4h@ld| THA. 11ay &1 HiydingZ. 3hagieg.
Providing such channel ad t wer defe e_under | ayer
may be substanﬁﬁﬁk&z pflhr?s?ga@@nf*éﬂ gﬁé%@r&@%&%&éﬂ%éi’hﬁ%r(g “f:ra?%%% be
at |east parti Pt ALHO 25k ]F t!l 6 af 3l

Att enuation o(raliIJI ??@gf{otr? of n%a%l jé@ ad?sat(llglo%Hby tZ)nhg uﬁ%ﬂﬁlagjg CHzC )
used to cntrolg.beat 72G.3pcHer3H, CH) CUCINMIR (Ta0 Mgz, QD5 §64.93,2,63a4, LGZHEE
| ayer 214 can be included in donor sheets of the present invention to

coupl e irradi at 1¥06A3-8% i33:7%8, § F0HIAB] 0 FikeT.. 12‘ﬁr5é 128-43,1133.67, Petdelabhs,

| Tgnt) and  contd 08 15T AR 2B pE PR BRESI Tl R 20 Pt £ o P B

to enable transfggp of the 25 transfer |ayer fromthe donor sheet to the
receptor. Suitable LTHC | ayers are described in, for exanple, U S. Pat.
Nos. 6,242,152, and 6, 228,555. In Figure 2, an optlonal interlayer 216 may
be dispoz&d bet.w . 4 d I he
interlay can R ES Y 1 Ze—trarrage—atra— Tt 1E .
of the transfer eﬁ4 QthﬂﬂeOf the transfer Iayer and nay also 30 reduce £
distortion in tEe transferred portion of the transfer layer. The interlayer
may also influence the adhesion of~t\he transfer layer to the rest of the
donor sheet. Typically, the interNayer has high thermal resistance.
Preferably, the interlayer does not istort or chem cally deconpose under
t he i maging conditions, particularly Do an extent WO 2004/ 096783
PCT1US20031032046 -77 that renders thg aﬁ@herred i mage non-functional .

The interlayer typically remains in o the LTHC | ayer during the
transfer process and is not substantig '
OC,H,,

8

Part A: Synthesis of 2-(3.5-Dibromophenyl)-5-[4-{ octvlo}rv)phenvl]-l J3.4-oxadiazole

15 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 intermediate 3,5-dibromo-N'-[4-(octyloxy)benzoyl]benzohydrazide
(12.87 g, 36% yield). E;r;iocondensation of the intermediate 3,5-dibromo-N'-[4-

20 (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% vield).

Part B: Synthesis of 2-(3.5-Bis-phenylethynylphenyl)-5-(4-octyloxyphenyl)-
1.3.4loxadiazole

25 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,



transferred with the transfer layer. Suitable interlayers are described in,
for exanple, U.S. Patent Nos. 6,242,152 and 6,228,555. 5 In Figure 2, a
thermal "t ransiwinde@yer 218 is included in donor sheet 20QecT/US20083f32046] ayer
218 includes a conmpound or conposition of thegpresent invention and can
include any other suitable naterial or materials, disposed in one or nore

| ayers, al one Ok el I 8is
capabl e of being sﬁre}f]lg{ai5ti p;;/ﬁ]{? &dgfé}#@gﬁaﬂ@}‘ﬁﬁ%ﬁi@% (35%%2éy?§%1§¥fgtﬁy ny
sui t abl e transf ephemdhasfi-onyldgrphbayhie,3diocriabler(@i88 g 83 éxpiekRdD$0 addr ect
heating or to imagin adi ation that can bsorbed by Iight-to-heat
converter nmateri &7 ﬂﬂ“@%’é‘ﬁ‘@éﬁ?‘ﬁbb"eﬁé‘é abl‘?ﬁe present invention further
provides a light emtting transfer |ayer that includes a conpound of
Formula | or a conposition that includes a conpound of Formula | in
addition t¢ a se&acpiefpSynthebisaf 2i(3,5a8siigiren-drltthyngpheitdi-f44- a charge 15
transporting naterial, a charfje bl ocking material, a color conversion
material, a pol Sdjo i nati on thereof. One way of
providing the transfer layer is. by solution coating the light emtting
material onto the donor substrate or any of the |ayers described supra,
i.e., underlayer, interlayer, ligh weat convertigg ayer. In this

nmet hod, the light emtting materia be sol ubi l'i z addition of a
suitabl e 20 conpati bl e sol vent, @ Bubstrate or any
one of the above layers by spin-egs Mayer rod
coating, knife coating and the |ike. The ent chosen preferably does
got undesirably interact with (e.g., swell or idissolve) any of the already
xi sting layers in the donor sheet. The coatW¥n@ can then be annealed and
the solvent evaporated to |l eave a transfer |&/8r. 25 The transfer |ayer can
then be selectively thermally transferred fro resul ti ng donor- sheet or
el enent to a proximately | ocated receptor subst e. There can be, if:
desired, nore than one transfer |ayer so that a nolcH,) ayer construction is
transferred using a single donor sheet. Suitable receptor substrates are
descri bed, for exarrpl[&;ngthe@ex&:all?ﬁthod\hfs’&xmlﬂd2 thé Beaatich & REBPBRRS 12306 mg,

Recept or substrates ca e tter t h, any .one of el ect odes

transistord cap&d WH@ afr%r@rlr(%fﬁ %s a‘&@ §¥m’&t8Feoﬁ‘fr2f’aD5{ @Pgomfm 3’&1’(1 ->-14-

matrix, hole traggReldyphenyl }-1,3,4-o0xadiazole (5.70 g, 11.2 mmol) and 1-etylylpyrene (Lancaster
) " "Chemicals)(1.29 g, 12.6 mmol) in 50 mL of dry Bt:N gave, after work-up and

recrystallization from methylene chloride / hexane, 2-(3,5-bis-pyren-1-ylethynyl-

i = phenyl)-5-(4-octyloxy-phenyl)-[1,3,4]Joxadiazole (6.25 g, 70% yield).

15 H-NMR 600 MHz (CsDs) 5 8.89 (d, J = 9.06 Hz, 2H, pyrene), 8.5 (d, J = 1.29

( Hz, 2H), 822 (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),

20 3.57 (t, J = 6.47 Hz, 2H, CH,-0), 1.62, (m, 2H, CHy), 1.38-1.29 (m, 10 H, CH, chain),
0.96 (t, J = 7.12 Hz, 3H, CH3). DSC and photoluminescence data are given in Table 1.



| ayers, electron transport |ayers, and other elenents useful for electronic
di spl ays or other devices. WD 2004/ 096783 PCT/ US2003/ 032046 -78 The © . °*
i nvent i oyd sof/bshder descri bed by the foll owi ng exanpl esrushichizxe
provided for illustration only and are not-gztended to be limting in any
way. EXAMPLES 5 Exarrpl e 1: Synthesis of

2-(2,5-Bi s-phe [{.oxadi azole O
N.N f, OC9H17 ; Into a flask
wer e i nt r oducedctyixphenyladl. dloxhéiazelat e (251 0 g, 1.65 nol), potassium
carbonate (276.37 g, 1.99 nol) and 1200 g of acetone. This was refluxed for
45 mn followed by the drop-w se addition of 1-octylbromde (386.17 g, 1.99
tool) over a 1 hour period. gaction mxture was refluxed for two days.
Filtration of the cooled re 1] xture and evaporation of the filtrate
gave an oil. This was taken acetate and extracted with 5 %
NaCH (2 x 100 m) foll owed m). The organic |ayer was
dried (MgS™4), concentrated i weighed | L

di st I lation to rermve t he excess 1-octyl br b d¥ e _pd esi due gave 376 g
(D (86 %yield) of nethyl 4-octoxybenzoaje™z nt hesi s of

4- Cctyl oxybenzoi ¢ acid Hydrazi de To the conteénts of ¥ ask fromPart A
was added 98% hydrazine (387.14 g). This W&, refluxed for 5 hours (106 C).
The cool ed sol ution was poured into 3L of i i
filtered, washed with copi ous anounts of wat e

7 i
§

i !
7

5 Using the general method of Example 1, the reaction of Pd(PPh3)4 (24.0 mg,
(.02 mmel) and Cul (8.0 mg, 0.04 mmeol) with a mixture of 2,(2,5-dibromophenyl)-5-
[4-octylxoy)phenyl }-1,3,4-oxadiazole (1.07 g, 2.11 mmol) and 1-ethynylpyrene (0.96
g, 4.25 mmol) in 80 mL of dry Et;N gave, after work-up 2-(2,5-bis-pyren-1-
ylethynylphényl)—5—(4—octyloxy-pheny1)—[ 1,3 4]oxadiazole.

10 'H 500 MHz (CsDs) 06 9.41 (d, J = 9.03 Hz, 1H, pyrene), 8.98 (d, J =9.04 Hz,
1H, pyerene), 8.68 (d, J = 1.46 Hz, 1H), 8.45 (d, J = 8.06 1H, pyrene), 8.28 (d, J=7.81
Hz, 1H), 8.21-8.15 (m, 3H, pyrene), 8.00-7.97 (m, 4H, pyrene), 7.88-7.86 (m, 4H,
pyrene), 7.82-7.78 (m, SH, pyrene), 7.76 (4, J = 8.06 Hz, 1H), 7.62 (dd, J=1.71, 7.81
Hz, 1H), 6.67 (d, 2H), 3.46 (t, J = 6.59 Hz, 2H, CH;-0), 1.57 (m, 2H, CHy), 1.36-1.27 ()

15 (m, 10H, CH; chain), 0.99 (t, /= 7.08 Hz, 3H, CHj3). Carbons signals observed that
were resolved from the deuterated benzene are shown below. Not all of the carbons
were accounted for. PC 100 MHz (CsDg) 6 165.18, 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,

20 126.16, 126.03, 125.83, 125.10, 124.97, 124.91, 12483, 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.




25 dried in vacuumto give 343 g (91 %yield). 4-octyl oxybenzoic acid
hydrazi de. Melting point 90 C WD 20041096783 PCT/ US2003/ 032046 -79 Part C
Synt hesi s &0 20504a78% onobenzoyl Chloride Into a 2 L fl askedintizeds/osed a

refl ux condenser and magnetic stir-bar was i8%roduced 2, 5-di bronobenzo
aci:d (50.0 g, 0.1786 nol) and thionyl chloride (150 ni, 2.04 nol). The
mxture was refl pxednfed: .mismﬂﬁwoeﬁbxm
distilled off fo y renova € remal nder rotary evapora
Distillation ficoct logvpiieny ! padipzoie chlorlde ( pot tenperature 110
- C distillation tenp 70 C / 0 7 nn1kg) Part D. Synthesis of

2,5-Di brono-N -f4-(octyl oxy) benzoy i ]
nitrogen, 2, 5- di bronobenzoyl chl offi de
sol ution of 4-octyl oxybenzoic acid ‘ 9
triethylamne (27 m, 19.48 g, 0.1925 nol) , of nethyl ene
chloride. The reaction mxture was stirred fogZ § hours at roomtenperature.
The precipitated solid was filtered off and reng tallized fromhot DVF /
water gave 79.38 g (78 %yield) 15

2, 5-di brono-N -[4-(octyl oxy) benzoyl ] benzohydr azi de. @5Q,E Synt hesi s of

2- (2, 5- Di bromophenyl ) -5-f 4- (oct yl oxy) phenyl | -1, 3, 4- oxadi dzole A mi xture of
2, 5-di bromo- N - [ 4- (ocﬁsﬁhgwe)@%e@mema%mb&a ¥ feafich &Pda@@%%g%ﬁph)g, and

phosphorus oxychl ori de ( was refluxed for hrs. Unreacte
phosphor us5oxychf.006 dmloﬂh&lwsft(ﬂDJGGUg dIZl?)annhc)l)Wath egiiue @A edipomopbenyihed

o £ 1 o SRS, bt 1 SLASD S gl oo
=( 2, 5-di bronoph t I . LPakts k:
Syl('lt hesi s of 2p(§ﬂmbg@“%%§%@e%{ﬁ$ﬁz‘?’%g ﬁy‘Fb“%L?fé‘c‘{ﬁ?? j‘“%z e @‘E’ 25

1, 3, 41oxadi azol eblﬁld.’ﬁ-Iﬁﬁiﬂlﬁjrémethgzl—ﬁhmleﬂ@n;d)mhahyl]ép(@i MIO}(SEﬁhﬁﬁlyﬁdl N Jbx adimdo)e

were added to a
2,(2,5- d|bronoph F@‘Bctyloxy)phenyl] 1, 3, 4-oxadi azole (3.20 g, 6.3

10 lH 500 MFHz (CgDg) & 8.43 (d, J = 1.46 Hz, 1H), 8.04 (d, J = 8.79 Hz, 2H), 7.9
(s, LE) 7.76 (s, 15D), 7.60 (d, J = 7.82 ¥z, 1H), 7.38 (ad, J = .49, 8.05 Hz, 1H), 7.34 (d,
J=7.82 Hz, 1H), 7.28 (dd, J = 1.71, 8.05 Hz, 1H), 7.16 (d, J = 8.09 Hz, 2H), 6.7 (m,
- 2H), 6.74 (d,F = 8.79 Hz, 2H), 3.57 (¢, J = 6.59 Hz, 2H, CHz-0), 1.56 (m, 2H, CH,),
1.31-1.23 (m, 10H, CH, chain), .90 (t, J = 7.08 Hz, 3H, CHs); °C 100 MHz (CsD¢) &
15 & .165.10, 162.81, 162.38, 135.34, 134.84, 134.25, 133.3, 13231, 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,
C 91.22, 89.90, 68.15, 32.15, 29.66, 29.6, 29.37, 26.28, 23.04, 14.32. DSC and

Frol ) was added to a
0.1925 nol) and

photoluminescence data are given in Table 1.

20 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 solation in dichlorosthane)
sh = shoulder



mol ) and phenyl acetylene (1.29 g, 12.6 mmol) in 20 nL of dry Et3N. The
reaction 30 mi xture was magnetically stirred for 3 h under reflux. The® .
cool ed reaghio@@edtkxXt ure was poured into an excess anourtT/o$20odsh&kol and
the precipitate was collected by filtratiog- Re-crystallization from

net hyl ene chl oride / hexane gave 2-(2,5-bis-

phenyl et hynyl phenyl )rng of §roRehinboXy ey&a)oﬂltx &ﬂés%%@&éeh@wﬁﬁlﬁj@ues 72 %
yield). r WD 2004/096783 PCI/ US200 032046 -8 1H-NMR (500 MHz,” CeD6) S
8.45 (d, J = 1.46 Hz, 1H), 8.05 (d, J = 9.03 Hz, 2H), 765(dd J= 1. 95,
8.05 Hz, 2H), 49 | I 1H) / ‘ , 1H),
7.27 (dd, J = £ERINERCOFHINCAY AL OOy er DALES ABL Sl s 9.04 Hz,
2H) 3.52 (t, Jezt hElv-£118.4 %@azoﬂe 55 (m 2H CH2), 1. 3-1.22 (m 10H,
CH2 chain), 5 O‘&@%Lﬂx‘i 6. 1, CH3).13C-NWR (100 MHz, C6D6)

6164. 93, 163.14, 162.16, 134.06, 133. 26 1325828, 132.03, 129. 16 128.7,
126.51, 123.93, 123.67, 123.25, 121.68, 117 ¢ 115.1, 97.00, 92.86, 88. 84,
88.77, 68.08, 32.15, 29.68, 29.6, 29.4, 26.2 23.04,- 14.32. 10 Exanple 2:
Synt hesi s of 2-(3,5-Bis-phenyl et hynyl pheX oct yl oxvphenyl ) -

| 1,3, 41oxadi azole NN O OCSH 7 Part A Qf

2- (3, 5-Di bronmophenyl ) -5-[4-(octyl oxy) pher
general nethod for the synthesis of 2, 5-di brom)ph -5-14

(octyl oxy) phenyl ]-1, 3, 4- oxadi azol e : arrpl e 1, the reaction of

3, 5-di broppbenzoyl '.J chlori {&0.13 g, 0. 06747 nol e) with

4-octyl oé}genzoi c acid hydrazide (17 g, 0.06747 nole) gave the internediate
3, 5-di brono-N -[ 4- (dtthfoml)sbmﬁ}de@Nmeylddlemzl d£5 d(bil:&rnSﬁhegyl)%%yi eld). 1 )
Cycl ocondensati on of the internediate 5-di bro

(octyl oxy) benz&‘;qtylob@aéew}h} éér@@d{aﬂleﬁ 038 001 ﬁnq%behzwéc’@gtyﬁeae a9& PRL26
required 2- :n‘ﬁTl BfSIS%W@B*P&ﬂHé $73% kg 0984 YLAXY WRP PABHE, Y, G0t 633353bS.

(6.12 g, 52%yie

hzole 15 By the

The nnxturc was heated at 90°C for 3 hours and filtered while hot. On cooling the
10 filtrate gave a solid that was collected by filtration and washed with methanol. An
excess or methanol was added to the filtrate to give a further crop of material. Column
chromatography of the combined solids (hexane / ethyl acetate mixtures of
concentrations up to 10% ethyl acetate) gave un-reacted 2-(3,5-dibromophenyl)-5-[4-
(octyloxy)phenyl]1,3,4-oxadiazole followed by mixtures of 2-(3-bromo-5-
15 phenylethynyl-phenyl)-5-(4-octyloxyphenyl)-[1,3,4}oxadiazole and 2-(2,4-bis-
phenylethynylphenyl)-5-(4-octyloxyphenyl)-{1.3,4]Joxadiazole. Répeated crystallization i
from hot hexane gave pure 2-(3-bromo-5-phenylethynyl-phenyl)-5-(4-octyloxy- (J
phenyl)-[1,3,4]oxadiazole (0.95 g, 18% yield)
'H-NMR 400 MHz (CDCl) 08.22 (t, 1H,/=1.43 Hz), 8.20 (t, J=1.76 Hz,

20 1H), 8.07 (4, 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).

25 | c

GO



Part B: Synthesis of 2-(3,5-Bis-phenyl ethynyl pheny)-5-(4-octyl oxyphenyl) -
1.1, 3, 41 oxadi azol e 25 Using the general nethod of Exanple 1, the reaction of
Pd(PPh3) 4 {(yElr@sdeys30. 1 mol) and Cul (23.6 ng, 0.1 mmolPCTWiszbos3midkt ur e of
2, (3, 5-di bronophenyl ) -5-[4- octyl xoy) phenyl 185k, 3, 4- oxadi azole (3.20 g, 6.3
rmpl) and phenyl acetylene (1.29 g, WO 2004/096783 PCT/ US2003/ 032046 -81

12.6 mmol ) in 20 nL Of[‘o%){ceEEQMnﬁ%?e oftd-bRinoM P idistiyifiuorene (11.47 g, 24.4 mmol) in
2-(3,5-bis-pyren-1-yl et hynyl -
phenyl ) - 5- (4- oct Wml}»méwgas)adflqd npppoilhigdidedp &0mee, 9869 mwelopatiadivay (TDDSC

(3, 5 Bi o pyr onZE gt CEhy R friea PS8 AR o RN b F34 TG 2201 e
hr OCSH17  Usi ngmh@ﬂg@ﬂ a&etﬂeﬁer?cb QfSO@ﬁmﬂ)ewﬂs thed &I dea a6E Y mbime iR frd
(127.5 ng, 10 0.1 mmol ) and Cul ,.0.2 mol) with a mxture of

2, (3, 5- di bPonopbadyiputss Mowiwﬁ@yﬂrméﬁwunm whils w:amgat,@ao@m(t@np@a@re The 2

mml) and 1-etyl I rene Lancast 1. in 50 nmL
of dry Et3N gavey ]?ﬂkwﬁﬁleﬁﬁ{?ﬂ Fec y P‘%rlfszag%%bﬁap ﬁ‘?ﬁ%ﬁ%%‘%ﬁ’é’m
chloride / hex a”%m;%ra(t@r&'ﬂﬁhﬂaﬁh‘ "cﬁﬂnﬂat S IRV BNt ane as the mobﬂ Ophase) showed the
phenyl ) -5-(4-octyl oxy-phenyl ) - 3, 4] oxadi azole (6.2 %yireld). 15

t H - NVR 600 Mz (@6iDB) todbeg:ogmlg t@land]thﬂ fompgiopef amctxp@p@d@ t wigh Bf yalpe Jessthan29

200, 7,95 (d- o e gt Gt o iioytibiorcieglplont thec fop dabiyo thefeatp R o
7.92 (d, qig= 7. 44ndthe igddiublYHIRRNd off - ’ﬁﬂe f(lﬁatelvas e%leig’ékatéﬂ to @x‘?‘neﬁ)ﬁb@'ﬁﬁ@r@sﬂﬂsﬁB
(d, J =7.76 Hz, 2H, pyrene), 7.76 (d 2H, pyrene), 7.72 (d, J

ZHS 74 Hz, 2H, pyiésken upen prtrqlenm gther @Wawd smssnmy MQH@&(JO%#, %2HGOkz ,
0T L Ll B T Bl B B SR e 72 (1
2004/ 096783 PCT/ bipgfish£320946,9-Di8etyl-9H-fluoren-2-ylethynyh)-trimethylsilane (10.2 g, 86%
yield).
15
Example 8: Synthesis of 2-Ethynyl-9,9-dioctyl-9H-fluorene

To a solution of (3,9-dioctyl-9H-fluoren-2-ylethynyl)-trimethylsilane (10.3 g,
21.2 mme}) in ethano! was added potassium carbonate (292 g, 21.2 mmol). The
mixture was stirred at room temperature for 20 bours and then filtered. The filirate was
20 .. evaporated to dryness and the residue taken up in hexane. Washing with water, dryimg
over magnesium sulfate and evaporation gave an oil characterized as 2-ethynyl-9,9-
( ’ dioctyl-9H-finorene (7.20 g, 82% yield).

Example 9: Svnthesis of 2-[3-(9.9-Dioctyl-9H-fluoren-2-vlethynyl)-5-

25 phenvlethvr;vl:phengl}-s-L4-octvloxv—phenvll—[1,3.4k)ggdiazole




Exanpl e 4: Synthesis of 2-(2,5-Bis-pyren-1-ylethynyl phenyl)-5-(4-
octyl oxyphenyl)-[1, 3,41loxadiazole N O N=} OC8HL7 5 Using the general

met hod of wExznbes7d,

(8.0 ny,

1-et hynyl pyrene (0. 9@\0«:@(1111@ t&ﬁld’@ﬁhb})ﬁl fmcﬁﬁrabfsiarﬂply 1Eﬂ13hde@@vﬂofaieﬂ%yl-9 9-

0.04 mml) with a mixture of 2, (2,33&ibronophenyl)-5-
[ 4- octyl xoy) phenyl ]-1, 3, 4-oxadi azole (1.07 g, 2.11 mmol) and

wor k-up 2-(2, 5-his- yre erthy enyl) 5-(4-octylo henyl
1, 3, 4] oxadi azol éioc (D@é%)w@ @1114?131@8‘1”313“@%% =p- pyr ene) ,

8.98 (d, J=9.04
8.06 1H, pyren)

o i fig} ]SS o on b A

8.00-7.97 (m 4K, 9—ﬂWCQﬂ@H-ﬂﬁor8&27y18ﬂiyﬁ'ﬂ) 5 nylawﬁyiephenﬂ]&2(47ocfﬁo£3nphéiyﬂ)-
7.76 (d, J 8.06 Hz, 1H), 7.62 (dd, = 1.71, Hz,

3 46 (11.33loxgdigzrley, ' oH, OHR2-O), 1. 57 (m 2H CHZ) 1. 36- 1 27 15
(m 1011, CH2 chain), 0.99 (t, J= 7.08 Hz, 3H, CH3). Carbons signals
observed t hat

pyrene),
(d, 2H),

Not  al |
163. 22,
132.12,
129. 06,
125. 10,
115. 05,

23.01, 14.28. DSC and phot ol um nescenc
2004/ 096783 PCT/ US2003/ 032046 -83 Exa
2-(2,5-Bis-(3-trifluoronethyl -phenyl et hy
(4-octyl oxyphenyl )-(1, 3, 41loxadi azol e F

162. 15,
131. 68,

127. 44,
124. 97,

94. 58,

10

15

20

wer e resol ved fromthe deuterated benzene are shown bel ow.

Fah 5. 18,
135. 99, 134 55 .48, 133.18, .21,
oqt € Iohd ag@e  130. 19, 129. 60 139. 27 129. 24

126. 70, 126.50, 126.41, 126.19, 20 126.16, 126.03, 125. 83,

124.91, 124.83, 124. l8/122. 24, 118.17, 117.64, 117.00,
94337, 92.49, 68.00,/312' 13, 29.63, 29.57, 29.33, 26.24,
data are given in Table 1. WD
e 5. Synthesis of

To an ice-cold mixture of 2-(3,5-dibromophenyl)-5-{4-(octyloxy)phenyi}-1,3,4-
oxadiazole (11.47 g, 24.4 mmol), triphenylphosphine (0.1816 g, 0.692 mmo}), copper
(I) iodide (0.062 g, 0.326 mumol) and palladium (IT) acetate (0.0594 g, 0.265 mmol) in
100 mL Et3N 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 mL methanol. The insoluble material
was filtered off and dissolved in chloroform. Precipitation with hexane and evaporation
to dryness of the hexa-lgé~ solution gave 2-(3,5-bis-trimethylsilanylethynylphenyl)-5-(4-
octyloxyphenyl)-[1,3,4Joxadiazole ( 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. Filtratioﬁ.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)-[1,3,4]Joxadiazole (3.5 g, 34% yield in total).

the reaction of Pd(PPh3)4 (24.0 ngPCTU3IMFYHE and cul



FF O NOCHL7 Using the general nethod of Exanple 1, the reaction of
Rd(PPhR3)4 (123.1 nmg, 5 0.106 mmol) and Cul (40.6 ng, 0.213 mnol) wth a
m Xt ur e " of wa{ dopewdirgyr onophenyl ) 5-[ 4-octyl xoy) phenyl ] - 1, TM2sBd3a86! e
(5.50 g, 10.8 mmol) and 3-ethynyl-a,a,a trifd7uorotoluene (3.69 g, 21.7
mml) in 80 nL of dry Et3N gave, after work-up, 2-[2,5-

bis-(3-trifl uoromg]
1, 3, 4] oxadi azol e (6.1 0, .
1.46 Hz, 1H), 8.Jd84ldxadiazolg. 79Hz 2H), 7.9 (s
J=7.82 Hz, 1H), 7.38 (dd, J =.49, 8.05 Hz 111)
7.28 (dd, J = 1.71, 8.05 Hz, 1H) =8

1H) 7.76 (s, 1H), 7.60 (d,
7.34 (d, J= 7.82 Hz, 1H),
09 Hz, 2H), 6.77 (m 2H),

6.74 (d,-J. 8.79 Hz, 2H), 3.57 (t, NN=G g, S2bbeH2- 0), 1.56 (m 2H,
CH2), 1.31-1.23 (m 1OH CH2 chaln) , J= 7.08 Hz, 3H, CH,); 13C 100
MHz (CBD6)5S 15 -' _ 165.10; 162.81, 162.38; 135.34, 13484, 134.25, 133.3,

132.31; 129.29, 129.24, 129.08, 126.%4, 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, 2R2¥xukSoPL(3, 3—4}1@@1111&3%51?&?1916&8&9&%%‘5‘1}-Bf{ﬁ%f}@(%cygﬁ&@ﬂar e

givehin Table 1. 20 Table 1: Tg, DSC and Phot 0l um nescence Characteri Zation
of Conpounds whelle ﬂoxadjazofg(@rﬁﬁgmm TytasGrmAlasboinie)(02R% igt A21 omerionm

R TRION RNLRTE NI N TSN R
e Rt e T
( [1,3,4]oxadiazole. (0.75 g, 80 % yield).
' "H-NMR (400 MHz, CDCl;) & 8.20 -8.19 (2H, d, J=1.43 Hz), 8.06 - 8.04
(2H,d,J =870 Hz), 7.73 (1H, 1, = 1.30 Hz), 7.02 - 7.00 (2H, d, 7= 8.79 Hz), 4.04 —
4,01 (2H, t, CH,0, J = 6.59 Hz), 3.18 (2H, s, ethynyl CH’s), 1.85 ~ 1.78 (2H, quin, / =

15 6.7 Hz), 1.52 - 1.24 (10H, m), 0.90 — 0.87 (3H, t, CH3).

Example 12: Synthesis of 2-Bromo-9-fluorenone
- Foa mechamically stitring solution of 2-bromfluoren-9-one (150 g, 0.612 mol)
in 1100 mL pyridine was added 18 mL of a 1M soluation of tetrabutyl ammonium

20 -= hydroxide in methanel. The solution immediately turned red -brown. The solution was
stitring 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
25 needles (98 g, 62% yit;,liiﬁ)“:
BCNMR (CDLs) § 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~

HO,

O

30



-84 The phot ol um nescence spectra of Exanples 2 to 5 are shown in Figure 5.
Exanpl e 6: Synthesis of 2-(3-Brono-5-phenyl ethynyl -phenyl)-5-(4- . -
oct yl oxyphenydsoofss 3, 4l oxadiazole Sr N N O\ | \ 5 CortOUToa07B4arL
solution of Et3N, was added 2-(3, 5-di bronopisgnyl)-5-[4-

(octyl oxy) phenyl ]-1, 3, 4- oxadi azole (5.08 g, 0.01 nol), phhnyl acetylene (1.29

g, 0.0126 nol), coppgk chdpotRidhSenidecborithy 18 tHefroBRid cRBAILYBERHIZLS ((70
ng, 0.063 mol). The m xture was heated at 90C f'or 3 hours and filtered

while hot. On cookengPeis 0. OrkiChms, Ghd€26- 056 LUMAVilRETEE) iskled by
i |m§0 at §°?OT‘SLV2’6‘Z ?ﬁi—ﬁ%\%ﬁ RLMERS orpatler 5 95 TERGHEIT D RRARaHEE T sy 01 (Bhe
conbi ned sol | dSa(Pexanesloisiy) sacoual anilii 1o ps ofs FERAERLARL PATHRY! ©

10% et hyl acetat&) gavé un-reacted i br ono
(oct yl oxyj phenyl.91-3%,.98-((¥ad] &z 8l0a Ho) 6.0%ved.98y( 1H, Qi €4.39f- 257 Blzhragvo- 5,805

phenyl et hynyl - phenyl }-5- 4- oct yl oxyphen I()F[ 1, 3, 4] oxadi azol e and 2-5%2, 4- bi s-
phenyl et hyny! pHdhytty I 573 d @x@%‘ﬁeﬁﬁg)l 156t I FoApRE % HE), e 8i5dd 1H, br
crystallizatio f__r.pﬁligt ) It - _

2- ("3~ br ono- 5- pﬁe%y| é yﬁﬁ%ﬁ%??ﬁé‘??’ -6?t7;%l%z>2y§’7%he5ri% SHTPIQ h]’gkgazcﬁlgzm e
(0.95 g, 18%yirp4)1t HirAMEA00 MHz (CDCL3) S 8.22 (t, 1H, J = 1.43 Hz), 8.20
(t, 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, -0 1.9 ' 8. 02 oHz . 1.52 -1.28 (m 10H),
0.89 (t. 16 it de : 2B Tene
(9,9-Dioctyl-9Hfluoren-2-ylethynyl)-trinethyllsilane 25 CBHL7 CBHL7 WO [

2004/ 096783 PCT/ US2003/ 032046 - &

15 To a refluxing solution of 2-bromo-9-(2-biphenyl)-9-fluorenone (3.0 g, 7.26
mg) in 50 mL acetic acid was added a few drops of concentrated hydrochloric acid.
Refluxing was continued for 30 minutes. The cooled mixture was poured into 200 mlL
water and the obtained solid filtered, dried and recrystallized from chloroform / ethanol
to give 2-bromo-9,9-spirobifluorene (2.26 g, 79% vyield).
20 "H-NMR (400 MHz, CDCI3) § 7.85 ~ 7.83 (2H, d, J = 8.10 Hz), 7.82 — 7.80
91H,d,J=7.62Hz),7.71 -7.69 (1H, d, J=8.10 Hz), 749 - 747 (1H, dd, J = 1.86,
8.1 Hz), 740 -~ 7.34 (3H,m), 7.14 - 7.10 (3H, t, / = 7.42,7.61 Hz),6.84 (1H,d, /= ('j
1.37 Hz), 6.73 — 6.70 (3H, m).



To an ice-cold mxture of 2-brono-9, 9-dioctylfluorene (11.47 g, 24.4 mol)
in 100 nL Et3N was added copper (1) iodide (31.0 ng, 0.163 nmol), palladium
(l'iy acetave208%od788y, 0.132 mmol ) and tri phenyl phosphi neCT/@82083/a3p046). 346
mmol ). Trinmethylsilyl acetylene (3.0 g, 30.58nl) was then added and the
mxture stirred for 5 30 mnutes followed by a further 30 mnutes while
warmng to roomt _
hours and then al C
chr omat ogr aphy ( hecteipEyRie agiazieise) showed the reaction to be
conplete and the formation of a reacti on product with Rf value | ess than
that of 2-brono-9, 9-dioctylfluorene. Petrol eum ether
reaction mxture 10 and the insolubles filtered off. Ahe fiItrate was
r oI eum et her and
er. Drying over

washed successively with HO (109
magnesi um sul fate and evaporati on
(9,9-Dioctyl -9Hfl uoren-2-yl et hypy
15 Exanple 8: Synthesis of 2-Eth : fluorene To a solution
of (9,9-dioctyl-9H-fluoren-2-ylethyny silane (10.3 g, 21.2 mol)
i n ethanol was added potassium earbonatc (2.921g, 21.2 nmmol). The mxture
was stirred at roomtenperature for 20 hours afiththen filtered. The filtrate
was 20 evaporated to dryness and the residue t n up in hexane. Washing
with water; drying over magnesium sulfate evaporati on gave an oil
characteri zed as 2-ethynyl-9,9 C dioctyl- uorene (7.20 g, 82%yield).
Eﬁanpl e 9: Synthesis of 2-13-(9, 9-Di oetgh;0911-fl uoren-2-yl ethynvl)-5- 25
Phenyl et hynyl - phenyl - 5- (4- octyl oxy- phenyl)-11, 3,41 Oxadi azole Celli CeHn -N
0 C8HN0O WD 2004/ 096783By(iie/gep2aDFbesate Example 1, the reaction of 2-(3,5-bis-

5 ethynylphenyl)-5-(4-octyloxyphenyl)-[1,3,4Joxadiazole (Example 11) with a two

.2 g, 86% vyield).

molar equivalent of 2-bromo-9,9-spirobifluorene (Example 14) gives the required 2-

[3,5—bis—(9,9—spiroﬂuDren—z-ylethynyl)phenyl]—S -{(4-octyloxyphenyl)-{1,3,4Joxadiazole.

Example 16: Screening of Compounds in MDP Formulations

10 “This example describes electroluminescence performance of bi-layer
molecularly doped polymer (MDP) OLED systems having hole-transport material
== MTDATA, emissive dopant (2-Benzothienylpyridinato) iridium(IIY) acetylacetonate
(BTPIr) complex and various electron transport agents. The electron transport agents
( are as follows: Comparative Ekample 16 contained PBD, Example 16-A contained the
15 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 tinsed
in acetone (Aldrich Chemical Company), dried with nitrogen, and rubbed with TX1010
Vectra Sealed-Border Wipers (Texwipe, NJ) soaked in methanol (Aldrich Chemical
20 Company, Milwaukee, W1), after which they were subjected to oxygen plasma
treatment at 200 mT base oxjrgen pressure and output power of 50 W in Technics
Micro Reactive Ton Etcher, Sertes 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



-86 According to the general procedure of Exanple 1, the reaction of
2-ethynyl -9, 9- dioctyl-9Hfl uorene (Exarrpl e 8 with a nolar equival ent “of .

2- ( 3- br onpe 2e04pbe@vy | et hynyl phenyl ) - 5- (4- oct yl oxy- pheny| BET/US®03)3B%&di azol e
(Exanmpl e 6) gives 2-[ 3- -90-

(:9, 9-di octyl -9H-f | uor en- 2-yl et hynyl ) - 5- phenyl et hynyl - phenyl ] - 5- (4- oct yl oxy-p
henyl)- 5 [1, 3ndldn@rtieants fol@@@éam}ean%@alu@ﬂidaﬁﬁmga{ gas flow at 110°C for ca. 15
2-(3,5-Bis-trinethylsilanyl et hynyl phenyl ) -5-(4-

octyl oxyphenyl jip.1, 3, 4] oxadi azol e ./ N—N [ [l OCeHL7 "\ 10 To an
ice-cold m xture of

oxadi azol e (11. 47 gT%ZWF?q a1n)mg"¢§ ?P%ﬂ@%ﬂ%'laﬁ )%%_lfé@gg&]ye]ddéggamml)

copper (1) iogiddR s6RiESB @ 6. |BV1§ Polpaikt 86tk J0osRceVATeA TR 20894
g, 0.265 mml) in S1061 E?%a%nﬁv\%s U;gged tII‘OI rrey?lﬁyl S|rlyl gcetyl ene (6. Oag,

61.1 mmob). The. Oﬁﬂ&glﬁTé’IMsﬁ 5 gili ¢ewiorm. {he fingkcdpgertiration oBeplids wimses. The ice

bat h d f.t

emperatur o T hEPHPRIL FLQOHLEFER RO 4T YR, Pob s SR 0 401 sﬁf%%ol o
reaction mxtufge g\@iﬁt@d Wae §fd-doRted 30 Lri’ﬂhcm%tdﬁ@&glbssuﬁ*@PEDﬂhHﬁia?es%E&r
filtered off and dissolved in chloroform Precipitation with hexane a

evaporation t epehilpfi@se0 RPM dfter fixativa thwbpgh DApngdylen microfilters.

2-(3,5-bis-trimethylsilanyleth heny|
oct | oxyphonyl )1 1, & 187G ok aleazR Helspon il A (HBFSapds o hearsmeitedo i

filtratqp20 wag, gyaRandl &f 16 by MadsuBiflafbe AR, 1) 200 oTE sl &t el ptch!

About 1 tration gave a materl (3.5
g). Evapor at i owitha aithaﬂesempéseﬂh:écaf’l—l@&af htlganéluanﬂmtmﬁemfmmsmﬁo)and {H )
2(35b|str|rret '

oct yl oxyphenyl ¥ 0%/3? %é@@ﬁiﬁ( 35 o ?&W%ﬁeélaﬂra?ﬁ of 954 5"”-\’/% and 15-
2004/ 096783 P@b&%&oﬂﬁﬁrﬁégﬂl‘%ﬁ vacuum (10 10 torr).

OLED electroluminescence spectral measurements and luminance-current-
15 voltage tests conducted on the device using a current density sweep range of 0-20

mA/cm” gave the following results.

Table 2: Preparation conditions for Examples 16A-C and Comparative Example 16

Ex. Stock | MTDATA | BTPI | ETM | PVE | MTDATA:BTPIr-ETM:PVK
Solution {mg) (mg) {mg)
B (mL) :
Comp. 1.7 10 2.5 10 15 27:7:27:40
16 mg Ty
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




-87 Exanpl e 11: Synthesis of 2-(3,5-Bis-ethynyl phenyl)-5-(4-octyl oxyphenyl) -
[1, 3, 41 oxadiazole NN \ O/ OCBH, 5 A mxture of

2- (8, 5- bi swokemtobyisi | anyl et hynyl phenyl ) - 5- (4- oct yl oxypheey$2003/032046

[1, 3, 4] oxadi azole (1.20 g, 2.21 mmol) and pot@ssi um carbonate (0.305 g, 2.21
mml) in methanol (30 nL) was stirred at roomtenperature for 20 hours.

Filtration of th@(’aﬁﬁ&'ﬂ @erf&x%a‘fﬁ@Bhﬂﬂctwléﬁ&S%Iaﬁpsand drying gave
2-(3,5-bis-ethynyl - 4- oct vl oxyphenyl) - [1, 3, 4] oxadi azol (0.75 g,

80 %yield). 'H NR4;400%&%%7 (4
8.06 - 8.04 (2H d. J 3% g”‘.%i?@ ég’ irighumess Dy j%i%%
(2H, d, J = 8.79| Beyp. 16|04 0.674,(D127(2H, t13.SCH?O 1J38= 4.59 M8y0 3.19 (2L s

ethynyl CHs), 1}85—4—78—{2k: g, 75 6 ot 5224 I0H

0.90 ~ 0.87 (3H |t oA1d) . BohAre 14 Dt hbei COR 4 Brom .1l udr d JUCTETR N
a nmechani cal l'y stirmwimg [solod7pon3af 2- bronf | bor e 9- gne ( B2%og, O. 61@,3@9317
in 1100 nL pyr| dl-he—was-ladded—18 f _a-1MSelutio of—-tetrabutvli-—ampnium

o ST I

20 - - hydroxide |rF6ﬁ:e ancprﬁtgl"l{f‘@éls_ol ut |1%ﬁ [ meelggtel y- turlﬁ%H red |- bPd%h.

The solution was SstTirring vigorousiy 1or 18 hours. ring the course of the
reaction a preci |tate vas observed To the reaction product was added 35

m. of water and & : hevice Pepiormanae ti onal 5 nminutes the contents of
the flask was fil tered The yeI | ow solid obtal ned was re-crystallized from
hot et hanol to give 2-Bstociosdatidnu® manarde ap of A myg MET AODA 26d RSad BEPHEIE 7Tgnl.

62% | d 3C-N CD13 S 192 143. 64, 137. 06, 135, 73, 43
133. g?e )1§9 40, © % SYaAERY Oggi Wai?‘%d‘fégo aﬂ% cggtapng 1} we Pt 35t
S@” nthesis of 2-Br ﬂgﬁ)ﬂ&hfngy‘lﬁbﬂ?ﬁ Y2 6 R51bk HHRNOTE 3,43 a2 0le from Example 2 and 15

mg PVK. The approximate content of the vial is recorded in the following table as

Example 17.1. The solution was spun-coated onto glass-TTO/PEDT substrates at the
spin speed of 2500RPM after filtration through 0.2jum Nylon microfilters.

10 A layer of electron transport material Alq (HWSands Corp) was deposited
under vacuum (ca. 107 torr) with sublimation rates 0.5-2 A/s. All OLEDs were capped
with a cathode composed of ca. 7 -10A of lithium fluoride (LiF, Alfa Aesar Co.) and
20004 of aluminum (Al, Alfa Aesar Co.), deposited at rates of 0.5A for LiF, and 15-
20A for Al under high vacuum (10“‘540'5 torr). The lamps that were evaluated in this

15 experiment are shown in Table 4.
( Table 4 Preparation conditions for Experiments 17A-C and Comparative Example 17
Ex. | Stock ET PVK MTDATA:BTPILETM:PVK
Solution | ..
C

17-A [ 1.7mL |[10mgEx2 15mg  |27:6:27:40
7B {17mL {13mgEx?2 15mg 27:6:32:37
17-C | 17ml. | 17mgEx2 15 mg 27:6:22:46
Comp. | 1.7ml, | 10mgPBD 15 mg 27:6:27:40
17

Device performance data is summarjzed in Table 5. All tested devices exhibit

20 deep red electroluminescence (CIE x,y 0.68, 0.32) with no electroluminescence



\' \ Br WD 2004/096783 PCT/ US2003/ 032046 -88 This conpound was nade

according to the procedure given by Pei and co- workers (Pei et al., J." Og’

Chem , 6&w0483496784936 (2002)) with a 74 %yield. 'H NMR/(S00/MR 3 8. 34 -

8.42 (1H, dd, J = 0.88, 8.01 Hz), 7.55 - 7.¢@1 (111, td, J = 1.46, 8.01 Hz),

7.35- 7.28 (3H, m, 7.21- 7.18 (3H mM, 7.14 - 7.12 (1H, m, 5 7.00 - 6.98
1

(1H, d, J = 8. %%H;Qt' Groid MTOASQA AL Jermiksioh even’at MgHe? LoncEnstions Bt 80
(1H, tt, J = a 15 TE Y JAT)H e.eeeq?‘:iH?m%?l toT :%ggpproincf.l?ﬁﬁzn)s,gf& 60
- 6.57 (1H, brthe ETM component (Examples 17-B and 17-C). This indicates that efficient red

t,J=7.7Hz),6.14-6. 12(1H brd, J=7. 72 , 5. 78=5.94(.JH, brd, J=7.82Hz)., .2.24 (1H,
br s, OH. 10 @ﬁ%‘ﬁ‘é]—‘ I&’*&?“@?Fﬂ%ﬁ‘g@{ﬁg?’l P%ﬁ?—“g?@fes‘bﬁd‘?xﬁﬁ’g% W%ﬂ‘élf%S To a
refluxing sol utiom of 2- ' - O Hﬁﬂ&%f‘e 5%4- 7. 26 nm)
in 50 nL aceti I(::érg@fl ‘Qﬁ%ﬁ%ﬁ@%@%@%ﬁ%ﬁé@ﬁ%ﬁ at’e §§ rﬁg%lhl oric
acid. Réfl uxi agylWwaspleopb hidedofaiaz8l (ETMitie ssedT Deviceowah highet coneemtmsiopour ed

into 200 nL water and the obtai neq@so.l id filtered, dried and ﬁecryst,al lized
from chl or of or i MIEhEA gre expgetgd (ashonimgpaved seabllity chppeterisics nihqroasmgciplexy 9oy

YL eh o roHRaliohBedyetn MFATA aing BpEPac pidndiSohcelegfons hTAPDAT Al bveps, 22
(15,9 o] 8 bl itk Sl i b
0041006783 SLRY GbasY BATHIETPED toin e St by RS2 GO,

(1.3, aScac sy B 36 B ARG BIENG Rt b SRR, e
reaction of 2- pdblenbbs ifhroducing an electron deficient component which has lowered exciplex ()
Ce Yyl phenyl) s o s Shiioncy wth MIDATA, Ticrisy Afowing for the ghe concertration of
MTDATA and possibly longer device operation lifetimes.
Devices based on 2-(3,5-bis-phenylethynylphenyl)-5-(4-octyloxyphenyl)-
15 [1,3,4Joxadiazole (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 Sand Figure 6 indicate that at
projected commercially required luminance for the red electroluminescence (ca. 200~

20 300 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 Xy
coordinates | QF, % |“Bff,C&/A | Bft,1m/W | Voltage, V
17-A | 068,032 33 2.7 0.78 105
17-B | 0.68,032 3.7 3.0 0.93 10.4
17-C | 0.68,0.32 4.0 3.4 12 94
Comp.
17 | 068,032 2.4 2.1 0.53 12.5

25



nol ar equi val ent of 2-bronp-9, 9-spirobifluorene (Exanple 14) gives the
required 2-

[ 3, 5- bi s- ( SyQ2@pioperks uor en- 2-yl et hynyl ) phenyl ] - 5- (4- oct yl| pxiypsmnybipefsl, 3, 4] o
xadi azol e. Exanpl e. 16: Screeni ng of Conpoundg-in MOP Formul ati ons 10 This
exanpl e descri bes el ectrol um nescence performance of bi-layer nolecularly
doped pol yner (N%Q@ R systens having hol e-transport material MIDATA,

em ssi ve dopant 2-%enzot hi enyl pyridinato) iridiun(lll) acetyl acetonate
(BTPIr) conplex and various electron transport agents. The el ectron
transport agents, are,as foll . _Conparative Exanple 16 contai ned PBD,
Exanpl e 16- A contai neé@ﬂ@oﬂgg\ﬁgﬁo@}’gﬁ prepared i n Exanple 3, Exanple 16-B
contained the material prepared in Exanple 2, and Exanple 16-C cont ai ned
the material prepared in Exanple 5. |I1TO gl ass, substrates (Applied Filns
Corporation, CO ca. 2512/sq.) were |iGrs&d—iAr DAl dri ch Cheni cal
Conpany), dried with nitrogen, and rpbbed w th TX1010] Vectra Seal ed- Border
W pers (Texw pe, NJ) soaked in mnethaphol (Aldfli ch Chem cal 20 Conpany,

M | waukee, W), after which they werge subjectled to oxygen plasma treatnent
at 200 - nil base oxygen pressure and output power of 50{Win Technics Mcro
Reactive lon Etcher, Series 80 (K& rrpany,JCA). A hple injecting | ayer was
formed by spin coating PERT 4083 (Bayer Corp., |later denot ed as PEDT) from
its water _suspension at 2500 RPM spin speed i;lfter filtering the suspension
t hrough 0. Sm WD 2004/ 096783 PCT/ US2003/ 0320461 - 90 Nyl on mcrofilters,

fol |l owed by anneghéig under nitrogen gas flow at 110C for ca. 15 mn. To a
vial containing 0.010 g of PBD (Dojindo Co.) was added 1.7 nL of a Stock
sol ution B contai ni ng 0. 078 igamgkoyPentydipledo trradent,myetrayalgBoragicpMadaTds :and

5 0.0125 g BTPIr ,in 8 chloroform The final concentration.of solids
was approxi mat el ?/Ik?‘}‘? Ggé?lr%lteéo%e’ f)c.mé‘i&_oate %WF?’@%%%g 0 OFng’r?oaI?)r.nﬁ% g
MIDATA.  The sol ¢drhQiindeS; § Ridftrdpsthat ddml\%dhh@J a:lcg_?g @rtRiy SroflaB8 Smlidd ¥ deftdling,
substrates at the spin speed of 2500 RPM after filtration through 0.2. m
Nyl on mi crl®f i | t episa compoapd of Fpmetle &k ordivrmpkddibort naterial Al g ( HWsands
Corp.) was deposited ' :

- -+~ that s unsubstituted or substituted with one or more alkyl, alkenyl, alkoxy, aryl,
aryloxy, fluoro, fluoroalkyl, perfiuoroalkyl, heteroalkyl, heteroaryl, or combinations
4 15 thereof, wherein
Ar' is trivalent radical of a conjugated Cs.3p carbocyclic aromatic
compound that is unsubstituted or substituted with one or more alkyl, alkenyl, alkoxy,
aryl, aryloxy, fluoro, ﬂuor-oalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or
combinations thereof; ‘

20 E is a Cs 4 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
cﬂombinations thereof;

G is a monovalent radical selected from hydrogen, C;.30 alkyl, Cy30

25 heteroalkyl, Cs.gp heteroaryl, Cs.eo aryl, or Cig.ep tertiary aromatic amino aryl that is



10 under vacuum (ca. 10-5 ton) with sublimation rates 0.5-2 A/s. Al OLEDs
were capped with a cathode conposed of ca. 7-10A of lithiumfluoride (LiF, -
Al f a AesagoGeos)ooensd 2000A of al umi num (A, Alfa Aesar BoOT)US200&pieid ed at
rates of 0.5A for LiF, and 15- 20A for Al wdder high vacuum (10-10 ton).
OLED el ectrol um nescence spectral neasurenents and | um nance-current- 15

vol tage tests GaREBGAE 8 subBEufRAMBEoMSII o afil ,a@{&lyg@n@!xwarﬁy@gpmgﬂnge of
0-20 mA/cnR gave the following results. Table 2: Preparation conditions for

Exanpl es 16A- C Birndo dbepealianli nestlEseapibiyb hegroagiyl, @t@@ﬂtyﬁ/wmqmbiamtuns tEFMIPVK

MIDATA: BTPI r: ETM PVK  Solution 1m= (fig) m.) Conp., L.7,10 2.5.10 15
27:7:27:40 16 ny PBD 1%-&‘&“1‘?‘1?’“?]6{’%“"%20?’&%%&?#0?? )}r?fh%yﬁﬂg&l-ﬁbeg%oaig‘ll 7
-10 2.5 10 15 ZfhéterohifOC Byl B C2 golertiary arbmb@ic mnol&yllihatié nhsubéiitid &0
Ex. 5 WD 2004/ 096783 PCT/ US20031032046 -91 Table 3: Perfornmance

char act er¥ st i cssubstitnigapgthmne ocomrk alkyt abicay akesy. ol agoxyvigeo, fluproalkyl,
o1 Qs O R B SRR g S0 it il 12 2050 0234
'. 7.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.

10 _
2. The compound of claim 1, wherein D comprises a radical of a Cg 4o aromatic
compound selected from

15 ” R R ,” 1\)

D O ‘
o 30 Ol



16-B 0.679, 0.321 14 2.5 329.0 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 nade up of
40 g MIDAWO 290d/086783ng BTPIr in 7 nL 5 chloroform A quedt/Us20056320467 nil
was added to a vial containing 10 nmg 2- (3, 5-l5s-

phenyl et hynyl phenyl ) - 5- (4- oct yl oxyphenyl ) -[1, 3, 4] oxadi azol e from Exanple 2
and 15 ng PVK The approxi mate contgent,.qf the vial is recorded in the
following table as Exanple 17.1. g ti on was spun-coated onto

gl ass- |1 TO PEDT subsirates at the s} peed of 2500RPM after filtration

t hrough 0.2m Nyl on %'l ayer of electron transport materi al
Al g (HWsands Cor p, er vacuum (ca. / torr) with
sublinmation rate OCEDs were capped a cat hode conposed
of ca. 7-10A of ' (LiF, Alfa Aesar Co nd 2000A of

al umi num (A, Alfa Aesar Co.),[ deposited at raBes AARfor LiF, and 15-
20A for Al under high vacuum- 6-10 ton). The t Hat were evaluated in

this 15 experinent are show aRi on conditions for
Experinments 17A-C and Conpar a e _Exampl e 17 {. 3
ﬁ /A 1.7 nL 10 ny 5 mg 27:6:27:40

MIDATA: BTPI r: ETM PVK  Sol ut i Qn
17-B 1.7 nL 13 ng Ex 2 15 ny 63237 17-C 1.7 Ex 2 15 ng
27:6:22:46 Conp. 1.7 nmL 10 mS‘ PBD 15 ng 27. 6:27:40 Device performance

data is summarized in Table 5. Al tested devices exhibit 20 deep red
el ectrol um nescence (GGE>,y 0.68, 0.32) with no el ectrol uni nescence WO
2004/ 096783 PCT/ US2003 2046 -92 contribution from MIDATA: ETM exci pl ex
oncentrations of

,and s

that is unsubstituted or substituted with one or more substituents selected from Cy_op
( 5 alkyl, Coopalkenyl, C,.20 alkoxy, Cg.a0 aryl, Ce.q0 aryloxy, fluoro, Cygg fluoroalkyl, Cy.o

perfluoroatkyl, Cy.p0 heteroalkyl, Cs.oo heteroaryl, and combinations thereof,

wherein
each R is independently an Cy.0 alkyl, Cy.0 alkenyl, .30 alkoxy, Caz
aryl, C¢.30 aryloxy, fluoro, Cy.ap fluoroalkyl, C.3p perfluoroalkyl, C;.30 heteroalkyl, Cso
10 heteroaryl, or combinations thereof; and

Ais C, Si, Ge, Pb, or Sn.

3. The compound of claim 1, wherein I comprises a radical of a Cs.¢9
heteroaromatic compound having at least one —C=N- unit, said Cs.¢; heteroaromatic

15 compound selected from



the ETM conponent (Exanples 17-B and 17-C). This indicates that efficient
red electrolum nescence can be achi eved without admi xture of exciplex

em ssi on Wwo Mo4/®endsi nati on of MIDATA (HTM and PCT/US2003/032046

2- (3, 5- bi s- phenyl et hynyl phenyl )-5-(4 5 oct ybgxyphenyl)-[1, 3, 4] oxadi azol e
(ETM is used. Devices with higher concentration of MIDATA are expected to
show i nproved stabi ity characteristics, whereas exciplex formation between
MIDATA and PBD at qg!brr concentrations of MIDATA prevents from obtaining
efficient and pure en/ssion with the control conpositions (e.g. based on
PVK:NWDATA:PBD:BTth)FNThis suggests that by using 2-(3,5-bis 10

phenyl et hynyl phenyl - (4- octyl oxyphenyl )-[1, 3, 4] oxadi azoles one can address
this problem by_ingtrodu
| ower ed exciple :

ing an electron deficient, co po-@ rhi ch has
@. fT i éncyy wi TDA t
hi gher concentra DATA{ an ssi klny/ | onget d

@l 19w ng for the
oherAt i
|ifetimes. Devices based on

tion

2

(Ex 17-A to 17-C) showed hi gher efficiehcies than those of nt¥lol device
(Conp. Ex. 17). Moreover, an increase in concentration of t E conponent
resulted in an increase in efficiencies (Table Figure 6). [Figure 6
shows efficiencyxbri nes t = def/i ce Tabl e Figure 6
i ndi cate that aEinqu§§>ed al |y e N ance fo e red

el ectrol um nesc e (ma? 200 g7 ), efficien of th udi ed MDP

conpositions fall in the 2.5-3.5Cd/A range, which is éonbarable w’th the _
best previously geR Its. Table 5: Performance £

characteristics 2% i 3ss of 200 Cd/r2 Ex. CE x,y
coordi nates QE, % e : ge, V 17-A 0.68, 0.32 3.3 2.7
0.78 10.5 17-B 0. 68 : : ‘ 17-C 0.68, 0.32 4.0 3.4 1.2

5 N—N
OO
X

&
CO

5 , , Y
/=N
%_J , and
that is unsubstituted or substituted with one or more substituents selected from Ci.00
alkyl, Cy 0 alkenyl, Cp.o0 alkoxy, Ce.0aryl, Ce.go aryloxy, fivoro, Cip fluorealkyl, Cpag
10 perfluoroalkyl, Co heteroalkyl, Cs o heteroaryl, and combinations thereof,

wherein



WD 20041096783 PCT/ US2003/ 032046 -93- WE CLAIM 1. A conpound of formula I
[GE1r' D n 5 wherein Dis a nonovalent, divalent, trivalent, or

t et raval entwoadismab7ssf a Ci ao al kane, C3-30 het er oal kanePCEBRRWAIWE or
unconj ugat ed C6-60 carbocyclic aromatic conp8énd, C3.60 heteroaromatic
conmpound, Cl18-60 tertiary aromatic am no conpound, 10 or a conpound of
Formula I'l or Formula Il XR®O §or®wI wiMre RAM a Tp3,uMsabst] ,bbetbdityl, a
substituted with one or nore_al kyl, al kenyl, al koxy, aryl, aryloxy, fluoro,
f1uoroal kyl , per fGouorok ddydpo hRlereardapia sorbisationsheigpl. or combi nations ( 15
t hereof, wherein Arl is trivalent radical of a conjugated C6-30 carbocyclic
aromatic conpound that is unsubstituted or substituted with one or nore

al kyl, al kenyl, aj koxyLhe cdmploun@bytiaxy 1, whet€h® chhnpidded alrkdital operdslgior oal kyl ,
het eroal kyl, heteroaryl, or conbinations thereof; 20 Eis a C3.60 _

het er oar yl ehe haJiciggoapmpiceampmed.-tong elegiron ridgrd! aas-ertediag @amabe pmino
unsubstituted or substi e ¢t h one or nore al kyl, alkenyl, alkoxy, aryl,
aryl oxy, f1uoro, PTG %%#%ﬁ%dﬁﬁﬁ%luoroalkyl, het er oal kyl , heteroaryl, or
conbinations therees, G ig-a 2]

Cl-30 al kyl, CI-3¢
tertiary aromati c ‘&

radi cal selected from hydrogen

haI Ky p, teroaryl, C6-60 aryl, or Ci s-60
eyl t hat -;4/096783ﬁPCTIU82003/032046

fz
»

10 s , , and



-94 unsubstituted or substituted wth one or nore al kyl, al kenyl, al koxy,
aryl, aryloxy, fluoro, fluoroalkyl, perfluoroal kyl, heteroalkyl, .
het er oar yWwp 204/6T8i nati ons thereof; J is a nonoval ent Pa®iuS200308d0¢ct ed from
Cl-30 al kyl, d _30 heteroal kyl, C3_ 60 hetggoaryl, C6-60 aryl, or Cl8-60
tertiary aromatic amno aryl that is unsubstituted or 5 substituted with one
or nore al kyl al kenyl ._al koxy, aryl, aryloxy, fluoro, fluoroalkyl,

per fl uoroal kyl, het @ kyl, het ryl, or conmbinations thereof; Z is NH or
CH2 and n is an integeg/of 1 to %ﬁherein no nore than one of D and J is an

unsubstituted phenyl en nis eq to 1. 10 2. The compound of claiml1,

wherein D conprises agnradical of .60 aromatic conpound selected from/
\ RR- -/ 15 0~ Ph~P N2 14 / / WD 2004/ 096783
PCT/ US2003/ 0320 95

R R
that is unsubstituted or substituted with one or more substituents selected from Cig
alkyl, Caz0 alkenyl, Cy_gpatkoxy, Cesao aryl, Ce.20 aryloxy, fluoro, Cj.o0 flnoroalkyl, C; 20
perfluoroalkyl, Cy.o0 heteroalkyl, Cs.o0 heteroaryl, and combinations thereof,
5 wherein

each R is independently an Cj3p alkyl, Cyap alkenyl, Cy.3 alkoxy, Cs.a0
aryl, Cg.30 aryloxy, fluoro, Ci.3 fluoroalkyl, C;39 perfluoroalkyl, C;.3p heteroalkyl, Cs.ao
heteroaryl, or combinations thereof; and

X is 0, S, or NR? where R? is a Cy.39 alkyl, a Cy.30 heteroalkyl, a

10 Ce20 aryl, a Cspp 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

0O R0 B ¢

GO U o, O

15



/"1l R/ R RRf ~e and that is unsubstituted or substituted with one
or. nore substituents selected fromd-20 5 al kyl, C2-20 al kenyl, Cl -20

al koxy, ©C6-20 20(:0067886- 20 aryl oxy, fluoro, C 20 fl uor oal RGI/USIONG/GER046
perfluoroal kyl, C-2.0 heteroal kyl, C3-20 het®-oaryl, and conbi nati ons

t hereof, wherein each R is independently an Cl-30 al kyl, C2-30 al kenyl,

Cl -30 al koxy, O30 is @sMbstitted S0sudkitfuiMvitd btéBrQnorelsnBitddneNepatddtom €, 5530
perfluoroal kyl, Cl-30 heteroal kyl, C3-30 10 heteroaryl, or conbi nations

t hereof; and A i glkgl, Gizpalkenyl,/ 20 8ikosn Co3o ar¥h €sconplonndlusto.cF b fuproalkyb i

one- - Cone it SaRoEsh Gide BrisminEih e Mg RSBt Lo Rl by \&i‘ft

2004/ 096783 PCT/ J3@R3/ 032046 -96- NN | -\ NNI NNN X1 I N | N
NV Y\ NNNN I I N INI XI X
' 5 each R is independently an C,sp alkyl, Ca.30 alkenyl, Cy.3p alkoxy, Cs.30

aryl, Ce.30 aryloxy, fluoro, Cj.3p fluoroalkyl, C;.3o perfluoroalkyl, C;.a0 heteroalkyl, Caag

heteroaryl, or combinations thereof.

6. The compound of claim 1, wherein n is equal to 3 and D comprises a radical

10 selected from




\ /XNV XTI XA X\ 5tkcl N >1/ NI/ Nand | N &0 that is
unsubstituted or substituted wth one or nore substituents selected from
Cl-20 al W{p2004895783 al kenyl, Cl-20 al koxy, C6.20 aryl, EeTAS2HWBHI2%y,
fluoro, d _20 fluoroal kyl, C-20 10 perfl ueral kyl, Cl-2oheteroal kyl,

C3- 20het eroaryl, and conbi nations thereof, wherein WO 2004/096783

PCT/ US2003/ 032Gk is ni@bstirhtsd Or sibstifitedNR2h wﬁebﬁn&e suBstRudalts ecbdddydm g, - 30
het eroal kyl, a (C6-20 aryl, a C3.20 heteroar a conbi nation thereof. 4.

The conpound ofalistlafm ElkeMe@emﬁﬂ‘:BX 6320 ?lé(lﬂxé’aﬂ“@f” Grgdlugakkyl, Cra0
aromat 1 o an no FARRESIEY. CEh A GIBE Co xh%ﬁ%%ﬁﬁ“%f R RP ahfREL 1Y
/X\ '\ ONO R R RyiN¥rdin\ NN--ONaN N
5 each R is independently a Cy.3 alkyl, C; 30 alkenyl, Cy.ap alkoxy, Ce.so
aryl, Cs.30 atyloxy, fluoro, Cy.3o fluoroalkyl, C;p perfluoroalkyl, C; 30 heteroalkyl, Cs.39

o heteroaryl, or combinations thereof.

7. The compound of claim 1, wherein n is equal to 4 and D comprises a radical

10 selected from

* *

,and
that is nnsubstituted or substituted with one or more substituents selected from Ci .5
alkyl, Cp.90 alkenyl, Cizralkoxy, Cs.o0 aryl, Cs.2o aryloxy, fluoro, Cioo fluoroalkyl, Ciap
15 perfluoroalkyl, Cy.20 heteroalkyl, Cs.o heteroaryl, and combinations thereof.

8. The compound of claim 1, wherein Ar' comprises a trivalent radical of

0 €



10 , , , and WD 2004/096783 PCT/ US2003/032046 -98- NNI ~ 1 that is
unsubstituted or substituted with one or nore substituents selected from
Cl-20 al ky¥Q 200202083%| kenyl , Cl1-20 al koxy, C6-20 aryl, CERTGUIGIIIAS
fluoro, Cl-20 f.luoroal kyl, C-20 perfluoroalddyl, Cl-20 heteroal kyl, C3-20
heteroaryl, and conbi nations thereof, 5 wherein each R is independently an
Cl-30 al kyl, C2.30 al kenyl, C-30 al koxy, C6-30 aryl, €
fluoro, a-30 fl uoroal kyl, C1- 30 perfl uoroal kyI CI 3
het eroaryl, or corrbl ;
C1. 30 aIkyI a Clg a
conbi nati on ther @
1, wherein n is egul 3 S S =
N R R and WD 20041096783 PCT/ US20031032046 -99 that is unsubstl tuted or’
substituted wth one or nore substituents sel ectgee Wk

al kenyl, d -20 al koxyPhCGPon aryl,
Cl -20 perfluoroal 20 ete
conbi nati ons the
C2- 30 ‘al kenyl, C
fl uoroal kyl ,

that is unsubstituted or substituted with one or more substituents selected from Cy_z

alkyl, Cz.go aIkenyi-, C1_20 a]koxy, Cg_go aryl, C5.20 HIYIOXY, fluor 0, Cl-go ﬂuoroalkyl, Cl_zg
perfluoroalkyl, Cy.oo heteroalkyl, Cy.00 heteroaryl, and combinations thereof,



het er oaryl ,

Is equal to 3
| / RRRWORNWNIMEZ | /| R R RI1 \ I ~ N and W 2004/r09&rB803/032046

PCT/ US2003/ 032046 -100 that is unsubstituile? or substituted with one or
more substituents selected fromCl -20 alkyl, C2-20 al kenyl, C -20 al koxy,

C6- 20 aryl,

or conbi nations thereof. 6. The conpound of claim11, wherein n
and D conprises a radical 10 selected fromC- I\ R RR'R,- -

C6- 20 akkekxy, fluoro, Cl 20 fluoroal kyl, Cl-20 perfluoroalkyl,

Cl - 20het eroal kyl , C3-20 heteroaryl, and conbinations thereof; wherein 5
each R is independent|y 8cBR sdndgpeydentlyansd.soplkeh{b-so Bkenyd G alkgxy. &80

aryl,

C6-30 a

het er oal kyl ,

claim 1, wherehsteratg, @goaibidatiods thagtoD conprises a radi cal

S

5

10

15

20

g PenaytRiudt CothBREAG % prORARSAC HRRERREN, (i of

9. The compound of claim 1, wherein Ar' comprises a trivalent radical of benzene.

10. The compound of claim 1, wherein E comprises a radical of oxadiazole, N-
substituted triazole, N-substituted imidazole, benzoimidazole, N-substituted pyrazole,

oxazole, isoxazole, thiazole, thiadiazole, benzothiadiazole, isothiazole, pyridine,

pyridazine, pyrimidine, pyrazine, triazine, tetrazine, benzoxazole, benzothiazole, -

quinoline, isoquinoline, 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 I | O

o 00 00088
()

o & O EIRB

'\J

10 sel ected from



S-i and that is unsubstituted or substituted with one or nore substituents
selected _fromCl -20 al kyl, C2-20 al kenyl, G _20 al koxy, C6-20 aryl, C6-20
aryloxy, fIwiore4/084820 fluoroal kyl, Cl-20 15 perf| uor oal RgT/USHI3/R2046

het er oal kyl , C3-20 heteroaryl, and conbi natigns-thereof. 8. The conpound of
claiml1l, wherein Art conprises a trivalent radical of / \ , ) f , 9 WO
2004/ 096783 PCT/ US2Q03/032046 -101 /—V RR\ I \'\ Ph Ph Ph Phl \ R RR

., or CRRR 'R .\I -'@ 5 Rt % unsubstituted or
e !.'1‘.'.’! - ”

substituted with Ry, C2_20
al kenyl, d _20 al kax .20 aryl ,.86-20 a or gal kyl ,

Cl-20 perfluoroa Ohal ~ZOherergal
Ph Ph

S ,’ : .:,’
. OO

‘o‘oeooo 5
4 O O

OO

OO oo GO




WO 2004/ 096783 PCT/ US2003/ 032046 -102- wherein each R is independently an
Cl-30 al kyl, C2_33 alkenyl, C -30 al koxy, C6-30 aryl, C6-30 aryl oxy; o
fluoro, o 2wybésags oal kyl, Cl-30 perfluoroal kyl, G -30 H&tes28ed/®9¥46 C3- 30
heteroaryl, or conbinations thereof. 5 9. -IR¢ conpound of claim1, wherein
Art conprises a trivalent radical of benzene. 10. The conpound of claim1,
' s a radical azole, N substituted triazole,

: e, N-substituted pyrazole, 10 oxazol e,
ot hi.aqdi azol e, isothiazole, pyridine,

riazi etrazi ne, benzoxazol e,

qgui noxal i ne, p aine, or

I i soqui ngline, nol i quinaagzol |
azi ne, "benzotr i @ naz’—pﬁeﬁ .
acridine. 15 11» Fhe conpound of cha ‘mmerel conﬁrls 4 radi cal of

benzoi m dazol e, oxadi azol e, thiadiazole or triazole. 12. The cdnmpound of
claim1, wherein E conprises a radical of oxadiazole. 20 13. The conpound of
claim1l1l, wherein G J, or a conbination thereof conprises a nonoval ent

radi cal of QR PR WD 2004/096783 PCT/U82003/032046 };;fiiﬂ Ph\ / /7 I \\

i soxazol e, thia
pyri dazi ne, pyr|n|.,_.
benzot hi azol e,

si'l-/ ' Ph Ph/ I I

OO0 O

o §0 x
040 B0 00
LoD 4D

N
L
o

C
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s



V1 V1T VCEORR 9PCAQO N/ N I~ - N/ \N 1/ / NNNN W
2004/ 096783 -104- PCT/US2003/032046 \ - NNN NNXN Nr NI / \ N /
b--<, NN | We280409%6M3 || Si Xx RR, ,, R19 x\ PCI/US00§0336 R |
, WO 2004/ 096783 PCT/ US2003/ 032046 -105-

g
4
R
g
3
4

, OF
that is unsubstituted or substituted with one or more substituents selected from Cy.4p
alkyl, Czp0 alkenyl, Ci4¢alkoxy, Cs.oo aryl, Ceao aryloxy, fluoro, C;zo fluoroalkyl, Ci.0p
5 perfluoroalkyl, Cq.g0 heteroalkyl, Cso heteroaryl, and combinations thereof,
wherein
each R is independently an Cy.3p alkyl, Cy.30 alkenyl, C.30 alkoxy, Cg.ap
aryl, Ce.3p aryloxy, fluoro, Cy30 fluoroalkyl, C;.s9 perfluoroalkyl, Ci30 heteroalkyl, Cs_so
- - heteroaryl, o combinations theseof; -
10 Xis O, S, or NR® where R*is a C;.0 alkyl, a Cy.sp heteroalkyl, a
L Csa0 aryl, a Ca o0 heteroaryl, or a combination thereof; and

t is an integer of 0 to 4.

14. The compound of claim 1, wherein the compound is



-105- Ni N NNNNNQ ,Orl that is unsubstituted or substituted with one
or nore substituents sel ect ed fromCl-20 alkyl, C2-20 alkenyl, Cl-20 " .
al koxy, OCBO2M440¢183 C6-20 aryl oxy, fluoro, C -20 fl uoro&q?WEZ‘)O@n% 5
per fluoroal kyl, Cl-20heteroallryl, C3- 20het~é@ﬁyar yl, and conbi nati ons

t hereof, wherein each Ris independently an Cl-30 al kyl, 02.30 al kenyl,

Cl -30 al koxy, C6-30 aryl, C6-30 aryloxy, fluoro, C-30 fluoroal ky, Cl-30
perfluoroal kyl, Can heteroal kyl, C3-30 heteroaryl, or conbinations
thereof; 10 Xis 0, S, or NR2 where R2 is a Cl-30 alkyl, a C-30

het er oal kyl, a C6- , a Cs-20 heteroaryl, or a conbination=thereof;
and t is an integet to 4. 14. The conpound of claim1l, Wne t he
conmpound i s V\DZ : -106 N ON Nf /CBHL7TOON O
N. N OCBNn OCBHI? /4

Gyt 0

or



FI v NO NN OCBH17 OC8H11 CBH17 CBH17 O i N or CBH170 .. WD 2004/096783
PCT/ US2003/ 032046 -107 15. The conpound of claim 1, wherein the conpound is
N 0 CBH7MWQEpHP94783- N N CBHL7 C8H 17 NN- \ / \ / 0O CHRCT/OBROD3/0320466BHI 7
CBH17 8 17 C8H13 P-__ I NO CB17 C8H17 01 - / ‘OW N C8H13 / C8H17 5 CBH17 WO
2004/ 096783 PCTI US20031032046 -108

15.  The compound of claim 1, wherein the compound is

T




OCBHy7 NN O O NN CBHnO X it CeHn N_3H 7 NOI I ~ CoH1I3 CoH/3 O

CBH, 7 -N CaH17 or

16. The conpound of claim 1, wherein the conpound js*WD -

2004/ 09678 WP/ 1828003/ 032046 -109 N- |1 NY O O N. N o®CHNTS2008ME20@6 CaHl 70
~-108-

N I: "MNOIiN

16.

The compound of claim 1, wherein the compound is )



CaH~~0O OCBH, ~ WD 2004/ 096783 PCT/ US2003/ 032046 -110 OC8H17 O N CBHnO O N
S, O .1/ NI \ CCSH77 f J 0O\ O8H'Oor OCOHI7 O N NCOH70 N ONN i
N OC8Hi 7° ew0 26BK#@3 17. A conposition conprising: 5 (a)rerisrstoxzempound
of formula | WO 2004/ 096783 PCT/ US2003/ 03204409 ‘




-111 GE-Ar' - D J In wherein said conpound conprises a first core D
attached to first end capping 5 groups of formula IVGEA"' ~11 J IV, D
i S a nmonoveb znw/pIsdsval ent, trivalent, or tetraval ent radiGrarszeds/a233. 30 10
al kane, C3.30 heteroal kane, conjugated or whidsenj ugated C6.60 carbocyclic
aromati ¢ conmpound, C3-60 heteroaromatic conpound, Cl$ 60 tertiary aronatic
am no conpound, or a conpound of Fo la Il or Formai#. MO O O 2:8 0 11
1l 15 that is unsubstituted or subsfjituted w thjoye or nore al kyl,

al kenyl , al koxy, aryl, aryloxy, fluoro | uor oal ky=/ pei fl uoroal kyl ,

het eroal kyl, heteroaryl, or conbinationsS™\gheregts wherein Arl is trivalent
radi cal of a conjugated C6.30 carbocyclic aregaty conpound that is
unsubstituted or substituted with one or m)l kyI al kenyk,s al koxy, 20

aryl, aryloxy, fluoro, tjhyaroal kyl, perfluor |, heteroaryl,
or conbi nations thereof; E‘\: C_3. 60 heter

| east one
-C=N- unit, said heteroaryl®
or nore al kyl, alkenyl, -112fr
per fl uoroal kyl, heteroal kyl, hetel s 0u-|nat|e-. t her eof ;

G;H,0

, Or

17. A composition comprising:

5 (a) a first compound of formula I



G is a nonoval ent radical selected from hydrogen, Cl-30 al kyl, Cl-30
heterocal kyl, C3-60 heteroaryl, C6-60 aryl, or Cls-60 tertiary aromatic am no
aryl’ that iwo 20amebmti t uted or substituted with one or nopermakiopbiozzikenyl
al koxy, aryl, aryloxy, fluoro, fluoroalkyl,.iperfluoroal kyl, heteroal kyl,
hetieroaryl, or conbinations thereof; J is a nonoval ent radical selected from
Cl-30 al kyl, C1-30 heteroal kyl, C6-60_aryl, or Cl18-60 tertiary aromatic
amino aryl that is unsubstituted or $ubstituted with pne or nmore alkyl,

al kenyl , al koxy, aryl, aryloxy, fluofdG—TEuohAsarksA=—pé& fl uoroal kyl,

het eroal kyl, or conbinations thereot; Zi sNHarCH2; njis an integer of 1 to
4, wherein no nore than one of D and}J is an||| unsubstituted phenyl when n is
equal to 1; and (b) a second conpound sel ect fromajcharge transporting
material, a charge blocking materialf, a light emttipng material, a color
conversion material, a polymeric binder, or+“a conbingtion thereof. 18. An
organi c el ectronic device conprising a conpound of Formula I: GE-A' =D
Il n wherein -113D is a nonoval ent, divalent, trivalent, or tetraval ent

radi cal of a C3.30 al kane, C3-30 heteroal kane, conjugated or unconjugated
C6. 60 carbocycl i ghafe@mat i ¢ conpound, C3-60 heteroaromatic conpound, C18-60
tertiary aromati c am no conpound, or a conpound of Formula Il or Formul a

111 000 Zz2Z2Z Il Il sHdcompownkppariseus Bt epredhptached toaldrstwndeappiagor
nore al kyl . al kenyl Q yl, aryloxy, fluoro, fluoroalkyl,
per fl uor oalskyl , ﬁé@? %ﬁ(q{%/]?ﬂl,a]ﬁfet eroaryl, or conbinations thereof, wherein
G—E—Ar—==—+
(
f
J
v

D is a monovalent, divalent, trivalent, or tetravalent radical of a Ca.39
10 alkane, Cs 3¢ heteroalkane, conjugated or unconjugated Cg gp carbocyclic aromatic
compound, Cs_gp heteroaromatic compound, Cyg.o tertiary aromafic amino compound,

or a compound of Formula II or Formula I

o) 0 o 0
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15 that is unsubstituted or gl-l-bstituted 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,
20 aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or
combinations thereof;
E is a C;.¢p heteroarylene having at least one —C=N- unit, said

heteroarylene being unsubstituted or substituted with one or more alkyl, alkenyl,



‘Arl is trivalent radical of a conjugated C6-30 carbocyclic aromatic conpound
‘that is unsubstituted or substituted vm'th one or nore al kyl, al kenyl,

al koxy, aryl, aryloxy, fluoro, fluoro IkyI per fl uoroal kyl, heteroal kyl,

het eroaryl, or conbi nations thereof, |§ a C3-60 heteroarylene havi ng at

| east one -C=N- unit, said heteroarylene being unsubstituted or substituted
with one or nore al kyl, alkenyl, allcoxy, aryl, aryloxy, fluoro,

fluoroal kyl, perfluoroal kyl, heteroal kyl, heteroaryl, or conbinations
thereof, Gis a nonoval ent radi cal selected from hydrogen, Cl-30 al kyl,
Cl-30 heteroal kyl, C3-60 heteroaryl, C6.60 aryl, or Cl18 60 tertiary
aromatic amno aryl that is unsubstituted or substituted with one or nore
al kyl , al kenyl, al koxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyl,
het er oal kyl , heteroaryl, or conbinations thereof; J is a nonoval ent radical
sel ected frp I 60
tertiary ar omsl}tplj‘El Itr:ﬁgamﬁ hgyaﬂruogfﬁgmlaﬁﬁuggi&gﬁa}k ﬁg%%ﬂﬁ é‘??%”ﬁfpég wi th one
or nore ah&yhnmEMKﬂnyaﬁ'alkoxy, aryl, aryloxy, fluoro, fluoroalkyl,

per f | uoroal kyl, fhit egi)%lakyl Vgiqqt%’%?b $££G|Ef%;1§maﬁgd{6ﬁgeg h;gag(l;:]—lsgr CH2 and n
is an integer o t RARS 180
unsubstitu &mﬁgy S | ectronic
devi ce of 2‘? d:v\*))rl:ABrel lcg%%ﬁlc%{?éﬁ%%ﬁ%a?%gﬁrﬁ?%aﬁmﬁ%ct %ﬁescent
devi ce. 20.unditatintglorisabglteed wothi anede wicreallry], alkanyh, aloxyfaeyleanyldxgeflasrgani c
he. conpounIoBrIRb R IPrpaky p BRETPRI b AT e Pt PO IOGARIER: of o af m 20, -
wherein the organic gmj §%&o%%vﬁk&ffﬁ&g%zr(llsfﬂ‘é&%@?Jon?@Fde%ﬂs Pl SRRE S r%g,tcﬁ,so g]tyl

transporting material, a charge b ng material, a po yneric er
| i ght emi t tor Aigs- gmstraanyadromatm:mhmlo amyiﬂhﬂnsurmnbh&yed or subsiitwtedryithahe onmbieer eof

22. The organic . el ect nlch| cl ajm 20 in ani c. eni ssi ve
el ement hadlohkan eloXyenst BhicondugnAasl Pegro. RetprkEl 5T g
em tting | Qyfibinatidns thBRoPr 9ani ¢ el ectronic device of claim20, wherein the

organi c em ssive el enent ‘has nultiple layers and the conpound of Formula |
is in a charge transgoistNHgr Cilzer .

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) 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,

18.  An organic electronic device comprising a compound of Formula I:

; ]
G—E—Ar—————D

wherein



24. The organic el ectronic device of claim 20, wherein the conmpound of

‘Formula | is a light emitting material. 25. A method of making an organic
el ectrol um nescent devi ce conpri sing: ) preparing a donor sheet conprising
.a transfer layer that conprises a conpodnd of Fornmula |I: GE-Art - D Il J

n wherein -115- Dis a nonoval ent, divalent, trivalent, or tetraval ent

radi cal of a C3.30 al kane, C3-30 heteroal kane, conjugated or unconj ugated
C6. 60 carbocyclic ar Bnatimgonoyaleoty divaled8-tialetteoetvavaderd radical ofip 3 ndalk@E8- 60
tertiary apomatic Il N0 _CQ und, or _a co und of Formula Il or Formula
11 00 0 Gemeterptkaney compgats & iseopiletEitem Curey i e ARG Lo for
al kyl', al kea¥baroMdRSmpRLNd, C,REMkR%4Yy aroflat®afhind aRPRAUKN a cgsuhder oal kyl ,
het er oal kyl , heteroaryl, or conbl nati'ons thereof, wherein At' is trivalent
radi cal of Fermuda[lgdtoseutddiBo car bocyclic aromatic conpound that is

unsubstituted or subst ic; uted with one or nore al kyl, alkenyl, alkoxy, aryl,
aryloxy, fluoro, fluorgallk pesd | uor oal Ky Bl 07 |, Heteroaryl, or
conbi nati ons thereof; ' 3- 60 het eroar S east one -C=N

unit, said-heteroaryle Asubsti tuté Nt ed” Wi th one or
more al kyl, alkenyl, a ; o aryl oxy, g”f1yorg, ‘-.
perfl uoroal kyl, heteroal kyl, heteroaryl, or conbinations thereof; Gis a

nonoval ent radical select from hydrogen,. Cl. 30 ﬁ kyl, d-30 heteroal kyl,
C3-60 heteroaryl, C6-60 aryl, or Cl18-60 tertiary aromatic amno aryl that is

unsubst i t utied iOansubREiicl Wr 8ebstitéd ARtE ot offiioge Akidy hikedyIKARYLy, aBflk@¥¥xy,ar y! ,
aryl oxy, fluoro fluoroal kyl, perfluoroal kyl, heteroal kyl, heteroar 1’ , or
conbi nat i oﬂgoqohﬂ]a@t@ﬂ},kyl, perfluoroalkyl, heteroalkyl, heteroaryl, or combinations thereof, wﬁlerein
Ar! is trivalent radical of a conjugated Cg.3p carbocyclic aromatic compound
that is unsubstituted or substituted with one or more alkyl, alkenyl, alkoxy, aryl, aryloxy,
fluoro, fluoroalkyl, perfluoroalkyl, heteroallyl, 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, fluoroaltkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or combinations thereof;
| G is a monovalent radical selected from hydrogen, C).36 alkyl, C).3¢
heteroalkyl, Cs.40 heteroaryl, Ce.g0 aryl, or Cig.6p 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 C;_3¢ alkyl, Cy.30 heteroalkyl, Cg.¢p aryl,
or Cyg.6p tertiary aromatic amino aryl that is unsubstituted or substituted with one or more
alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, or
combinations thercof;
Z 1s 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.



J is a nonoval ent radical selected from Cl-30 al kyl, Cl1-30 heteroal kyl,
'C6-60 arTl, or Cl18-60 tertiary aromatic amno aryl that is unsubstituted or
substituted with one or nore alkyl, a r‘{enyl , al koxy, aryl, aryloxy, fluoro,
fluoroal kyl, perfluoroal kyl, heteroal Kyt or conbinations thereof; Z is NH
or CH2 and nis an integer of 1 to 4, wherein no nore than one of Dand J is
an unsubstituted phenyl when n is equal to 1; and (b) transferring the
transfer |a9er fThemrganec dectomiclmate afelaim s efiemin tiealevice whar eiganict he

transfer Iaye{r f or.ne_at Aeast part of a light em ssive structure.
eleciroluminescent device.

20.  The organic electronic device of claim 19, wherein the organic electroluminescent

device comprises an organic emissive element comprising the compound of Formula I

21.  The organic electronic device of claim 20, 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.

22.  The organic electronic device of claim 20, wherein the organic emissive element has

multiple layers and the compound of Formula I is in a light emitting layer.

23.  The organic electronic device of claim 20, wherein the organic emissive element has

multiple layers and the compound of Formula I is in a charge transporting layer.

24. The organic electronic device of claim 20, wherein the compound of Formula I is a

light emitting material.

25. 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



-115-

D is a monovalent, divalent, trivalent, or tetravalent radical of a Ci.3¢ alkane,
Cj3.30 heteroalkane, conjugated or unconjugated Ce.6 carbocyclic aromatic compound, Cs.gp
heteroaromatic compound, Cis.¢ tertiary aromatic amino compound, or a compound of

Formula II or Formula I11
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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.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 alky], alkenyl, alkoxy, aryl, aryloxy,
fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or combinations thereof;

G is a monovalent radical selected from hydrogen,. Cy.30 alkyl, Ci.30
heteroalkyl, Cs_¢p heteroaryl, Cg.go aryl, or Cisgp 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 C;.3¢ alkyl, C;.3¢ heteroalkyl, Cq.¢p aryl,
or Cyg.60 tertiary aromatic amino aryl that is unsubstituted or substituted with one or more
alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, 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; 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.



