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WO 2004/ 096948 PCT/ US2003/ 032047 -1 El ectron
Transport Agents for Organic Electronic Devices

waewhndoad Field This invention relates to conpOUOSR)3/032047

conpositions, organic el ectronig-devices, 5 and

nmet hods for preparing organic el ectronic devices. Mre
particul arl the invention relates to_conpounds and
conposi ti onéieﬂﬁatl Taapspest dgentsfer Organicdileqtrenis Psvices

agents in organic electronic devices such as organic

el ectrol um nescent devices. Background 10 Organic

el ectrol um nescent (CEL) d@eclosiealdtield as organic |ight
enittin di.odes, ggL gcL‘:are desirabl e for use |q

el ectro P’c‘* TAEAQN BERISE KeCOTPRES FO{I‘IRPWIB%PF%Q@IC qlgfFonic devices,

vel tihethoaP ?cQ |}Jréﬂa.iﬁng Bré%ﬁi@él&tl‘@)%&é%&@ X@ré %_Bﬁ(wﬁ’lfarly, the invention

em ssion colo drivi ng vol t age. have
poteéatts @l cong®unds mdmomp@sntlonstlmjcam lmsusbé@k bkgmn manspért agents in

gra i CS i xe|] at ed d si.ve
plgseleoj_r%n Vices gu cnea crdt F]ceg Vices.
devel opnent of el ectrol um nescent materi al s,

el ectroactive materials, and charge transportl ng
materials suitable for suchBaekgrewwdand et hods for

maki ng @rg@q eFlegt? Sl lnr(]ascc’ %P@)}I%E]gﬁ& e§§ucfhn$st o%%ﬁn% Icigl?taerllmttmg diodes

be sele el"ope FacT |

of (bVEBS) ﬁ@‘dbﬁﬁiblHi@pﬂieﬁlhleMtrﬁﬁichﬂaﬁa beddatd efrtheivtii€profile, low
thermal transfer of materials from donor sheets to

r eWejghbcapiltyrd rbiiniag a Yodu ety pbypissign 48losh ndiavhédving
f
or Yo e En P A ER 5P B! Fol GFTE: AR of raptic,

el pmbracddﬂrhmmmdla@\ﬂnuesvmgapheen shown to be
particul 3r| y usef ul | gr adi azol e_and tr.iazol e

ecu
deri vat MDEEH a%ms@@ﬁesfg@@\ d deyelgpmH ofel eSHelBHpgsg dnaterials,
bl oeki- TR Lkd s aﬁ@c@@r%w&ﬁg ARl OXAAbRZS} §uch devices and

derivative 25 commonly uSed is
2- gthoidp tﬁ@nyalyngtl(eﬁevmbut Il Sphenmtamq:s,analtemdadaralzmeéected or
derivati

RSyt R el YL S SRR boit Bl etioas.

1 Batflerh vhigd @lefindl tAdfer bﬂ’ﬁﬁﬁéﬁﬁ]ﬁ fQHE@)Iﬁﬁ‘\éhé‘éi@toQ’@EéW' s@iBstrates has
PBD or TAZ often exhibit short geratl n [ifetinmes

dubeangprppesed g6 anhd ingiod der fofming deyjaese Selsetie thermal pypnsfer of
he P h d
% osﬁgggp l?ght -F[f%%h ri E)?%rﬁgdt&)g of &éﬁlc e‘i%%r ?.L&u?lgsc‘gﬂt ev ces has been

arge-carrier
eSO be particularly useful.

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

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

groups have reported bonding an electron transporting structure such as PBD to a

flexible polymer chain, resulting in amorphous materials. For example,



10

15

20

25

In an effort to mtigate these problens in bl ended
pol yner systens, several groups have reported bondi ng

W@rooelogets on transporting structure such as PBECT/USA03/032047

flexi bl e polymer chain, resultisg in anorphous

materi al s. For exanple, WO 2004/096948

PChONREIN 3320 Tates toalRE YRREPHIBIN AL lﬁv@%e&?ﬁ?bfﬂ&l However,
oxadi azol’e si de”chai ns have been reported. Howeve

op ep%mﬁlm@hfenm foredevices bakediondhesh amateridh wetedfornd to be extremely

mat.er fou n t o _be ex S ort d
st dictarPig apfeblichedr sREPrERD o S8Ecend. 96 (oos).
1969, (1995)). 5 Sumary of the I nventi on ThIS
invention relates to conpounds conp05|t|ons organi c
el ectroni c devices, adtnisatipefdhednventionari ng or ganic
releleg: gg ﬁ(:)s 1ggé/ﬂtlg)§%%la%§ k& cﬁ@}ﬁlg}pdggy tcl%o S]ttlﬁﬁ%e o%%a\ﬁt?cnélé&f]omc devices,
ar yhemetheao b ﬂi\épﬁrmg odgdptdeladitonid@dvese a dre PadidPlatlfathe invention
includes a -C=N- unjt. The conpounds can be used as
el EEDEI cq@qup%%r&oqqmpﬁémé thah coptgjarnardercgrrepieving a pendant
de t
o A L B i o e a elecron
antransportagents i erganid elesrosicdievicappichgs @rgmpsdédnmﬂuramescent
cogéegated to the aromatic core according to Formul a

n -EC 15 (Ey)a | wherein each Arl is
| ndge %9}15&951* the InRBEBY bﬁﬁrﬁieg %Q:Hﬂlp@ﬁﬂ/d R\EnOhn &romatjc core and two end
napht hal e group arylene that "is unsub stltuteJ
s ubappingigredpsahaihare wenjogated foethg aoumpsicamkeadcenlifg tmrﬂorﬁmla I
al kyl, al kenyl, al koxy, aryl, aryloxy, fluoro,
fluoroal kyl, perfluoroal ky, heteroal kyl, heteroaryl,
and conbi nations thereof; eacE ais |ndependently 1 or

2; each Ey is independend A Fe of Fornula Il

or Formula I11: ~NNNN 25 |s e
(E,),
I
wherein

each Ar' is independently a phenylene group arylene or a naphthalene
group arylene that is unsubstituted or substituted with one or more groups selected from
alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalky, heteroalkyl,
heteroaryl, and combinations thereof;

each a is independently 1 or 2;

each Ey is independently a structure of Formula II or Formula III:
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[1 1111 WO 2004/ 096948 PCT/ US2003/ 032047 -3 each X is
i ndependently 0, S, or NR1l, where Rl is al kyl, aryl,

whedoeoo@us/| , heteroal kyl, or conbinati ons theP@D152003/032047

each Are is independently a carBecyclic aryl group

that is unsubstituted or substituted with one or nore

groups sel ectag X iomdspdndbntlypOKSINR abkeie/R' Brajityl, yl, heteroaryl,
ari;I oxy, fluoro, fl uoroal k%/l , perfluoroal kyl,

hebheteralkiyllor campiagansytheregl;ky| oxadi azol yl, aryl

oxadi azol yl, _alkyl2:t 1] I i : .

di aryl am no, e%crh y/?ddil%a{nﬂ?é%d?gﬁtgf ggénéhog},(’:cg?rb%ﬁr%%?ug nﬂsmt is unsubstituted
t her aoktituerichitinsheod mbre( gréypsi seltced tfesn blgl, latkeayl, alkonf, aryl,

a bond to another group in the conpo&én ;10 n i

d S, an _
" newe. Bao Meeroritl, porilugerald i raRakEh BeicrsTYr el oxadiazolyl
( EQ\1 LSad; e . i ¢ .
or PAPRAPORIIEAELIR, 31 RREHEL T iing, PG 28l and
Subembinatied theitdf; one or nore groups selected from

I kyl, alk |, al koxy, |, f .
? I ugr oalakyF?%aﬁ?&%fqrﬁgk/b%?%?ﬁtesﬁé%/ lﬁ%)ﬁ(%‘i’rk%l at“J gﬁgfgft tgr84{hgy group in the

andompbiignat i ons thereof, wherein no nore than 15 one

EC is a group of Formula Il or Formula Il1. Another

aspect of thei$aviaregeonqul ovl ded; andconposi tion t hat

i ncludes a conpound accordin o_Faqrnul.a i n .

conbi nati on \‘Rﬁ#ﬁe“g’tcap@g&grﬁ%&é ﬁ%ng%eﬁggﬂlyda crRggyelig aryl,

a GBRFAey]! sraBERsY Ao Al Loudhat 8 has@RtiRkaT s@stituted with one or
material, |i qht em tti]gg material,, color conversion

naiere grouppesisated fremsliadelkenyt, allepayi #rat iaprloxn dluess, flupgpalkyl,

Zegeﬁﬂl%}&fl{éfl 611%?6?8511{ f hétgl%a%}ﬁ,\él zﬁlrdtcioﬁ{:ﬁlilgagig}{g ﬂl%f'eo‘? r\vher%in no more than

rgani c el ectronic devi ce s~ a conpoun

ac o BCrig algeoudpwimdraula I bnFemga Hitbodi nent's, the
organic electronic device_ is an organic

el ect r or\RHsE 3geRt Ofdhe ventionierevidsha coppotitien thatkidgha
pr Qghpglﬁldaac%h‘%ﬂtqugnﬁﬁﬂ N4 cﬁlgbﬁn%?ﬁlg W&fth at Jeast one other compound

el ect um nesc evice. T d 1ncludes (1)
pr ¢paid mchasgedoamsporsing enatdriedtchafys tlonkinglmstesiak, tightsdneitting material,.
| aye :

containing a conpound according,to .Fornmulg | and
(2 olor faperin a5 iah BOBPERC HHEF g sPPIot Fee of a
recept oy e psihdrakfect N teaRRNB0R PIEVEAY aﬁfor%zﬁﬁ‘c BEQFRIK device that
invention is not Tntended to describe each )
includes a compound according to Formula I. In some embodiments, the organic
electronic device is an organic electroluminescent device.

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

The above summary of the present invention is not intended to describe each
disclosed embodiment or every implementation of the present invention. The Figures
and the detailed description that follow more particularly exemplify these

embodiments.
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di scl osed enbodi nent or every inplenmentation of the
present invention. The Figures and the detailed

walemadqess on that follow nore particul arly exep@i/U$3003/032047

t hese 30 enbodi nents. WO 2004/ 096948 PCT/ US2003/ 032047
-4 Brief Description of the Drawi ngs The inventi on may

be nore conpletely uBderBéepiption of TRSDESWRIgsON of the
foll owi ng detail ed description of various enbodi nents

of the Theévenéen may beminse completaly tpdarsiaodbicconpidaiptiay of the

d_r a or\]a%%détgiléw&%&‘ipetfonl: iSuslerhﬁocﬁmt%ﬁtg %ﬁrﬁfc’ iﬁvesdtg)ﬁ in connection
vi ew of an organi c ectrol’um nescen i splay
C ORghrth€ hdcodfmipahyigy deawidngs imwhithemat i ¢ si de view of a

donor sheet for transferring materials; Figure 3 is a
schemat FE8U&F 48 3, 3BFBHC Hde gigan 2 wpt elseiFiassert display

di adigure 4A is a schematic side view of a

fi ?s Sﬁéﬁ%%rgi ment of an organic 10 el ectrol um nescent

devi ce; Figugel? ¢s Adthematic sidbeiomt ofta dombe shaee fordfansfesdrgimdterials;
enbodi n%nt of .an organic . el ectrolum nescent. device: .. i
Figure X8We3 53 §f Side ViR O A PraRIS CleRiTplgminescerit display:
enbodi M OhA a0, MIRARLE side!vEGH bPh Bkt BRDE&Ment 8Y kif Siganic

and 15 Figure 4D is a schematic side view of a fourth
enbledirolemineséenadedcgiani ¢ el ect rol um nescent devi ce.

V\hilet%e ingﬁntiocgqis.a nablefo varéoui) . t of .
modi fi cATEBRHEE A SHerRHR SdeVEY 8t friccond Subpdimegt of an organic
t helegRblulidy@chg@svishiown by way of exanple in the

drawi ngs and will be described in detail. It should
be undeFigugodC ihosmbematic sidatviamnef @ Fixambadiment o an pgganic
limt, 20 the | i.onsto the particul ar enbodi ments
deglgﬂrglggfm%&{eﬁga%%n Pary, the intention is to cover

al | nodiFigieatDans scheeitiv aldenisy ofn touath enbualimegsof an organic
falli n%lé}vvi_t hin the spirit and scope of the invention.
Deelecirelymigesesit geYish of the Invention 25 Definitions

While the invention is amenable to various modifications and alternative forms,

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

scope of the invention.

Detailed Description of the Invention

Definitions

As used herein, the terms “a”, “an”, and “the” are used interchangeably with “at
least one” to mean one or more of the elements being described.

As used herein, the term “active” when used to refer to a compound means that
the compound can transport holes, transport electrons, participate in electron/hole
recombination, emit light, or a combination thereof.

As used herein, the term “amorphous” refers to a compound or composition that

is not crystalline and that does not crystallize when removed from a solvent.



10

15

20

25

30

As used herein, the terns "a", "an", and "the" are
used i nterchangeably with "at |east one" to nean one

woeomws@40f the el ements being described. As UuBETUS2003/032047

herein, the term"active" when-fised to refer to a
conmpound nmeans that 30 the conpound can transport

hol es, A aositkdin &he &rinORfkyl’ PREIdes B&h@trhllght-chamed branched, and
el ectron/ hol e reconbi nati on em t ght, or

c oryelin atkiyb grwp@ﬂ@bare uwh&@@@dwrselbﬁltu&eﬁe The ﬁlklyl group typically has

TR S phPo i v CaR Ry BRERERL < cfifine 1 o abou

r eppyettd vt 0 %bmﬂbmsVBxaﬁ@lfb/s @9 8R4 Bgroups include, but are not
PCT/ US2003/ 032047 = -5 As_used herein, the t

. nlemu@ré@p sty sathdi @‘ﬁfQRYhai b, nepeahiHer-bu dSOR;r%fhr isobutyl, n-
J@{g I %iﬁ' § aﬁlﬁ%h nsubst ituted or substituted.
TRt Ry

roup Iy has 1 to about 30 carbon
atons. Ag u%rﬁﬂhhd tel:irmﬂaﬁqeny]’feeﬁkkwl a Igom.)zplemomdiaiah of d straight-
to about. 20 or out 10 carbon ato

of chafneg bigpefieds oy %ﬁaa engFVIRg NGt M q?lﬁb%tgfa%on carbon double
{Hﬁbantdq{laﬁﬁes H&’c}Pﬁ&Bﬁéumt@g Bk Xﬁbstﬁht&?ﬂké’ﬂyl groups. Tlhe alkenyl

I sopropyl, 1sobutyl, n- octyl,” n-he
angkoepdwt;ypiwﬂy inclis Asedohiedtetanbort dtems e fmsonad webgdlments the

Lre;lﬁét%gfg?oﬁls rgg@tg}v a,)c tbggﬁ@ ng/}orﬂf%hgé %{;?tgms ngr%gles of
al LR ioforfpR [ RAMMES RO nSlOMR & tobﬁféfét—%ﬂyl Al mﬂq& @iyl The

unsubstituted and substituted al kenyl groups.
al Wkenyl gt@py cauhavetajiginasing gowtie od @ngletcar%cﬁarbosldvonds For

b
ggfr:ffa%h}g téﬁ{,rglks%yg &?&g}é s nga a flo < o? a tﬁ% w1a11 g?ﬁ% e cgfﬂ?)ﬂpcsarbon bond

bout oncato

EXB&We@ﬂ?e&ﬁncaﬂJdﬁQﬁYBongio@b&S)dnﬂcl ude, but are not
limted to, n-oct-3-enyl and n-hept-6-

al keny| Agmserbeereianthp éﬁf@ ‘Alledenca tmﬂ@d"é(h?g} gr %‘CQ?W@‘F dranched,
C ar 2 c:eyc"f'él gggagenP Bgcgr%ca%rggr[ rad%?sr%}dqnclﬁﬁh% ‘tﬁ)ltlkﬁﬁb‘éi)stﬁﬁt‘éﬂ Bﬁd

ifene Wth a single carbon-carb
bOE\ﬂ)Sﬂ;ﬁltélBﬁllAﬁem‘e graaps. CEtredkylewr gronpdiare bj’mcdhkyndcludcsup to about 30
used herein, _the terg] ' al k%/ %g iincl udes bout 20
st eabeh ROBMa i 8o BRAAdMSETS. thy AkyISAS STouRY; ngagwep to about 20 or up
gj’ P@Earﬁ@ﬁj gtgﬁlss B30 e@Q)Lf gl RSl ROt R BB NS iheth@d] but are not

stltute al kyl en groups. The al kyl ene groups
ar hnﬁlﬁﬂ ite, ahétgxylemm bﬂdlﬁna;prbpylahﬂ) butydne, gk isepropylons and the like.

some enhodi al kyl ene s cont u

Sbout - oasoenirs. I8 Tebrky” SRR L ERMR AR bgen atom

of aitRhKY k&ﬁ?alk?lsgrél@;? dTl'ihezﬂI%d))Ey #106) Hfcallytas A1E albtﬁit 30 carbon atoms.
limted to hyl ene, et hyl'ene} propylene, but

andn smempgdlmets thp @,Iktopm grdupecontains 1 to about 20 or f/to about 10 carbon
atoms. Examples include methoxy, ethoxy, propoxy, butoxy, and the like. An alkoxy

is a subset of a heteroalkyl group. Alkoxy groups can be unsubstituted or substituted.
As used herein, the term “aromatic” refers to both a carbocyclic aromatic
compound or group and a heteroaromatic compound or group. A carbocyclic aromatic
compound is a compound that contains only carbon atoms in the aromatic ring
structure. A heteroaromatic compound is a compound that contains at least one
heteroatom selected from S, O, N and P in ring in the aromatic ring structure.
As used herein, the term "aryl" refers to monovalent unsaturated aromatic

carbocyclic radicals having one to ten rings, multiple fused rings, or combinations
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As used herein, the term "al koxy" refers to a group
havi ng an oxygen atom attached to an al kyl group. The

W@bdoangeogs oup typically has 1 to about 30 car bPCT/HSNE032047

In some enbodi nents, the al koxy-6group contains 1 to
about 20 or 1 to about 10 carbon 25 atons. Exanples

| Neect®. MRLITE XN ar§l I8 @fonoRaIRROMTical st £08YbocBEL ildfhatic compound.
like. An al koxy IS a subset of a heteroal kyl group.

Al kosomeebediments, He apd grpmhas gpde 18 rings) Wpttp Burined, up iesb rings, up

caﬁgocygﬁe ? 9 gt}%‘&% el{cﬂ‘[g ﬁwp%ﬁ%&e ar‘%lgtrlém{% dﬁ% g}yf"group can

heteitaial ek ipleup alatsduo6o, e Bbou% Soambmﬁab@)ht £0, up to about 30, or
aromatic conpound is a conmpound that contains only

caFB&halaub 48 crubop gtonas: dhaipées gt gyl soups dndudss but e Yot limited to,

at
egg%r&gn gf E g{: (teér‘rg at g rﬁrbgeq'rzlc’: ?ae@ ﬂﬁ?’o m aﬁ}@wlﬂﬁ%ﬁ%ﬁg&?n
ri d@lyﬂmphhtmt}aenyﬁahmthracén}g ftarery Lﬁ-alaﬂm;ramsfh detheduydtopyrenyl,
the ter refers_to alent u ura
ar BREtEP¥ S %/EBBQ%F‘FYé fll%?fgg rPé’\rﬁ“ﬁ( r?wr?r@ﬂ tetrahydropyrenyl,

ri &d @

20037 S5ReAe B0 0T Shapy Rk RRe S I2

ar giihydmnaienoﬁo?rb]félwerry&cﬁ b%ﬂlhaﬂrwﬂanimoylclﬂb@mnathmnyb

co lnh s aryl group has up
O%Hmph&%athrﬁﬁy Bncgg%zﬂ&g?ﬂﬁgy{egy rings, up to 4

rings, WRus&d ﬁeréinnﬁh% terdP"drflede TreRSt0 AValONANBEOARId fFomatic

ring. The ar group can contain, for exanple, up to

abeubogElic g nmis hddng oo tgprmgﬁ, gb@fmle hiped Gipes ®r ggmmnatlons
30 theQof: 5THFt i aaggl[lélﬁe 7% £ Qr?tr}acﬁ%ﬁg)? c%%ggél% gﬁlat% é@mpound.

groups 1 nc are no

bl phermyd emb@hﬂiaﬁt@ydhe aByiéder gebup Rapiptto)d mng&pﬁmﬁp@hhg’d up to 4 rings,
phenant hryl, di hydrophenat hrenyl, anthracenyl,
f | UB F%%ngs FPP Izaffqgéoqré’r‘i‘? Iaror{l%’fcr%ﬂﬁy dﬂéﬁ?‘?@ﬁ?‘l@les the arylene group

E«yﬂéﬁﬂy h? éozg(? EQBLST E\ﬂohl‘@ dﬁ‘;ﬁ%l 50 dar yl?r{ﬂfaﬂ E,ﬁ%tjyﬁowb%ﬂyaltoms, up to 30

ropy tetrahydropyren
¢ hr:grbemyﬂoms or up to 20 carbon atoms. Examples of arylene groups include, but are

di ﬂg}éﬁgﬁlﬁ%%ﬁéfvﬁq\é @?ﬂaﬁ&? éﬁéz‘eng ]n%Bﬂt?lglaeﬁg na%enapgthene p%enanthrene

5, dfinfhchyd ﬂﬁo&ﬁe'g’—glmbﬂeng il RRRAMDb&MBbyrene, aromatic corene,
di hydr ophenat hrenyl, and benzo[g, h, (] peryl enyl. As

usédhymhemmthmh@ t@teahwﬂfoaygpmemylpm episohisflutirenel pyrene, rubrene, and
at ur at ed clic ra s_havij hg. one
R ReOHRERe Bee SRR Brokbe bR e R PO Wenzene 1.4
t hafye QfaphthAiRhe-257-did) naphthABEe-2 6 dAyldhyieidnet Balideal ndphthalene-1,5-
a carbocyclic aromatic conpound. 15 In sone

enBbiseEtPbthenerdivs Bheéw@h@n%dwéé Grgihygrapbenaspen-3pdi,
t 04§ d i(g%%rg%z(ﬁgﬁg rerl Ir,’)c—ﬁfyli are%lp%ﬁ—gi Oﬁefﬂé();(l‘gﬁ 2 #Rlyi,?hﬁlaﬂuoren 2,7-
ar &iyﬁ&ﬁtt@ﬂ&h@@,lo-diyl, perylene-3,9-diyl, perylene-3,10-diyl, spirobisfluorene-diyl,
5,6,12,13-tetrahydrodibenzo[a,h]anthracene-3,10-diyl, fluoranthene-diyl, rubrene-diyl,
chrysene-diyl, benzo[g,h,I]perylene-diyl, and the like.
As used herein, the term “aryloxy” refers to a group having an oxygen atom
attached to an aryl group. An example includes, but is not limited to, phenoxy.
An asterisk (-*) in any formula infra indicates the location of a bond to another

group in a molecule.
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contains up to 60 carbon atons, up to 50 carbon atons,
up to 40 carbon atons, up to 30 carbon atons, or up

W@ 2002096938 bon at ons. Exanpl es of aryl ene gr oupBCT/US2003/032047

include, but are not limted td; divalent radicals of
benzene, napht hal ene, acenapht hene, phenanthrene, 20
ant hr ac dsased hateihethe tertr SdarisdclytliyaBfers fol At afolrined of carbon atoms.

&ﬁ%‘pyr ene, aromati.c corene, dihyrophenanthrene,
it @?@ﬁ@”nﬁépﬁh%%%%“§5WF6blstuorene pyr ene,

r ubr ene A sq8gh h&gﬁﬁy&@ H&m %glg‘%ﬁ*? POl e aly l%ﬁe a5 él sﬁP&t of the

groups i nclude benzene-
naptyldnas embreferd toddiy hlentvaplehé gtoapehémﬁg Bity hbout 10 fused rings. In
napht hal - 1 4-diyl, naphthal
ac 9{18% ﬁ%qe.lgleagsthe Icéﬂ%ﬁﬁléﬁf Polugychic grydmg contalﬁ/s up to about 8 fused
5 fingd, by & e Bahdeuen, i abbut PRised 3 fused E

%d g t et r ahydr opy rg§n1§52 7- d?yl S%yf"é%s- gr 7-%Isey I]mgS xamples
f | giﬁ(mdelged pglyyychoga:rg]enggtqmps mq:hmeybutdlreynqt limited to, divalent radicals

an r ne- 3

pe%’ﬁ%ﬁg@% ?16, a&t]yﬁgengpﬁ d’%l?tg }/rgﬂg, _pépg}f:ne benzoperylene, rubrene,
5, Ghrisent Jerb@bfiabyeha Ahh enzidea, h] ant hracene- 3, 10-di yl ,
quoranthene diyl, rubrene-diyl, chrysene-diyl,

benzo[ ¢ A upqddiersin e team feonimgated heefers k@unsqglratgé@ompounds having

he e ._havi,n

oxig/tgé%t gﬁ’%?naf{’@{)%%’% éhl?tgé( o {r ne %(?nﬁs “aﬁloag{ g g)%r%)%lcgr%on single

| nbdnddesd cirbbn-carbbadotiblaiol athlé bondsh & ieewise, e @6 &uhédhjugated”
?%Fln any forpula infra indicates the |ocation of a

bo

I8 ‘a}?afﬂlﬁaé?d CQIRRRIIIS thah ated)ob eppIBgated Fz‘@cwm@g i
PCHﬂcgﬁﬁl%Qt%ﬁ g?&@ﬁ} gro & MsEwh f Rl ca.tr? 8?1 smtglerpsonds

car bocycl i c” &fs 1o a ring orned 0 on a
Thmt@ruptleg alterhatingy Gab@rsarbon tihge bonds :ﬁidrdadim@.rbdi@double or triple
ddher ein, the term"condensed pol ycyclic aryl ene"
| s®%ubset of the aryl enes and refers to dival ent

aryl eneAgu@dnerdiaMhO thrs “eRcabfitvel Qaf&‘é %Q:@nfﬁoﬁﬂ&" that Bransports
sonme enbodi ments, the condensed polycyclic aryl ene

cobales, frgnsperts elealvens: oBparticipates ungselecup)n&’lml@m@umbﬁlatlon

fused r ut. 4 f . .
Hngs. 5 B R SRRt S i ncaRL g SR foetrochemicat
gr dugpsiatioe buctiehatdiy odidtioe bnd/biietigdlidnGeadliondb@Bied into are

radi cal s of phenant hrene, ant hracene, fl uoranthene,

py@@‘?fél leseryl ene, benzoperyl ene, rubrene, chrysene,
ar onat '&S ﬁ&ﬁ%e én QH‘Q}e%e fftuoh)%lk re’?& H)andalggr e' lé%thap Eas at least

term "conj ugat er's 10 ungatUrat ed co
hasieriydragen hieas teplaved edthtoffactetaesindoubl e or triple
bonds th Iternaﬁlng car bon-carbon single bonds_and

car bon- %1\1%9 MeEFR e tegin “hetepalkyb ofglides both giraight-ghpined, branched,
U el cyHRCARY USSR With one or more heteroatoms independently selected from S,

O, N, P, or Si replacing a carbon atom. The heteroalkyl group typically contains 1 to
about 30 carbon atoms and can have up to 10 heteroatoms. In some embodiments, the
heteroalkyl group contains 1 to about 20 or 1 to about 10 carbon atoms. An alkoxy
group is a subset of a heteroalkyl group. Examples of heteroalkyl groups include, but
are not limited to, methoxy, ethoxy, propoxy, 3,6-dioxaheptyl, 3-(trimethylsilyl)-
propyl, poly(oxyalkylene) groups having a segment of formula ~O(CH21,0)y— where
m is an integer of 1 to 6 and y is an integer of 2 to 20, and poly(dialkylsiloxane) groups
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refers to unsaturated conpounds that are not
conj ugat ed. For exanple, an unconjugated aronmatic

wW@e@ap9®an have two or nore carbon-carbon si ngPET/D8200%032047

15 interrupting alternating carden-carbon single bonds
and car bon-carbon double or triple bonds. As used

heng}ifg a kbBndR bR Yorfu@LL [SRES H, Y. 8,01 £ Whdie & @qmegei of 1to 10 andy
that transports holes, transports electrons,

paistdncinisgeeef 3 tn> 28n P&t@@ﬂkmhgm@p%cané@muww%or stituted.
gf :gl ge%&g' g? rel {] Q%erﬁe?%hﬁﬁl"%ﬁ dJ tt%.a ﬁ1§n H]aél%cal of a five to

Frochen cal egradat’i on suc
anyevex ingahhe? rarcaﬁui{c&tngrthaiuﬁﬂum dreat i@ deerdacredindependently
are reversi bl e. used herein, the term

"t pelesterhfiRin 9, Q.aY étecthnbnagr Ehatys. ad}%ﬁarwhlata TRRovalent radical of a

l e a
at BoprogfUifa D AnReha "SR 1 GRLAGHEME b By sHPTd B of sorerings
botuliti &dnr @ingih ond1@i abedt 1 (hothecties, seleﬂﬁ:ddmﬂn agmherdleailrkqiylchc ring(s),
het
o PeBroaty Fingf oy HHEWR cySToqkerg] HRgst &erRELAH gyl combinations
at B&reo hfn @éﬁ%dﬂﬂent@rt‘ﬁk! meﬁei/&ﬂrﬁaﬂﬂgyha% o) ﬁ% kd$ othel Aings, up to 6

about carbon atons and can have up
hebmeoang;srmp td # oﬂmrrangsm;:do Fretheg ,rlngh,eup th@tcéheralngw or one other

t, 20
o BE. ThA heeRgey iR thutss GlisanpS R Gt dpBE] Bffome
91 B odiFERIPD HReRio Gt RnBRhIW totboHPS0 ¢disdaems iy todBout 40
are not limted to, methoxy, ethoxy, propo

3, Garlibn R@h‘é‘ptlly fo al@u( 30 carbemgtionis) 91 yp tombgbtyif.(}lcarbon atoms. Examples
PO AR S InARUBR NN R PEORRANy1 i BB Aoty

misS an T nteger

an 11hﬂ1a®@9f 9fazalyl, Gridddlyl aettadyly (hidzalH yd:izblgk asvahzolyl, oxadiazolyl,
gr oups 004/ 096948 PCT/ US2003/ 032047, -S havi n%l a. ..
segﬁ@ch@zcéyl ezl - ysdirolpyrtpsioyly pysigeyb pyrimddighl, quinolinyl,

' nﬁs%ggg EBYllbén%oiqua € zothﬁ) gjl rﬁl&&gf c%{baﬁ)ytl,%eﬁgoxazolyl,

roups can be un titut
s Ubsﬂizdthmmlyl Bmzuﬂﬂdzd’lph; elnnollmyiﬁqmmmilhﬂeqm'nomﬁyﬂyl' phthalazinyl,

refers to a noval ent . cal five.t.0

e B AR DSRG  a. PRI TR B gy BSHAIRY, and
hegﬂag@g,prgﬁopep%gg@q%tly 5 selected fromS, 0, N and
Pinring. That 1s, a heteroaryl is a nonoval ent
radi cal Asfused htreme f‘mromalis lavingra ol usiit is assubset of the heteroaryls

het eroaryl rin fused. 1,0 on S

care L BAri DBl RS0 GoRe Pt g AREFisCielBep Bt rine.

angih@ipldd OF SHiRGKCInEIEdE, g h%)not 11ﬁﬁt‘é& k@ xYdiafd1 Mg N substituted-

aryl ri ng&\bﬂs cycl oal ken¥ ri ngé cycl oal kyl ri n?

antriazottds, Nsubstigited imidazolyls, N-su stituted pyrazolyls, oxazolyls, 1sooxazolyls
thiazolyls, isothiazolyls, pyridinyls, pyridazinyls, pyrimidinyls, pyrazinyls, triazinyls,
tetrazenyls, benzoxazolyls, benzothiazolyls, benzothiadiazolyls, quinolinyls,
isoquinolinyls, cinnolinyls, quinazolinyls, quinoxalinyls, phthalazinyls, benzotriazinyls,
phenazinyls, phenanthridinyls, acridinyls, and the like.

As used herein, “heteroaryls that are electron rich” is a subset of the heteroaryls
and refers to heteroaryls that can donate electron density from the heteroatom into a pi
bonding system. Examples include, but are not limited to, monovalent radicals of
diarylsilanolyls, thiophenyls, bithiophenyls, furanyls, N-alkyl carbazolyl, N-aryl
carbazolyl, N-alkyl pyrrolyl, N-aryl pyrrolyl, and the like.
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thereof. In sone enbodi nents, the heteroaryl ring has
to up to 8 other rings, up to 6 10 other rings, up to

wa2@ihs948 i ngs, up to 3 other rings, up to 2 oPEIEDS2003/032047

rings, or one other ring. The ®eteroaryl typically
contains up to about 60 carbon atons. In sone

enbodi MpRtuged h&iRin) BleQt@R rcter6&iteAb NEefed td Sn al@ﬁiahc Y8alent radical
carbon atons, up fo about 40 carbon atons, up t

abelit fizg tsaven membsmaromstic mwgttbatab@u@esme@anMﬁ h%tﬁr@ﬁ@ms

EX ﬁﬂ?‘é%ﬁltenﬁgl ]sagétg& ﬁgﬁlﬁﬂ dgﬂ%ﬁ P. nﬂlé{qg l*%%ﬁ%&ﬁ%ng ¥ divalent radical

urany enyl, pyrro’l

I ﬁbﬂﬁhﬂiei_sdaroxﬁiyctmhpdundt Shﬁzmh@tbnoato@mzttﬁzrﬁig/dan be fused to one or more
t hi azol yl, oxazol XI‘H’ i soxazaql yl, oxadi azoly

t hiiags aibsap conjaini 7 8 P oty Fings Wctedpfwrp&a%hﬁlylpeterocychc

D13 YOS o e g, L s,

benamkmatbdnd thereb£n itol;dma@andlmemsndm lhretdmmmhtm nng is fused to up to

oA 01 g tipyh O eSS PR SN ek BRES, of ne other

ph ?iﬂ? E frhe hgﬂefﬁé!ryleﬁitgg@aﬂy Eont&Aslug b AnHRE0 Icthbon %tdn%l 97 some

and 1k herein, "heteroaryls having a
- Ceidbodimients, th;: leeteodrsisne ofnteine up & ehavd 69 lcarbon ﬁtbmseflE tasabout 40
t er oar

- C=N- '
thef%r?’%\ F“é’ t$ igﬁ)élt 98 Egl(rgﬁ]b Iaté)?so?ru 0 f P?‘? S %tgrrr]lg Examples

butbf Hét@ro@i%lleﬂe' dhotdntlade, Bxpste aopliMitsd td\dprarst kddida@0of furan,
triazolyls, N-substituted imdazolyls, N-substituted

pyﬂaemeyxb@yrts&gzmu@ﬁzgle Py amia i6e5als tetpmolenthiareley pxazole, isoxazole,

BB 5 S i, B o,
b e gablihe 29 guitblinbstnadiuraagdbazothydhenel indudé,icagtagole, benzoaxazole,

i soqui nolinyls, cinnalinyls, quinazglinyls,
quibrRBesNiZelg] Renzismidiaap 32%%1@6 BHpFOline-ingFpkne, phthalazine,

ph%@%@x&lﬁzoég %H%ﬂlﬁlﬁ% é)ﬂéﬁlla%me ﬁénq Wlhﬁre Qdil{i{hﬁeh thdazole, and

used ‘herei eroary a are electron
ri siineiss Specaﬁb smmpiés ohetdredryleoasy mlchlde:iﬁlt aradmt difrgted to,duran-2,5-

R A U et e 10 I U (R UL IS

' n%lh‘ﬂﬁe 2Rug; P“b@nﬂﬁi 2'5{]t‘ﬁ1a‘df‘d§ofem 7B OI/QJtEiﬁiolé-@Cb 83, pyridine-2,4-
of |ary15|?ano lyl's hi ophenyl’s, blthlophenyf

f udigypyziding-2Bdiyl, pmqu-aﬁydhyl Nyam}dme-@alrcﬂja]; gpynohne -2,3-diyl, 1,1~

N- ar rrolyl, and the |like. WO
20%%@%@15@5}1&/%@%@# -9 As used herein, the
t er m " he{safsedhytetl) eheté@hblches Bavafly AT-INBHAIR” 6K alﬁib@éttof
radical of a five to seven nenber aromatic ring that

i ndrigenasylenrs a5f refisrsdo heicerapdernsiavingdebehtamitiiy at least one

S © lhgt%}‘oa?or];l%t%r%%. C@)fanll\blesa&%e%m&pﬁheé l‘?avn?g -I@I\?-rlﬂl?tg YAcﬁﬂf‘e, but are

not limited to, divalent radicals of oxadiazoles, N-substituted-triazoles, N-substituted
imidazoles, N-substituted pyrazoles, oxazoles, isoxazole, thiazoles, isothiazoles,
pyridines, pyridazines, pyrimidines, pyrazines, triazines, tetrazenes, benzoxazoles,
benzothiazoles, benzothiadiazoles, quinolines, isoquinolines, cinnolines, quinazolines,
quinoxalines, phthalazines, benzotriazines, phenazines, phenanthridines, acridines, and
the like.

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

heteroarylenes and refers to heteroarylenes that can donate electron density from the
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of a heteroaromatic conmpound. Such a heteroaromatic
ring can be fused to one or nore 5 rings and can

weontadd48 to about 10 other rings sel ected freeT/US2003/032047

anot her heterocyclic ring(s), -leteroaryl ring(s),
aryl ring(s), cycloal kenyl ring(s), cycloalkyl rings,

andetefoRfiMh ARG h PPBordISs %%Eem | S‘ul%fﬁee)@ﬂffiﬂ)éil @08 divhle8t radicals of
het eroaromatic ring is fTused to up t 8 ot her rings,

pdmlmlanphexthmphg@s bﬂfﬂnmdleges;tfw@ns |N akys] carbazolespN-aryl carbazoles,
ot The heteroaryl ene

typl%gyll ré%eﬁtgl&ﬁg PPBT? %%thtgq% carbon atons. In

sone 10 agrbkedhéremt the e “iAgitBe0 amhgh asel ©aefeatds cofipdumd means
about 50 carbon atons, up to about 40 _carbon atons,

upthaptheisemponnd isaich slecupastiys. 1o clyprelymassernt 2y acmpipation

at g, Exanpl es of heteroarylene groups include, but

aré not limted to, divalent radicals of furan,

t hi opheng us@yhéreingtheiteint &xphthalepy Lectpl aeyl” is & subsleta)f an aryl group

tet zol e, thiazole, oxazole, isoxazole,
Tt F(émOP%‘fﬁlﬁ’ﬂt alfaqt%rateﬂmtaﬁtwecarlmfw%&%}?@jSahavmg a fused
py B%ﬁ#tﬁ‘.ﬁenefﬂ | .OA%%ngﬁ’Bsﬂﬁftéd"x?aphﬁﬁféﬂH Bl g 4151 has two fused

ben ur an enzot ene, 1 ndole, carbazol
beammxlamxlgsa Exiuaplmbﬁnzzmlttalenb@mzupmw iaglule paphthalen-2-yl,

pefad it Abatietulet et Haier BB alen I naptttaten-5-y1,

phgg@gbmhérgjl%dtﬁ@hkgl ne, indazole, and silones.
Speci f1c exanpl es of heteroaryl enes include, but are

not | i mAsaeded bereifutherterzn Snaplithalene gm@mﬂn@e'zs A-sybsgf of arylene
% gf & 9% c? 3 ?lécge %12 eafj \g}?/satureiltecig ar%maac %gt]bgg}pch% rgdlgalg hX\Llng a fused

beﬂaﬂ{tﬁalé’neﬂﬂgmtﬂﬂttﬁé Ohﬂﬁsﬂbsdtuléd naphthalene group arylene has two
1,3-thiazole-2,5-diy pyridi ne-2,4- diyl,

py erapepslio agmgth rmggy Fxgimples of ga;&qtlgqlene group arylenes include, but are
o B C e A, AORTRIT S iy gbmbalone-1.4-div,
heh&phﬂhaleﬂeel 8+divll ydemnpinhdrevdiplg anddhbHikeni ts" is a

subset of eroaryl enes apd refers to heteroaryl enes
havi ng &S el bt e T 50 DD s 56 b sl i Tt s all the

ri ﬂ?drg%é?ﬂ@h@ %@5«:&&%% ARG Y eRGRs. NA\PeRthorSaTRY1 ¥R ishiSset of a

i ncfu but are not limted to, dival ent radicals of
oxﬂdbla)atklyhs N-substituted-triazoles, N-substituted

| Soxazors ehhEs: b EECRRMERT st A7 fbiet of ayl and refers 0

PY bife7d18®insRMFakd HbRBEe cAY6AZ]iOBRlicald hadHig\&fe, two, or three
tetrazenes, benzoxazol es, benzothi azol es,

benewjtgdtedipleny] espheaylene Hingee, 2. Photyli tiphanybgnd terphenyl) that are

ci nnol i ne ui.a.ol'ns. j | i

onPRGr D hused SR RED e TIQRAE ot AESubsttned stylene (-SicRy)
phm@fbtémbh@kleeﬁdepa@ddndy lascte@ndmdﬁﬁ3olau1&§e CAS alkead, c1 30 alkoxy,
her ei n, heteroarylenes that are electron rich" is

sulset arh Cohearalosdr Gl-mheterealeyls G @t%@rﬂeﬂé@r@a%ﬁoéh@goalkyl Ci.
t hat pe%ﬁ@orgglﬂ9f iné k(?rﬁf)fng{]or%etﬂ&%fy Ad 9Bublfuted phenylene group aryl has

up to three carbocyclic aromatic rings. Examples of suitable phenylene group aryls
include, but are not limited to, phenyl, biphenyl, terphenyl, 5,6-dihydrophenathrenyl,
4,5,9,10-tetrahydropyrenyl, fluorenyl, 9-silafluorenyl, spirobisfluorenyl, 6,12-
dihydroindeno[1,2-b]fluorenyl, 5,12-dihydro-6H-indeno[1,2-b]phenathrenyl, 5,6,12,13-
tetrahydrodibenzo[a,h]anthracenyl, and the like.
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WO 2004/ 096948 PCT/ US2003/ 032047 -10 heteroatominto
a pi bondi ng system Suitable exanples include

waleawalosis radi cal s of diaryl sil anol es, thi ophRCEES2003/032047

bi t hi ophenes, furans, N-al kyl ehr-bazol es, N aryl
carbazoles, Nalkyl pyrroles, Naryl pyrroles, and

the |ikas uosi Ms&d, he "céﬂrf‘“p}feﬁﬁeh@gf& laPAGHd" 1€a s of arylene
used to refer to a conpound neans g t'hat the conpound

i sgieops andreforp tecdivalent unsatuedtedarpalatiaicarbeeyshe radigalyhaving one, two,

conb nat i on

bRl BN en Hod' 35 QffpSlePle iber bS] ang copppenstone)
anthat QfeQi[’pﬁoﬁﬂl}ﬁmé&l\/\aitE Bivalbns sidivadt Ediligl@ivairidi-substimted silylene (-
carbocyclic radicals having a fused _naphthal ene ri

st B ehempedn modrsaced e mlbdics el o HAxy, Coao
t t
o Db G ity ER HlerbIRAD C. WRAROESL FhoRERTA MBIy, and Croo

napéifinatoatkyt, -a)dtl comdjatibad thoreof. yAn unaﬂishtm&tcbp‘heﬂy}phf; group arylene

napht hal en-5-yl, acenapht henyl, and th I ke. As used
hePas ¥ torthkee catbRe Yok SRR CHRESy FgmPlasy Qh%mﬁ?%e goup arylene

su Hﬁﬁldeolf)ut%?é’ & Mnited B! z@ﬁbd} BEfi@r ﬁcrfzgnéj'l valign bhenanthren 3,8-

unsat urated aromatic carbocyclic Tadi cal s having
f udigdl, 5,6-Bihydpiphémdtienas-38- dgfl st,7 adﬂttcteahyAmpyrmub,g tdllllu flaoren-2,7-

ﬁhi@a%%?e@”ﬁ# SRt aRen gy G o o1 et
bUBLfﬁfo?enenPS -diy1 s lf«%ﬂy@ro BHQHHM[?Q%Jﬂleﬁa@&éHeS 10-diyl, 5,6,12,13-
napht hal ene-2,6-di y apht hal ene

’ iyl
n ap;hnahaqlred.@ellzoesa U]aythracaneﬁal&ﬁlﬁb ped theylike. and t he | ke.

o U R B S o PSS 8 1SR o

I epbyaReic\&.ENidkt thahitnee adpehlng vﬁmﬁ;eﬁﬁdnttﬁdire akdpepedtigamnits).
su set of a fluoroalkyl. As used herein, the term

phenyl éraiseyt bpindhe ferm“ solytign prasessde ie{ars fnicorapng or
Cr1,.C
CopBRDGUAL BRI 00, P SRRy ompaor
or c@dﬂpwﬂlﬁnﬁaﬁs sgisitioe prheegitdayan bdad:th&irfyd)m aa;nlhtlon as a thin film. In

ter hen that a 25 optional | sed with dival en

5 BeE PEbiimane, s EEiey ohihe Soeetnd Al comePryiPe i B SPblicd to a

( SR JFor %@e QRHE Ebl&léﬁcdd'l%eﬁﬁﬁaﬁwéoﬁte%%'nﬁ&i Sithstrate.
froma Cl kenyl, Cl1_30 al koxy,

C6_20 amlusedﬁeralﬁi dmeyd:mxyaub@itu@ﬂ” beens 1t alkigl la]ke@gl, 2koxy, aryl,
het er oar

pe PELORSy ﬁgtpwlkyﬁ a‘lﬁﬁ’r%%ﬂb ?lﬂfglliolf Hgmfaﬁ%l, éasﬁuoi%agl{l?yl, and the like. The

Ungil&dsi drotiRdn PBERYh €080 BE QiRtiAHM, fétdkample, with one or more groups
selected Cy.30 alkyl, Ca.30 alkenyl, C;.30 alkoxy, Cs.20 aryl, Ce.20 aryloxy, Ci3o
heteroalkyl, Cs.50 heteroaryl, fluoro, Cj_3 fluoroalkyl, and Cy.3p perfluoroalkyl.

As used herein, the term “tertiary aromatic amine” refers to a class of molecular
compounds having one or more tertiary nitrogen centers and each nitrogen center is
bonded to three aromatic carbon centers. Examples of tertiary aromatic amines include
diarylanilines; alkyl carbazole; aryl carbazole; and tetraaryldiamines such as, for
example, N,N,N’N’-tetraarylbenzidines, N,N,N’,N’tetraaryl-1,4-phenylenediamines,
N,N,N’N’ tetraryl-2,7-diaminofluorene derivatives such as those taught in patent
applications EP 0 953 624 A1 and EP 0 879 868 A2, N,N'-bis(3-methylphenyl)-N,N'-
bis(phenyl)benzidine (also known as TPD), N,N'-bis(3-naphthalen-2-y1)-N,N'-
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up to three carbocyclic aromatic rings. Exanples of
sui tabl e phenyl ene group aryls 30 include, but are not

wo povitoe4& o, phenyl, bi phenyl, terphenyl, PCT/US2003/032047

5, 6-di hydrophenat hrenyl, 4,5, 912£0-t et r ahydr opyr enyl ,

fluorenyl, 9-silafluorenyl, spirobisfluorenyl, 6,12-

d' bi¥dheh eldineZakbkhown QQNIPB 1,4-bis(carbazolyl)biphenyl (also known as
qjélll hﬂg‘%’g 6|—|—e|2(ndeno[ 1, 2-b] pr)1enat hr(enyl yS 6p1

teCB?hW@ﬂdxﬂhﬁﬁéﬁmDédlhm dﬁrlde@msuclamthpﬁﬁedqsm@d IV@ E. Koene et

2004/ 9 t

MmO i 2 | o S; PaCR NS 79R5 ), T fent No.

gr 5,36,280dnd pitexitappDcadiov dPem 89 1J msam [ pdr&@ltﬁmﬁl’&t demvatwes such as
carboc clic radicals havi

c ofhosey deselbethiany Se Ratent 1}5@269 Q7é1 7934 Bﬁlﬁéﬁﬁné ﬁ@hcatmn EP 0 827 367 Al;
bi &g%ﬂygt%}ﬁrg. i aﬁ\%sgla @eA, ’-tﬁ%@f J]\Tacflfry%hh%?ﬂ)ﬂeﬁylanunes and

fus ent s of a ene-or
di 13ifbais(4- diaeyiammophmyé)b(anz&n& @H} 2" )rlsANéﬁe each Ris

o1 Lshony epinsgriDheipamiog (3% G IO gy el FradI By
rr%&y?@kﬁ?ﬁﬂrﬂien TR RiphEdylAfide! (HEB ‘Rﬁb\'ﬂ! s nﬁﬁﬂ%’ﬁ&) 3103 5-Tris(4-

, d conblnatlons t her eof
u nélpbsmylamn@phmyé)bym@n@ IxARBer ghdotber dmdndqg angd spitip emine
car,bocyclic ar
or B 51 /0T i Bifcarigf dTh 30 PR TAK0 &t ol Polym. Prep
(‘Xﬁnéheﬂn §ocd 'Di{r PRAAZEREN.) 3861') d3838|—3893(1199759ml‘ﬂ1ﬁ1§1€ba B,
10 d|yI dr ophenat hren- 3, 8-di y
4, Eﬁgﬁm@mﬁxay BB h996) 7and] Wkltqut %{APMJHLPMJ 70(15), 1929-
en-2,7-diyl, spirobisfluoren-2,7-diyl,
6,igéﬁﬁﬁgyzioindeno[l,2- b] f 1 uor ene- 2, 8-di yl ,
5, 12- di Asdised Mteinnthenainl | t2riiahypirenatib aaer &yl Gefdisyto,a monovalent
5,6,12, 13- tetrahydrodi benzo[ a, h]anthracene 3,10-diyl,
S na@omRkiciringgadiag) of SdertAg PpRAti¢ FRINCas HehBehove. |
nmol ecul t d?ﬁ&t { QI 1 " ref t divalent
pol ymer ?‘8 u%&i ﬁén%ml’ glgget an&)ﬁ%?ea}e r e%e%??ﬁg uénnlét ;e \?\ﬁ’? p & arvaen
t henataned raecmmtd dqachagpélicstrdicAlsofiasterdiame aroinmatit lanumeearsrdefmed above.
"sol ution processible" refers to a conmpound or
conposition that can be dissolved in a solution. In
sogR iments, a conpound or conposition that is
sol uti’on processible can be coated froma solution as
a thi n Qnermspdchof e frerentobprividss cempaungisithatiheve yf aromatic core and

co ound of . conposi an be.a to

SPR ebo BB 58 D A 51 BB 15 b Bpaf by g promati
c 0@61%@:0@&!1@ aaph‘éH?l Shé gloBp afFerésRE Mph@hRne Fftﬁlpta?ilﬁﬂe having a
"substituent’ ers to alkyl, alkenyl, koxy, aryl,

ar pensiept heterioaryd grdepithat fealedes ari=N-funiiio rihe qoppoRds qawbe used in
Ee ?,{\%‘j,fl{%qug trko¥1 dee%gc%% SF l ' kgvle gﬂ%ecoﬂﬁﬁh?yéanq{ewgé aé &ectron

SR Pt
D Eri@ndpoPsterials in organic electronic devices such as organic electrolurmnescent

devices.

The compounds have a structure according to Formula I:

EC [/Ixﬂ] EC

(E,),

I

wherein



sel ected C1-30 al kyl, C2-30 al kenyl, Ci1-30 al koxy,

C6-20 aryl, C6-20 a YloxY, d-30 25 heteroal kyl, C3-20
whedoaoo@ns/| , fluoro, Cl1-30 fluoroal kyl, and CIPGDUS2003/032047

perfluoroal kyl. As used herein-13-he term"tertiary

aromatic amne" refers to a class of nol ecul ar

conmpounds haghdlgAPNE indlepéidesily £€phémb/lshe BréuPA§Tene ©NhL Ghghthalene

and each nitrogen center is bonded to three aromatic

caBisun aEdpnceihet is mrawstiasedogr substitnigd ywidy Qieearineorg grayps selected from

in i]ines; c ;
cartsdh &Pl AoRE A iord, i eroCBEBERYE poftiblogtey, hetoroatiy,
ex aaptoaryl Ny, d¥nibindtiing #afedfpenzi di nes,
N, N, N, N tetraaryl -1, 4- phenyl enedi amines, N, N NN
5 tetraryl-2, 7 SehadisriBAereBiatd I8 % vat i ves such as those
taught in pa j ' 9 SR 1T
0 879 868 AZ,EQ%,FN’ ggﬁiéé’%ﬁ&ﬁg?gélsgﬁ%tﬁﬁ -%ﬁ, r\r@a{AﬂI of Pbrmilfa IIT:
bi s(phenyl ) benzi di ne (al so known as TPD),
04/ 096948
PCT/ US2003/ 032047 -12 bi s(phenyl) di ne (al so
known as NPB), 1, 4-bis(carbazolyl)bipHenyl (al so known
as CBP), and ot her tetraééyl di am ne|derivatives such
as those described in B. E r,\Koene (ég ~rl ., Chem
Mater., 10, 2235-2250 (19 N U S t No.
5,792,557, U S. Patent No 5,550, 290 and pat ent
application EP 0 891 121 At ; peraryh#riam ne
derivatives such as 5 those described in U S. Patent
No. 6,074,734 and patent applicationIEP 0 827 367 Al;
starburst am ne derivatives such

¢! as :
4,4, 4"~ trisereiNKds Bxdgpenden) Or P i) avhericR ' isriliyl, aryl, heteroaryl,

1, - 11l S (4-.AlLaEVl-am nyl ) benzenes, ,
10 4, ﬁﬁéﬁﬁwﬁu°§€%}“@‘¥%‘?gﬁg‘%§:&§m no)tri phenyl am ne (al so
known as TDAEA)h A#,id indépertdentsy Ne@bocyclic aryl group that is unsubstituted

et vt oheny] -\ phenyl st nol 1 pharyl oo gl sp o,
di B{}?%, ATLRO PRSIy SRARRESalkyI DREES Ak y B REteRSaP@I alkyl oxadiazolyl,

den c and Spiro“am ne derivatives as taug.f in
parshoxahmidlyatlkphtrigrolgl, 650 ré86lyAl diarybiiine, asyldsrylamino, and
Pol . Pr.ep. n Chem Soc. Div. Polym Chem)

15 386%@1@é%€%§@%?€1997), Tamake et al., Chem Commun.,
2175-21761 ( :9@PasteraRq-+) olditMestrhe Bcation9P4 borldtanother group in the
Phys., 70(15), 1929- 1931 (1997). 15 As used herein,

t heompeynditertiary aromatic amino aryl” refers to a
nonoval ent r, [,C. Il [ f atertiary

aromati c am %elgggsﬂéggﬁrﬁ@%lg(gg\?ga%g used herein, the
term" terti ansh éfdsmbing gadip @G iyindssendemtyes sarbocyelic aryl,

di val ent _ unsaturated aromati c carbocyclic radical of |
20 g pgtpfqaaylyorépgw ARINOATHETaEp hat is yasrbstiied or substituted with one or

more groups selected from alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl,

perfiuoroalkyl, heteroalkyl, heteroaryl, and combinations thereof, wherein no more than
one EC is a group of Formula II or Formula III
As used herein, the term “aromatic core” refers to that portion of the compound
25 of Formula I that is not an end capping group. The aromatic core can include
carbocyclic arylene groups, heteroarylene groups, tertiary aromatic amino arylene
groups, and combinations thereof. The term aromatic core does not imply any

particular synthesis method or order of synthesis.
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20 Conpounds One aspect of the invention provides
conpounds that have an aromatic core and two end

w@e 2ppiomg4gr oups (EC) that are conjugated to theCT/US2003/032047

aromatic core. The aromatic cet4 contains a phenyl ene
group arylene or a naphthal ene group aryl ene having a

pendant THeE&HAGIN ofFHoRmRlal INah be ACLHPBENR of Fordhul& IV or V:
The conpounds can be used in 25 organic electronic

devi ces. For exanple, the E@-msemﬂele—gxan be used as
electron transport materials i{hjgganic el ectronic
devi ces such as organic electro i nescent devi ces.
The conpounds have a structure according to Fornula I:
EC--+Ari --EC (Ey)a 30 | whereih WO 2004/ 096948
PCT/ US2003/ 032047 -13 each Arl is independently a
phenyl ene group aryl ene or a naphthalene gr oup

arylene that is unsubsti Id.;%ﬁ,bstl_jlcﬁut ed with one
or nore groups sel ected ron1|alkm enyl, al koxy,
aryl, aryloxy, fluoro, fl uoroéE)J)Q/I(E her f | uor oal ky,

het eroal kyl, heteroaryl, and conbi Rat i ons thereof; 5

each a is independently 1 or 2;Veach Ey i's

|ndep ently a structure of FornuI% or Fornmul a
3pPNIE-guown (Bfy) con g theyspreor diffrenty i s

| ndepen%?%ﬁ‘tg%nl’]écaﬁﬁe P!EHI E@ss% AR LY int@ fnth fllm for use in

het er oary et er oa nati ons thereof
eaolgafic electronicnideives dhnstolnya eanbminmmiy,dha: endacapping gmgps and the

"L URBOELLHLS 1 o HOELANAST D S05 1 ™

ﬁr yl oxyhé l:&ﬁg&mdfs log Ff)ﬁﬂ\!\lﬁx |can pendeidQeRatrk kransport agents in organic

et er oal kyl eteroaryl, alkyl oxadiazolyl,
electronic dev1ces The aromatic core contains at least one heteroaryl group having a
-C=N- unit (i.e., Ey in Formula I). A -C=N- unit tend to be electron deficient compared
to a carbon-carbon double bond. In some embodiments, the —C=N- unit can provide
electron transport and electron injection properties to the compounds. The Ar! group
and the end capping groups can be chosen to provide additional functions to the
compounds. For example, in some embodiments, the compounds can be used as
electron transport agents as well as hole transporting molecules. In other embodiments,
the compounds can be used as electron transporting molecules as well as light emitting
molecules.

Substituent groups can be on the Arl-(Ey)a group, the end capping groups, or a
combination thereof. The substituents can be selected from alkyl, alkenyl, alkoxy, aryl,
aryloxy, fluoro, fluoroalkyl, perfluoroalky, heteroalkyl, heteroaryl, and combinations
thereof. In some embodiments, the compounds are substituted with a Cy.39 alkyl, Cs.30
alkenyl, C;.30 alkoxy, Ce.30 aryl, Cs.30 aryloxy, fluoro, Ci.30 fluoroalkyl, Ci.30
perfluoroalkyl, Cy.30 heteroalkyl, Cs.30 heteroaryl, and combinations thereof. For
example, the compounds can be substituted with a C;.p9 alkyl, Cp.50 alkenyl, Cj.59
alkoxy, Cs.20 aryl, Cg.o0 aryloxy, fluoro, Ci.o fluoroalkyl, Ci.og perfluoroalkyl, Ci.z9

heteroalkyl, a Cs5 heteroaryl, and combinations thereof.
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30

aryl oxadi azolyl, alkyl triazolyl, aryl triazolyl,
di aryl am no, aryldiarylam no, and 15 conbi nati ons

w0 b@neodias each asterisk (-*) indicates the | ocetT/U8200$/032047

a bond to another group in the-1%onpound; n is an
integer equal to 1 or 2; and each end cappi ng group

(EQ) i s Thedehanfanirolpacamanbasiesfdrexahyle, théQolubility of the
heteroaryl, or tertjary amno aryl group that is |
unserBBReYnds inerganic solysnts: the eompptitilipred the compruady wilynsher

se fro | key: | ..a .

P el nadPhfeiipe. & SO pReino R corffyRiinereot. he
hetsbstateyts, caficbdifgnin svdhbitinyspdriaéen imodifyaheionizatonpoential,
than _one ECis a_group of Formula Il or Formula III. |

As Mgy t%@l@qt;p’n Rty gedrce ntramprleeulagr dnterpglegudar igteractions that
that, ﬁ%ﬁﬁ(&fq{hdggiraﬁaﬂ:eerﬁ@mﬂé;’%}ﬂ anféorﬁlf)ingt%m thede. %?Exzirﬁple,

not an end cappl ng group. e aronati c core can

i nedhstdmencaviymoyaalhielp supplesnaggyegatipn antl ehasecaparhtdoreof the
groups, tertiary aromatic am no arylepe. groups, and

C oRBPRGHIS ALeF s DEPO LB orE dpreg BIRIDIEIERY o does not

i mply anysorRaEhb&iiehts oY Me@RidullBs Hafle flveRisieh @bstituent can
synthesis. WD 2004/ 096948 PCT/'US2003/ 032047 -14 The
coinsbukd dalérd poelyi(exyallydeneh eofa segommo ohbormful &8 mul a |V

or V. ECAr' EC I (Ey)g_k?/@%ﬂ;-Ec 115
(Ey)a (Ey)a V The end cap an ps (EC) can be the
same or different. The conpoun can be sol ution
processi ble and formed into thinh"filmfor use in

or gRAHE aRhEFdIY @MIEyI K aRSSsoft! sBomeRForevRadlanent s, the
end cappi ng groups and the 10 aronmatic core can be

chosen to provide a conpognd that is anorphous.
*AFS'(CWHZWH)ZO%*
y

VII
where m is an integer of 1 to 6, y is an integer of 2 to 20, and w is an integer of 1 to 10.
In some emdodiments, 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 VIII

—fAr]—ss—r’

VIII

where SS is a poly(oxyalkylene) or poly(dialkylsiloxane) soft segment, Ar is an arylene
group, v is an integer of 0 or 1, and R” is an aryl, heteroaryl, or a alkyl. In some
examples, R” is a sterically hindered group. Groups according to Formula VIII can
reduce the formation of intermolecular or intramolecular configurations thét produce
undesirable excimer or exciplex emission.

In other embodiments, the compounds of the invention can be substituted with
one or more groups selected from fluoro, C;.3 fluoroalkyl, and C;.3p perfluoroalky.
These substituents can improve the solubility and the film forming properties of the

compounds, can increase the ionization potential and electron affinity of the
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The conpounds of Formula | can be used as el ectron
transport agents in organic electronic devices. The

wW@r@amea9e8 core contains at | east one het er oar yPCTUS29P3/032047

having a -C=N- unit (i.e., Ey-16¢ Formula I). A -C=N
unit tend to be electron deficient conpared to a

Caghporik ki deihRiocARdteofl TorBRNESTRSEHhFBN irkreabdiFionization

-C=N-"unit can provide 15 el ectron transport and

el petenigH and electrp Allinitysan mosseasgy ikectedepiounhard blppleholes when
Arl _ar. and th nd. c ing.9 cho

or B R S oo e RO RS T FRIRS. AR B  REfhdBatky

ex arptifienisitat QX6 16WEabé V&L Prestuie of Hy@updandeahdagake them easier
used as _electron transport agents as well as hole

t r ENEPOF £9BRYitnol ecul es. I n ot her embodi nments, the

conpoungs, can ' rti tumi

nol ecul ggs as %Bﬁ?diglggﬁs{’j%ﬁ?ﬂl tggnﬁt% ?{5’ F}é{qu%%Fgg %Pgtso.ununescent
Sulysdnichereduchy o apd carbonieamimitrberduds; nky pa ugdasipble bheause such

S BUPY B et b EleSiey BRiteat et BLHCkmeyIo! Ot Ctoluminescent
al Hé\l?ibfes. 3h ¥bme efHbSHRBhs, g\}ﬂéﬁfu@ntsftﬁéi%fé’ﬂd@ﬂ to undergo electrochemical

pertl uoroal ky, heteroal ky heteroaryl, and
c oafixnivatipo neactivims swdifas alkyl swines emiyp Uée medesirable hecause such groups

IR PR s e SRR some
f | BRb8dinfehts3 SutstiHRhQhdf ¥batafakitBRabld BFdidisQhfdak Yihdergo
C1- 30 heteroal kyl, C3-30 heteroaryl, and conbi nati ons

t heleetofchemieal renctions, suchtas @rictsy OUSRG SN apenes, phenols, alcohols, and

sufstituted.with a -20_al , -20_al I - .

o1 BB B0 38l sablexe B, Qb bl B e ihycieen auring

fl ?gér@t@élk&ﬂ an ézkami0 eRefrblubiiicaed i ibvic€1TRO gereedtdh@d hikylogen can
-20 heteroaryl, and conbi nations thereof.

a . WO

20541 doddamipaenobinrafhode eadultimpte flareefifbe pregaist

gr QféE’éo@ﬁﬂne%QQﬁ '?i‘é%pe.f eﬁlloﬁﬁé‘,'m!)ﬁi et, H)%li&?h%glc' echd, 91:1? bB@nic ester
conpounds i n organic solvents, thé conpatibility o

t heutstmeatsnaa candetelatibelremiom tivstatality in Bome eorbpdimneniso riuch groups,
the sol utjon processjbility, or a conbination thereof,.

T PreGBLI G ERPEO W Of i yeniife 38 PRI OB BhRuTER in

MO inbdnth s R A8k MO%I@E&J ko (PPRitywdiBg. elREddmaly, groups
aftfinity, reduce 1 ntranolecul ar or “internol ecul ar

i nswheestpacafbiordpenylanay prt bd desrabldiosomgsipplieatioss benayse such

or any conbi nat.i of these.., For .exanpl.e ubsti t uent

or 8GEs B OREPHbE bt g sleaRn FERCT e ARtal HOMSRE, any of
SeRRk&kicAPs 84n bdRicludeFOHRE e Bl dHACACERRROIEHE DedIbBiined.
formed into thin films. In some enbodi nents of the
conpoundée epmphendsof dietingentioa contest oney@riwoggenps of Formula IX

Ar—
(E,),

IX

*

in the aromatic core. Each group of Formula IX is independently a phenylene group
arylene or naphthalene group arylene. Suitable groups of Formula IX include, but are

not limited to, a divalent radical of



10 include a dival ent poly(oxyal kyl ene) soft segnent
of Formula VI'L O(CH2nO Y* VI or a dival ent
w@eiogpelioad kyl si | oxane) soft segnent of For nul aPGA/S2003/032047
SgCWH2w+1) 2C* 'Y 15 VII where ri7-s an integer of 1 to
6, yis an integer of 2 to 20, and wis an integer of
I'n some endodi t he poly oxyal kyl ene)

be E,
| 3E,VIg

SS-R! ?OI'III ere S§y| a poly(o Ikylenef or
polyeélaJkyIS|Ig ane), soft egnent , éﬁﬂ an, arylen%lV
group, v is an integer of 0 or ], and R" is an aryl,
heteroaryl, or a ajdeyl. In some| xanpl es, R{R)s a

, c¥he conpounds of g he |nvent|on;can be,
subsEj t ut ed Wth one or nore yps sel ect &d from
fluoro, X84_30 fI adfloal kyl,, and%%ﬁ 30 perfluorddilky.
These substltuents can inprove the solubility and t he

filmfor hg properties of the 30 conpounds, can

i ncreasgrthhe ionizatgon potential and el ectron, g

af fi p e WO 208/ 096948 P“/USZOOS/OBZOE

co a ; t herge eopou

an i et g1 oni Ot e l e

af ' gan nore € nj e s a E

hol es whéR’), used i nEprganic @ éctrolunines@gnt Y
devi ces Iuoro flu al kyl fluoroalkyl
substltﬁBEts can alsgkgomer,the vggor pressure %%”the )
conpounds and make t hem easi er é to vapor dego§gt

Ey

Y i , XXIV XXV
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In some enbodi nents, substituents that are known to be
phot ol um nescent quenchers, such as aryl carbonyls

w@ea409dou0 groups, may be undesirabl e because BUDES2003/032047

groups can degrade the el ectrol-U%d nescent efficiency
of organic el ectrolum nescent devices. In sone
enbodi ments, substifuents that are known to undeggo

su@:tltuents th \
undér go electro Neni cal réactlons @ch & primary or g3,
seconda nes, phenols, al cohols, and the like,

may be irabl e bgcause sucKX@ﬂ%ups can be r SEKIN

to hydrogen during 15 operation of an organlc
electrol»qlnescentEdeV|ce Th{ @enesatlon of hydrogen

can egefa._and ul ti mate
fail g t device.

Chl ~and boronic
est oY hem' cal

i ng¥ability in soge embodi qts. Suc roups, if
pre‘éent in the c@n)pounds of the inven({qg‘bn as

i mpuritidexyvshoul d be present mounts | ess than
about 1000 parts per ’n‘ﬁl lion (p[)xn))&gf/l wei ght

Ad@bt is @R Dsitutedl FYRBstit®Ee BidSonRdr ﬁ{dré‘ clﬁed"ﬁ%mrho& 120 alkyl,
be desirable in sone applications b suc

are2-maleapt Cotoalkonyi €s.pwersChio @rséble}c lﬂruon:h é]“nz@ﬂhoroalkyl Cio

R BAA kR G RIRNSRa P & herei SR o EfRiabEhs Threor. Each Ris
ohihdépeadentieC cQRAIGUNTS;, @I[keﬁ}heCl ﬁ\éﬂfﬂxbloﬁs %ﬂ;l 3@{‘10%‘}@0}(% Cs30

or, two groups, of Formula |
t HZ?@P%)W%IQI@O ’éf‘é?réalkEb@hd g@@bﬁﬁlamnSFtbﬂmﬁ a‘EaCls( R’gs independently

|
n;kg ge? al'ene z rlé? 21 9% glﬁﬁurl)(gx%fcﬁrﬁéb AT Gp-20 aryloxy,
| XCi- mnbmdmylb@t 30a1eeroamqt1 dtndmdlﬂﬂndtmns thefofal ent

radi cal V\D 3004/ 096948 PCT/ US2003/ 032047 -17 \ \ \
\ / / |-:‘@ny R;” ggqpp inthg arpmatic core can include a divalent

poly(oxyalkylene) soft segment of Formula VI
mo)y

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

L SIC a0
y

?

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

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



yy EEy By XX XI XIII XV R3) R34 R3)4 4 Ey Ey
EYEYEYEY XVXVI XVl XMl R3) 4 RRRRRR 3
WQ20p4/0¢49 4 Ev EEE y XIX XX XXI XXI| R R RGRUR008I32047
EEyEEYy R Eyy XXIIl XXIV X XXVI Ey RREy RR

0O00RRREy REy RREy 5 XXVI-a XXVII XXVl Il RRR
REy RREy (R34 Ey (R3)4 Ey (R3)4 XXI X XXX XXXI
, » WD 2004/096948 PCT/ U V%R'—'lS RRI~y R3)4
R3) a

VIII

where SS is a poly(oxyalkylene) or poly(dialkylsiloxane) soft segment, Ar is an arylene
group, v is an integer of 0 or 1, and R” is an aryl, heteroaryl, or a alkyl. In some

5 examples, R” is a sterically hindered group. Groups according to Formula VIII can
reduce the formation of intermolecular or intramolecular configurations that produce
undesirable excimer or exciplex emission.

In some compounds, at least one divalent radical of Formula IX can be selected

O ey T
o o, R et
wgEsR

LI
that is unsubstituted or substituted with one or more groups selected from Cj. alkyl,
15 Ca.p alkenyl, Cy.99 alkoxy, Ce.o aryl, Ce.20 aryloxy, fluoro, Ci.zg fluoroalkyl, C;.o9
perfluoroalkyl, C;.5 heteroalkyl, Cs 5o heteroaryl, and combinations thereof.



10

EY (R3. C o0 EY (R3)4 EY (R3)4 XXXI1 XXXII1 XXXIV 3 E
R3)4E R4YY Ev (R3)4 4 EY (R3)4 XXXV or XXXVI

WO bant/09@48insubsti tuted or substituted with onePOr/URIINE 032047

groups selected froma Cl1-20 al¥yl, C2-20 al kenyl,

C1-20 al koxy, C6-20 aryl, C6-20 aryloxy, fluoro, C1-20

f I uor oajther dxh s5atFl@zfsf badioabkithdicllofAdrmula IX can be selected
het er oal kyl , C3- 0 heter oaryl, and conbi nations

t hsp@of . Each R |s |ndependently a Cl1-30 al kyl, C2-30

al kenyl, Cl-3o0 al koxy, C6-30,aryl, C6-30 ary)pxy,

C3-30 hetr3oaryl C1- 30

t hereof . g R3 is indepé

hydr oges al kyl ..

C6 346 ~aryl §

het er s , d conbi nat : y

grouy in the aromatic core’Ycan i ncl ude a dival ent '
poly(oxqukylene) soft seggent of Fornula V|- and
ACMH2m)y * VI or a dlvalent pol y(di al kyl si | oxane)
sof t segne H of Formula VIT *_[Si (CWH2w+1) 20f* 15 Y
VI | mher |s an integer of 1 to 6, y is an integer
of 2 8 agdq wWis an integer of 1 to 10. In sone
enb e—pol y(oxyal kyl ene) or

pol y( oxane) soft segnent can be connected

to a -, aryl, or heteroaryl group. The

substi t uentRlgan, for exanple, 20 have Fornmula VIII WO

2004/096%&? PCT/ US2003/ 032047 -19 *--~Ar-SS-R'
that is unsubstituted or substituted with one or more groups selected from C.o9 alkyl,
Ca.20 alkenyl, Cy.50 alkoxy, Ce.20 aryl, Ce.o0 aryloxy, fluoro, Cy.z fluoroalkyl, Ci29
perfluoroalkyl, C.o0 heteroalkyl, Cs.0 heteroaryl, and combinations thereof. Bach R® is
independently selected from hydrogen, Cy.30 alkyl, C»30 alkenyl, Ci.30 alkoxy, Ce.30
aryl, Cs.30 aryloxy, Cs.30 heteroaryl, Cy.30 heteroalkyl, and combinations thereof.

In yet other examples, at least one divalent radical of Formula IX is selected

**

LVII LVHI

LX
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15

VIII where SS is a poly(oxyal kyl ene) or
pol y(di al kyl sil oxane) soft segnent, Ar is an aryl ene

wW@e@ap96o¥8 i s an integer of 0 or 1, and R' is aPCHDY1003/032047

heteroaryl, or a alkyl. In some2b exanples, R' is a
sterically hindered group. G oups according to Fornmul a
VII'l can rﬂeduce the formati ongofgi nternol gul ar or

i ntranol esdl ar Agurations tbat

‘sone

m

can_pe Arom?* * *
XX)&/IIXXXVIII F&(XLXH*I\\*
Ev EEy/vvREY*EYEv XLI | XLIPI XLIV XLV EY
EY EY EXVHY EY XLVI XLVIT XLVILKIXLI X L , and Ev * \
| Ev LI that is unsubstiituted or substituted With one
or nore Bréups selected from Clg 26 al I%I, 15 C2_20

b ‘ C6. 20

LXV and LXVI

that is unsubstituted or substituted with one or more groups selected from Cy.g alkyl,
Cy.90 alkenyl, Cy_50 alkoxy, Ce.o0 aryl, Ce.0 aryloxy, fluoro, C;.o fluoroalkyl, Cj.o9
perfluoroalkyl, C; 5 heteroalkyl, C35 heteroaryl, and combinations thereof. EachR is
independently selected from Cj.3p alkyl, Cz.30 alkenyl, Cy.30 alkoxy, Ce.30 aryl, Ce.30
aryloxy, Cs.3p heteroaryl, Ci.30 heteroalkyl, and combinations thereof. Each R3is
independently selected from hydrogen, Ci.30 alkyl, Cz.30 alkenyl, Cy.30 alkoxy, Ce30
aryl, Ce.30 aryloxy, Cs30 heteroaryl, Ci0 heteroalkyl, and combinations thereof.

Each Ey in Formula I is a monovalent radical of Formula II or Formula III:

*

N
X ) x |
>;N >; N
Ar A
I 111

where each X is independently O, S, or NR!, where R' is an alkyl, aryl, heteroaryl,

heteroalkyl, or combinations thereof. Each Ar? in Formula IT and Formula IIT is
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In other exanples, at |east one dival ent radical of
Formula I X can be selected from3 R4 R3)4 R )4 EY

WEX00EW69EY LIT LITI LIV, and R3) 4 EY (R3)4 PCNUSH03/032047

that is unsubstituted or substi-2dted with one or nore
groups selected from C1-20 al kyl, C2-20 al kenyl, Ci-20

al kolependes o cabyd:ychéi@r;& @rarpy | ’KheyArzfglrMQj’ i9 ,tylﬁdalB'Ql Cs. 40 carbocyclic

fI uo oal kyhg 1, erfl ugroal Cl- 20 het eroal kyl
’f?é‘?e 8%“ grogpyate depisho;t ?1568% ﬂ%‘?se@!fougha?cqarh?gwlsc aromatic
lnfiﬁ aRARRE Ly AS| Bk R ALY
g al keny| | Clﬂ%O%aAEoiggb H%gatg%?&glf ﬂefe?%é/_éjélé}ﬁhg in Formula IT
ar?md)ﬁﬂyrm@slmo heteroaryl Cl 30 heteroal kyl, and

comD: e i, ARGLE A% Lt I BB S Eiens.

L R G ity i o

Partyseernd/ bwrawd, 9-sipflupreRy Rt aliydropyreRyEperylenyl, spirobisfluorenyl,
fluoranthenyl, pyrenyl, dihydropyrenyl, tetrahydropyrenyl, rubrenyl, chrysenyl,
5,6,12,13-tetrahydrodibenzo[a,h]anthracenyl, 6, 12-dihydroindenol[ 1,2-b]fluorenyl,
5,12-dihydro-6H-indeno[1,2-b]phenathrenyl, dihydrophenathrenyl, and
benzo[g,h,[Jperylenyl that is unsubstituted or substituted with one or more Cy_s alkyl,
Cao0 alkenyl, Cy.p9 alkoxy, Ce.20 aryl, Cs.20 aryloxy, fluoro, Cy.y fluoroalkyl, Cy59
perfluoroalkyl, Cy.5 heteroalkyl, Cs 5 heteroaryl, Cs 3 alkyl oxadiazolyl, Cs.3 aryl
oxadiazolyl, C3.9 alkyl triazolyl, Cs.30 aryl triazolyl, Cs 30 diarylamino, Cs.39
diarylaminoaryl, and combinations thereof.

Some embodiments of Ar” are substituted with one or more Ci-20 alkyl, Cy90

alkoxy, Ce.op aryl, Ce.o9 aryloxy, C;.o fluoroalkyl, Cz.99 heteroaryl, Cs 3 alkyl
oxadiazolyl, Cs 3 aryl oxadiazolyl, Cs.3 alkyl triazolyl, or Cs.3q aryl triazolyl.

Examples of substituted Ar* groups include, for example, monovalent radicals of

R_P .
A O
N as;
LXVH ; LXVII , LXIX




R LXI LXIl RRRREYEv (R4 Ev (R3)q LXIIl LXIV
RRRREY EY 3 Ey (R3)g LXV, and LXVI that is

W p®4yosoug ut ed or substituted with one or noreP@r/U83983/032047
sel ected from Cl1-20 al kyl, 5 €3-20 al kenyl, C1-20
al koxy, C6-20 a Yl, C6-20 aryloxy, fluoro, C1-20

f | et thallikel ,EaEH.XZ@ mdapérfdleﬂ@y Oakkyt NRE wRe Retser OdokIKyl, Cg.p aryl,
C3-20 hetero r(g and conbi natl ons thereof. Each Ris
éf

i nHepdirdapry bterealkyl g @@tlw%wreo%:zlia@ R is independently
al geq

%a%de{rgﬂjo%r?% K50 )P/zé?)gg%%g r(gl %kyﬁ&?’ é?zo lerylo %> C3-20
t hbﬂrtemﬁlrylﬂﬁcio Mmad;kyl,l amdeepmwmmbhytlmedoéct ed f r om

hydr oge Cl al.kyl , 30 a enyl C1-30,_ al kox
> ©B-30 18‘ liggntsy § FHpf e%f%?yﬂé‘t fé?g)%ﬁaﬂf{nuéyﬂ% Formula IIX
heggﬁgaibngy amd conblnatlons thereof. Each EY in
Formula | is a nmonoval ent radical of Fornula Il or
For mul aSpedific exashpled 9fzhe diMalent radical Are 11 111 where
each X is independently 0, S, or ,NRl, where Rl is an
al kyl, aryl, heteroaryl, 15‘ﬁ' @Tﬁélkyl or
conbi nati ons thereof. Each Ar 2 Formula Il and
Formula 1111 is WO 2004/ 096948 US2003/ 032047 - 22
i ndependently a carbocyclic ar group. The Ar 2 group
is typically a C6-40 carbocycliT aryl group. The Ar2
groups are bonded to the rest of Ey Qinro0gh a
carbocyclic aromatic ring included in »*# That is,
Ar 2 is conjugated to the heterogy *Fornula
Il and Formula Ill. 5 In sonme enbddi get Ar 2 is an
aryl group selected from phenyl,

10 in Formula I include, but are not limited to, LXXI ,
;:N ;;N
—N
3 \ \ S /\N
E/ N —N :
OCBH17

LXXIl , LXXl LXXIV



terphenyl, anthryl, naphthyl, acenaphthyl,
phenant hryl , di hydrophenat hrenyl, anthracenyl,

wo bavsosieys , 9-sil af |l uorenyl, tetrahydropyrenyl PCT/US2003/032047

peryl enyl, spirobisfluorenyl, -24-uoranthenyl, pyrenyl,
dlhydropyrenyl t et rahydr opyrenyl, rubrenyl,

chryseny

51 61 7 ’et r ahydf

6,12- /dr0|ndeno[1\’ *

5, 12- Q- 6H- i ndeno]

di hydr op hrenyl ,

i s unsub uted or subs

al kyl , ) 'E| keny! =N
aryl oxy, flagro, d-f gr oal kyl, Ci- 20 0 o N

perfl uoroal k
C3- 30 al kyl
C3- 20 al kyl
di aryl am no
conbi nati ons reof. Some dlnents of Ar
substituted &#nﬁ7one or nor & €1z 20 al kyl, CI- CeHir O
al koxy, Q@xX¢ aryl, Ca@Wiaryl oxy, Cl-20 EXWnoal kyl LXXVIII
C3- 20 heteroaryl,” C3-30 al kyl oxadiazolyl, C3-30 aryl ’
oxadi azolyl, C3-30 alkyl triazolyl, or C3-30 aryl
triazogey|. Exanples of substituted Ar 2 groups

[ for exanple, nonovalent radicals of JO NN X
N-N \ ( NNX 20 LXVII LXVITI LXIX R LXX
R R WO 2064( 096948 PCT/LUS2003/ 032047 -23 and the

i ke. ¢ GEFF- tly 0, S, or NRL, where Rl
is a Cl_ al kyl , \ e/aryl 03. 30 heteroaryl, Cl1_30
het er oal kyl , combi naki ns thereof. Each Ris
|ndependenn» Nselecte 'T on1C1 30 al kyl, C2_30

al kenyl, C1_ O alkox Mo aryl, C8_20 aryl oxy,
C3. 20 het ryl, 30 heteroalkyl “and conbi nati ons
t her eof . some enb Xis in the

FrC1-‘o --tero.N< C3- 20 het r%aryl 7
xadi azol yl, C3:30 aryI oxadi azql yl ,
azolyl, C3- wryl triazoly -30
£3-30 15 di ar i noaryl, and

heterocycll i ng of or Formula I
CH,,0

LXXIX LXXX

’”\

O

LXXXI i LXXXI



is sulfur
r adi cal
WO p0oFo9avus

or
-
a l

oxygen.
tr' x|
i ncl ude,

Specific exanples of the dival ent
(Ey)a |X CBHL7 CBHL7 N O 10
but are not limted to, PCIXKS20M8/082047

S ONN 1 N CH30O OCBH17 OC8HA5* OC8H17 LXXII LXXI |
I LXXI'V WO 2004/ 096948 PCT/ US2003/ 032047 -24- * Ns'1

101
L
C8H17

N-NN-NAN OC8H17 OC8H17 OCa

EXXVIT LXXVITT * ON O N +

LXXXHI

*

O
\
Z

LXXXVI

v
_N
N| N\
)
=N

\
Z/

XC

17

CaH170

LXXXIV LXXXV

OV LXXXvilE LXXXIX

=N
O _N

\
O N

\
ZN *
~N
S =N
©/LO O N
=N
o .\ CeHy7

XCl Xl



LXXIX LXXX N -N %O OiNN FF ~1\ F 0~F ~0' CH3
LXXXI LXXXI | 9 , WD 2004/ 096948 PCT/US2003/ 032047
WO2B4MAUN O N1 1 O/-,,0 CH3 LXXXI I LXXXI RCLKSM3/032047
N (r)NO1NN NO NSslIH17-2-H CF3 CF3 CF3 CF3 8
17 LXXXVI LXXXVIT LXXXVI | | LXXXIX -NN OiNON
N-N - /N N Oi N ON C8HL7 CH. GH
% 8 17, 8 117

XCVI . Xovi

OCH,, OCgH,;
XCVil XCIX C



\ / C8H17 XC XCI XCI | WO 2004/096948

PCT/ US2003/ 032047 -26 * \ [/ * C8Hl7 C8H17 C8H17
w@BHpR48 N NV 0 NV C8H17 \ N\N 17 /y CBHL7PXIZUE1003/032047

Xxciv xcv C8H17 C8H17 C8H17 C8Hix7-* \ \ N / N C8HL7

N O\ C8H17 N C8H17 C8H17 xcvl xcvl | C8H17 C8HL7

C8H17 C8HL7 -N ,0 NO N O i N onQC8Hl7 OC8HL7 xcvl ||

XC X ¥ 2004/ 096948 PCT/ Ug /032047 -27- *

;/\E \
OCH,,

cin e\

Ccv
or the like.

5 The end capping (EC) groups in Formula I are each independently selected from
a carbocyclic aryl, heteroaryl, or tertiary amino aryl group that is unsubstituted or
substituted with one or more groups selected from alkyl, alkenyl, alkoxy, aryl, aryloxy,
fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, and combinations thereof.
The end capping groups are typically a Ce.49 carbocyclic aryl, Cz 40 heteroaryl, or Ciz.60

10 tertiary aromatic amino aryl that is unsubstituted or substituted with one or more groups
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_N-N OiINON Z OCBH17 CF3 CF3 CI CIl C8H17 C8HL7
C8H17 CBH17 -NO 1 N-N O N OC8HL7 CIl GV C8HL7

w@adypodH8 0 N O CV or the like. 5 The end cappCnySIoE)32047

groups in Fornmula | are each i AZBependently sel ected
from a carbocyclic aryl, heteroaryl, or tertiary

ankdleci@l ﬁfbm%%ﬂksm@nd Akenys s alkbbtsedzs% aryls adasd artyl&c?dﬂuoro
with one or nore groups selected from al ky

al kosxyfluozeatkyl, Graplnssiiuoroglkylof oz heteremllod) fero, heteroafyl and
peglh&B?Q S§H+:apeteroalkyl heteroaryl, and

I nat1 ons er eof The end cappi ng groups are

t y pi cal Tiie AurkBerdd cadohacymd ipecidicd for 103 edd cappiey gaty Hoes not
Cl2-60 10 tertiary aromatic amino aryl that is
un NGB T gakp o ome B wb@d)r%e%ul@rﬁélbat&tuwrgéom 5@perample, an

C 1 5 O&#&%@%ﬁ%{s l%&lggé/ sgﬁ%%ﬁ%% Wé %gﬁtﬁ%?%oaggl@?e considered

CotadE asiy cadyn chdbuoyabic aryll -TROs,fal aadroositlioydryl ﬁﬁi—@@ping group could

gﬁbafu!egtgﬁar% Iatﬂ)é%/éiq)q?g&qqﬁgtpglg }H? {o?zﬂ Iﬂlkewme a%%telggat.ry end cglppmg group
could have more than 40 carbon atoms in total and a tertiary aromatic amino aryl end
capping group could have more than 60 carbon atoms in total.

No more than one end capping group is of Formula II or Formula III. In some
embodiments, neither end capping group is of Formula II or Formula III. The end
capping groups are both conjugated to the aromatic core. The bond between each end
capping group and the aromatic core is typically a single carbon-carbon bond linking an
aromatic ring of the aromatic core with an aromatic ring of each end capping group.

Suitable Cg.49 carbocyclic aryl end capping groups include, but are not limited
to, a phenyl, biphenyl, terphenyl, anthryl, naphthyl, acenaphthyl, phenanthryl,
dihydrophenathrenyl, anthracenyl, fluorenyl, 9-silafluorenyl, tetrahydropyrenyl,
perylenyl, spirobisfluorenyl, fluoranthenyl, pyrenyl, dihydropyrenyl, tetrahydropyrenyl,
rubrenyl, chrysenyl, or benzo[g,h,iJperylenyl that is unsubstituted or substituted with
one or more groups selected from Cy.50 alkyl, Ca.90 alkenyl, Cy.p alkoxy, Ce.20 aryl, Ce 20
aryloxy, fluoro, C;.oo fluoroalkyl, C;, perfluoroalkyl, Cj_» heteroalkyl, Cs.o9
heteroaryl, and combinations thereof.

Suitable end Cs.40 heteroaryl capping groups include, but are not limited to, a
furanyl, thiophenyl, pyrrolyl, imidazolyl, pyrazolyl, 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, benzotriazinyl, phenazinyl,
phenanthridinyl, acridinyl, indazolyl, or siloles that is unsubstituted or substituted with
one or more groups selected from Cy.p alkyl, Cy o0 alkenyl, C;.59 alkoxy, Cs.20 aryl, Ce.20
aryloxy, fluoro, Cj_5 fluoroalkyl, C;., perfluoroalkyl, C;o heteroalkyl, Cs.59

heteroaryl, and combinations thereof.
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The nunber of carbon atons specified for the end
cappi ng group does not 5 include the carbon atons that

woreop4loeeops esent in a substituent group. For exBOPUS2003082047

end capping group that is a ph&@gyl substituted with an
butyl group would be considered to be a six carbon

car bocy GhitfhACYle teHitts ardinfARTDAGY Gyl @n@eaﬁm@@koﬁpmbma but are
group could have nore than 40 carbon atons 1n total

Li k@wrméed ta, honesdeny radieed of disgylaniline. elly] cebarle ayicarbazole,
40 B
ar %:ﬁ:g %ﬂﬁnﬁ C% st%}rgnefopecr gttr%ldmgep gﬁrgir%:dg% %réﬁ{eé,vsglroannnes, and

mofie HkB At OB abRdite A bOSIHstiftddokah ondNer ﬂfiﬁfeegrbﬁl;&ﬁsem@&d from Cj.0
end cap in oup is of Formula Il or, Forpula |
Y1, Enpridiansh s, voé}%@wﬂhélﬁ 26l EappAtHig*Gridinsoi z@fﬂuoroalkyl Ci20

bo%%ﬂ%%r% G Cua BRI, oG, 0B BREE RSB Pror
ea&hmﬁﬂdtMﬂ&ﬁﬂﬁﬂgM@mmmpmﬁndah&gnﬂ@mnmtbmnmnowﬂmﬂrmﬁcdsof

2 SdY M@ﬁ%@é%ﬁm‘”” S Ay e, NN NN -
r | G- aﬁqﬂfh | RGN %1%%eth§§hiér§}g%-ﬁal‘g%lf(ghenyl)benmdme

carbo yc cappi ng grou , but are
NON,N' mm enhphtlhga],) Pé,l\blb'ﬁs(rghenybqu'eiiw, ,1 4 bitsmaémyblyl)blphenyl 44 47

ant o &1& % ﬂ@;ﬁ%ﬂé&fwﬁc X Ez?rﬁﬁnﬁgglﬁ};r 2 bphenyl)benzene 4.4'4"-

9 &iskl@fl‘ll Hﬂ)h@l‘i‘})lbrmnbﬁh?ﬁmmrﬁm'%" trls(fN“—BMh&HMlphenyl N-

spi'robi sfluorenyl uorant henyl , pyreny

di plyﬁjrytﬂgmyme)mypheny]@nnm; yeff @py&(é»,qiyphenglgnmmp,hgmgl)benzene and the like.

Sﬂgﬁggtnﬁ m dergli) ndéﬁ%lgt%s o{ F{)P X II etﬁé( e%(% ga%gnr{gn%ro%ps can lProwde a high
sebafdeaf bétweh (he- hZéhe@t &Guple%(ﬁ@cu&lérkﬂmdl ,(HOMGDand the lowest
al koxy, C6-20 aryl oxy, fluoro, Cl1-2

f | UBRISHPIRY Mmoleculap ertp@# ﬂPUMQQaMéwsed bgrey hr@twe&mvfers to an
at%eg%y algfeﬁérggﬁgﬂweeﬁﬂge SO ARG LOATOl G ﬁg& 2. fyvt Db e

en ~ eteroaryl cappi ng groups |nc are

noembbdintedts, the energy A féramany bt leashl Baphenyligh pndgap tehds to make the

i m dazol yl, . pyrazol yl, azolyl, tetrazolyl,
t hFemBPYAd suitahle Jo5 usk a8 Pi‘éhfaei’aﬂt g mglesyfazol yl |

t hi adi azgl¥lcarph 1|3'a?flcélnﬁlca Iﬁﬂé E’Hﬂuﬁy [e.. Pﬂlﬁdn?ﬁ:ﬁb %%U’P aryls,

pyrazinyl, pyrimdin qU| ol T nyl, 1 soqui nol

'benapiﬁhalar%rpupamksoaﬂd @piqlemgpki ,polycmdm aryls) ey pmzmlﬂan electron

ot ARBR 9 e gl bR ke ST DR o apdoggion ol

be?@&h@l%ﬁﬁ@cbﬂ 1ecp1@i6176@ﬁfaf 8dital (L,UMOS e aftyell Bfdtched to the
phenant hri di nyl, acrl di nyl, indazolyl, or siloles that

i s arpmealisEore (Khitlensrg s me |and1aé@rgwbamdga9 ketwsen fy HOMO and LUMO

gr oups sel eglt %d L Omﬁg%g a ,c;v/ﬁ%/ band (g:gg ﬁi%le%bﬁqgﬁésérggjfo%?se as an

OoXY,
f I REQSH {fxﬁspoﬁhgé’rﬁ #ef fdlebloekdrkyd a mOlec@lar hest ésraableyhlar or

C3-20 heteroaryl, and conbi nations thereof.
polymeric blue emitters, or as a blue emitting electroluminescent molecule. In
addition, some carbocyclic aryl end capping groups can be sufficiently sterically
hindering to reduce the formation of intermolecular or intramolecular configurations
that produce excimer or exciplex emission that can cause color shifting of the
electroluminescence.

Some end capping group can function to transport holes or block the transport

of electrons. Such end capping groups can include, for example, heteroaryl groups that
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WD 2004/ 096948 PCT/ US2003/ 032047 -29 Suitable C12-60
tertiary aromatic am no aryl end cappi ng groups

WO paoio48 but are not limted to, a nonoval enPCT/EHSI003032047

of diarylaniline, alkyl carbaze3®, aryl carbazol e,
tetraaryl di am ne, startburst am nes, peraryltriam ne,

deadrelgtion aithnag tertipiyreaiatiesninangyl driveps| The ubdaf such end capping
unsubstituted or substituted with one or npre grou

s eg@e%am hadgncertholplg agd glggtrondsansgory Pifwcwscy tope the ionization
0
£ BENetiq) FHa/oP e affing Bt BleXuftPunds W Bindidt Sueh end capping
CSgIZﬁlph eztrembmngd or mmtﬁf}cthabhmrhgémnsi/dirrmmmnnﬁesrcent character of the
exa tertiary aromati o ar%amp%otgps C

B‘B“{Pélf end GRIPiRg SIopPps can e use , fore tune tge color of the
N Ml HEtdragd é’dn@;%?ﬂaﬂ @k Bfher compounds in a composition. Certain
k%\r -gt etraaryl™-1, 4- phenyl en%dl afc'nlne I\P lonN
t ehetanoyiyl ang teqitlamammatmne aryl end capping groups can prov1de compounds

s( 3-.net hyl phe hen ben
o Re BT p R Sreheor B CHRGRG ¥ e Rt et
1, 4- bi sCeatdReP@palyeRi 1@'3. es ikt cdmbthation with heteroarylenes having -
tr| S N, N- di aryl am n@&n ri phenyl am ne,

- upits ezmlzn ineNiechinebe prehGAPPEEnZe s, toprayide) in some compounds,
t r 5&&4}5 rgalxgj(?ﬁe{é] %lcggbﬁl% 151{1 élﬁ@(?rﬂ?%l%m ¥ some compounds, the introduction
phsfk}dnaﬁmsl&ﬂbblycp&l&i’aatbhm B€aryl groups in combination w1th a heteroarylene or

5-tris(4-di phenyl am nophenyl)benzene and the
| i k@emﬁwl S tBHEBRIT rEmNS Vo CHUPHAIdE cplor tyng nkor example, the

CoEDYR PN LoDt e, 00 1% RIQAD B v

I omslte camntnnﬁhwlthe dn rdjlaesmit hetercaryleneadr Hekdobddyl detived Sroth

ei n h . bandgap refers to an energy difference
be W@@ﬂn?dd% °oMD and LUMD of at least 2.5 eV. In sone
enbodi MENGH éﬂ&d@lﬁeﬁtgweﬁé HzCorbSpsian f&@R%on %o B¥n
hi gh bandga%r tends to make t@Jgﬁ ﬁp%%sndnsw tagl% Snpén
useleetsons dribigvk theiranspory ofrbbles uS@ch @@ c8pping gmﬂp@ cgmimhlde, for

T A N e

ar ylaipl€,aBdipAl0 bT eheadedroRkOG stiBytitudfflidvoles, N%bith@ted imidazoles, N-
hi ghest occupi ed nol ecul ar orbi t al and an

i oflibsttuteshpyperclas: peazoles.gpoxapele) @m@lesuﬁ@g@a@lpe @yridines,

t .
ar %ﬁactﬁ&ﬂlres g{y}l) 'n]ilaiﬁl gn Z rnéa;s/ qﬁg%lﬁ%se téll}%uenel o reglgg)gagélgég%gzothlazoles,
bebmemlddﬁﬁol@\@lﬁﬂdleh,%@u&ﬁ)lmég cigiolines) qainkyolines, qumoxahnes :

advant ageous when a hi bandgap nol ecule is _desir
f oPhthalaziges. éﬁnmémaezeteﬁ ep%vespahqnaa@eﬁ%nesaa?enﬁmﬁe|aed the like.

bl ocker In SR G F&Hﬁﬁa f QBthk'H?xld%ﬁgjénﬁ% lgﬁffugs are independently

polyrrerlc mtters, as a
el sddotaal ﬁmmraeﬂommaleirmfadmalef In addition, sone
carbocyclic aryl end capping groups can be

suf@ent@i c

CVi ’ cvi CVill




hi ndering to reduce the formation of internol ecul ar or

i ntranol ecul ar configurations 30 that produce excimer
W@eooeXniopd ex em ssion that can cause col or shiPCT/H§2003/032047

the electrol um nescence. Sone-ghd cappi ng group can

function to transport holes or block the transport of

el ectrons. Such end cappi ng groups can ¢l ude, for

exanpl e, heteroaryl groups that WO 2886

PCT/U82003/032047 -30

transport eff|C|enC|es or—tune the ionization

pot enti al GlXd/ or electron @Kkfinity of tG¥l conpounds of
the i nvention. Such end cappi ng groups can enhance or
nmodi fy the band ggp A e -ctrolum néscent

' — Certain heﬁ%roaryl
am no end cappi ng ups can prov compounds

t hat hgéﬁlenissions incgﬂ@ red, .green, t%@Vblue regi-ons
of the visible spe trun1 Cbndensed pol ycyclic aryl enes
i n conbination \e¢s having 10 CG=N-

pme conpounds, the
clic arylene or aryl
roaryl ene or
C unit can provide
color tggwng For exgpiie. thexwpndensed pol ycyclic
aryl enes or aryls derived from ant’hracene, peryl ene,
and py.eneRl5 can be conbined with an adjacent
het er oz et eroaryl derived from

/ ‘ ot her enbodinen&s t he end

9 N
bl ock the transport
can include, for exanp 3
conmpound having a -C=N-guiitgs suchrds, for 20 exanpl e,
radi cal gy@fijjoxadi azol es, N-substitut egXixi azol es,
N-substituted i m dazoles, N substituted pyrazoles;
oxazol es, isoxazole, thiazoles, isothiazogesR
pyrldligesR pyri dazi nes, pyrim di
tr|a2|nes/ t et razenes n~bgnzoxazo

benza diazol es, qui/no\i ngs, i spet
cin4;§> iilgl 5% oxgd i
X Ny

CXX CXXI , CXXIl
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pht hal azi nes, benzotri azi nes, phenazi nes,
phenant hri di nes, acridines, and the like. 25 In sone

w@eospods of Formula |, both end cappi ng gr oUPST/HEE03/032047

i ndependently sel ected from a-8@noval ent radical of

0000-O CvI CvIl Cvill 7 9 7 WD 2004/ 096948

PCT/ US2003/ 03047 -31 CIXCXCXI RRR RRRRR

CXIl CXlLII /. \' S d-b SL cxv, CXVI CXMII , R
CXIXRR RRS NN/ G50 C~~X~

CXXI CXXI | WD 2004/ 096948
/032047 -32- N
N\//X R_P Q
0 Y n N@

cxXXi . CXXIV CXXV

W ta e
@ @

CXXV or CXXVII

that is unsubstituted or substituted with one or more groups selected from Cy_5 alkyl,
Capo alkenyl, Cy.o0 alkoxy, Ce.op aryl, Ce.z9 aryloxy, fluoro, Cy.o0 fluoroalkyl, Ci_50
perfluoroalkyl, Cl.z(; heteroalkyl, Cs.50 heteroaryl, and combinations thereof. Each R is
independently selected from Ci.9 alkyl, C 39 alkenyl, Cy.3p alkoxy, Ce.30 aryl, Cg.30
aryloxy, Cs.30 heteroaryl, C;_30 heteroalkyl, and combinations thereof. Each X is
independently O, S, or NRI, where Rl is a Cispalkyl, Ce.20 aryl, Cs_30 heteroaryl, Cq3o
heteroalkyl, or combinations thereof.

In some embodiments of an end capping group, a carbocyclic arylene group is
conjugated to the groups of Formula CVIto CXXVIL. The carbocyclic arylene group is
between the aromatic core and the groups of Formula CVIto CXXVIIL For example,

group of Formula CVI to CXXVII can be conjugated to a divalent radical of

)
- oo 0008 8

CXXVIII’ CXXIX CXXX , CXXXI CXXXII



N XXN XRRNN CXIl CXXIVCXXVR-1r RNN

N CXXVI , or CXXVII that is unsubstituted or
WG aegnIdous ed wi th one or nore groups sel ect ed PCDIE2003/032047
Cl 20 al kyl, C2_20 al kenyl, C33%0 al koxy, C6_20 aryl,
C6_20 aryloxy, fluoro, Cl1_20 fluoroal kyl, Cl1-20 5
perfluo oal kyl , 0, het eroal kyl C3 20 hzgtfﬂoaryl

LEE
30 arg'*xy, et- a.ryl

C1 30 heteroal kyl, and conbin tiBns thereof Fach X is
i ndep&daefitll y 0, SXXXIVNRl WHOEVRL | s @XM al kyl,

C6_20 aryl, C3230 heteroaryl, O 30 ‘'heteroal kyl, or

conbi nations thereof. 10 In sone enbodi ments of /
cappi ng group, a carbocyclic arylene group i g
conjugat ed to the o@ to ¢
carc\cenep' ' he ar
core and the gups of For mul\s \
exanple, group of Formula CVI to C

conj ugBX¥XWb a dival ent COSEII of CXXVI I, C@@QGXXXX
CXXXI  CXXXI I WD 2004/ 096948 PCT/ US2003/ 032047 - 33 R

R SRR CPEN T CXOXIV CXXV CXXVI 990 |
CXXY 9 > > R3)4
(R,
CXL CXLI &> (N

CXLVII , CXLVII
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(3-0 CXL CXLI CXLIl Ph Ph Vs Ph Ph )4 CXLIl CXLIV
CXLV CXLVI R3) 4 RRRRRR (R3)4 (R3)4 5 CXLVI|

W@X00W09d94&CXLI X WO 2004/ 096948 PCT/ US2003/ 032047CT/US2003/632047

RR RR 6§RR RR CL CLI Ct34- CLIIIlI CLIV CLV or
the like that is unsubstituted or substituted with one
or nore groups selectad f ad~- 20 al kyl, C2-20

al kenyl ,_ Cl1- 20 al koxy aryl, C6-20 aryl oxy,

fluo %ﬂ. 1- 5 20 perfluoroal kyl,
eroaryl, and conbi nations
t he synbol

phe , R is independent|
C1-30 al kyl, C2 ' C1- 30 &l ko
C6- 30 aryl OXy, 30 heteroaryl,
and conbinatio Each
sel ected from , C1-30
C1- 30 al koxy, I, C6-30
R
CL

CLII , CLIvV , CLV

E

or the like that is unsubstituted or substituted with one or more groups selected from Cj.
20 alkyl, Cao9 alkenyl, Cy_p0 alkoxy, Ce.o0 aryl, Ce.z0 aryloxy, fluoro, Cj.o0 fluoroalkyl, C;.
20 perfluoroalkyl, C;.z0 heteroalkyl, Cs.o0 heteroaryl, and coﬁbinations thereof. In these
formulas, the symbol Ph refer to a phenyl ring. Each R is independently selected from
Ci130 alkyl, Ca.30 alkenyl, Cy.39 alkoxy, Ce.30 aryl, Cs.30 aryloxy, Cs.sg heteroaryl, C;_3o
heteroalkyl, and combinations thereof. Each R® is independently selected from
hydrogen, Cy.3p alkyl, Ca.39 alkenyl, C.30 alkoxy, Ce.30 aryl, Ce.30 aryloxy, Cs.39
heteroaryl, C;.39 heteroalkyl, and combinations thereof.

In other embodiments of a monovalent end capping group, a group according to
Formula CVI to CXXVII can be conjugated to a group having a —-C=N—unit. The
group having the -C=N- unit is between the aromatic core and the group of Formula
CVIto CXXVIIL For example, a group of Formula CVI to CXXVII can be conjugated
to a divalent radical of

CLVI ) CLVII ’ cLvir CLIX



10

10 heteroaryl, Cl1-30 heteroal kyl, and conbi nati ons
thereof. In other enbodi nents of a nonoval ent end

W@E 2ppiog48r oup, a group according to Formul a EVI/US03/032047

CXXVI'l can be conjugated to a gdeup having a - C=N
unit. The group having the -C=N- unit is between the

aro and the grom,:\,o_ of For mul a_y CVI g CXXVI I .
For ' : rou For ny tMgn be
conj\tgat edN= a fal exy N Ny -N\ N

CLVI CLVI| CLI X WO 2004/ 0986948

PCT/ US20p§/ 032047 -35 NoA¥/N CLX CLXI §udi! NN NN
X\ C4X\ / /X\’/ N~QN CL XIIl CEXIV CLXV 8-<C N |
/ N CLXVI CLXVI1 CLXVI | | N~ \N Nc,> NN CL
CLXX CLXXI CLXXIT M\ _ N/ / \¢ N5 CLXXI Il

CL CLYXXY or the | Nkg that_is syibst i futed OF
'e rou ,-u»@ QM1 -
enyl, CN2& al koxy, 0629 ar W,

td\ t
C6- 20 aryl ox fluoro, C-20 fl uoroal kyl, Ci1- 20
per f | uor oal HXIIC1- 20" het er oal kylG @/20 het Cl¥Yyl |
and conbi nati ons thereof. Each X is |ndependently O
S, or NRI, where Ryiga d-30 al kyl, C6-20 aryl,
C3-30 heteroaryl, 10 30 het er oal kyl, or
O~

RalsviasssRaty

CLXVI cLxvil CLXVII
F SN <10 G “
CLXIX , CLXX , CLXXI ’ CLXXI

~-
\

CLXXI CLXXIV ’ CLXXV

or the like that is unsubstituted or substituted with one or more groups selected from Cj.
20 alkyl, Ca.50 alkenyl, Cy.50 alkoxy, Cg.o0 aryl, Ce.o0 aryloxy, fluoro, Cj.z9 fluoroalkyl, C;.
20 perfluoroalkyl, C;.o0 heteroalkyl, Cs o heteroaryl, and combinations thereof. Each X
is independently O, S, or NR!, where R! is a Cispalkyl, Cs.pp aryl, Cs.30 heteroaryl, C.
3p heteroalkyl, or combinations thereof.

In yet other embodiments of a monovalent end capping group, a group
according to Formula CVI to CXXVII can be conjugated to a heteroarylene that is

electron rich or to a tertiary aromatic amino arylene. The heteroarylene or tertiary



In yet other enbodi ments of a nonoval ent end cappi ng
group, a group according to Fornmula CVI to CXXVII can
wheogonouyated to a heteroarylene that is el eRCT/US2003/032047

rich or to a tertiary aromati c-36vi no aryl ene. The

heteroaryl ene or tertiary WO 2004/ 096948

PCEfod2i0 QY1620 Hésitiondl betweat the arnydteerd sndoDgioup 0NEermula CVI

between the aromatic core and a group of Formula CVI

t otSSeAVIL Forrexampisy peroup ofraumuby CYbiongKL Vadlran be conjugated to a

ng%iél n be conjugated to a radical of , V-\ R

(3+ 6 R R CLXXVI CLXXVIT CLXXVI I I \ NQL-i-Qi-Q
I\ 1\ 1 5 CLXXI X/<€ N—Q CL

CLXXXIl N9 N NN
like that i s unsubsti

nore groups_ sel ed fro ' l
C1- 20\alrkgpx - 30 aryl £ CB-20 ar
f | uokealKy: 1O0X'CL- 20 pesSkL uor oal Ky

het eroal kyl, C3-20 heter®&aryl, and conbinations
thereoCLX&Uh R is indepeid@ftly sel ect@uXiivim Cl1- 30
al kyl, C2-30 al kenyl, C1-30 al koXy, C6-30yl, C6-30 WO

2004096948 | USge63/ 03204F\ - 37 a—n oxy, C3_30
het 0 T Ot a i nations
\-u’ Ea S : dent X _0,—S, or NR1, where
Rl is a 30 al kyl, é_so het er oaryl ,

d 3o

CLXXIX CLXXX ,
Vs YaYs s VAR
SN
CLXXXI . CLXXXII

¢ 9
;O gugo
-0

CLXXXIE CLXXXIV CLXXXV

or the like that is unsubstituted or substituted with one or more groups selected from
Ciaoalkyl, Cy.o0 alkenyl, Cj.p9 alkoxy, Cs.20 aryl, Ce.20 aryloxy, fluoro, Ci.o fluoroalkyl,
C1-20 perfluoroalkyl, Cy.50 heteroalkyl, Cs o0 heteroaryl, and combinations thereof. Each

R is independently selected from Cj.3p alkyl, Ca.30 alkenyl, Cy.30 alkoxy, Ce.30 aryl, Cs 30
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30

het eroal kyl , or conbi nations thereof. Each t is an
integer equal to O to 4. Wien a group of Formula CVi

W@ 2008806948 i s conbi ned with another group to BCT/U82003/032047

the end capping group, no order3bf synthesis or nethod
of synthesis is inplied to prepare the conpound of

Foauyldxgy, Cs.3oHeeersagh Kﬂil_g(gliabmal&?l @nd c@mbinatighscthereof. "EHA X is
CXXVI 11T to CLXXXV) can be ajtached to the aromatic

cotdleBadshidy O §a?ﬂm%nt‘”}{e83 Rhl@ 2 Grao alkybCopo i G- 30:‘9‘!’&’{0@13’1 Ci30
CXMO%II&% or Q&nﬁﬁlﬁﬁ&% #EREP £3 E}t b aﬂﬁﬁt@&é}%guﬁl% P'IS 4.

r est he end cappi ng group
For nul aWn a gro@ofFdrmubeCHl o ﬁmm nmmmlimed Withtahether group to

t .. An R R3 d
or BB & e i SR o B Shay §is s implicd o
gﬂ?ﬁhte tRs cd: dﬂﬂh%f Y‘brmulag PRELLIRLd ¥roup Vg, ]%r? 1('13% ?rglula

ent pol y(di al kyl si | oxane) soft segrrent
VI C?@‘{MXX&V yean e awhdhediethe anorngticaeré hefegeattashment to the

f gT’uP 8f Térmlrﬂla W&gﬁ?)gﬁ%gﬁ% ?‘F&h Zgécoﬁﬂ grovl\llp.can BC at tactheg ?o the rest of
p Otlﬁé(eﬁméalbﬂiﬂé 8iaY (€5., R fHI MR ¢VF@J@XM)tbefore attachment to

ments ~ 20 can be connected to an al kyl, aryl, or
het RHARSC rdup. The substltuent can, for exanpl e,

pol v oxya RTERSy ;o e ot i g e ©

sepoip(uxyalkylchs) sdft sagmbﬁnﬁfbﬁngraowp v is an lnt eger of
O or 1, and R' is an aryl ??eteroaagl, or a alkyl. In
some exanples, R' is a Ste Qaaleys y nder ed group.
Groups such as those included in Formula WVIII can
reduce the formation of internoYecul ar or

' nBeS| r %ﬁ@@(d&%ﬁé&%ﬁ‘@ sBﬁ%eé(rH@ﬁt of BORHMGS/T1

r or e em ssion. I n sone

nmet hods of preparing orgapi c el ectrolym nescent
devi ces, a conpound BOﬁESt(EgHZngm?en is thermally

transferred froma donor substrate tolya receptor
substrate. WD 2004/ 096948 PCT/ US2003/ 032047

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

example, have the Formula VIII

—farf—ss—r'

Vi
where SS is a poly(oxyalkylene) or poly(dialkylsiloxane) soft segment, Ar is an arylene
group, v is an integer of O or 1, and R” is an aryl, heteroaryl, or a alkyl. In some
examples, R” is a sterically hindered group. Groups such as those included in Formula
VIII can reduce the formation of intermolecular or intramolecular configurations that
produce undesirable excimer or exciplex emission.
In some methods of preparing organic electroluminescent devices, a compound

of the invention is thermally transferred from a donor substrate to a receptor substrate.
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- 38 Conpounds havi ng, for exanple, a poly(oxyal kyl ene)
or poly(dial kyl siloxane) soft segnent can provide

w@iotaides sol ubi l ity paraneter matching to a rBCEPSM®N3/032047

substrate. In addition or alte38atively, these soft
segnents can alter other properties useful to thernal

tr @Bﬁfpﬁﬁn&sr}fﬁviﬂé f@r%&%bie' ] ?o@(@@aﬁ@len@?ér Iﬁﬁ?(ﬁmn%xlsﬂoxane) soft

nol ecul ar weight, nelting tenperature, 5
t r eeshent gam pr@msbrsatt@lﬂe solp@htsemram% marqmrrgi tpyl ramtor substrate. In

te n&ida fl cc): IVnyl, rﬁegﬁ%og{] oqgg{ems c %[t?rg(g%l%r 6Hropertws useful to thermal

vi SCOSI ogy,

pr apestéd z@ﬁ fﬂnmatﬂﬁtmbm as, Yorsexasiple) nafetul 2 lvavight] melting temperature,
tinme, excimer and eXC|pIex formati on, cohesive
st gl@ﬁﬁg&rﬁmtmempﬁr@mre diercent gvistelliody and yendencydesiysillize or form

of e N KEb, AP POy, ROl B AP
t r m&ﬁsﬁiﬂy ahQ relaﬂatﬁﬂhﬂﬁe erciafer hﬂltiéemﬂﬂe)c fdratatibn,| cvhesive strength, and

bl end to commerci al | avall ndu i oni c
fglatéfr%lssg% frequenpppirdesygd piﬁrr e@%%%rﬁﬂwry

us
. Eglly?)gal g]ﬁﬂgxﬁ\% &ﬁf s¢ ﬁ))éﬁ{s%ah Mn sanQ%Bhﬁ)ounds 1m1?1ré)ve thermal transfer

Nescent device constructions.
c 0 aqubadmtsl,ontolﬁ dleerndlecldprpﬁﬂngomlm;bm cmmn@emﬂu lagailablet @rahducting ionic

f | B %%?Skéi{cg aggﬁﬁggangig[—pﬂﬁel 7 t%gl fgr I lisgerd%s anodezouffer layers in

co H@aﬁﬁtdlwﬂﬁmzﬂﬁé&@ﬁt de‘?ﬁ%&:@nﬁﬂi&ﬁbﬁ uents can |ower the
vapor pressure of ounds and make them nore

s ui t abl & $ape o(apmund@,rib@si: PPIErEsgepssigh deisubssitiited with one or
th t
th rogvglﬁ)gagaeé téljcgféol qu (ﬁl 29 hlﬁ%r 81'1( n@l ? Igggﬁ{o%a?kc'yl? and

uen

Cobpabidtons thefe6A SEhesé albsﬁtmleﬁtatca@ tbmttmtzap@lr peesshre of the
electron affinity, thereby making it easier for th

c oFBEnPHISls pBd ke Seny mer saiaBle ot 306 drpasiioss Thoss S*Pﬁétltuents can

I N S@%@e ﬁ‘?e&%hg)ght n%i ﬁlip(‘f@gnr_l ng P}Jb%n%o%?ﬁlg%o I{quﬁ&se Mhese

c amﬂ:bsngle)gtsmap&n(sliﬁi): campoumtBnincreabe the fordedten potential and electron
nmbodi ment s in ups have the s basi

t ALIENGY Depy Teig I PRt ST ( CaTERYIYs O dhieCt SIRgTCRTEdHock holes.

group cafeRgo @H@@%ﬁ&)@ rBHﬁ‘s QhMR'ihe $nySLdiBERRE. In some

enbodi nents, the cappi ng groups have the same
basinboéimemst affforank Iebmih of it <28 capapxpg |ggoug>s ()E@) fragdentieal. In other

sams t ye 415% FB ngg% Qltfrr S&W%Eﬁ ybﬁ@‘rc fS} (gt}l%aq%ylllbstltuents
hebfé"s&ﬁ'dﬁ)ﬂne ehat:&mﬁg oup @4n samkeﬂta&ﬂ DB dtHeRereRd btHewt

the substituents con%al h a different nunmber of carbon
at embodimentso the tewisodicApming groups havefthe panebasicyuipysiusgand each end

9r ey p?ngaér%uls) %lase ﬁlte%gme tﬁ)e of Cg&?vs%tucnt Pe g., alkyl, alkenyl, alkoxy, aryl, fluoro,
fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, or combinations thereof) but the
substituents contain a different number of carbon atoms.

In some embodiments, both of the end capping groups are selected from

-0 OO 0 <00

CLXXXVI CLXXXVIl  CLXXXVIII CLXXXIX



CLXXXVI  CLXXXVI'T CLXXXVI T CLXXXIX 7 7 7 9 WO
2004/ 096948 PCT/ US2003/ 032047 -39 RBE3 CXC CXCl CXC |

W@ 2@4a969@8H17 C8H17 C8H1l7 CO8H17 *-aN C8H17 OBtH/VSIONEN32047
| 1 CXClV CXCV C8H17 C8 H17 C8Bt7 C8HL7 - CXCVI CXCVI

I aa Ckp NNS OC8HL7 CXCVI | | CXCIX CC C 8H 17
C 8H17 C' 8H 17 C 8H 1 o CCl CCI& CF §|_p8H17 C8H17
o2 S ‘@uﬂa N N ™ C7CTV CCV a ,

08 32047 OCRH17

CXCllI i CXCIv i CXCvVv
*‘ o
CXCcVvi CXCVII

o808 o

cxcvi - , CXCIX

celll , ccv cov
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NN-;Zrol ONNI1 OQCBHL7 CCvi CCvil Ph Ph o~0
00 0~0 00 CCVIII or CC X Specific exanpl es of

w@orpouds according to Forrmula | include, butP@Er/ES1903/032047

5 limted to, 7 C8HL C8HL7 CSHA® 8H17 e-N -N ON 0~N
C8H170 C8H170 CCX CCXI WO 2004/ 096948

PCT/ US2003/ 032047 @@en N C 4HI1 / \ C4HI1 C4A 11
AHI1 e-N 0 N \ 1\ | C8HL70 08HL70

cevi , covil ,
Ph Ph
o o’ o o
cevil or CCIX

Specific examples of compounds according to Formula I include, but are not

limited to,

CgHy,0 CBHWO

CCX CCXl



CCXl | Ccexill /CH3 H3CQ\ H3CA 00O /CH3 0 OOO0--/--0
NO'IN C8H170 CCXIV WD 2004/ 096948 PCT/ US2003/ 032047
WO 204M0694¢ C8H17 CB8H17 C8H17 \ / CB8H17 N - N PCI/NS2003/032047

C8H170 ccxv CF3 CF3 (C8H17 CF3-408H17 C8H17 C8H17 CF3
-N ON i CF3 \ CF3 CCXVl , and WD 2004/ 096948
PCT/ US2003/ 032047 -43- 0

CeH”O CBH17O
ccxl ] CCXl
/CHa H,C.
HSC\O <} Xo /CH3
o)
_\—o o) o) o——/—
=N
O _N
CgH,,0

CCXIv



-~~-0 0tN~-NO O X N CBH170 CCXVII Conpounds of
Formula | can be prepared by any nethod known in the
W@erao4/096480me enbodi ments, the conpounds are pPEPHSEA3/032047
by reacting a di brom de or dickDride internediate of
the aromatic core with a boronic acid or boronic ester

internmediate of 5 the end capping p under
pal | adi um catal yzed condi ti ons usin%::ézuki coupl i ng

nmet hods as taught by Suzuki et al., m ¢ar\Revi ews,
95, 2457-2483 (1995), herein incorpor 'N
reference in its entirety. The conpogngs o ormul a |
can al so be prepared by reacting ar ! broni des  or
i odides with aryl Grignard reagents (See W ddowson,

D. A, Zhang, Y., Tetrahedron, 10/ 2111 (1986))
with aryltin conpound (see Beile R, Tetrahedron

Lett., 27, 4407 (1986), herein_i, gated by
) and with ar InercurQ QupQuUidsS (see
N. A, Cithre,CPiy G, Bolef skayehly, | P, J.
- : , herein

I ncor per& Yyl sul fone can be

cou d gagents in the presence
of ckel catalyst (see O ayyen, J., Cooney, J. J.
A, lia, M, 15 J. Chem SO@.,hrerkin Trans., 1, 7
(1995), herein incorporated by Yeference). In sone
enbodi nent, EC can be coupl ed the aromatic core one
at a time. In sonme enbodine he aromatic core can
be coupled to part of the en pi ng group, and then

the rest part of end cappifg @foup can be added in
subsequent steps. Di ahal ogéhdted internediates of the
aromatic core,/ @Iude the foll owi ng: WO 2004/ 096948
PCT/ US2003/ 0 -44 D1 Ari DL 1 (Ey)a CCXL D1
Ari Art D1

CCXVI and
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I I (Ey)a (Ey)a 5 CCXLI where D1 is a brom de or
chloride and Art-(Ey)a is as previously defined.

woemabhogehat ed 1, 3, 4- oxadi azol e of Fornul a CCLPCT/US2008@32047

synt hesi zed by the acylation e43-substituted
tetrazol es as shown in Reaction Schene |I. A

di hal oaroyl chlorige-of Fornula CCL is reacted with a
substituted tetrazf Fornmula CCLI with 10 heating

r’an i nert solvent such as

@ . Chem (Engl .
Tr ansl 62 (6), A125- 1128 992) e
di hal og ated oxayj azol e @ 01 At e of | a

CCLII. D1 i ) ‘ % an optiona

substi t uent se,‘ e grjoup of al kyl, al kenyl,
al koxy, ar C uor o, Duoroalkyl

perfl uoro \ I, heteMﬂN ky

oxadi azol yN ary afolyl, 15 alﬁy azol yl ,
aryl triazolyl, dlarylaniw-N aryl di aryl am no, and
combi nations thereof. The tetrazole of Formula CCLI
can be prepared by reacti of of t he correspondi ng
nitrile wth NaN3 and NH4ACL in N, N-di net hyl f or mam de
(DVMF) at reflux. Reactio heme | D1 Ra D1 D1 C +
% Nit P. NON-N DIiN CCLI CCLIl CCL R= 20

Al ternatively, conmpouggs Hf Formula CCLII can be
prepared by cyclocond%ﬁ%atlon of
benzoylaroylhydrazCﬁE@fbs shown in Reaction Scheme II
(C}eKOM/et al Gen. Chem USSR (Engl. Transl.),
3763 37 m(pszgre@qf Egrapls Ian bg pepproedayeinydnetbed kegyn i i the art. In

i g s mBlu AL bRy O Erbe aBrgmige g itionc
tﬂuerﬁra:dmpet oftha bioynam lestd With edofvaizayd ohbavhidestepintermediate of

For, mul |V at m t erature in dichl orqnethane
( D@%en cg}%i% group un?ler pa?lnglum catalyzed conditions us?ng Suzuk1 coupling

methods as taught by Suzuki et al., Chemical Reviews, 95, 2457-2483 (1995), herein

for yut 12 hours
pyr e (Myzni koRet al .

incorporated by reference in its entirety.

The compounds of Formula I can also be prepared by reacting aryl dibromides
or iodides with aryl Grignard reagents (see Widdowson, D.A., Zhang, Y., Tetrahedron
42,2111 (1986)) with aryltin compound (see Beiley, T. R., Tetrahedron Lett., 27, 4407

(1986), herein incorporated by reference) and with arylmercury compounds (see

Bumagin, N. A., More, P. G., Beletskaya, I. P., J. Organomet. Chem., 364, 231 (1986),

herein incorporated by reference). Aryl sulfone can be coupled with aryl Grignard
reagents in the presence of a nickel catalyst (see Clayden, J., Cooney, J. J. A., Julia, M.,
J. Chem. Soc., Perkin Trans., 1, 7 (1995), herein incorporated by reference). In some

embodiment, EC can be coupled to the aromatic core one at a time. In some
embodiment, the aromatic core can be coupled to part of the end capping group, and
then the rest part of end capping group can be added in subsequent steps.

Diahalogenated intermediates of the aromatic core include the following:



WD 2004/ 096948 PCT/ US2003/ 032047 -45 equi val ent of
triethylamne to form a benzoyl ar oyl hydr azi de of
wo-or0ade@48CCLY.  Alternatively, in step (I b) of PRRESINDDOB2047
Schene 11, a dihal oaroyl chlori4e of Fornula CCL is
reacted wth a substituted benzoyl hydrazi de conpound
of Formula CCLVI to form 1benﬁg3ILzzatgoyl hydr azi de of
Formul a CCLV. In step (2) The 5| benzoyl ar oyl hydr azi de
of Formula CCLV is reacted with(B)osphorus oxychloride
at reflux to formthe di hal ogena’f ed oxadi azol e
i nternmedi ate of Fornmula CCLII.cCReaction Schene ||l D1
DI NH2 (la) NH H+ C \ Zz31 1 1 RZHN CCLIV O Di
CCLIIl CCLV 10D1 0D1O0OCI +1 RRE HZN.H RZ HN
CCLVI D1 CCL CCLV D D1_bi A21) NH{RZ+N HN O i N
DI O RZ CCLV CCLI| D=—Ar—Ar—Db

éEy)a %Ey)a
CCXLI
where D! is a bromide or chloride and Arl-(Ey)a is as previously defined.
Dihalogenated 1,3,4-oxadiazole of Formula CCLII can be synthesized by the
acylation of substituted tetrazoles as shown in Reaction Scheme I. A dihaloaroyl
chloride of Formula CCL is reacted with a substituted tetrazole of Formula CCLI with
heating for about 12 hours in an inert solvent such as pyridine (Myznikov et al., J. Gen.
Chem. USSR (Engl. Transl.), 62 (6), 1125-1128 (1992)) to form the dihalogenated
oxadiazole intermediate of Formula CCLIL. D' is a halogen and R” is an optional -
substituent selected from the group of alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, .
fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, alkyl oxadiazolyl, aryl oxadiazolyl,
alkyl triazolyl, aryl triazolyl, diarylamino, aryldiarylamino, and combinations thereof.
The tetrazole of Formula CCLI can be prepared by reaction of the corresponding nitrile

with NaN3; and NH,4Cl in N,N-dimethylformamide (DMF) at reflux.

Reaction Scheme 1

D! 0 Rz . O
o4 @_é\l N —
N =N
N O N
CCL Rz

Alternatively, compounds of Formula CCLII can be prepared by
cyclocondensation of benzoylaroylhydrazides as shown in Reaction Scheme II

(Grekow et al., J. Gen. Chem. USSR (Engl.Transl.), 30, 3763-3766 (1960)) where D!

and R” are as defined above. In step (1a) of Reaction Scheme II, a dihaloaroyl
hydrazide of Formula CCLIII is reacted with an optionally substituted benzoylchloride

of Formula CCLIV at room temperature in dichloromethane (DCM) with one



15 For exanple, electron transport internediates 1, 2,
3, and 4 were made by condensation of the
w@oronesedi ng 2, 5- di hal obenzoyl chl ori de w t hP@T18S2003/032047
appropriately substituted benazidyl hydrazide. W
2004/ 096948 PCT/ US2003/032047 -46 Br Br C C C d
e'gﬂvalé}lt of MetN1dminBit et a Eéﬂz@gl%oyﬂl}@rdﬂld% of Fbrmbilad CELV.
H170 CBH170 D hal ogenat ed
| nfhh‘ttmud\rehy és stap €lbyofReaetion Sohemarba. dllll?g@af@}’(@rhb?f@,e af fiermula

I t t di :
oL B BB Byt pomenyd o egmys gLV o
OX@%%ZB%EO}Q@) lﬁpdraz*,lde of Formula CCLV. In step (2) the
2- (3, 5- dlbronDphe 5-[4- (octyl oxy) phen

5 dumoﬂax(oa Jhydepzislest gsar@@ Yeweﬁ@éw@rp%eﬁpw oxyehforide at
cor
ot }1}6 E@/g r}ge ﬁlhﬁfog%%?%cgg)%?a%ﬂe 15&%}{1%3)1/1% oMrbtné cCLIL
cycl ocondensatl on of the internediate 3, 5-
di hal o-N -[4- (octyl oxy) benzqyl ] - benzohydr azi de.
Monohal ogenat ed 1, 3, 4- oxadi 8?@“%51’8“’8 pi ng group
[ nterrredl ates were simlarly prepared fromﬂwhe

corredPondi ng 10 nonghal nat ed precursors
Br - OM@%Ol)J—@\lpr CBIHEYO_ 7}/@_
N + Cl Z
H
CCLIV D
DI
ccLm CCLV
10
D1 o D' o
o) (1b)
cl N }—@ — NH Re
H,N-N Rt HN
o}
CCLVI o
CCL CCLV
D? o D! D!
@
TI\IH . —_— \r\{
HN\H/©' R O__N
D' o
Rz
CCLV
CCLII
15 For example, electron transport intermediates 1, 2, 3, and 4 were made by

condensation of the corresponding 2,5-dihalobenzoyl chloride with the appropriately

substituted benzoy! hydrazide.
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Di hal ogenated 1, 3, 4-t hi adi azol e i nternedi ates of
Formula CCLVII can be prepared by cycl ocondensati on of

w0 b@4loeizoyl ar oyl hydrazi de i nternmedi at es as shPUTUSI003/032047

15 Reaction Schene 111 (A T. Rtasdchenko,
J. Gen. Chem USSR (Engl. Transl.), 37, 2082- 2084(1967))

where Dl and Rz are as_defined in Re on Schene |I.

In ? enzoytia yetiazi de

i ntBer ‘?/ i s reacteé under ¢l
met at hesi onditions wih P2S5 to prow dey t he

1, 3,4-thj a CCLVIl. W ;QO4/ 09694 =N
PCT/ US20 et on Sche N7 DL 0 DL 4D10 N
NH - N HN 1 0JRz CCLV vl For

exanpl e :

3-(2, 5- [ v(octyloxy)p

1,3,4-thi @§diazole (7) nay be made in /s vvay

Monohalrygenat ed 1, 3, 4,00 adi azol e end ppi ng group
internedi ates are simlarly prepared fromthe
correspondi ng nonohal ogenated precursors. Br Br

I Z,? W%?Qc@éﬁeg%lédéteé abd d az (a)%i p%e%%r%dn%%r example the

of Fornmu prep a
cyelbacaneanperd ﬁrﬁél*nﬂ:fdwkékez (Behdhl aoshenhy &-piz{ods/loxy)phenyl]-1,3,4-
i nt er medj at es as shown in 10 Reacti on Scheme II)E

Kl P¥Rgéaseledd and (3d- d@{@ﬂwpheztyl) i@%ﬁqqyswmhwy&bm%ioxadlazole ©®
oS PA 6y S D SHoh O F R R <l et hPrce witn 4
2) oafloRgianizosihyohkieplclvet&ylasdpoyidnayiohydtiazhencdiate 35-

onUBBGY cla-Er Bl St kb uATaHt  MagapeRelsad, 3 4-oxadiazole
€. &ha cappgeroup ﬁtérﬂﬁdlﬁfe@ %P@ﬁnﬁlfarl%% ed G Bhd cdRbspShding

aryl or heteroaryl to provide the triazole
monohalogenated precursors.

Cl Br

cl Br

S,z
=z-=Z

3]
o

CgH,;0 CgH,,0
Dihalogenated 1,3,4-thiadiazole intermediates of Formula CCLVII can be
prepared by cyclocondensation of the benzoylaroylhydrazide intermediates as shown in
Reaction Scheme IIT (A. T. Prudchenko, J.Gen.Chem.USSR (Engl. Transl.), 37, 2082-
2084(1967)) where D' and R” are as defined in Reaction Scheme I. In Reaction

Scheme III the benzoylaroylhydrazide intermediate of Formula CCLYV is reacted under

metathesis conditions with P,Ss to provide the 1,3,4-thiadiazoles of Formula CCLVII.
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15 of Fornmula CCLVIII. Alternatively, in step (Ib) of
Reaction Schenme |1V, the benzoyl aroyl hydrazide is

wOo e@e®48i t h chlorine in glacial acetic acid ¥¢DES2003/032047

al., J. Chem Soc. Perkin Tramag-, 1(9), 1999-2006
(1982)) or other non-reactive solvent to formthe

1, 4-di chl oro- 1, 4- di phenylrGeiRosednRimFor mul a CCLI X

In step (2b) of Reaction Schene IV, the

1, 4-di chl gro- 1, 4-di phenyl conpound of For Xis

20 reacted wwth RINH2 (Gautun et al., Acta

Scand. , N 009815 (1991)), wherein Rl is alkyl
or arylp H &t he corres*pondl ng N
1,3, 4-t1 ormula CCLVI 1. WO 2004/ 09694&N

PCT/ US20013/ 032047 -48 Reaction Schene IV D , % NH
(la) HN ¥ R~ ~-N N D O CCLV RZ (ib) D1 (2hb)
CCLVI I | §(_—%§/ D1 CCLI X For exanple, the tria Re
derivative 5-di chl orophenyl )-4-(4 5 COLVI

met hoxyphenyl ) - [4 (octyl oxy) phenyl]-4H 1, 2, E"T riazol

e (8) vag e”%ﬁl 1Y J?)h%%qdﬁ‘ai 1o %MB&E@%&QB@% -(octyloxy)phenyl]-

134tr|azo rou nte

si B |48thiay11az§IeE(E)iﬁﬁ§i bk hoade ihehicway.eMpanbialogenated 1,3, 4 thiadiazole end
rmnohal ogenat ed precursors. Cfl Cl I§ 8/ \ NN IXEO
Cs$appmg group intermediates are similarly prepared from the corresponding

monohalogenated precursors.

Br Br

O

8117
Dihalogenated 1,3,4-triazole intermediates of Formula CCLVIII can be

prepared by cyclocondensation of the benzoylaroylhydrazide intermediates as shown in
Reaction Scheme IV (E. Klingsberg, J. Org. Chem., 23, 1086(1958)) where D! and R*
are as defined in Reaction Scheme I, and R!is aryl, alkyl, heteroaryl, or heteroalkyl. In
step (1a) of Reaction Scheme IV the benzoylaroylhydrazide intermediate of Formula
CCLYV is reacted with phosphorus trichloride at an elevated temperature, e.g., 150° C,
in the presence of R!NH,, wherein R!is aryl or heteroaryl to provide the 1,3,4-triazole
of Formula CCLVIIL. Alternatively, in step (1b) of Reaction Scheme IV, the
benzoylaroylhydrazide is reacted with chlorine in glacial acetic acid (Moss et al., J.
Chem. Soc. Perkin Trans., 1(9), 1999-2006 (1982)) or other non-reactive solvent to
form the 1,4-dichloro-1,4-diphenyl compound of Formula CCLIX. In step (2b) of
Reaction Scheme IV, the 1,4-dichloro-1,4-diphenyl compound of Formula CCLIX is
reacted with R'NH, (Gautun et al., Acta Chem. Scand., 45(6), 609-615 (1991)),
wherein R! is alkyl or arylalkyl, to provide the corresponding 1,3,4-triazoles of

"~ Formula CCLVIIL.
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Di hal ogenat ed 1, 3, 4- oxadi azol e i nternedi ates of
Formul a CCLX can be 10 synthesized by Suzuki coupling

w@Rooa/ommomof unct i onal di aryl oxadi azole with a PCT/US2003/032047

nonobor oni ¢ aci d/ ester of the dd48al oaryl ene as shown
in Reaction Schene V. In Reaction Schene V, where RZ
is as defined in Reaction Schene |, 2,5-dichlorophenyl
boronic acid is reacted with a nonofunctional

2- (4- bronophenyl ) - 1, 3, 4- okedtien Sekemest IV For mul a CCLXI
in the presence of palladi um

bis(tri ph@hyloohosphl ne) di chl ori de and 15 sadli
carbonatejinjan inert solvent such as tetrahydr ran

with he gAM di hal ogendtad 1, 3, 4- oxadi azplg

i nterme fi F ZRCLX. The—2:5 WO 2004/ 096 4§\
PCT/ US2008/ 0320 - 49 d| chl or ophenyl boronic acid

be prepargd by r@acting 1-brono-2,5-dichlorobenze

with butyl ligh{ymand then with trinethyl borate Rz
foll owed by aci hg;cation. Reacti on e V Cl

N-N 0" ~~- ~E3r 7+ BZ NN O B(O0OH)

For exanple, thexlectro ltransport [ errredl at eéc’%f(

2-(2',5 -dichloro-1, %
4-yl)-5-[4-(octyl ox mxadi azol e (2) can
be prepared by reactiy di chl or ophenyl boronic
acid with
2- (4- br onophenyl ) - 5- [ 8% (oct yl oxy) phenyl ] -1, 3, 4

oxadi azol e under standar dCGuURUki coupling conditions.

The correspondln 3,4 10 thiadiazole (11) ma
si m | ar For exaapla, glv: tiipzole deriyasive 3t (25-dickliosdibeny %‘He(ﬂyl

bo .
%g&o%%%t%ﬁkﬂ—%’-\f &l)f II?XJ(}P XQ 4>H f11ehy aziles(8)4w€1%mage thlS

I emethder Mdmhdlagehat&liy, 8 di-triagolp hmmgap@ﬁfgdgrbupﬁﬁemﬂd&was are similarly -

the corresponding triazole conpound (10) nay be

si Bepaies 5[05} BpsrEesnopd méalaqqoaﬁlogm@dazrawmr@r opheny!|

boronic acid with the nonofuncti gnal

3- (4- bronophenyl ) - 4- (4- phenylg=5

4H 1, 2,4- 15 triazol e internedi at The di chloro

i nternmedi ates of Fornula CCLX can bg nverted to the

correspondi ng di brono i nter nggh e%'ﬁﬂda hal ogen
exchange, for exanple, by, Z

¢t yl oxy) phenyl ] -

CH,,0

Dihalogenated 1,3,4-oxadiazole intermediates of Formula CCLX can be
synthesized by Suzuki coupling of a monofunctional diaryloxadiazole with a
monoboronic acid/ester of the dihaloarylene as shown in Reaction Scheme V. In
Reaction Scheme V, where R” is as defined in Reaction Scheme I, 2,5-dichlorophenyl
boronic acid is reac;ced with a monofunctional 2-(4-bromophenyl)-1,3,4-oxadiazole of
Formula CCLXI in the presence of palladium bis(triphenylphosphine)dichloride and
sodium carbonate in an inert solvent such as tetrahydrofuran with heat to form the

dihalogenated 1,3,4-oxadiazole intermediate of Formula CCLX. The 2,5-
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reaction with hydrogen brom de in the presence of a
catal ytic anount of FeBr3 (Yoon et al., J. Chem

w®o®4/0968em  Cormmun., 13, 1013-1014 (1987)). VELT/US2003/032047

2004/ 096948 PCT/ US2003/ 032047 4950 C1 C1 01 C1 C1 C1
C C 1(r) 11 ONiN C8BH170 C8H 170 C8H170 I n one

usgétbrophdifdbomaic @fd farvaprepdred bneeadting (-Bygrao-griediphiosobenzene
a fluorene. These can be nade, for exanglbe,ggif&r‘)ig t he
diveittobutyl lishium ard Egr MobdRmeyADPIsF fodgred by 2 PP

to Reaction Schenme VI where RZ is as defined in

Reacti on Schenme | and where R3 is independently in

each case hydrogen, Cl_3Reattod Scheine30 al kenyl, C6_20

aryl, C3_20 heteroaryl, or Cl_30 hydrocar byl

containing one or nore S, N, 0, P, or Si atons. v
step (1) of Reaction Schene VI a 2, 7-di bronofl uorene

of Forrmula CCLXII is converted to the 4-nmethyl estie
of Formula CCLXIIIl by reacmr‘ ) met hoxycar bony 0
chloride_in the presence ofl gkt loride in an

i nerg @ | such m bon- di Suffi de T st ap{2),
t he 4- X -( ester of mula CCLXIII is conveﬁteto
the hydraziglg, of Fornul 'V by reaction wt
hydrazine with heating. | ep (3) the hydrazi of

Formula CCLXIV is converted to the R
benzoyl ar oyl hydrazi de of Formula CCLXV by
condensation with an unsubstituted or substituted
benzoyl chloride of 15 Fornmula CCLIV in the pres€fdeX
of triethylamne. In step (4) the ) o
benzoy| Beroxhimpll; tiriclestoh tRospart mtep@edete; 25(2',5'-dichloro-1,1'-biphenyl-

O e G o€ L A 7t
FogiHlofophit P¥tonid i YRd DRE8EIpedilS20036ABRAHPheny k1,3 ,4-.
P'Scheme Vi R3 R3 R3 R3 B3

Reaction Sc i . .
oxadiazole under standard Suzuki coupling conditions. The corresponding 1,3.4-

z

thiadiazole (11) may be similarly prepared by reaction of 2,5-dichlorophenyl boronic
acid with 2-(brom0phenyl)—5-[4—(octyloxy)phenyl]-1,3,4—thiadiazole under standard:
Suzuki coupling conditions. Also, the corresponding triazole compound (10) may be
similarly prepared by reaction of 2,5-dichlorophenyl boronic acid with the
monofunctional 3-(4-bromophenyl)-4-(4-phenyl)-5-[4-(octyloxy)phenyl]-4H-1,2,4-
triazole intermediate. The dichloro intermediates of Formula CCLX can be converted
to the corresponding dibromo intermediates by a halogen exchange, for example, by
reaction with hydrogen bromide in the presence of a catalytic amount of FeBrs (Yoon et

al., J. Chem. Soc., Chem. Commun., 13, 1013-1014 (1987)).
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Br / \ Br (1 Br Br (2) Br \ Br CCLXII| 0 Ow (3) O
NHNH2 CCLXIIl ci CCLXIVR3I 0 RBRER3 R Br/ \ [\

w@eoogdyeo / \ / \ Br CCLIV ONNNOO H O6RZI/B22003/032047

CCLXV CCLXVI For exanple, the-®-ectron transport
internedi ate 2-(2,7-di bronp-9,9-dioctyl 5

9H fl uoren- A=yl )-5-[4- (octyl oxy)yskenyl ] -1, 3, 4- gxadi azo
| e can be @ by t hi s et hod- i s casg Q
2, 7-di br omox949- di substituted fMagrene intermedi-g
converted to the 4- nmethyl ester (Bokova et al.,
Org. Chem US Fngl . Transl . ), 5,
Schidlo et al .\~_¢hem Ber., 96, =2
react ed wi tth azine, and then— conder
4- (octyl oxy) benzgyl ¢hl oride to »;

2, 7-di brono-N -[ 40 (octyl oxy) ¥ uor enoyl =
hydrazi de i nternedj ate which upo cycl Qcondensati on

gi ves the desirefd ternmedi ate. The hespondi ng

t hi adi azol e and azol e may be nade reacti on of

the internedi ate[benzoyl aroyl hydrazi ge of Fornul a
CCLXV with P288Lihder netat hesis Cébfitions as G0
Reaction Schene |1l to provide the 1,3, 4-thiadiazol e,
and with RINH2 15 as in Reaction Schene IV to provide
the 1, 3yflodd uRARD Eﬁrbohlﬂqeﬁﬁéplﬁérﬁﬁlasp'ﬂﬁé‘fﬁr L&)VYS ali®rene.

Art-(Ey)a group can al so be constructed tﬂhr ough an
Ul Fhesa cs@ bé medapior exprr@actsingrihé dlagq}élpyd(raz)ldmycmcondensatlon route

d F N
( HEPRHRE R ReofiPn SRRV Biherc S hs Sl 8t Kefurln Selpiog Tana
C own@fellti‘ﬁ@ ﬁZd%géIﬁi%ﬁtl}Rﬁl &cBtalhydroken ghfsgmal@p @C 30 alkenyl, Cg.o0 aryl,

1096- 1101 (19 ; Nankung et al. :
Cs.0 heteroaryl or Cy.30 hydrocarbyl contalmng one or more S, N, O, P, or Si atoms.

In step (1) of Reaction Scheme VI a 2,7-dibromofluorene of Formula CCLXII is

converted to the 4-methyl ester of Formula CCLXTII by reaction with methoxycarbonyl
chloride in the presence of aluminum chloride in an inert solvent such as carbon

- disulfide. In step (2), the 4-methyl ester of Formula CCLXTII is converted to the
hydrazide of Formula CCLXIV by reaction with hydrazine with heating. In step (3) the
hydrazide of Formula CCLXIV is converted to the benzoylaroylhydrazide of Formula
CCLXYV by condensation with an unsubstituted or substituted benzoyl chloride of
Formula CCLIV in the presence of triethylamine. In step (4) the
benzoylaroylhydrazide of Formula CCLXYV is cyclocondensed with phosphorus
oxychloride at reflux to provide the dibromofluorenyl-1,3,4-oxadiazole of Formula

CCLXVL



20 Med. Chem Soc., 8, 551-554 (1965)) foll owed by
acid pronoted ring closure in step (2) of the

wo e@alotdong) di pheni c acid of Fornula CCLXVIII (PLURUSEEF032047
et al., J. Am Chem Soc., 55-5K262-4270 (1933)), for
exanple, with sulfuric acid at 170 C, to give the 9 WO
2004/ 096948 PCT/ US2003/ 03204KEacticasdhkengnone of
Formul a CCLXI X. Reduction of the 9-fluorenone with red
phosphorus in step (3) provides the fluorene of
Formul a CCLXX, which can be al kylgted at the 9- .
position iff gep (4) by reactiog/with butyl lithiu

fol I one R3- hak de qr ptrdhsfer met .ﬁ
utilie NPT e, ban Byl anfor urf O Br
chl ori de gl met hyl sul foxide, Tollowed by 50% ‘

aqueous sadi um hydroxi de and tAmene R3- Br. Hal ogenapi
of the re&ﬁwlng 9-al kyl ated Tl uorene of Fogmula ©
CCLXXI, wherein Ais H and RCHUE net hyl, a;eyﬂé(; andrCLXIV
7 positions cag done, for exanple, Q% rea€to

e Wi th
chlorine in metyyl oxirane in step (5% givet N
RS, of Formula CCLXXLL, V\,her R
5t al . () ChemPBs Q@. 5600

(1963)). 10 ent of—the 2,7-d | ox=5' f | uor e 8f
Formul a CCLXXl/Anwi th thionyl chlogidesdn step (6)
gi ves the reddtive acyl chlori Nt er nedi at e of

Formul a CCLXXIj/I|. The oxadi azol t hi adi azol e, or
triazole ma en be formed at t | chloride group
of the acyl Bride internedia

V|2 ?
benzohydrazide internediate as in Re n Schenes
I1-1V or by @LXéct coupling with a tetrazole as in

Ee?gg | Z% rS g)?%ﬁe,lt@&c@%{lsggﬁfgéﬁnﬁﬁé a%{%o%g’-&&dioctyl-

?ﬁ%ﬂ&%e%ﬂ)y(l)g)sfm—(gﬁyﬁ%yﬁ%l]-@,@,qﬁbxa@iaz@géé}ilbe R3adddy this method.
In this case, 2,7-dibromo-9,9-disubstituted fluorene intermediate is converted to the 4-
methyl ester (Bokova et al., J. Org. Chem. USSR (Engl.Transl.), 5, 1103-1106 (1969));
Schidlo et al., Chem Ber., 96, 2595-2600 (1963)), reacted with hydrazine, and then

condensed with 4-(octyloxy)benzoylchloride to give the 2,7-dibromo-N'-[4-
(octyloxy)benzoyl]-fluorenoyl hydrazide intermediate which upon cyclocondensation
gives the desired intermediate.

The corresponding thiadiazole and triazole may be made by reaction of the
intermediate benzoylaroylhydrazide of Formula CCLXYV with P,Ss under metathesis
conditions as in Reaction Scheme III to provide the 1,3,4-thiadiazole, and with R;NH;
as in Reaction Scheme IV to provide the 1,3,4-triazole.

In Reaction Scheme VII below, the Arl-(Ey)a group can also be constructed
through an Ulmann self coupling reaction in step (1) of an iodo-substituted benzoyloxy
ester of Formula CCLXVII (wherein A is H, Cl, or Br and Rlis Ci4 alkyl) with
copper/bronze (see Rule et al., J. Chem. Soc., 1096-1101 (1937)); Namkung et al., J.
Med. Chem. Soc., 8, 551-554 (1965)) followed by acid promoted ring closure in step
(2) of the resulting diphenic acid of Formula CCLXVIII (Huntress et al., J. Am. Chem.
Soc., 55, 4262-4270 (1933)), for example, with sulfuric acid at 170 °C, to give the 9-
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/1" COK C ~C CCLXXIl / da 0 CCLXXl | | The
el ectron transport internedi ate

wWQ@2(4044096248 7' - di chl oro-9', 9" -di octyl -9' H PCT/US2003/032047

fluoren-4'-yl)phenyl]-5-[4-(octsd-oxy)phenyl]-1, 3, 4-oxa
di azol e (12) WO 2004/ 096948 PCT/ US2003/ 032047 -53
H1 & eh&idlof Fonula CCEXTX 1 RebhictidnNf thd R EhdRn6REWRE red phosphorus

prepared by nonobrom nation of ]
2, i e @) oravides dhelflooreys ofForiiulpCeh& X, ovhi¢lyean be alkylated at the 9-

4- br ono- 2, 7-di chl -9, 9-di 1.-.9H .

Rt Brslaeeef R o BB SR OPEE F ap Ky patide or by phase
f O{rbﬂf&%c@tﬁodsﬂﬂﬁizﬁrgﬂ {0 dxBmple, benzyltriethylammonium chloride in

2- (4- br onmophenyl ) - -[4-(ocFyI oxy) phenyl] 5 . 3

1, l,mﬁﬂ@ﬂadfoazdﬂ, Eollgrvesarbysi0fh arpequstndinn hydipyidersgd then R°-Br.

copdj ti ' - . r . . .
OB ST P LRSS i o
pr HCRER Shewthyil Mt Bes® b dN pSsitieseal/ bk ldohe [fomex almpls thgpeaction with

(1), Suzuki coupling of the phenyl borolane _of Fornul a
COEbdsmingyin TRClOX HaRe Stepah BogiBaiisenzdihiorg fluogege of Fgrmula

r.ovi gegost: j: L1C f I
ke S R R e R AD B> REhPBo 2 ao ORI 99
al TreahemoBére.2,7-H&%]or8 4B08mb of FOAR) ) CEAnX¥Howithlthietyé chloride in
cyano- 9, 10- dj hydr ophenant hr.ene of For n
Y B0 (@reiveasthy e iR 1o OBy g eAtals O ol &XT]T The
neBJ@é’dé%Te, el Qhidie o?ttria[z%%%ffﬁl%ﬁ g@g&h?ed R kel Fefilbilide group of the

provi des the di brono-cyano- I hydr ophenant hr ene

of ag3d chioride GOtOAMkIte viarebenzytgdonzifedotermedingeiasin Rapctiga Schemes
¢ oﬁ\-/ﬁ gretgy ctli?ec?cgl?prhkl)l(é)%ltﬂ §tefibidle A %%ea%}‘lortl & aetmrtcef]t W th

Reaction Scheme VII

R'OOC 0
2
O 2 - B (D
COOR' COOR' COOR'
CCLXVIII CCLXIX

7~ aulaty

COOR'

a 0.0 COLXXI

Cl
© R R
™ 2
CCLXXII
Cl
0

CCLXXIl

CCLXX

The electron transport intermediate 2-[4-(2°,7’-dichloro-9°,9’-dioctyl-9’ H-
fluoren-4’-yl)phenyl]-5-[4-(octyloxy)phenyl]-1,3,4-oxadiazole (12)
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15 base or to a tetrazole group by treatnent with NaN3
and NH4C1 in DVF at reflux. An oxadi azolyl,

wao bioativezol yl , or triazolyl group can be for neRCT/U82003/032047

the carboxylic acid group by #33st hal ogenation with
thionyl chloride or chlorine in nethyl oxirane,
followed by formation of w/l®. oxadjHazol e, thiadi azol e,
or triazole group as in ReactioRl Schemes |1, I1Il, or

V. The tetrazole can be regac @ an aryl oyl
chloride as shown in 2@ qa;» oh ® Il to form an
oxadi azol e. WD 2004/ 096948 P/

Reaction Schenme VIII MQOOC =ONC/ Br + B\-~\/
\ Ry O-' Ry COOve McOCC \{ XXI'V CCLXXV
CCLXXVI 1 (2) Nc. - - \ [/ @ (Fly Br (3) NC\ / \_R
y CCLXXVI | | CCLXXVII G oups of)<Akl - (Ey)a can be

Reaction Schenme I X In step (1),
2-(2,5-di net hyl phenyl )-4,4,5,5-t amet hyl [ 1, 3, 2] di oxa

bor ol ane (CCLXXX) with comrercia avai |l abl e

2- brono- 9-f | uor enone ( CCLXXI Xg Hpoovi des

2- (2, 5-di net hyl phenyl ) fl uoren-9-one (CCLXXXI).

Cosarebecprapdryd By &idnabtoenidatinaf®; 7-pickicref®-discybOifeflt@ene to give
to 2-(2,5-di net hyl phenyl zj 4,45, 5- . .

t efrbaRRP1ryl-fliehioroP i Go& P BHiECRecrPRRIS ohiP the e FRRARdIng

Wi bR RSOl d fI1BWedBY reaction with 2-(4-bromophenyl)-5-[4-(octyloxy)phenyl]-

1,3,4-oxadiazole under standard Suzuki coupling conditions.

Suzuki coupling of

Arl-(Ey)a groups that are based on 9,10-dihydrophenanthrene can be synthesized
by the process shown in Reaction Scheme VIII below. In step (1), Suzuki coupling of
the phenylborolane of Formula CCLXXV with the methyl cyanobromobenzoate of
Formula CCLXXIV provides the cyanodiphenic ester of Formula CCLXXVI. In step
(2), acyloin reduction (Fritsch et al., Chem Ber., 125, 849-855 (1992)) can provide the
cyano-9,10-dihydrophenanthrene of Formula CCLXXVIIL In step (3), dibromination
with bromine, for example, in methylene chloride at room temperature, of CCLXXVII
provides the dibromb—cyano—9,10—dihydrophenanthrene of Formula CCLXXVIII, the
cyano group of which can be converted to a carboxylic acid group by treatment with
base or to a tetrazole group by treatment with NaN3; and NH4Cl in DMF at reflux. An
oxadiazolyl, thiadiazolyl, or triazolyl group can be formed from the carboxylic acid
group by first halogenation with thionyl chloride or chlorine in methyloxirane, followed
by formation of the oxadiazole, thiadiazole, or triazole group as in Reaction Schemes
II, I1I, or IV. The tetrazole can be reacted with an aryloyl chloride as shown in

Reaction Scheme II to form an oxadiazole.
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(CCLXXXI') can be converted to -54-
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(CCLXXI'1) with brom ne iﬁemloﬁrsgﬁ%gnvqﬁ 0 C

Regi ospecific brom nation at the 4'-position of the
phenyl ring is directed by the 5 -methyl and Me§8Fgne

substityents, In 15 (3) NC
2- br ono- 7 81D diA he-n-y-l-)»fl uor @
(CCLXXI | ).uunaeﬁot:%yper manganat e

oxidation to de 2#000D- 5- ( 7- br onop- 9- 0x0- 9I4O00OMe

fl uoren-2- repht halic CCLXXI ') . R nocCLXXVI
cl osure, |¥rci~9é§ (4) to 20%?.- ono-

6, 12- di oxa- 6, 12- di hydr oi ndeno[ 1, 2- b] f | uor ene- 3- c?(ﬂ)}oxy
lic acid (CCLXXXI is effected by treatnent w

sul furic acid. i op ol

NR
2, 8- di br ono- 68" @ 56" NC O
di hydr oi ndeno[ 1, 2- ar enévy3- ca[_:bg@yl Lc ac Q Ry
(CCLXXXI'V), in step , Wth red phosphorus p des
2, 8-di brono- 6, 12- di hygsokrgapol 1, 2- b] f | uor ene- 3- car box
ylic acid (CCLXXX\/) n step (6) al kyl at ed by CCLXXVIl
reaction wth _bug lithiumfol]owed b

or by phaQwstof Ao o GHRPERA BY DR atl%?@%é&rgmo 6,12-
F{ﬁghfoﬁdﬁc%BQ% Bt sl lips ?nﬁ!)@eds%f @eﬂ&“ﬁyﬂc‘h@h@@@ ‘Estep D,
% aq h

ueous sodi u droxi de and then
_2 084£uk9 6@48111@@1‘ llkdmﬁieﬂsfhﬂ@ﬂyl)%S B3e@amethpli1.3 é.’édlph@orolane

e RO ot %é%%%@a%%%% Foedner e RuR R ERArX) provides
:%@Oﬁ' 1 en ]
acyl chcllncl)l\ré’lc e i n lm%fgt@éggglﬁg?{ rr)g}la 268CLX§<I)@<%IH I.aVz;Iﬁ_lhagle 2-bromo-

oxadqybemll%cort\’hlrt@cbﬁoa'é’z(ﬂ T dimethylphemdl-€49ay be formed at

ac
| BT RS S5 L Sab ) AR L i
Re gt @ofSeb & aed Intdrite@iate With QHE(q&bp@QIUQHJSaQ with a
tetrazole as in Reaction Schene |,
exmﬁﬁﬁ@thylﬁlkﬁez]é%ab@ﬂbp@ BY SRy P62 é:@m@%?(YAPthxl)gﬂumn 9-one

e F ngg eﬁé@é‘?ﬁ% toc’%ﬁg‘%w 1(5 \%&%b 98_dimethylphenyl)fluoren-9-

5 ()ﬂe CE(’CIyXKXIy phigrbebinirkHn tchtorefpah et @SCi Regi@spacificobromination at the

gggggg%tﬁo 10 ﬁV\ghqz o r4141g ?s6 1§e%te?1cgg/tgs§ Qn%/tho? 0(411, Zluorene substituents. In

step (3), 2-bromo-7-(4-bromo-2,5-dimethylphenyl)fluoren-9-one (CCLXXII) can

undergo potassium permanganate oxidation to provide 2-bromo-5-(7-bromo-9-oxo-9H-
fluoren-2-yl)-terephthalic acid (CCLXXIII). Ring closure, in step (4), to 2,8-dibromo-
6,12-dioxa-6,12-dihydroindeno[1,2-b]fluorene-3-carboxylic acid (CCLXXXIV) is
effected by treatment with sulfuric acid. Reduction of 2,8-dibromo-6,12-dioxa-6,12-
dihydroindeno[1,2-b]fluorene-3-carboxylic acid (CCLXXXIV), in step (5), with red
phosphorus provides 2,8-dibromo-6,12-dihydroindeno[1,2-b]fluorene-3-carboxylic acid
(CCLXXXYV). In step (6), alkylated by reaction with butyl lithium followed by an R*-
halide or by phase transfer methods utilizing, for example, benzyltriethylammonium

chloride in dimethylsulfoxide, followed by 50% aqueous sodium hydroxide and then
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OO H3C H3C Br - Q (1) CCLXXIX CH3 CH3 CCLX XX CCL2

zl (2)!. oV HOOCO _ _ | \ Br (3) H3C Br B 14 COH
W@BOXHGoks CH3 CCLXXXI |~ (4) O Br HOOC Br  HOORCT/B¥20B5/032047

Br 0 CCLXXXI V CCLXXXV (6) R35300C CDC Br (7) Br

Br R3 CCLXXXVI 3 R3 CCL)OCXVIl (8) R3 _ _~~\NWt C

H RPBrr&id& the indefd[l1, 2 blflubreBe dEBAXEVIf IFormid CCLXXX VI

Treatment of the indeno[1,2-b]fluorene of Formula CCLXXXVI with thionyl chloride
gives the reactive acyl chloride intermediate of Formula CCLXXXVIL The
oxadiazole, thiadiazole, or triazole may be formed at the acyl chloride group of the acyl
chloride intermediate via a benzhydrazide intermediate as in Reaction Schemes II-IV or
by direct coupling with a tetrazole as in Reaction Scheme I. In step (8), for example,
the oxadiazole of Formula CCLXXXVIII is provided by reaction of the acyl chloride
intermediate of Formula CCLXXXVII with 5-(4-octyloxyphenyl)-1H-tetrazole as in

Reaction Scheme 1.
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Kristensen en al ., Le . 1Qy 1
provi o @ @o su tripher
Formul a CSXC. \Adyl oi d@c ion (see

Chem Ber .5 849- 855CH0 (1992)) of tl%'sco f
For nul a fh st epCCRYXXcan give the di cygﬁgm‘P
substi tut ed 5 6,12, 13-t etrahydr odi benzof2 h] ant hr acene
of Formy|a. . \AD 2004/ 096948 PCT/ USZGOS/ 032047

-57 Di brom ka (N

chl or of oB C ;
di cyano sub tuted 3, 1 OdlbromB,

t et rahydr odi béi®20][ a, Wg cene of For CCXCI |
Tr eat nent  of the{ For mul a CCQ'GII, in SCOXI

(4), with base &an give the dicarboxylic acid of
Formula 5 CCXCI 1Y In step (5), treatnent of the
conmpound of Formul aoCCXClI 11 wi th thionyl chI ori de can
give the reactive aqgyl HO0EG

NC MeCR2C MeQ RN X CCXC B\ \ / \ Br (3) S@CE%V
NC CN CCXCPT NC XQI;C(_)@)(NS) B/ \\ /\ Bro
\ / \ Br HooC CN C 6

O.Q.O w0, .O.D

Re CCLXXXVI
Re P CCLXXXVII

N oo O

R3

oY

CCLXOXVII

R3

Groups of Ar'-(E,), having one or both terminal rings substituted with Ey, may
be made by first making a dicarboxylic acid of 3,10-dibromo-5,6,12,13-
tetrahydrodibenzo[a,h]anthracene as illustrated in Reaction Scheme X, below. In step
(1), dimethyl 2,4-dibromoterephthalate (available from Maybridge Chemical Co., UK)
is reacted with the cyanophenylborolane of Formula CCLXXXIX (see Kristensen et al.,
Org. Lett., 10, 1435-1438 (2001)) to provide the cyano substituted triphenyl compound
of Formula CCXC. Acyloin reduction (see Fritsch et al., Chem Ber., 125, 849-855
(1992)) of the compound of Formula CCXC, in step (2), can give the dicyano
substituted 5,6,12,13-tetrahydrodibenzo[a,h]anthracene of Formula CCXCL
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56,1 3 | e

ccd oSN EORERR LA LEXR TR AR R compound o
t r BatniRn COMCI, iNafsp (Ayavifdkkst camgibd/headicarbotylic. acithef Formula
tetrazole can be reacted with an aryloyl chl riqﬁ as .
ShGARGIH. Re aiPi(Sh USab of 11 BRSO EHBCE th thionyl

SubPTGrgor v e e Pl R PR XL

of Formula CCXCV can be nade through a sequenti al
Suzuki coupling shown in Eeac.tiﬁ&g Schenme XI. In step
(1), the phenyl borol ane oRCFEHOHICEERERCYI is react ed

with excess cphwpically S5cgpui val ents) di megdmk come

2,4-dibro repht hal ate(t & give the 4 5 bgonmpi=pheny
of For mi Il +as @ pr—eelﬂ-ct. S .
after puryfication, thye/4-@-dnobi pheny” of

Formul a
CCXCVI$O,Mg reacted wi tNg the cyanophenyl boMeP:ane M5P:LC
Formul a CCLXXXI X under si @QLXX08¥zuki coupl i ng ceXe
conditions to give the nonocyano substituted triphenyl
of Formula CCXCVIII. In step (3), acyl @')n reduction
as in Reaction Schene X provides the m)ncyyéﬁo
substitut ed
5,6,12, 13- Ry : zo[ a, h] ant cene of Formul a
CCXCV. BBk e o [ ' exanpke, W th
brom ne \¢ @ ate0 T, '
t he di brono_npnocyano conpoundicof—F '
di brono no o conpound of Formula CCC nay be
reacted with NaN3 %n? NHACL in DVF at r@0XX, in step

CN

(5), to formthe t #azol e of Fornmul a CCCl, which can
be reacted with anyaroyl 15 chloride, Ar2C(OCl, in
step (6) to f t he

5,6,12,13- i

CCXCll 4 CCXCIV

The oxadiazole, thiadiazole, or triazole may be formed at the acyl chloride
groups of the acyl chloride intermediate of Formula CCXCIV via a
benzoylaroylhydrazide intermediate as in Reaction Schemes II-IV or by direct coupling
with a tetrazole as in Reaction Scheme I.

As an alternative, the cyano groups of the dicyano substituted 3,10-dibromo-
5,6,12,13-tetrahydrobenzo[a,h]anthracene or Formula CCXCII can be converted to
tetrazole groups by treatment with NaN; and NH4Cl in DMF at reflux. The tetrazole
can be reacted with an aryloyl chloride as shown in Reaction Scheme I to form an

oxadiazole.
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hydrol yzed to formthe carboxylic acid, which can in
turn be treated with thionyl <chloride to formthe
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intermedi ate may be 20 reacted-58-t h an aroyl hydrazide
as in Reaction Schene Il to forma

benzoy! ahe¥lJasey-a8 isastittbd §18, 10815-REaERIPYEHESD 4, H]aﬁﬂhracene of
oxadi azol e, thiadiazole, or triazole as described in

ReHomiuwn CS5¥@rsan b¢ miade thgngtonseqoes sy Suzuki coupling shown in Reaction

e -
k e Qdikeoshote Mas e@@%M% Sh-
CNSM% %c%gwwuﬁggz%sﬁgl%wécxcw N r(e gl)mer Br ( ey -

Br broggobérieny] of Fooopla GEEVIkes the major pragusct.chgytep 22) after
purification, the 4-bromobiphenyl of Formula CCXCVII is reacted with the

cyanophenylborolane of Formula CCLXXXIX under similar Suzuki coupling
conditions to give the monocyano substituted triphenyl of Formula CCXCVIIL In step
(3), acyloin reduction as in Reaction Scheme X provides the monocyano substituted
5,6,12,13-tetrahydrodibenzofa,h]anthracene of Formula CCXCV. Subsequent
dibromination, for example, with bromine in chloroform at 0 °C, in step (4), may give
the dibromo monocyano compound of Formula CCC. The dibromo monocyano
compound of Formula CCC may be reacted with NaN3; and NH4Cl in DMF at reflux, in
step (5), to form the tetrazole of Formula CCCI, which can be reacted with an aroyl
chloride, Ar*C(O)Cl, in step (6) to form the 5,6,12,13-tetrahydrodibenzo[a,h]anthracene
bearing a pendant oxadiazole of Formula CCCIIL.

Alternatively, the cyano group on the compound of Formula CCC can be
hydrolyzed to form the carboxylic acid, which can in turn be treated with thionyl
chloride to form the acyl chloride intermediate. The acyl chloride intermediate may be
reacted with an aroyl hydrazide as in Reaction Scheme II to form a
benzoylaroylhydrazide, which can be converted to an oxadiazole, thiadiazole, or

triazole as described in Reaction Schemes II-IV.



10
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Z gﬁgfg%ﬂg g@%ﬁogé% 'gt%s Er()erbanrlcjalcl %s Idestcpl ted insthE:J laggv%ergacvt\fokgchemes

can be converted to the corresponding diborolane by treatment with
bis(pinacolato)diboron and potassium acetate catalyzed by [1,1-
bis(diphenylphosphino)ferrocene] dichloropalladium in dimethyl sulfoxide (Meng et
al., J. Am. Chem. Soc., 123(37), 9214-9215 (2001)) to give the diborolane derivative.

Compounds of Formula V can be synthesized by reacting the aryl boronic ester

of a selected capping group with an excess of the dihalide of a selected aromatic core
intermediate under Suzuki coupling conditions to generate an intermediate having one
capping group coupled to one monohalogenated aromatic core group. This
intermediate can then be converted to the corresponding arylboronic ester intermediate

by treatment with bis(pinacolato)diboron and potassium acetate catalyzed by [1,1°-
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aDQMEage € 5 OEE AnhE SRRV AROLLHARE d,
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or...pol yners der se nat er |
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the types in DE Patent No. 3,610,649, U. S

Pat ent Noe aa)essqf he dnvepaowprovissp p@l@ﬁ@&lmnsmt%n Boyser in organic

> AP IR AL 2D RIStk o, MY Gk

t I iehieatcoagRnhé acdoediig e Baaed I tiat iSEbllemdya wiithen ¢i@deG@ransporting
and conmpounds such as those described in H.  Fujikawa,

et mgferial, gpaﬁgﬁ Slqckingapatedal, aht engting majerigl, coler cyn\pr81on ‘material,
r
gé%% elg‘li,l‘) iR, o a%érsngéqa%ﬁa O-(fo Eﬁ% ?Hﬁgl\s/ gﬁré%ghyr{gerﬁienal can be
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s nlty?nelrlg cI:lrlx.atlflenzzd Such blends can be prepared, for example, by blending the

compounds in a solution or in a melt state. The compositions can be in the form of film
prepared from the blended compounds.

Such compositions can be useful for making organic electronic devices by
thermal patterning of the materials onto a receptor. They can also be useful for non-
thermal printing, patterning, and transfer methods including, for example, inkjet
printing, screen printing, and photolithographic patterning.

Hole transport agents useful in these compositions are preferably selected from

tertiary aromatic amine derivatives as defined above, electron rich heteroarylene



10

15

20

25

30

oxadi azol e derivatives such as
2- (4-bi phenyl )-5-(4-t-butyl phenyl)-1, 3, 4- oxadi azol e 15

w@ adogo9demown as PBD) PCT/US2003/032047

1, 3-bi s[5-(4-(1, 1- di net hyl et hy{6lphenyl ) - 1, 3, 4- oxadi azo
| -2- yl]benzene (known as PBD diner) as well as

StRER L ek agpekibanBoyETRIdcerof ich WadrpMas and organadetaltiolcemplexes, or
(Bettenbhausen et al., Synthetic Metals, 91, 22

m;fft;lgrs dpeiendifzom these atqriala Holeransppiy 2PIWRELS Wsrdp] ig these blends
ot BTN Tk b pO BEAR G i

dqmﬂént Mes.i 356 1ed4oy Bt S . \Peseno N 026,68 1 j664,qlagemt application WO 99/32537
organonetal | jc co

t rﬁngl([@tqqg,@m&g@?,t&ﬂ ‘}% § @% ich ﬁﬁf’g Wwa g}cor%%ted by reference. Other
ﬁ{ﬂl’és A ﬂBiegﬁaﬁs gsngl'ﬂ@é é&ﬁ%@i&h Bayﬁnérﬁ,adc%m) and

er “‘conpounds des
I\/bcmmpmhds Syhps thbzﬁdestnbd;gﬁl?l)[ Rujtkawa)et a@ﬁzmmgm 91, 161

| ecul ar

(&gg@@d(}:ﬁ#@, Té%glﬁl%%gt | Q%@gfge%ﬁ;ipg@mdgclygwgers and Molecular

kgfaggég’e H@édl@éﬁA@*fh@ic&?Ele@@&w bhSPhddhiwaVIftedlaly add Devices, H.S.
233 (200 nmol ecule emtters useful in these
brﬁdﬁ&ubéyéﬂeﬁ%Saﬂ%CMXHhout restriction, but are

typi cal sel ected fr

fromfl Fté%tbté?ﬂSpB% @g%ﬁ%}qgelg} Gt tﬁaers gfrggaéf%@te%réa}{%g selected from

hep @y QRIY hRmeatid HyiRhIDOaS,, he@ﬂ@ﬁ&h@ﬂi@&@ﬁpﬁunds having -C=N- units, and
cyclornetal | ated chel ate conplexes of Ir(l1]

Rhe¢legtion defisient inorgrpid qompleges, [S)ut%m%i elpgt(qq srans)aﬂla agents include
fl | 1
Rt G R on SoPRL B A Ao SR EhbIARA B okgdiasote

eNfal dosmSwin's [PBIAB), !IrBLlﬁﬁ[lSL(es( 1 de&rrmdx}déthjdbpmayly-l 1éq‘d,>oxad1azol 2-

ani hapgnecsen i BB e res gttt BT Bad afir

PO Xﬂ%thg@g%etgﬁbg&géﬁ ¥ Aan @‘s%gt?lléﬂrl]éé Mgt&é@@ 11 ped 4'1?97)) N-substituted

clene .
iC cﬁ:nvatwes of

ecu rrve rom cou
betimb]hldaﬂMtwle}. sih 83,3-(4-biphenylyl)-4-phenyl- 5 (4 tert-butylphenyl)1,2,4-

‘ goé&;g‘ggg&%gﬁt} @é&é@% P%gltﬁ gginsett fi%lﬁst ang| derirtreric deViPatives of

[ 11&%81%9![&%@{&9{&&11)1@ §0ﬂlj(>31ﬁ1'dls B&dh a8itAs(3 drydRr yqainsitrdvminum (Algs) -

Coumari n C54

bemblhhawdﬂtgbly(Smymlr@tmwr@lﬁtme@uwn|(Balaal agd oities wAmRSUnds

marl N, 540
?ﬁcgb?.pew);?f-l-]_ R4 M 2ol 80y 125, 101997 gnd ] . Gramulevicius

p h esah eCE%%@q&ar@wﬂtmg?xowmag ead Muddcate Cﬂm&i”eﬂaﬁd‘t@fok of Advanced

() AL (L) ll)a”dtﬁt&%gb‘éﬁﬁ%@ow
e R I 2 B i

L1bande typicalif sblected €rosanmlecnlar etinftfees mtved lﬁroaaﬂhorescent polynuclear
i nstance and are optiopally substitute

cy éndenstaaf b gleErYeRRdary@dves, phosp oresCent cyclometallated chelate
complexes of Ir(IIT), Rh(IIL), Os(II), Ru(IL), Ni(Il) and Pt(II), and fluorescent chelate

complexes of Zn(IT) and Al(IIT). Examples of useful fluorescent polynuclear arylene

emitters include molecules derived from perylene, benzo[g,h,i]perylene, anthracene,
pyrene, decacyclene and fluorenes. Examples of useful fluorescent polynuclear
heteroarylene derivatives include molecules derived from coumarins such as 10-(2-

benzothiazolyl)-2,3,6,7-tetrahydro-1,1 ,7,7-tetramethyl-1H,5H,11H-
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I i gands of 2-(1-naphthyl)benzoxazol e,
2- phenyl benzoxazol e, 2-phenyl benzot hi azole, 2 10

w@hb@aphdeesrzi m dazol e, 7, 8-benzoqui noline, coune€T/m$2003/032047

(thi enyl pyridine), phenyl pyri diée,
benzot hi enyl pyri di ne, 3-net hyoxy2-phenyl pyri di ne,
t h[l%éﬂzawrhﬁ’d[l@ 8- ﬁ}efuyddw{ﬂ tli-Bgs (aksd ﬁlo“&eds@dmfnrcomm 3-(2-

the group consi sting acetyl acetonate ("acac’

hemouma@m)ewieamémnm@p@m@m (adspt kngameas Cmu@aﬂrmrﬁa@reCoumarm

h X Y |s sel ected from charge
%%(Bazil&/dd%&é?ﬂ gla} 8}1@%33‘9{8 uth as an optionally
subst | t BkadplsSoriasefl phostperedtend b?ﬂaﬁlhtaﬂhﬂeﬂehélate complexes of
J{;R/rldlne clonetallated Ir(l11]1) chela

Wy Riy@H), Cs(ibn Raéll), pad Bt ygqlﬂde, rﬁolﬁg%l%srﬁenved from
RIS Sy, o

t hniédsamgmlﬁrmms( IPAr oI cdi@pdundabwhen .ad L? can be the same or

091,935 183 11 led August 22, 2001
Efé’ft Ht eaghpystancg pR é‘f?d%?tlop’?lg( ?"%ﬁ g&flﬁ?}]}«’a{eﬁsbldentate

Suﬁé‘a §o?gge?1tapl§/th%lx96€'n9p)¥dfzb SJShg ul &%Maz%?e 20 HRh{1BERothiazole, 2-

are so f1 uorescent
c hplh@lyﬁ)enmrfpﬂa)oks 7;8f—b@m()d1u1molawd coMngdrin, Ythiemglpyddine), phenylpyridine,

Co anoE ny 6&65&8/6bl Sé}’(})&éﬁl&%&%%{l&flo)thlzfifl%&il‘i%lgné tolylpyridine; X is
b' %&Té@frbm%@g%a %Bﬁ@ﬁt "lﬁ%é‘t&ﬁé&bﬁﬁt@l“acid”WCU 1),
bi s(2- (2- hydr oxyphenyl enyl -1, 3, 4- oxadi azol e)

zi h@(aﬂu))roamtsl(a&tmtqga lndnm, @u@jln@ﬂemdrﬁ;;hydrpxqu@i@ate Yis

P S e e ) IR Sobis Y ity sposited

Tolérdvatiots & phenSprvlline ok 61pyi\16in@| ﬁycbhietéﬂlh?ed IB(SH) &%ate derivatives
(2000) and in girglat ent application WO 01/ 39234

of sup drpsaiassb s D Rlivangns WQLIUAAEsS ddy @ 0141312 A1 and
A g B R P,

f oAppHeation $.NeeH9I3, e8tdS]ed rAmgned 322061 am deremdthohyorpomied by
ity el RS T
C#%éﬁ gﬁgggpes WO 2004/ 096948

047 -63 In one enbodi nent, a conpound .
accor di iﬁgannpleﬁof uselfid fluorssciitehdet asinplexen ef Bn(IDrmod Al(II) include

materials to de .a co mpo i.ti t.hat ,can transport

bof PR F‘%Sssuﬁh E‘I cHipaLno Pg 10 @g’r}ﬂf*@ (%3 conpound of

FOhg&% ¥¢1 ehl]%en‘i@ihzbfa@é‘)?z%(ﬂ) %is@z:tz-ﬁ offth ehﬁl)b‘éﬁﬁb&[&dlate)
ei

er-a smal 'ecul e or ITETI

t r ainsJbx bISng(Zﬁ]a‘xcb@xmhenghéfphgnyl 1 3, 4 oxadlazole) zinc(1I), bis(8-

quinolinolato) aluminum(III), and biphenylatobis(8-hydroxyquinolato)aluminum
(BALq). Fluorescent Zn (II) chelates such as those taught by Tokito et al., Synthetic
Metals, 111-112, 393-396, (2000) and in patent application WO 01/39234 A2, all of
which are incorporated by reference. Useful AI(III) chelates include those taught in
U.S. Patent No. 6,203,933 B1.

Suitable light emitting polymers for use in these blends are polymers and
copolymers of the polyfluorenes (PFs), polyparaphenylenes (PPPs),
polyphenylenevinylenes (PPVs), and polyspirobisfluorenes.
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5 conposition can be charge bal anced by virtue of the
blend rati o and the conpounds selected. Optionally, a

WO p@hoews tting pol yner or el ectrol um nescent BOEIDE2003/032047

nol ecul e can be added to the {Bend to form

conposi tions that can be formed into an organic

em ssi vig ik @RRtimcHeS@ipiRas a8dorGi@BROFbirhtlA$ isCiBnded with one or
sol ution processf% ' e and ‘can be spin coated 10 to
priovtecheatetidls td pioisletarampapidion it cam tranfpaE dodnolesrngd electrons.

oSi ti fns can b t
o GE SRotble F AP of A mpu IR i s Belo Qo fin B combined
a wiR Bffier SURSAI Bbecile ofta b@l@fﬁ&h@&loﬁdlbﬁisp@hﬁg nidierial. Such a
conposi tions can be thermally inaged to form

p| @qmmﬁéwnam éwyf;hmg@b@lpnqeﬁ b@_ww%tﬁp RlendapHn F #nct i gompounds
e ﬁe eé;? gin ggpté C¥ razlf%qjlt El%ltghéﬁ ErL? Br El@c&lﬂﬁlﬁ%‘é@&ﬁ ¥1h11 molecule

m nesc y varying t

t hiagkResdedio thbslehd té fdrm cntboshiens diat carobe fomp@mm organic
within the ranges specified. The em ssion color can be

v a§nissive gleaest.ce of the light emtting material. For

exanpl ey &gr?’éeg%?corﬁ n@%an be solutio proce551ble and can be spin coated
hydroxyp eny €enzox ate) zi nc? 8

3- folpreviyit thidn figrnk mymealam'&olumgewaltr i$e CDmpotltlc,m can be, for

em SSi on; benzothl en i di.pe .a e
o uiin e e e e DS RSB PN Gpteec foma
ri &cfho% Quﬁs%qteetmasréée%fbr SRR, | ThefoonfpdiiRns Bam&_rrﬂdl@ imaged to

20 Ir(ppy)3 give rise to green em ssion; and
t - foumygi sif et atmm@lﬂ@ﬂubmeOgEDesbSplzi}s@am@avWet and capbg gpigmized to give

The co Siti rst

T TR R D S Rub Bl SRR e s of e
St fithg bt Be rflidTbf @hponehts ivatih ehefriigels spevifiall Mile eission color can be
conpound of Fornula | has a aromatic core and_ two end

c awmdd)ywmwspf tlealighs emitsing satesinl + 5ok sremple, Rerylene; pis(2- (2-

on )
okl T GPRR oot LU Pl it gveric o
NOpRY @hdion: dehwiicyh pyridine heglglacdtbiate rrdilmaﬁﬂ]) g plptioum
of the first conpound, a divalent radjc t hat

i n@‘Ft@‘?ib%lParP@iWﬂ [BBSL1SE QP AmisHOR: H OUBRFAIn E&“H&IIH&S“éE and
< ecbﬁ) )3 L8 }1s&%9%%m585? Sanf QL 'ﬂﬁ'tﬁéﬁ:ﬂ Gébatcpﬁé&oéwes-rﬁ@ to white

nmpoun exanpl e, [Tght emtting
I’mémislsﬁ)ln a col or conversion material, a charge 30
transpo mat.eri al , C e bl ock|
pol yrrer B%Stmm@rca’é‘ JJ'HJ(} }%Wp(f“ﬂggg%(frdmlgﬁo % Hn&laland a

as ReGhd c&ﬁ?oﬁﬁﬂﬁ%e@ QR siGARriAGs (6B B cbmpOehd. RBompound of
have a substituent of a sane type that is present on

t hBomouln & Spomdionwptis corecind two ehd capping grorps Bpyya atachs to the

VDarzo(r)r?a%l/c %(9)1669. e%gg—(/)nLdSc%%%%/ug&% %QnA'lZlclude a radical that includes the aromatic

core of the first compound, a monovalent radical that includes the end capping group of
the first compound, a divalent radical that includes a divalent radical of the end capping
group of the first compound, or a combination thereof. The second compound can be,
for example, a light emitting material, a color conversion material, a charge
transporting material, a charge blocking material, a polymeric binder, or a combination
thereof.

In this aspect, the second compound can be unsubstituted, can have a substituent

of a same type that is present on the corresponding structure of the first compound, or
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-64 can be substituted with a substituent that is
absent on the corresponding structure of the first

weeopouds | n sone enbodi nents, the substituenPCDHSH03/032047

radi cal of the second conpoundsdean be identical to
that on a corresponding structure of the first

C OPRBEbstithied vt 4 QgRAAFhINEaSE Bbkehtibethefcofaghonilingtstructure of the
compound can be the first aromatic core, the 5 first

enfirst egrppoindg r Buggmepambpdinenis,dhg substiuenl orog radiral of the second

en i . h ' . of S

o SRR % s FOL Bt Al B e 380 s omponma.
COTROtttEspetin® Siridt@e of thesftbisdonipeant san baithe firpegohbidic core, the

exanple, the first end_cappin roup can be a . radical _
of fikshent capBmE stPemle draens i phewiigradcaapag eryp. Both the

se i ' first d
e
r ackinctad frexf of s bthaerse chindspecifiip exadplenthetiirst end capping group can be a

correspondi ng structure of .the first compound can have,.
| GESIGR L ARSI AR Any Fpb3 GBH PR AT e S ond SREPOUNT includes

fig Ea‘dic%ﬁ‘ ot &ﬂﬁféﬁé}% WRMR 2f R ButRBr@nt £88H.CFim@Akhrly, both the radical of

anthracene wth a net hoxy substituent” and the second
c othesecwhdiconipeded and theadiresponding airti¢tnrecadribe fifst hompound can have

met hoxy . substituent in the sa si.tion,as iLn the

£ Bt 3i5sBlisin g sBefE pRia T biserg Snie &b sen be
COPAIRUNST HRrab&RIH N a AnciiRly Gabstinltat an®theisBidndlcohfpouldincludes a
not identical to, a corresponding structure of the

f i raslicatofpshnacenerwith a wethsixy substituanb it the game pevitign as in the first end
radi cal ofuthe second compound can be absent on a
COF%%@B%%BI%Q structure of the first conpound. In a

speci f i adaxupilg thé feohd eahpamd campphtag radiepl that i similar to, but
radi cal of anthracene w t hout an¥ substi tuent %roups
anBotiAentisakiond cewrpOntiaES Fieqtaed theofitst fopppquard. sor example, a

23%@5?&%@1&% | HF{h@%F%nﬁ %Qﬁi&igﬁggﬁ% beldbsEWoRS cofresponding

on a radica I nc In the first
c ospine of & fixet @amsprindoin a speoificesqaorpll, tlye Sist erct eappingfgroup is a

t he second . conpound. | n another specifi.c, exa e, the ..
e e oo e b A0S e B TS 20RA Sl ncuces

SPi ki3 bk HaheRYhe iR URmhA) AbsRbAN LikbRfbi 4 4MRtitudMtthn a radical
t he second conpound has an’end capping group that is

aninchsiet) $n thelfirstcospriouod icaf baigrseniydn yeapspomBngistructure of the second

substi tuent. on radical of th econd co und

o Compotihn efBef HeeEfsefhpliote TS PrrOfiROR YA Gafing group
al gpipwla spilobkRXMored Nérouliﬁﬁv)i/th @iethfll subst@uerdtlate Eeadekotd compound
perfl uoroal kyl, heteroal kyl, heteroaryl, or

c ohid anegnidoreppinggerews thapis a8 epsubstitutedspirebisfleetsny Eronp-

structune_of .the fi . i

S Ut U IR 14 Al SRR RY SRR Aot ot e same pe o

ex giftitient (e, fdlk ] alkedy] caladyn aryliradylpxy, fludrd, dhtioccilk ydf

ant hr acene w th oo
perfluoroalkyl, heteroalkyl, heteroaryl, or combinations thereof) present on the
corresponding structure of the first compound but contain a different number of carbon
atoms. In a specific example, the first end capping group is a radical of anthracene with
a methoxy substituent and the second compound includes a radical of anthracene with
an ethoxy substituent. In another specific example, the first compound has an end

capping group that is a spirobisfluorenyl group substituted with a methyl group and the
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30 a nethoxy substituent and the second conpound
i ncludes a radical of anthracene with an ethoxy

waaegddowent . 1 n anot her specific exanple, theP¢T/DS1003/032047

conmpound has an end capping g6fup that is a
spi robi sfluorenyl group substituted with a nethyl

9rsRthddehpolifd Y6AtAA9 44 86 4Bl kot PR Dspadb ik fluofehyl group

second corpound cont ai ns an end capping group that iIs
a sspstitated sfithipoeshptylgroay substituted with a

B

conpou cannot

di fifreleBiypé MRBey dre SHRYITRE@ BB SirhE pogdon. nint hepesiivexample, if the
position. In a specific exanple, if thg 5 first end d
c &l ang cgpRIng Srapds §5pirelFibuqrenst ErRAP sYPipted (it 3 Mthydigroup an

wi,th a ; . .

Syh¥ ol bRipoties A3Ron bGP ARG CHRRARE {3850 fhenyl group in

gr@e Parhdpositih whdre tigosiethiybgrowb ér lecdtbdometehfist grdonapping groups,

| ocated on the first end_cappi ngcg%ral‘%z?s t hen the

gribemthe AN ge RS centdeisd te be fat WA y similar.

The se Johl S li.e., non-
Cﬂ{é?sle?@{.&)&nﬁggquﬂgl cc)>tflﬁfe &%‘g&_@fﬁbh cARbE ﬁ@gfgﬁ arlﬁolé li.c., non

nol ecul e pol ymeric) or can -
popolymeiic) oretebé apolyiersoneeratb dusomnembodiments, the composition
conpositio i pcl udes .both a. hol e transporting.. .
e Ociha bl TARSOTHIBR LA 1 B G SR ng uateril. I
ot Ngkr SHRRHLERE Be cdfosRIAsIutECNhAIB elabigRStie felefial, an electron
transporting material, an electron transporting

metrarspedting amadierial,| anghat lightiemitiing magariali al . I n one

enbodi ngnt of .a .conposition of LK N - .
first corpsgmborgng sl a' pihedlioh EnsBrERLERbe HiF compound is o

| @b dia8 adedrlling ko EoEn@aRBhd Pasy! isper{dcappingtdreus (s} the first
conmpound can be represented, for exanple %éfﬁ .

f oeorapoung icapbe repppsenisd Afor example by theiRfpBlackra-Zyghess A is the
are t i.dent cal__end . ' )  $RCQRENd d
R LS 2 RO MR o PR oo o
ngﬁe p&!ymlﬁﬁdé bl srﬁl(’d fnhﬁébua: (S.gx; aontpelytheciap pichigas aggeoonpl end capping
that includes the first end cappi group(e.g., the

S BOHE Ut SO IS8 G R P SPmPali has an end
Z2 ] l.) iklY@siAagion of this first

en%%%;ﬁll‘%g%tgépt% ean?ib‘?ét engzgfappi ng group or the second

end caphi agaription pf ks fisst smbediitens e fitshend eappingesipup o the second

the other noiety. In_anot . i at.i he first
o sippecmp s a NSRSt e o Ehsk b Mo bR Sblh i Her
t he, SRR, thE YiR8 Rl caplins bioupRhs tHeSefond @H@bpigggk@pyﬂa,ve the same

al koxy, aryl, aryl OQ/, | uoro, fluoroalkyl,
petyipewbsastivghts (hgt, etkykl atanyl, aBoay cayly ryleyy, fluoro, fluoroalkyl,

co Sgﬁﬂ%%&aﬂc@i hte{é%ﬁl%];l? hqurtoarty ,eor Qg%ﬁlrati&fxs thereof) but the number of
carbon atoms in the substituents are different.
In a second embodiment, the first compound is a compound according to
Formula I and has a first aromatic core (e.g., the first compound can be represented, for
example by the formula Z-A;-Z where A; is the first aromatic core and Z are two
identical end capping groups). The second compound can be polymeric or a small
molecule and contains a radical that includes the first aromatic core (e.g., the second

compound contains a radical A, and A; includes Ay).
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carbon atons in the substituents are different. In a
second enbodi nent, the first conpound is a conpound

w@ewengliong)y to Fornula | and has a first aronaPCTDUSINE032047

(e.g., the first conmpound can {6é-represented, for
exanple by the fornula Z-Al-Z where Al is the first

ar omat i [ LREBHANEf the 3EQNH\Wenbddirhétfthé Eigdt aﬁﬁﬁhtmlﬁé ®Gthe
groups). The second conpound can be pol ynmeric or

s rretlespandingoafiealdn dheosssoed pempounddiag B iulssen] gt iscibsent in the

oﬁ?f :1{;@ t gaﬁganﬁétéig \%giragﬁlg,e(}&gﬁlrsrt] Hb?ncfﬁﬁ %gﬁdand%gp&lﬂ&gondmg radical
ZQQ%Q&@Sﬂnﬁccﬁﬁiﬂdd&ZﬁQ@ {33204 Type @Gubsnitaenta(ei @} dlkyi, akenyl, alkoxy,
t he second enbodi ment, the first aromati re or the
c G ¥le 8RdeTeH Agoioadpemepiih P@#@%@éléﬂdhe&fﬁﬁ%ﬁh etprpary, or

ano%ﬂlﬁé{%ﬂg 1P It? tf)nﬁlft tﬁ@ﬁfrﬂ er' dt chib®n aRinER tH@éLﬁJthuﬁﬁ@ are different.

er varila rst aromatic core and
cor r es plngthirg etrbdiinmdnt, the fitsh eompownids ecompawet fweslingto Formula

t f bsti.t t .g.,..al kyl I.k I
Z?ﬁm@@! hyagg §§tﬁ%u cg}pllg;pglj%]pu%f(% &0%&? fla g%p%%nag %Irf%e tepresented, for
pe‘%{) o e3likyto mﬁﬁtfl[R% kihere PSE @Heoﬁfbﬂﬁlamc 8dre and Z; are two identical
ations t ereof but t he number of carbon atons

I nfitshendseappinigtgnarpss ’ﬁh@sﬁdoﬁd eq:remund i a small mqlepule and has a second

enbodi nent, the fi.r o) und .CO ound a r.di

© o sroulrhet g aS R B End Bafhiy e e 2iESE A ompound

t r@dnfﬁerréf)re%w %}dbxﬁﬁ 1eh By HROREEATZAB- Z& WhereeB anhk aromatlc core
by the formula ZI-A-Z wher e Ais the aromatic cor

anahdZl, ae eve w@nu@pé Aedopdiend £APHRg EtOUBY AN £p Ficheples Z,). Sucha
b ;é)ourgp%ét&oggc%u Ol GITROA t8 lpﬁe ArEl rﬁrgla? ﬁféL e?ﬂgo small

capplng gr |nc es t I rst
enghofRBRE RGthGhdiivd €. electrba:tﬁzem BlEceolupingsdentcanmatc core. The
represented, for exanple y the fornula Z2-

E Z2 ¥q$re

oS e Bnchgpmine; g0 rean DR MRS SRl STBbgY of e o small
se gﬂg %Qd cappi ng groups; and Z2 includes Zl). Such a
conposition could be used, for exanple, to prepare a

fi.lm t hit a virdtiodes tHevibird eaibbdibensshetist esd prhlgaroup or the second
active (j.e., electroactive or electﬁ%%yn1n

ar SHEEAPRINEGTRID e ontai g pubstifient bats 1&18 t@s%eng capping
BO LERNRG S aliforC 8BRS Bldt hhd tHRfseédi@ énWQaﬁﬂﬁg lerou ups can have

I'ma variation of the third enmbodi nent,
f [ mbtsmmdtsct]mzo yarengf the same ty[pe (he., elkyb ﬁﬂ:enﬁn@lk@)gjp @rylgaryloxy, fluoro,

ﬂg&o nl (Elkzyéslbe:f I%ﬁ(?]? ﬁetg a?)%ll o c\(l)gﬁal au:ag% {H%Beto?ﬁbut the

thﬁlﬁshfu%hts%ﬁﬁicéﬂiﬁn&ﬁﬁﬂ%nﬁﬁlﬁn&’i@@bﬁl@oﬂ mms can have
substituents that are of the sanme type (

al kyl
al kenyl In aqu&lwmtmdynentaqhy |cgl5(1§pos¢11)mmcbldes a %rst compgund according to
Formula I, a second compound that is a small molecule, and a third compound that is a

light emitting polymer. The first compound 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
aromatic core and Z; are two identical first end capping groups) and the second
compound 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-Z,
where B is the aromatic core and Z, are two identical second end capping groups; and
7, includes Z;). 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 end capping
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fluoroal kyl, perfluoroal kyl, heteroal kyl, heteroaryl,
or conbi nations thereof) but the substituents can

w@ontate4, di fferent nunmber of carbon atonms. | PCHUS2003/032047

fourth enbodi ment, the conposii67en includes a first
conmpound according to 25 Fornmula I, a second conpound

t habypsSofahs fRk hndRlc8fdESmpARd can ehhdnde GRITRAMPADIIIALE 118 entire
a light emtting polyner. The first conmpound has a

f i qompositidnc Ajppismgll gradeqlesecay inclydeeactive gomagig #pEEnd can

be represente f X I f ~ A-

where AY asv%nr?gbn 8?%‘33?‘?@%@?%&%1%%{] %e fgI{S e d\?\% d& rgé up.gr the
f i desbnEat GPPRIcIPoY QRSB WsitREnsaCBads lakingdu it dtaer end
a second end capping group that includes the first end

cappPing e pinaoother yarlatiphh ok BisirstadyBe srE O AL EAPPING groups
repr . f - B-

b SRyl AL ! e RS SRy ony o

s er9laly eftebre afirogk gl parfiaoroatkyl, hE@roaikylylterodiy), or Sumbinations

a conposition could be used, faqr. exanple, t repare a
£ 1 thasepRdt terrabyHBRRBCaFRATAI AU EEFE MHBREOL G fPTbALomS.
I i ght i bk . ;. .
9 S@%@ft@%{#%ﬁ%{ }Wxﬁp&sﬁﬁm@ﬂ&u&&pﬁﬁﬂgcéﬁound according to

2004/ 0 3/032047 -67 groups of t first
anBoraedohc secondaenthoumhthanisarsmeall inelecalrpandi third cempetind that is an

| e citRactits pUSMBR o et cogrud s & TR Fra PSS fropp o 8- the first
f otihfbueaRad bR reschidg, fbf 6:84m 8. hyChS ForRGIHZ.LAPZOWhEBA is the

second end capping group can contain a substituent
t hatomiasic carskind g iare tesidentival fitshendscappp)si STgURRY 8uptheisgeond

anot her variation, both the fi 3
cappTR s At s ek lps ek BAFEAE Bfine eroup
safey ! the8edodd Gompalud/dan bRlr }Iﬁi‘Bsénteda Fds@xympRy, ¥ the formula Z»-B-Z,
aryl oxy, fluoro, fluoroal kyl, perfluoroal k

hevbriodl i vt By o G ORKHSH SO Fid gppinagzpups; and
cafbOarb s e EPrpRHtial fuda Sl b FRO-EHPICI. bpar a film tht

i nglcldies a amhil hsdlecubnientretith ao eledirngrtive polyineEovhend the lepd capping
a second conpound that is a spall | ecul e, and.thir .
cosisgnnar trdirstiagd serond cRRPPYL %H\Félﬁoﬁlaﬂeﬁﬁ%?‘?mﬂﬁﬁg’ﬂw e cntire
COPRRLAHRRSTIR dhldisthoRAHeSARRhASIIEANR ot Enflic cokéie

first® conpound can be represented, for exanple, by

t he f or buh saZdioA-of thenfifty enpodiment ¢he fansberak dappiwgresouper the second

Z1 t i dentical first d ' the .

soebhchPPlBpBtnceriagtp & Sthsftiear HRE A I p P Govine

in gfdﬁg.e $n bRGh&H VasibtiG) BohARE FiRG abd MG&&d(eﬁxdg:anihQ %roups can have
on A

conmpound can be represented, for exanple, by
t heulfstituentsah@araofzhe sahetype B85 alkib atkeaWaplkexyweFd, dtpxy, fluoro,

z2 ﬂ%(r)r%ah(% pier urgr(i)aﬁl%lll, Hc’e?é:rgfﬁﬂyf ﬂgte?o%%ﬁi O ot fons ﬁ{%geoﬂ but the

substituents can contain a different number of carbon atoms.

In a sixth embodiment, the composition include a first compound according to
Formula I, a second compound that is a small molecule, and a third compound that is an
inactive polymer. As used herein, the term “inactive polymer” refers to a polymer that
is not electroactive and that is not a light emitting polymer. The inactive polymer can
serve, for example, as a matrix for the first compound and the second compound. The
first compound 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 aromatic core and Z;
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Z2 includes Z1). Such a conposition could be used, for
exanple, to prepare a filmthat includes a small

woredoandes bl end with an el ectroactive pol yner MMIEUS2005€32047

end capping groups of the fir#8-and second conpound

can enhance the conpatibility of the entire 20

COFPRS IdeBhical & e%%hﬂ)plﬁ@gl%ﬁpd)%d(i%sdcﬂﬁdl téip@sidingg a second end
aromatic cores. In a variation of the fifth

erdappingegneup thheintludes the figst @a(bmnpgngggr@up (28 theseedgiognpound can

end ca n r oy n nt A t
R ot R SR o A A 5 R 1 B8 sperBaic core and
Var &k t0d ideBatd] skdndfent shppanggiobps; Sa.ﬁd@fjdnc&mtés FappSuweh a
groups can have substituents that are_of the
y??@ll(oélt@n conlddyr used) fREeRAMDIa R BIEParcA M that 9‘101553@98 a small
I I t
gfeglgF, éfend 6#3%8 clhﬁéé Polgﬁg gi;xg\g%% the éh?l c%bﬁﬁllg b¥dups of the first
S thﬁltsle&cuﬁ]l‘doﬁinpmnd camémtiancethd lcérhpatdnhtymfrthe entué compbsition. The
atons, In a sixth enbodinent, the conposition include

a smalkmoleshlss Garngids AEGTOBAUGEHFY a |, a second
compoungl 4 fatub of i kih oM, he @ﬁ'st%nh Rhfing group or the

conmpou I's an 1nactive poly used herern,
t hecomt end' dapaiigi greu;pcdn)qmatafn a sfb@nslenbthat lpé’immtﬂﬁﬁafother end

2 g?épg}n%ggfr@glr Be/ﬁ]:eqrn f égrfaﬁ%g?l?%g ﬂ&oﬁlv}%?dt t&lg ﬁecogg re{}% ca;%pmg groups

exaiaSe sﬁbcstlﬁleﬂ?st thhtaré QJ!' thé Bfnd typsle. go AU NkeART atkoRy, aryl,
second conpound. The first conpound has a first end

c applony, @wgpﬂl(moglkyl pﬁéluﬁli'Oﬂ%kB’l é@?ﬁﬁ@ﬂ]hﬂ hejpropeyl, or combinations

! eﬁ‘lgr gﬂbn%]g tétu%r% an doap%laagf%%& e gé’g&r&}n WBfke

PCT/ Uszﬁ%é&@ﬂt@”eﬁbodﬁﬁerﬂftﬁe tovapogiteat inchides & fisdt cemfiound according
capplng roups and the second, conpound has a_second

Tadgt ssapnd ¢RMPIUAE (g issa $TRell mojeStilee ndedyphfiomgpound has
g e, S ‘
A e A TSP i SR by e
ar fpymulaLZ-oqre v@ﬁﬂa AR thae first avomiatie nbiecall Zsae owd identical end capping
cappi ng groups; and Z2 includes Z1

cOB9YBY tand fhesegpad g CORLZS A9 F%)n%{n(g rm?lgf}gpég includes the
I B bfddtaric QB%‘G%S the SPBhd colfRbuREWaR beh&fesenfedafbr example, by the

i nactive pol yner ‘ratri x where the end cappi ng groups
of farheld Y54 Y valmale de ¢othd seoont arpmepticanereiiiai @ee tneidentical end

n%)@&}iggérloté% aﬁ& @ltz tﬂ}lej:gﬁ{é% HQ? escugﬁp 03 tp@%@lg{l cg%d benl}ggcl;l, for example,

vagd }]ﬁ%ﬂ)eﬁe aGfimt thhSinShddshtwe shad im@iBéuled With bitivet (i.enelectroactive or
cappi ng group or the 10 second end cappi ng group can

conleenrwiuml@sbmt) endeqapping groups. The Rinlpr arpmadtic corasesan p gsed, for

an gﬂﬂl@ Cd rg%gﬁ%}lcgﬁ angﬁ}?hﬂ%@&f t%% t\?fg ’smgﬁtnlfolé&?e first

In a variation of the seventh embodlment either the first aromatic core or the

corresponding radical in the second compound contain a substituent that is lacking in
the other moiety. In another variation, both the first aromatic core and the
corresponding radical in the second compound have substituents that are of the same
type (e.g., alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalkyl,
heteroalkyl, heteroaryl, and combinations thereof) but the substituents can contain a

different number of carbon atoms.
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can have substituents that are of the sane type (e.g.
al kyl, al kenyl, al koxy, aryl, aryloxy, fluoro,

w0 bawao@ikyl , perfl uoroal kyl, heteroal kyl, hetBCDE§2003/032047

or conbinations thereof) but {69 substituents can
contain a different nunber of carbon atons. 15 In a

sevent hieriediBRibodinikt, SRRASHdsitM indlalitidesirsacdrpdind according
compound according to Formula | and a second conpound

t hatFormula Isarsgcondepmponns thatis apmalimelesipe @rd arfhigd cgmpound that is

first aronati re £Quir i LSt &
Pl SRR oG 18 e olhFpld s BOTROLA €98 B, e
Al cdrgpduie chrt betepadsenet ) for ecmsplang the foradaib-A o8 nthieeah,; is the first

end cappi ng %roups) and the second co un contaufs

a HOMALSHYAEN ¢ Fabve ientipal end FAANIRFESONRY 2 the secpnd compound
ar : : i .g., th d
R R LR AR
A2¢dmspdube caeborepresenied} foc exammde,drydhey famala WeAi-Yewhdre & is the
end cappin roups;.,and A2 includes Al.). Such a .

corfsBS] BPBROE SUPGTR GEdH0 IGRcR R rarE ENr cpe s igeludes Ao
fi bt hadmddReloddea1d By B! eTHRASE Wb Blepitd fiRE tHay Bicludes a small
(i.e., electroactive or electrolumnescent) end i

c amplengledlemdpsith T Hehtsémittingrpadyroeravhese gherasgmeiae cyes of the first and
used, for 25 exanple, tqg enhance..the.co tibility. of

! nipcbuibC i o Eniinge e ey agt R YR inosiofh fhe sman
enbRi-iRItan BbtBe) fot Bearfiple Sctidé OitbéappingQsreuy. the
corresponding radical in the second_c%ﬁgound contain a

subst i t emvartatign of thel eighth egbpdimenh eitheribe fingjagqpaticigore or the

anot her vari at.i g ' i . .
S EMSoVRLL Ak B Rl QELEREH 0 SOEEH e s acin
sufsthé bilePI®idtyialn @fothedvatidtions otk tBOfitsy pen(aticgore and the :
al kyl, al kenyl , al koxy, aryl, ary]oxy, fl ubor.o,

f | eyresnedjng ragidat infbe sedory |C9mpﬂ1g13eqaaﬁ1apg9 pubstiienfs shgtygre of the

and, coERL pag | of; h Y EMGoRRM, perfluoroalkyl,
contai &B%Pea%i @F 2% %jr%tgﬁﬁlﬂ%gg}%%ﬁlt%y%gg’ %t ons. WO . per u'oro Y
20QERARIN BefRErISANOINBIBRMHE ther&E) buk the sehisgihitehts can contain a
embodi ment, the canposition includes a first conpound

ac ddfegeny; gumper ¢f nAPmS.5 second conpound that is a
smal | mp| eaithCemBOHnRNL, M GnfRsRieoH fstlbdiata firSt cotnpouf bccording to

emtting polyner. The fi rst conpound has a first )
ar Bnmtuile I,coveeor(decagupound dhdt jis & smalt metrsuled arda thesl compound that is an

repyesented, for e I by t f or.mul - Al - r .

A, Bledioatis polyies AT Rt permtoldhun § 1 ool o6 VIE- e fir

| deBhb&ild @A e SepBicREdIfR eRshpIRITSY thedosmae XA Canpinuad, is the first
contalns a correspondi ng radical that includes the

f i exmaticentednd Z aiedwoddenticakend cappipg ATOUPS i Ag scqRd pempound
Lg‘%{)@giﬁlgtg%gﬂegpgkdl%é %g'gﬁlceﬁ ’th:R ¥nct11ﬂﬁs ftl%r ﬁ%{ ﬁo?ffaﬁ‘g 'cgre\'{@.%.r , ®he second

compound can be represented, for example, by the formula Y-A,-Y where A is the

second aromatic core and Y are two identical end capping groups; and A; includes Ay).
Such a composition could be used, for example, to prepare a film that includes a small
molecule blend with an electroactive polymer where the aromatic cores of the first and
second compound can enhance the compatibility of the entire composition. The small
molecules can include, for example, active end capping groups.

In a variation of the ninth embodiment, either the first aromatic core or the

corresponding radical in the second compound can contain a substituent that is lacking
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second aromatic core and Y are two identical end
cappi ng groups; and A2 includes Al). Such a

W@ o09po%9ss on coul d be used, for exanple, to prBQOEDS2083/032047

filmthat includes a snall 10 #ecule blend with a
light emtting polymer where the aromatic cores of the

f i ihShe GtREr mSREL ME 06RO URThtRANDb®N fteNGist drbmatic core and the
conpatibility of the entire conposition.

motcstespaslinga FrdiGat e seqapd cemﬁﬁ%canale@w? élébsé‘ﬁ‘&”n&‘a‘bﬁ‘i 44g of the
gr 1S yP%]Qé %a’i gﬂ AkeRR. fkod Qr '29 E% ReS iRRSalkyl %erﬂuoroalkyl

aromati c correspon

r al@Ht@rahlk!yh héthﬁ)asép@‘ru&nﬂnnmmnm chea:a]ﬁ) mdribasubsttuents can contain a
substituent that is lacking 15 in the other nviety.
| ndifigEpheymberaf §2508R 2Pt h t he first aromatic core and

the corfespondnfibdiAdiiCat cbfh Pbﬁﬁo§ R AR & BTN Qﬁﬂl%oﬁﬁ’d‘accordmg to

have substituents that are o same type . 0.
al Rytimulal, keagdnd cahiporyq thet 1514 srmlymgleyulef Ingday t(ljurd compound that is an

e

C 0 Iﬁ}')(ﬁmﬁ catlbé fe?fr&@ﬁte& Ui exarible IR thE PoratuliB- A 20 erHd*:rfﬁAl is the first
ni nt h enbodi nen the conposition includes a first

c oapnmnd carecod di a1g two 1denu¢a:h¢né capping ge¥pHAENd drgpiegard compound

arconggiBe € pQ PR BRSRE el HiuRe} P GRERAHGRE TR, W second

f i Esthpdiind¥ah be resp@ésem(ea 1@1’ exztxﬂ@efbme f@mmmnmdz-a'a\nhéze A2 is the
represented for exanp the formula Z-Al-Z

Al sdcend pengagie gere a@fi%ﬁqe, tyyod nicalfpdZapping SieyPs; Ayclgpludes Ay).
en a

SRR UG L BSHAA, SORRRNE Y B s asmat
fi fdlecaleMi@id witle ar ma(:tevegpqumhewhae mhnsdaromapo oorEs oﬁﬂnelfest and

represented, for exanple, by th a Y- A2-
Azschnql Femp &g BB dheceaE DLy Ol et gmpostton The small

[g'ﬁﬁécﬁl%k SRR PP Ex dﬂHPa%tw@Qﬂ’d iﬂg‘érb‘lﬁ’ﬁ%ec’ Al).

a composition coul d be used, for exanple, to
pr epar elma fariation h)étha tathiegd®dimentzdither thelfr;s:tmr@nmceme or the

with an ectroa mer ethe ar ot

of CURSPPRISE Tadital BhE SHORY CEOREUTH ARt e bfEhAS lacking
COPAE loltet boYetPf Inf HRHRA WhFiLiHOBBAIhE fik0arohti€ic $OR] dnd the

nol ecul es can 1 ncl ude, for exanple active end ca

g r o«upepomdmeradmai it the ﬁe@mdtch@pﬁmm sandipne ﬂlﬂbﬁﬁﬂlentséﬁ%tr?& of the

| ot Db Gha R b AERL” et A, SIS AR, ML ARE Brtluoroalio

| S hbefdalkyy h@@ré’éﬂﬁ4bﬂ&ﬁﬁl§ﬁﬁatﬂﬁ§/thé$&ﬁ@3ﬁlﬁﬁé fubdtituerfd dan contain a
t he ot her noi et I n anot her variation, both the first

ar ifearens number effathgReatomyyr r espondi ng radical in the
second TP &g{;]eqltl’? Qlﬁbgﬁ}ﬁ%né %&drﬁﬁb@ﬁfoﬁ 1ﬁa§t§esaarf‘?rspéont1ﬂ1ﬁnd

according to Formula I and a second compound that is a polymer. The first compound
has a first aromatic core (e.g., the first compound can be represented by the formula Z-
Ay-Z where A is the first aromatic core and Z are two identical end capping groups).
The polymer is a reaction product of a monomer mixture that includes a first monomer
that contains a radical that includes the first aromatic core (e.g., the first monomer
contains a radical A,; and A, includes A;). Such a composition can be used, for

example, to prepare a film that includes a small molecule having groups in common
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sanme type (e.g., alkyl, alkenyl, alkoxy, aryl,
aryl oxy, fluoro, fluoroalkyl, perfluoroal kyl,

whedenoalkkyl , heteroaryl, or conbinations therecf/ySi»o3/032047

the substituents can contain a-Bl-di fferent nunber of

carbon atons. In a tenth enbodi nent, the conposition

i nelithdgmlymén. rEe conmmngrdumreﬁihﬁlg:ettbe cdmpAibiiay of th compounds
seco, d conmpound that is a small nolecule, and a third
co%ﬁﬁﬁamgﬁsé't‘ %%s an inactive polymer. The first

conpounth Hagiaiohiof e AEVREBE drfb&REnt{ Sitibr the ﬂ%t %.]rlofll%.{lc core or the

conpound can be represented, for exanple,
f ogrigsaotEling radioahiartbe g¢cond compofind sin cbOtaar mﬂm‘stlmenmhet is lacking

2ol fs BB bl "ol nE BB AP W ReaPem snia

i ncﬂrwipdSndlﬂ@raﬁidaBﬁl thé SevBhd 60 P{nﬁlcﬂ &n@have Elhﬁstlﬁl%ﬁfg bt are of the

compound can gﬁr esent ed or exanple, by t
f o~°ramﬁ yPS/ (AR, a.lky\lh enyhoalkexy;, ey, @@bw,oﬂlmr@,rmqrcamyir perfluoroalkyl,

g e T e T —

exdiffptent ntuab@rparbenatdnd. m t hat includes a smal | 15
nol ecul E‘ blend with an inactive polynmer where the
ar omat i & &6 gpbediment, thercognpsitivaderiades sripsuerannoand according

enantin f%nﬁ%@@*ﬂd@oﬂﬁoﬁn@ftqattg ﬁ?g S r%tsclzotn'éé)orﬁ\t}g contains a

The sma nol ecul es C I hC reéxanp
enfirstephéapgingrepaips(e.gl, rthaflmcompomm &in Hehepzbgﬂihtdal for example, by a
(r;';%odl i ther th first aromatic core or the
%&XS WS A The AroRRICearp Apd @bﬁsﬁéWﬁddf‘élélﬁal first end
c Odhb?inrg %’1‘0@35’ SThd psiPhet ﬁ%treéc%olngﬁﬁdlﬁg %Qlohgmgll"ﬁl)&ﬁl!%qﬁat

noi e n “anot her Vvariation I rst aromat ,
C dﬂéluéﬁﬁda firse H@nomelsqh@mntagnsr adivekht jadicahthasiacladek a divalent radical

c u an have subs S that are of. t

t y(%ﬁﬁf{ Hgst el %ﬁplgwg grglll}k{? t%e iﬂr%d&?}lon}ﬁrﬁpntaglls %z'ogwl%emcludes a
f | fd@icel, off 2191 OS d‘d(impo@ﬂfoh'ddﬁ'b@ akde ffor exﬁx%bfer Rﬁl)%ﬂre a film that
heteroaryl, or conbinations thereof) but

suBelifles eymnall malecels heving groupgiin temmen mﬂr@p«vlymﬁer cEhedgmilar

R bl g By i o SRR T oo Rt oy of he

a ceapoondd<ianocsmpdshtn. i s a pol yner. The first
corrpouglg has .a first aromatic core ﬁ% the first
conpound@ gRatien Plipe Bedftbsmboginpend, tﬁ% fifst lead gappiye group or the

WNREShdAndl ﬁlﬂ% g ?)%‘ém @51‘&@??}% &Jbg%gntQH% 1;1a@§1ﬁ§ i¥'fhe other end

i denti cal pfng groups
I gapping rgrcmpoduanothér arigtom reth mmdappmgtgnMpslcaﬁ hwﬂﬁﬂbautuents
mer 30 t at C??'L gceny adi cal. that incl udes

fiyst
t Wbt SR R ot (St & Okl vaEy. e fuoro, fuoroakyl,
C QR fAidRSalRyll H&ér"éﬁl'kylb‘%ete?dﬁgylp‘gnd &ﬁlllﬁiﬂﬁﬁ)n@dtﬂere&}’&ﬁ the substltuents

conposition can be” used exanpl e, to prepare

f icercontain 4 @&@d@mmbésrwlchrbmlam e having groups | n
COMMDON 1 4 thirteenth embodiment, the composition includes a first compound
according to Formula I, a second compound that is a small molecule, and a polymer.
The first compound has a first end capping group and a first aromatic core (e.g., the
first compound can be represented, for example, by the formula Z;-A-Z; where A is the
first aromatic core and Z; are two identical first end capping groups). The second
compound has a second end capping group that includes the first end capping group 7,

but a second aromatic core that is different than the first aromatic core (e.g., the second
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WD 2004/ 096948 PCT/ US2003/ 032047 -71 with a pol yner.
The comon groups can enhance the conpatibility of the

w@oopouds in the conposition. In a variati onP@f/US1963/032047

el eventh enbodi nent, either th®first aromatic core or
the corresponding radical in the second conpound can

C QB bﬁhcﬁcﬁ%%ﬂ#eb@ﬁd tdakamplel B¢ l‘ﬂeﬂﬁrmﬁlalm B-76 wheheB is the

nol e I n anot her varlatlon E) h the first aromatic
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f
t yigdackinggin theypthgy moiefy. iy fourth pggrwlonago;g thy Ew 61‘)o§}1atlc core and the
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s u(ng j etlldﬁnilkenyd,aﬂk@qnaa/il rargoxly, filuora ﬁluomnﬂoé;pe@ﬂu@aalbbln
thirteenth e Ddl

t
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or the correspondmg radical in the polymer can contain a substituent that is lacking in
the other moiety. In another variation, both the second aromatic core and the
corresponding radical in the polymer 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 fourteenth embodiment, the composition includes a first compound
according to Formula I, a second compound that is a small molecule, and a polymer.
The first compound has a first aromatic core and 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
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The first conpound has a first end capping group and a
first aromatic core (e.g., the 30 first conpound can

wheonepesent ed, for exanple, by the fornul a ZPcBUZI003/032047

where Ais the first aromatic78ore and ZI are two
identical first end capping groups). The second

C GROHAHatteSore af® Z0RE tveh e AP FiRg e8d OAfipiddgloups)c Mhdescond
the first end cap(gl ng group ZI ~ but a second aromatic

c ompphad hiss scondbamematic kere thatdnglpdesithe sk aromatic spg but a second

(e. t.he sec 4

o8 e B I s RO A R s ol LR BRF A, he second

f Q:fom-zﬂoanczearﬁaezr% prdseited, Bot sxatiipie, by elofodmatotet ;€ wimr@Az is the
and Z2 are two identjcal second end 8 gln grou

. et UleRsOmZIC Coip @G YoRIE §V R dtenfiral Sem ng A %&OE‘H% rﬁnd A

! m%lu r& Cf,l"hgg Ef‘f&q YWethe (Pé ﬁrgfbgﬁ&r of athhdth& hftdlre that includes
i nc ? nononer t at contains a radical that

I rwﬂmdmm%ha thatr @intdinsa divalehicradioaleofdhelfiest sad mrp@mg group and a
non t hat t

oo R B b S a2 BB S s .
c

C L Bl By P or i A e B R fon e @l uhtain the
a 1adkplos;; 7 drchedes auedlcaismz and_) 3 énchdss e radiealpd apaSacka

fi ﬁl ﬂmmﬁt?f;%top Iﬁ;gg ggfe ?r efxa ? ol lefaégé?qm tﬁ%gclg{ié)s%ﬂﬁaﬂl tHolecules

e nonone

t?ﬁBH{a%e s $it BdrhAon Q)hﬂﬂd)ﬁolﬂlﬁet forled by &élﬁtlﬁgf'&iel monomer mixture. '
ecul eS and the simlar groups between the small

moTlecsiindsr gnoups betwepmothgriwe seah moleaescand flae similar groups between

Coﬁr}rﬁg Fg‘?ﬁil}rl}filﬁt’ ffs oall?dl'%g Pﬁg&gﬂl : tegg&%c{?nﬁ%g&‘gpﬁgiﬁ%ﬂy% the ddmposition.

first emch G&RPPArDGioHS R Purtedniiceabedindne tick Mpapmmgtlc core or the -

group can contain a substit t that .is | in.,
O o i o B gt e At B RS BBk % oter

© nr%tog pl'n”a%e?&?&@ﬂ?’m‘ﬁ%ﬂ ﬂﬁ‘ﬂ\( qusfﬁg’rsefrt 0 ﬁtgcf‘ tote Jiﬁd tﬁ@%or@ﬁl%ndm g

‘samnme al kox
ar yadpayin the sseood céﬂnpommhtahayiave sybstifulents rthat lakeydf, the same type (e.g.,

het er oal kyl , het nb
F halkeb el ks, Ay R (R PIE Ao DRIy tteroalkyl,
c aﬁ&%a@tﬁ %omlbﬂlaﬁohg‘ﬂfe%o%dt Bl ABstitBédtH€4n ddhenif bdsferent number

aromat1 ¢ core or the corresponding radical in the
pgbﬁ/mhsoncaums oht athirdevagiatien.icitherrthe firggend FapiRE FIOHB OF the

t he ot her. noi et

fi F@?CSB?IBH%& {n@ng%arlfénq&mc&czﬁ h‘f(flr& ?%%I%%n Flggﬁpg%ﬁer rfnxture can
I NcdfiSin ALY RAe S fhan @ @ackitpsih ithd l@héSmbiaat. Iarﬁoofth ixgation, both
same type (e.g., alkyl, alkenyl, alkoxy,

ar yHediyt, enfllcapping gf(}up@mdéhekg,qrrespg}(hm gj@pgg‘fqlmt radlcal in the first

B e e

c gﬁg ﬁrgbfg%rglgow fmomaﬂkyl pafla@baliyl, hetetdatiyl tHeerseyhnd
combinations thereof) but the substituents can contain a different number of carbon
atoms. In a fifth variation, either the second end capping group or the corresponding
monovalent radical in the second monomer of the monomer mixture can contain a
substituent that is lacking in the other moiety. In another variation, both the second end

capping group and the corresponding monovalent radical in the second monomer can

have substituents that are of the same type (e.g., alkyl, alkenyl, alkoxy, aryl, aryloxy,
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or the corresponding radical in the polynmer can
contain a substituent that is lacking in 25 the other

worRi0en96944 n anot her variation, both the secondPEr/UsEDI/E32047

core and the corresponding radécal in the polyner
have substituents that are of the sanme type (e.g.
alfm&o @411%&6%11{ Bh¥ieroaflfyY | R¥efearl], 8P E6mbinations thereof) but
fI'uor ca erf uor oa?,kyl het'eroal kyl, heteroaryl,
orthe musumams oanscctmen eaﬁljfeﬂ@ut nurhieer 9fiBaDPR AOMSs can
cont ai iffer of _carbon
re%g ﬁeéﬂpn t;ﬁ%wg rrgpl S wh&E gt‘:%sﬁlg?g)odl}golﬁld has

fourte |on|

f ij8&tticaAAHPFing 3EsRKd Sﬁﬁllilfbxﬁﬁl 184 ligchhde thossdaavidch the first
conmpound that is a small nolecule, and a pol

f mompogodmm -iferficgl end e&ppmgoﬁ?alﬂl?ScanééP%S%ﬁ aomp?lgldql

n can be
r g‘?‘ 5%1 a‘ﬂt‘ég Poeé(tgea% Ol}é E@h? %léa ? %‘PIP %g % %@% -Z where
A is the dﬁ@v@&ﬂ%&ﬁﬁﬁﬁfhﬂxﬁ?ﬁﬂfé eiGRASY @B&ﬁﬁztﬂe sec@®d E¢mpeund has two
aromatic core and Z are two iden irs

c aPicapPIBE BINYEY-. ST SERDRIES 1 56101??& h é@lé{’ ‘58 gesiogd compound
f
glrjlfag%% n%%:i]';ﬁ cé}%gh% gﬂ)ﬁk n%g ?xgorr% Elgantt{ﬁlgt%Bd @ﬁ}%{% bfoup@r e

econ I's erent than
t he fi r'Blie #bodle embpdmgng;rp:rupde engnples Wweere dbwospgond compound has

d b
F ARG SPGB OREEEToAd B €04 R € DR PR T cpppgund can be

antﬂe YarftE Br divfer ﬁlﬂﬁﬁfﬂ &Rh oﬁﬁ‘e? 0NN Ex&ApIRs HELEIAbEE;in &Mikh at least
I ncl udes he polyner is the reaction product

ofor& ofmmmircappmg greupsihas sireatighsimilagities todhe fgshgprapound.
that contains a divalent radical of the first end
cappi ng group and a second nononer that contains a

d'@?ﬁﬁﬁ&Eﬁ&ﬁ‘oﬁi’dDﬁlcé&e second end cappi ng group
(e.g., first nonomer can contain the radical

an d th eII‘g@l@thﬂ’j aspsalo therpreseht By RRtHADPIOHECS O SAE pkeg}roq&g devices that -
U L,%%gﬁlpgur{f (()jfI ﬁo%lnu JI &" co?rﬁ)%gf{ Bnd {111% i'ﬂ?ﬁl%le 3 cb 'oﬁﬁ’ti of Formula -

nposition ca use or exa
t OI p@ﬁg@ﬁk%l@n{)hﬂcmf:vfcai aﬂermtlm]ebeuhatsmdhﬂe hilyblscxﬁ Io%amCt Ilnattenals at
have groups in common with a

r e}e@s&t,ong of Whichsan sendyet a1 E],e%trlc cu Ergcl mfeéro?grg%lbcselectromc
@M@e@ tﬁ;{E Carl E\leapyl]élflgg{ee&)% n@sn& Jolf}ﬁ)o&'u@hi 8f tht i8Uition

ween he sma ul es "and t he pol yner can
enhﬂmde okgmicctepatarband dipdes, phﬁev@m(b@aqusmgams elegtrgluminescent

first riation of the f. rte nt h

IR peehe st Hiphl om e sdeR POHFBR anf I ke
conpoungyg 3%&19 RiRtBnR YRS chi HEBH ofdanic el tloRtinB@ehttisplay or
t he ot her lety. In a second variation, both the

fi deticearAsveseidhernn, eoegamoteﬂectmbrm@giy@mn%) digpaysgr deyices” refer
t he élglﬁ@p d Bgng glatl aﬁdle] %h/%rga%lcsﬁgh"t gfﬁﬂhﬁg %?etrla%ﬁldg&flched

between an anode and a cathode. The light emitting material can be a small molecule
(SM) emitter, a SM doped polymer, a light emitting polymer (LEP), a doped LEP, a
blended LEP, or another organic emissive material that can be provided alone or in
combination with any other organic or inorganic materials that are functional or non-
functional in the OEL display or devices. The organic electroluminescent displays or
devices have potential use in applications such as backlighting of graphics, pixelated

displays, and large emissive graphics.
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al kyl , al kenyl, al koxy, aryl, aryloxy, fluoro,
fluoroal kyl, perfluoroal kyl, heteroal kyl, 20

whedoeoo@ms/| , or conbi nations thereof) but the PCT/US2003/032047

substituents can contain a diff&-ent nunber of carbon
atons. In a third variation, either the first end

c appl Ng RO GEtfendret alhén "Elecrtfcﬂ@mmmdﬁge oeagaet Polgaietsz| Nature,
first nmononer of the nonomer mi xture can

Icgﬁ% 131419 endribering mechpnigmeofieleckphignipescente asip@uding the
”D“l‘ﬁfe\étmlll Bt éleétﬁﬂl@ tﬁla) Qﬁé élgét%e gﬂthgles tf&)?n { o%ljier etﬂg c%%}]re of

cappl ng group and the correspondi ng nonova Fent
I noppusitély chbrg2d carninsrsr-caltud kevmabinatlisi)] dndahe sadinibke datsy of the

of the al kyl , al kenyl , al koxy, [,
ar %%5@9% F%%gle S%t%gﬁxs% rp@;nrodqfs@ by s FgPRpnation prockss.”
het er oalrky byoahiRleRicBBIhineREnt Qgﬁg P?@ﬁdlé@ DR ok ecre&%ssﬂ% tlement.

the substituents can contain a erent nu
c al’boorganic@myssivereleméntfindludesra thin layer, ai layees, dfloae 9eomnelsuitable

end c [ .qrou e corres din non v ent

© B ER %L St Mt RS B & Dtgpic emissive
CagleRRht §hidaldy vﬁzébékb&@&?ﬁanstpbﬂtana %oie&@iﬁlslgtﬁt hdwti §s light
other noiety.” I n another variation, e second

enemisgigppWipngctvgiediniectings @r@rlmestp@ irdo the greandy aiméssive element
have substituent

r aﬁ‘l r%athe Cﬁ o{]ehan%%%?es Btrenlt%lgé%:?éed’ 1agoatrl]13 lOF(%fIHIC C&]{nﬁ%ﬁ?{ Flementsfrom the

t hat are‘d

al kody, Bidcyrons Rk @ the O Othi 836 @fPnent as radical anions and holes as
PCT/ US2003/ 032047 . -74 fluoro, fluoroal kyl,

pefadicabsasiong.y As thedpisetsd IcRguges mgréﬁedaquds tl&cpposnely charged
CBpURRRL 0%, PRk b aSRE R LIS BufRl gty reered

entmiacrmm Sl“lmrregmd ef éheateplicesn whérhethé h;emfotns ate genefiiyformed can be
has ent i appin s. Simlar exanples

| nidfeitRd Do L rP?P'ﬂm alipn frer [Thete XIS RLERTCH slate species, can
NOGmit @ﬁargz GRthe GO Sﬁﬂgﬁt% QiR 8R4 tb Q%r&ﬁﬁ%‘f’zﬁe

conpound struct ufal rities t | 'east one
of t he $h¢jongamp|engssgwe(ﬁlgsentTmcabweluécstﬁJUghtennmng layer. The

d 1 d d has. two. .
b S Thie S s R R oGS S RN G it Bivgng potymer
mbmllgm@nﬁ@l@g @ﬂlan FISSi] Ttﬁdﬁgh@&hﬁtn@é‘ﬁy&'@tﬁﬁﬁ?}w #@ludes other

group or nore than two end capping groups. 10 T
ab@geriglsbsgh asrfosexmnle, d@leetxmm Majial.elqckron él@nsmmt material,

gggg?%ggolpﬂl%nc 'bﬂmfﬁg{ I%xga%ls o d&gﬁﬁ 2 r?g ch‘egcélr_lr‘gfe:ﬂlglpguntgé and

or calof domwedionfrhNeni Aachh %tﬂb%’mboﬁluﬁbﬁt@,ﬁh@ﬁ@lﬂ'@nﬁ&lﬂgﬂﬁﬂfdﬂﬁiﬁ:ludes a
those in which at |east _one of the end cappl ng_groups,
haSemBRRE Peeating o prpyla Lo Eok gxampde, the ight epmigag fyer ¢ include a

o &ﬁﬂﬁ&nﬁlag&ﬂﬁﬁg L& RIS B85 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.

Other layers can also be present in organic emissive element such as hole
transport layers, electron transport layers, hole injection layer, electron injection layers,
hole blocking layers, electron blocking layers, buffer layers, and the like. In addition,
photoluminescent materials can be present in the light emitting layer or other layers in
OEL devices, for example, to convert the color of light emitted by the

electroluminescent material to another color. These and other such layers and materials
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In anot her aspect, the present invention provides
organi c el ectronic devices that include a conpound of

wao-00ap@48 or conpositions that include a conpPCUSN3/032047

Formula:, 1. Organic el ectrom/6-devices are articles
that include | ayers of organic materials, at |east

ONGn BE vt GRS @O HidGlecdnR! R6pdTiies Sidielntior Exaapiyefed OEL
of organic electronic 20 devices that can be nade

usleniges foe cxamplo tm aghiae acdnisers Uy ObAgORIRONSG pelipiresdevice

i n¢clude organic transis . i 0 ' ;

R EERey AR LR E bR BrERe S, AP Rp ) e Bhbodimens, o
S UdlhpRen® hedndigg td Biinugdi ¢dn egndivdetes thedefdisgr laymndoft the light

i ke. The organic el ectronic device canige an. or.ganic

el arisyivs elgngais dB thel EEBPAincsfs, atdgdst e ohdestthHeTHAYES Hl’cludes a

" 0L i ' | Vi§ G8iht emittin
S SR QLPIARRE Py PR iR atpogn i st cmiing
orgaptisl, h chidite eamgpbiting matealj athagnbiecking dndterialeerelenconversion
anode and a cat hgode, The Iiﬁgt enittiégfpateri | can ds or
bemicxi A POlyBIGEie Rler, 0SpCoBRAGR theredvERD et blg i gpmpounds

a l4 itk bE i i iR kB trafsport layer, the hole
bl Aé]hjgg) 5“%@%?’% g‘?g‘é‘%@?ﬁgr%o‘%% %&1 e%ﬁ?@s i%v e mater ipal t% at

c aransporp tayet, ded camnbivation thereof.conbi nati on with any

ot her aorganic qr nor [ terials .that.a . .
O e T e AR bR e gpesnc
deyhk§9e elEHRnPo IR UrEarfit SlettcsllitieResE asticélt &beay Molkicularly doped
devi ces have potentral use in applications such as

bapdymghwherg cbirgg capying end/pr saaitingepeciss 4 digrersed ig a polymer

| ar ge. emi ssi graphi ¢ / .
G 3 SRRV RSLIR SR i o Pt
" BVRE R UTich@SmenPanérBcant (1) 3503 5Pl 99); 5,conjgbtad @plymer or

397, 121 (1999), describe one nechani sm of
el light ealitting polisess CbERs Where 1aygrsgf Robwmers sHehedst i on of

el e n f
R T
r eHal) D &R. iBaigent, 3 Catibki, Nadl. é]ré:anfhame Rall. Bfienh 8. €. Morgtti, and A.
C oBoroimat gahpretausand e bRgne B RERr b dvgated
depj)lgﬁlei‘sr)c i8S LA FIMISTE, Q 3810 (3506)§, LYHIE Bépositddi¢nall molecule

organi c enssive elenment includes a thin |ayer, or
| ajeemstrodtumer(scedy. Sritab NowiSt06b1569, ocormatatedit isfarencs, and C. H.

sandwi ched be cat.hodeand an an T .C
e TR T e st R
t 1 BREROfukniANed MRediIan MRRESmABcR $yragosid, gPs, 1148 (1997)); or
em ssion. Wien activated, electrons are injected into

t hearbrganinbinatiosseftbessielanesis. from t he cat hode and
hol es a@%hérryx%%f)lgg of BLEDk I?Scl&c[egl?gﬂt Cmfiting SletfoflATER Cells (see Q.

fromth
Pei, Y.Yang, G. Yu, C. Zang, and A. J. Heeger, "Polymer Light-Emitting

Electrochemical Cells: In Situ Formation of Light-Emitting p-n Junction," Journal of

the American Chemical Society, 118, 3922-3929 (1996)) and vertically stacked organic

light-emitting diodes capable of emitting light of multiple wavelengths (see U. S. Pat.
No. 5,707,745, incorporated by reference, and Z. Shen, P. E. Burrows, V. Bulovic, S.
R. Forrest, and M. E. Thompson, "Three-Color, Tunable, Organic Light-Emitting
Devices," Science, 276, 2009-2011 (1997)).
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anode. Electrons reside in the organic em ssive
el ement as radi cal anions and hol es as radical

W@ 200409948 As the i njected charges m grate towaPdBUS1963/032047

oppositely charged el ectrodesy7ihey may reconbine to
formelectron-hole pairs that are typically referred

to 15 @‘?’tygﬂ‘&! LR fod AforoBfic QRec@blubtifesdentideeict fis Mdilmhtm—omde
the excitons are generally forned can be referred

amcm)espu@m@cmnm {rs paishiesubaie such.asiplasts or glase Mt?‘éla substrates
Zér? ’ﬁ%ey %geécgélpka gﬂasst: graggpéx?en?r sr!suHP gsr%(g'ﬁ/g'reﬁfals Ip'oi%mhersulf_ones

ePofthRnsks, 'ﬁé['}esie}@ ip6B/ktyYattd) ahdl ﬁﬁsnﬂnb mghﬁlagm fﬁltns NBrO coated
| ayer. The ght emtting |ayer |ncluges a

erhatrisr rﬁlémﬂra@@ asdhe Blastic Egméfcmdeﬁt@r aralePledsep é?\/g E‘B}ml Hystems
or..a. ligh I h
B
f atbexeRdsehari@l ;ﬁopdrﬁmpﬁmhmgﬂtcme pfithe pebtectiveojor counter electrode)

;ffﬁgf r{%é)éh}%ﬁ?)ﬁ; Igglglaﬁhtgggﬁg 'gesg Y r§§r | ¢ ol ng’ﬁ ngaﬁ/\é%a\{lammated to a
¢ oﬂo%{megr%’%%’xfér%Ptﬁbt{é%t‘?ﬁdtﬁjaﬁmtégﬁtyﬁ one e ”b odi ments, the

I'ng Tayer i1ncludes & conpound accordlng
Fo r mul al'le anbde mexeriab teqting e $ubgtinate éndleatiipally cay)é]actevgﬁmd may be
Ia gggélggl&ggé%e%gb o gfgttfa?ggﬁ)airr%{t gg-r ?C&H o t% L ifh1d¥ldde materials

mtt I'ng

a{kﬁl@ nditfin %Qﬁfe?ﬁuéﬁtﬁe"tﬁp&ﬁﬂé (KX OMe%iat baide, 'aeuﬁhﬁlhgexlde zinc-tin
ocking nmaterial, a color conversion naterial,

podwdm gokd, plandam, patadaume sifisitrriberdngh Werkelgnctiey metals, and

| ayers can

RS B DT b ot BRI BRLE ) 0900 A ot
| a%ﬁfc%aolﬁﬁéx%ublﬁ‘h@PEqubﬂPa%Nmo helpaslarianize ity @xcfacoand to modify the
| ayers, " 30 hole blocking |ayers, electron blocking

| agféactiye b’@ﬂf @lﬂctlgls'@fgle agPde-t he 1ike. In addition,
phot ol zg' i gﬁltod udQ:lo%v Gtk ﬁ%etﬁ’éﬁ@ﬁis duh &Y ﬁluh‘hﬂh‘h barium,

emtti ayer or er layers in devi ces, for
exeihd, sdrﬂarﬁmlil\&ﬁﬁgnetlhm md)\reo,rmagnelsuugmﬂvenalﬂ(z}@dhtﬂay,lm,ﬂghlum
el ectrol um nescent. nmater {‘FH{ ot her .col or. These
anflugridee yiterhivmn. aag @Heysgifa F@gvﬁﬁl%ow 096948

PCT/ US2003, @32081C of 2 Hevicd @trﬁ&m‘ésﬁ%uﬁeol Ahuk@iteOsin OBDAIisplay or
the el ectronic properties and behavi or of the |ayere

CEllevigkeMi0cthat ihdudexadpliee layerddf |agd:@ sabsiaty 128 Any other suitable

current/vol tage respo eS|r d

ef FFEPEREPPORTIEL FRABE Giened FALEHAGIOF Foprionally. adgitional
tﬁdak@lemleﬂts%? Ehe® ObAsRMISTe f6F us€ Mithilkvtroairadispdaysgdevices, or

to ormul a can be included in these other layers

t hianfisgian bg pemué@i heswednediemay 190hanst Heweraasiionnéieg m‘%‘fated by
| east ﬂ of t e other layers includes a conpound
ac OB glefnsn'i: lal as well as a second conpound

that i sfsdhdéhbsdidchisnike the one shown, device layer 110 includes one or

more OEL devices that emit light through the substrate toward a viewer position 140.

The viewer position 140 is used generically to indicate an intended destination for the
emitted light whether it be an actual human observer, a screen, an optical component,
an electronic device, or the like. In other embodiments (not shown), device layer 110 is
positioned between substrate 120 and the viewer position 140. The device
configuration shown in Figure 1 (termed “bottom emitting”) may be used when

substrate 120 is transmissive to light emitted by device layer 110 and when a
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material, a charge transporting material, a charge
bl ocking material, a color conversion naterial, a

w@eiogoeoiue bi nder, or a conbi nation thereof. FBCT/US2003/032047

exanpl e, the conmpounds or conp®sitions of the
invention can be included in the electron transport

4 Epardn? BoltRlcGve Be n%t'f&i’és.i? Qfshode@Y R the RFvic® beRidenBd light emitting
h er ep i

I'n some enbodi nents, the light emtting
mbzh}ec uf kheldnv:llcel an@thersubmt@rlglmmert@m@@g\;@uén éieeped gpp

an r rrP§iy J&‘gﬁst&r‘}%%g s{&ﬁgfa%\}]%(? o€es %)g rdégsn%og ?rraﬁsrmt the light emitted

fb?/tﬁé d8mkd lbyéirgma REEEIBEroleRlispoSdiEtictwecd the aumawmﬁ the light
rix (see J. Kido, "Organic El ectral um nescent

dewiitiag |8t efithsepisk yines mq:e trpg st sy gt smitteg) yn g deice.
Pol'y nelDe%?ée n}(l:eg‘r} 16 car? 5%11§d%5<)ng hPRibkd ?E%P@\%?er e d in any suitable

pol yne |ng polymer yers
of mAaRkd MBdrexsmsle, ﬁﬁlan‘@ﬁipphmﬁﬁy (e ebiciiblem )r laptid alsystal display

}-QECS; %E@gd%t@%? b{qyg@i@ ae? S:l()e &é&{t Igfr)]gqtftl?ta% stgglﬁgggﬁf?g}ﬁe qggt spans an

t Bth Sbplications, device 1
el S haciaflgt B ot Rty iy el BBl yies v
Wi 1100 risghi cugnaﬂitada ZPluRaity okclescly Siruced Solicas tFatIcms be 276,
13- 20 (1996)

hétoetceamor%%%;llé a‘(téVéiEﬁdu %gggfrsilalt? ¢ fﬁf?%l?}l o 'c?osely spaced red,
:%Qéép Q@C\?f)]%g 1124t érﬁiftt%fse&ﬁ%e p%ﬂéi’ngd bé‘ﬂweeﬂﬂ&’ﬁmcﬁ el3hrodes so that -

Recent Devel opnments in Ml ecul ar
chaame dayeE(l é@appmlansmomtwhlte Nehtevhiealtbe emijtesy yaoriévaigdarOther

osi a, ; vari g i nati ons
geEent @@‘H’]@ %ﬁ % ?’ e%{gﬁ%f)gonte#‘%&%gg i ncl ude
| i ght W&&b@ﬂe@'o@%ﬁﬁe@ @ﬁ@l’@y%gbh@ﬁbhﬁ 1t(1‘ﬁeyi‘bé2desnable for device layer
Y.Yang, G Yu, C Zang . "Pol ynme
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2009- 2011 (1997)) 2004/ 0 8 1,US20
ﬁub@twpuzégan bk i s Ol BEVFOR TS Apglicatons.
ah'@le’ ngdsgrm’ el 120X h&?ude(élé@@) 1SR M4sEE st oPiEr@uidable material(s)
transp nt substrate such as plastic or gl ass.

Suitiabint eulsstdisilptregsparent to visible light. Substrate 120 can also be opaque to
visible light, for example stainless steel, crystalline silicon, poly-silicon, or the like.
Because some materials in OEL devices can be particularly susceptible to damage due
to exposure to oxygen or water, substrate 120 preferably provides an adequate
environmental barrier, or is supplied with one or more layers, coatings, or laminates
that provide an adequate environmental barrier.

Substrate 120 can also include any number of devices or components suitable in
OEL devices and displays such as transistor arrays and other electronic devices; color

filters, polarizers, wave plates, diffusers, and other optical devices; insulators, barrier

ribs, black matrix, mask work and other such components; and the like. Generally, one
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i nclude, for exanple, glass, transparent plastics such
as pol yol efins, polyethersul fones, polycarbonates,

w@oloyestods s, pol yaryl ates, and pol yneric nul t i PEHE82003/032047

films, 1 TO coated 5 barrier fiFMs such as the Plastic
Fi | m Conductor avail able from 3M Optical Systens

Di b&f ﬁliobelecSMdeﬁWﬁl b¢ eadt@al) dépdsived, panerned) @attkawise d1sposed on
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PANhen detied bO(blS atr’mklz@tt Rae oumosE BOlarizers or piben §lgmens can be
IeLféfeOCJt ABHNPLK hd &B adt an@ﬁ‘e%&gl‘ra ht HX%C? %0 Cf&t R4S, an

["OwW Wor unc I on S SU

baabdoming 6aletlettife GediBilip poTariztag AdBiiatvels] bvher[ dev1ce 100 is itself an
magnesi um sj | ver alloy I|th|un1 [ithium fluoride,
yt tnfprmation dispdavarleripat b0 e includy LRI S iPQlAriZow, Wave plates,

antogﬁggﬁe&s %m%ﬂgaw C&aﬁﬁgsi g%ty $fiud é&}é]'hﬁ% ghéle«%ﬁ)tn.rs@fe@ﬁs,

spl ay device I nclu evi ce
| apepghtihddld eahahcamsmttfslhrsabmthé’zﬁ)pmmwompmentsmdaabgse user interface

dis l.ay copponent can also be included with display
E%‘t?rotﬁgﬁ)ﬂﬁ additional optical elenents or other
dev' ces pitikdsatd & A191GeWxhpRk ©F BiffRés GRS aé@y@(for  example, an
devices, or |anps can be provided between displ aﬁ A
at¢

andraanisiight pogiing divde@nfiguiatidnsel thel prepentdgvastiono

e SPEEorapaing B SIS JafaRshond £, iR 3 L AR a g

t hafnitgig ta ilkt Y. THY 1044 Bmiithifg $YBEL5RE M 10elvaé 8 cBmpb@west Formula I
posi tion The viewer position 140 is used

geReR Ferapesitiencaniriniagreomponrd ehbemudekm ombisationgyith a second
ggggmﬁgﬂndttﬁg 1L agﬁérgmgﬁsg)%hﬂ(‘g[arflggnﬁna af g@b&%ﬂfﬁ%%atenal a light

creen conponeén
el emlittiog ey, Ia%lorQi)ntrdfir@ioh infeerial b goliveerie bindeli, oeatsmbination
(not shown), device | a er 110 is 03| ti.o %@et ween
sublsrgol dhe opnfigvaations of Fisness 4&3@94 13 Als decludgphele epsport layer

258 and the configurations of Figures 4B and 4D include an electron transport layer
260. These layers conduct holes from the anode or electrons from the cathode,
respectively. The compounds and compositions of the present invention can be
included in one or both of these layers. In some embodiments, the OEL devices of
Figures 4B-4D include a compound or composition of the invention in one or both of
the light emitting layer 256 and the electron transport layer 260.

The anode 252 and cathode 254 are typically formed using conducting materials
such as metals, alloys, metallic compounds, metal oxides, conductive ceramics,

conductive dispersions, and conductive polymers, including, for example, gold,
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configuration shown in Figure 1 (terned "bottom
emtting") my be used when substrate 120 is

W0 e@asmssi ve to light emtted by device | ayerpdl/0SzN:032047

when a WO 2004/ 096948 PCT/ US2083/ 032047 -78
transparent conductive el ectrode is disposed in the

gdtmﬁl g L ﬂ@nﬁr e lcaR i ticAtum| Biafun®hittide 11€tﬁtiﬂnctﬁl oxide
a u

strate. The inverted configuration (ter

" ((BR0), Emdiing tiybyidentTOb and pdiyanidines IEb@ fpedee25220d cﬂléf‘e%athOde 254

d ot ¢ t the |ight t
R SR T b P P S B e o
angainBR, b Sdeor @@athbil® thaly deHideOd 1atyaeofcbmnmandm13a Ingér of gold, a

transmt the light emtted by the device, %/fr
11ayes aficalpismand aazero afspiaunER 1@@%9@@%%%%@@1% of lithinm

t abl
oty f G Gere R0 g A RpaGt BB Eniq Bl i
di spl ayrhe(HolDyarvpot i) 2581 exilitated thxten]edtidh afﬁIgJﬂﬁs from the anode
constitute a single OEL device that ans. an 11‘
i intertbie deiercaqd; their migiglion NW%&%@W mfﬁh’ﬂ&f’ﬂ%r i‘%ﬁ*ﬂe transport
aﬁ%él %? C%‘ﬁﬂthﬁfﬂét%? a AL gorg ?; £8 GHletdns Ed fhebBode 252. In

plu osely space ces that can
C %h&rmam@m,ahs hyleacspat kager 2@rcaeiasipdes forreenlamplw aldjamine

o rAER, guh B O S bPeE et R Ghi e Uil lsg known
th%:_]TP RN R-bRYERa 1RROS Wi ghéh(? YHehzidhe ((RPB) Wita triarylamine

eemtters re activate arrangerrents
foderiyanitd sgtitasapl 4 e htis OHN- chpf@nalagnn@@ml@ﬁﬂaaan%TA) or

d
pet e TP B R AL SR (D AR, Other
p| &adlpldsof latérePancael iy tadstileaampor 18k inhvdeaoppar
elenents that emt the sane or different col ors. Eaclng)- and

dephthdomagimﬁ (FaPFisdehi-Taisckpimhandarpineahenyl)bgnzeags

~su bt8$| xel r%)uads su?h )% ’h%tsg gesghﬁ&% g’yﬂg@dﬁ‘%ﬁ?mb@‘h’ Synthetic Metals, 91,

re a se
s umlsﬁgmmndqfv ?Gﬁetgmﬁiue,dP ditsypiayl, (€hayge-Transporting Polymers and

Ln}fqoorﬂ%g}ag%q%gémt tdISpI y) " 8 N .:._T_- rto?omc Mlterials and

eﬂa&l é%@ﬁ@&%%&dﬁg_)zss (9061)”9 back to. Figure 1,

I'sposed on substrate 120.
Substr aTHe élaﬁrmﬂmﬂspora ta}/esﬁﬁtfapﬂltaiGS&m tipétionfadeleciEpns and their

devi ce  and i cations.
S B AT TS e REPIOG P T S BRI lages 260 can further
Ot hehs § BhlrRPESG tﬁ@f)f?s%élgﬂ &ffhblestt(li‘ #He AfRHIS 2bstiaBédiRl] 1 some

transparent to visible light. Substrate 120 can al so
beexmmaniess thecel@roy tesngpicst Jayet60 chpbe é@@mﬁélw@tm prgagemetallic
st eel

Be E%B‘Emgéﬂﬁ(g ',p&hﬂq%yﬁ{n'gbfaﬁoﬂ&”' S(%Alé?)oﬁtheg %xgtrﬁﬁeé bf&ectron
Pafhhput ddioriad s Ontih blegtré0trSapag eaydt 260 include 1,3-bis[5-(4-(1,1-

dimethylethyl)phenyl)-1,3,4-oxadiazol-2-yl]benzene, 2-(biphenyl-4-y1)-5-(4-(1,1-
dimethylethyl)phenyl)-1,3,4-oxadiazole (tBuPBD) and other compounds described in

C.H. Chen et al., Macromol. Symp., 125, 1 (1997) and J.V. Grazulevicius et al.,

“Charge-Transporting Polymers and Molecular Glasses”, Handbook of Advanced
Electronic and Photonic Materials and Devices, H.S. Nalwa (ed.), 10, 233 (2001).

The present invention contemplates light emitting OEL displays and devices

that include a compound according to Formula I or a composition that includes a
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to exposure to oxygen or water, substrate 120
preferably provides an adequate environnent al

wh200nioeo48 or i s supplied with one or nore | ayePGT/US2003/032047

coatings, or lamnates that pr®li de an adequate

envi ronnental barrier. 30 Substrate 120 can al so

I nebmpeurANitcHidiipab FotmaRTiif @8difbn EOARROAN tSmPotdabhtds a charge
in L devices and di sgl a%i; such as transistor arrays
aniapPREingnaietitlon cearge Diogkiag maderinl, a kightiegpding material, a color

po i ) . i . ot i | .
oo eSS matiPE aofhitic hod (3] miBRACR! o D' B8 eppbodiment,
wo OELadidplayden eusideabapaneligis and ot hhe ddjdeent devices or elements
General Iy, one WD, 2004/ 096948 PCT/ US2003/032047 -79

or tpbFa @%é}@h@éﬁ@%@ff?m%ﬂﬁ%t@a X gfBplss ightf 3 shows an OEL
PahisBl, i WirhGaly SRR e Rhenf WD kRN 16 Bach oth d
be?c??éls}?’(g)})rtnﬁ%é t%rﬁn&i niyf?tgf Iaygr gfl Iayélrj;d of thzcleC et an
CEHisgesedem asubstdey B2@sTwd or nereladjacmt lgyents B10.cavhe made to emit

[ t i SS. bstrate 120 i d d th L
o st SORE, S ENIR SL Cotile Frde et and Poe, 0 s L Clements
or 3¢h GAIRIE RN BF SormpSitFRATER: PRI ayehisn.

substrate 120 and the emni ssive materi al gﬂ)iuare

pr ef er afflhy sepusspnashowa beiween glespratsehio is ustrative pprposes only.

ex | e transparent conduct.ive .el.ectrpdes such as.
aeer dr Ber BT fo AP dhy S SRR e HE pfferent
t r 3oHBAAE0hs ARG G invee Bh 486 dir&tiRARmtthd 33pagBulikerat Yor
el ement or conbi nation of elenents suitable for use

wi exanaele, dpafisrmgf paralifd viriped wansparest cendigiyeanodeepaite formed on
130 ¢ e i ' .

o BB BB RER A0 S8l 0R B o  sied
carepaetify patiethedf f2df yvear ahd blueghtradittieg BER 14jees, followed by a
back| i ght device 100, for_instance an absorhing or

" oFIgES PoerB 08 AN RS P SR SIRGS t<hiad RASISPOIGHASfp the anode

gggﬂr 8s. 180H B¢ .ngﬁﬁétfon%a%ﬁéguﬁﬁﬂi@tfb%ﬂr%%ﬁﬁve Rla8BMEplays. In

an 1 nclude one or re of polarizers, wave _
pl athes embbdinehtspaasspsientennidnetivesnbily padsgat ibagsqvided in a two-

anti-snudge coatings, projection screens, .15 . :

b PUFRTRS BAREH RO BRI BroGHE R B3¢ Bsging electronics such as
CORROBERToS traRatdrilGBpacidRy, efcNs8H ACRe sEOMILHRS maRingtddfve matrix
like. Figures 4A to 4D illustrate exanpl es of

di Hisptayat OORL layews, tnslyding the lightpmaiftinglayestg gan thenjbglepated or
cr kA% RSBhSa0 P! ARl 15 B BEE s opdimensionn

25Qatté con@edsiiaid, with tetaheds, &b4 ovartte anddeg bt cldftronic devices.
emtti ng | ayer 256. The light emtting | ayer 256 can

i né¥nycher suBe aprFUBELiqUS Alipgontemplated by s PsesepigAvention.
cont ai n gﬂ %né‘eﬁ%ﬁ%ﬁl‘éﬂé? dﬁEla§%bWLn?bé a h&lﬁﬁ%bf&?hisﬁ]ﬁy%ﬁ Qxemplary

a secon
embodiments, each of the elements 310 emits light. There are many displays and

devices constructions covered by the general construction illustrated in Figure 3. Some
of those constructions are discussed as follows.

Constructions of OEL backlights 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 polarizers, diffusers,

light guides, lenses, light control films, brightness enhancement films, and the like.
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conpound that is a charge transporting material, a
charge blocking material, a light emtting material,

w@2@elhom4gonver sion material, a polynmeric bi ndBCT/US003032047

conmbi nation thereof. The confi83urati ons of Figures 4C
and 4D al so include a hole transport |ayer 25 258 and

t hgpARAfibEILELEE At or Elhgl@rc@ﬁ)r‘lﬁﬁéﬁtéaéfﬁg!ldhﬁkéﬂd@m@ﬂ for example
el ect ron transport |ayer 260. These |ayers conduct

howksse fn emissive mafode ipproxided by dherntal shamprieanstst.dagination transfer,
r esggct | V%d ih Ak prgr%qpogr t%g 11% ,u deg{'aoﬁ%%é QOrdr ga!‘r%%zﬁ@? single

I nv e or

t h&tegrdda yeir Sampdthaiere entngé Int,’(ﬁllbélsof dldmlmace:tbmme tfyers

Fi gures 4B-4D i1 nclude a conpound or c osition of the

.npﬂétﬁmeérwlﬁseé isluged thetmal grangfer; eRd Wf}ag[%) SRRl eléctrode large
gé{ a%ﬁ)g and the electron transport |ayer 260. The

ano e “and cathode 254 are typically forned using

conduct Cogstmetiats dllew rasobhioaOketisbhys add myBide retealr [circuitized

c TSRS, an eSSt shaele TSR YER 01 Gdspart lavers, hole
5&@%18%}31% 518%51{% e%uo Pitygrs MQS@lQ@ﬂ}@%Ggﬁgr changmg layers, and

num pal | adi um al um num
c abthenjayers b chmiatemialst suttaibie unOEiLtdeintes Gangdiruetians gamrlise énclude

e Ao b e G s g
C 0fiﬁ'1'r§3 bhdheTREE C&;ﬁ‘)h@atﬁfns ‘iﬁl@&’decg&@phlél gldusheorTahps @€, icons);

Iayers For exanple, an anode or a cathode may
i nelgodeted allmaeumoﬂc displayn(ens. canpliandedinae mslﬂcagw)d small gronochrome

5 ST S SOy Rl o

ayRk gaipHicdngieNdt Rinpses Phg af b inteprated dispiayh(elze cell phone displays);
transport layer 258 facilitates the injecti nof es

f r orger e pigelgdisplavitiles (he aelrldy ghaody TOIrH o 529 Vmg a
t OW&%}B@@ anrﬁ&g%h @?Iﬂe@? GO Es ma)Be BRI foi Bﬁﬂ%f display used;

| ayer as a barrrer tor the passage
of anﬂ ectigriisflay iﬂ]mcammﬂe 252. In 10 sone exarrpl es,
;h Z, Q?nl %@Elsrtggapgsraéﬁ Iy@/ ree%glgﬁglé@ﬂ c!lislglla)lzjsdc%n maudee‘t))(ar%r Circuitized

Pﬁbsg &4 %nHE\—j:sh&itH&fé@}’ﬁ&le fbadNpoR i Sfehd) R rdb G EspditNSyers, hole

novvn
N NJedmlOB(layempmuw )mwmlayezﬁe pmmyfle)lais@m&, icglor ehqnghm) layers, and

m ne. - derivat |
4, g&neﬁfayﬁrrs Iag? Wa@r&‘lspwétﬁl%e %&_) (? vgc&sﬁ a(ﬁér}sgrrlhctﬁ%ns %&lfg\)lnclude
or olanzers d1ffusers hght uides, lenses, '\Eht control films, brightness enhancement
g - Tri s(N— %y phenyl phenyl am no)trl phen

m ﬂbm( ambLRA)Ke. (Améxcatl@semdh?ﬂ @@V@pr RS BEiDALEX ﬁwéftlcfg%rpr full

phfﬂgf %18513%0 hgtl% ( aﬁ@?ﬁ% maﬁ‘%&eﬂm tf&Sio&J gle fult CoRS displays plus segmented

1 3r Braphic A dicatbPhgiy (@l regtiadmydel hansgfenethi ¢ RAFRSPn devices plus
thermal hot stamp of icons on the same substrate); and security display applications.
One particularly useful embodiment for this type of thermally patterned construction
includes the high resolution transfer of red, green and blue emitting emissive layers
onto a common substrate. High resolution transfer means that the rms (root mean

square) edge roughness of the transferred material is 5 micrometers or less.
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ot her conpounds such as those described in H
Fuji kawa, et al., Synthetic Metals, 91, 161 (1997)

wW@nw4996948 Gr azul evi ci us, P. Strohriegl, PCT/US2003/032047

"Char ge- Transporting Polyners & Mol ecul ar d asses",
Handbook of Advanced El ectronic and Photonic Materials
anMetRétlsFov FabsicatihSOR¥aLagersed. ), 10, 233-274 (2001).

The el egﬂgl transport,. | ayer 260 faC|I| tes the

i njecti I @9peeht Ahsinypiionupyid °ht B JAT PiERAgOrganic

t h@leét?(ﬁﬁ’lﬁﬁie@&tn{ A&yié&n e[‘he-ﬁla%cgé ﬁ@fuﬁ@ Bn tof%fﬂtcooéiﬁitssﬂv@%%cture that

260 can further act as a barrier for the passage of
h olnelhdena td)mp@mdmfd-"@rﬂﬁl@, I drfa covepiopigign that isadades a compound of

?%ﬂﬁﬁg}l{{gﬁf fpéletgta{gs%g o oueé %?ng%égﬁgnttmg material, a charge
t I @l oﬁmgrlﬂdfé’l‘i’él' DEhREOD oBkiHI M Al A &b3dr cov&i8fon material, a

exanples of electron "transport materials useful in

el pelymeric bindas po pcolnhyatior @@réafic| ude

1, 3- b S*rge%g% il it ble to pattern on ers of

di met hy eSO FHRESRHGRS 11 & dpsiaghi fonHiers ot PHBRTAteTs of an organic

2- EleétphieaNdvide Htd a@uﬁﬁra(el ;f&'example to fabricate emissive dis é)lays Methods
di net hyl et hyl) pheé -1, 3, 4- oxadi azol e (t BuPBD?
ot f@rpa%@ﬁw@un@lgd@ ositivp danster, fq eyamplrelascsthegmal transfer

ot OB R prdtite, hidd BRAE0kcln FrinEERHL B B2
GI assesOne lalip@db@ﬁlhe pfesétivaveneadn pEivaﬂHerm‘thmlsafbdmakmg an organic

Phot oni ¢ Materi als and Devi ces,
zsgle%tmgievwem% dppeiset 1t prpRAfer E{P?t Eahe é‘ﬁ‘bﬁf%& légerl il ﬁfransfer

Maykd ﬁl M%c@&qﬁ%% E5RAhA%k a cBﬁJgHQﬁoﬁ‘contammg a

oun accor to For or a conposition
| ncd>mpkamdacwﬁdm@04mﬁﬁ9148 aﬁdZI/sejmﬁ@:@tr@)@Emmat }S&‘Ihght emitting

oun cordi ng to For nul tion to

oEBIRIRE 6 drep o r s aleen » tatte Bl its Bptaa color conversion.
nahﬁférl%l a p%lﬁﬁ@{cgﬁngéro&kd QTR RN tBéreof |Th8 ety dftprdifring an
material, a color conversion material), pol ymeric

bi nrg@-mc edactranic slebica andledes prepatog 2 dpnonﬁhéetémwmgu anfegipster layer and

S C at, e h have
caratung s ER8rS FlF 5w 2 e R Ty R P M,
havi ng digakiedu@nt 0y mrlﬂfmetlf(ﬂioﬁbﬁﬁiﬂg&ngﬁh@ﬁl&@trcﬁn@ﬂ@lﬁes@lﬂthe
CEL display 300 that incl udes a pI urali tg of CEL

el Bresent dnvenbon dpneartple. orgaitelestrlvmipgscenfdeiess cdclydes

0 .
S ugﬁﬁsg@rhﬁ% %EQ D]{ £B% ?%ng?% ggye?sg%}g%gé}g?gjfrﬁgﬁ%&?lg% THRMnethod is
ex degotibed mdforgkaﬁp].e, HIR] Pat. l]}&)s 6)BES,664; 6028, 4%5; 6/2d DR A2:56,228,555;

310 include a orrpo nd Qqr S f t

mORE S, 6.0, 5536 Dot 6 SH SAB I Bel Gl LB 4085

319 725 986Y's ﬂb O @%9'5‘9%7?%@&@3544@ L¥d in &ARERBE U.S. Patent

devices nay bé ‘sépar at I'n contadt, overl appi ng,

et Applicatiod ISbeE]I’NG)ﬂ. 09/853 062 09/844,695; 09/844 100; 09/662,980; 09/451,984;
09/931,598; and 10/004,706. The effectiveness of the patterning process can depend
upon the physical properties of the transfer layer.

One parameter is the cohesive, or film strength, of the transfer layer. During

imaging, the transfer layer preferably breaks cleanly along the line dividing imaged and
unimaged regions to form the edge of a pattern. Highly conjugated polymers that exist

in extended chain conformations, such as polyphenylenevinylenes, can have high

tensile strengths and elastic moduli comparable to that of polyaramide fibers. In
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conbi nations of these in nore than one direction on
the display substrate. For exanple, a pattern of

w@200alodehs st ri ped transparent conductive anodeRCT/HS200&032047

formed on the substrate follo®dd by a striped pattern
of a hole transport material and a striped 15

£Rick NWeal F@ féintioh @dsingthediker eeembll inaglniggiftlight emlttlng
emttlng LEP ers, followed by a strip dpat(iﬁ?rtn
c qrohookss cartlwec EREHS Qﬁqrﬁégreérqoemqéamﬁ&ff PeRbPdes fgrmation is
to t%l-b & chrera tdre'dggss‘on t%léqgngfeﬁgﬁlﬁﬁt@éﬁt A‘ﬁBth@PﬁarQﬁleter is the
suftehi e 1 or g passive natr I splays.
Otthk%ﬁgtﬁmsiﬁdﬂ:lbmdtfsnmddrt&mmfthntransimdamrlwé tlmmd@tplaﬁlsface This
can be provided in

t wo- | tt
Slpggpgtgg@ymngg%gg Ly & W?‘fm né)laffag‘ggﬁa Fmnali El(lﬁ%ﬂ %g transfer

sug r%ﬁdﬁ%r@ 1R sufREE transi stors, capaC|tors etc.
such as are suitable for nmaking active matrix

di spl ayls.sofk limstaricay; étris desirablatdi snlgctt the mategial onthet &wbﬁgate surface

Iayer can then be co ted or ed a si-nal
rtlgeogna@gﬁl tgg)eﬁ]éﬁnts@rrﬁ & Be? §OmpBl§}d;ﬁ) cg%poglrtlf)g eog HE p%esent

t vaéﬁtﬁﬁf‘ﬁicﬁ MRt thPRGHTHHY FSITBRBS WEdE S pitible tbhﬁlpﬂﬁ@dﬁ‘%ven make

etc over the anodes or ‘el ectroni c devices.

otmmbkauhuamu ansdersarratlaripetierninganetbodso n%Seaﬁp«r@nﬁ&e she materials can

3?)[5: %Leﬁ?eg céh {l]mf @‘ﬁt Lgil?tger(g%(?e OIIP nhqcosg %@%ﬁ’ﬁ%ﬁhﬁﬁ&&afxs %Blrﬁ](yre than 4 J/2

enRé? RN pefer@Bl§n®mokdithad batfe Gﬂhgl 3 34 Qetermihsd h¢cg>i‘d1ng to Properties

There are many dlsplays and deV|ces cons ruction
oeidtadyinerg. Thea f : : d b e.rwal Estimation

FI e%llﬁ ﬁF%‘g\g&o@r‘r}é@d&%?? %ﬁ%u%o(? 3 dgg :}Pn@ 'é@m@ié SEHRE%Y D.W. Van

i andifél%anl&@v@deidnrcelPubhm Bnbstsr%n €hapteﬂ7 qud@@szzs
cat hodes, hol e transport yers,, electron tra

| ayers, Tlpf‘oqoéutphtjyé@{qr%ﬁeq yaemgtenalé caybe gﬁ:{elin?ﬁngg ijlgglrfneasurements .
?thhé Fxt@ﬁ? of %gﬂlgbklﬁﬂl%v%lllﬁgoéﬂhe fhanal M ﬂaﬁ%@ bBsol Wk of differing -
ayers materials suitable in devi ces.
Conﬂﬁtnhqtpamtman ThE solubility patempistsef the pal yends fmw@wgs can be

SRR G bt of RBomIR. TososlIBsREhger b 8 Rated to the
PCI{S60 Qni?érg; ﬁoA’Zmd % @QEL 'v?ﬁ‘&ﬂeoﬁ% I el‘ﬂﬁn%b & ®,w/V)"2 For
si ngqe ¢o P §&° area single pixel 1a

exsiTidnes oﬂﬂb@rmola&ulmaghw daelmhmvad:nelrg,y ip mmsekyedlatayl to the molar
thermal stanp transfer, |amnation_trans

reb¢3épf geappeian tWbmrAgPording o gy &vam-epﬁkemm iRl -ofhus, Econ

© il R s PR BB AR LB the coune

' ayeihe vapitddsShRed afindtRRIT Wmpkia@th. t her mal transfer;
and tunabl e color nultiple electrode |ar area
| anps. Because some materials such as polymers cannot e evaporated, indirect

,..
,_.. <

methods have to be used for determination of their solubility parameter. To determine
the solubility parameter of the polymer, the equilibrium swelling of the polymer in a
variety of solvents of differing & is measured and a plot of equilibrium swelling of the
polymer vs. the solubility parameter of the solvents is generated. The solubility
parameter of the polymer is defined as the point on this plot where maximum swelling
is obtained. Swelling will be less for solvents having solubility parameters that are less

than or greater than that of the polymer. There are several methods for theoretically
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Constructions of |ow resolution OEL displays can
i ncl ude bare or circuitized substrates, anodes,

we2au0hoeieds hol e transport |ayers, el ectron tranrepUs1003/032047

| ayers, hole injection |ayersg85electron injection
| ayers, em ssive |layers, color changing |ayers, and 10

Oteh@hatiRy B SoRBHityBiraiefdr 9f & pblyatd ®aded dukthe a@liticesontributions of
Constructions can al so include polarizers, diffusers,

| ifghetiogal greups preseatin the polymer anewtbined in the abeyerdied felgrence.

enhanc nt. [ . ' .jke. ' - i
ar aphi OTAbesleebPe gaRey il s SABobAEL! A forktithe
al PERALIREMtTontat Pk ayRle @Elegst.in ppi by adleetive termal transfer of the
indicators); small nonochrone, passive or, active .
TERORIDRUE SpFIESSIESHATI AEHGER} B ASEPYegto 2esiged receptor

| i > Ip§ chin g ht emittin
parpEpE BN Rmpko aBLHE: SRS AOM RAUPEy LATRE Afeht cmilting
dilayrayis)donot siegearalrthen grloctivelyiteqpbieyring the digheeryittinglayer alone or

o RO i s S Bl 8

sui tablg.for guL49R rexﬁh;:%l@lo@)i thBfAl trafifist ®R6+EHeEY200 suitable for
di spl ay §pp||cat|ons. nstructions of high resol ution

Ohlse i gyl aysenciameritionl Fmobelement 24 incluiley abase sppstrate 210, an

bst { ) , .h t ’
o GRS FARER AT 2 PApLipa iy £ nein PRI fayg AT tayer) 214,
el fCddiRRal iRtePGdr2N 6! MAQS Ganstifil Sk 2€8 bawipiising & 0bmpound according

changing | ayers, and other |ayers and materjals )
s utFabinela ror@Eompesitien that @shtes g epmpagndagsordingto Formula Iin

i ncjude . pol arizers ' ' ' .

G o B L el 0B R ociin
anglatefial, bilisht erfiolg akiioans coloe bowersiot mverial, apatghare binder, ora
matrix nulticolor or full 25 color displa actiy

S, e. or
paensiiBatif therRolm PHPTeamRousHs, CQMPOREEPEY OF ?/aé!ﬁ'isef% alsp bg present.

SRR oA o IOk Bb oo 25, N

ranster o pl us
t h6,B SBEENE 24T 6 82,1 62522555 6,2281%83 50.881.p 2% ) 22 15118

ity displ licat t] )
earid S g SRS OB SO s S R RBP v 1 O 8% and
CoRghs UGS 1:98 in bAGIsUSRE U Sep M pphis i Satal Noaroshes3,062;
red, dreen and blue enmtting enissive |ayers 30 onto _a
C 08B, 690 L0/ &t el 00HDYHO, 8- 096453 98¢ BHE3 b9 9% nandk 4 0/0R44/06.

{ranst oEPLS N Ente il e AR AT Ry fed polymer films
2004{ PRI S ehipdRd @O dadfdifions 8Bthidihhanionf e be transferred or

Fabri cati ng CEL Layers Anot her aspect of the invention
pr saléativelyzransferied it the tispaignlayeigiregeadomer sheet to a receptor substrate by

glr hﬁkg't@%“irg@f%j%}se{ ?ﬁ t\éllfi Ei?)é()l’t %%?erﬂ%\ﬁj 265 th M) MDA hnd selectively
heating the donor element. Methods for the transfer or the selective transfer are
described in, for example, U.S. Pat. No. 6,242,152. Transfer layers can also be
transferred from donor sheets without selectively transferring the transfer layer. For
example, a transfer layer can be formed on a donor substrate that, in essence, acts as a
temporary liner that can be released after the transfer layer is contacted to a receptor
substrate, typically with the application of heat or pressure. Such a method, referred to

as lamination transfer, can be used to transfer the entire transfer layer, or a large portion

thereof, to the receptor.
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i ncludes a conpound of Formula | or a conposition that
i ncl udes a conpound of 5 Fornmula | in addition to a

wW@E ewangboeonmpound that is a light emtting nat ePCHUS2083/032047

charge transporting material,-8& charge bl ocki ng
material, a color conversion material, a polyneric

bi nder M&erials GRmMP spatdtOdoron el canlbe tﬁ%ﬁl@te&ieﬂ adj acent to other
applications, it is desirable to pattern gne, or

| alyagq:]gals)ﬁn ameq;pggﬁq) formggdiacenigleivicesriaensgi egiagent dev1ces or
at e f
SRR SIF Rl ), FRELARLG. SThS Formsrs dovor

t rsBaé edn bd wanséepsiplieclips topt dfe Dmlpartllzfl nséréymg registration with,
phot ol i t hogr aphi.c patterni n

g é{n printi ng ﬁﬁl af tn f
prqtl‘rrﬁrulzﬁ@rs QA eHals Praeons Bt 558 GPIQHE FFREPIF BY & ransfer or
%%ﬁ]t'%tdﬂ?é? nl?egfgf/d ge egs I%E)rtchﬁﬂégrﬁﬁfy, H@ﬂﬁsﬁﬂm&ﬁro@@ﬁ ﬁﬁh&iow mask, etc.). A

el ectroni c donor- sheet i s prepared that has
a \Iahal‘j&ffejthdr&pmbmaﬁbns off tavosfr emore Idayer sheets cautesused to form a

conmpound according to Fornula | o si.ti.on
c IRV a6 QAR HERh GG Ot 86 PRFTR T T FONAE Fav P ol il be
S %ﬁ@gt&ﬁr{ﬂﬁ%ﬁj@rtﬂ&ﬂhns Sf thebd GticeRNMdrt dthatdievitas & thelreceptor, may be

charge transporting material, a char ge Dbl ockin

nmefbenédain, whole of mpacbbwarysauunble m@ss mpludalgm_hp glpqggaphic
bi nder, or.a conbinatio there

prl\gﬁ%ﬁs?%gmgﬁet BPEETe ‘éa@to}lonl &t ér\rl)tl? | ncﬁ%u 3gd processes,

PreRahdrtdnderdRnaly 8Ra): nb@l»yl dt@e tacﬂ ansfer |ayer and
transferrlngthetransfer romthe donor [ a

to a rdadpgee @h@é@norngwaﬁai 10 @A bera Relymes hilm Yﬁ’gk films are-
Of SR PSIBR GoLleehblialfa @oukass of he  present

or exanp or'gani € el"éct r ol um nescent
devi cesln Fl@@ﬂelmlonﬁlﬁﬁﬂ&fl@er 2 by may beaoated oe otheswis¢ disposed
| ayers by laser thermal patterning, This thod

deb,eéwpq;)e%]dw}pr spbsiragsapdghe L TH! aygs, for eN@J@p go gglgr(ézj&at flow
030100 D35 4 Ty B g

5 Qﬂﬁll@’&S the&orfor 3%1698@ s@rmoh@@hng,ﬁ@%pmﬁsﬂ@n ar llmagmg-
SePRATIRDY SoeplssIRE kN Tufas PG ER b isclosed
09{n€{§§ PRONO08LIS 55984 in BHsHZRePOD. Parit AGpREMior B6r No.

The effectiveness of the patterning process can depend
updH74héldhysi cal pr opertl es of the transfer |ayer.

One par ﬂgelté&c{elr S%rtr he BEC? %tgnalg thk 1&1831? {ilés%g 'iﬁl:’c ﬁflcal or thermal

the tra etrans

| aﬂ&beﬁé?fcﬁt‘h@ Rb}oll@aks. Fbﬁ@ﬂh)pl@,hmgndehlayérl cag 1nclude materials that
di vidi ng i mmged and uni maged regions to formthe edge

of exhilpibie ey speciighday x(glgnqlnygml@m tmh@?@ug%\gty 1elatiye to the donor

xt ended .chai n, conf or ions,

pof‘ﬁ’ﬁﬁ%tﬁy LeiLan H?,ciieéﬁgeér mgya‘?] lhsgé to a c%%sgﬁeat ﬂow to the transfer layer,

St f#RY4MHlAH @ngioa@ &heclrﬂmgmgl senmma@ﬂbb dohar. t hat of

pol yaram de fi bers

The underlayer may also include materials for their mechanical properties or for

adhesion between the substrate and the LTHC. Using an underlayer that improves
adhesion between the substrate and the LTHC layer may result in less distortion in the
transferred image. As an example, in some cases an underlayer can be used that
reduces or eliminates delamination or separation of the LTHC layer that might
otherwise occur during imaging of the donor media. This can reduce the amount of

physical distortion exhibited by transferred portions of the transfer layer. In other
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WO 2004/ 096948 PCT/ US2003/ 032047 -84 practice, clean
edge formation during the |laser thermal imging of

WO e@hoews tting polymers can be chal | engi ng. HEBEUS2003/032047

undesi red consequence of poor &dge formation is
rough, torn, or ragged edges on the transferred

Padab&! Howé\fé@lthﬁiy PaaIRbR o b Pldyamdsﬂﬁmgmht pbntoreat least some
bond formed between the transfer |ayer. and the

r edsgpreci separatinnebetwpgnsormmangd ayprhdwing aging ffeagledy produce
th |
il BOGRIRHAL FREREALE bl ahnhl Sohie

| sfud@fdnl. delperation aﬁhﬁg: imigheg Ry elsb @rovdde ¢ beanmubfor tk@trelease of
surface and the materi al H’g ragaerre % lg di
cogAseRihal TBRY E%E?ﬂ%ﬁit?ql bihiging bk BRRS g AbEhE iBging. Providing

.Sus%ghtalgﬁ«rmntepﬁla Ld&blf%;lwgé/rposg e?erc are conpatible to

i nprove or eve t her mal transfger or
ot her pﬂiet lﬁrderlagernmwmjwbswsua]y tepnapqubiet, at thesmagingrwaretength, or

can el ected hat .the diff
SO RD b AP RaT A abeorHY s et oh iygaie Hfip, Atenuation
an&, refE &R o %X% 31{5] QadTRi 888 uRdelibiér & 3@ dselSto control heat

determ ned acco ng to Properties” of Polyners; Their
Cogemetativn dnring ithagthgni cal Structure; Their Nuneri cal

ot T o R CLABr Y AR TPt e prosem
Kr 8\V&d s to BbSSIY @4di Sisdredieryiut the Beficr sBeét’ Thi QH!HC layer preferably
Chapter 7, pp 189-225. The solubility paraneter

mainehided &radmﬁwb@b@mb@‘rthﬁfrﬁé’éplf’ﬁ sividenhEAdratioAe 8- 1%§f>r lﬂghé) and
f;{;]oggte%? zfttg %ﬁ“ UJP &ﬁ%{\?lle dthgra&atlfnli‘ gnt{)rﬁteﬁrtb @haﬂl@trﬁlsfer of the

ty paraneters.
Thears@dr Ui tﬁtom fh@rd@ﬁ'@lt Hest tefthet ﬂeeepmd v 8nitable hakk2layers are

can be etermned fromtheir heats_ of ev rati on.
Théessabashiny for gxyapkntiePasNos: ¢, %1?%1? gﬁ&% 5%%
cohesi vg ]ﬁ%ﬁ{e aﬁ?)% @%t&ﬁ}'%e?ﬁ?@hfa ‘Be\ﬂ@p%@%l ﬁét\bé’enttﬁ@LTHC

rel ati ons ol vents of | ow
molagend 1aran\a&raghfer 1ayae?2 b HBw interleparagy be sisesd, deredxpmple, to minimize:

;gle%}agg%ﬁéotctggtggg%tﬂn o/&rﬂﬁrg%an% e&eg\é%%or arl %fgt e Jt‘rﬁﬁs elﬁlﬁ%er and may also .
Ec %uc@&l&o&&ﬁﬁ tf?ce tr%f&%d%&ﬂoﬂ 600 tafstBElayer0The interlayer may

evaporation of the solvent or fromthe course of the
Vap]rso influessuthe adlseszorf efitbe trmsffzrflaxeé i@ thegesiod thexdpnor sheet.

a eri.al t
co TR SO S FELE QAR LTS BoSEE: phfmcrross o

detRtoM Mbﬁﬁbaﬂfy de ?os‘é@ﬂnﬂ&i thé fragig amdﬁtﬁfns ﬁ'z(rtlcularly to an extent
determine the Solubility paranmeter of the

t h élat-: qmdﬁlis it twansenedd imege spn-funstipealy be intglgyer &gqa@ygemams in
eq ﬁ?ff ﬂlmhg f{vgqué ia&% O&Lgr%n% the RS 6808 R Rk Qibshtially

transferred with the transfer layer. Suitable interlayers are described in, for example,
U.S. Patent Nos. 6,242,152 and 6,228,555.

In Figure 2, a thermal transfer layer 218 is included in donor sheet 200.
Transfer layer 218 includes a compound or composition of the present invention and
can include any other suitable material or materials, disposed in one or more layers,
alone or in combination with other materials. Transfer layer 218 is capable of being

selectively transferred as a unit or in portions by any suitable transfer mechanism when
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pol ynmer vs. the solubility parameter of the sol vents
is generated. The solubility 30 paraneter of the

w@eiogomo48 s defi ned as the point on this plot PBDS2003/032047

maxi mum swelling is obtained.-88welling will be |ess
for solvents having solubility paraneters that are

| 888 doddrMenint & &pb&id tblid@ctRatin®br folimapmigyadintion thet ean be
are several nethods for theoretically WO 2004/ 096948

PGhsoiBed b3 lighbdreat cgmerst magklARdcRBvVE AR hepy
gg;? HFL ! rﬁsse?igﬁ'&% uncﬁu?t%&iﬁo%’ﬁeg ng ﬁ%uttiﬁgqransfeﬁ layer that

groups present
POinYRBéEs aﬂ@oxﬁpddnd € FotrfuleNer abompediiitethat Bickwese eompound of

O anllg,q(l:q f}lg.?@%té{ttggké agg%!glé%?)m%ggﬁ my n%cl%]it(t: ggﬁﬁ,ﬁg énagqnal a charge
l C@xs B&fgt g"ﬁ{atterm &Ja?%etm?ﬁqﬁ ﬁlraf@llal tarcéfb?fcgﬁvéi‘&oh 'ﬁﬁtte"_hal a

conpo r conposi t a thermal transfer donor
S hgdymede bmdas br 2dombinefiorothereofib©ne aiay of Pryviding ths! teansfer layer is

di spl ays and n be made b ti

erfd e oayes TR ekt Srnd Bt ot tis Sl sytibte o apy of the

t rﬁg Eé'chﬁgd bFal 1'é3h1nd@ﬂh§etr'LH@rlb?é&eﬁgIﬂlt@ﬂﬁaMonv&*tlﬂggayer In
er device layers or materials to the displ

ay
( rémpefhod tbubightremitiingmnaterial can b svlgbilised Ry agidon pf 3 suitable

t her nmal ansf er donor ,she 00 s I r

.ncqrﬂ@tlaie roCendentraRnoaps s SRRl SabSione HaBgve layers
B¢ spihlsits @%?ra@ﬁ% codfing, Nhye@ A& caarielg, rlhﬁﬁé&foaﬁﬂ@ancbﬂl’le like. The

optlonal t o- heat conversion |ayer (LTHC | ay

21splverd nhqspn pesfereblyrfioes nefyndesitably infeyach Withy(§ e eﬁwet%a%t &issolve)
2 18 C eatr&ﬁ a?lsﬁggf &g&qn CERTAL Biket. U Pnd O gﬁﬂg Ranh tHeh b annealed

€S a conpound accor
Foﬁﬁ'&lﬂh@sblvbﬁt evagtithetl 06 1dave atraedfaridyeronpound that |s a

ﬁg? L?,e a"Hlea ggtfsi?%hlg;eg ,qpnl? i‘l}eeglég lﬁﬁlf:%tlt\fegr th%gngkf %?ns?e%re]derom the ,
%Sfﬁﬁ BndBhé&dt!of Flen% E gt%kin‘fataly n&%fed f8fepfor substrate. There can

Iation thereo onpounds, conpositions, or
| aperitdesand, ahcsre tlnen qureesaemfer layED(ﬂ]ﬂbhtssm@ftﬂW tcanﬂt@lctlon is
donors or_ |l ayers %f donors ar, dlfCl osed i.n. U S.

sm ugﬁ

No&ans @‘reglsl@l élggordrsétget %gageé gre anbed for

6, 22802430 155 2%1,19636 2@2&32@5&3;228@5314 520;
6 104.019: 6, 114, 088; 5 998 085 5. 725,989: 5,710, 097;

5, 695, 9RE¢epmr¢umraaesaga 0063 DN D ans @RaPFIEOIG, o electrodes,

ook APl 00 S04y M SOLASAE gy, e oo

09433, S8&rortishspétt RiYeis/ B oth&xnsl&aénteusafigafdr electronic displays or
matérials, including LEPs or nolecularly doped polyner

fi bther dewagesi ncl ude t he conpounds or conpositions of

this i n:/[ﬁnt 'v%ntlgrh%r}ylteﬁef QJ} eﬁ'bg%‘i’ef R;ﬁlowﬁ% é‘s' Which are

transfe rans From a dono sheet
t 0 providaeEpE Musteativnt dndy @ncbatre not 1ntended to be limiting in any way.

EXAMPLES
Examples 1-23 describe the synthesis of compounds of the invention and
intermediates used in making them. All reagents were purchased from Aldrich
Chemical Company unless other wise specified. All compounds were characterized by

'H-NMR and found to correspond to the structures shown.
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25 placing the transfer |ayer of the donor el enent
adj acent to the receptor and selectively heating the

walemwenodhenent . Met hods for the transfer or thRCT/US2003/032047

sel ective transfer are describé8in, for exanple, U S
Pat. No. 6,242,152. Transfer |ayers can al so be

trersfeyred from donor sheets w thout selectively
transferring the transfer |ayer. For e

! Xa , ,a .
transf &BPawéplQiagpsg@'timgrag@g, ﬁﬁ’-glsmok%ﬁ}@@gﬂ, available from

t hatyw, k0. essepce-racts as a 30 tenporary liner that

cgﬁ' Wesfa%(%’égggtgg% er the transfer |layer is contacted

to a reCspt-oPhenyLiGRl capped polypier dériwedvirdnh therpplymerization of 2-(2,5-
appl i cation of heat or pressyre, Such a.nethod ‘

" efeblprapiesy ) Sslr R IRTDRIY -alr%?"é’?@fl&@%e-biﬁw@ahﬁ?bg of 2-(2,5-
tr S0l By d:8N5He8 11 12 Bloxadihzdle {sAdelEritR@Aih BXBmple 1.
t h@?@éﬁ{p@e@@ P e %’fot’%rﬁf.i 0D, 2604/ 556648 P
PCIibS20684 032 pdlymerigsl Mt endi capged asdinlle®par at e donor

sheets can he transferred adjacent to other_  .rateri.als

on ar eﬁ‘é‘b? glPSktfc[Bttef%g‘?’ﬁ? aaflﬁ%ﬂrﬁ“ﬁdlét&?%?&’}lr%?o‘??ﬁ lglﬁggl?)éfea 4108077
adj A oy 1Bpheri)L5- ¢4 B5Hy18QYbhaiys]- DB 4t Sieadsab® f
deV|ce.:&gﬁéFﬁgﬁﬁ%eP;?gﬁ%tgf?ﬁ?% ??gﬁfggkarate donor o
shBedsple 4n2.88 gt(1 @RS frioneld af Wipherylphosphine odd}.31 (1441 mmol) of

partial overlyi regi strat.io Wi h, r
ot S Y D3 RSP B e D 7ot ps oy
t haRk. THig et 8fcobbped iR tigd ibelof alidandt{rk.cgndenser followed by
phot ol i t hography, deposition through a shadow nmask,

et distilling offmyeheafythafolunnreFo disrgrledirpastion SpIufigp Vg afdiden further
gg@g:l gfs(li] &84 ?mﬁgl:): of En}ﬂlaféils ekl lﬂ‘o&@é‘tlﬁxger z?ﬁf(;hgqgi?tegen purge.

orm ng one or “nore pOl'tI ns o devi ce€.
Wi Thishes hemde assEratifor Batmiattes folpoveityrtbe additibeet1.0 g

devi ces, or other devices OE, t he r.ecgptgltrl be &(} 3 h
f of HEEPDPRECHR Y B10FPPIEFRRTL BC KIS ER] %W%@ég%ee or & hours
| g depicngyp gﬁg% +daBOSH ARlIne WsQfoRfe8at0 dbdkit S®F ml acetone and

processes, various other printing or nmask-based
pr fitered €Ehe solil etkrewackerewp iromathlylene sklgride and NyHCI added and the

ge{ygql) g eg 'sys:teprﬁ]'s:tiix%%{ ﬁ)éépéﬁlfapﬁﬁﬁ? ;I{hs l%gss iténa&} sl%Iljiéé' glieﬁea%t%sd off and
Pathe R fte tRndbded Rl @?@raﬁ)rg 28ned The 16whinorghifiti 14/e2 was separated

optional underlayer 212 may be coated or_otherw se
di spbpaded inte sreexvess efonetharnliEhe slid wasgolleried, Frashed with methanol
ntrol heat flow between the

| .f | et
sﬁ%@{p%ﬁéﬁéﬁﬁéﬁgﬁé%f?ﬁg&%gyer during i maging or to
provi dedﬁcﬂgms% avcaﬁtv?el?éﬂt'a’i/é(ragé)mtoﬁ%uﬂ?%fgh? eRB Ik 1170£ 105, a

storage, ha onor- processing, or imaging.

EX gfimhesavefags widiclf wirgdfivay ef 8.9anto4ehd e @slydispersity (PD) of 3.55.
providing underlayers are disclosed e _
Ir(ppy)s — a molecular emitter, tris(2-phenylpyridine) iridium (III), available
from H. W. Sands, Jupiter, FL.
PBD - An electron transport agent, 2-(4-biphenyl)-5-(4-t-butylpheny})-1,3,4-
oxadiazole, available from H. W. Sands, Jupiter, FL.
PEDT/PSS - copolymer (poly(3,4-ethylenedioxythiophene)/polystyrene
sulfonate, available as Baytron™ P4083 from Bayer AG, Leverkusen, Germany.

PVK - a hole transporting agent, poly(9-vinylcarbazole, available from Aldrich,
Milwaukee, WI.
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20 in U S Pat. No. 6,228,555 and in co-assigned U S
Pat ent Application Ser No. 09/743,114. The underl ayer

w@24i0moktide materials that inpart desired mechenUsSaNN3/032047

or thermal properties to the ddor el enent. For
exanpl e, the underlayer can include materials that
exhi bi t Tattakis(fghenylphokalsine xpadtakiumy(0pwas obvainbé fived Strem

&SM&S rel atl to t he donor 25 substrate. Such
y%¥ sed to increase heat flowto the
t ransf empRy &rhole fr&l{sp&’flﬁgﬁ Ent! R N’UHEQVﬁetthE}E)hbﬁ?Q-N?N’-
sensitivity of the donor. he’ under [ ayer al so

i nbis(mhenylpbenzidines a¥alablefedm Hré’&h&andsa]uppmﬁbrt ies or
for adhesion between the substrate and the LTHC
Usi ng an underl ayer that inproves adhesion between

t hExﬁfh?E 1 289naHesis of 2- (2 FtiSichRir-8hh &) -5 884b divioRy Jphehivl]-1.3.4-
di Sf ortion I n e ransterred | mage. AS an exarrpl e,

i noxagiazeleses an underl ayer can be used that reduces
or elimnates delam nation or separation of the LTHC
|l ayer that mght otherw se dji ng i magi ng of
the donor nedia. This can redute/t he anmount of
physical distortion exhibited by trapsferred portions
of the transfer layer. In other WO 2§04/096948

PCT/ US2003/ 032047 -87 cases, howeyer it may be
desirable to enploy underl ayers that pronote at | east
some degree of separation betwe r anmong | ayers
during imging, for exanple to p ce an air gap

bet ween | ayers during imaging_that can provide a
thermal insulating function.C8efaration during
[ [ also lfﬁVlde a hannel for the rel ease of
' < {9 698 eati ng of the LTHC
Iayer d [
| ead to%té&glr*?ﬁ%é Pﬁg’dﬁiﬁ%@ g A hi@}“xybenm
s ub%& Angi(dPPynaly potssame carbanate el 126008 Q@aOnMeJ "Birig/tvas refluxed for

P e B SN Seet 3B o hoe R onrpr e O S it 1-octytoromide

r ebl@Gt 1 BdurQeribdBieBadiiaf ndkiv®dwhY rdfhied ftﬁ‘%vb@ﬁ?s’ r«ﬁthn of the
be used to control heat 10 generation during ina

ng.
| nequledreaction mixtureiagd pvaporatpnaf dbmiileatd gryead@dl. Thi s was taken up in

009 SUEEL S Pl IRARGESEA NG BB ) QL water 2 x 100

Avalak=

I'on enér onor
| apfy. Theedrgadb ﬂayer wacdrisdie®/1£5 0 g teddepatadsad Bansttfied to a 1L three
absorbs incident radiation (e.g., laser light) and

c onacded $lask. ’Ifhe aotteants o thei ftask efas tshigectad tadeigh veadinatdistiation to
| n}e?nor{r%adt'le excess fl%!:t(}eflbtrcr)r?undsé. The %fot }ers]i%ue was essentially pure methyl 4-
octoxybenzoate (376g, 86%).

Part B: Synthesis of 4-Octoxybenzoyl Hydrazide
To the contents of the flask from Part A was added 387.14 g of 98% hydrazine.

This was refluxed for 5 hours (106 °C). The cooled solution was poured into 3L of
water and the precipitated solid filtered, washed with copious amounts of water and

dried in a vacuum to give 4-octylbenzoyl hydrazide (343 g, 91% yield, mp 90 °C).
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30

15 transfer layer fromthe donor sheet to the
receptor. Suitable LTHC | ayers are described in, for

wex@npde4s U. S. Pat. Nos. 6,242,152, and 6, 228, BEHUS1003/032047

Figure 2, an optional interlay®l-216 nmay be di sposed
between the LTHC |ayer 214 and transfer |ayer 218.

T116d O SRR or0aNDRAMNSIEBzol RChIBKEEP! €, {0 i ni mi ze
damage and contam nation o e transferred portion of

t he tr angf @2 L flaskfittad withenrefns sondensescind anagnekiostitrhag was

BRI 0B B4l ARELRL e o

t riaRel PEh1bAYE The enikiiee westeflaked foe Sdnes: Mdseef the thionyl chloride
Typi cal | i/ the interlayer has high thermal resistance.
Pressedistiieg, off fadlopie &y remeyal @b ths rappindgy &Y gy Gvaporation.

g ;ﬁﬁi@%ﬁola gaq'g q gag ﬁl@e‘))( #}lggﬁ fof ? qedil:ﬂi%%&ﬁﬂz&@ Reiohi® {5t temperature

r1y to hat renders -t he
tr @S’Efﬁ{ 6iflati PGS Tl 0TS ingdAky. The i nterlayer
tylgll ca’lyS r%mal nspi n 25 cont actH%\)Nith the LTHC | ayer
during the transfer process and is not substantially

g W' he hrangfar L2 & tl?bbe]ngghgidrazide

. - > \| (

I ™ o gest e AT Of  exattpr o, O.

Pat ent ger abhlAtkes éﬁﬁt@%@], 8.,8228.685mol) 2, 4lighlogobénz@1 chloride was
thermal transfer |ayer 218 is included in donor sheet

200lded To asclfiden b £20.887 mebudrectonyhenrpd diygragine and 12.13 ml (8.8

CoRIREhE Bk PSR MVETR 208 0, B . v shout v

di 5 BE StifrigANRnSY whits sretipitatef tiad eqeiral product was formed. Stirring
conbination with other materials. Tr anff er é%,afégrr .21

8
i swangrasingedrntl dhgeext day. dbeipyedupt was ralfested ation and

or_|i ' [ t : i_ WASA-[4-
oo Bl SR5G A ISR bIIB N SRREN 14
el @asMdxy)serexpfismdolydratidecasta Wkigd $aligl. or t o i magi ng '
radi ati on that can' be absorbed by Iight-to-heat

converter material and converted into heat. The

reseRt s{mua b0 (X SLDid1R6roBh 4 2odtV18RY) pBEAVIE-1,89-oxadiazole
transter [ ayer a I ncl udes "a conmpound of Fornula |

or a colposi260 od flaslafittechwith dasechavicalssigigt st thermmespear was

| in additjon i d.. t i i L
Rl i e SRR M) e onygraric
chag pg1 BhoaghbRE oRPisid Thid veklreflutsdnva seired fordties.i About 100 ml
a polyneric binder, or a conbination thereof. One wa

of ofpphwsplimgoxyehloridarves distillgg eff ynger wguced nyessig- The C60led residue
coating the |ight .ari . Qs .
COfbt Pkl 0P 00 35090050 1 snd
ungRrtaNeY meltett The pieeipitated gititetsotit evals colbevveat thy filgration, dried and
layer. In 10 this nethod, the |light emtting npterjal
carecstaligeddrem gbanely There was SRtagicd2Ssi$ g%%ﬁ? gleﬁﬁ mp §6°C) of 2-(2,5-

dichlorophenyl)-5-[4-(octyloxy)phenyl]-1,3,4-oxadiazole. The structure was confirmed

A= a
\/

unambiguously by 1D and 2D NMR techniques and gave the following: 1H-NMR (500
MHz, CDCls) 0.89 (3H, t), 1.31 (8H, m), 1.46 (2H, q), 1.79 (2H, q), 6.97 (2H, d), 7.38

(1H, dd), 7.44 (1H, d), 8.01 (2H, d), 8.06 (1H, d); 13C-NMR (500 MHz, CDCl3)
13.90, 22.44, 25.79, 28.91, 29.01, 29.13, 31.59, 68.08, 114.78, 115.37, 124.27, 128.58,
130.23, 130.87, 131.75, 132.20, 132.87, 161.03, 161.98, 164.95.
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conpati bl e solvent, and coated onto the donor
substrate or any one of the above |ayers by

W@ pionoeeat | Ng, gravure coating, Mayer rod coatPemUS2003/032047

knife coating and the |ike. Th&2-sol vent chosen
preferably does not undesirably interact with (e.qg.,

SVE{Am b 2di é@i‘s)ofza teAL bt lRhyBE2. Sdichldrophbeylpl 3.4-
€ donor shee € coatl ng can then be anneal ed

152@@3L2h£ sol vent evaporated to | eave a transfer

| ayer. The transfer |ayer can then be selectively

thermally transferred fromthe _resulting donor sheet

or elenment to a proximtel f eceptor

substrate. There can be, |% / nore than one

transfer layer so that a nultil ayer,construction is

transferred using a single donor.sheet. Suitable

receptor substrates are describ % Ztor 20 exanple, in

U S. Pat. Nos. 6,242,152 and 6, 228, 555. Recept or

substrates can be pre-patterned f jp any one or nore

of electrodes, transistors, caps ors, insulator

ri bs, spacers, color filters, blkatk matrix, hole

transport layers, electron transpart |ayers, and

ot her el enments useful for electronic displays or

ot et Adsvithess of28-(Fher+Buvdbdrizopl)i2s5-flichtdrebendelsydradide

by the foll | es, i ch d .
| ?/I us;e r‘b‘?ﬁrﬁﬁ\{lmaﬂng@%%g?%q%hég &t @é& g}_p'%{ %%gtge%yf??%p%gﬂ 37 g,
syn ﬁ}ﬁw‘i‘?ﬁfes VMR Rt QR By dhidé3v &€ 2884 DB 41]'_!'@ dichloromethane

esi's o conpounds of the 1nvention and
i niner YA dilaskeTo tsie ovas addediitigmeehemicastiring 3@13 ﬁthOf\@e‘}

b enzpBensandabtontr S msctbiges e B EREP VB 58y R gt trce

1 %Mam f04606n Qs aN6WES R at Rohl R nipefangt uhEbthe next day. The
shown. WD 2004/ 096948 PCT/ US2003/ 032047 __ -89- d ossary

CBﬁodu(a Waslpeecnpmﬁ@bby therngdisige pf 4L hexane. Filtration, hexane washing and
Sty 5 SOREOR A et Kk VP ORI UL R0, Jiam W
2 ‘9 éP CAEg eV BhényT P capped’ pol ymer
derlved fromthe pol yrrerization of 2-(2,5- 5 d| chl oro

phenyl ) - 5 451(80t yl oxy pheny]LJD 5.2 54d18ﬁﬁggolv ér?x}l)el 3, 4h0xad1azole

phenyl) g Lﬁa%}(xx%a%%}m%wido n%1\13(4% Z‘tﬁﬁlj/lﬁér@o?l)lﬁs—

descri be teri a was pol yneri zed
andlcﬁl’wobbam@drmde‘ ©l35amal) and 1378 ml phosphorus oxychloride (2267 g,

14.78 mol). This was refluxed for 8 hrs and the solvent then evaporated under slight

vacuum. The residue was poured onto crushed ice and allowed to stand until the next
day. Filtration gave a sticky mass, which was dissolved in methanol, and solid material
was obtained by addition of a little water. Filtration and drying gave 112 g of the
product as a white crystalline solid (59 % yield).

Example 3: Synthesis of 2-(2,5-Dibromophenyl)-5-[4-(octyloxy)phenyl}1.3.4-

oxadiazole
This example describes the synthesis of 2-(2,5-dibromophenyl)-5-[4-
(octyloxy)phenyl]1,3,4-oxadiazole and also provides a general method for preparing a
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Into a flask fitted with a septum and nitrogen purge
was i ntroduced 4.10 g (9.77 mol) of

WQ@2(02/0%6948 chl or ophenyl ) - 5-[ 4- (oct yl oxy) phenyl | PAT/BS2M05632047

adi azole from 10 Exanple 1, 2.-8% g (10.89 nmol) of
triphenylphosphine and 0.31 g (1.421 nmmol) of
%{\(/)‘é%&fﬁl & P&xa{didz})l&l@ﬂ&ﬂ@e inféindefiageswasfuhid$uukbeapling
dry toluene. This was azeotroped
mutmmPM% use of a Dean- St ark condenser foll owed by
distilling off nmuch of the toluepe. To the cool ed
reaction solution was addeg, @ er  0.31 g (1.421
nmol ) of anhydrous nickel (I1)bB{om de under a strong
ni trogen purge. 15 This was heat--;@t 80 C for 30
m nutes followed by the additiongofyl.0 g
chl or obenzene as end- cappi ng agenty The reacti on was
all oned to proceed for 8 hours 80 C. The cool ed
reaction m xture was poured intg out 500 m acetone
and filtered. The solid cake waxtaken up in
met hyl ene chloride and 1N HC- gdded and the two phase
system stirred for about an hdut’. The resulting solids
were filtered off and 20 the filtrate transferred to a
separatory funnel. The | ower organic |ayer was
semar At @ﬂlth@iﬁbfﬂoi}ﬂ?&blrohtd)enml €klpeids of net hanol. The

oo éfjv\fﬁ;t@oglgkepf ﬁgﬁga@g"c‘éﬁm?i tglg\x;%a% & d S(Eﬁg(O 1786

avrﬁglzg% &B*&ﬁéﬁeﬁﬁm@’%bﬂhﬁtﬂ Mo mEfthﬂangl chldrithe gave aft@iﬂi@ﬂillatlon 40 g

averagé nol ecul ar wei ght of 4 x 104, and a
podfy2fi-dibeosotenzoPohlatdel. 55 25 Ir(ppy)3 - a

nol ecul ar emtter, tris(2-phenylpyridine) iridium
(rrr), available fromH W Sands, Jupiter, FL. PBD -

AnPﬁ{ BCEViRests (ﬁ‘@ﬁ@iﬁroﬁﬁﬁm f4-(octyloxy)benzoyl]benzohydrazide
2-(4-brphenyl) -5-(4-t-butyl phenyl)-1,3 4 .oxadj azol e,

av ai | abByp thergshretal mphodof et Ay dpiapiple 2,2,5-dibrpmobegzoyl chloride

(o ET: 314075 PR oS RSN 05 020 and

ﬁ Uirfeﬂ{(j’i’drﬁne &glnl ,a9148 %3Km§ tniicﬂ}l??hﬁe?éﬁkﬂai for 800 rmaethyi@@p chloride .
ever Kkusen r many ol e rans agen

poloygl‘éﬁ a/pwglp@ta%ﬁw%hzaé\?aﬂ? the 0@%?& R ﬁMﬁc{ H’%tef gave 19.38 g (78%
M LitRys3cq 2 Saibiino K20 ggz?ﬁﬁéép IfptsR0834032047 - 90

rip enylp [ adi um (0) was
obtalned fromStrem Chem cal, hbmburyport MA. TPD -

N Rot 6 Spahedes I—n"aé;mngtg’#@phhﬁnvl)-&[4—(octvloxv)phenvl]1,3.4-oxadiazole

By the general method of Part B of Example 2, cyclocondensation of 39.1 g
(0.0743 mol) of N-(2,5-dibromobenzoyl)-4-(octyloxy)benzohydrazide with 203 ml

phosphorus oxychloride for 8 hrs gave, after recrystallizing from EtOH/water, 33.6 g
(89% yield) 2-(2,5-dibromophenyl)-5-[4-(octyloxy)phenyl] 1,3,4-oxadiazole.
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bi s(phenyl ) benzi di ne, available fromH W Sands,
Jupiter, FL. 5 Exanple 1: Synthesis of

WQ@2(02/0%691% chl or ophenyl ) - 5- 44- (oct yl oxy) phenyl | PAT/BS2H03/032047

oxadiazole G C1L N O N C8H170%-Part A. Synthesis of

Met hyl 4-octoxybenzoate 10 Into a flask was introduced
25 Exﬁgﬁlg 4. &@tﬂwi% 0101-1gﬂﬁyﬁm%ﬂ%&gg@m&i&opheny] %-1,3,4-
276.3/ 9 .(1.99 nol) potassium carbonate and 1200 g o
ac@kaiazolehi s was refluxed for 45 nin fol lowed by the
dropwi se addition of 386.17 g 99 nol ) of

1l-octyl brom de over a 1 hg o§]. The reaction
m xture was refluxed for two

filtrate gave an oil. This was t?e up in 15 et hyl
acetate and extracted with 5 % NagH (2 x 100 m)

foll owed by water (2 x 100 nip, eForganic | ayer was
dried (MgSO4), concentrated, ang ansferred to a 1L
three necked flask. The cont gntX the flask was
subj ected to high vacuumdistilldtioh to renove the
excess l1l-octyl brom de. The pot r&si due was essenti al | y
pure nethyl 4- octoxybenzoate (376g, 86% . 20 Part B:
Synt hesi s of 4-Cctoxybenzoyl Hydrazide To the contents
of Phhe\:fSyagiksit bdPSHAIChlofobasoladidedds387. 14 g of 98%
hydrazine. This was refluxed for 5 hours

106 Q. Th
ool d YSpadiaghaPRAFtd (645 BpD MR R {Rebenzonte and
gr Q@.'Sg'égt(g%%g i) hvhr dilg% elgl?s:jvevéé"ﬁﬁﬁﬁgd o 5hoRAPIrd Eooled reaction

nount wat er an INn a vacuumto gl ve
4- ausytdeazpyireint azéxbesy Egater, tOYeipitate dn offpwhle @)lid. Filtration

WO 2004/ 096948 PCT/ US20Q3/ 032Q47, .- art C. .

Sy ARSI WeéY%ﬂmgﬂvsgﬁﬁeWﬁy A G RFROWE tray g rpaterial was
fl ;ﬁﬁi‘i%fpintetEﬂdwhld}o@en&gﬁﬁzdﬁzi&@ﬁﬂﬁﬂwhe@ﬁ% RBAN®{théut further
stir-bar was introduced 150 g (0.785 nol)

2, Budfiedtioor obenzoi ¢ acid and 575 m (7.85 nol) of

Part B: Synthesis of 2,5-Dichloro-N'-(pentafluorobenzoyl)benzohydrazide
By the general method of Part A of Example 2, 21.0 g (0.1024 mol) 2,5-

dichlorobenzohydrazide with 23.6 g (0.1024 mol) pentafluorobenzoyl chloride and 14.3
ml (0.1026 mol) triéthylamine in methylene chloride / DMF (1L, 1:1) gave, after re-
crystallizing from DMF/water, 22.51 g (55% yield, mp 227 - 232 °C) 2,5-dichloro-N'-

(pentafluorobenzoyl)benzohydrazide.

Part C: Synthesis of 2-(2,5-Dichlorophenyl)-5-(pentafluorophenyl)-1,3.4-oxadiazole
By the general method of Part B of Example 2, the reaction of 21.0 g (0.05377

mol) 2,5-dichloro-N'-(pentafluorobenzoyl)benzohydrazide in POCl3 gave a product
which was recrystallized from ethanol/water to give 16.59 g (81% yield) of 2-(2,5-
dichlorophenyl)-5-(pentafluorophenyl)-1,3,4-oxadiazole.
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thionyl chloride. The m xture was refluxed for 8
hours. Most of the thionyl chloride 5 was distilled

wo@dospodokowed by renoval of the remai nder by rPCED$2003/032047

evaporation. Distillation gavé®5130g (79% yi el d) of

2, 4-di chl orobenzoyl chloride (pot tenperature 110 C

di BkithbRIS: S . P&k diottyl-9H-fluoren-2-
Sy

IQkiﬁﬂaﬁéﬁ¥ﬁkbenzohydra2|de 10 Under a bl anket of
nitrogen, 8.8 g (0.087 nol) 4- di chl or obenzoyl
chloride was added to 33 @of 23.0 g (0.087
nol ) 4-oct oxybenzoyl raz and 12.13 mM (8.8 g,
0.087 nol) freshly dlstllled tNLet hyl amine in 348 ni
dry chloroform After about o ngur of stirring a
dense white precipitate of the wequired product was
formed. Stirring was continuediuntil the next day.
The product was coll ected by f ation and 15
recrystallized from ethanol/ Cgldi,ve 31 g (81. 5%
yield) of 2,5-dichloro-N -[4-
(octyl oxy) benzoyl ] benzohydr azi g
Part E: Synthesis of 2-(2
5-Di chl orophenyl ) -5-14- (octyl oxy)phenyl | -1, 3, 4- oxadi az
ole Intoa 250 m flask fitted with a nechanica
stirrer and thernmonmeter was 20 introduced 30 g (0.0686
MoPArt A: Synthesis of 2-Bromo-9,9-dioctylfluorene

T2 m DO RIS S VTR JRBK BigRouorene
sty ‘{Srrf qgt grmﬁoﬁ 31{1d Ao B OMUndef 2 B AEREPHYR was added 80 mL of

oxychl'ori de was stilled off under reduced pressure.
The 56%aiqedousesi@iisoluvias ap@@ﬁacg dhenzylatediylamaroniugs isblpride (2.72

It ﬁg VT(:@]WS}PT%EMF{HEB\I’JS -rfhlérg% ?Oé%h {R?Aggltt\ll\z g?éo%g gTe%gzaﬂljsal stirring, n-

cobomtaaideYss. 06 kI #40 Mhold) v @d@«ﬂﬁv@@ dresiys fuminb] (zeaherm)
from et hanol . Thére was obtai ned 25.7 g (89%vyield
86 S@yringf was- ((ogtlgued for 2 hours. To the reaction mixture was added 500 mL of a 1:1

gl %;?%tgrr (ﬁjr]uc & b tq]g% g}&%g@%n% a nd wis %@?Qdasﬁ%esswely

(7 & ndls con I'guously by 1
an¢ifRBrivdZnd @AV daeeDrang ogm@ﬂeaufmddlﬁam angl: evapbrhm of the
(500 MHz, CDC1l3) 0.89 (3H, t) 1 §8H, - 1.4g
( 2Bplvept, gaye #m0il. rlf{ﬁ:)atlolsbgqoltlglg Cil‘i.H)l’nat grg@hyn%sﬂﬁa 25 )hexane as the
7. t ﬁ&r%s( e oil.

flhdbbg%)g&%g %ab\’% 16%%%7% §Q di o?ZQQOI(ﬁ K, 98 QDgof y]r aﬁ@ﬂ
29.13, 31.59, 68.08, 114.78, 115 37 124. 27 128 58,
130. 23 130. ¢ N
16Pagd: Syathe 389047 -92

EX arrpl e Il?to a@bﬁ@l& 'ﬁ%dl %vn@ifa n1trogen inlet and rubber septum were introduced 2-
2-(4-tent-butyl phenyl)-5-(2,5-di chl orophenyl) -

4-
ox adinaz8)9edioctylfluorene (34.18 g, 72.8 mmole) and dry tetrahydrofuran (300 mL).
The solution was cooled to -60 °C and n-butyl lithium (29.1 mL, 2.5M in hexanes, 72.8

SHhite solid.

mmole) added via a syringe. The reaction mixture was observed to turn red. After
stirring for 1 hour at -60 °C, the reaction mixture was poured onto powdered dry-ice
and left to stand overnight. The mixture was acidified with 1M HCI and extracted with
chloroform. The chloroform extract was washed with water, dried over magnesium

sulfate and concentrated to give the acid as an oil.
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C A N ONS5 Part A Synthesis of
N-(4-tent-Butyl benzoyl)-2 5-dichl orobenzohydrazi de

wal2a0a096981t vl benzoyl hydrazi de (185 g, 0.96 noPQT/EHSZH03/032047

triethylamne (97.37 g, 0.96 #6F) freshly distilled
fromcal cium hydride were added to 4L of

di pdt OF SURhEHSE 9 9-ﬂDlact'110¢H-fﬂu@Séﬁe—2T@arbbh\& Chidsridedded
wi th mechanical stirring 201.5 of

2,
di chl or dBdvigeyl-OHHlugprenge2- cmowlgcqcﬁ (38{3460& 7455 mpwle) was refluxed
] eggﬁﬁo‘ﬁ#’@ﬁo@cﬁ ?5 ék%?%]}rgﬁe)tfgf ﬁrs:.L%nHe%Utrea tﬁeﬂﬁltcjﬁfonde was distilled

room tenperature unt
t hesf apk thedagiduehnateriplnsdd etithaasfuphecppificatied by t he
addi tion of 4L hexane. Filtration, hexane washing and
drying at 80 Cin a forced air oven gave the product

| np AP % fihCis §87 5- IﬁC%lgbﬂth 8 1054i8éty]-9H-fluoren-2-

2-T4-tert-putylrphenyl)-5-
5- dicahamyblpérenolsiydradid8, 4- oxadi azole 15 Into a 2L flask

o SRR 200 B L RN e o
r e%iﬁ{(hgd HEwERAFRA sl S0d 3‘1&6&5 192 dlclaforgﬁhzm@ until THY ®liMa@gaterial had

or 8 hrs and the solvent then evaporated

undiesoledd. ntcookiag PufhilioThyd- el naeiere- Q\,@grmgm]r dydprgde (@ne equivalent)

crushed, i.ce,and allomed

F1 e et BfamB e s RaRE PNttt o LGB S 4R fitered ot
Mei{redne filtra® Bvapeldtel 1edies nbil. 2Ahiyvaes aREBup ﬁﬁhépyane and the
addition of a little water. Filtration and dry é% ave

1 1Qreglpdﬁteﬂ melid &k@e@ eff. ddegempining @itﬁ@pafrq% Ch@déM

%%(I el%t %ﬂf’%ﬁﬁ ?yl oxy) pheny111, 3, 4-

oxadi azol e 25 ThIS exanple descri bes the synthesis of

2- 25.d|r ormphenl ' Ly -1.3.4-

f oL RESBR | ng a V\D 2004/ 096948 PCT/ USZOOB/ 032047 -93

ra seful aryl oxadi azol e di brom de

i nt er e @jSabiehlons&F-((9,9-diosyz- k- flewapli yljpartroasldbéngabydraride (20.0

Br g, 32. fglemC%e) ang phosphorus oxychloride (91 mL) were refluxed for 8 hrs. The

reaction was distilled until about half the volume remained. The pot fraction was cooled

and poured onto an ice/water mixture with constant stirring. The sticky paste that
formed was extracted into hexane and the hexane extract dried and concentrated.
Column chromatography (5% ethyl acetate in hexane) gave 14.98 g (77% yield) of the

desired compound as an oil.



10

15

20

5 Part A Synthesis of 2 5-Di bronobenzoyl Chloride By
the general nethod of Part C of Exanple 1, the

w0 e@endeoms of 50.0 g (0.1786 nol) 2, 5-di br onobetos03/032047

acid wth 150 nL thionyl chloride gave after

distillation 40 g of 2,5-di bronobenzoyl chloride. 10
Part B: Synthesis of 2
5- Di br ono- N [4(octylox

benzoyllbenzohydra2|de By t

g o ADichienephenyl)-5- [4-(octyloxy)phenyl]- 1 3.4-
2,5-di br nDbenzoyI chloride (57.43 g, 0.11925 nol),

4- f nzoyl hydrazide (50.88 g, 0.1925 nol), and
triethylamne (27 m, 19.48 g, 0.¢925 nol) were

reacted in 800 m nethylene ch ide, to give a

product. Re-crystallizatiogl product from

DVF/ wat er gave 79.38 g (78% 15
2, 5-di bronp- N-[ 4- (oct yl oxy) benzoy)lFNenzohydr azi de.
Part C. Synthesis of 2-(2 O _N

5- D br omophenyl ) -5-[4- (octyl oxy) ph
e By the general nethod of Part B
cycl ocondensation of 39.1 g (O.
N- (2, 5-di br onobenzoyl ) - 4- (oct yl oXyybenzohydrazi de with

203 m 20 phosphorus oxychlorggedor 8 hrs gave, after
recrystallizing fromEtOH water, 33.6 g (89%yvyield)

2- (2, 5- iy iROFaRRAS MEkDodFot ﬂre(smwél@zsfmqhenyﬂ)r]omophenyl) -5-[4-

1, 3, 4- oxadi azol e. WD 2004/ 096948 PCT/ US2003/ 032047

- g@cgbl@;m)p]@enql] 5-Atdrediazolp in Example 3, the reaction of 3,5-dichlorobenzoyl

o SRR QAR B (PR SARBRREAY 5.5 0010 mle
Sy pheant mt@nedide N5 alikdmeole2dbygiay)stazoylitenzolydeside (25 g, 60%

AT T N UG T ——

hy§ér?5h2(ﬁ‘ﬂl£@¥l% d‘@fwftﬁi’b@f e%?ﬁrﬁﬂ) AR5 dl-Ehﬁ)ré?[Qﬂh?ﬁ—S [4-
reac ure“was poured into an excess of

t o(qerexyphatyt]- BB 4edxfadiahole €15 06 gdl3Fiyleddat i on and

dryi ng under vacuum gave 30 g solid. A 1H NVWR showed
that the material was

Example 7: Synthesis of 2-(3,5-Dibromophenyl)-5-[4-(octyloxy)phenyl]-1,3.4-

!I

oxadiazole
Br
Br
=N
O _N
CgH,,0

By the general method for the synthesis of 2-(2,5-dibromophenyl)-5-[4-
(octyloxy)phenyl]-1,3,4-oxadiazole in Example 3, the reaction of 3,5-dibromobenzoyl
chloride (20.13 g, 0.06747 mole) with 4-octoxybenzoyl hydrazide (17 g, 0.06747 mole)
gave the intermediate 3,5-dibromo-N'-[4-(octyloxy)benzoyl]benzohydrazide (12.87 g,
36% yield). Cyclocondensation of the intermediate 3,5-dibromo-N'-[4-



10 fairly pure 2,5-dichl orobenzohydrazi de and was

therefore used without further purification. Part B:
wWEte®is of PCT/US2003/032047

2,5-Dichloro-N -(pentafl uorobesiBoyl ) benzohydr azi de By

t he general nethod of Part A of Exanple 2, 21.0 g

(PR EN 70 Mith PACUE6Wnill) gade 8-(8,5-
(O(Olg%ywn}wﬁ(]eﬁte %%hggﬁ?)ﬂggr(}zoyl Zg2h| or i dqund 12 g3 (

( odlbmphgnzl)ﬁrMe(phtylcamphénylhlﬁe% pyrdizole i b .92 % YIBWF)
(1L, 1:1) gave, after re- crystallizing from
DMF/ wat er, 22.51 ¢ (55%y| eId np. 227 - 232 O
2, ,,,*c, is(¢d 3 ndphér sHB15zohydr azi de.
’ 2 (2, 5 D|chI or ophen

pisiti Eif g remEiy Hphy . 3-piadianole| o By the general
nmet hod of Part B of Exanple 2, theggeaction of 21.0 g
(0.05377 nol)
2,5-dichl oro-N - (pentafl uor ahe
POC13 gave a product which was
et hanol /water to give 16.59 ¢ (810

)benzohydrazide in
ryst allized from
iNel d) of 2-(2,5-
g1, 3, 4- oxadi azol e
. 25 WD 2004/ 096948 PCT/ US2003/ 03274 -95 Exanpl e 5:
Synt hesi s of
2-(2,5-D chl orophenyl)-5-(9,9-dio -9H-fl uoren- 2-yl)

- 1,3,4-oxadiazole G \ / C1 dF; ¢, C8HL7 5 Part

A SyntheS|s of 2-Brono-9, 9- dloctylfluorene A 3L flask
fitted %: h&Pdtf BB bEEx eqhﬁfe%&tlwhtolﬂ methyl 3,5-
2-brono uor 45 g, 183.6 mol and 150 DVBO.
Unme@rlﬂuchBmthm&phmaea s 9&%d13/dr@mergavg1the mtesmdlate 3,5-

SO R RS D Te By eddepsral rettog qfpart A of Example 2,

”"er%act@ﬂ o 3WaGibAdrhdbeBsbyll @hloAbe Qﬁth'%TS-blé(ﬂ'rllﬂubﬁtcﬁlﬁHtl@}klﬁ)enzoyl
mechani cal stirring, n 1 octyl brom de (84.96

m‘rbjmhr;\zui@m thel @wemea)fgrlqhﬂpmnfggawg .ﬁhfemte(r@g@@ $,-)dlbromo-N' [3,5-
St was ..C t | nuy I

. tzlls{ipﬂgwgegar 3]% oﬁlygragi%g %y o gélﬁ?al r?eefﬁcgd &Part B of
waE%ﬁﬁItelmebyclmdemtloﬁ lﬂﬂhisﬁlnieﬁ)ﬁedla&&mﬂt BOEHL gineh 2n855-
washed SUCCGSSIVG|%
dibromophenyl)-5-[3,5-bis(trifluoromethyl)phenyl]-1,3,4-oxadiazole.
Example 9: S 2.5-Dichlorophenyl

(octyloxy)phenyl]-4H-1,2,4-triazole

nthesis of 3-

Gl Cl

=N

N _N
MeO

CgH,,0
Into a 1L round-bottomed flask fitted with a mechanical stirrer, reflux
condenser and nitrogen inlet were introduced 2,5-dichloro-N'-[4-

(octyloxy)benzoyl]benzohydrazide (40 g, 0.09146 mole, 1 equivalent), p-anisidine
(67.60 g, 0.5487 mole, 6 equivalents) and 300 mL 1,2-dichlorobenzene. Mechanical
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with brine and then water. Drying over nagnesium
sul fate and evaporation of the solvent gave an oil.

worookfopeat i on by col utm chromat ography (sili caP@BUS2003/032047

hexane as the 15 nobil e phase)-99ave 67 g (78% yi el d)
of 2-brono-9,9-dioctyl fluorene as a pale oil. Part B

. SRR RSAeddh p%nﬁﬂ le%ﬁdﬂ ofhk SAINRI BRR Ro@@fmwidec(lz 56 g,

Acid I'hto a flask fitted with a nltrogen inl et and
r ubOk46 melst hnqu}qﬂgntl) iitas eddesieid 2he contents of the flask heated at 180 °C for

%@ﬁzl}f}ﬁ? VGS lff‘f%‘l%lsﬁgffgo qlséf?flagltg%{rh%cus %‘r ggl‘%&% transferred to

c OQQE HablowithQLGFand1 Bcd@cbﬁe)’ﬁeptdnb it . Zﬁlekomi materEMnian filtered off
hexanes, 72.8 nnoleé added via a syringe. The reaction

mi saduesolyed inpesmpe Bnpush haprne é‘@s aﬂ@%ﬁbﬁo Preqipifte p guridg-colored
1
g g 1 yf))taﬁ:e dfiifor! FAGE QB ege\ilée@?(%xleg RRYEGE 188 hsured that

m ﬁh& 9il¢ svdge Rad lﬁhehlcedlpl\&télb pié\dlplrﬂtedaﬁ‘ﬁe exdtomechepthneilayer was
chloroform The chl orof orm extract was _washed

th
m@e@ante@ pitend geted faghrrsviting Mescepsnd hepigne to gwpltate a white

2o0i obBE" B AE PGB Rl piet e it hoprane

of Fifirdiobiand dyylin® g*h\fel 3+(, SdeshibroplrenghyA- (4€meﬁlovi¢phenyl) -5-[4-

et dhenili L G B AR B YD 1 de (9%

782 mmole) for 8 hrs. Unreacted thi onyl chloride was

distilled off and t he reS|due naterlal used wi t hout
% ) 2. SEhiis §4 54 nethy-1.3.2alioxaborolan-2-

i¥ or obenzohydr azi de

(one eqvmy @kzﬁﬁlbl): demhbteg t}ﬁtss}udham BE2{( DB Dis(@ s, v-adtinterhyl-1,3,2-
were warned in 500 nL of 1, 2-dichloroethane until the

s odlngahﬁmlém@aﬂ»rmanyllé [4i(eetylonxiphenyl|-d Gf-prggliazole and also provides
- 9 |
RPN Ll HORARE: £ GRLT A U Stoabefapt. nd

f OmIMKZOMBOIOHh@CidhﬁtHYMB(ﬂB&S WEhe gériekdl @reatdofef of aaylboronic ester
the filtrate evaporated taq oil.

upSYHeRis 36 5&?@“5%“ Repger gt de %&ei"a _EMIUH ilgéyf‘ ?ﬁl@agé’% does not
of Horkpal fcﬁgﬂﬂtk gﬁ]g ?zﬁ&ln%b @5 51ﬁ@§eagﬁ61%%fwg§(ﬁ@ﬁluW1th the

concentrate e the desired I nternediate Par t
E: oyidtzhles iGoodfconversion can be obtained using the general procedure for making

2 glb@ro?ug Qsltgrg gg HCSC}/llbgd gy gs%iy%m% R/furtha_an'd_ﬂc/ﬂy%grra%g 12 0¥£} )Chem

1995, 60, 7508-7510.

CgH,,0
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Vi

oxadi azol e
2,5-Dichloro-N -[(9, 9-dioctyl -9H fl uoren-2-yl)carbonyl

wQ benpodeygir azi de (20.0 g, 32.17 mmol e) and phPSpPS003032047

oxychloride (91 nmL) were refluxgd for 8 hrs. The 20
reaction was distilled until about half the vol une

a?@&g’?’g%?%spg% i {og@c\ﬁmfr% c’ons b?&i%@?eny ?’wb&&#hﬁgxﬁﬂﬁ&lﬂ] 1,3,4-

stdxalinz o stigpinfasslatofdibored, passsint beetdtecntil 4’ -hexane
and the hexane extract dried and c&hggﬁérat%@ Qﬁ |2¥
cMﬁmlﬁwthBM%We]%Bl%QF@uﬁ regmisted A v

T S5, Ly ATRE s SO Wer ivogen

SyguPhess 53 bfs. After cooling, the reaction mixture is poured onto ice water, the

g)@gﬂgpgggpgeqle%trlg phde eedlrgﬁ\.i[ Pi%{}é’l%lx& }eﬁ%ygxg ﬁg:}]}i ned organic

nei‘(%‘ﬁgng %sﬁeﬁ%n fRedhisd Qxfrer magnesium sulfate, filtered through a thin silica
2 di bronop enyl) 5-14

( Oomidy tavograpbrated|td yib]Bihe dosizadi 2AB15ebisd, ﬁéﬁgmn@hylt ha2-

r e%g{tﬁ)’ﬂllb%g?lglg 2\:,%{1)3 Wﬂﬁn}’giggggggtgﬁ%,}j/ phﬁgygf iZ 8>£%1%52%E% These general

0.,8d@080t S be BaY & prBfark AlvAHERMg8LE arylene oxadiazole, trlazole and
3,5-dichloro-N -[4-(octyl oxy)benzoyl| benzohydra2| de

( 2BiagiazeBodibyronicdjter Djasinsdignsanetsl nmreﬁafrmgw@mpounds of Formula 1.
intermedi ate 3,5-dichloro-N -[4-(octyl oxy) benzoyl ] -

10 benzohydrazide (16.0 g) with POC13 (83 nlL) gave

2- i 2ampl¥ H'?';ﬂrﬂﬂ&ﬁbﬂ?—ﬂﬁoétﬂox -phenyl)-5-[1.1’.4°.1”Jterphenyl-2’yl-
(oc oxy) phenyl']-1, 3, 4-oxadi azole (11.16 g, 73%
'HL.%MﬂEﬂEe 7: Synthesis of

2- (3, 5-D bronmophenyl ) -5-14- (octyl oxy) phenyl | -1, 3, 4-

oxadi azole Br Br ON 15 C8H170

O~

=N
O _N

CgH,,0

2-(2,5-dibromophenyl)-5-[4-(octyloxy)phenyl]1,3,4-oxadiazole (3.0 g) from
Example 3, phenyl boronic acid (2.2 g, ), and NaHCO; (3.4g, ) were mixed together
with ethylene glycol dimethyl ether 60 mL and water 60 mL. The mixture was purged
with nitrogen for an hour after which 0.35g of (PhsP)4Pd was added and the reaction
was refluxed under nitrogen for 20 hours. After the reaction was cooled down, the
aqueous layer was separated from the organic layer and washed with toluene. The
combined organic layers were washed with water twice, then dried with Na;SO,4. After
the drying agent was filtered away, the organic layer was evaporated to dryness. The
residue was recrystallized from ethanol 3 times to give a gray solid as the product

(2.0g, 67% yield).
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By the general nmethod for the synthesis of
2- (2, 5-di bronmophenyl ) -5-[ 4-

w@ omupheons/) phenyl ] - 1, 3, 4- oxadi azol e i n Exanpl ePGI/U81963/032047

reacti on of 3,5-di bronmobenzoyligichl oride (20.13 g,
0.06747 nole) with 4-oct oxybenzoyl hydrazi de (17 g,

(bt hetfy1 joghdi zolQ/cI ocondensatl on of the
i nternmedi ate 3, 5 di brono-N -[4 WD 2004/ 096948

PCT/ US2003/ 032047 -98

(63 nL) gave 2-(3, 5-
di br onophenyl ) -5-[4- (octyl oxy) ph Ny N ~1
(6.12 g, 52%yiel dEH,, @gﬁ,l,e 8: Sy hes%*slﬂof

gN ON i CF3'

hydrazi de. By the general met hod
2, 10 the reaction of 3,5-dibro zoyl chloride with
3,5-bis(trifluoromethyl)benzoyl Wydrazide in the
presence of triethylam ne gavglqh@ i nternmedi ate

3, 5-di bronmp-N -[ 3, 5-

b'fsagtt}\{ §§Fﬂf1&%s?§f&{| %-%{fi,?,gptét?éﬁétﬁ DZ.3hYib R oeslan-Byy11-9.0-
g ar 0 anple 2,

cycﬁbaglglm? smsati on of this internediate with POC13
gi ves
d| br ono%)‘r{gﬁyfl §-T§trfu§e@y bis (2t ?H"F‘f"?%?%ﬂ‘@fﬂ} P) pﬁl]loct quoieng was
%ﬂ%héé@%ﬁm 2- ﬂl%n@@m&l@ctﬁ LB @aitsA of Example 5) by the general
D chl or opheny 5‘4 met hoxyphen -5-]
(qmbwdaxwmgmmmqu spnthesiy ppEeppeddin %ﬂngﬁr etml NChem. Commun.

1597-1598 (1997) and described in Example 19.

Part A of Exanple

Part B: Synthesis of 2-[3.5-Bis-(9.9-dioctyl-9H-fluoren-2-yl)-phenyl]-5-(4-octyloxy-

phenyl)-[1.3.41loxadiazole

Into a flask was introduced 2.8 mL of toluene, 2-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-y1)-9,9-dioctylfluorene (0.80 g, 1.5 mmol), 2-(3,5-dibromophenyl)-5-
[4-(octyloxy)phenyl]-1,3,4-oxadiazole from Example 7 (0.375 g, 0.7 mmole),
Aliquat™ 336 (0.15 g, 0.4 mmol) and 1.4 mL of aqueous 2M Na,COs. This was N,

purged for 1h. The flask was heated to about 80 °C and tetrakistriphenylphosphine
palladium (0) (12 mg, 0.01 mmol) then added under a nitrogen purge. The content of
the flask was refluxed for 21 hrs. The reaction flask was allowed to cool to RT and
about 5 mL water added and the organic layer separated. The aqueous layer was
extracted with 3 x 15 mL ether. The organic layers were combined and washed
successively with saturated NaCl twice and then dried over MgSO,. Concentration

gave an oil that was purified by flash chromatography (eluent: 10% ethyl acetate in
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MeO CBH170 Into a 1L round-bottoned flask fitted with
a nechanical stirrer, reflux 20 condenser and

wopdonogews i nl et were introduced 2, 5-di chl or o- NP€T/4S2003/032047

(octyl oxy) benzoyl ] benzohydrazige-(40 g, 0.09146 nol e,
1 equi val ent), p-anisidine (67.60 g, 0.5487 nole, 6

B B3 Ul B IS 0 e 210

Stgi§-(9, 9didceriLg H-€ldoien- P4l {phehyl 64 (¢-akctybox yopheniyh- [éol,4]dzsad1azole.
Phosphorus trichloride (12.56 g, 0.0146 nole, 1
equi val ent) was added and the contents of the flask

ogﬁfim‘ ransterred

V
tQpct%—pﬁémglm,ﬂ@mﬂlaomea 1:1 acetone/ hept ane
m xture. The solid material was filtered off 5 and
di ssol ved in acetone. Enough heptane 5 added to
precipitate a purple-colored oily shNudge. Heptane
dilution of a test sanple of the gce e/@eptane | ayer

ensured that the oily sludge o@ sonpl'etel y
preci pitated. The agetqne,Hgpt anel=syer @ik, decant ed
h ge excess of heptane

of f and diluted fur .,' Wi
to precipitate a @ : s was filtered off,
di ssol ved i n acet one=and e
10 Filtration and dryi ng gave =N
3- (2, 5-di chl orophenyl) - 4- (4- met haxypfenyl ) - 5-[ 4-
(octyl oxy)phenyl]-4H1,2,4-triazol ¢ (16.25 g, 34%
yield). Exanple 10: Synt heS| s of
2-(3,5-bis(4,4,5,5-tetranet hyl -1, - di oxabor ol an- 2- vyl
)) phenyl)-5- f 4-(octyl oxy)phen -1, 3, 4- oxadi azol e
15 Thi s exanpl e descri bes thecﬁynbhe3|s of
2-(3,5-bis(4,4,5,5- tetranet hyl - , 2-

» omo-9 9 dibut lﬂuorene \
p y enyl[- , 4- oxadi azol e and
al so prbbrcﬂms@ %dlgewm@]remmanm@mzw fsprr3-hiymefiugrege and 1-

f le, t
o wiohiana e et met S GuiBin PR L0 Brah

aryl boroni c ester syntheS|s as reported i n Ranger et

bua)él Hfﬂth' lém W t h the oxadl azoI e. Good conver si on
ca ed using the general procedure for making
aryl bor gua, a,seﬁteeraﬁqea@messpﬂidaebbrb;anmm)%amibumﬂmme was

and Myaura in_J. Chem_ 199 8- 7510
synthe%lzed from 2-bromo g 9- d1buty1ﬂuorene%y methogs (9 scribed 1h Part A of

Example 12.

Part C: Synthesis of 2-[3,5-Bis-( 9.9-dibutyl-9H-fluoren-2-yl)-phenyl]-5-(4-octyloxy-

phenvl)-[1,3.4]oxadiazole
Using procedures outlined in Part B of Example 12, 2-(4,4,5,5-tetramethyl-

1,3,2-dioxaborolan-2-yl)-9,9-dibutylfluorene (1.88 g, 4.6 mmol) and 2-(3,5-

dibromophenyl)-5-[4-(octyloxy)phenyll-1,3,4-oxadiazole from Example 7 (1.13 g, 2.2
mmole) are reacted to give the corresponding 2-[3,5-Bis-(9,9-dibutyl-9H-fluoren-2-yl)-
phenyl]-5-(4-octyloxy-phenyl)-[1,3,4]oxadiazole.
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B-O ON ON C8H170 25 WD 2004/ 096948
PCT/ US2003/ 032047 -100 Foll owi ng this general

WQe@a ook PCT/US2003/032047

2- (3, 5-D bronmophenyl ) -5-[ 4- (octgal oxy) phenyl ] -1, 3, 4-

oxadi azol e, bi s(pi nacol at o) di bor on, potassiun1acetate

' i carbazole)-phenyl]-5-(4-
adi um

(@kh@@g@ﬁ@@g@@@#ﬂiﬁg&ﬂkﬁ@kg|chlornethane - Aldrich

0.089 g, 0.1 mvol es) are reacted in DMSO under

nitrogen at 5 80C for 18 hrs. After cooling, the

reaction mxture is poured onto ic

aqueous | ayer extracted three tine

chl oride, the conbined organic fractl

brine, dried over nmagnesium sulfate,

athin silica bed, rotoevaporated

desired 2-(3, 5-bi s(& *

di oxabor ol an- 2-yl)

phenyl)-5-[4-(octylcxyvo-: A- oxadi azol e. These

general 10 et hods N repare a w de range

()

of aryl ene oxadi az — N hi adi azol e
di boroni c ester internhedi ates usefgl |y preparing
conpounds of Fornula 1. Exanple 11 Synthesis of

2- (4-octyl oxy-phenyl)-5- 1.1',4", 1" I: er nhenyl - 2' yl -

F1, 3, 41loxadi azole 15 N O XN C8H

2-(2,5-dibronDphenyI)-S-[4-(octyIow, phenyl ]

1, 3, 4-oxadi azole (3.0 g) from appl e 3, phenyl

boronlc aci d (2 2 g, ), and Na (3.49, ) were ni xed
p g ppmopherilyGrarBaseds hy| et her 60 i

and Wat 1}"8?“%%6 -le-ng Q&&{u@ho @ﬁddc%q%r eHQatal 51s of Ullmann

nitr oge t er
m@n@&@k@do@ﬁwddsb@berde@c@ommmwm Inuk wguﬁblan 1999 64 670-674,

nitrogen for 20 hours. After th ctjo ol ed
ohmelgtmf@rporated by reference, car %azole G(‘lé{ ’?’?g, éS 4? mmGQl) Clobromo 4-
iodobenzene (25.00 g, 88.4 mmol), 1,10-phenanthroline (0.6365 g, 3.3145 mmol),
cuprous chloride (0.3128 g, 3.2145 mmol) and potassium carbonate (95.38 g,691.12

mmol) were mixed with 70 mL of dry toluene. The solution was purged with nitrogen,
heated to reflux under nitrogen for 82 hrs, cooled to room temperature, followed by
water wash, filtration, drying over magnesium sulfate, and evaporation to dryness.
Recrystallization from ethylacetate gave 18.5 grams of a 70:30 mixture of 4-
bromophenylcarbazole and 4-iodophenylcarbazole, which was used without further

purification.

Part B: Synthesis of 4-(4,4.5,5-tetramethyl-1,3.2-dioxaborolan-2-yl)-phenyl-9H-

carbazole

Following the general procedure for making arylboronic esters as described by
Ishiyama, Murata, and Miyaura in J. Org. Chem. 1995, 60, 7508-7510, 4-bromophenyl-
9H-carbazole (1.089 g, 3.3 mmoles), bis(pinacolato)diboron (0.922 g, 3.6 mmoles),
potassium acetate (1.062 g, 11.0 mmoles), and [1,1°-bis(diphenylphosphino)-
ferrocene]dichloropalladium (II) (complexed 1:1 with dichlormethane — Aldrich, 0.089
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aqueous | ayer was separated fromthe organic |ayer and
washed with toluene. The conbined organic |ayers were

womheohayd t h water twice, then dried w th Na2S®#T/USd008032047

the drying agent was filtered_-gymay, the organic |ayer
was evaporated to dryness. The 25 resi due was
recryst ' .
<& :bc} Iggloilclh algrreo B o ?gﬂ'g_,g?isl) %(5 f’lél?@go@ﬁtg% Waddh#¥ed with
20046 QA6 helted um&zm&mg&amw C fot 08 hEx aryfteecadling, the reaction
Synt hesi s of I . i
2 Tugtuge fag PPEred Opiodes Yrtes e paRsous layer 15irasizd fhrpg taep yvi
comsb t@orfBiikhed $BhibfineBitied
Sﬁ%h%ﬂe th@ﬁ&é )che[ 1@@%@%&??&A orgAviished b inerd ¥ over
5 rﬁagresmanﬂﬂﬂagd, fﬂ];e@d thrdiiglx abor eilign b@ci/ yanyl rgtoguapgrated to yield 1. 02¢g

(A SR ER 2 3 clowarelansBap PRy sl utggle F4% vield

tyI fluorene was synthesized from

2- brono- 9, 9-di oct I-fI .Juor ene Part A of Exan'pl e.5) by

t HaroEensSym o 0243 5Bds-Gpheayls 0 Brcaxbaze nd]-A{dioetyloxy-
as_.re in ?a er et aI - Chem ComTun 1597- 1598
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Synt heslngo #flask-w ibtrBiiieed 20921 bbtduehe%l(ﬁf h5dr-emamethyl-1,3,2-
-hen 1 -5- 4-oct | ox -

a dsgorolss 2k Nhesul: B D B, T B 2 (b Abfomdpfenyl)-5-[4-

o SRt GBS S prapple 1 1 2 g O gumgiey Atiauar™
m‘GH6) (0.21(83.13- rdjnbt)(mﬂ pheh i hqlfﬁou& 3M N32C03 ThlS was N, purged for 1h.
L
?21?@%%68 fﬁ-ﬁngﬁ%l REY 8 ulbNAR] g o8, TRScoéent BEWhE €Rsk was

ask was heat ed to about 80 C and

t eﬁeﬂaka’:«qur 2 e yThstrosqtion fkask pab pBeivedio(@p! (0IRT gad algpuy 20 mL

L D RS A e B PR, 9, R b i

fl g5 ¥a1V¥asthglch@vBIdril® TRObrghsic Myeawlere combined and washed
successively with saturated NaCl twice and then dried over MgSO,. Concentration
gave a solid that was purified by recrystallization frém 50:50 methylene
chloride:hexanes to give 1.3g of 2-[3,5-Bis-(phenyl-4-yl-9H-carbazole)-phenyl]-5-(4-
octyloxy-phenyl)-[1,3,4]oxadiazole.
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f 2-[3,5Bis- (9 9-di but yl - F+f|uoren‘Q yl)-12heny1

5-(4- 5 b8yl Oxy- phenyl Y& 1, 3, 4] oxadiQ tol e C4H11 CHza
%}N O XN | % C8HL70 Paﬁ%t A Syj}h%sﬁs

yIqu ene.

f 2-Brono-9 .
| uor epé was synt\eS|Zjo from

brono- 9, 9- dlbuty

eneral procedur es s
art B: Synthesis
di oxabor ol an- 2-y

(4,4,5,5-tetranet hyl -1, 3, 2- di oxagr ol an-2-yl)-9, 9-di

utyIquorene was syntheS|zed fo

brono- 9, 9-di butyl fl uorene by netlhods described in
art A of 15 Exanple 12. Part G nthesis of 2-[3
Bis-(9

di butyl - 9H-f | uoren- 2-yl ) - phenyly-5-(4-octyl oxy- phen

l) - [1 3, 41loxadi azoI e USI ng prazgeie,dures outlined in Part
o 4 ,

' Priooreres (1. 88 g,
.6 mmop Br@ﬂﬁ@ 929 ()'fs(§6 dloxaheptyl) ﬂuorene was synthes1zed from bromo-2-(2-

i bronmophenyl ) -5-[ 4- (octyl ox henyl | adi azol e

rmmhgxgqﬁb(pyéf)e;thﬁr@[ apg(ngrolgg ugge?le by¥nethods descn%ed (1jn Bat Aot

Example 5.

Part B: Svnthesis of 2-(4.4.5.5-tetramethyl-1,3.2-dioxaborolan-2-y1)-9.9-bis(3.6-

dioxaheptyl)-fluorene.
2-(4,4,5 ,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9,9-bis(3,6-dioxaheptyl)-

fluorene was synthesized from 2-bromo-9,9-bis(3,6-dioxaheptyl)-fluorene by methods

described in Part A of Example 12.

Part C: Svnthesis of 2-[2,5-Bis-{9,9- bis-(3.,6-dioxahepty)-9H-fluoren-2-yl }-phenyl]-5-

(4-octyloxy-phenyD)-[1.3.4]oxadiazole.
Following the general procedures for Part B of Example 12, 2-[2,5-Bis-{9,9-

bis-(3,6-dioxaheptyl)-9H-fluoren-2-yl }-phenyl]-5-(4-octyloxy-phenyl)-
[1,3,4]oxadiazole is prepared by reaction of 2-bromo-9,9-bis(3,6-dioxaheptyl)-fluorene
with 2-(2,5-dibromophenyl)-5-[4-(octyloxy)phenyl]-1,3,4-0xadiazole from Example 3.
The resulting product can be shown to give rise to photoluminescence and to form films
that can be thermally transferred to ionically conducting polymer films such as PEDT
(poly(3,4-ethylenedioxythiophene); CH-8000 from Bayer AG, Leverkusen, Germany).
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Cltih

i tbple lEa&nﬁles%[@Bussjgﬂ -dioctyl-7- (phenvl 4-amino-N,N-diphenyl)-

oronophe - ar bazol e Follomn t ge erq
£l . > )1 ) xadiazole

U | mann condensat| on as descrl bed by Goodbrand and Hu

inJ. Og. Chem 1999, 64, 670-674, herein
i ncorporated by reference, carbazole (14.7 8
nmol )

, 1-brono-4- iodobenzene (25.00 g, 88
1, 10- phenant hroline (0.6365 g, 3.3145 nmol),
cuprous chloride (0.3128 g, 3.2145 mmol ) and oot

carbonate (95.38 g, 691.12 mol) were mxth 70

nmL of dry toluene. The sol ution was purged

nitrogen, heated to reflux under nitrogenfor 82 hrs,

cooled to roomtenperature, followed by
filtration, drying over magnesiumsulfatg

evaporation to dryness. Recrystalliz @mﬁ

et hyl acet at ave 18.5 grans of 4
15 bronoph carbazol ﬁnw Gl of

whi ch was Part B:

Synt hesi s of N

2- di oxabor gt=af- p carbagol e 20 Fol | owi ng
t he genera ocedur e for naklng aryl bpembni c esters as

descri bed Dby
Chem 1995, 60, 7508-7510, 4-bronophenyl -

| shiyama, Murata, and Myanmra in J. Og.
9H car bazol e

(1.089 g, 3.3 mmol es), bis(pinacol at gxdiboron (0.922

g,

3.6 Mol es), potassium acetate (1
mol es), and [1, 1" - bi s(di phenyl phosph

C,H,,0

Part A: Svnthesis of 2.7-Dibromo-9,9-dioctyl-fluorene.

2.7-Dibromo-9,9-dioctyl-fluorene was made as described in Ranger et al., Can.

J. Chem., 1571-1577(1998).

Part B: Synthesis of 2-[9.9-dioctyl-7-(4.4.5,5-tetramethyl-1,3,2-dioxaborolan-2-y)-9H-

fluoren-2-v11-4.4.5.5-tetramethyl-1,3.2-dioxaborolane.

2-[9,9-dioctyl-7-(4,4,5,5-tetramethyl-1,3 ,2-dioxaborolan-2-yl)-9H-fluoren-2-

yl]-4,4,5,5-tetramethyl-1,3,2-dioxaborolane was made from 2,7-dibromo-9,9-dioctyl-
fluorene as described in Ranger et al., Chem. Commun. 1597-1598 (1997).

Part C: Synthesis of 4-bromo-N,N-diphenylaniline

4-Bromo-N,N-diphenylaniline was made as described in Creason et al.,

J.Org.Chem. 37, 4440-4446 (1972).
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m}ﬂﬂh&ﬁﬁ-%ﬁﬂNNetﬁphddvﬁnﬂmﬁbl ned or gani c fractions

d with b dri ed i fat
Fi T or b Tometgh AP Mo L o) B o200y Z%%M—"@-&M 55-

t 1 - - 4 ,5- hvyl-1.3
y Seifheifyigr, O3 dloxdiorolan-2-yD- ol fluoren 2511 aﬁ 5-tetmmehyl 13,2
- Yfibolivdae! (6. 9%4‘1@0 nﬂhm&) Aligaat™ 336 Bylnamebqlme@y ammanium

5 BI S- ( 53 %%J ﬁ;] E-I‘W&F) @l’j(%/l éegv%%bonatebﬁ%lﬁwn)ﬁf mL, 150 mmole) were
g : ({199‘@}@)' IﬁE%lf ?oluérQ: TThisQv A fu k%awm stidind SOMIESGenlRdr About 30

uene - ,5,5-tetrane
di mmhlmdcﬁ eamn@ggn purgp phms(um@ﬁph@pp@ebp@adgm (0) (348 mg, 0.30

moT‘glfrg?i &) )YV% Bﬂ%%/ IFFEB gergg gﬁ%b]{‘ \%J%ﬁdiger% rreglrl%]xg(for 16 hr57 The reaction

( lwRlcodleddo odMBdBperathld fidayatdd added THe. di@ﬂmcglay&r Bas separated and
mml) and 5 nL of aqueous 2M Na2CQO3. Thi s was

N2
puweshdd W@th waer foltpwed badrnvdaryingaidbe erganis daper gperdagsps and
t etraki e i
o bR ORI AR TR AELD 88 8 i scione s
COfAE @fﬁktu&f blbﬁ%tftb ahaxvasl thdsrerﬂldweddo fsrand ﬁtl.robmstem'phmture overnight.
reacti on fl ask was aIIovvedtoc to RT and

t 20 ..
st dingeiland PR nT Hife B HARa i Sublected to
rjﬂg lu%}?ﬁﬁo )&51{1 fiRdaid 3.0 & dive 499, 91d166%§1h7J(43mg 5-
yers were conbi ned and washed
S uxemsuhybll 3, Mlbhamollanétydwliaﬂllwrtw%}é] -Nihd-diphenylgniliag.
over MgS04. Concentration 20 gave a solid that was
purified by recrystallization from 50:50 nethyl ene
chpgf i fe NANRHES of % 8 ¥ Bid { $9-dctyl-7-(phenyl-4-amino-N.N-diphenyl)-9H-
2-13,5-Bi s- (pnenyl yI 9H— car bazol e) - phenyl | - 5- (4-
hoher 4-0gtvAdx vaphety A4 b3t loxadiaroleq/ 096948
ECE-/Z ngg_?g/ %2866 d1ogtg)z?7 '%Xl?en §-afitho @Ntﬁsﬁ‘énﬁ)c@h fluoren-2-yl}-

bi ﬁhe(n?l]ﬁi di- @éf?l'&ﬁ?lp}‘lleﬂylﬂ['l' ) M}&h&ﬁzéﬂc)’d prepared by reaction of 4-[9,9-
phenv -oct yl ox ID enzy [b 3, 4loxag a}%ol e. HSI\CT\N
c D@qulﬁs@\,él ﬁ),Sftgp:arget yl-1,3,2-dioxaborolan-2-yl)-9H-{luoren-2-y

diphenylaniline with 2-(3,5-dibromophenyl)-5-[4-(octyloxy)phenyl]-1,3,4-oxadiazole

(2.2 mmole) from example 7 under conditions as outlined in Part B of Example 12.
The resulting product can be shown to give rise to photoluminescence and to form films

that support both hole and electron transport in OLED compositions.
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OO0 NON i I CBHL70 5 Part A: Synthesis of
2-brono-9, 9- bi s(3, 6-di oxaheptyl)-fl uorene.

WQ2Brom4®, 9- bi s( 3, 6-di oxaheptyl)-fl uorene wasPCT/US2003/032047

synt hesi zed from brono- 2- (2- meghoxyet hoxy) et hane and
2- bronof |l uorene by nethods described in Part A of

ample 1 , .333- el §. Sdlgét l’Z §54b1§-trlﬂu0rometh 1-
dip ﬁéﬁfﬁ ﬂﬂﬁoﬂ‘eh@ﬁﬂ@envl]-s (4-octvlox “phenyl)-[1.3.4]oxadiazole
2-(4,4,5,5-tetranet hyl -1, 3, 2-di oxaborol an-2-yl ) -9, 9- bi

s( 3, 6-di oxaheptyl) - fluorene was syntheﬁkzed from

2- brono-9, 9- bi s( 3, 6-di oxaheptyl)-fl uorene\by nethods
described in Part A of Exanple 12. 15 Par
Synthesis of 2-[2 5-Bis-{9 9- bis-(3

6- di oxaheptyl)-9Hfl uoren-2-yll-phenyll -5
(4-octyl oxy-phenyl)-[ 1, 3,41 oxadi azol ¢
general procedures for Part B of Exanply
2-[2,5-Bis-{9,9- bis-(3, 6-di oxaheptyl

Nol | owi ng t he
12,

@ ogaren- 2-yl

oxadi azol e i scpgrepare 8
2- brono- 9, 9- bi sS§3x6- dj=
2-(2,5-di bronog phenyl]-1, 3, 4- oxa
di azol e from Exaff S ng product can be

shown to gi veCRj se to photol um nescepe and to form

W th

films that can be thermally transferred to ionically

(pol y(3, 4- et hyl enedi oxyt hi ophene) ; 8000 from Bayer
PCT/ US2003/ 032047 -106 Exanpl e CE§:

)2 _M@%@;(t§1ﬁggr%¥1ethvl)vﬂénvﬁ &I 9'%1 telhglq)ﬁuoren 2-

- B34 4- 5 5 ML sRNENY b)dibabdrMrdeadioaz Big3.5Q N\ /

bis(trifluoromethyl)phenyl1-9.9-dioctyl-9H-fluorene.

3,5-Bistrifluoromethylbromobenzene (0.293 g, 1 mmole), 2-[9,9-dioctyl-7-
44,5 ,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-9H-fluoren-2-yl] -4,4,5,5-tetramethyl-
1,3,2-dioxaborolane from (1.28 g, 2 mmole), Aliquat™ 336
(tricaprylylmethylammonium chloride) (0.15 g, 0.375 mmole) and 2M sodium
carbonate solution (1.25 mL, 2.5 mmole) were added to 10 mL of toluene. This was
purged with a stream of nitrogen for about 30 min. Under a nitrogen purge,
tetrakis(triphenylphosphine) palladium (0) (14 mg, 0.012 mmole) was added. The
reaction mixture was then refluxed for 16 hrs. The reaction was cooled to room
temperature and water added. The organic layer was separated and washed with water,
followed by brine. Drying of the organic layer over Na;SOq and evaporation of the
solvent gave a light yellow solid. The solid was dissolved in ether, and a small portion
of it was applied on a silica thin layer chromatography (TLC) plate. The TLC plate
was eluted with 1:1 toluene:hexane to give three distinctive bands. The middle band
was collected and was determined to be 2-{7-[3,5-bis(trifluoromethyl)phenyl]-9,9-
dioctyl-9H-ﬂuoren—2—yl}-4,4,5 ,5-tetramethyl-1,3,2-dioxaborolane obtained as a light
yellow oil (28 mg). IH NMR: 6 0.53-0.69 (m, 4H), 0.78 (t, 6H), 0.96-1.29 (m, 20H),



C8H17 C8H17 C8H17 C8H17 NN ON i | 5 C8H170 Part

A. Synthesis of 2 7-D brono-9, 9-dioctyl -fl uorene.
WQ200400douon0- 9, 9-di octyl -fl uorene was nmade as PEFUS100E2047

in Ranger et al., Can. J. Chefgg. 1571- 1577(1998). 10

Part B: Synthesis of 2- [9 9 di octyl-7-(4 4

ﬁ@n@% I9:7? il ém J'I?fét ira 27%38 le? oxa Z)rggl(rzf\anH) 7.80-

-7 88 (m, 3H), 8.05 (s, 2H). The band havmg the greatest elution distance was collected

9,9-diocty 5-tetranet 2-di oxabor,ol an
[ ¢ [wjas glpr.erqrwgléqa,bg the by-product 2,7 EIS[3 g’ bls(trlﬂui)ro)r(nethyl)phenyl] 9,9-

yI F k)R
Aty A higysefgiaaral g vas, ey 065
5 RatHye0.761(t, 8K), 0.Thé e (Go2nih.1.9%9.11 IBJQBHQ ﬂg@zxs, 218, Pap (d, 2H),
S%nt hesi s _of gﬁgr ono- N, N-di phenyl ani | i ne
4 7B$ 4@[@%‘?&’1 laniline was nade as described in

Creason et al., J.Og.Chent. 37, 4440-4446 (1972). WO
2004/ 096948 PCT/ US2003/ 032047 -107 Part D: Synthesis
ofPaeﬁt-]BQ SQHﬁBem:bf/]H 375(Ris-49,'9 dioctyl-7-(3.5-bis-trifluoromethyl-phenyl)-9H-

f34 3xad1azole

. L l." yi)

10 ‘2" FEO%N B\l;Ei'é FPQ%,@E&{J)@?IL’}’-(??—bﬁsl@}Mr@netﬁﬁ -phERy B0 H-fluoren-2-yl}-
loctyl

t elthea}’ﬂ&ﬁh(%oclylgxszpb@b&)aﬂe?r 6]03@@122‘114’ is-roppargd oy waction i 2-{7-[3,5-

S e e e

C ml@iauéealaﬁeﬁ@uh Jzi(miwbmaptd:ngmfsw-bmtmﬂubmmﬂeyl)phenyl]-1 ,3,4-
solution (75 m., 150 m’mlg\% wer e to?gg 0,600 nL of
t oadinsolemider Gpaditions gadingd jonPast B ]r% trogen for

about 30 mn. Under a nitrogen purge,

15 tetraki s(triphenyl phosphi ne) pall adi um (0) (348 nm,
0. Eﬁhmﬁi@dlSe)SWﬂhesmhféhB FBis-fBXdhis Y9N -fluoren-
re{l ijxelg f?rS 146 Al que . (it,’»l Qxadiazole
C8H17O
20 Part A: Synthesis of PhO(CH,),O(CH,).l.

PhO(CH,),0(CH,),I was made as described in Otera et al., Bull. Chem. Soc. Jpn. 2964-
2967 (1981).
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10 was cooled to roomtenperature and water added. The
organic | ayer was separated and washed with water

wo edooeeds by brine. Drying of the organi c | ayePCDUS2003/032047

Na2SO4 and evaporation of thegol vent gave a |ight
yellow solid. This was suspended in acetone and the
m xture brought to reflux and then allowed to stand at
roomtenperature overnight. Filtration of the solid
arpdrt @ 93/atHekia toff Qrbroinotd® bis(3.6-dadxaherangheayl dluodenehat

1
\(A?; Egb e}%%gﬂtgo@s(%ﬁcgllggghnegglgggny ; ﬁgcr)r%ﬁ)g Xvas synthesized from

MG foll th 1 edure outlined in
¢ S DAREERORCHbAT SR Gy Bhrens Sl e s B Bes e
NPNﬂddmflEmgahpImSI ine. Part E: Synthesis of 2-[3 5-Bis-
f 9 9-dioctyl-7-(phenyl-4-am no-N N-di phenyl)-9H
fluoren-2-yll-phenyll-5-(4-oct
i 3523— 3%-@3@ 9.8261s83 62(Q01231{6§V15h§1\§)' 9ff-fluoren-2-yl}-

phe enyl )-9H fl uoren
Zt>h\¢hvl1 5 (4m¢esdmm M@Jﬁﬁ&@g@mn 1)
1,3, 4 di { 4
5 2 Bahaehe deto Bl FRALER N PGPS 015.% 16 385 Bis- (0.
) tﬁéd(a‘ ds HR{x%He)%d &ymgﬁ-ﬂd@r@ﬁanyﬂ}@mehyms ~(dhdckyloxy- phenyl)—

di br omophenyl) - 5-[ 4- (oct yl ox henyl
d| [éz3@4]exadé@zoize lﬁmm;edftwﬁﬂ%s@a %ebr?%%rE%%wb}/%%ﬁdil?’iaé‘ﬁ’%y)ighenyl)‘
as, outlined,i P 1F
e g bl el i TR Gy BRI SR AR from
angkangplé 8r Mhé kdsiBingtpieducs cgpiiar shobatth ghelrisedo phﬁbhlmin@mence and

e e T ———
t

é%‘/ ?3 %&ﬂ?ﬁ 13?9”%%‘?.&"&2% @blée)( E%%th% D Jél;@’?)

[navarmmmmmy)e CF3 CF3 C8H17 CF3 C8H17 C8H17 |

C8H17 CF3 =N ONi |I CF3 CF3 5 Part A: Synthesis of
2-d7-r3,5-Bis(trifluoronethyl)phenyll-9

9 ﬁ' L Ahpie! 199 %Jﬂtﬂ&"nseih@mﬂ/it of INA-8i

XdDOor Ol alne ahn IS

dloxaborolan-z-yl )aniline.

T30

Following the general procedure of arylboronic ester synthesis as reported in
Ranger et al., Chem. Commun. 1597-1598 (1997), n-butyllithium was added dropwise
via syringe to a -78 °C (acetone-dry ice cooling bath) solution of 4-bromo-N,N-
diphenylaniline (24 g, 0.074 mole) in 175 ml dry THF. Stirring was continued at -78
°C for an hour and then at —50 °C for an hour. The mixture was cooled to —78 °C and 2~
isopropoxy-4,4,5,5-tetramethy1-1,3,2-dioxaborolane (17.22 g, 0.0925 mole) added via
syringe in one portion. The temperature was maintained at -78 °C for three hours. The
cooling bath was removed and the reaction left to warm to room temperature while
standing for 12 hours. The reaction mixture was poured into saturated ammonium

acetate and extracted with ether. The ether layer was dried over magnesium sulfate and
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bi s(trifluoronmethyl)phenyll-9 9-dioctyl-9H-fl uorene.
3,5-Bistrifluoronethyl bronobenzene (0.293 g, 1 mmole),

wWQ@2(409/0%9d oct yl - 7- PCT/US2003/032047

(4,4,5,5-tetranet hyl -1, 3, 2-di oxgbor ol an-2-yl)-9H-f | uor
en-2-yl]-4,4,5 5-tetranethyl - 10 1, 3, 2-di oxabor ol ane

My 88lumn chromatography (silica gel
(tCPP%e%é? %ﬁy?ﬁe@ﬁ%&%ﬁ%lﬁr%rﬂﬁ%n ae) ?gmlcs %n,aa Ogra95y (silica g
nenitE); veittthaivha adiens mixaréoofdhareaingigiadieny from5 00 hexage to 40%

gTG?élggt?) g{fﬁN 2\9 gieP?'@’éﬁ] ‘b?"' %ﬁ%‘ﬁ%ﬁ%ﬁﬁé@ ?E}PX%Q?@% 2-yl)aniline as
’Lﬁ 19 ] gt(, 8? %?51 yiH) Qx%hlch fsﬁMl? Kfy'%{ahiz!ea he axbmh@ﬁ Pahday.

was added. The 15
r eact i dli‘hxmomlnmmdv\m heh.end t@ﬁltrgdw ahple ranspegringTiyaction to the end

reaction wa oled to ro ature

addBRing gf@lpj},ygcglfﬁctjcrlogv‘equpﬁﬁ%t n:%y% & 8xad1%%?e d\@% ide £pre.
‘A@&l‘%‘e{matwfe HRYESPYurrdall Be uEKd/ﬂoB gx&hplt e a0 Bigaie sylﬁhﬁic route to
over and evapor ation of the solvent gave

| Itbhtommundva Eet-Bas-{ S Aalicntyli T(nhasyldt-g@siordd ipl@flywﬂ’ -fluoren-

Y | IR

20 BicObdibRebatiind N,N1dibRdnyB A4 Acs Sunarangetigylvie, Ehiiceelborolan 2-
di stinctive bands. The m ddl e, band was coll ectf? 3
way) andinerwitihesgesso?, pelibromo-9,9-dioctylfluorene to generate 9,9-dioctyl-7-

2- Cte W -
BRSPS AR Dt o 2,0
xaﬁ suol, Bpectahiahyleld3,asliaxabomiin-2-yB) bhenyb)-5- [‘(—2®tyig)(y)p11¢myl] 1,3,4-

OGRS YO TNDE R A o

12 4H), 7.52, (s, 1H), 7.56 (d, 1H),
‘%“pfj%gg %Xgﬂlﬁge%'? Ig)o 7.88 (SnS 3H)H) 8. 05 (é 2H)H?

The band haV| ng the greatest elution dist ance was

C oEk@apRAO0: thiests aiad Biititynef2.7-di $18.9 heptyl)-
2, flodvenb3, 5-bi s(trifluoronethyl)phenyl]-9, 9-
dim"-_QH-fl uorene obtained, as a light yellowoil (8
ng). "HNWR 6 0.51-0.65 (m 5 4H), 0.70 (t, 6H),
0.91-1.26 (m 20H), M%s8-2.11 (m 4H), 79, (s, 2H),
7.56 (d, 2H), 7.80 (d9aH), 8.00 (s,/af). Part B:
Synthesis of 243,5 Bi s-199-¢i oct yl
5-bis-trifluoronethl--phen |
- phenvl | - 5- (4- octyloxy-phen
2-[3,5-Bis-{
9,9-dioctyl-7-(3,5-bis- tr|
ren-2-yl }-

phenyl ] -5-(4-octyl oxy-phenyl)-[1,3 ﬂoxadl azole is

pr epar eBehgyltnedxylarmnomﬁchlﬂmu{eg?:59g, 4 mmole, 0.077 eq) and 2,7-

|bI§ trif lg()‘g%%t"@%,gy phe”}" ) gq%w)‘%v'e‘%é:%&épel?d?d ih 498 S BMSO. 50%

fl uoren-2-yl
. 3, 4loxadiazole 10

yI phenyl) 9H-f | uo

ageous NaOH 80 mL was added l-Bromo 2-(2-methoxyethoxy)ethane (80g, 437
mmole, 2.4 equiv.) was then added in small portions. The reaction was stirred at room
temperature for 2 hours before it was stopped and the aqueous layer was extracted with
ether. The combined ether layers were washed with water five times and dried over
Na,S04. The organic layer was filtered, evaporated to dryness and the residual was
flash chromatographed on a silica-gel column to give the pure compound (73 g), in a

yield of 86%.
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di oxaborol ane with
2- (3, 5-di bronophenyl )-5-[3,5-bis(trifl uoronethyl)pheny

WO 2602/03948 oxadi azol e under conditions outl i neRCT/HSH03/032047

B of Exanple 12. 15 Exanple 18118ynt hesis of
2-[3,5-Bis-f9,09-
bi s-( 3 19F g&ﬁ'@edag e fﬁ%ééa f309 'éli'céﬂl Qh& H1od?f‘y3ﬂllel' Sd?ﬁlﬁﬁw ﬂarameter of

-5-(4-ocC n di azol e’ -~
e} thle cbmbourﬂ&iﬂﬂc@l@db RﬁrTo Ao ti8y Af7hdibiosnm®, 9%@ @-d1))2ajleptyl)-

l. ) s, describ
O brosens lsa e m@i#%'f%rfi"hbf%% Jfﬁ‘ﬁ&%@%‘z{e ne, “‘Pllé% 15
WD 2004/ 096948 PCT/ US2003/ 032047 -110 Part B:
SyntheS|s oé 2- bronD 9
o6 e Eonthie A

wi il Sontiesiz and A&ty Yof £ 74dibaemo-2.2-bis(3.6-dioxahexyl-6-
2-Bro 9- bIS(3 6- dloxahexylphenyl) fluorene was
sy&'ﬂ@'—‘i‘é@ﬂ?—om PhQ( CH2) 20( CH2) 21 and
2- bronofl uorene follow ng the general procedure
outlined in 5 Part A of Exanple 5. Part C Synthesis

of 243 5-Bis-(9 9- (3
#fluoren-2-yl}- g;;>
phenyl )-f 1, 3, 410X azol e

6- di oxahexyl phenyl)

phenyl | - 5- (4-octyl oxy- 2 0%

Fol  owi ng the general prdcedures for B of Exanple
12, 2-[3,5-Bis-{9,9- 10_q— ‘JP_
bi s- (3, 6-di oxahexyl phenyl)-9
}-phenyl ]-5-(4-octyl oxy-phe
prepared by reaction ofpg, Br

2-brono-9, 9- bi s(3, 6-di oxah p )- fluorene with
2- (3, 5-di bromophenyl )-5-[4-(octyl oxy) phenyl]-1, 3, 4- oxa
di azol e from Exanple 3 The resulting product can be

shown t r | " .
fiime o PaPCTGR Hd RRR YRLBERGERE S0 Ao dheribed by .
COORMET SBich, KBfuridiTand . SKahasai FEDL Chern, Soc, Jpn, 1981, 2964-

,(A\g%g e?(,g-ﬂiltargélhfnedl OX,%;;QE& e)%}l?l? -ph%r'i)s \QOQeI];er\gg; t%gl){ S}Enthesized

from PhO(CH,),0(CH>),I and 2,9-dibromofluorene following the general procedure

uor en- 2-yl
, 3, 4] oxadi azol e is

outlined in Part A of Example 5.
This compound can be used for example to modify the solubility parameter of
the compound of Example 16. To do this 2,7-dibromo-9,9-bis(3,6-dioxahexylphenyl)-

fluorene is used in place of 2,7-dibromo-9,9-dioctyl fluorene in Example 16.

Example 22: Synthesis and Utility of 9-Phenyl-3,6-bis(4.4.5.5-tetramethyl-1,3,2-

dioxaborolan-2-yl)-9H-carbazole.
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Exanpl e 19: Synthesis and Utility of
N, N- di phenyl -4-(4,4,5,5-tetranet hyl -1, 3, 2-

waele@aborol an-2-yl )aniline. t'o \ 20 ~ Fol | ow@nUs1ve3/032047

general procedure of aryl boronijg.ester synthesis as
reported in Ranger et al., Chem Comun. 1597-1598
W se via syringe
bl ath) solution of
4- br omg- dxull’srah@bwhgembmﬁe wadmade Bs @ddribaal i@)Pailnetldl 5
m dry THF. Stirring was continued at -78 25 C for an
h&aﬂamollr@n1%\?07—587]é(f1898 Jan hour. The nixture was
cooled to -78 C and 2-
I sopropoxy-4, 4,5, 5- tetranethyl 1 3, 2- di oxabor ol ane
( Part22 GntRsQ925 Rhohel)3 aditéd s tctmyethyld 3. drdimseborolan-2-yl)-OH-
portlon The tenperature was maintai ned at -78 C for
urs. The cooling bath was renoved and the

I‘ eactio \ﬁkd ble) -0-
*,,?fatsli %@% e r \91tﬁ OO HI SRRt i3 B ib®mo-

st andi ng The reaction mxtyre was poured
i qﬂlenﬁaztrbamﬂee(ﬁOaglﬂdﬁlmwiﬁBd" hiscwasatoelegite -6 Craidlh ap aggtene-dry ice

5&2?112% AT 66 b 8 g PN AT G GaR0a0 i was added

ﬁ[ﬁﬁﬁgea&ﬁ gyﬁrfgegTH@reﬁctiﬁnS\ﬁMH&wfor ﬂllﬁlhrfuws&dnldahlerbwarmed to -
coI chr onmat ography (silica %g%m eluting with

508G eTheolemprature wiag Feskicest 10 178 FripogroRar B 1P ORT amethyl'
1 009
YA B QO Ao s e

2%hé/ {e}lﬂﬁke{thﬂ%%eﬂﬁv -6 iThe (elﬂ;e%tgre Wa. rﬁﬁrfngaumalddl) -7h8/\a€1 fDln two hours
1S

tall dt [1d t andi
c @maﬁméﬁ@dﬁmyﬁrﬁmgv%ﬁ%@ﬁ%g@ﬁﬂ@l e gofiia 99 mL
]; 33 {31%) %; ?a;’egew&g l?)has%%ggdrg@d ah@Hie Je%le&isrﬁlﬁ@e &itA8@d with methyl- .

an arytene oxadi azol e rom de core.
Al zttﬁﬁyleetthetet ¥,200mils). Therpombited argabee phescandextiesta figkewashed with

Iznbﬂrglré %lgt X rO{nIgi)eandy (?ne eotvleg mragrliletssuntl (s)ulfateb %oncgﬁ%ra%on and re-

9, ¢ Ehll3®bBM,4,5,5-
%y&?@a%dgn@ftf}@gﬁiaﬁdbg@%gﬁ agl?]tglrls Fmepmv 9-pREhfliEbBRM,

1 @tréhahaﬂﬂéz?edlexakwm@hm -2k)- aaapbaéolz% This can 10 be

achi eve rea
N, N- di p’ﬁ ﬁpmgo?rﬁi %%é)eéls?d& rnécr)rctlelFWhie hole transport properties of for

1 Skafiflé @%RBAMBLANOLZExAtPlENT | Todowhis b-Rheaglsk6-bis(4,4,5,5-

, 7/-di'bronp-9, 9-di octyl fl uorene to generate
4 t[egamemybéﬁ)a drpxaborol%n 2-yl)- 9H—carbazolg e is used in place of 2-[9,9-dioctyl-7-

@?@3 Ft"ﬁ{r!%rﬁé’tgﬁnggbzydll)xéﬂo%l% PRy b ckd.y1wWhi 815 jeh§Rethyl-

b' §G‘Qrdlo§a‘tﬁ)r61@ﬁdﬁh®1ah}ﬂle 17.3, 2- di oxabor ol an-2-yl ))
phenyl) 5-[4- (octyl oxy) phenyl ] -1, 3, 4-

Example 23: Synthesis and utility of 4,7 -Dibromo-2.1.3-benzothiadiazole, 3.9-
Dibromo-perylene and 3,10-dibromo-perylene

4,7-Dibromo-2,1,3-benzothiadiazole was made as described in Pilgram et al., J.

Heterocycl. Chem., 7, 629-633 (1970).

3,9-Dibromo-perylene and 3,10-dibromo-perylene was made as described in

Zinke et al., Chem.Ber. 74, 107-112 (1941). These compounds can be used to modify
the light emitting properties of for example the compounds of Example 16 or 17. This
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oxadi azol e from Exanpl e 10 under Suzuki coupling
conditions will provide the final 15 conpound of

wE2@aphe@48.6. Exanpl e 20: Synthesis and Util it yP@f/US2003/032047

2, 7-di brono-9, 9- bi s(3, 6-di oxabgptyl)- fluorene. H3 C
CH3 0-~-0 OG0 - 7j bBr / Br 20

Benz Itr

0069' liﬂg‘%%}%@?ﬂg{ig% ttl%?. eC%e pg)ag% : fl)? ggﬂ%ee?f 2,7~ d1bromo—
e%-‘dlo)ctymuer@%lpﬂﬁqﬁebamloﬂ GesetibVB(ExH0dle 16ge Emample 17.
NaOH 80 nL was added.

1- Brono- 2- ( 2- net hoxyet hoxy) et hane (80g, 437 25 mmol e,

2. f SO 14)3198G e dhER 7 @lﬁgmdogltﬁ)ﬁ@ labhd @{I@r g%‘%}rect-fh fiminescent

I €daC O wWwasS SUTTrred alt T o0m nour s
babenesi t was stopped and the aqueous | ayer was

extracted with ether..Th nbi .
wnshod iFetPaRhY e Fomr o mets HRRRGT potpigve: PHsdglh fransporting
h%nﬂ:L AR éET*A@)éféf E‘;@&?ﬂﬁlésl tie{LderciradRhM R dlgsowem RE$S wi/wt%

e residu | ash chromat ogr aphed on

si mtoghelgeflfoedmna :mtOﬂl@ng |(HBLCrgéa®mbéa1@%f§@mn@ld gl Ceyfmlqah
" k. S eapRtg R SO eklerfP A TRE P and PV

t NOers QLS ini & dtiD JF BTRVBTAGE 10: Bfnm s@ﬁmmdoolfo drxi@ni| ‘Bhe molecular
16. To do this 2,7-di bronp-9, 9-bi s( di oxaheptyl| ). -
g@ﬂion of small

f | exittenk (Hpy)x @8 intrpdgeasca agrouptspf éPrQalr dh% W/v4 Zefo¥o

fl yore Ex 6

E?Hl[quf) og ]aqg n}_@gy hrﬁ%)ogrflo of éﬁeggéﬁ%‘gl(rédlgﬂig ogizﬁélhg g%’;ﬁ) 2skh coating
Pheyt on-w 4 sUlEce e thrédgh-0.9 pnd nylon sBingBrfilted before application.
PhQ( CH2) 20( CH2) 21 was first synthesized accor di ng

thodsomaelmwlwngscenfdeéms were egypspgted s o %Wék‘g}?ﬁs squares
29 72 ¢m xai'\@ avmg%n%lﬂ sIdegVaB?)r d%%‘asneh%atmé-gisﬂmdlu%?ﬁﬁ oxide (ITO) -

2, Wetd ddEaREt Pod-This F3mEdias dhaxhdimpCphe it JTO lcoged sides were

was then synthesjzed . .
cleaned with mthanol, treated with an Oo plasma etch (4 min at 50 W and 200 mTorr),

treated by spin coating (2500 rpm for 30 sec) of an aqueous solution of PEDT/PSS
copolymer and dried under nitrogen purge at 115 °C. Next, the coating solutions
prepared above were each spin coated on top of a PEDT/PSS coated substrate (2000
rpm for 30 sec). The glass squares were then mounted into an aluminum frame,
introduced into a vacuum deposition chamber, and pumped to 10°® torr for about 1 hour.
Cathodes were applied by vapor depositing about 10 A of LiF and about 2000 A of
aluminum.

The resulting organic electroluminescent lamps were evaluated for drive
voltages (V), external percent quantum efficiencies (% Q.E.), luminescence intensities
(cd/mz), and emission maxima (Amex nm) for blue, green, and red lamps operating at 20
mA/cm? drive current.

Table 1 summarizes the electroactive compositions and results of the respective
lamp evaluations. The materials in the electroactive compositions are recorded in
Table 1 as the number of parts (p) by weight added to 1000 parts (1000 p) DCE to

make the spin coating solution used in preparing the lamps.
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from PhQ(CH2) 20( CH2) 21 and 2, 9-di br onof | uor ene
follow ng the general

procedure
wez@apde@46. 15 This conmpound can be used for erENPE®O3/E32047
nodi fy the solubility paranetgnsof

Exanple 16. To do this
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Exanple 16

9
d
2
of
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P:

T

ace

rodctly

Evonﬁ
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outlined in Part A of

ctyI

t he conpound of

Mioh-Rdshigor ene is
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rk et al .|

oxabor ol anlgo(ygs
D04/ 096948 2003
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Ps‘ﬁé? i

gzol
/032
kK bazo

(B33,

21000
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Example 32: Preparation of a Donor Sheet

A thermal transfer donor sheet is prepared in the following manner. An LTHC
solution, described in Table 2, is coated onto a 0.1 mm thick polyethylene terephthalate
(PET) film substrate (M7 from Teijin, Osaka, Japan). Coating is performed using a
Yasui Seiki Lab Coater, Model CAG-150, using a microgravure roll with 150 helical

cells per inch. The LTHC coating is in-line dried at 80°C and cured under ultraviolet

(UV) radiation.

éﬁ@@h@&ﬁﬁﬁlﬂﬂd@)@‘ﬁﬁmﬁp&aw phenyl - 3, 6- bi s(4, 4;
tetranet hyl -1



20 This conpound can be used to nodify the hole

transport properties of for exanple the conpound of
waEx@apd@48l7. To do this 9-Phenyl - 3, 6- bi s(4, 4, 5PGF/US2003/032047

tetranethyl-1,3,2-dioxaborolaniﬂ;yl)-gkkcarbazole i's

used in place of 2-[9,9-dioctyl-

(4,4,5, 2-di oxaborol an-2-yl)-9Hf 1l uor
abﬁle% g‘i‘gthéydl dor?:

en- 2- yI tetranethyl - 1,3, 2-di oxaborolane in
Exa égn Exanpl e 23: Synt hd&adeand utility &artsby
4,7- 1, 3- benzot hi adi azplDesigdafien Weight
Di br B/ ne and 3, 10- di br ojyo- per yl ene

4, 7- D ‘E?ngﬂ) li‘ﬁ(ﬂ’lgmﬁgﬁzot hi adi az b RavermdotHEE 3.88
descrii-betd—n—+ri amet—at——3 Heterocyct— em, 7,
629- 63 Bolmgyldautyrabre@ng Di br ono- 3auy¢aeﬂﬂe9&ﬁ)d 0.69
3, 10-ldi-bronp-peryHenre—was—ade—as—described—+n—2Znke
et al| acr@ieresiBer . 74, 107- 112 ( [94ddryl fMése compounzle?
can e used tao rmriify t he |igh amfflnn pr-op br t |-es

of faordspasmke the conmpounds of @1@%@%@(1@1@* 17. This

WD 2004/ 096948 PCT/ US2003/ 03204 14" can be achi eved

by subghbbuhifidagtne of these compeupgscsior in placeygh
2, 7-di bronpo- 9,9-dioctyl fluorené in the preparations

descri 6 or Exan 17 anpl ¢ 24-31:
El ect rolg%ln\@gﬁéggajgsél ons and 353’ '£62@6 13is

El ect ol urninescent 5 Devi ces. Electroact]
conposF“frV " Wer e prepared as f)IE‘é%%te ?ﬁ% eI e¢trond79

trans T 95 IS (ET. _s of |:xan'p| es IT{T4 were
i ndepgzé)en%}ﬁy @Yﬂsigtg%mgt Mhl% 0.89
&de ob al ned

di chl prasdphalie/1opheingl) mﬁmoﬁd:-lPLC from

Al drich Chemcal—MJlwaukee—W A-heletransporting
agent | (HifAjoxyeyadaiteayl phenyl KR CEPgac@ﬂéOlSE-’W 10 {wer e0.13
added| in a ratio of FTA/ HTA = 10: 3 in some cages

10: 10| otbulddoRre The nol ecular emtter Ir(ppy)3,| wayy375
introduced in anmbunts of 0.01 -]0.5 w/W%by addition

of srraI1I2 @EA&HR}I&&B@tMem solution of the énitter
indicg ? thane (DCE). "Each coating solution wag.2s

fil terecbt:ttthrough a 0.2 mnylon gyringe filter hefore
app| ication. Organic electrolumlnescent deviceswere

const r ug {Gednmakian Ghemigals Cp.aAdanfaGhes 15 of 2 cm x 2
cm havi [f§obriadne, St beuvia, M&bor deposited coating of
i ndi um £iSn Co%étobsor{ &TSAn, Iwe ReciobtWilned from Thin Film
Devi ces “{Bykabiginie USY, Wiliagfof® Cbat ed si des were

©3M Co., St. Paul, MN

©UCB Radcure Inc., N. Augusta, SC

MICI Acrylics Inc., Memphis, TN

®Ciba-Geigi Corp., Tarrytown, NY

Next, an interlayer solutibn, given in Table 3, is coated onto the cured LTHC
layer by a rotogravure coating method using the Yasui Seiki lab coater, Model CAG-
150, with a microgravure roll having 180 helical cells per lineal inch. This coating is

in-line dried at 60 °C and cured under ultraviolet (UV) radiation.
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cl eaned with nthanol, treated with an 02 plasma etch
(4 mn at 50 Wand 200 mforr), treated by spin

wae oatiomg4g 2500 rpm for 30 sec) of an aqueous sPCTIUSIIN3/032047

of PEDT/ PSS copolynmer and driegz-.under nitrogen purge
at 115 C. Next, the coating solutions 20 prepared

above were each splrg%)gé)gt ﬁﬂe@%’re}g%a@ﬁegc?olg T/ PSS

coat ed substrate (2 rpm e gl ass
Squares wer-e—t hepr—moyhnted—nto—an—algmm .
i ntroduced into a va‘g?,l‘ﬂ‘l?f’ﬂ osition chambe § S’Velght
punped t ¢ gR0zH ﬂpfﬁllﬁeﬂ{yl@?%ﬂ%m@-u&@%ﬂam Lat hOdﬁﬁSWGr e

appl i ed by vapor depositi abou pf Li F and
about 200@stAr, afrallabla,ﬁnmm@m“tomr oy, £44)| { | ng or gani c

el ect r ol tphesecent |anpo wet-e—evattated ot

vol t ages (B\‘})‘ g)(?%rnal percent quantum effi ci Qr?gees (9
QE), | Ll%ﬁ@ﬂﬁnce intensities (cd/m | and emgssi on
maxi ma ( Xmex for blue, green, and red | anps

oper ati ng Ieaci®0 369 cn2 dri ve current. Table 1.25

1 1 nn o
sunmar i zes—the—elecetroactive CGquSI tHHofis—atd—resutts

of the re§¥¥é€‘irw§2[ 30 | anp eval uations. |The mgt1 rials

in the el 9(_:]5,{1%9@ ve conpositions are rté¢cordegg om

Table 1 as the nunber of parts (p) by

1000 par t|9-Hhab6dy-p)pré@)@ihot o  make the spiln coa?3.6Q
\A 20041 NOA

sol uti on lused—in—preparthrgthe—tanps—WO2004/-096948
PCT/ US2003/ 032047 . - 115 Table 1. Electr oact ive
Conposi Nexna tramsderlayes iEpamgd on gie inteslayerot ths,dopor ehest. The

Eé@qs?er Tayer ngdﬁgd&é%{hf Ei?%it %%E ﬂ}pE%QItu?% ng{nlg ; Q—g,rr@oped

24pdlPmeRXompcktiod of 'ERE})apﬁa DB& A7 zrt(abplyt)ZB)pO-SlﬁQO pm for 30 seconds

gg( r oy Xi’;se\]égc(hé%?n%@at@ e?]cé E)&%-Aéljug&rfég gf{@r%gﬁﬁl}? gO nm.

(Ex 12) 3 (CBP) 0.085 (Ir(ppy)3) 508 28 10 (Ex. 12)
3 (Ex. 0.085 (Ir(ppy)3) 508
Example 33: Laser Induced Thermal Imaging of Transfer Layer

(=]

Part A: Preparation of Receptor Substrates

PEDT (poly(3,4-ethylenedioxythiophene)) solution (Baytron P 4083 from Bayer
AG, Leverkusen, Germany) diluted 1:1 with deionized water) is filtered through a
WHATMAN PURADISC 0.2 um nylon syringe filter.

Unpatterned ITO (indium tin oxide) glass (Delta Technologies, Stillwater, MN,
less than 100 Q/square, 1.1 mm thick) is ultrasonically cleaned in a hot, 3% solution of
Deconex 12NS detergent (Borer Chemie AG, Zuchwil, Switzerland). The substrates
are then placed in the Plasma Science plasma treater for surface treatment under the
following conditions: time: 2 minutes; power: 500watt (165 W/cm?); and oxygen flow:
100 Torr.

Immediately after plasma treatment, the PEDT solution is filtered and dispensed
through a WHATMAN PURADISC 0.2 pm nylon syringe filter onto the ITO substrate.
The substrate is then spun (Headway Research spincoater) at 2000 rpm for 30 seconds
yielding a PEDT film thickness of 40 nm. All of the substrates are heated to 200 °C for

5 minutes under nitrogen.
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(Ex. 11) 3 (PVK) 0.085 (Ir(ppy)3) 505 31 10 (Ex. 12)

WS 2(0P0%p49. 085 (Ir(ppy)3) 508 (Ex. 11) neans PEEUS2003/032047

conpound of Exanple 11. (Ex. }2%. neans the conpound of
Exanple 12. 5 (Ex. 14) rreans t he compound of Exanpl e

t ﬁ@qt il}aE)i n?raﬁlgp%ed ’ﬁgﬁlﬁ?lr ag %Tr%g%&[gglsﬁgﬁtla&mr Sheet

f ol | oW o EHRBE lof EABMBIEHE ars biauightinto ctesact inithdhé receptor
Table 2, is coated onto a 0.1 rumthick hkﬁr%?

t subsphtehaNaxle thexdpnprsiipsts prq imaged eping fwo eﬁ%ﬁ efingd NaYAG lasers.
Y§ g{}}m%L%%h‘gn% (%%?4%& s% C%I!R?G g%géﬁ&%éé% g\Hf;h A @mbined laser
MbedRgfRM RO tHe 1mgehplﬂaﬁe9uslmg ac fthetxeiah dens@s parioha near-

The LTHC
u ﬁfg@qenmctq%gatg%qn ?{Wlselrr;gle%try: Hsfw%fg@%]ggéghg Uhe laser spot
ng L‘{%gggl?l{f)?ag ggyﬁé e’ m&%@ty, 14 RictombEHG S hidmeters. The linear

nponent arts Desi gnati on i ght carbon
b llz&eksgrut getecity R&tdpmta’ﬁ&(beuveqmlq and 3%) etersst ye;qongh measured at the

butyral resjn Butvar

J émags/plags t@) laser gpot iy P’%b%%ﬁ?%?erﬂg%%%ﬁéyﬁé ‘%‘%ﬁ?f?lafie‘%%m

f ldﬂ@ftﬁ)ns\k}ftfl a6dA Rt 06 EifRhetd)anthlRdde. ERRtyansRY Diyas are transferred as
acrylate Ebecryl 629 (6) 13.1 acrdé/l ic resin Elva

26i698s o the ZOeptor wwbpzafes, and dieribienys ‘fﬁd,t]lbyf tbe 1ges isa out 100

( T E)P%EI nyt%%eﬁ é%gu%fea hgﬁ’é?qi%ggmk 9 : ﬂgrglgrﬁggzi g&)n \Ql&%y from 11.4
té- 30. 0%11)@%@'&%116@m§530nd1t10ns dose 0.4- O 7 J/em?; scan speed 20-11.4 m/s;
line width 90 microns; and pitch 225 microns.

Digital images of the resulting laser induced thermal imaging pattern show
transfer of the electroactive composition to the receptor surface in regions that are

imaged, and show regions without the electroactive composition on the unimaged

receptor surface.
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1, 2- propanedi ol nononet hyl ether acetate 26.25
Col unbi an Chem cals Co., Atlanta, GA (2)Solutia Inc.,

w®Reodho9is, MO (3)5. C. Johnson & Son, Inc. RapCTEs200¥/032047

5 (4)Byk-Chenie USA, Wallingforid. CT (5)3MCo., St.
Paul , MWN (6)UCB Radcure Inc., N Augusta, SC (7 ICl

Al Menmphis, TN (8) G ba-CGeigi Corp.,
%&ﬁﬁ%ﬁ%\k NY 10 Next, an interlayer solution, given
in Table 3, is coated onto the cured LTHC | ayer by a

rotogravure coating nethod using the Yasui Seiki |ab
cdat er, wamunémmpmmg AW BRI g B P Sagpine Eroups

h coati ng
LAl B ar iR SpToqlio b g Rormhle 000 e
(UV) radlatlon. 15 WO 2004/ 096948 PCT/ US2003/ 032047
-117 Table 3. Interlayer Coating Sol ution Conponent
Parts by Wight SR 351 (tri.met hy pr opane
triacryl ate 14.85 ester,mdvaill @bl b f Sart oner,
Exton, PA) Butvar B-98 0.93 J E ryl 67 2.78 |Irgacure
369 1.25 Irgacure 184 0.19 2- 3banone 48. 00
1- met hoxy- 2- propanol 32.00 Next, a transfer layer is
formed on the interlayer of thel donor sheet. The 5
transfer layer is disposed on the donor sheet by
spi nni ng the nol ecul arly doped

wherein

each Ar’ is independently a phenylene group arylene or a naphthalene
group arylene that is unsubstituted or substituted with one or more groups selected from
alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalky, heteroalkyl,
heteroaryl, and combinations thereof;

each a is independently 1 or 2;

each Ey is independently a structure of Formula II or Formula III:

*

~
x N x" N
7;N 7$N
AP AP

each X is independently O, S, or NRI, where R is alkyl, aryl, heteroaryl,
heteroalkyl, or combinations thereof;

each Ar? is independently a carbocyclic aryl group that is unsubstituted
or substituted with one or more groups selected from alkyl, alkenyl, alkoxy, aryl,
aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, alkyl oxadiazolyl,
aryl oxadiazolyl, alkyl triazolyl, aryl triazolyl, diarylamino, aryldiarylamino, and
combinations thereof ;

each asterisk (-*) indicates the location of a bond to another group in the

compound;



pol ymer conposition of Exanple 26 or 27 at about

2000- 2500 rpm for 30 seconds (Headway Research
wapimooater) to yield a fil mthickness of apprPXi/Isi0e$/§32047

50 nm Exanple 33: Laser |Induged Thernmal | nmagi ng of

Transfer Layer 10 Part A Preparation of Receptor

Substrat es di oxyt hi ophene))

sol ution (B%L_;?r onﬁgei%g%ﬁfur?g%yga{/}gr AG Leverkusen,

Ger many) di katteehdlcappinigtsroupeiehiiz edepradent)y & sarbpeyicke ey,

th h VWHATMAN, PURADI SC
f |h|retoelé@gary1?jht‘pt5{t{a§y AR af @pwaﬁﬁ St nﬁtg%hfué%cf Xrgsiuggtétuted with one or
( ;%?Artg olipe @aeét&g 18 al@%l' !ﬂk&?ﬁ efkoxyNaryl, b%ylbﬁf FluloR@Tlubalkyl,
squ . s ul trasonlcally cleaned in a
h qterﬂtfs)%aslqﬂmatnnaml heemrwxamln@at@ng drereqf Behergin said end
Ch AG  Zuc
t ngrglgg grougs grﬁ cpﬂggﬁsgﬂg e} %ro&a e ?rgl%tsaﬁlgg{t)%orp #fh one EC is

S%ﬁ%@ﬁgoﬁFdﬁ%hﬁﬁﬂkmQﬁﬂﬁﬁmﬁhe follomnng condi ti ons:
tine: m nut es; power: 500watt (165 Wcm; and oxygen

flow 100 Torr. 20 Innedlately after plasna

treat t, t he ' ed
t Hroug f?éﬁ ?ﬁ%&%m§§%%§%§ﬁ%ﬁﬂssgﬁgge ter
onto the I TO substrate %ge IS then spun
(Headway Research spi ncoa er) at 20 rpmfor 30
seconds vyielding a PEDT fllntﬂﬁggkness of 40 nm Al
of the substrates are heated to 200 Cfor 5 mnutes
under nitrogen. 25 WO 2004/ 096948 PCT/ US2003/ 032047
-118 Part B: Laser Induced Thernmal |magi ng of Transfer
Layer from Donor Sheet Donor sheets of Exanple 33 are
br ? ught ’Eﬂerg ‘ﬁﬁﬁ)ﬁﬂ& AE L1avh i hwhiieint8E 8PthPsundSiH BE Fo@ias V:
doffor sheets are i maged usi ng two

S|ngle nmode Nd: YAG | asegg—A¢ ARg—EE per f or med
usi ng a system of I|inear galwanonéters with the
conbi ned 1aser 5 beans focusdfan{®)ihe i mage pl ane
using an f-theta scan lens as part of a near-
tel ecentric configuration. The Yaser energy density is
0.4 to 0.8 J/cn2. The | aser spot size, neasured at
the 1lle2 intensity, is 30 mcroneters by 350

£ OB RS Sompdi@dlof BR@h 1, WhsR &lRt velocity is
adjustable betmeen 10 and 30 neters per second,
neasured at the inage plane—] aser spot is
di t hered perpendicular to the 'fr di spl acenent

moiety in Formula I is independently a divalent radical of

Q”

Xl

xvi , il

2 ’



10 direction with about a 100 m croneter anplitude.
The transfer layers are transferred as I|ines onto the
WO e@eptus substrates, and the intended w dt h OPCT/ki82003/032047
lines is about 100 m cronetersi-Laser induced thernal
imaging is performed at a scan velocity from11.4 to
20.0 nm's_and the follow ng conditions: dose 0.4-0.7
dn speed 20-11.4 nm's; line width 90 nicrons;
225 m crors.r15 Di glta& igrages of the R

aser indyeed thernal ig| ng patter HE

uni malged(R ) ecept or Esurf ace. A 048
PCT/ US%QB/ 032047 )'tj(Q WE Al Mx1. A corrpoulxd(n
conpri §iMg an aromatic core and two end capping groups ’

Formulga Ig 5 EC f ALl
Art |s\||S/1dependentIFg\

al Koxy, ar,, aryyoxy, fluoro;
f 1 gOr oal kyI peFfI uor oal ky, het er oal kyl het er oaryl ,
and comtXMati ons t her¥¥fV each a |XXVndependentI)§X§| or
2; 15 each Ey’is independently a structure of Fornula
IIor Formula I11: XN XN )~-NTrN Ar2Ar2I'5III E

XXXIH XXX XXXIV



each X is independently O, S, or NRI, where Rl is
al kyl, aryl, heteroaryl, heteroalkyl, or conbinations
wo baneefis 20 each Ar2 is independently a car boPgDUS03/032047
aryl group that is unsubstituijed. or substituted with
one or nore groups selected from al kyl, al kenyl,
al koxy, aryl, aryl oxy, fluorﬁ fluoroalkyl
per f | uor@gl kyl , he’ﬁroalkyl ét aIkyI
j azol yl, aryl
and
gk (-*) indicates
in the
44096948 PCTAUS2003/ 483047 - 120 1 i s
an |nteger equal "td 1 or 2; and each end cappi ng group
(EQ) i s)@@ﬁ\épendent ly @ car bocydXXVeryl, heteroaryl,
or tertiary amno aryl group that is unsubstit uted or
S e iy ﬁmﬁbmtuﬂeﬂ lor snbetlmted Wil enegmompg: gem@(ﬁp@gtedrfmm a Cy.p0 alkyl,
al kyl , al keny al k

f IGzge kFRAH G- al&@ﬁf a3l f@ﬂzo arpq%g&g%%q <‘F'1 20 Tuoroalkyl, Cr.20
z)pﬁfu%%a)ﬂk v1, @) HERMAINALEOpBettRAfROind damﬁ@ti@ns gietbognd

pi ng groups are conjugated to the arylene aromatic
5 covtereind no nore than one ECis a group of Formula Il

e oA B LI B g

F | @Wsmyf G}'g@lhd!érbalkyxh er mmbmh@ommreum dnd s of
' 15V 4 The
orrru a 4a S ;ﬂﬁ}’leflafﬂq alkenyl, Cs.0

conpou rﬁ@CbR & laﬂmemdenﬂbréﬁl@md é%%lh hy¢roggn(ig0
Foaﬁl&uxly?C6 30 a§y1| &6 30%?};19)?};] El X) l%téilbé{?i @,ﬂgo ﬁ&%&lﬁg’l gfld combinations

10 thereof.

cowoound WO 200

5. The compound of claim 4, wherein at least one R or R? comprises a soft

segment comprising a divalent poly(oxyalkylene) segment of Formula VI

m' 2m

15 or a divalent poly(dialkylsiloxane) segment of Formula VII

*AItSi(CwH2w+1)2OSI"*
y

?

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.

6. The compound of claim 4, wherein at Jeast one R or R® comprises a fluoro,
20 fluoroalkyl, or perfluoroalkyl group.
7. The compound of claim 1, wherein Ar? is an aryl group selected from phenyl,

biphenyl, terphenyl, anthryl, naphthyl, acenaphthyl, phenanthryl, dihydrophenathrenyl,

anthracenyl, fluorenyl, 9-silafluorenyl, tetrahydropyrenyl, perylenyl, spirobisfluorenyl,
25 fluoranthenyl, pyrenyl, dihydropyrenyl, tetrahydropyrenyl, rubrenyl, chrysenyl,

5,6,12,13-tetrahydrodibenzo[a,h]anthracenyl, 6,12-dihydroindeno[1,2-b]fluorenyl,



\\ 1/ /1 \\N/ /I B E//EEYE\\E YEY
20 X XI v XIl XIIl XIV R3) R3)4 R3)4 4 EY E EY EY Y
WEAEY/0694% XVI XVI1 XVI 11 WD 2004/ 096948 PCT/US2003/032047
PCT/ US2003/ 032047 -121- R3)4.83R RRR REY - E R3)4

EY EY Y XIX XX XXI XXIl 9, 9 RRRR RREEy Ey R

E o =gl e fadditbf 2K pnEiMre R EdinyRoBhénanFehyl, fhd E
benzo[g,h,I]perylenyl that is unsubstituted or substituted with one or more C;.50 alkyl,
Ca.00 alkenyl, Cy.o0 alkoxy, Ce.op aryl, Cs.20 aryloxy, fluoro, Ci.20 fluoroalkyl, Cj-20
perfluoroalkyl, Cy.o9 heteroalkyl, Cs.0 heteroaryl, Cs.30 alkyl oxadiazolyl, Cs.3 aryl
5 oxadiazolyl, Cs.o0 alkyl triazolyl, Cs.30 aryl triazolyl, Csso diarylamino, Cs.30

diarylaminoaryl, or combinations thereof.

8. The compounds of claim 1, wherein at least one
" /|3‘|-1—*
(E,),
10 radical in Formula I is selected from
CHyz. CgHyy

LXXI LXXII LXXIl

OCgH,,

LXXIV LXXV ’ LXXVI



XXMla XXVII XXVIII RRRREYRREy (R34 Ey (R3)4
EY (R3)4 XXIX XXX XXXI R EY R 3 )a R3)4 EY (R3)4 Ey
WO BEBIAIP8 (R3)4 5 XXXI | XXXI | | XXXI'V WO 20Pd1/0S5931832047
PCT/ US2003/ 032047 -122 R3)4 RyqsR )4 Ey Ey (R3)4 Ey
(Rs)4 XXXV or XXXVI that is unsubstituted or
substituted with one or nore groups selected froma
Cl-20 al kyl, C2-20 al kenyl, d-2Q al koxy, C6-20 aryl,
quoro, C1-20 fl oal kyl, d-20

5 wher ei cach Ris

conpri si ng
Formula VI &ce g% &---* 15 orCga,,di val ent
pol y(di al kyl si°l xane) segnment of Formula VII

*i Si(OWH2MWKXVH0L * VLXRﬁZlie mis an FRKBger of 1¥6Ks, |

y is an integer of 2 to 20, and wis an i nteger of 1

to 10 . The conmpound of claim4, wherein at |east
on&F conprises a fluoro, 20 fluoroal kyl, or
perfl gr oup.

E O\/\O/CH3
LXXXII

O\V/A\O/CHs
LXXXIH LXXXIV LXXXV



7. The conpound of claim1l, wherein Ar 2 is an aryl

group sel ected from phenyl, biphenyl, terphenyl,
w@nioh9d948 napht hyl , acenapht hyl, phenant hryl, PCT/US2003/032047

di hydrophenat hrenyl, anthracemmy., fluorenyl,

9-sil afl uorenyl, tetrahydropyrenyl, perylenyl,

spi robi sfluorenyl, 25 fluoranthenyl, pyrenyl,

di hydropyrenyl, tg dropyrenyl, rubrenyl,

chrysenyl,

- 6H i ndeno[ i renyl,
di hydr opbenat hrenyl , and eryl enyl

— )
i s unsubstytNit ed or subs e or nore C -

al kyl , 20 al kenyl, 20 aryl, C6-§-’N
aryl oxy, oro, Cl-20 ¢t 1- 20
perfl uor yl, Cl1-20 he Y 0 heteroaryl,

C3- 30 al kyl oxadi azol yl, T Fy adi azol yl
C3-20 al ky®sHiri azol yl, C3e3Q, aryWatriazofd, C3- 563 CFs
dlarylam Il o, C3-30 diarﬁianinoaryl,X§ﬂgconbinations

t her &0XX\d. The conpotdiéllof cl ai L% rein at | bELKIX ,
one | (Ey)a 10 radical in Fornula | is selected from
CBH17 C8H17 \ 1 N N OON N ¥ CH3O " \lI ~I 0 C8H17
OC3H17 LXXI LXXII LXXI | I* T NN SNSNI

OC8H17 0C8H17 OC8HL17

\ \
0O /N O /N * *
~N ~N
N N =N
® | > 4 \
o) o ZN
o~l\\j Ohl\\l CgHy7
N 2N . CeHy7

XC XClI XClI




LXXI'V LXXV LXXVI , , , WO 2004/ 096948
PCT/ US2003/ 032047 -124 _.N-.N--N-NCO1 (r) NON

W@ edo4jodéo8 F F  OC8HL7 CBH170 Cd8H170 F LXXVI | PAKN1003/032047
[ LXXIX LXXX N-NO1 OiNFHFos-\ I \' FFF O-~0O-CH3

LXK LXOXXIT ,N,NOOO 1N O- - 0..CH3 LXXXIII
LXXXI Y | WO 2004/ 096948 PCT/ US2003/ 032047 -125- N
NN N O\ (r) -N C8HL7 C8HL7 CF3 \ CF3

NOI fr
CF3 OFRS A0 LXXXVE T LXXXV

I 1. 1 LXXXI X
CBH17

CBH17

OCgHy7

XCVIi XCVIil
=N
O __N ‘f\\l
O __N
OCH,, °OFs CF,

C Cl Cll



-N-N OINONNMNN- NN- -N O\ OONI/ O
N C8H17 \ / CBH17 XC XCI XC | , , CBH17 C8H17 O i N
WO 2004/08BEL7 N\ N CBH17 \ | XClIl XCIV , , WPCT/US2003/032047
2004/ 096948 PCT/ US2003/ 032047_129126- CBH17 C8H17 * \ [/
\ * C8H17 C8H17 N~ r NON N S17 H17 V XCVI XC C8H17
*
C8H17 CBH]L78|_I1C7:8I—Llaz,17 \ /N

OCgH,,
Clll ’ Clv . or
9. The compound of claim 1, wherein at least one of the end capping groups
5 comprises a Ce.4o carbocyclic aryl comprising phenyl, biphenyl, terphenyl, anthryl,

naphthyl, acenaphthyl, phenanthryl, dihydrophenathrenyl, anthracenyl, fluorenyl, 9-
silafluorenyl, tetrahydropyrenyl, perylenyl, spirobisfluorenyl, fluoranthenyl, pyrenyl,
dihydropyrenyl, tetrahydropyrenyl, rubrenyl, chrysenyl, benzo[g,h,i]perylenyl, or a
radical thereof,

10 wherein the end capping group is unsubstituted or substituted with one or more
groups selected from Ci.20 alkyl, Cy.0 alkenyl, Cy.50 alkoxy, Ce.20 aryl, Ce.20 aryloxy,
fluoro, Ci fluoroalkyl, Cy.29 perfluoroalkyl, Ci.20 heteroalkyl, Cs.o0 heteroaryl, and

combinations thereof.

15 10.  The compound of claim 1, wherein at least one of the end capping groups
comprises a Cs_4 heteroaryl or heteroarylene comprising a radical of furanyl,

thiophenyl, pyrrolyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl, thiazolyl, oxazolyl,
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30

* [\ CBH17 C8H17 -N-N iNOiIiNO1 O N ~N CBHL7
\ C8H17 | OC8 H17 OC8H17 XCVII XCVI | | XC X CBH17

w@BH1peo@ 1 N -N -N OiNO iN OC8 H17 C3 CF3 ETZUSION$/032047

WD 2004/ 096948 PCT/ US2003/ 03204g- -127 C8HL7 C8H17
C SH17 C8H17 -NI -N OiN O0C8HL7 CIII , C
d

vV, or

PSSR, HsShoL B i
%?gﬁléﬁg lp@lﬁai)r?]itﬁllliﬁl?}q’l id6ytlinslmyRheazofgrapiie bsnzotiiopteayl indolyl,

carbazolyl, benzoxazo%yll benzothiazoleyl, benzimidazolyl, cinnolinyl, quinazolinyl,

quinoxalinyl, phthalazinyl, benzothiadiazolyl, benzotriazinyl, phenazinyl,

phenanthridinyl, acridinyl, indazolyl, siloles, or a radical thereof,

wherein the end capping group is unsubstituted or substituted with one or more
groups selected from Cj-20 alkyl, Cy.op alkenyl, Ci.ppalkoxy, Ceao aryl, Cgpoaryloxy,
fluoro, Cy.o0 fluoroalkyl, Cy.o0 perfluoroalkyl, Cy.a0 heteroalkyl, Cs20 heteroaryl, and

combinations thereof.

11.  The compound of claim 1, wherein at least one of the end capping groups
comprises a Ciz.6o tertiary amino aromatic aryl comprising a radical of diarylaniline,
alkylcarbazole, arylcarbazole, tetraaryldiamine, starburst amine, peraryltriamine,
dendridic amine, or spiroamine,

wherein the end capping group is unsubstituted or substituted with one or more
groups selected from Cj.20 alkyl, Cp.90 alkenyl, Ci alkoxy, Ce.20 aryl, Ce.o0 aryloxy,
fluoro, C.q0 fluoroalkyl, Ci.20 perfluoroalkyl, Ci.20 heteroalkyl, Cs.o0 beteroaryl, and -

combinations thereof.

12.  The compound of claim 1, wherein at least one of the end capping groups
comprises a Cyz.69 tertiary amino aromatic aryl comprising a radical of N,N,N’N’-
tetraarylbenzidine, N,N,N’,N’-tetraaryl-1,4-phenylenediamine, N,N,N’N’- tetraryl-2,7-
diaminofluorene, N,N'-bis(3-methylphenyl)-N,N'-bis(phenyl)benzidine, N,N'-bis(1-
naphthyl)-N,N'-bis(phenyl)benzidine, 1,4-bis(carbazolyl)biphenyl, 4,4’,4"’-tris(N,N-
diarylamino)triphenylamine, 1,3,5-tris(4-diarylaminophenyl)benzene, 4,4',4"-tris(N,N-
diphenylamino)triphenylamine, 4 4' A"-tris(N-3-methylphenyl-N-
phenylamino)triphenylamine, or 1,3,5-tris(4-diphenylaminophenyl)benzene,

wherein the end capping group is unsubstituted or substituted with one or more
groups selected from Ci.20 alkyl, Cy.o0 alkenyl, Ci.o0 alkoxy, Ce.20 aryl, Ce.20 aryloxy,
fluoro, Ci.00 fluoroalkyl, Ci perfluoroalkyl, Cy.20 heteroalkyl, Cs.20 heteroaryl, and

combinations thereof.



napht hyl , acenapht hyl, phenanthryl,

di hydrophenat hrenyl, anthracenyl, fluorenyl, 9-
wa@2doahases enyl , tetrahydropyrenyl, perylenyl, PCT/US2003/032047

spi robi sfluorenyl, fluoranthenygh, pyrenyl,

dihydropyrenyl tetrahydropyrenyl, rubrenyl,

chryse nz n
RSB oA ST B gond A soup i
UH§HB§£&hQ&ﬁ&ﬂ@E substituted with one or nore groups
selected fromCl_ 20 al kyl, C2_20 al kenyl, C1_20

3S \ | oxy, fluoro, Cl1_20
«@@ O Al kyl , Cl-20 heteroal kyl,
\“ hete oaryt , " conmbrnations thereof. 15 10.
@pnpounqxﬂi cla|n1tn“nhere|n at | east one of the
capplng groups conprises a C3_40 het eroaryl or
heteroarylene conprls 2% dical of furanyl,
, pyrazolyl,
|, oxazolyl, WO
S -128 |soxazolyl
oxadl azolmlx t hi adi azol yl CX sot hi azol yl, pyri di nyl,
pyridazinyl, pyrazinyl, pyrimdinyl, qU|noIinyI,

I Soqui A6 |nyI benzofuranyl benBothlophenyI i ndol ylI ,
car b : benzo&gzohyl 4 Z

be yl , cinpdli -I,

qui ye pA g

benzot zi nyl , ' .

acridinyl, indazolyl, S|Ioles or a rad|cal t her eof ,

wher ei GXhe end cafilhg group i s uk&Xifstituted or

substituted wi'th one or nore groups selected from
Cl_20 al kyl, C2_20 al kenyl, Cl1_20 g 20/=
C6. 20 aryloxy
perflupreﬁlkyl

and atig
cl o ﬁEF?
gro @
aryl conpri siwg

a|ky|cag$a ol e, arylcarba(ggﬁl £e¥raar§#ﬂgﬁn1ne CXVH
ne

st ar bur m ne, peraryltr » den I c am ne, or
spi roam ne, 15 wherein the end capping group is

unsub§ »<uted or substituted with one or nore groups
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15

conmbi nations thereof. 20 12. The conpound of claim 1,

wherein at | east one of the end cappi ng groups
weowpnIees a CL2-60 tertiary am no aromati c arBECT/US2003/032047

conprising a radical of N, N NiNg- tetraaryl benzidine,

N,N,N ,N -tetraaryl -1, 4- phenyl enedi am ne, N,N,N N -

tetraryl -2, 7 _di am nof |l uorene,

N, N - bi s( 3- hyl phenyl ) - N, N - bi s(phenyl ) benzi di ne,

N, N - bing( pht hyl ) - N, N - bi s( phenyl ) benzi di ne,

1, 4- by's(Yar bazol yl ) bi phenyl, 4,4',41 1 -tris(N,N- 25

end c

AKNo) tri phenyl am ne,

tris(4-diaryl am nophenyl ) benzene,

4" -tri s(N, N di phenyl am no) tri phenyl am ne,
h—=4"-tri s(N 3-net hyl gheyyl - N-

phenyNam no) tri phenyl a ‘

1,3, Pfs(4-di p /

APFPNIG~Qr OUNN I & un:

one or

al kenyl ,

frerein the
v Mituted with
gr oups sel d .
2al koxy, 0 aryl, CB

al Ky C2_20
XA _ , — ar @ y, 30
fluoro, C1_20 fluoroal kyl, Cl1 20 perfl uoroalNy Cl1 20

het er oal IGAXIIIC3_20 h€dXedVary] , andCXddfbi nati ong
t hereof . WD 2004/ 096948 PCT/ US2003/ 032047 -129 13.
The conpound of cl ai

R wherei p_at | east one end
capping group is a vaI ent i cal 00p-0Q CVI
CVII%\/I_hI CXCXRYRRRR !? Xl

o O

CXXVI ) CXXVII

, Or

that is unsubstituted or substituted with one or more groups selected from C;_ alkyl,
C,.00 alkenyl, Cy.o alkoxy, Ce-20 aryl, Ce.o0 aryloxy, fluoro, Cj.o0 fluoroalkyl, C;_p0
perfluoroalkyl, Cy.5 heteroalkyl, Cs.20 heteroaryl, and combinations thereof,

wherein
each R is independently selected from Ci.30 alkyl, Cs.3 alkenyl, Cy.30 alkoxy,
Ce-20 aryl, Cg.00 aryloxy, Cs.po heteroaryl, Ci-30 heteroalkyl, and combinations thereof;

and

each X is independently O, S, or NRI, where R! is a Ci39 alkyl, Cea9 aryl, Cs30

heteroaryl, Cy_3 heteroalkyl, or combinations thereof.

14.

The compound of claim 13, wherein the end capping group further comprises a

moiety conjugated to a group of Formula CVI to CXXVII, said moiety selected from a
divalent radical of



R\ RRCXVIII CXIXRR SNNR\ s\ N NCXX CXX
CXXI'l WD 2004/ 096948 PCT/ US2003/ 032047 -130- 1 N~ N X
WORWORPEME N CXXI I CXXIV CXXV R ~I /\ ~I R N PCTMUS2003/032047
CXXVI , or CXXVII that is unsupgtituted or substituted

with one or nore groups selected fromC 1-20 al kyl,

C2-20 al kenyl, Cl1_20 al koxy, C6-20 aryl, C6-20
aryl oxy, fluoro, Cl-20 fluoroalkyl, Cl- 20 5

perfl uoroal kyl, Cl1-20 heteroal kyl, C3-20 heieroar
and conbi nati ons thereof, wherein each R

| ndependentl sel ected frqm C =30 al oA,
e a @ O 5
ete yI 30\hke Kyl ,afid c

thereof and 10 each Xis |nde endently 0, S or NR1
WheXXMifl is a @OXBO al kyl , XX Y, XXX CXXXII
heteroaryl Cl-30 heteroal kyI or conbi nahl OHS

)\ O
08 ‘
V

CXLVII o oxuvi . OXLIX
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15

CXXXVI  CXXXVI | C

14. The conpound of claim 13, wherein the end cappi ng
group further conprises a noiety conjugated to a

W@e@up9ois Formula CVI to CXXVII, said noiety sSeCBUS®A3/032047
froma 15 divalent radical ofj3¥D 2004/ 096948

PCT/ US2003/ 032047 -131 / CXXVII1 CXXI X CXXX CXXXI
CXXXI'l R R N~z QQIQ} R R CXXXI I CXXXIV CXXXV
CXXXI X R3)4 CXL CXLI CXLII
CXLIV CXLV CXLVI R3) 4 R
VIl CXLVITI CXLI X WO

|032047 -132- B R\RR RR

Ph Ph EI R~4 Ph Ph

CL CLI

2o B,

CLIIl . cuv , or

that is unsubstituted or substituted with one or more groups selected from Ci. alkyl,
Cy.20 alkenyl, Cy.n alkoxy, Ce.o0 aryl, Ce.20 aryloxy, fluoro, Cj.zo fluoroalkyl, Cj.20
perfluoroalkyl, Cq.20 heteroalkyl, Cs.p heteroaryl, and combinations thereof,
wherein

each R is independently selected from Cj.30 alkyl, C,.30 alkenyl, Cy.30 alkoxy,
Ce.50 aryl, Cg.30 aryloxy, Cs.3o heteroaryl, C;.30 heteroalkyl, and combinations thereof;
and

each R® is independently selected from hydrogen, Cy.30 alkyl, Cz-30 alkenyl, Ci30
alkoxy, Ce.30 aryl, Ce.30 aryloxy, Cs.so heteroaryl, Ci.3 heteroalkyl, and combinations

thereof.

15.  The compound of claim 13, wherein the end capping group further comprises a
moiety conjugated to a group of Formula CVI to CXXVII, said moiety selected from a
divalent radical of



10

RR RR RCL CLI CLII CLIII CLIVor CLV that is
unsubstituted or substituted with one or nore groups

waedoaoredas f rom Cl - 20 al kyl, C2_20 al kenyl, C PQDUS2003/032047

al koxy, C6_20 aryl, C6-20 aryliagy, fluoro, Ci1-20
fluoroal kyl, Cl-20 5 perfluoroal kyl, C1-20
het er oal kyl , C3-20 heteroaryl, and conbi nations
t hereof, wherein each R is in y
frm-l 0 al ky $2- 20 al kef
ar'\ \30//ar y 83- 20 hete N
heter al I&/I and corrbl nati ons thereof and 10 each R3
is i néEQEndent ly selefted from lu_okymgen, Cl - 30ChbXkyl ,
C2- 30 al kenyl ; C1-30 al koxy, C6-30 aryl, C6-30
. 53530 heteroaryl _£1-30 hetergal k and

ot ] ‘ o@a@i m 13,
wheeei ca g gnet he onpiN-ses a 15
noi ety conJ gat/ed to a group of ormula CVI to CXXVII,
sai d y selected fregmyg divalent rgdkpal of WO
2004/ 096948 PCT/ US2003/ 032047 -133\ / [/ - N 1 |/ N/
NNNCVI CLVII CLVI I CLIXN-N{j?XCLXI CLXI |

_ X N / V'/ Np (:Y-<,N
— N—N X
OO O~
X X N

CLXIlI CLXIV , CLXV
‘ L J2 O
< ¢ ]
©_<\N]© N Nj
CLXVI , CLXVi ’ CLXVII
N/ \N
Q<1 .
\ T
N ()~ L7
CLXIX CLXX CLXXI CLXXII

CLXXII CLXXIV or CLXXV
that is unsubstituted or substituted with one or more groups selected from Cj.po alkyl,
Ca.p0 alkenyl, Cy.o0 alkoxy, Ces.20 aryl, Cé-20 aryloxy, fluoro, Cy.20 fluoroalkyl, C;.a0
perfluoroalkyl, Cy.o0 heteroalkyl, Cs.20 heteroaryl, and combinations thereof,

wherein



X CLXITT CLXIV CLXV 0-<,N/ N N CLXVI CLXVII CLXVIII

N~N 00 <I ~XI - NN(\ ~N\/ - N5 CLXI X CLXX
WEROK096BUKXI 1 N\ N N N CLXXI Il CLXXIV or CLXXVI/UB2D3/032047

I's unsubstituted or substitutggqsw th one or nore

groups selected from C1-20 aI kyl, C2-20 al kenyl,

fC hggo‘%{‘:&i% ys’ia%.%'f%&"@ ¢’| 10F 0a k@ﬁgﬂegxggﬁﬁ%’%ma@&m@ﬂ Cs30

myﬁt@r Béthh‘oal \Gbr ¢ombinadibnouhsrebhier eof , 10 wherein
V\D 200 096948 PCT USZOOS/ 032047 -134 each Xis
i ndependently 0, S, or NR1l, where Rl is a C1_30 al kyl,

j Lk Yihrthe® Comprises a
ooy o Zh ey Py Rptlin &L <A chthr 3Lk Yirty@comp
WaRNy Bortiigatend appp nfFomoup Chiite REEXEdmaid meictyselgted from a
noi ety conju ated to a group of Fornmula CVI to CXXC I,
sdivalepbiagd ‘gfel ected froma divalent radical of x Cx
t Si XRRRRCLXXV CLXXVI

Q ON-O O

N\ M)

. %~ It X S
CLXXVI i CLXXVH i CLXXVII
CLXXIX CLXXX ,

@“ “@ 3
<INe

CLXXXI CLXXX

&

o
O g0

(5

CLXXXHE CLXXXIV or CLXXXV



CLXXI X CLXXX V' NV \ N\ R CLXXXI CLXXXIl1 OQNO/ I \

9 NCIN N 10 CLXXXIII CLXXXI'V , or CLXXXV WO
wQ4000e948 PCT/ US2003/ 032047 -135 that is PCT/US2003/032047

unsubstituted or substituted wigh one or nore groups

sel ected from Cl-20 al kyl, C2-20 al kenyl, Ci1-20

al koxy, [ < ; oxy. I ,

B e oLy i B A ot OB s s dro G i
C:,2Pa1ksyE 3k Mkox B I 645l i0gad drglosy t fheore,of 120 Wheraalkyl, G20
each R is independently selected from Cl-30 al ‘%‘
Caediomaiaiyi, » beiemalian |Gy hetcropyagind Sgibingyoap theteof,
arv%:ljlggexY, C3-30 heteroaryl, C1-30 heteroal kyl, and

conbi nati ons thereof; each X is i ndependently 0, S, or

NRI, whkesteR Rlindspend@itlB@lakddyfrom Ch-2alksk bz dRedd Ci30 alkoxy,
heteroaryl, C -30 heteroal kyl ., or, conhjnations .. .. s
{ Kore ol Gerebruieath Coqodetroa Th GymhelauaoT: g b Fbigations ghereor
17. Th &pgq ' Ergicfe R £0Rakgt] deso aryl, Ca.s0
subst i t%ﬁ‘t e gmﬂ%aﬁpg{deﬁdéggm’l%rnﬁgﬁsoft segrrentmgolr?ggi Si ngy

a hdieyadreln € pieproadivell ky¢wnizpationg taeofofnd or nul a
*-O(CrH2nD), , or. a dival ent poly(dial kyl sil oxane)
segmanteag%)z’F&Pﬁﬁtpﬁerf@u%i%:a(t Ww+1) 20y where mis an
integer of 1 to 6, y is an integer of 2 to 20, and w

is an integer of 1 to 10. 18. The conpound of cl ac{m%,

Whigh ei rTHerromporpd ahelain 1 sibeseintthe eempeund 15 sulsEiied wih at least

A one soft sgérylgrlrt %g}nlﬁ}(ilsihg Qi PEL: lpUB’Z&@’ahéﬁ'lerﬁ5 Qdinen? O formula
O(C Hy OF—*

or a divalent poly(dialkylsiloxane) segment of formula

*%Si(Cszwn)zoi—’*
y

2

*

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.

18.  The compound of claim 1, wherein the cofnpound is substituted with at least

one fluoro, fluoroalkyl, or perfluoroalkyl group.

19.  The compound of claim 1, wherein the compound is



19. The compound of claim 1, wherein the conpound is

WD 2004/ 096948 PCT/ US2003/ 032047 -136 / C8H17 CBHL17
W@E/AIGIBHL7 -~ -N O N O N CBH170 C8H170 CRPXI/QSXD3/082047

C4 H11 CH H11l C4HI1 4 C4 -N .1@6XN O XN C8 H170

CaH170 CCXI'1 CCXI Il , WD 2004/ 096948

PCT/ US2003/ 032047 -137 /CH3 Fi3CQ H 3

-N- O XN i | C8HL70 ccxly N\ /

0O /CH3 \

CgHy,0 C,H,,0

CCX CCXI

C H17O 8 17
CCXll CCXIil



C8H17 \ C8H17 C8H17 C8H17 \ -N O N i | C8 H170 ccxv

WD 2004/ 096948 PCT/ US2003/ 032047 -138 CF3 CF3 [/ \
w@aHYp969@ C8H17\,/ C8HL7 \ / C8H17 3 CF3 - N PQI/NS2003/032047

CF3 NCF3 CCxvl o\ / 00d ;870 O ~~-0O -NON i |

C8 H170 or CCxvll

C,4H,,0

CCXIV

CCXV



20. The conpound of claim 1, wherein the conpound is
anor phous. 5 21. The conpound of claim1, wherein the
w@eospods i S an el ectron transporting materi aPCT/B22003/032047
The compound of claim1, whergizg-the conpound is both
an electron and hole transporting material. WO
2004/ 096948 PCT/ US2003/ 032044 -139 23. The conpound
of claim1l, wherein the conmpounid—is a |light emtting
material and an el ectron trang '@g material. 5 24.
A conposition conprising: (a) a rst conmpound
conprising a first aromatic gefe and two first end
cappi ng groups conj ugat ed td tNe first aromatic core,

( EC--Ar' EC (Ey)a 10
otdah-a phenyl ene group
oup '@yl ene that is
urfgbst i t ut &d” i ed wi tH dhe or nore groups

X al kenyl , al koxy, aryl,
yl, perfluoroal ky,
het eyoal kyl— \ and conbi nati ons thereof;
edefs a is independently 1/9N 2; each Ey is
i ndependently a structur@gfNFormula Il or Formula
[11:: XN X N)~-NN Aref/Ar 2 20 Il IIl each X is
i ndependently 0, S, or NREwhere RL is al kyl, aryl,
het eroaryl, heter oaI&Ii:y combi nati ons t hereof;
each Ar2 is independéntly a c@rpocyclic aryl group
that is unsubstituted or substituted with one or nore
groups sel ecteghcdhypgm al kyl, al kenyl, al koxy, aryl,

C,H,,0
CCXVI

or

20.  The compound of claim 1, wherein the compound is amorphous.

21.  The compound of claim 1, wherein the compound is an electron transporting

material.

22.  The compound of claim 1, wherein the compound is both an electron and hole

transporting material.
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25

25 aryl oxy, fluoro, fluoroal kyl, perfluoroalkyl,
het eroal kyl, heteroaryl, al kyl oxadiazolyl, WO

wWQOm40006948 PCT/ US2003/ 032047 -140 aryl oxadperuba003/032047

al kyl triazolyl, aryl triazolyhkg.diarylam no,

aryl di aryl am no, and conbi nations thereof ; each
asterisk (-*) indicates the |ocation of a bond to

anot her group in the conpound; 5 nis an integer _
eqyal fPe toMpowid Gtthifal vierdn deppinugd dupligEEiiteg material
I ndependently a carbocyclic aryl, heteroaryl, or

t end pmelpctson WensapynggRaenalt hat i s unsubstituted or
substituted with one or nore groups selected from

al kyl, al kenyl, al koxy, aryl, aryloxy, fluoro,

f hyor oa kthpositper fdmpeisort kyl , het eroal kyl, heteroaryl,
and conbi nati ons thereggé mherel?. aid end 10 CARM A9 end

groups (@ e AdHPUPRROYNY GOPRESIAE & LT YPEHTT e LT e ARd
na., oof ' bRt fcofeQ kil lcdmbbu having Formula I:
F%P lf’gg{():ﬁ??cgﬂgg%%ﬂoghzg?gnd C(gn'pound sel e?t ed fror% a
charge transporting material, a charge bl ocking
material, a light emtting material, a color
conversion material, a Egglvmekhd biE r, or a

conbi nation thereof. 15%2%. The clonposition of claim
24, wherein the conposition conprises a hole
transporting material and an el Bhron transporting
material. 26. The conposition of claim 24, wherein the
conposi tion conprises a hole 20l transporting material,
an electron transporting nmaterial, and a |ight
emtting material. 27. The conposition of claim24,
wherglin the second conpound is selected froma charge
transporting naterial, a charge bl ockin nat?rial,

a
|ight emittigaghdat isindgpendently g rbenylgpg, 808P 3R IoHs: B 2 naphthalene
or _a conpln i siidlected from
2o SR T R RE of QS UERCADn BRTROHOR o

ar QRYL ikensd) Akoly, bhyd, diylosy, fluononshlkylparBioroalig, heteroalkyl,
aromati c_radical of the second conpound can be

unkaiereryl #nd gombigHeRs Efte%ﬁ with a substituent of a

same type thalpi.Ss Hdes&Rtn®1 bhe, first aromatic core

of the first conpound, or 'substituted with a

substituent edvhtE,iisindbmedenthna strustire of Formgadk ordorggladil:

of the first compound; .

ey
x | x N
>7N );N
Ar® INa .
I I

each X is independently O, S, or NRI, where R! is alkyl, aryl, heteroaryl,
heteroalkyl, or combinations thereof;

each A1’ is independently a carbocyclic aryl group that is unsubstituted
or substituted with one or more groups selected from alkyl, alkenyl, alkoxy, aryl,

aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, alkyl oxadiazolyl,
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30 a second end capping group that conprises the first
end capping group of the first conpound, wherein the

WG ewanghoed cappi ng group can be unsubstit ut edPCT/US2003/032047

substituted with a substituentjsof a sane type that is
present on the first end capping group, or

bstitut ith a ti : i g . . :
RS b PP b S R, o
PG&&Hﬁ%@Q@d@@@@ﬂ? -141 a di val ent radical t hat
Group of -t heearh RGTE SRAERLeS e AFRHOR FES B FLodfptier Stbup in the

radi cal m%,n the second conpound can be unsubstituted,
sUBEPPYUTed with a substituent of a same type that is
present on thig ahiimtsgereqohlcappr Bgamgt oup, or substitut ed

with a substituent that is a nt.o 5 the first en

cappi ng gr ouf3h BR CRPRBISHTANR {HE; b rifegrehdga oty ny

Cq{gpe?&{rg% ;35 tﬁgtfrlarg g8 grgl cOp bRk B diGbste@eddr a®sPpRwAdvith one or
1T,

I S non- sal d second conpound conprising a
s anorgreupsrakied fonealkyldakenylealkoxy aeyl surlont fango, Huproalkyl,

CoEPh SR Bue LR Rl AP sy s o

C ' &gﬁ Rfd &ﬁ?& ha tb itieSdryRné aoapidic Rgreginduio mbretthan one EC is
f%ﬁﬂg%ﬁp und. 1 gtsz’lo. The cgrrpositi on of cl aim 28,

f ur groep of Gopmils Uy EermplgHiL a8d t ti ng pol yner. 31. The
conmposition of claim?2 fur [-S . :

el ectr o@ét i vaese§8’fl€%r?l.’°§m§fgle§%§ rfré)glpn%g%%rg‘% g%n%P rting material, a
28 hat 44/ B16@in £ QAR LS b Nighemitiarihietiah alcpoe con@Gsi@Bmatkiel, a
conposi tion of claim_29, wherein the second aromatic

c opdyweri¢ hiadere 0HmEOMPIHAKILREPE di fferent than the

first aromatic core of the first conpound and the

conposi tion further conprises a nonomer m xture

coppr i SThgcanpdsitin ofehxdmer!, wherepr ths icogppsition ergprises a hole

aromatic, core and second nononer conpti,sing the
s cEwIsROBIE MAHRA iaeg&‘bP]é?tr%rht.ranlsﬂg’%é‘gﬁﬁaggﬁlﬁli on of claim

29, wherein the second aromatic core of the second
conpound is different than the first aromatic core of
t h26.f i r $he compusitivth cfrethimiPd, wherpiotiecPBROsitipr gipprises a hole

oS3 SIS b ok RSO,
conprising the first aromatic core and a second
27.  The composition of claim 24, wherein the second compound is selected from a
charge transporting material, a charge blocking material, a light emitting material, a
color conversion material, or a combination thereof, said second compound having
an aromatic radical that comprises the first aromatic core of the first
compound, wherein the aromatic radical of the second compound can be unsubstituted,
substituted with a substituent of a same type that is present on the first aromatic core of
the first compound, or substituted with a substituent that is absent on the first aromatic
core of the first compound;
a second end capping group that comprises the first end capping group
of the first compound, wherein the second end capping group can be unsubstituted,
substituted with a substituent of a same type that is present on the first end capping

group, or substituted with a substituent that is absent on the first end capping group;
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nonomer conprising the second aromatic core. WO
2004/ 096948 PCT/ US2003/ 032047 -142 35. The

w@e vpo%ioss on of claim 28, wherein the second aPCIES1003/032047

core of the second conpound counprises the first
aromatic core of the first conpound. 36. The

conposi tion of. ¢l aim. fur co LS deliBEirst end
emtting poﬂfﬁ%&?n réﬂlgaﬁihafhgﬁggl%%oasw{ﬂgﬁtrg C%I aim 3%3, en
f UhhiRE cFRpRITitsd MGt Einiuad] whaein the divaleptiedical B8he Fdvend
conposition of claim35, furth onpri si

. rther ng an .
i wampoed prl Batesubstigniad .Sulw&lﬁ'éutegmé TbSHuGT R gpRe s thatis

erein t ] [ st i nt on
conbatiat € BFERFafR: FRRB, Pttt dAbaEATy iy bse
ofthd At End &dppoengroundr and the conposition further
conprises a nonagner, m xturge conprising a first nonomer
conpri si ng ﬁH@mWFP§¥méﬁHe@§pping group or a dival ent
radical of the first end capping group and a second
monomer conprising the second end capping group or a )
di2gal erfheldwmpoaition @ clefm 2Aewheseinritie serend sppPeigdgs Hap-polymeric,
40. The c osition of .claim35, where
C S TP L COMA s CoRg PG e RS TGP Bt sccond end
du%éﬁﬁg@&mhpan the first end capping group of the
fir onpound and the conposition further conprises
a polymer that is the reaction product of a 20 nononer
m %t ure.conprisin i IS :
Lt R TR o ol 25, PR e SAPRUCH) Doy of the
f | fe8nEdnSRRRIcOApYES R ARder] spparpdromnonthe first compound.
conprising the second end capping group or a divalent
radi cal of the second end capping group. 41. The
COfpos Tl'leo&llqlgcgsﬁlo%' JFckfm Z‘Q@ﬁ{r]ﬁl'ef‘ccg i S6E 2N EhCAR lymer.
isa polyner conprising the reaction product of "a
nonomer m xture conprising a first nonomer conpri sing
the fist aromatic care.of the.first conpound. 42. Th
cobbos) TRFPTBRoS o AHah 3inBireh T S ORE B A s Gy mer
is a polynmer that is the reaction product of a
nononer m xture conprising a first nonomer conpri sing

“t h32. 30Thé canpasitibnodshiimg 8y fusther epmprisingpr Blactyfe pjgmer.

first end cappi ng group. 43. The conposition of claim

'24, wherein conposition is anorphous. WO 2004/ 096948

PGI4 US29R3L Q388 Ton of bfkdm 29, wherein the second aromatic core of the second
compound is different than the first aromatic core of the first compound and the
composition further comprises a monomer mixture comprising a first monomer

comprising the first aromatic core and a second monomer comprising the second

aromatic core.

34.  The composition of claim 29, wherein the second aromatic core of the second
compound is different than the first aromatic core of the first compound and the
composition further comprises a polymer that is the reaction product of a monomer
mixture comprising a first monomer comprising the first aromatic core and a second

monomer comprising the second aromatic core.



10

15

20

25

30

44. The conposition of claim24, wherein the
conposition is solution processible. 45. An organic

w@b@ansems c devi ce conprising a conpound havi NBCHIS2003/032047

aromatic core and two end cappjpdg groups conjugated
}o Egg aL?natic core, said conpound having 5 Fornmula
: - - 11EC a
e P BEY 25 B S bg ARGl b o the scona
naphigdah® Bempiaes ur fakyAronatié bar df shafististpdutied or
substi t ut ed mnth one or nore groups selected from
aIkyI alkenyl alkoxy aryl, aryloxy, fluoro,

0" ool LRSS 56, R Aty  RRET AR iy

or 2; each Ey is |ndependently a structure of Formul a

or Formula 1]]
esh X T SomRepiRachEI Y. &g coptsifg, B deqgospe polymer.
al kyl, aryl, heteroaryl, 20 heteroal kyl, or
conbi nat i ons t her eof ; each Ar 2 is |ndependently a
cahoc yEhd ernapositiogrdalimBat frirdienparalristing ¥ wectivrpolymer.
substituted with one or nore groups selected from

aIkyI al kenyl , al koxy, aryl, aryloxy, fluoro,
T oafky éomﬂﬁftfo'nldﬁ’ cRahkp! wh&@hﬁ‘t’h@ gbdoyill entd ediigagiplip of the
aIkyI oxadi azolyl, aryl oxadlazolyl al kyl triazoly

argplconct ccamptoptl s diffarept dhan e fitst gndtappipEarPHLOL the§rs sompound
co ations.there

%tgp%%%h rt%!:r Cﬂin elasggg ?1§1?1|%§' &u)ttugg) comrPélsmg a first monomer

ot h&)nﬁp}?s%g' 18 figdt eAd bapping groapot hatvagmotyidahof the first end capping

conmpound; n is an integer equal to 1 or 2; and
group and a second monomer comprising the second end capping group or a divalent

radical of the second end capping group.

40.  The composition of claim 35, wherein the second compound has a second end
capping group that is different than the first end capping group of the first compound
and the composition further comprises a polymer that is the reaction product of a
monomer mixture comprising a first monomer comprising the first end capping group
or a divalent radical of the first end capping group and a second monomer comprising

the second end capping group or a divalent radical of the second end capping group.

41. The composition of claim 24, wherein the second compound is a polymer
comprising the reaction product of a monomer mixture comprising a first monomer

comprising the fist aromatic core of the first compound.
42.  The composition of claim 24, wherein the second compound is a polymer that is
the reaction product of a monomer mixture comprising a first monomer comprising the

first end capping group or a radical of the first end capping group.

43.  The composition of claim 24, wherein composition is amorphous.
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25

each end capping group (EC) is independently a
carbocyclic aryl, 5 heteroaryl, or tertiary am no aryl

WwW@e@apoddat i s unsubstituted or substituted w PCT/OS®OB032047

nore groups selected from al kyjgz-al kenyl , al koxy,
aryl, aryloxy, fluoro, fluoroal kyl, perfluoroalkyl,
he £70 SRIBRE :
t ble.
e 4 M 2 OB 8 b e
aryl ene aromatic core and no nore than one EC |s a

group of Fornmula Il or Formula I|1. 10 46. . The or
el 4%t r o rEdBiFi ek IgRICdeXICRCaBIPTINE PSPRPOHRT Ba\ine 8 P@maﬂc core

a Hiec avin
o1 5N ey RERoBpErRRaR (PR B, S N B aving
el Bgtdudd l1im nescent devi ce conpri ses an organic

em ssive el enent conprising the conpound of Formula

|. 48. The organic electronic devi ce of claim47,

wherein the organic emnissive nt further

conpri ses a charge tranqgg a charge
bl ocking material, a 20 po terlal a light
emtting material, a color con ion layer, or a

conbi nation thereof. 49. The or énlc el ectronic

device of claim47, wherein the organic em ssive

el ement has nmultiple layers and the conpound of

Formula | is in alight emtting layer. 25 50. The
organi c el ectronic device of claim47, wherein the
orghﬁktlenissive el enent has nultiple | ayers and the
conpound of

layer. 30 51° k ?s g%ép%%laé}lt% ﬁ%@ﬁgﬁ gﬁﬂ?rﬁpﬁéﬁeﬁ& a naphthalene

el gehp atyldienBadetisubsitied o @mmemguh oad opmpfagnonpp stlected from
donor sheet conprising a transfei er. that copprij ses

a alkphplanyd. HEoxh gvkitdpsHelEo-dhosoaky. pefgueiealiy, beteroalkyl,

Caﬁ&%%%r glggﬁm%gﬂhk}ﬁﬁaﬁi&%o?% 28047‘6823250 core, said

PCT/ US2003/ o&mms indegéndely Ear 21EC  (Ey) a

each B, is independently a structure of Formula II or Formula III:

*

=N x N
>;N >§N
AP AP :

I 1T

each X is independently O, S, or NR!, where R! is alkyl, aryl, heteroaryl,
heteroalkyl, or combinations thereof;

each Ar® is independently a carbocyclic aryl group that is unsubstituted
or substituted with one or more groups selected from alkyl, alkenyl, alkoxy, aryl,
aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, alkyl oxadiazolyl,
aryl oxadiazolyl, alkyl triazolyl, aryl triazolyl, diarylamino, aryldiarylamino, and

combinations thereof ;
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I 5 wherein each Arl is independently a phenyl ene
group arylene or a naphthalene group arylene that is

W@ p®wostoug ut ed or substituted with one or nor ePQr/U8983/032047

sel ected from alkyl, alkenyl,j4al koxy, aryl, aryl oxy,
fluoro, fluoroalkyl, perfluoroalky, heteroalkyl

het eroaryl , e %%asgegpg & '12 s tHe b tion 4 ﬁﬁ'ﬁf‘toaanbﬁler group in the

|ndependent 's71n epende
SEBMEIBM{(E of Formula Il or For mula I'11: XN xN ) N
/| 2 Ar 2 Ar 1] 11l each X is independently O, S, or

NRI, where RIS a%mé?a@ypquaél“yil or ety oaryl, 15

het er oal kyl , ety AbarBobvel 1,

i ndependent ° y a nggﬂgélr&g’sagrd;qgg@% f?htgkf ,%I obyelic ary
UhSteRsdrilt oit tedlargoanmmtmyh gruﬁpdlaWStdmstdn@tmw Wéstgtn@dpfslth one or

fs e aroups selresed koW 98 ARG gk skt e Hbroatks,
aI %FL%%QH{ /) ol?ﬁ!t%ﬁ'&\ kK ﬁ%ﬁ?ﬁ?}bl}’i\nd coiBhatona ehede ] Wherem said end

aryl triazolyl, diarylam no,
arcyibping rgyd@monmgdtezmo therdnylne iromatic Keecwl no ragretihan one EC is
asteri sk e location of a bond to
ar?o&fﬁléli“’ﬁ]%@ﬂ{’aﬂarﬂ @Sﬁﬂt)und; nis an integer equal
to 1 or 2; and each end cappi ng group (EC) is
|ndependently a carbocyclic aryl, 25 heteroaryl,

or
t et@t i arTheamranic elegtroni¢ deyice oEglaims43; yehsrrin the deviFeds an organic
QEstl ut ed V\nt({égone or nore groups selected from

SAtrOUPIRESEORt dXf % oxy . aryl, aryloxy, fl uoro,
f| uor oal kyl , WO 2004/ 096948 PCT/ US2003/ 032047 -146
per f | uor oal kyI het er oal kyl et e
cofbi nafheorrganie glegipnic dpwre Pflcq ﬁg é’}‘%’me %%?fﬁ@m& roups
ar {%Jémﬁggc%gté%%cte%%nﬁﬂégseﬁheo%ﬁl‘ﬂg@hhﬁn%@l&n&ﬂ ‘éoﬂ@nslng the

n-one group of Formula Il or Fornula
Il éom;ﬁﬁﬂd of Formula I.
48.  The organic electronic device of claim 47, 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.

49, The organic electronic device of claim 47, wherein the organic emissive

element has multiple layers and the compound of Formula Lis in a li ght emitting layer.

50. The organic electronic device of claim 47, wherein the organic emissive

element has multiple layers and the compound of Formula I is in a charge transporting

layer.

51. A method of making an organic electroluminescent device comprising:
(a) preparing a donor sheet comprising a transfer layer that comprises a
compound having an aromatic core and two end capping groups conjugated to the

aromatic core, said compound having Formula I:
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(b) transferring the transfer |ayer fromthe donor
sheet to a receptor sheet, 5 wherein the transfer

wo 2008109d9a8 N5 at | east part of a |ight em ssivePCT/US2003/032047
structure. -145-

wherein

each Ar! is independently a phenylene group arylene or a naphthalene
group arylene that is unsubstituted or substituted with one or more groups selected from
alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl, perfluoroalky, heteroalkyl,
heteroaryl, and combinations thereof;

each a is independently 1 or 2;

each E, is independently a structure of Formula II or Formula III:

x N x N
>;N >;N
A Ar2 .
II m

each X is independently O, S, or NR!, where R! is alkyl, aryl, heteroaryl,
heteroalkyl, or combinations thereof;

each Ar” is independently a carbocyclic aryl group that is unsubstituted
or substituted with one or more groups selected from alkyl, alkenyl, alkoxy, aryl,
aryloxy, fluoro, fluoroalkyl, perfluoroalkyl, heteroalkyl, heteroaryl, alkyl oxadiazolyl,
aryl oxadiazolyl, alkyl triazolyl, aryl triazolyl, diarylamino, aryldiarylamino, and
combinations thereof ;

each asterisk (-*) indicates the location of a bond to another group in the
compound,;

n is an integer equal to 1 or 2; and

each end capping group (EC) is independently a carbocyclic aryl,
heteroaryl, or tertiary amino aryl group that is unsubstituted or substituted with one or

more groups selected from alkyl, alkenyl, alkoxy, aryl, aryloxy, fluoro, fluoroalkyl,
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-146-
perfluoroalkyl, heteroalkyl, heteroaryl, and combinations thereof, wherein said end
capping groups are conjugated to the arylene aromatic core and no more than one EC is
a group of Formula II or Formula I1I; 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.



