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WD 2004/ 102615 PCT/ US2003/ 024911 El ectroactive

Pol ymers Technical Field This invention relates to
web@etowaxti ve pol yners, conpositions and or gaPdT/USH03/024911

el ectroni c devices conprising the electroactive

pol yners. Background Organic el ectronic devices such

as organic el ectrolum nescent (COEL) devices,

i ncluding organic |i biidd i.odes (OLEDs), are

desirabl e for use ing"e °é‘?k%{éﬁé.1§&¥gi§?§ 10 because of

their thin profile, |low weight, capability of

obtai ning a w de vari et JegthhicbFitd on colors, and | ow

driving voltage. OLEDs have potential use in

appThisanventien sleps toscleqioartiveotymys.composiiRng and organic
i xel ated displays, ,.Ssl.ve graphics. There
etei e Bhes ShiPH IR P AEd R MR B DT ohy of

el ectrolum nescent nmaterials, electroactive

mat eri als, and charge transporting materials suitable
for such 15 devices and%ﬁ%ﬁfor maki ng t he

dev b?ga?mdp d1Bets %Tié\)?éeg %giiﬁ?s’ orBBEE Flie&hﬁuﬁ?ﬁ’eﬁcéﬁ? EOEL) devfices,
sel ect’ed or devel ope Ich facilitate one or nore o
incldvixseeorgmiib dight eriatingedindesi (OE BDsp ranadesimblesbensedh electronic media

materials from donor sheets ta.,receptor. substrate .
beqqase ofheir fip p&ﬂ@qa\y Ve R RIS G COFa R ﬁg‘ﬂé&ﬁaﬂesfy of emission
V' . i t r . R | H
ool hiERy FRIRFLbHEe! RRUIR b g0RLE L in BB el
badkdightiesohasplies pixchaeddis@ys, endlargeamissive graplicsisef ul |

Th ' d in th f | t.
0! REi° P28 HEF TR W B TICHEE B EeveBIARL P L EER iRt
mAtSEE Efécttr&%gi@e Ydr8S 2R ehaB! tRefRSortinY Wﬁéaé@iuiﬁabﬁ for such

nvention The present invention provid )
deebexindonathodsefpr niakingdhe deviespolit ome ipstances, materials have been

el ectrol um nescent. ar.yl ene polyner.s. |In so

SogHER e SHE S B S Pt AR, oot or
t r apGRGHLwRE theBh8IGEdnefer biMnGfetibRFrddh 8PRITishss tofeeptor substrates
present invention also rovi des el ectroactive

hags begpauopdsedh as onhingthod ferfeimeiag QEL deyigesoprledivetimamel transfer of

aryl e I rs. The present .inventd on . '
oA e BRRL R 5T BRI RO B 88 st
to BE @Bhlafli Vil on further provides organic el ectronic

devi ces conprising, these arylene polyners. The )
pr eSdwte femannta need inthererfopelesiraaskivaralpecs and glectroluminescent

! . o s L .
pofcs 1Rl bt Beins T AR PR PR A e vl L 10
2004/ 102615 PCT/ US2003/ 024911

Summary of the Invention

The present invention provides electroactive, charge transporting or
electroluminescent arylene polymers. In some embodiments, these polymers have
improved electron transport and electron injection properties. The present invention also
provides electroactive compositions, which comprise at least one of these arylene
polymers. The present invention also provides novel intermediates for making such
polymers. The present invention further provides organic electronic devices comprising
these arylene polymers. The present invention further provides methods and materials for

making organic electronic devices from these materials including selective thermal

-1-



10

15

20

25

patterning of electroactive materials conprising the
aryl ene polyners onto a receptor. Organic

web@atowhium nescent devices, which can easily PET/US2003/024911
produced using the present arylene polyners, have
hi gh [ um nous efficiency and |l ong service life. In one
aspect the present invention conprises an

paﬁeim:m:g oﬁnicntlroaetlmhyhmalls compijsing the arﬂewlmn@@tcmaé tgogptor.

Oré?agjgyegq% 0 gxgtleq?c 2 ngrwgﬁgica% e%%rl]%ﬁls? odlice dq.{s ggtﬁ? Present
aryl%ﬁ ng&@fneréﬂfﬁ@&&hgh hﬁﬁmsﬁmfﬂe@h@dandnbﬁg Sabice e@e on

rrses hree or nore arylene units, each of said
ar ylnems agprct ﬁiem@esmgt iy oaticarpomprises-Aaieqtioagtis Polypeticrylene.

e e
go?ﬁse%Moﬁtﬂfﬂall§ AGOR @tegrhéntpmaaemtthe vhrguLiied infendl reglon oprises

10 arylene units of the internal region have the
threstqrueerg pwylefe umdisngach of sa1¢\|a1]y.1en(apgy;tgbelmg covalepibr andedhfq two

n r
wditrralnSRRe ot o Pt ~0RG0 MRS Re b LA MER bl Yol orto an
adjERheaiREe Uhdah@tdhe soRsk@natt if prbdeat whefdnu on®or @by of the
fluoroal kyl , heteroal kyl, heter oary and hydr ocar byl
arylena uBithoiHige sHemal regigndiave the strgctuys ofdiormglad; ~ 4t ons:
where a is 1 or 2; where each Ey is |ndependently
sel ected fromgroups having the structures of
Formul as || and_AIIU_(RZ)b *N XX r Nr N Ar2 Ar2
[T 11l wherein XIS 0, S, or NR1L, where Rl is alkyl,
aryl, heteroarylg het er oal kyl ; wherein each 25 R2
i s i ndependent | y( §)gl ected from al kyl, al koxy, fluoro,
aryl, fluoroal kyl, heteroal kyl, and heteroaryl;
wherein b is O, f or 2; vvherein Are is a carbocyclic

whifeld AP0 H?heﬁiﬂé{éﬁﬁtﬂa Kh§Rne glrouﬁ ‘dﬂﬂéﬂett}ﬁtqg uﬁ\éd’oﬁtlt@féﬁ RI

nore substitdents se ed Trom dl %/ nyl
sultstitodedywith bn@onmoraagryups a‘emt@dzfmnkyllky h&teeylo&llkky}’,,ﬂuoro aryl,

ﬂu&et @qyf "l-}lllr %/?E%HWI elteor)égr%l/ %9 lh%focargyll o a?rlllggz 81|1é/ ormore S, N, O, P, or
Si atoms; where a is 1 or 2; where each Ey is independently selected from groups having

the structures of Formulas IT and III

*

(R2),
*
X)):E x7;E
Ar2 Ar2
1I I

wherein X is O, S, or NR!, where R! is alkyl, aryl, heteroaryl, or heteroalkyl; wherein each
R? is independently selected from alkyl, alkoxy, fluoro, aryl, fluoroalkyl, heteroalkyl, and
heteroaryl; wherein b is 0, 1, or 2; wherein Ar? is a carbocyclic aryl group, unsubstituted
or substituted with one or more substituents selected from alkyl, alkenyl, alkoxy, fluoro,

aryl, fluoroalkyl, heteroalkyl, heteroaryl, alkyloxadiazolyl, aryloxadiazolyl, alkyltriazolyl,
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WD 2004/ 102615 PCT/ US2003/ 024911 aryltriazolyl, and
hydr ocar byl containing one or nore S, N, 0O, P, or Si
war@ago2eand wherein the end capping groups arBCEHS1903/024911
i ndependently sel ected from carbocyclic aryl,
heteroaryl, and tertiary aromatic am no groups that
are el ect rochem cally stable, wherein each end
arylaeplygnd hydpcabyt emjtaigiag ete pomoreS.MbrP iy or S atomse prthwherein

e P ST R RSO S RS, 1y,

andst §fy driingic mmﬂof}%x@m tRat ai’@él@ctﬂfcﬁbi’ﬁﬁ;aﬂ? ktablegwhérefineach end
al kenyl kox fl uoroal kyl

cappﬂag @rwl ik pbujugaedoohe 94>n3ugm@d n{eana) sesion br besded o fhegoft

t
segiet iEpuse ot Yowe R sephipd efih ig e R St fifieea
with Bhé &exhorec%rawsl RRBted TRNPAIYD bk ety HIROLE rarylnﬂﬂicﬁroalkyl
I ndepende sel ected from carbocyclic aryl ene

hetmalkybhctyroamé,, angrhy drasprtivh pgntainngwne r Bersid, Ny %fﬂs §1 atoms.

t di. f
31 ol sog gl AR R REAP RS el Foque futer
confpiises Bhd Simorel @ionomet ﬁﬁtsﬁﬁdepleﬁdﬁnﬂgtselecte@ dfoenédrbbcyclic arylene,

el ectron transport, hole_ transport,
het@b@nyhnm andi taigbematie AarinosEYigte gioups {hat medify pne or more

proBcfe f er%ﬁF §1ec§8ac%&%ggl% %g*lérlrj&:nsl% egteglgtun'fu %gﬁt‘gﬁ)t Elgngféht
emiREiofUbsizbficH pteial fele@fren aransportcheie mnap@oste ElectraldmideScence, and

from al kyl , al kenyl , al koxy, fluqro,
solwhilibrssmgter. mgﬁeﬁ%&msfpmﬁ@%fr WHfsAre C%%Bamfh‘f’ it Arbgf Formula

1. TN oﬁgarﬁ?ﬁ %ﬂ‘% SR tittedbr sgbstﬁnte&’(mtﬁ'on@to? Hore }gﬁ)uﬁs selected
second aspec present 1nvention also relates

fromoatieyl, alkéreyl ratkiiat Esorosadyl) Ifluofoaikyiyeictanoplkyicheteroaryl, and

el ectroacti Ve poI neric nes re specifically,
hydrppagbyl r?@@?ﬁm%o?ee g S ﬁa% I}%ﬁ?t s having the

str t
ahef£h Wefnd ppegt Q*gﬁa%eﬁf B
foranakinghe eldotrosctive mebm’tarmelryjmmsp Mat eptcifiicallyotiis invention relates

chl ori ne, glr om ne, .iodi ne acid, and boronic
to WpQIREr ynits haying ihe %Y%E’ET' Oﬂt;%“garnié\ge i nvention al so
provides el ectroactive gpop@gitiqns 25 that conprise
one or nore of the electroactlve pol yneric aryl enes.
In a fourth aspect, the present invention also
provi des organic el ectroni c‘@lyew ces that conprise the
el ectroactive polyneric aryl enes or the el ectroactive -
corrp05| tions of the pr esentIM nvention. In a fifth

pent t he present ntion also oVi donor

0

st 2 aerdg asoslbedz gEnyladnan Wﬂ%&ﬁﬁ?ﬁ@é@ g5ne

W.

sel%te?ﬁroﬁm Qo bRIGAE b difik, HotS@adil Viid BRI Edt&:.
~raryl enes

In a third aspect, the present invention also provides electroactive compositions
that comprise one or more of the electroactive polymeric arylenes.

In a fourth aspect, the present invention also provides organic electronic devices
that comprise the electroactive polymeric arylenes or the electroactive compositions of the
present invention.

In a fifth aspect, the present invention also provides a donor sheet comprising a

composition, which comprises one or more of the present electroactive polymeric arylenes
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-3 WD 2004/ 102615 PCT/ US2003/ 024911 and a nethod for

meki ng an organi c el ectronic device conprising the
wae@p/1ade1sel ectively transferring a conmpositiPCl/Ustw®R4911

conprises one or nore of the present el ectroactive

pol yneric arylenes, fromthe donor sheet to a receptor

substrate. 5 Brief Description of the Draw _ngs The )
andiaMenbd for makphpamongenic eleotrenie dyvign gemprisag therstep of selectively

id ion.of the follow d il LRk QR
rangforye § BSOSO TSP B S S MBS Bk Alive

»pol%é%%eg#&?e?m@rﬂbh@ﬂslfééﬁWaﬁ%ptdr@uMatdﬁI Figure 1 is

¢ side view of an organic el ectrol um nescent
di splay 10 construction of the present invention;

Figure 2 is a schematic side view donor sheet for

transferring mat eﬁﬁﬁf—?ﬁgpﬂg%gﬁgﬁggé@ganvemi on;

Fi 9 Eindehtforfmay bE AR &@1&@%&@@@ cotisidnation of the
ol the p

el ectrol um nescent display o resent invention;

follb%irfg dptaiteddisériptionsf et emboidiraens ef fhe fnvgnfion gy connection with

enbodi nent ({)f an ar %ﬂﬂé ¢ electrolum nescent device of
theapeompanyme ArpRiASH ' S I gure 4B is a schenatic side

Vi epioate RisSLEABMaRETae RS adforgamicoelearuleminescent display

el ecttol um nescent device of the present invention;
corfsirgctian offithe presery amveention,c si de view of a third

enmbadi nent of .an_or ' ' C 3

o FiRaRes st aBERR o i oG el K ARSEER AUIAR the
predéfdSnvén@vn,0f a fourth enbodi ment of an organic

el ectrol um nescent device of the present inventi 8n; fih

Fi giifsuse B ismerhematie sidaivied frangsaanis glegirolpminssesnt display of the

th .]Fre%en_t invention; and Figures 7 and 8 are
pre&?’gil P ages of a thermally transferred organic 25

el e¢iget MATing sciRaticaie vikew bEefint emhedipreatefvn organic

invention. Detailed Description of the Invention
eleciplupiingseeny dagice EtepEssetdnvVeniiony »an" or "the" are

useg. i . o

ondibt AL RGRARNL dotw Bt 462R84 oRRimenPHl rforgmAc
clRirbRIMMh&eentddvicabéthe présent iaventival kyl " i ncl udes bot h

strai ght - chai ned, rapched,

b d li | kyl
and Hightp 4608 A BoRanaRSIste BF aimst Atagedht of en dral)

electroluminescent device of the present invention;

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

Figures 5 and 6 are emission spectra of polymers of the present invention; and

Figures 7 and 8 are digital images of a thermally transferred organic

electroluminescent lamp device of the present invention.

Detailed Description of the Invention

Definitions

As used herein, “a” or “an” or “the” are used interchangeably with “at least one”,
to mean “one or more” of the element being modified.

Unless otherwise indicated, the term “alkyl” includes both straight-chained,

branched, and cyclic alkyl groups and includes both unsubstituted and substituted alkyl
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-4 WD 2004/ 102615 PCT/ US2003/ 024911 groups. Unl ess
ot herwi se indicated, the alkyl groups typically
weogadwiirom 1l to 20 carbon atons. Exanpl es PET/US2003/024911
"al kyl" as used herein include, but are not limted
to, methyl, ethyl, n- propyl, n-butyl, n-pentyl,
i sobutyl, t-butyl, isopropyl, n-octyl, n-heptyl,
gro@psn )Urilm)dtherwmé mclleatedl |tk&ealkﬂ gm¢IE§§BP1©%1be¢qntq;@ from 1 to 20 carbon

woipy Brane ok b Aot o A EFREEath o L AV G g oo
proﬂlgﬁﬁbggﬁﬁfﬁﬂﬁ%ﬁogﬁtgﬁ Dty TBoproisie Aes Phl-h/epﬁ'ﬁ' anymekyl and the

and i ncl’udes bot h
liksunsubsti tut ed and substltuted al kyl groups. Unless

O b B e 35 S AR AR et

€ UBYWith 0hé 8f MorttheMtBatens fifd eﬁiien sélected
bmﬁ%a énéloé chE‘)ﬁﬂ(gngl% ges%:rl bed bel ow. Exanpl es®of By

frothr N A, lend Si arsl insladesentle imsubsiitiied end guhstifited allsyl groups.

d t
eSS e R Ao oo
atoftiRd “H@férédllkﬁ” i NduBS& oft Hﬁl’r@éa‘i@yllcﬁﬂﬂaﬁﬁﬁ@@he drhﬁo&@ N, O P, or Si

"al kenyl " i'ncl udes both strai ght - chai ned, ran g
atoarstl degwfoed: belowe Hxagiplased "heteoplylrie used heseia 1m1w§m p gre not

i S R et et GEA PR, 3 REmaRR} Bropy, +

dirdtheamirodutandi, 6ad 8@ likehe al kenyl groups typu cal ly
contaln from1i to 20 carbon a

" al Kinsss vtherwige indicaéade the temme a&@@yl’m@lvgp sebq%@trwghﬁ ¢haped,
o Pacd AR by R 5P p R S, Lo vt

bofd PAGNLAs byttt insubgiteled and bubstitnted eﬂlaertyda gtaups.yUnless otherwise

aromatic amno aryl. Unl ess ot erW|s |ca ed, ¢
indieated, theeakeseyy eroups ssfpg,qaﬂypem \?ali Qﬂta omg. oé@mp&es 0

" I8 f r 1
1?( 33%’ %ﬁdﬁlefeﬁgin%ﬁiﬁ m\éﬁeﬂ% gﬁg eﬁ‘i’% ﬁie{)]{}%gn gl?gﬁ% @aernyl and
thébkelefi ned infia, or nulti pI e fused rings, such as

ht hyl thryl t th
’éigml%spres?e%g&%giﬂynet@ﬁémcwﬂ ety reatpd Syl P, and

1. biphenyl, naphthyl, acenaphthyl,
te&%@nan#ﬁe iﬂmh% racenyl , £ uor enyl , 9- silafl uorenyl
dl hﬁﬂillesshﬁhmwidenydmatpcbrﬂyd terny I"carbcpnylch@ alsd ! M&TQMOnovalent
fl h h
ar?@gq?cra%?%chn ¢ @ﬁi}{ { Blrgéwg:to }llgﬁerr{/)%rr 5 1c tings, such as phenyl,
bi P Hmﬁdéﬂe‘?{)ﬁ ﬁg Yhs deBed iR, of hltfip V¥R hﬁgs, such as naphthyl
ar a n

tai ns phenyl ene r| ngs fused with
ordmﬂﬁiflem cmﬂlbmdltmms theretifaExginples pf switablegarticaieljd ary] 3suspbherein

|cals ese radicgls ar bt|t
ingfy %plswh@lrgleaﬁlpga Aanb e ‘%Yg % f‘efeﬁvf fflbrenyt, 9-
siBAh&GEhRddihy B R RSP periengD st dbidfluotdnyB Qluoranthenyl pyrenyl,
dihydropyrenyl, tetrahydropyrenyl, rubrenyl, chrysenyl, benzo[g,h,i]perylenyl, and the

ary

like. When the carbocyclic aryl contains phenylene rings fused with divalent alkylene,
dialkylsilylene, or diarylsilylene radicals, these radicals are substituted with two or more
R groups wherein each R%is independently selected from hydrogen, C1.30 alkyl, Ci.30
alkenyl, Cg.20 aryl, Cs.p0 heteroaryl, and Ci.30 hydrocarbyl containing one or more S, N, O,

P, or Si atoms.
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al kenyl, C6_20 aryl, C3.20 heteroaryl, and Cl. 30

hydr ocar byl containing one or nore S, N, 0, P, or Si
w@r@as02615 WO 2004/ 102615 PCT/ US2003/ 024911 | PCT/k182003/024911

present i nventi on, the "aryl ene", "aryl ene nononer",

and "arylene unit" include carbocyclic arylene,

heteroaryl ene, and tertiary aromatic am no aryl ene. ooy

Unl lesthe ptebmt\l\mmtlomdh@ farplgne’t, haryleae mon@meboéyéf ?Ié’ lene unit

f d I
incRgbpuoey i prvigns R iy snfVelR) aEp s M ivne.

ph W‘e@@&he@vlﬁ‘ﬁﬂi@aﬁ:ﬁethg k" cabbilie angentTrofeedtol difalent
or multiple fused rings, such as naphthyl ene or

aroamatib pgnibecwhc oadicalsrhaving mamf@ fifieen arpmaticyHgsy Qigh 8§ phenylene,

h% abI oup . rbo%/ &efglggi %pﬁlu}f?pge H%g&jnngse sGdias MG Rne or

Hﬁﬂ%ﬂeh&l %ﬁatﬁmﬁl &h@reof n Eﬂhl’hbl%h eﬂﬁnﬁbﬁ "cﬁh‘bysbychc arylene" as used
ndpht hal ene- napht hal ene- 3;
heraineinelpéi¢ hmzenﬁ Vi3; dlp% bm@@ﬁéﬁ dyk napb}halene-Z diyl, naphthalene-2,6-

dlyi r@pgtlh §P{§t hrlgcga}lg%e-Eg _/cﬂ%lr y(ienaphtheélr?dléll _})hgnan[then% 8-diyl,
5 é&lﬁﬁdﬁﬁh&aﬁﬂﬁi 3|8rd191- gjsloafd- teﬂfaﬁy&rap}ireﬂ-aw diyl, pyren—2 7-diyl,

ant hracene-9, 10 perylene 3,

flugrene?, Gidipil, 9- @iﬂﬂu@mns?t V-dvlednshipgane-% 1%@%%@}%3%@?97‘11}11 perylene-
d I

3 1 f%ﬁ%ﬂu‘f{?ﬁ“ﬁ? Okt ope RS E R Ry ARToENSE ¥

bel\i’ﬂ)(]‘}%1 Fi@ﬁylerfedm and tlﬁ&ﬁteWWliendhe/ edrbotyché hlwllmme:ontams phenylene

di a | ene, or diar l | ene ra
nngaﬁﬂtseéwsth yakers @lieviqne, dia y lylgne. g5 dgiey ﬁ’g‘ﬁ ﬁ?%u%se radicals

ar%g?lﬁ:s'tgt'&%%%w& tﬁﬂfelige%ﬂ}% %%n SSEEI R ‘i'ncﬂe% eﬁde%ﬁy selected

enyl, - aryl
frdashydrofet, € @Oad]kjll Ca.gbch]l@nyB Eshyatyl Caadolydtero@l(yhtaad lﬂln@hydrocarbyl

one or nore Ng{,% atons. Unl ess ot herw se
comaan%@rz@oormwesp Ppﬂ’e%ﬂt%‘ﬁ group arylene" refers
t 0 %ﬁi@és%ﬁ{erwﬁ%m{:dtgd Ql?ert}éﬁﬁ Y@&én?leh@%l‘cﬁ@' apylBAY refbrtd livalent

three conj ugated phenyl enhe rings

ar@hﬁiwdaﬂft&yc]hn ldials laming cancwoy omhmwwoenlg)lted ﬂvg@nsde@ rings (e.g.
opt.i onsl ly fused th dival

PR Py IEiR and eV i ol oA RS wid dipfent alytne,
dlﬁk%]ﬁlj%@ﬁ% be dm.ﬁ}hﬁ%ﬂé&r}ﬁdl%l@ UExafipes O/ Suitzbfe ‘!p‘h@ﬂylbﬁd' @olip

enze -diyl, benzene-I, 4-diyl,
argliehy)'dis mpéitatinrineiuds Bengdeng-1,3-diyl, benzene-1,4-diyl, 5 6-

O CRATTE RN N SO
s11§ﬂﬁgreﬂJ2h7¢gl )ispRstiefidorén- b]ﬁdl?‘p GQQQhﬂycﬁoﬂidb‘ﬂo[l 2-b]ﬂuorene-2 8-diyl,

2, 13-t etrahydr odi benzo ant hracene-3, 10-di y

5,6 1zzsaemmmwﬂ@éﬁ@{tma@r@§,ui -Biyb rﬁalt%@léﬁéméﬂen@mﬁl 2-
t.he | herwi se indicated, the term
blPBWWF%ﬁ@F&Hp“ﬁ@?H‘? ‘efers to nonoval ent
uns aiiilesy Gtlerdfi @ llicated AhO aeMCiphenyl@di gealsary v fegs ﬁonﬁonovalent
two, or three conju ate phenyl or henﬁgene ri n

m(setuga,tecbargmtlc cmbp nadlgpﬁﬁhqvg%m 9, of Hee gQrguga ed phenyl or

pl?e%tyiegg %ln!gél (ef. glf %ﬁeny\ﬂ blghenyl, and terphenyl) that are optionally fused with

divalent alkylene, dialkylsilylene, or diarylsilylene radicals. Examples of suitable
"phenylene group aryl" as used herein include phenyl, 5,6-dihydrophenathrenyl, 4,5,9,10-
tetrahydropyrenyl, fluorenyl, 9-silafluorenyl, spirobisfluorenyl, 6,12-dihydroindeno[1,2-
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di val ent al kyl ene, dial kyl silylene, or diarylsilylene
radi cal s. Exanpl es of suitable 30 "phenyl ene group
w@eook/102$5 used herein i nclude phenyl, PCT/US2003/024911
5, 6-di hydrophenat hrenyl, 4,5,9,10- tetrahydropyrenyl,
fluorenyl, 9-silafluorenyl, spirobisfluorenyl,
6, 12- d|hydr0|ndeno[1 2- -6 WO 2004/ 102615
b]ﬂm&‘ﬂyﬂ%@ﬂ%@ gmarqﬁjlqu@ﬁaéﬂ%thracenyl 5,12-dihydro-6H-indeno{1,2-

56,12 - { dr odi benzo[ a, h] ant hr acenyl ,
blplEngreRy % 9§£é®§¥ndeno[l 2- b] phenathrenyl, and the

| K%leédfﬂtmﬁlﬁtlﬁtﬁém@ ehé et ¢aspthaléreezrow arylene" refers to divalent
"napht hal ene group_arylene" refe

' I t :
unsafpesiad Arematic earbegyelie radigasdRy Mg aﬁ’%ﬁ?@g fhal e@ﬁﬂﬁ@%}cm which
t

can{busegd %ﬁlﬂz{ &le%ﬂtea[]fé%l?&aﬁﬁfc enEg{ éél’é.‘giaf%ﬂlta‘tﬁe qn%ngﬁ%)ene group
aryltié"t a3lused henamhhctladi@mhgratnmp -231-dlybmaphthslens-d®-dipl, apphthalene-

i ncl ude _.n E 5 Bﬁk‘ n@&ﬂt hal ene- 2, 6-di yl ,
LAdapmapthe Bt i) acenaphthing- 1,5-diyl, and

ac e@ﬂl@%ktacﬁﬁ iR aﬁ% 1M411catl3{'i‘ |tﬁ§§:nﬁt‘"ﬂ§151ﬂhﬁ&1d %}Qil}‘} &tyl?chefetri@

term ene group aryl" refers nonoval ent
mombmmumaeniataal arvatatic cedhobydigahdicals havingp Sused npphfhalene ring

TRy T e
"na? %@Qé Sroup apiM Ekﬂis%ﬂ BeiirPMBludé ﬁhphtl@éleﬂlﬁ%ﬂi daghialen-1-yl,
ude“napht’hal en-2-yl, napht hal en-

naphiipleniaye naﬁﬁbalen—ﬁa@,mambthehn@a Yl nombilim b fnd aggasphibenyl
d h "
R e g e e s

radﬁﬁf@ﬂ@ 4 mghéwallert ﬁﬁﬂf-to%eﬂ@l-and&mmy@hmmtlﬁ iring-radical with one
seven--nenbered aromati ¢ ring radical mjéhdﬁﬂg- 1? or }

or mprederrsealpma nsiRendsap arlerdort gmae Qo bt @Bd P a gtergpryl ring

ma?gg gfi?naﬁg%]seﬁ & 811@5101%5%' heldr ch%ﬁgﬁ? 2 ggyob%lﬁzl ey rmg(s)

or nore heterocy car bocycl

cycidalitenkyl figg(s), cycloalkylaiigl®ng torone gf mpre a):@a:nloﬁﬁt hgtleroaryl nng(s)
Ex;r:u&g% gg "heoe@(aéyllpr A fl)lgéi }gﬁrrelg.o A ?‘é‘fe@ Qﬁ 2 ple’r;lggl%ﬁg thlophenyl,
pyﬂr&l gfﬁﬁl’az@yfﬁ) a%‘o ttnz!tio‘fs}ltt'égaio@yl fhisz¥lyi, JXHtcﬂﬂ“ esaxhzolyl,

azo ., pyrazolyl’ trlazoly

oxamm,dhsaﬂlazollyl ammﬂqubﬂmnylt pyridseitak pyyazinyRyrimidinyl,
di.azol

R GRS i) PP,
beﬁz%ﬁﬁéﬂoﬁ‘ﬂl Béﬂﬁimldg’z%ﬂ'ﬂoélﬁﬁé(ﬁnyl bﬁﬁ?a@blﬁhﬂ,ﬂih@tfﬁﬁahnylnﬁlﬁhaihzmyl

car bazoyl benzoxazol yl,, benzot hi azoly

bemﬂnadmdnduzlobewzgmzmb phenpzinyl @hm@p&mdml acridinyl, and indazolyl,
ui noxal i pht hal azi nyl , benzot hi adi azol yI,
Sﬂ@&%%‘ﬁ? a@ﬁ%hyl phenazi nyl, phenanthri di nyl,
acr idildsy btheAiide inagkazeal e terns 'Hetdredtyleelthefdretd drkaromafic divalent

Unl ess ot herw se indicated, the term"het roaré ene"
radies] epmprigng A fiyevivseren-dnemberd aromagi ciag radieg) ik epg of more

0 ' kA ri
L
be Optihalliy, fuseddo She oiSmorte lietdretyetio aing(sphetaroargl ng(s), carbocyclic aryl
ring(s), cycloalkenyl ring(s), or cycloalkyl ring(s). Examples of "heteroarylene" used
herein include furan-2,5-diyl, thiophene-2,4-diyl, 1,3,4-oxadiazole-2,5-diyl, 1,3,4-

thiadiazole-2,5-diyl, 1,3-thiazole-2,4-diyl, benzo[1,2,5]thiadiazole-4,7-diyl, 1,3-thiazole-
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be optionally fused to one or nore heterocyclic
ring(s), heteroaryl ring(s), carbocyclic aryl

wo povgfieds15 cycl oal kenyl ring(s), or cycloal kyl PCHUS®P3/024911
Exanpl es of "heteroaryl ene"” used 30 herein include
furan-2, 5-diyl, thiophene 2, 4 din
1,3, 4- oxadlazole 2,5-diy

2,5tdiylapyriding-242digl, pysdine-2, ?fsdwh .pa@éms 255-divgipypimidine-2,4-diyl,

@ngggiyééféggléﬁﬁﬁgﬁgﬁﬁéﬁﬁéigaﬁhmf?g%%fg%#|azole- -7 VWO

Py UdiesotBertvish mldlcafé)tlf ihditerar ‘@oBdeatisgd polycyclic arylene” refers to a

pyridine-2,5-diyl, pyrim d] -diyl, .
subgeti aféhg ‘tg)cgclgﬁ ayylenqs f.sépﬁlp oyep_l_grgi/ FIpRiss threg itg,ﬁfteen fused

aroma g‘ﬁ fﬁlgl%g le xﬁh{?hee Séon%%ﬁk%??b@@yél%?ﬁh@ Oysell B@reh?fn@lude

¢lic ary refers to a subset
acdnhﬁlthﬁ@ﬁé:) @hb’ﬁnﬂﬁeﬁ whthreestie, Alnoviafiene Pysdnsyperylene, benzoperylene
nprise three to fifteen fused 5 aromatic rings. For
ﬂﬂé%ﬁhﬁ@@“ﬂwcﬁﬁﬂéﬁ§§ﬁ pol ycyclic aryl ene" used herein

| nc I[ﬁﬂjtgf ﬁ&%ﬂ@l@@ hﬁYéa?é?letheRH%{‘Q{&&BQS}Ene@éﬂnﬁﬁrWﬁnm linkages”

fluoran pyrene, peryl ene, benzoperylene,

refergho @ ISﬁbset:dﬂfftins Ehateroanytenest asrdsfinehaloye thatlfemprisean imine linkage.
i ndj cat.e tern1 het er oar enes, hs .
Expmalea gb otablen o Ry e SR OB g e e lite oy zoles, N

su@nﬂ&F {1861e800)abdiikabd FRINRIJIES Nedubbtifued pyrazishgeazoldd)
anpl es of suitable ' heteroarylenes conprising imne
isook ascdayetiilazoles, idethinzelgs, axoidmes, pyridazines, pyrimidines, pyrazines,

substjtuted-triazol S u
mq@%bﬁrﬁe&?% eBW&%‘gFS b I}(Zé)ﬁg?éo'lés ?%%Sthggzd‘?%%@s quinolines,
1s<5qhin%ﬁﬁése SinnbBERshindA®lotifies, Qitinogilines phihaldziteez) teagotriazines,

pyri m di nes %‘gam nes, triazines, tetrazenes,
phbmm Pﬁzéﬁmﬂla%ol es, benzot hi adi azol es,

qui Rol.i i e
qui ﬁgr;}gﬁs o eé'\’NIS% E@tﬁ&{igdz Itl%g%rm b}euﬁg%t ?ﬁbz%mr}ﬁﬁﬁﬂﬁﬁﬁhé lifieages”
refRREBAZIBES of tHeehatetdarylst z{seiia;ﬁned: abaie kst cotﬂph%m imine linkage.

ot herwi se indicated, the term."heteroar onpr i.si
Exaripies ofswiahde sheterpary ks comppisped pinedinkgee ‘gl BRbdiiclfhs -

su‘f)gﬁ'&t%ﬁ Qﬁ&%@ s W?uﬁﬁ%’cé@ﬁhﬁ%‘fﬁs BUERCEIONE. #ﬁﬁzcﬁﬂs | dRaBélyls,
sui tabl’e "heteroaryl's conprising
1sd>cmam1y]sj ﬁhkagbds lsmdim@d!yls;mddmz’tsl, yYIsdazm.yls pyrlmldlnyls pyrazmyls

TR T I
1s$ 11?(?1915/}%' &mbl%ﬁllsh 'qﬁﬁﬁkddhﬁlls, Qﬁlhbﬁdlﬁl‘ylssphtmllﬁzﬂ?léj K&ﬁt@tnazmyls

s, pyrazinyls, “triazinyls, tetrazenyls,
plbamnﬂambymhnﬁnﬂzmﬂla@zdmylss benzot hi adi azol yl's,

33: mg%p¥ﬁ§§r¥1§e§§ g’l thﬁ yqngl"‘h ﬁ?(}%g)%lglg% lrii.ﬁz}t are electron rich” refers

s A ‘Mﬂe?oaryl@ﬁ@n @zt il lectiohieieAn H%tdrﬁhrylﬁhes thairedte electron
acridinyls. Unless otherwise indicated, the t

ncmmooaﬁewl@tren denity fegre thet hetarp @AY Q! b hetBp@HLens jufo s system

ﬂ}a} %ﬁg%atg%tgé log 6?% ) eotsr%[g(?:a{ﬁ Fd; ?% er&{}?fen @Jﬁ@ EfebP6h rich exhibit

cldGreH @natieg ity wHersicteds ftlliemtedtfm dmaaimg)mmm afhetetmlrylenes
heteroaryl ene into_a n sy galrln »
comprising imine linkages. For examp e, “heteroarylenes that are electron rich” include

diarylsilanoles, thiophenes, bithiophenes, furans, N-alkyl and N-aryl carbazoles, and N-
alkyl pyrroles.
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that is conjugated to a neighboring it system
Het eroaryl enes that are electron rich exhibit
webk@etiowns donating ability that exceeds the el PCT/US2903/024911
donating ability of het eroaryl enes conprising imne
|i nkages. For exanple, "heteroarylenes that are
el ectron rich" include 30 diarylsilanoles .,
t hithpéss mﬂsexwtscmttdlcqjﬁb lesterm (heferoaryle hptare elerfongigh y’lefefs toa -

car | k
oGBS Sl e B L RESE Bsp SIOHARERED o
élec% '&bnaﬁﬂ%%bﬂﬁﬂrﬂla‘i ckbralls eeleetron ﬂbmlnglabﬂi'ty Dﬁhﬁematyhs a

set 0 heteroaryls" that are electron righ
contﬂeﬂsmlgommd linkages. Eorexample:’ rhsterearyls that gras (i?ctm@if idsfude

[ t ectron donati ng
d1arg% qlglg’o& b?@%é’?@f?ﬁé@ﬁﬁpqﬁu g}ng}q% m ne |inkages. For
ex anpks othdigiRrifdicaes, thieimdteatialyacdmaiiv ammh’“ reffers kaualelass of

5 diarylsilanolyls, thiophenyls b|th|o
moleglanganepoun s eAIBPERIRG PG G aNoTR deTHA RIS %F%ea&%onded to

threi;?é?(rguzbtfcr SOt § E}Egnq[ges S&LRABle MRrifre hidamtiefamines" used

af’ conpounds comprising one or nore tertiary
heréih i@ diesTintlirtes, alaylbarbarode dr}tlmrbazh}ee@tlamhdmlmnes such as

b t f t t
N N atgeH e dines S Npa e Faryia ety enisb Plpgs, NG N -
tetr@llg}f-%gcﬁﬁ% Brerfd rdthm@ ZRnes théde rtzafzghyine@tl’ 01958634 &Ll(}iihd EP 0

-tetraaryl benzi di nes,

879308 AR (Béth CanomKelushiki Kajsheh N Nhbig(amethealphenyNNK -

visteebersois (0 Ragn 4 B DL NEhis P hipguaks JAs ot oo

" blsﬁ?@ﬁ’ﬁ%I HERABIdERI (Kiso KBbwh a3 NPB), 1,4-bis(carbazolyl)biphenyl (also known as

3-net hyl phenyl )- N, N henyl ).b di
CBPy) cshﬁrk:tgnwr{g@m){m%e%%lgwaws e%ﬂlﬁgﬁpfﬂsgagl%/eéﬁnen{?bﬁ etr\iﬁNChem

e b e

os@imr pérﬁg/[tﬁ&hﬁiecﬂe@%ﬂﬂfesd&fh asahoseatesaibet im¥). s Rag &No. 6,074,734
descri b

in Koene et _al., %](% 2235- 2250
and EB@@;B%MWQJ@IH%RHWW Sug %‘gﬁé 75N 550, 290,
d EP <t VAN
dmgﬂg@go&@g)gg&éé‘émep g{jﬁgg 5= tﬁ'ﬂs@lnq@ﬁl (%%raﬂlélﬁhg%ﬁénﬁ}%ﬁzéﬁs 4.4'4
mmaﬁﬁenﬂbmﬁfm)meﬁﬂammedelsm kadwy esTHAdW )ab,3 5-tr1s(4 -(N,N-

dipoylbmiroy s DRARzanes FA T s Al kR S, B seid prmie

deﬁgatwsi%gﬁlu&'{cq% @E’e p?ﬁlf(?@z nPal\lléfo' RRENTARN Prp( @B OCKGR BYC. Div.

Polhjnp. @y, )amm)gﬁysae%yl 0119@71); Faeake(er BIAREm. Camnus: HIS-2176 (1996);

o G0la 8t sy girt 37t T 100 SR FRIISTRY, cnem soc.
Div. Unclﬁs‘%lo‘fﬁ'@rwﬁefiﬁﬂ&at&ﬁ (Ao tornd SfertRFY arondddid ahind anyitkiefees to a
al . em Conmun. 2175-2176 (1996); and Tokitaq et

matavaleatspbmatthyisg radseal of 7 (1I8Y AopYLG. 205 23 dfipy] 2Dgs.
g Pgmp ogmeirr}\{ymbsségpé}fzac.{ecﬁgﬁ e%iémi' %:?%&r? CBm AR Hkifl ¥rylene" refers to a

divalent unsaturated aromatic carbocyclic radical of a tertiary aromatic amine as defined

above.
Unless otherwise indicated, the term “hydrocarbyl” refers to monovalent radicals
containing aliphatic or aromatic groups, or combinations thereof. Unless otherwise

indicated, the hydrocarbyl groups typically contain from 1 to 60 carbon atoms.
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nonoval ent aromatic ring radical of a tertiary
aromati ¢ am ne as defined above. Unl ess otherw se

WO pabisaadeet, the term"tertiary aromati c am no BCYUS2003/024911
refers to a divalent unsaturated aromatic carbocyclic
radical of a tertiary aromatic am ne as defi ned
above. 30 Unless otherwi se indicated, the term

Hydtoyatbyls aptigining edeeoranore Sadh Oy Bl enli atends agladso called out. Some

t LI ti
ST Rk B e o EBTPY ubBR R s
ethB‘:)zSd% ?yzi dﬂjh sminoBi@ayl ¥-(ZoptienbRydilicxy)cth#1p3 8Qtioxaheptyl,
on a

V\D 2004/ 102615 PCT/ US2003/ 024911
3 6+®@railwaylt6yp1@ncyb Prgilar, Prg3.6rski0xghentpl luarenng-yl ang -[Al,-85-R”’
Wh%{e;%{ﬁa Ey?yc%g g.%aéne q‘ h%%%?aﬁﬁfgﬁ% Sb%ﬁﬂi lugs i stélll'&a!ﬂy hindering

funlctional ub@u&iihdﬂm(a(ryl heteFoaxyl, ony lﬂramhysd alkyl, and SS is a soft segment
4-di p éwan1nobutanyl 2- (2' - phenoxyet hoxy) et hyl ,
mogetﬁd@ﬁlmé 3, 6- di oxahexyl - 6- pheny! ,

SS— H!"%ég v\}?;lel(v%sg 1n(ai&)c(e"ahﬁ%ttéﬁ‘kns)‘ £oHQL gﬁﬂeng’ XSIS 0Pt s@éﬁ]:t& moiety”

I's carbocyclic a
refligt®s dﬁialdneﬂ@hanc Igﬁou@ xdnc]imclﬂdes veorsherei greuhpsyeach independently

T R N
d1 | Cat X g%aﬁdﬁﬂk&@yﬁl@ﬁ&e? eEQ%hplE@bﬁs%%a@l%@@ﬂ%@ﬁent moieties

ternms "so segnent SS, or "soft
1n<$&ignﬁm txaroples poly(oxgdleylent)greupdi(e.gl, e(a(Cq&Iul(b)a-awh@e grivampinteger

i e BRSSP BB P4 oS RS Hrancs

(e. ge[ fsi(@mm%jzbyjn:swﬁere& & drfife g ARSTankd bpﬁtd"ﬁ? #nd n is an integer in
['oxanes, and dla|§ si |l oxanes. Exanpl es of

thesuangeaghﬂ 2etos2@bt Peafepabliyt SHris aepql xyalhﬁlpn@)@onmn&ﬁamp? © 20

a]{%ol éf?oxyal kyl ene) groups (e.g., -Q(CgH2qO)s- where ¢
i Mhteger in the range of 1 to 6 and s is an

I Nt @GRdss bthethide E@Me@%aoll dehe'ZﬂioVala&yl alkenyl, carbocyclic aryl,
pol y(di al kyI si | oxanes (CrH2r +1

caxpgeycdic aryleney heﬁemaB@férhemﬁowlg hs%tsm@yl@% Rolygy é aaaianqa av%
hy&t%c&%%ﬁ@%{l%é i3 uﬂlguqtsﬂﬁltcgcﬁ&%ﬁl{)&f‘tutgd WP%% of, i1} ﬁ)fo‘?é g{?ﬁpé ¥ach>

ene contal nin rom c’ar
1n<iﬁ[pem&bntljd§éleasd GoheC o aikyl,Clise a]lkemyl @ Ialkmﬁcy,t Y a@dv@l 30

.. al ken ar bocyclic b
helgroAloiieC L by éﬁoeaq%whont%mg Pa%ﬁjmor & fgg\yyr ghatoms, Ca.20

vel i h I - -
B R R L e
aﬂ@&,dtuoicﬁhlkyldanbpmiﬂmlbylkybl ect ed from Cl-30 al kyI Cl. 30

21 3Bes aitsrare diont. s e “Sinblnerr ssters a0 B ygl%a; g two or

m&%dﬁ'feré&t%ler%i&fémelﬁﬁhﬁg oaryl, ©6-20 aryloxy, C-30
thioal kyl, Co6-20 thioaryl, di aryI am no, fluoro, cyano,

- COBy “dlécpochérigallpstaidsT is ragrat gable tucheeizackhgmical degradation such
that any oxidation and/or reduction reactions entered into are reversible.
An asterisk (*) in any of the structures infi-a indicates the bond to an adjacent
group or unit of the compound or polymer in which the structure resides.

-10 -
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Unl ess ot herwi se indicated, the term "copol yner"

refers to polynmers having two or 25 nore different
walrasahieasts nrononer units. By "el ectrochem cal | ypGr/akioe3/024911

is meant stable to el ectrochenm cal degradation such

that any oxidation and/or reduction reactions entered

into are reversible. An asterisk (*) in any of the
Polymeygt ures infra indicates the bond to an adjacent

gro r . . . 7 il 1

ot o Aol ol e AR A BE RN cah Be WSl in oo
eleBETi FAOE3/ £RVHA Dhrtidatdr YOTEDRs. Theomk embodiagnitsy ¢he electroactive
' n be.use

pol ymeric aryl enes described herejn c ful in .
POLSPISHARTYisp BEYS BHTEVARIFRLDS, ragsRp AOSIEtio ifUB¢qR pepRerties

mﬁm{ 155t Lo R@htary8ne WAtYOTRRd Pormula 1.
COA&E??@@% have 1 np %\I}g%tﬂgtl(?ct ron trzfﬁ%lpl(?rt and el e%rtrrfuo%
OLiBDsawhipoisingrtbgsercldcovadivepojpamcait aylekespan havs increased light

aryl enes that. do .not gontain.aryl gne its of the. .
emfSslomiuantem clpiepees v e PRECHNE Y aiRers sofppyred with OLED:s
withBhAE ElebtrSHc¥iv € PES TR0 ab¥ifes] MhE Redbed éffibienciestafdlsibe

quantum efficiencies and/or reduced operating voltages |
magiaiped everdimeand iepratedmiseh Sueh elreirescive P saeriq arylenes comprise a

ol ric l.enes.. The incr '
cofifi SFintndneid g SbEpb BHEEIRY Plokb AOLSRLORE, Foch
aryBérRGinitQTehd Meerllrygieh iscorbleh@yBended it adjacehDarylene units, to an
conjugated internal region, end capping groups, and,
adjeprrit erydenieynit angfte a8 ep¢reANPINRIEND; O& fQ/Mbatiaqent arylsne URE and to the
LNt er nal [ ' i .
soh AT Y0 SR Ll ARIRREN o e
cofjngatedimpirngl rggiotipf tierpdlymeric aslieac beausr of the wibartd-gapcind low

h i .
exigenal Gt SRR SR oB A Py HSEY RETB g (P see Chung e
al COM MO ﬁgtér@fzs? ik %@qgmg Rl Méﬁg PR WIBS bmoRleXleS 2, 8841
of the - gap I

because [ ow band and Fow 15 externa
(19pgnt um ef fici encies found with

pol y(phenyl engvi nyl. enes \) (see ng et . al.
v O W i e Sty o the oo bgFied HietaiTgeioR tape the

stVBGf U osaHlaas, 32, 8841 (1999)). At least two of the
arylene units of the conjugated internal regi on have
the structure of Fornul a+-Af=Ar -* 20 (Ey)a |

where Arl is a carbocyclic ariyl ene group, preferably a

phenyl ene group aryl ene or a(E

y)a

I
where Ar! is a carbocyclic arylene group, preferably a phenylene group arylene or a
naphthalene group arylene, unsubstituted or substituted on one or more of the aromatic
rings with one or more groups (R”) selected from alkyl, alkenyl, alkoxy, fluoro, aryl,
fluoroalkyl, heteroalkyl, heteroaryl, hydrocarbyl containing one or more S, N, O, P, or Si
atoms; where a is 1 or 2; where each Ey is independently selected from groups having the
structures of Formulas IT and III

-11-
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napht hal ene group aryl ene, unsubstituted or

substituted on one or nore of the aromatic rings wth
woe@4002600r e groups (Ry) selected from al kyl , BECRES3003/024911

al koxy, fluoro, aryl, 25 fluoroal kyl, heteroal kyl,

het eroaryl, hydrocarbyl containing one or nore S, N,

O, P, or Si atons; where ais 1 or 2; where each Ey

i s independently selkected from groups having the

structures of Fornu I(R2)and |11 -11 WO 2004/102615

PCT/ £¥S2003/ 024911 )b X XA\N rNrN Ar2 Ar2 |1 111

wher \m Xis 0, S or},NRl, where R1 is al kyl, aryl,

het & garyl, or heter _aEkyI; wherein each R2 is

i ndependent |y al kyl, [al kenyl, al koxy, fluoro, aryl,

fl uovoal kyl, heteroakhkRyl, or 5 heteroaryl; wherein b

is 0, 1, or 2; wherein Are is a carbocyclic aryl

grou&, unsubstituted__or substituted on one or nore of

the HBromatic rings wilh one or nore groups (RZ)

sel ected from al kyl, alkenyl, alkoxy, fluoro, aryl,

I t v 0

Wh% Ep{(gigg?a%roﬁl %}%?%/ ox a%ggza??l Pé%llo 1’I ?rrhieggoaflk}’l wherein each
R? mmﬂd:pendetﬂlyydlkyldalhmyﬂ aihkm@'aﬂycbrp, argﬂ ﬂmptoaﬂthmeteamikyl or

hetg%/ aﬂg v‘?ﬁ?fe’ i’:@gg‘f oge%b u]ﬁél cer@e?ycﬁlﬁ’péﬂtr%la%ﬂup, unsubst1tuted

or édbgﬁﬁ?erdmﬂe%ﬁ&ir@ of 81 absAMCRRFENCSICor iBérélgroups (R?) selected
heteroaryl, and tertiary aromatic am no groups that

fromy alkyl elemd.orkonys Snptp, etvhiluerealieyl, heteroalkyl heteroaryds
i
alkgkJ 1azogy]E Swyéxag}a%glﬁzblaﬁ(y 11 yql?lr a%o%/]k ﬁla?ﬁalg{n%g}yl

dlahﬁmfmabxkd/hydrb@&leyl@aﬁmimn@m dwdcsre (S@Nbﬁ Ppmlamsmmg
one or nore S, N, P, or Si atons, each end cap

gr olfpe pad ﬁ@p@aﬁregm &E)taee eash lmﬁjﬂwgathé seleqied fram ca?bocgchc
%‘te?@aryll g%(? ’éartt?ﬁﬂ oq?z#f& ﬁo g'fr:btél C %955%%& ch%n%}?ca:hgﬁﬁw stable and

Sone Ive po
unﬁrbyﬁt@fbaSor@ﬁbdtﬂmae@waﬁmb or moeengnoops sefeved fﬁcﬁﬂ alkyhwiicbxtypalkenyl,

remai n_amgr phous at tenperat ove their glass
ar}tlarfa}%%%ﬁlepem%@r%ﬁ teIPRIYL 3R Sk Eﬂd&mm?g opg oggore S, N, O,

DB o P e O S o et 0 A Rl il egion
orbomskémd) thersmftrsegmantnﬁmsem 20 stabl e during thermnal

agi That , th lor o em.tte

ot Winmearapfineniing Setiast P anariem eh gl the dSgpdnvention
ha@ébl 'mueﬁ'fm& rERSINSMSTHRRN af Rhperdniled asiRethéiPflasshdnkitions

temperature. In some embodiments it as also been found that the color of light emission

from light emitting electroactive polymeric arylenes of the present invention remains
stable during thermal aging. That is, the color of the emitted light does not appreciably
change during thermal aging. In some embodiments the emission color that does not shift
is blue.

Substituents that are known to be photoluminescent quenchers, such as
arylcarbonyls and nitro, may be undesireable as they degrade electroluminescence
efficiency in OLEDs. Substituents that are known to undergo electrochemical elimination
reactions, such as alkylamines, may be undesireable because they degrade the operating

lifetime of OLEDs. Substituents comprising titratable protons that can undergo

-12 -
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Substituents that are known to be photol um nescent
guenchers, such as arylcarbonyls and nitro, may be
wanwesixenbl e as they degrade el ectrol um nescePCEUH03/024911
efficiency in OLEDs. Substituents that are known to
undergo el ectrochem cal elimnation reactions, such

as al kyl am nes, may be undesireabl e becaus
eleglzephstracal n%iusb%étlﬂh@s PIIPSIEOF SRCOBfaryRpes, &P&Q@/ plgehplg and the

SRS S PRI Aot OBED o,

and Rdded delapirmtion ofithemathode yndultimatofatureyofdlnd QBED. Chlorine,
phenal | cohol s..and. the . |li ke b undesir abl .

brgTinpaodies PEGHC eI UL EERe 5y P SLIT B R A3 eopgtochemical

in B g‘itgtah@ Bre tyﬁfégll* pffert ﬁﬁ'e%rﬁi’dﬂv%?oﬁﬁndrﬁ%rﬂ@ﬁ&%@he present

I[timaté failure of the | ori ne brom ne
inveptiomin, arbonouit desa dhaa, 1080 pat peroniliormay bé’db@gh&@ttméymef for

ol B G B RSl bR cmin o

bedduké R”@@s@éptﬂa'l‘@toﬁh@ﬁ&ﬁble dlébﬁ@ﬂlidrmﬁall d&g@ﬂa@dﬁ)u nt | ess
than 1000 part per nillion wei ght of th
pol vitherend tapping geowp|(EC) pq;gsgr\{qm@p}qégctmwelevant to OLED device

pega : a%llcu %rg h&x@%@rﬁ%ﬁo& Sk mB& d%gfc'eg aBl Estile @ar%@%ﬁ:'h@ Yryl capping

use I'S suscept to 1rreversi

gr&ig@ ehendiohanitvae 1@&@@51&113:1@11\3 grotip and aphtipdéreeeroumatyls and
can serve man¥ functjons rel evant, to OLED device
con@ens@} pelyeishic andhdlherhamylens group and gaphihalensgrgup aryls can

prglrrg&% &?éle%&tageﬁmﬁak% a%g;e &d Gk Ylso m&gg anYRHBS affinity

ntione ove | ’ene group an
foriap highataneuged mplauidr srmmu(H@mmﬂen 1quntzymy1qiontent1a1 for the

aryls. The hen l.ene d, napht h
logih unoresp eGP SO RORC bl mertched g i dugited
F‘i@hﬁ%a@i&ﬁe RirA¥iels QGmﬁﬂsﬁk e %@ﬂp@f ﬁ* WeIDfnatél{H'd 1¥ f3€neant that the

est occupi ed nol ecul af or and
HOM@ aimt LUMQ of Eft draclokoin anergy(fori eémapte Qﬁzﬁ%oﬂrﬁ %51 eV) to the

Bl i RO ishimaretit il sl PR tob Rofvtey. Tnis
eng{%%%ﬂﬁch BYd ¥Birbe PRIdEhHSBetiveer the OO AfILUMT arciiMioutnt,

EC are close in ene (for exanple, 0.5 eV or
inpogtantexhentachigh bandgappolymier IL&!?W@Ied fos pee 89 aneglgctrapytrangort agent, a

d |
T A G TR
eléd&'Mﬁrﬁhh@sd@ dlymbﬁf]h)théé@ chs¥pdb¥wantrgwieps must ighavoddedga phey can

ner is desired for use as an electron transport
deg tdevige ppESPIEANCHCker, as a host pol yrrer for

ol e?% ofddiSed }:)ﬁl&%fc 15?[99%6?%02?%%11{511 Hc amino ar 1 end

um nesce ese ca oW ener
cadppiagronBimditionvdalsad cas ptolv&i)e maﬁhectlﬂelgamdﬂl}dﬂable end group, while

per formance. Stabl e condepse I clic ar
alw@%w% regdpx pghiyq %lpgﬁloasaﬂﬁﬁ P %a%aﬁéu%h%ﬂeﬂﬁwefkcﬁon transport
Hé?ag&'r Mitr &&léﬁl% ﬁ PQI@ 8Rhra08Y EntABe & ﬁB&l@y?tlé'Band gap and/or

ctTochem ca abl'e end’group, whil
electroluminescent character of the polymer. Certain of these end capping groups, when

incorporated at terminal positions in a polymeric arylene of the present invention, will
give rise to specific emissions, for example, red, green, or blue. This is particularly useful
when tuning the emission wavelength of an electroluminescent oligomer or polymer

comprising arylene units of Formula I. The stable condensed polycyclic aryl end capping
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al so introduci ng redox active functional groups that
can further enhance el ectron transport character,

wo paonroedsc®e hol e transport character, enhance oPCTHDS10D3/024911
t he band gap and/or el ectrol um nescent character of
the polynmer. Certain of these end capping groups, when
incorporated at term nal positions in a .polyneric |

groupy Fanaodify errrgeiics d@ pabilizs tsrminghposiiqns Vg I5RASt 1 Seipe

spheci fi 1.SSi r . .
o FEA A R8RSy AL TR iy Ry Bl o e
camﬁﬁ@g@ﬁ@ dre Qisoaﬁlpei'tacttw?hlbl'ﬂanéﬁg &nﬂ;a}d: hlgbeileartrmrtranrs{port

ol ymer caonprising arylene, units For al. The .
effipicaigics, rdwaias MOB%?PS}%‘}/B?tPIHlagP‘}‘f/ %“ﬁ%c"@&ﬁgﬁwgy ofjthe gl capping
[ : '

o S4B, L LS A s ot o
compsigiag tryleneardtis wE Fornfuda iefbr eramplaiioamipseiedhe vkevidlomindscent

The stahle heteroaryl or tertiary. arongtic amno ar
D, PG e R R o0k Bl N e g 1P pidpolecular
enti®rGn BdecBlR5 dpRd bbBARP Alrh cofutGhRter O EDR! Inlhddiibn, these

the 1onization potential and/or electron affinity of
gravpe neydbecufipiienlysteyicallp hindedngiorreduns;they foragtion pf mtemolecular

an el ectroactive and / | ect 1.9 ' (g
or SRrEHTEHHS U HEREO e S BEL AP PRSS g AT rgicro
exbigkﬁ(%ﬁﬁssichﬂhﬁi @mloafdd bl sIeRITRAE of tHe Rt tislusfifdseéecy for

the polynmer, or to energetically match the polyner to

a miixemplesof catbpeycdic arylenagrewns ad sybsiiswion pasiernsaiset] fory

¢ tructi e]s ) | tlan .
A By e P Bt s o
Fob@tiad] whéreli edeh B isinterubaitlykeleoted iffoli thepleadatit groups of
configurations (of the Ijght emtting pol_glrr%ias) t hat
Fopmulas Heand,1H; abeve,gyheran drpisaipsuhsitater op sybshitutedion eng ergnore of the

. shi 1,0 ;
o B e ERER T P LR Rlected
frd%s h%r(df:nalgcfm bCl.l-_go Akl E{)@lkﬂwf 1, _I(Qﬁd ayk ﬂsaagﬁyromiﬂ,m}mﬂ&-so hydrocarbyl
- X el ow, 0 ich is_ a.su us.
COR3iTHRE AN OT THRRS S et @t?@s;i RASHERIRR; 15indapendently selected
fl’&% AN PEMEtR 511(?[ Y RSePuotealical Qi sy C AR EIRehY1, Cqo0 aryl, Cs.
above, erein Arl is unsubsituted or substituted on
20 beteroaryl,randeCiab hydrecarhylmentaining omegeyr mpnetD, dh &), d% ondr atoms.
groups (R3'); wherein each R3 is independently
sel ected from hydrogen, C _30 al kyl, C1.30 al kenyl,
C6_20 aryl, C3-20 heteroaryl, and Cl1_30 hydrocar byl
containing one or nore S, N, 0, P, or Si atons; and
wherein R' is independently selected fromfluoro,
A _20 fluoroal kyl, C1_20 perfluoroal kyl, C-20 al kyl,
Cl 20 al kenyl, C6_20 aryl, C3 20 20 heteroaryl, and
Cl_30 hydrocarbyl containing one or nore S, N, 0, P,
or Si atonms. -14 WD 2004/102615 PCT/ US2003/ 024911 Rv
Ry * Ry 75 - Ey EY Ey

=
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XI Ey XIl Ey Ey XIll XIVR EY XVVv XV Ry v Ry v Ry
Ey ENI / * it * it By it - Y XVII EY XMIII * Ey xix *
wEpoxXx0261XXI Ey Ry Ry Ry Ry Ey Ey Ry xxii Ey DOI/US2083/024911

Ey XXI'V Ey XXV xxvi Ey R3)a(R3)4(R3(R3)4)4Ry
Ry Ry Ry Ey XXVI | Ey XXV | Ey Ey Ey 3X' XXIX (R4
3R3R33 R3EvaEyXXXIIRyEyXXXIIIEy
i

x v R 2004/ 102
P szoos/o 11 y R R
| @O
RYB’E-BEy RY )E | y REXXI X (gg3) 4 Ey Vi
(R3) 4~ R3 RXI XRY Ey )4 RY Ey XLKV(R3)4 Ey_

(R3 4 EY XLI I'l. (R3)4 Sonme exanpl ervqf carbocy

y

«aryl ps and su tifutiop¥pattegns for
ar esent For LI wher.e .
E it S on or e of

y S s -
ar onm/uc ri Ny
is 5 kndependen
a - 3p7al kenyl ,

n onuhgy or y re g*roup$y(%}( ther y
}%b in each se hydr ogen, C1-30_al kyI
Ro aryI ,_CR20 het Bf.oarsM , YC1- 36

fl'uor oal
y al kenyl ;
hy@tlbcar byl ooditlai ni ng o e)GfIVm)re

R (R,
Q"@
BY exvin xxvm

*

R
oo R B
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or Si atons; C3-30 al kyl oxadi azolyl, C3-30

aryl oxadi azolyl, C3-30 al kyltriazolyl, C3-30 10
wa@eopktiedegz ol yl ; and where X is 0, S, or NRL, wWheTr/E5200RR124911

is alkyl, aryl, heteroaryl, or heteroalkyl. -16 WO

2004/ 102615 PCT/ US2003/024911 R3 R3 R3 R3 XLV R z Rz

XIVI1 Rz * i RB Rz XLIVR z XLVI _(R3)4 XLVII1 R3 R3

F@WF@WXWXLUU@@@QWV~W N N~
LIl R Si Rzl LIV X Rz In sone
enbod &l 'eptrioacti g—aryl ene *

propelties where des\red, [ amrge excitagl
5 prevent eﬁ’?engy transfer B3f tRe exci t onEy
Fur t her @¥¢V t hrough i ncor p&XMlon of substi t $&RVII

-nergy t-Rs

groups R1, g R3, RY, and RZ desqyi bed supra, we have g,
f oun h can i nproveRgh&® bi ity of Bo si)

aryl engs in ani c sol vg t'he fi *
fr0u mer i c n and

y suppres P g7 B e
seo.'atlon (thernor® these mat &rjals are tymically
fﬁ%e)gbomglynerlzatlon by Xp00Kuct &O t hat degrad&L (R%),
OLED perfornance such as termnal aryl halides.

R R R® R Ey (R3),
Q'@.O Raseell Qo@.a
Txu xur o R, & xum

Some examples of carbocyclic aryl groups and substitution patterns useful for Ar
are represented by Formulas XLIV-LIV below where Ar? is unsubstituted or substituted
on one or more of the aromatic rings with one or more groups (R”); where R’is
independently in each case hydrogen, Ci.30 alkyl, C1.30 alkenyl, Cs-20 aryl, Cs.p0 heteroaryl,
or C1.30 hydrocarbyl containing one or more S, N, O, P, or Si atoms; where R%is
independently in each case fluoro, Ci.5 fluoroalkyl, Ci perfluoroalkyl, Ci.z alkyl, Ci50
alkenyl, Cs.50 aryl, Cs.z0 heteroaryl, Ci.30 hydrocarbyl containing one or more S, N, O, P,
or Si atoms; Cs.30 alkyloxadiazolyl, Cs.39 aryloxadiazolyl, Cs.30 alkyltriazolyl, Cs_3o
aryliriazolyl; and where X is O, S, or NR!, wherein R!is alkyl, aryl, heteroaryl, or
heteroalkyl.

-16 -



10

15

In sone enbodi nents the el ectroactive aryl ene pol yners

of the present invention serve as effective n-type
we@b@atiowns t ransport host materials for nmaking BOI/US10031024911

processi ble nolecularly doped pol yner comnpositions

that can serve as the em ssive organic elenment in

OLED devices. In additiop, difunctional electroactive

c ocycli ¢ _arylene nmonongrs of 15 presentrs R3
* tion @ COpQ| 8d i ht em'tt @
pol'ynme¥s to enhance: e At RANSPOTrt O. Rz

&har @
wiXhout advetfdely af fect ixpgi t he eni ZEVibn R?
characteristics offkhe polyners. One exenpl ary XLVil R
P ent of theelectroact® eric aryl enes of
) Avent i.oR dcappg as ill
mul & V. D204/ j S2003/ 0
EC- AR%, EC (Ey) a where a = 1 or™®; nis &

i nxtike range of 37Y’6 100, 000, O t oYY, 000,

2,000; Arl_and Ey are as described above for Forpnul as

[-111; an iR an end capping group as 5 descrlibed
supr ay’ the pol ynmers may mptionally conprise a soft
segment-Xmi ety in the pefymer backbone or pendent

fromdny of the aryl.epe u or end capping groups to
i frpe processibilit Wrer Epz and a are not the sane
on al N_Arl units, the po r can be a random

altermhfing, or bl ock copol ynmer. These polyners can be
used é*%éﬁggx_zy as electron transport layers or as a
10 cogﬁ n therein with good hol e bl ocki ng

char a ristic in a multilayer OLED device. These

pol ymers can al so be used as an active el ectron
transport host when blended with hole transport

agefn soranembedighiselatypaniive polynsriear gepgsgH thd pricsing mygntion

| umi | f devyi .. Thi b
e bRy P RERET Bhnspo iR an T SEHATER: i eRglio Sy to
preVehttenief SNERfer offtle@kti®dnsA FdrtBene, $Brovigh epadkationdifBubstituent

coati.ng, or o}t,hervvise applying the 15 mxture onto a

groayF RabK e R s Rn 8pd Ré descriherizpsanse havedownd thaye san ingove the
J . LN:.C |

sofjB AP BEpol L€ BRI ARHAE Soi0tmEiiq 1t B SEEL HALE fom these
poﬁg{dﬂiclaayl&?esxbmbintan&irpm aetign fﬂmk,hmyisuplaefwn@ag'gﬂegaﬁeré and phase

absence, of an em ssive . dopant, These polyners exhibit
SeRaFgiagy dUTBPTERqIP Hipse F’&Fﬁlﬁgﬁe Bibigelly fiee of Bﬂ%m@@aatmy y-products

i Egln)éj LShagidde pendant Ey

thag?%%%@?%ﬁ%én an ?FJEéu dg?%lﬁps % é%g%{lésgb conf er

i npinvade pmbodiswintsithe elgctfaactive arylehe polynteys of the presént invention

transferability, web . . . .
serve as etfective n—typg electron transport host materials for making solution processible

molecularly doped polymer compositions that can serve as the emissive organic element in
OLED devices. In addition, difunctional electroactive carbocyclic arylene monomers of
the present invention can be copolymerized into light emitting polymers to enhance
electron transport character without adversely affecting the emission characteristics of the
polymers.

One exemplary embodiment of the electroactive polymeric arylenes of this

invention are endcapped polymers as illustrated in Formula V:
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processiblity, solution coatability) for these
polyners relative to correspondi ng polyners wthout

w0 b4Ey260F oups. Exanpl es of useful el ectroact i RET/US2003/024911
pol yneric aryl ene polynmers of Fornmula V include, but
are not limted to honopol yners of Fornul as LV-LXVII
-18 WD 2004/ 102615 PCT/ US2003/ 024911 EC n ECEC\ / n
ECECn ECECn ECN-N_-NOMNONS oN 17 LV OC8HL7
LVI O,,,,--0-CH 3 LVI| @ﬁ%ﬁA%%%ﬁCEC n EC EC In C EC\

n EC _ -N ONRL NN SN LI X|LX OC8H17 LXI OC8H17 EC
nECECnECEC\+(-nEC-( NN OQNO1-~1 NC
H CF CF3 O O C8H17 LXI | \y)a/ \' LXITI LXIV C6H13

C6H13 (C8H17 C8HL7 C6H13 C6HI3 EC 1\ ECEC/ \ \ n EC
EC/ \ nECn NON ONOG®H/ NN\ C3H7

where a =1 or 2; n is an integer in the range of 3 to 100,000, 10 to 10,000, or 20 to 2,000;
Ar' and Ey are as described above for Formulas I-III; and EC is an end capping group as
described supra. These polymers may optionally comprise a soft segment moiety in the
polymer backbone or pendent from any of the arylene units or end capping groups to
improve processibility. When E, and a are not the same on all Ar" units, the polymer can
be a random, alternating, or block copolymer.

These polymers can be used effectively as electron transport layers or as a
component therein with good hole blocking characteristic in a multilayer OLED device.
These polymers can also be used as an active electron transport host when blended with
hole transport agents and emissive dopants to create high efficiency electroluminescent
layers for OEL devices. This may be done, for example, by blending the polymer with a
hole transport material and an emissive dopant, spin coating or otherwise applying the
mixture onto a suitable transparent anode substrate and depositing a cathode.

For certain choices of Ar' (e.g. certain 2,7-fluorenylenes, paraphenylenes) the
polymers of Formula V exhibit strong electroluminescence in the absence of an emissive
dopant. These polymers exhibit improved electron transport character compared to
corresponding polymers not comprising the pendant Ey groups. The pendant Ey groups
can also confer improved processibility (e.g., solubility, thermal transferability, web
processiblity, solution coatability) for these polymers relative to corresponding polymers
without the Ey groups.

Examples of useful electroactive polymeric arylene polymers of Formula V
include, but are not limited to homopolymers of Formulas LV-LXVII
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LXV LXVI LXVII wherein EC and n are as described in
Formula V. -19 WD 2004/ 102615 PCT/ US2003/ 024911 Sone
wezarpbrwss of useful end capping groups (EC) i nedT/us2003/024911
but are not limted to the groups of Formulas
LXVITT-LXXXVILL: * [ *\ * QQ LXVIII LXIX R3 R3 R3
R3L-LMLXXI' RBRZIRZI RLXXI I I LXXIV LXXV R3 R3

LT LXXVI I | NN \
EGhi B¢ 0EE n EC
Ll DOXI T L) (N\(1V CF3 R3 N

|
"Y-0 JONN, S N O \ Y- DOV * g LXKV NRAZ
\ M?);T/é“o XXXV ?"Lxxxvu N z
OC,H,, O0-CH;
LV LVI

wherein EC and n are as described in Formula V.

-19 -



In Formulas LXVIT1-LXXXVIl, R3 is independently in

each case hydrogen, O -30 alkyl, 5 C1-30 al kenyl,
w@ge020021y1 , C3-20 heteroaryl, or Cl-30 hydroceebyk2003/024911

containing one or nore S, N, O, P, or Si atons, for

exanpl e, octyl, and wherein any of the aronatic or

aliphatic rings can be independently substituted one.

or POME ekpmples of neefyl esnérc@ppluag@@pr igelugssbut @p-mpplimited to

oL ot vy oa

heteroaryl, or Cl-30 hydrocar byl cont a| ni ng one @

@of tmappr '

as LAWK - L I|_){x prepared t he Exanpl
g’%ﬂi wi se derdcy g ein can bé-)gged to cap ¥l

od her e xanpl e, the

y
used_)qupl ace of b{:%gg?enzene

t he correspondi ng ymer capped
Forwul LXXVIII In her ex

t he pr bnt i nvR RBn e el ec rgtiv
es descr na are £oft )
I ctlve rer 89 term y

cappe polyner one or r yt he arylene
unlL \Af € corron nlts each mc!l'epeno’ently

sel ed froma dlfferent arylene Qi t ~f Fornula I,
car bolqyﬁl ic arylene, yl enr tertiary
arqQ ( .- no aryl en vein the onmonomer units
jé’}’ bed With A PR COMDNANET\HNi ts are
un ubstltu ed or 15 sibg ded wt r nore groups
| nd bent 'y sel ected Lf)q)g(n al kyl I yl, fluoro,
3 fluoroal loH,, meteroal kyl, heﬁ%?é@ﬂyl , and
car byl tai ni Nng_one or norg N, O, P, or Si
ato Q These! copol ymers\ngy opgibfal |y cgrrprl s@Fa sof t
oI ety, further bed infr iR? t he
~ kbone or pend an ar=ene=\y or
2 3/ group to it ocesSibiA
sol ubi thermal transf lity, web
pr ocesgxixq(l“ty, 20 sol uti O&W#Iam lity) foxxeirese
polymers relrdi we to corr ondi ng pol yners t t hout a
sof t 3 piety. Th cor por ati on ppf
addi tidna @ cI iC ne, heterosfyYene, and/or
tertiar i'C am no ene units i ?® the
pol yne‘r'réz aDd(? may be ed to o the |ight
absorpt i on 1 ht em ssiLgxx\joni zat | potenti al,
my o, SOl ubi ity paranmet eg, and/ or
el ect T oA and e ¥Bnducti ng properti ¢ t he
pol yner i, e ene. Many el ectronic adppNLqtions
require t e material to exhibit bot ol e
LXXXVIII LXXXVII

In Formulas LXVII-LXXXVII, R? is independently in each case hydrogen, Cy.3 alkyl,

Ci-30 alkenyl, Cg.20 aryl, Ca.g0 heteroaryl, or C.39 hydrocarbyl containing one or more S, N,
O, P, or Si atoms, for example, octyl, and wherein any of the aromatic or aliphatic rings

can be independently substituted one or more times with fluoro, Cy.5 fluoroalkyl, C;.59
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transporting and el ectron transporting properties

W t hout the addition of nolecular transport agents.
waeoonasiens ze the efficiency of an OLED, for exeompiUs2003/024911

the polynmer should ideally transport both hol es and

el ectrons equal ly well (Bradley et al., in Springer 30
Ver | aﬂwBerl i n Hei del berg, 1992, 304-309). However,
perflrotpabkeyhiGeo alkyk Gigo alkermyl.desiz atyh Crao APtSIPETY IS5 (e BEdocarby]

CO; Qﬁq lrné Enﬁ)rré( heﬁ'eé, %,n(g' §?{O%SO ?Jﬂég(dn )f% 8@?18&}/5” ng

ages ’‘can nerize rec nto the

pol merof tmﬁlnldmppmg ghoupE, mlshgwh Iaboxel mcﬁ*omnlats LD X XX VIII,
-21 WO 2004/1 2615 PCT/ S 003/0 4911 char a&ter of the
preﬁaqegm%fhe p OF Qthergids ddyerrip cHREERSH Jo & gy of the

pol}%%rseﬁesa%ﬁg%er%@g\éféﬁ%ﬁg}dﬂgég H%Z’;Sgroh‘gﬁ%mgftggg tgﬁ’%héthgl 1,3,2-

dixaboralan;2-J1) oFtecEC of Renmul®L XXM @AM ugddBY)laceldfBroRalbenzene

mﬁ%ﬁ%é Z? R ?ggfit“%l’gﬁ? S‘r“éﬁ?&ﬂ%@f{ﬁ‘i’ﬁ%{i wifh fhe ﬁ@e??gﬁuh
Lxbr@gport 5 character and tune the em ssion of the

pol ymer. Furthernore, polyners w th conjugated
oxath amthesxtmplerhenbodinenipiito presant tyentdry thregleadmaetive

elec;tr tr r ropertie Li al . { S. .
A aflgics AR ARe] vpraet doptintasy) FhesaBlseirodifive pRgeic
arymws diese@viaalefcdppad c@oﬂ*ﬁhé@ RyHef i SRO61 mOfeQiTld Ar9fen€ ahits are
be introduced into ar%hene based polfymars usi ng the

corapranerais, speh dppedentlinsalectest frpmgrardifferent arylege uiit of Formula L

car%g{ﬁ 1c \%laff&le};hethx% en%nﬁﬁ(ﬁorc\tglqlapﬁnaﬂaﬂltaﬁg %?no a%rglf%ne wherem the

unt s nge o

coxhaﬁcﬁderpmhty ﬁfH&n}‘dghfdehﬂﬁAfle the rmgnfohememlﬁfslawunsubstituted or
characteristics of the polyner. Suitable copol nmer s
substitued avithenerpringre gFQupp md@B@r}dﬁp@ﬂ selected EomyAbed, alkgayl, fluoro,

ﬂlﬁg“l@#ﬁﬁ%’&\@leﬁroﬁﬂk}kﬁ th@t]réfjo 1 1) %dﬁ&héoga}b#l ontﬁzvé%%ne%)g dte S, N, O,

P, Mi $i dfins. ATBese AoflotymprAmiay dptionalECeonifrjgea st)s):gneﬁﬂrhdnety, further

descnbed infra, in the polymer backbone or pendent from an arylene unit or end capping

group to improve processibility (e.g., solubility, thermal transferability, web processiblity,
solution coatability) for these polymers relative to corresponding polymers without a soft
segment moiety. The incorporation of the additional carbocyclic arylene, heteroarylene,
and/or tertiary aromatic amino arylene units into the polymeric arylene may be used to
modify the light absorption, light emission, ionization potential, electron affinity,
solubility parameter, and/or electron and hole conducting properties of the polymeric
arylene.

Many electronic applications require the active material to exhibit both hole
transporting and electron transporting properties without the addition of molecular
transport agents. To maximize the efficiency of an OLED, for example, the polymer
should ideally transport both holes and electrons equally well (Bradley et al., in Springer-
Verlag Berlin Heidelberg, 1992, pp. 304-309). However, in practice this is difficult to
achieve. Condensed polycyclic arylenes and heteroarylenes comprising imine linkages

can be polymerized directly into the polymer backbone to increasing the electron transport
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wherein el ectroactive arylene units -Arl (Ey)a are as

defined for Fornmula | supra and may be the sane or
walpdoiaozni ; wherein Ara and Ar4 are each i ndepreilesobs/024911

sel ected from C6-20 carbocyclic arylenes, C3_20

het eroaryl enes, and Cl18_60 tertiary aromatic am no

aryl enes and are unsubstituted or substituted with

chagaséer of theapadymseh Howenentthese mrups sinagiaagoushiorhif the gmissign

b d i .
waflislern B 8':Bnkhee ARWAAPEA OX)ackRNI81)2880.9887 £f002), Tvie
et al%ﬂ%dz@ﬁ &JﬂifnPQ,T 21822)2113}’(@2919911]1.(?. \@,@\PEHM. A,S&E,rs%)ng[‘bi:senake's it

.t range of 2 to_100, 000; an erein e end cappin
ol o thees tyRpLOf HERrAFR oA ERohybalgge elpeiron fransport
' ) s ot .

cHBLSE AL S Ay titln. MERSERTE ol s
oxaliéazoles hevk beeprshowil hepwvideoply madiosrereioctrop tianspmirti properties (Li et

i se a soft_seg t [ {n the pol ynmer backbone
al"g‘?‘ggkﬁe%ﬂ%ni”’tvop’é% gﬁ;llé;@ @é%)g'or end cappi ng group
to ABPH&Y@S 1K GBS difiolbred tHa@ ,eEct,roﬁ@lu&éB?llt Fopertidsfegs B!

_ trans_erabilitg{,‘ web processiblity, solution
introdueedtintoi arylpnd based pelymepousymgsths elegiroadtive arylene units of Formula L

SupfmgRh ee Burim i thfo b iy 8% o SRR A Fide range of
aryldh@ baéedd)obythers Hithob LLIR LS (HeQIniski GOt tdrixtity\of 1@t pbRyther.

groups or units selected fromEC and Arl, EC and_Ara
EC 8witrble aopolymers afithainventipn aggrilusiyated, foriexamplen by Rpmnulas VI,
\Hf%ﬂd Ar4, and Ara and Ar4; and the nonoval ent soft
degnents being pendent to one or nore of EC, Arl
Ar3, Ar4, or Ey. These polyners y be random
alternating, or bl @@quﬂnggﬁ@dewnating and
bl ock coplyners are partucul riy sllitable. Suitable
carbocyclic arylene, hetdroarylene, and tertiary
aromatic amino arylene (BMts for Ara and Ar4 in
Formulas VI-VIII can be selected based on the desired
function 15 for the polymerVie.g. electron
transport-hol e bl ocking pol yner, el ectrol um nescent
pol ymer, host poI¥¥§i_ [l %ﬁ; ped pol ymer
films) and on the Tu C?FEHW? rattaf lgg of the
conmononer units. In this cgntext, |the conononmer units
can be subdivided into ong)pf thege categories based
on their function: high band gap units, hole transport
units, and electron transpoMIlunits. H gh bandgap
nmeans that the energy difference 20 between the HOMO
and LUMO of the onmmer or]copql,yng, nit or pol yner
conprising the '%ﬁé? o/“Lkp%léﬁE?’éﬁi%EQS at | east
2.5 eV, for exanple 3 eV.| Light emfting polyners
wi th a high bandgap funqtbon can prg i de em ssion of
bl ue or blue- green |ight”and have a*bandgap of at
| east 2.5 eV. Host pol ymerswwith a bandgap of at
| east 2.5 eV, for exanple 3 eV, can serve as useful
host polyners for polyneric, 25 oligoneric, or

Whré})e!iﬁe glléét%acﬁ% glty‘fernse u%_{ts pArunyial- grb:ta's defined for Formula I supra and may

be the same or different; wherein Ar’ and Ar* are each independently selected from Cg.59
carbocyclic arylenes, Cs.20 heteroarylenes, and C;s.¢o tertiary aromatic amino arylenes and
are unsubstituted or substituted with one or more substituents (R*) selected from alkyl,

aryl, heteroaryl, and hydrocarbyl containing one or more S, N, O, P, or Si atoms; wherein
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In sone enbodi nents Ara and/or Ar4 can provide high

bandgap function when Ara and/or Ar4 in Fornul as
wO/keowide1mr e sel ected from phenyl ene group ar yPEmn®ES2003/024911

units and naphthal ene group arylene units. In sone

exenpl ary enbodi nents of copol ynmers of Fornul as

VI-VIIIl, one or both of Ara and Ar4 are fl uorenyl ene
m anfl o iniegers ote sango of Yy KNGV epd wherrrtheipd aRinRIgroYps

(E6) e ok PP 9T spl SN Sl FRELYy AL Sy etonaa, o ertiary

arofthtid @mal ity grolpSér coadbigatiphs thefeol Bs Msyhbemtpﬂﬂ These
het eroaryl, and Cl1_30 hydrocar byl cqntai ni ng, one or
cogmfnéergmam opgonzglypconmnsg,a sgit spgmenymenety i e polymer backbone or

1-
STy A5 s B0
thearhKlaraykferabiit® Owels yﬂopeﬁlﬂﬂo shlﬂtlem Otmtghﬂ,ltyau&[t the&St pdlymers relative
to GRS PHBRS HLiou & S seBmegF sty hg SHf by oty i
divilehtlor n%ﬂc{vgbé}lﬁ Thé'ﬁlvﬁl%h@éé)ﬂf seSMbe b@iﬂh %ﬁndgd'%'ﬁvb lof tﬂergroups or

sone enbodi ments - A (y)a- IS see ésg%orrm as,
unl)@@élecwbﬁdm ECrandt At' eﬁ@tanédmeE@‘andm m:esa@d Al pehig, Ar
xrol nesce
PO A e A RS R sesmgats efggendent to

oné &rm&reeaﬁlmd iAghtAd e&ﬁnﬁhmg TR pdIi8esehBCtd @hdsth, Metnalihg, or
Ard) wth'i nproved el ectron transport ef ficiencies.
block c@pqéﬁnam ddicpating @nd hlack egplymersrare partipglerly suitable.

pol ren kbo unex I

For S, EAfer Vs 0 DaBBE e oSy B Y yrene
unisd ok Airhgndoke en F@ﬁnﬂai WIHVTE\Gan b6 kaledtedbanel briehd deghtd function

emtting 15 pol é(dl al kyl f 1l uorenes). Sone el ectron

forithepelpaet (cch glosbon ﬂaﬁm@%blpd@a&pola/mearelftc@rﬁi%inésaﬁnt
ool SPABE o moAIE P mEE ) 30 Yo i Al

attﬂlm;tbﬂfethmmmmddmtunas elcthistentst) thmtommmlmec umtg/d:aﬂ& subdivided

. units_and hetero ne _uni
intp PRk affBEec £t %@ﬂ?% «i%o@u fipetio; izh pand ganat ulmsahgls Gepsport
unﬁAgr] %ﬁgﬁ%&?ﬁtﬁ?&xsﬁ%ﬁgl Hfghtﬁéﬁﬂ Iﬁ@aﬁs %t H@&@%“(ﬁffeﬂeﬁce

In" Fornulas VI - are electronrich
betwean tterHOMQ snd EUMO od tlfermmdeee pomgoﬂsenmtrmtpoaﬂmr

USSR A S . I AR L
emftti¥ b@%e?s%vﬂhta'}ﬁglﬂ%ﬂkapiﬂlh&ﬁoﬂ%fﬁﬂwlﬂ@eﬁnﬁﬁloﬁro@%ﬁiétor blue-

[ nventl on include tertrary aromatic amno aryl enes of
grdendight ansl hage XxOendgap of at least 2.5 eV. Host polymers with a bandgap of at

least 2.5 eV, for example 3 eV, can serve as useful host polymers for polymeric,

oligomeric, or molecular emitters of blue light.

In some embodiments Ar® and/or Ar* can provide high bandgap function when Ar®
and/or Ar* in Formulas VI-VIII are selected from phenylene group arylene units and
naphthalene group arylene units. In some exemplary embodiments of copolymers of

Formulas VI-VIIL one or both of Ar® and Ar* are fluorenylene of Formula LXXXIX
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-24 WD 2004/ 102615 PCT/ US2003/ 024911 * * * * N * \ |
NI / NNI 6 RKk RK- XCIlIl XCOC8H" I / X * * N
WO 20d4Mb261XCI 1 * 0 0 J R x XCIV RX N -0-0-N _PCRESIRNG/M24911
/I XCv/ \' RXRX ONj N Z6 N XCVI 6- RX wherein
R' is as defined above in Formulas VI-VII1. Through
selection of Ari, Ara and Ar4, delocalized em ssion
centers can be incorpoRa %d into the polyner. For
exanpl e, condensed pol aryl enes and 5
het er oaryl enes conp e linkages can be
i ncor porat ed sel ecti vé 0 the conjugated backbone
structures of ot hervvl(g phen ygne group and
napht hal ene group conjugated™aryl ene polyners to
provide centers for exciy&iygconbination, giving rise
to characteristic em ssions. As exanples, the
whereirRhisdndgpehdeaylylin eacir qahesréenteﬂeﬁmmé@dfotgam Ci30 alkyl, Cy39

ant hr ace ryl ene yr e i ncorporat ed
a“‘\‘RPiflh&@ﬂﬁjaﬂgeﬁi-ZO&%Feﬁ% %anfhy bfgC%’é%IBP&aqnf‘rloé more S, N, O,
P, & Slaé‘c&Hftd/IferélH‘Rm@s ﬁﬁ%ﬁe‘%ﬁ@nt%hteﬁcﬁ Qasg k6otBd BEnCflud?h &8,

el ect um nescence Synthetic Metals
flugrbalkyl, Ex.zap@ﬂmmall@@@)zo alBglr ﬁ]mtsalleetnybl(36,zo A\, {Pooe Heteroaryl, and

Cl.';{)blgyedg‘dcar]bzyl containing one or more S, N, O, P, or Si atoms; and whereinn is 0, 1, or
2, in combination with -Ar’ (Ey).- selected from Formulas XI-XLII. In some
embodiments -Ar'(Ey),- is selected from Formulas XXXI-XXXIV. In at least some of

these embodiments, the copolymers are electroluminescent and, surprisingly, provide
stable emission of blue light (or green light depending upon the selection of Ar® or Ar*)
with improved electron transport efficiencies. Incorporation of the -Arl(Ey)a- units into a
polyfluorene backbone unexpectedly eliminated excimer formation and crystallization
responsible for color shifting observed with previously known blue light emitting
poly(dialkylfluorenes).

Some electron transport character and significant color tuning can be introduced if
Ar® and Ar* in Formulas VI-VIII are electron deficient monomer units selected from
arylene units that are condensed polycyclic arylene units and heteroarylene units
comprising imine linkages as defined above, or both.

Hole transport character and some color tuning can be introduced if Ar® and Ar* in
Formulas VI-VIII are electron rich monomer units selected from heteroarylenes that are
electron rich and tertiary aromatic amino arylenes as defined above, or both.

Non-limiting examples of divalent hole transport units useful in the present

invention include tertiary aromatic amino arylenes of Formulas XC-XCVI
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-25 WD 2004/ 102615 PCT/ US2003/ 024911 1737-1750
(2000)). The sane is true for several of the

whedoenastyl enes conprising i mne |inkages, noBCT/US2003/024911
not ably the benzot hi adi azol -4, 7-diyl. In sone
enbodi nents of the el ectroactive polyneric aryl ene
termnally capped copolyners of Fornmulas VI-VIII, Ara
and Ar4 are indgpgndently sel.ected from ppényl ene ,*5
gr ot ht hal ghe o@: nes pref el n
each I @ anne g ﬂO
aryl ene{ % S wfSubsti tut 8d or supsStT™YUCH
W th one Mr nore substytuents (R') _se| ected
i ndependgrtly in each clase fromfl Cl1 20 Rx
fl uoroal , C-20 p uor oal kyl , & 20 al kyl ,
aryl, C3XX20 heteroaryl nd Cl_30 hydrocar byl
contai ning Rone or norel S, N, 0, P,~0GxySi atons. K&lll

one enbgsi ment, for exa 7 the el oactive 10
pol yneric arylene cop@lyners conprisg at | east 5% of
t he ,el ectroactive arylene units of Qrnmula |, and at

| eas 0% of conmgnofrer units i ndgp y sel ected

fro nyl ene p aryl enes angd Al ene group
aryl enbodi nent, the copolyners
conpri sey-al C: 15% of the el ectf&Hctive aryl ene *
uni t s—g and at | east \10% of the phenyl en
grou napht ha group aryle nits,

unsubsgd t ut ed or ‘spbstituted as escri bed above.

yet anpther enmbodrrent, the copol yners pr } at \f

| east 20% O{Clvhe el ectroactive a enay_uMi t _of

Formula 1, and at |egst 20% of tj
napht hal'ene group aryl ene units, subst i Ogb?d or
SUbStiK/g,_t__(_zd as descf1Red above. The rati f RX

di ffer el ectroa ¢ aryl ene ufts of Formula I nay
vary withqut JTRit and the ratio of different

phenyl ene Yrd Ngapht hal ene group aryl ene units may
vary wighut 2071im en the ratio varies wthout

limt, e/ unit in
ot her i provides 100¢Y
above %o val ues for each | ene units are
based on the total nunber—ofyrépeat units in the
copolymer. As with the honopol ynmers, these copol yners
can be used effgcijively as @ trgn transport layers
wi th good hol e bl ocking chasgcteristic in a multilayer
CLED device. 25 These copolyners can al so be used as

wiRReiARE 1Y 8 RIRed bsdvetih FosRGEE VIOLLL when bl ended with
mol ecul ar hol e transport agents and eni ssive dopants

to diheeush seleghiompf At) Aricynd A edolocslizag aistiem perders carle
ingog-{)g/rﬁéegl iil?té?lllegﬁcﬁgl?lglz Slgcfr e%ﬁllnp e%o%l’deﬁg%g gﬁfyéégclic arglenes and

rise"to exten njugation in
hetdiGarpehoy @impratighiatiee finkages emddiinampythted sbisttitely frdo the

oly(2,7-fluorenes) or oxadi aé}%l | substituyte
oY

coSmg?@abamny slawdwies phetheruse piegliens stgyp an héphthalene group

co?l\\ Sieﬁla%mgrgérs%kw&e fobd toh@%ﬂ;i]tgﬁ?&oﬁ{b‘%ﬁattfoﬂpgiving rise to

nspor ter conpared w _
characteristic emissions. As examples, the condensed polycyclic arylenes derived from

“be absent while the
type of unit. The

anthracene, perylene and pyrene can be incorporated with adjacent carbocyclic arylene,
heteroarylene, or aromatic amino arylene units to give blue or green electroluminescence

(Millard, Synthetic Metals, 111-112, 119-123 (2000), Bernius et al., Advanced Mater. 12,
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same polynmers not conprising the el ectroactive aryl ene
units of Forrmula I. -26 WO 2004/102615
wEONAWSs003/ 024911 Exanpl es of useful el ectr oBCT/USM®03/024911
pol yneric aryl ene copol ynmers conprising el ectroactive
arylene units of Formula | and phenyl ene group or
napht hal ene group arylene units include, but are not
173mﬁ50e(a0@0))t §em©fls trheeforspvieial 96 thedgfaroatyiemes compprising imine

C8Hl7 \ E \ EC\ / EC N ON QON
t%%i’qr"’t PY %Z?‘%gﬁ’fﬁﬂ C8H17 CBH17 C817

38 Fﬁﬂsoﬁ?dzéﬂbcﬁﬁingﬁs BEieGleciromtive polynfdNc arylehé¥efmiBaBy capped

OC8H17 C CBH17 CBH17 C8H17 C8H17 CBH17 C8Hl 7 EC EC

copelymers oﬁiFommlaméBMImAﬁ ajfl dvie te ipdepeadendly seleeted fiom phenylene

gro%ﬁ %ﬁ nes gmz %@16 alcre O%‘Hﬁg' érlgfleggs #vﬁ?rﬁgll &gf;l Eggﬁ{lén\éegroup arylene and

naphthadstle @oup drient ¢y mﬂépﬂnﬂmtbampdﬁtlmmbmﬂastﬁuwﬂ with one or more
subz’gtrug}ftls%ﬁ )\gel_e\c/’!eldlm epen erntelgl?ri ge?clh%ase from fluoro, C;o fluoroalkyl, Cj-20
perfluoroalkyl, Ci5 alkyl, Ce29 aryl, Ca.oo heteroaryl, and Cy.30 hydrocarbyl containing
one or more S, N, O, P, or Si atoms. In one embodiment, for example, the electroactive
polymeric arylene copolymers comprise at least 5% of the electroactive arylene units of
Formula I, and at least 10% of comonomer units independently selected from phenylene
group arylenes and naphthalene group arylenes. In another embodiment, the copolymers
comprise at least 15% of the electroactive arylene units of Formula I, and at least 10% of
the phenylene group or naphthalene group arylene units, unsubstituted or substituted as
described above. In yet another embodiment, the copolymers comprise at least 20% of the
electroactive arylene units of Formula I, and at least 20% of the phenylene group or
naphthalene group arylene units, unsubstituted or substituted as described above. The
ratios of different electroactive arylene units of Formula I may vary without limit and the
ratio of different phenylene group or naphthalene group arylene units may vary without

limit. When the ratio varies without limit, one unit in the ratio may be absent while the

| other unit provides 100% of this type of unit. The above % values for each of the arylene

units are based on the total number of repeat units in the copolymer.

As with the homopolymers, these copolymers can be used effectively as electron
transport layers with good hole blocking characteristic in a multilayer OLED device.
These copolymers can also be used as an active electron transport host when blended with
molecular hole transport agents and emissive dopants to create high efficiency
electroluminescent devices. For certain choices of Ar', Ar’, and Ar*, polymerization gives
rise to extended conjugation in the polymer backbone (e.g. oxadiazolyl substituted
poly(2,7-fluorenes) or oxadiazolyl substituted polyparaphenylenes) that can provide
electoluminescent polymers with improved electron transport character compared with the

same polymers not comprising the electroactive arylene units of Formula I.
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alternating or block copolyners, wherein Ara and Ar4

are i ndependently selected from condensed pol ycyclic
w@eoohaonssy heteroaryl enes, and tertiary aromat PCT/ESI008024911

aryl enes, 10 wherein the condensed polycyclic

aryl enes, heteroarylenes, and tertiary aromati c am no

aryl enes are independently unsubstltuted or

subBtdnpleself wiefif clsaoastivabplymstp stylenggopelypery comprising

e BB <yl B BBRORERL bl A S lpGyelitn e
um?sqgélﬁé@%ﬁﬂ-ﬁ‘eﬁ’l@ Ilhi&&@&ﬁfh@é’eﬁl&iﬂe ForysllaxcXERYI-CHont ai ni ng
one or nore S, N, O, P, or Si atonms. |In one errbodl nent

the copolynmers conprise at |edstECl0% of the g CeH,y

said el ectron N:h heter oaryl ene

am no | enes; }
terti &yNaromatic 5 amino aryIO R units being O_N
unsubsiituted or substituted with one or nore
substiftugnts (R') as above. | not her enbodi

the copdl yners conprise at |eaSt 15% of the

el ectrypaetive arylene units of FG@Hpul a |, and at-JLeast
10% o% jectron rich heterd&Millene or terti arycIx
ar omaf P¢ fanmi no arylene units, unsubstituted or

CHbove. In anot her CeF . Caf 17
onprise at

ron—Tidh heteroaryle
=Nai no aryl ene units, unsu
ddescri bed above. The ratio
tive arylene units -Arl (Eyla of
Formula | may va ithout limt and the ra
di fferent dsl ectroif rich heteroaryl ene or ¢e
aromatic amino arPCme units may vary without limt,
Wien the ratio varies without linmit, one unit iflthe
Hbe adgsg 1, CL8, Wil - £ire; ot her unit provides

) oA 1_abhove % val ues for each
gcd S : e b areche total nunmber of

@ 1 I n—t @ Th8se polyners provide

tertiary aromati
or substituted a
different electr

&p
bot h hol e and el et on transport properties and
optionally are Biseft r ol umi nescent . They serve as
useful host materjlals for blended el ectrol um nescent
conpositions. 20 sone enbodi nents of the
el ectroactd e pol yifreri ¢ aryl ene copol ymers of the
present i nvent| onOGHhe ternminally capped copol yners of
Formulas VI-VIlI are preferably block copol yners,
whenein &Chis as desgribedsuprar e | ndependent ly selected from
eI e
ﬁ%& sgﬁlle ehlcoladm'i]eﬁhsegﬁﬁée % g@tg&%tl% gﬂ[‘%ﬁgs léfg%ﬁbl'y&ers of the
rB@ﬁhinbﬁitEﬁ?ﬂ@rtatnﬁnailwéa@patcopot}emers of Férenuddsc1-VoH ard priaferably

het eroaryl enes or tertjary ago m n ryl.ene
aligFating eh%loek emplmynsewhﬁe% RBH AL &@P@?@&ﬂy Yelécted from
coﬁﬁ&s@&"ﬁ&y@ﬁqlc arylenes, heteroarylenes, and tertlary aromatic amino arylenes,

wherein the condensed polycyclic arylenes, heteroarylenes, and tertiary aromatic amino
arylenes are independently unsubstituted or substituted with one or more substituents (R™)

selected independently in each case from Ci. alkyl, Ce.29 aryl, Cs.z9 heteroaryl, and C;.39
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unsubstituted or substituted wth one or nore
substituents (R') selected independently in each case

wo eanbleudr o, Cl-20 fluoroal kyl, C -20 perfl uoP@rUKR20D3/024911
Cl 20 al kyl, C6-20 aryl, C3-20 heteroaryl, and Cl-30
hydr ocar byl containing one or nore S, N, 0, P, or Si

atons. In one enbodinent the copol yners conprise at
hydr&astiyl 68atainitghmesirendre Sabl OvB, exrSilagmes. Jhiong egrpodiment the

Coph%%E%?IEP%?@g It {Og/f’ PFQ’F;?legffgg& V%(g?ﬁénrﬁqh]g&ar yl e’al ;9 Formula

1 st F%aﬂtco;rg)ﬁbﬁfer pRigyReleettd famne H]&ct&liryhelnhaemarylenes and
ene group aryl enes, unsubstltLit ed or

tertmnjo Sltomaﬁfb @whing aryleness saidrel eshron ieh helernsaylens FRM®PL tegtiqey aromatic
amfpg%g{z rreﬁri}s qzeg‘%vl\?lSE]gg %(9 @gs]u%strtggd URAOOR Qs Jsubs’utuents R

ectroact|ve arylene
as 4HdvE STrPdnoliRs @b dimenttihé enolynideaprisvat leselti% ofithei ch

het eroaryl enes or tertiar r omat 0. ar e
clecisatise iy lrmeariss OSEATENIE LRGSR R 5B Hetppeylens or
terﬁ%& h{eﬁa}tlc]a?nﬁlg B{}’leh% lﬁF}g ﬁ}éllss%ﬁuﬂ&g&%u%ﬁfhfeﬁ%§ dBdcribed above. In

ene dgroup ar unsubstituted or
andihdSinitodinght ABe depoiymblecéompnveat 1east 2006tolfi éhe electroactive arylene

mbodi ment . th t |east .20% of
unifet ot b aed Shgh X sleoton B Repaepy S or aRan dgmatc
am%{o ﬁgl% B Lh&bsheter RVhBRES aHtesfhdd] above. ATRERIDS of

eﬁes unsubstltuted or substituted as
dlfﬁafaﬁ releb’&dacﬂiye weyleznchitat-AF €Bds 0§ Boswsla i mayphenyithe limit and the

ra DGR GeB R DR B ogie oL i kSR, arieng it may

valry% t fnidi Wil@ﬁ fHolra®d Paids Sadohvemal deanst ml’thé fatio may be absent
libﬁly? Formula | may vary Wi t hout 10 limt,;

t he
wln]&tthe)othér u;tuif premns 1e0%of ﬂnmtype efunibt Bpoghoyreh xalges for sach of

thet,@er%/ BEP.X]F ay oga & %H]%Po?%l éﬁbgp&%reﬁ %Jﬁlt{:ﬁly %1 h 85 eol er These

poﬂ&ﬂéreﬁlevme HoaPhé18ahe BRctreH RAHBpoD pf@entey aud bytwmaillbnarﬁ
IMMmt. When the ratio varies w thout

cldctrotumgnescenti dhanyerse apuwhil haphimacide fQSthT@deﬁ ﬁfeftfoﬂmmescem
B’:YPVI .des 100% of this type of unit. The above %
Yor each of the arylene units are based on the
t ot gh sowmBRebodimentpsahe tbtttcaciive pdipmétic mmnemolym*étseofthe

ted t | d bac
prgs%&%gf%ﬁfoyn'@géee&gg AR BB DAY Bt TR W i o preferably
blng o rg’grll "\Y}%‘eqﬁ%rbwgﬁiﬁlﬁgﬁend@&l}y@hecteﬂsﬁom electron rich

conj ugat e nd €l ectron transport
heiéliﬁﬂiyleﬁéﬁibﬂ tél)t].ar)} froﬁ!atre amirocntylepes; phemfyldnh @roup arylenes and
el ectroactive DO y rig ene
el i o F\r@mttg? Hert G R Teso i ey gromatic
C 1 p 3 lé}%s \Sﬂheﬁ;l'ehe F&’Eﬁé&% 2kl Maphithl@et 6ﬁ}ﬁ§ﬂyl&1es are

erein ra and Ard are in gendentl
ursab&trtﬂte«ﬂ of substitbedceitls euk prongregubstisueats (Reheslected independently in

eoBeBteday KN, O pepiranivt, G e iRy, € Rabci e, Coao
hél 1%5@1 ahylce E@hy&B&rw;?mBhﬁaﬁ@@ewrMe 81 W, ene, osiciomd. In one

i's i ndependent unsubstituted or substituted
embodimenigthe coprdymacrs lgpbg@n[sej@tde@t % qf the electroactive arylene units

-Ar' (E,)- of Formula I, at least 1% of electron rich heteroarylenes or tertiary aromatic

amino arylenes, and at least 10% of phenylene group arylenes or naphthalene group

arylenes, unsubstituted or substituted as above. In another embodiment, the copolymers
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sel ected i ndependently in each case fromfluoro, Ci1-20

fluoroal kyl, Cl-20 perfluoroal kyl, C1 25 20 al kyl,
w@ge0200z1y1 , C3-20 heteroaryl, and Cl_30 hydr ORPE¥/0§1003/024911

containing one or nore S, N, 0, P, or Si atons. In

one enbodi nent, the these copolyners conprise at | east

5% of the electroactive arylene units -Arl f[%)é)la_ of
corfisaiak Feast, 108 of thastectronaive stensrimity opBegule I 2 least 10% of the

| h | et o ;
clegiAn OB PES S it OB Ry O phodsBBfg or
sub%glé?'iegi; dsl REMHiLRE ABBY, Gn 8l 1643t 159D d plenglehy grtuplagylsdes or

phenyl ene group 30 aryl ene or naphthal ene g{noalip

naphthdlameeroumaryieoesh snsubshedas substityed auisesy ove. other
onpr i at ] east 10% of '

enb3F bt o Spph P} oA ot IR HEFBRTRER MR htes o

FofRRi16 €% GAsi0X0y 6 leét€oraig Iesteromtyldnet er tortiayy anvenatic amino arylenes,

conprising imne |inkage, at |east, 10% -

unstetitted 26 sebstignted mpdrs it ¥e, aga é&é?%?-’fw:’/q %tﬁtge \éxl%nylene group
et eroa erti i e . bove.

el BRI BR U I8 BRI A e DS s

The 2ds bEdEREerg tespoadtiv @ngdene unita RAL ().~ of Bodinete Amaytvagy without

g oo ah BTG bt e R o a5l S5 2 Ghlnb Gyt
m,ﬁgkégégy &%tﬁfd hiGRe %1% a6 LERRF oA PRGN 1GR BRdipSarhTent 6% Aphthalene

at leas 20% of electron’rich héteroaryl ene
graup Uriits mayrwarpwitiranti limianiWien dhetatio earieswithaut ligkt ongoog in the

rai 91;% he sborRCw il s DU Safpleyidea 00 SRRt HR above %
vafhlre%’n ctﬁré%

cIHOf the aryRede(Rits ArdHas&Péitheaoth] MBibet A Yepshf iididtin the
. the rati'o of different electron rich

copelyarenallyd emmgugatedtinternad regicn (sniupated higkbong)yaf dhese palymers

it howt .| i mit: i 0 of di .
R b AU B A LA ot
coffughRA Bolé tintl 21d¥8¥n Hahspor fubéldnalitym t . Wien the ratio

varies without limt, one unit in the ratio mybe
abs dntsoxkicmbodineengt (pféhe GHPWOE}SFIWP@@QGTQ @ CCRP the
of unit..The aboue oy
o} Bvdpioby e YTl col Pt ol e EBF Epul 001 T oM erably
alfeRfating @OSV1yiiNers, WﬁéleﬁﬁAﬁ ahy tet sreliadepemientiyjselgetce from condensed

ackbone or conjugated internal. reI | on hat s %rts 1
podygysbie piviene; ketctpaiglane SQMPHFINgG LEHSy %’h(a%ﬁ i %%‘h’é‘gﬁ) 5 groarylene,
| biE b g h of

7RG SRR, 1At B A5 Sy g i coch
whehts @deyalias]yoinsubsituted ef ebstitntedtwitheorpoirymeneisgbstituents (RY)

aryl ene copol yners conptLi Si ect.roacti aryl ene
selrlecindonen ey an sretraRnaPR Fom aadioRo) anEHaNgPglh Cr

byl A8 r . aRaRAtih S,N, O,
oL IS PR o 000t RSg g gn g
P 26 (M /afio@i6 T oRETMLSAIDG:3E, iihese copshirerCamiTiseatiepsiodpiofthe

electroactive arylene units -Ar'(Ey),- of Formula I, at least 1% of condensed polycyclic

arylene or heteroarylene comprising imine linkage, optionally at least 1% of electron rich
heteroarylene or tertiary aromatic amino, and optionally at least 10% of phenylene group
arylene or naphthalene group arylene. In another embodiment, the copolymers comprise
at least 10% of the electroactive arylene units of Formula I, at least 5% of one or more

condensed polycyclic arylene or heteroarylene comprising imine linkage, at least 10% of
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ECEC nm N N-NO/IN CIl OC8HL7 C8H17 C8HL7
C8H17 8H17 C8H17 C8H17 EC EC n -N N O iN Cc8HL7 CV

wW@3HYi0268H17 C8H17 C81-117 C8H17 C8H17 CBH17 OB¢H/VSIaE3/024911
EC nm N- - ON_N I C/VRx YX OC8HL7 Rx Rx Rx
Rx ECECECEC nmnmN N-N % ONS, Oi N
OC8H17 CVvI OC8H17 CV11l wherein R' and EC are as

ele&ﬁ{ﬂ i theddronsldns ofteribarly asomatxc\ammo aniehenandgt least1 5% of gie
phelglg@zg %{}Z}@l}g&p&]—g@@ e}egtz géllt?o ené B %notndt ev\pod1ment the

copolymers comprise at least 20% of the electroactive arylene units of Formula I, at least
10% of condensed polycyclic arylene or heteroarylenes comprising imine linkage, at least
20% of electron rich heteroarylene or tertiary aromatic amino arylene, and at least 30% of
the phenylene group arylene or naphthalene group arylene. The ratios of different
electroactive arylene units -Ar (Ey)e- of Formula I may vary without limit; the ratio of
different electron rich heteroarylene or tertiary aromatic amino arylene units may vary
without limit; the ratio of different phenylene group arylene units or naphthalene group
arylene units may vary without limit. When the ratio varies without limit, one unit in the
ratio may be absent while the other unit provides 100% of this type of unit. The above %
values for each of the arylene units are based on the total number of repeat units in the
copolymer. These polymers have a conjugated backbone or conjugated internal region
that supports delocalization required for electroluminescence and color shifting, as well as
electronically conjugated hole and electron transport functionality.

Some examples of useful electroactive polymeric arylene copolymers comprising
electroactive arylene units -Ar! (Ey)a- of Formula I and additional comonomers to fine tune

the color and charge transport properties are those of Formulas CIII-CVII
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In the copolynmers of this invention, electroactive
arylene units -Arl (Ey)a of Fornmula |, additional
w@omnases s, and cappi ng groups can be opti onabdTUS2003/024911
substituted with additional substituents that nodify
the solubility paraneter, ionization energy, electron
affinity, or any conbination of these. 5 In one
particul ar¢g,,usefyl enmbodi mEuitiy, efle or nore of Are,
EC, Ara, and A4 are _ substi d_wi th one or nore
] -HUOED,
p ‘ K t!hh t he provios
t hat nohan EC i s phenyl, tFNfluoro group is not in the
par a ﬁosition. For exangkeN the substituent groups
R3, R, R, and R' associajed with -Arl(Ey)a, the
conononer units, and end ppi ng groups of polyners of
Formulas V-VII1 are 10 i ndependently sel ected from
fl uoro, quoroaIkyk:I and pggfil uoroal kyl . I ncorporation
of these substitu éhts can 1 fprove the solubility and
filmformng properties of the polyner and at the
sanmeciH, ie dAgrease t he cioni G on pogentdal and
el ectro f the p8| yner t hereby making it

(o

‘\-fwe

/ N PI& M
undesi rabl e en ssion=nNl5 through, for exanple, exgimer
formation, as descridhed, for exanple, in Neher ﬁiiﬁl.

Macronol . Rapid Commup. 22, 1365-1385 (2001).
Substitutents on -Ar y)a , the conononer unitsy and
cappi ng groups of p r structures V-VIII can be

sel ected which reduce eﬁciner and exci plex formation,
if desired. For exanﬁg%,"the QiWstitutents can

i nclude sterically hindering groups to reduce the

for mat L on Igé_wl nt 8|:img"l Igc_ulﬁn"orceag_ £t ranol ecul ar

t"em t ')ng" pol yners that

ojme J'ﬂar*', whi ch cause
C ) In an EC
more of the s azti.lfnt

useful enbodi pemt, one or
groups R3, RR.RZ, and R' associated wt
conmononer and _knd cappi ng groups of the | ymers

For nul as V-Vlhave t he general Fornul &¥X *+Ar -
SS-R'" 25 | X “where Ar is ggrbocyclic arylene or R
het eroaryl ene,O@Hizrs 0 or 17 R' is a sterically

hi ndering functional group such as an aryl,
heteroaryl, or a branched alkyl, and SS is a soft
segnent noiety. Preferably, R' is an aryl. The use of

a stericakly hindering functional group can 30/+gducex
the formation of internolecular or O

| ja ACi ET onfi gur.al

OCH, OC,H
" eV ST vl

wherein R* and EC are as defined above in Formulas VI-VIII, and n, m, and 1 are integers

in the range of 2 to 100,000.
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-32 WO 2004/ 102615 PCT/ US2003/ 024911 or nore
functional groups each independently selected from

werdveneze1s | uor oal kyl enes, perfl uoroal kyl enes, PCBUSZNS024911
am nes, thioethers, dialkylsiloxanes, and

di al koxysi | oxanes. These functional groups can be t he
same or different. Suitable soft segnent noietig

i ncluitle copalymensadihie 1an@111<§}7(, @1@9‘6@4@%\7@ ABengrisip SAJ( @E@d of
FO]inBl ;gﬂ gﬁg:?])gnfﬂscogf?rlﬁ%m %rrjd"l bﬁ%&g&gs cah BP Bgﬁ?ﬁaﬁg%)ﬁbﬁft-ééd with
adcﬁﬁ?(l)ﬁéﬁ Ql&h{il\éhﬁ'thﬁm@)the fetulsility Iiafrﬁhéta‘ btizatlod @ngrgy, electron

where r is an mteger in the range of 1 to 10 and n is
afﬁamtty; ortanyspmbinatiph o1 fgpRye of 2 to 20) Preferably, SS

L2 o R BB o G G Uy BIPEPAFOEROAS QAR arc

suBsﬁuﬁ@_\ﬁ?h 6A¢ bgmgfsé grﬁulwmﬂepeﬁdmrt]g spleelfeé lrﬁa)hi fluorphﬂl;%ib:_ir]kyl and

enyl),..an s a

perétuel@ta}l%bd’ﬁﬂv@e PEO¥iABthatwag ryﬁ@ ﬁﬁ-a%‘Y g‘Vﬂ etlf%%f i Bot i the para
poélﬁgrﬁ nlg‘ckr fé B sﬂﬁﬁﬁ'ﬁer iy 9R3 RMRE Oﬂfﬁ'ﬂ*%é&[htw With -Ar'(E,),,

rW|th ctroactlve or I|
theayvintdnomgr pmlty and mcbcappmgegrbupmlf@olymrm ag ‘HY Iflgren

| t t Th ft ts i
independsni HIEAEd (OB HrgrBEr LRy in peen Edtyty SEEdp fralch of
thedb SWisHBtdRs ﬁlﬁfﬁ}? bitht ESIMbiIRRF ARMERIRT forMBeGitbptiéPofhe polymer

receptor substrate than a si'mlar polyner wthout the
and off the s@merimesncrease 15 iaditatioropotentish prdelaetran affipity phthe polymer,

t ments. can alter ,other rties useful to
thqr%g rﬁ%f]gg fty e&ﬂglfgmjgﬁtug?qtﬁoﬁf &g, OOLFF‘ le%uch as, for
exXanhéng StRéd diffbultRRPRRS pol hxﬁﬁfsgehé@fbsuﬂdleﬁifhble emission
tenperature percent crysta I|n|ty and tendenc

thronghs tfer dxampley exeigrenfaygriegas descrippddpseraple.ip i(whﬁﬁ qt @l
| h | 1
RN AT 2 PSSP A8 PR ey,
cofnPhbmbl @its, SA@Ppig gbupsgpblynrendirhdtaies VeWl samhe selected which
frequency, if 20 desired. These soft se
rodieB SEFIGE ARG SXSIRIOR iﬁ?ﬁD@%n»tlﬁ‘é‘?S}Fﬁ@ forsarele, rsubeifuiepis fen
in@had Q&icaﬁ&%ﬁcfeﬁﬁg ?hﬁjﬁé re ng@er the fMAkBH 88 1Ift<9molecular or

CONMeEr Ci a ava uctrng 1onic polymers such
1n&&nﬂE@lamWﬁEMdﬁpnm théliglteentitimggolymars tht podaemeiimer or

buffer | OLED . dev Sof t
ARSI A6 PR TN B BiF SIFP D REoeBGhe. of
t he BlR6hELRAE El‘é%b%ﬁm‘i’é?ﬁ ydﬁ%ro& foRé ¥f B8 @ﬁbs@&uehhgmap@aé ", R,

i nventl on, udi ng the po ymsrl C ary enes O
anladt"msmmted/wm ke co@mlomer arsd erak qappmgfgmupsswf the polymers of

in Fornul --- Art Ar4- AEC
aas\?&&ﬁiay& theypeRgA L ?%Pél, _Arl (Ey)a , and Ar4
are as defined in Forrruljliv-VIll and SSis a

Ar}-SSR"

X
where Ar is carbocyclic arylene or heteroarylene, p is 0 or 1, R” is a sterically hindering
functional group such as an aryl, heteroaryl, or a branched alkyl, and SS is a soft segment
moiety. Preferably, R” is an aryl. The use of a sterically hindering functional group can
reduce or prevent the formation of intermolecular or intramolecular excimer

configurations. The soft segment moieties are divalent aliphatic groups which include two
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30 divalent aliphatic group containing two or nore
functional groups each independently -33 WO

WQOM4N1B2615 PCT/ US2003/ 024911 sel ected from BPCTIESHP3/024911
fl uoroal kyl enes, perfluoroal kyl enes, teriary am nes,
t hi oet hers, dial kyl sil oxanes, and di al koxysi | oxanes.

I ncorporation of soft segnents within the backbon f
orgp@re fgGjiensl gpupseagh H@ﬁﬂ%\*ﬁgﬂfhgﬁein‘%fﬁe%%}n Omﬁﬁw enes,
rAB s Pl BATER yS Maaonance
Tlese Ginotibyal pedupsenc be the sangtoe differente Shidahde sefy ségment swdieties

i RAS AT el BRI RS W REnbfR s i e
inthefhBORE] /6 P WHRI ihfegerdh YhARRSONPI0Y BRE PolRYakFlsiloxanes)

prepared by a process wherein a Step includes reacting _
(e HeSi(CELe 9sBde yderer iamy limpgeriimtherangsi oftlete 1Wiand n is an integer in

tnf P 2o 20T YIS, SRS s bSO Tsif eorlhfhe i 20,20
cadTOAt MBI éhd diEbdlhbBRdAr Bf heffﬁﬁﬁ@g% 0, R* isa@ls.0 carbocyclic aryl

(Macronol ecul es, 25, 1214-1223 (19 ) as nodified by
(nmst prefesebly) phenylor aphepyl), &id SS ispofaanpobtesialiodene).

367-383 ' ' [ Q. f

conj Th-g eqragtys pil0efe Byl s pHAR BRIt shionlPy it b used lonc o
indémb2G®ién M B/each 98ik) by with lotleh Eleetrodctil e oehigie enfittinkpolymers or

incorﬁgrated hereipn by reference. |In anather step the

stRal o teCHlg mhRipiRle toy o sla TR BPSE BN PREAPOFHGN el hecigfeggments in
thWeledirBi iRk ?gé@%g{&e&g&l%%éﬁ%' iP8sired rl}ﬂ)viQF GUb?er%h%gﬁg .Eahﬁﬂleter

W th an ex nctional® aryl group
mdtchingrto plreseptoasiubstrate th2s beiortar polmed iwdthoyt the saft sepments. In
nder standar ndi tions (i. reflux w

C e. .h
a i Hemﬂé{glyaﬁ?’& SO F%ﬁi‘be“igﬁwcant%tﬁh g I?TSPGIJ.‘}B%Wf'ﬂéO thermal

trhYR P Sind SR Gtalbplitt 3 rSAst fdr%?&@rﬁ%ﬂ'e%@ﬁiﬁ? &&ﬁé&&du&@gia%ﬁ&%}tion
catal yst). Using the Yammanot o coupfing nethods,

temipetatire spedentrorystalitityead terlidengyi tngrystwlizeo® thah egamgates, viscosity,

supsti tuents referably brom ne and.chlorine).can he .
R Ro s G PURET S S1eh Sasit Taraey™ Al figfation time,
extiher Sid dxciplk BRI, SolfsRre AfrerBHB Wind 1#38t &ABion frequency, if
reactivity. |If reactivities are significantly

desired e Thege softvegmenisubsiitecnisccaptimprovadprsmal tangdylagd pdhesion of the

AR LB SHRh SPGBy WO B RREH i potymes
suhRp PEDE &l PANTWheh prelcyiidnty aded lae agodebRee layeriis OLED

and alternating 25 copolyners nay be prepared by a
dpieRePstryfionsi n a step includes reacting aryl ene

di br g j i ' rs i bhar oy .

TR oI R BRI et
polondiit anienes of thg poesenkinvaniopn] inoldingtthepslyakrit arydéres by Formulas
M yaura d Suzukj . (.Chem cal  Revi ews,_ 95, 2457-2483
V(Yﬁéswe Abiseaion of thip ip FF@&S&@P%%%MB% Zference. For

exanpl e, an arylene dibromde (hereinafter referred to

as a type A n@@m{cerA}a_a.n,s}1%a;‘n_[_Ar4__Ap]_[ss+EC

(Ey)a (Ey)a
X
wherein EC, Ar®, -Ar' (Ey)a-, and Ar* are as defined in Formulas V-VIII, and SSisa

divalent aliphatic group containing two or more functional groups each independently
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With 2R SKCoRs R ABRONG

30 aryl ene di boronic acid/ester (hereinafter referred

to as a type B nononer) may be reacted in nearly
weouwalomnbunts to formdesired alternati ng coppdTOs2083/024911

In another step the resulting halide/boranyl

term nated pol yner may be capped with an

el ectrochemcally -34- WO 2004/102615
selédtelf f518 QHR ) %ﬁaﬂohu(yuéﬁég tpefffuorodditydetibs Piribganiingy) tbdthers,

an excess of a nonofunctional aryl group (e.g
¢aBWbﬂQbGn@£mm¥dﬁﬂh@ﬁvﬂ@@ﬁ@%ne) under standard Suzuk

cou n ondi nal e

ary g)%&agb)& cf rsreﬁ 3 o%lg% x?&TflSt A th%b%&ﬂ?x?eg?@hg ?{)lryﬁl%? bl ¥ pendant

groab aﬁa fRthdds an &pRitg thasudi @pmenisasd &’@cﬂlﬁmhﬁéﬁ SIFINT 60/374044 filed
be nmade wth the um:}ré in a random 5 order using

011{Aﬂ?§1 V2 0RRoineorpersind heteinpy FIEENChr in an al ternating

or der

e i AP BT OO St s
of tthy p&saltnmmmbns Forgiaeple dot terinimally capped slebineaodma‘po]nymnc

r anpunt of the ty A nononers is a rox t el
g‘PHPBOItYH@f%@Pr}S ﬁ@’ffpﬁli?ﬂé?b’ BT W Pfe{“n%gtg o5 reagtmg

dlhgl? (?C'ycllé‘\%ttyféne ?ﬁtbﬁﬁ?& esasﬂltl? 2§§t§l§/ﬁc Qﬁh}ld)‘(ﬂfé r{fbl&l (0 q@rmde in

B ca e“used’to contro mol ecul ar wei ght. A 10 U
thefpeesenceofdfipbayytphonpiise :ftndandmdmgmptab %Qgcceidmgao thﬂmethods of

vl HEASD e A R K oo A 83 Bl

. P@Bﬂl YO’ PolphNOREH. 3280367T983?(1<99 | 84 apblietE§uebessHAly t6 Eully
enpl o ed to yi el d copol yners even g%ﬁher de ree of

cor?tlg polznegsihyddedamy pl. gﬁpp@lecyks,a?ﬂpﬂ 2@&7(3{19 1)), all three
GRS L) D ST 0 B A0 e

terchnatesl podgied ey Bé ya{ppﬁdimthehelda&bweﬁn&ll}aheﬂt efyl gy by reaction

aromati c am ne &m\%not d here as m)norrer Ar) to yield

Henal eryl grqypdegr 4 hr@,nszﬁhf{l gy Z5bygpno-9,9-
I
o T R R AP e ftiona) aryl group in
tolﬁmerfeﬂa‘dwt b@kourg usieg titraks(tobhenytphosplohe)p e (0)tcatalyst).
al o reactlve ol.i go s, of, for exanple hole .
F 1 okBih amBRmLd St M ombruRt ofREHuRs Hgbearing two
hal®géd s&@ﬂtﬁ@&& (%@f?:%ﬁi ﬁronﬁhﬁﬁhdoélﬂ!&ﬂﬁa? cHYPOPS ?ﬁ@ﬁz&} intddY
ammanot o or Suzuki® coupling nethods), ionally .

copadymaenstoif n@enﬂnzdlst tanddmn ahtuterif Hieduenapfiers elretqi |ahouifth¢ $pene reactivity.

OET S t.0 r c_acidl ster Qr
1e g AR 57 1 B GRh R gl i g mA et hons st B Rge
poBiriceiop®piforamtthlly e Br 166 Wk taabtivdéhek Q@wmnglﬁl Hl&ﬂ@t dopSIymers
ol i goners _together by Suzuk| coup i ng met hods.

c appiergingdy canped clsetrepstize nalymesie erydens lymegs and alternating

r
cof gk i et TR oS AR bR ERine rtene
divebmitetisiciatdiatey with rasylereadiborgniic \woi IV e3tet ﬁﬂtvmlsdﬁaitmﬁﬂéﬁp alladium
Bl ock copol yners a series_of one

ich conpris pe ..
catghyzeg gandfions Msmgt?elﬁé@&wﬁ% @%thp@sanﬁught 3 Miyanira and $6Zukd
(Chemical Reviews, 95, 2457-2483 (1995)) herein fully incorporated by reference. For

example, an arylene dibromide (hereinafter referred to as a type A monomer) and an
arylene diboronic acid/ester (hereinafter referred to as a type B monomer) may be reacted
in nearly equal amounts to form desired alternating copolymers. In another step the

resulting halide/boranyl terminated polymer may be capped with an electrochemically
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anot her type of arylene unit, maybe nade by a pol yner

extension reaction of, for exanple, a hole transport
wo@bkiogoosis Wit h an el ectron transport ol i goner PCT/US2003/024911

conprising 30 electroactive arylene units -Arl (Ey)a of

Formula |I. This can be achieved by the reaction of

two or nore el ectroactive oligoners bearing

inegtoaryl drompbyreacti@awith e egq:e@m pha :(ngngﬁmcf@mg} ngf oxpde.g-

bromalvasg e b IRe RO L JaRana -0 sBuuehRaSc 1

Pdﬁ%ﬁ% Q@Iﬂ)%& %lecﬁbﬁﬁ@é aF1dhe copal§iietycopiprishe hole transport,
di brom de of "a representative tertiary aronmtic am no
cleatmon ransport, and/or emissive monomer units may be' made with the units in a random

N .- bi b h
R SRR ——
co%ﬁﬁfg%&}%c%@t lgMﬁS@zl(u%Pi %ﬁng,l 6o oneioze Gy Rv@omers and two or more
henyl - i s
tyn nmemﬁl_;ﬁl may ke Teagted ko kwess dir comhiyecnolan amgy of the type A
|
or e saf?] éﬁ@%%{gé%&ﬁo%qggt@ gﬁnbgdpo b‘?ﬁk?] thQlar axﬂbl‘,{lﬁ df @?e type B monomers.

| goner rmul a
Al%dtivelwai exdesglofigpe Avairtypedé panbk ngddo cdnttml maileanlayfweight. A

bor oI ane to br om de. us I n one_ex wei ght
unigpe feaiere s ceRRIYRETS fE91gy ﬁ%ls Biocesds ﬁgﬁb%f"&?h %&mﬁ
B 0
e g S8 ko o

copolpher. Moapiners cfmaore eﬁﬂnpk:x strncleresan baemployetito gieddeppolymers
9- phen bi s ramet hyl -1,3,2 1 . .
of g eRig ?r&%gls?ezofy st b, %Wéaf(ley%ﬂ @Pf‘ip%agelmﬁwém%hzed
6 WrmufeXR il ® e kdadidi With two molecules of
el&%h&?eﬁé%?%ﬂlﬁg%%;f )-N, I{I'mubl s(4lbet yl phenyl) b%gl;eer?g mond
carbbesteldti aapiens; hefedodBleye, o@t@gaymmn@w anigg (Jepatedriress as monomer

a0 e Bodatpdhiths iR BP "4 EOP A 5. 4

10. B1gpREEpolPrheRdyakidR bidckabendlls ofitletitdadtnearyldne anits
Was purge Wwth a streamof nitrogen for 30 mn, Under
-Aa (Birrogieslsa be farmgd bwm@wnegqtmeuog%ewrw&%ﬁ iuRgs, along with

11
PRt M e i N,
soﬂ@e@ﬁ@nﬂrﬁo@ﬂd&s [High brdgap ﬁnﬁomaxp(wgi by Yammamoto or Suzuki

9- phenyl - 9H bazol e
cqqph[){é éyegwggwg Aptienall ;%;m\?q%tgpg the terrnlna){ brgm1des of certain of the

ol?édﬁ{ef‘s t%%%fﬁlﬂ?led?%r}ﬁ%%éﬁfr@fe} ci_r}% &Vgsﬁ% %)r&vtl&efop 85! tﬁﬂseA and

ransport agent mul a CVI |

tyﬁblB Badtiee bligomes) g’[ﬁthai cddpding theaesulgng spetinck oli gomers to gether by
pol y{(9- phen%l 9H-_car bazol e

B AL et i e R A sy bed dhone. 1
2I%iBR théﬁ@éI Hﬁf %@Sedﬂr@s o8 cds® b PWR@LIVER BRRIples b the

solutlon 0 nzene in 5 nL nitrogen purged
block cegodymersclasd dé matavial&hoeﬁtsbylalang two heactivheligpaey$. Block

klstr hen hos hi |l a The
AR SO VES AR Py REAAPS h Hisnd it Lo p S of
af R @fhel o akPlere &ﬁt , nefyRRmAdde s a ﬁn&oex%nsi/@h@ﬁctibﬁdﬂ@or
The organic | ayer was separated and washed w th .
example, a hole transport oligomer with an electron transport oligomer comprising
electroactive arylene units -Arl(Ey)a‘ of Formula I. This can be achieved by the reaction of
two or more electroactive oligomers bearing complimentary reactive groups (e.g., dibromo

and diboronic acid/ester). In step (1a) of Reaction Scheme I the hole transport oligomer is
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water followed by brine. Precipitation into nethanol,

filtration and vacuumdrying of the solid thus
w@bdioaiionsds gave 0.62 g of phenyl -capped poly  PCT/US2003/024911

{(9-phenyl - 9H car bazol e- 3, 6-di yl )

N, N - bi s(phenyl -4-yl)-N, N -bi s(4-butyl phenyl ) benzene-1

,4-diamne]}. Mol ecular weight determ nation by gel
Prmredémmwiwmmmdibgnmﬂh of wmpmssntpﬁveyisttm anstia mdrimjsnit

NP Plomap S E AR Dl s T A, it an excess of

th&diB6tole of ﬁ@éﬁ@%faﬁ% eRef® rictHAerbrytdleMUpersl1 S, d-6is(4,4,5,5-
pr epar ed se&rately reacti on of

tetn_mnﬁth\éfiz%a Xabpusiine2-ab UYi-carBazalp updaSurokisaompling conditions to

el SRR spPet e BoipO8 RS0 i UF Bl EIE b cam

af}O@épﬁhcﬁiig ))ﬁ? fenutid of berofhme X@blioariad esedn B bnSewantiile, the weight

coupling conditions. The value of m can

avaég@miqqg apeight of teiodigemenfioramula %Hbrsabpaél fiddend the

oligifict faSREKARRLEs, IESIRILIB g BN IARERH Bl pbber

septnmsdtﬂpei(l\ﬁb cavidefseRe@ed m&ndﬁ@g ?Zmle%yltl-:ﬁé bﬁ(@m&%(tdtﬁméﬂ@d 1-1,3,2-

t t t 0] or an
GO NI GEBRE BT BrlaTUBEIAe, SGEHVAITED o Fart A of
RNANG J ' ' o
R oD D g W P Al Ble, [ ciamine
(06apitith2 Igmol,epé e&tﬁ,valiems), h’il'fqua’é§é3W(ﬂ) h6 gh@;ﬁ% mnim:le glj 2/83

bl pck
caVEIgH=) g S RG5O PHER (f P D751 g e vaients) and 20
mB tHRHAETHIS Sfhs pafdivith 4 QrasBi SHitrGeal BH%0 ARA. Q%Heﬁﬁ mtrogen

wei ght of the copolynmer of Fornmula CX can be in
purgen Qﬁ@ablﬁ(mplmnﬂplmmme)mlladlmmwb(ao mg, 70040 2ok 002615

o PP e S E ooB B v e
bobblaneCapBed pdly §(9lpHen 3491t @arbarsié s @@ N, N'-bis(phenyl-4-y1)-N,N'-
bis(4-butylphenyl)benzene-1,4-diamine]} (the borolane capped hole transport agent HTg
of Formula CVIII).

The molecular weight of the borolane capped poly{(9-phenyl-9H-carbazole-3,6-
diyD)[ N,N'-bis(phenyl-4-yl)-N,N'-bis(4-butylphenyl)benzene-1,4-diamine]} was verified
in the following manner. A solution of 0.5 g bromobenzene in 5 mL nitrogen purged
toluene was added followed by a further charge of tetrakistriphenylphosphine palladium
(0) (10 mg). The resulting mixture was refluxed for 16 hours, and then cooled to room
temperature, and 30 mL water added. The organic layer was separated and washed with
water followed by brine. Precipitation into methanol, filtration and vacuum drying of the
solid thus obtained gave 0.62 g of phenyl-capped poly{(9-phenyl-9H-carbazole-3,6-diyl)[
N,N'-bis(phenyl-4-yl)-N,N'-bis(4-butylphenyl)benzene-1,4-diamine] }. Molecular weight
determination by gel permeation chromatography versus polystyrene standards gave Mw
2.39x 10°, Mn 1.49 x 10 and PD 1.67.

In step (1b) of Reaction Scheme I the bromide capped electron transport oligomer

ET4 of Formula CIX is prepared separately by reaction of 1,4-benzenediboronic acid
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(1 a) 1(1b) C4H10 C4H1s / \ C6H13 N/ \ NBr mBr /
9N NC6HI3 N _ BO+ OMMOM Ogn\l ~I Nb
W(DEIB)HHGZ6I£8H17 | HI ETA B (2) CX CVIII CAHLIBCTZBE2003024911

/' \ NCH Ph/ _ 13\ Ph/ m ic/\ Nn NCsHI3 NP NDb
\'l | HT-ET bl ock copol yners oc6H17 0OCOH17 CX
Reactive Mnoners 5 I n_yet another broad aspect,

big(aecpaniybelypel) aydis estsr mathey slight ecrsidrE@s>- @lbwpméyl) 34
(ogpggyﬁggﬁlﬁ\%ﬂlggﬁﬁﬁﬁlg Wfider h%%gﬁ@g}gt GRS EThe Yallue of m can

Yers c ar enes specifica
vatndépehdivig oh it ratie odbe®ldne t@bfoym&e ugsdbhre] inwme kRAmple, the weight

havi ng_two reactive groups. 04/ 102
PR BHISOBF OEIA 9} DRaiEoTsEe] FOrBma X tb8ut #0dh: Figtep () of
Re’[?g{riﬁ{u ?%efr% 1%_1?15 k?t%lﬁ‘m%‘egé’;{gﬁy ;egec%ﬂ k38R 1ipbief B, Sf Rbrmula CIX
and the borolane capped hole transport agent HT of Formula CVIII are then reacted

under Suzuki coupling conditions, followed by end capping with suitable end capping
groups EC, in this case with phenyl, to give the HT-ET block copolymer of Formula CX.
The value of p can vary depending on the ratio of borolane to bromide used, and the
weight average molecular weight of the copolymer of Formula CX can be in the range of
about 5,000 to 1,000,000,
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IV 5 wherein each Dis a reactive group independently
sel ected fromchlorine, bromne, iodine, boronic
wa@edod/102smn¥l boroni c ester; and wherein a, Ey anPCEUS2083/624911

defined as in Forrmula I. Useful arylene groups and
substitution patterns for -Arl (Ey)a are selected from.
Formulas XI-XLIIl described supra. In one enbodi nent

-Arl (Ey)a is selected fromFormulas CXI- CXIll. RY RY

Ry * * * /~and (R2) ~N X~N X~N  Ar2 Ar2 Ar2

10 CXI CA | CXI I | \mkg{reéuaﬁa debled S ed rom 0-,

-S-, and - N( -, ande Re, b Are, and Ry are @s,
defdved fop rrrul XI-XL and RY RY X &

X NO'B Ar 2 cxw Xy B'vvh QZ% J?
IS se from S Ry is a 'tleflnegl

For mul asN X=Xl a car bocycP & aryl
group u@bst i tut ed subs tuted with o or nore
substituents sel@bt ed from f Fdler o, C1_20 ¥4 uoroal kyl ,

Cl 20 perfluoroal kyl, d 20 al kenyl, C6_20°%4r bocyclic
39 WD 2004/ 102615 PCT/ US2003/ 024911 ar yl, C3-20

het eroaryl, Cl1.30D hydrocarbyl containing one or re
S, N 0, P, or {(153/0%; C3- 30 al kyl oxadi azol ! 71;“))
C3_30 aryl oxadi azol yl, C3_30 al kyltriazolyl, and .30
aryltriazolyl. In another enbodi nent, useful reactive

nononer sc@f Formul a kM,are sel ected from conpounds of
Formul as C I, C

H2 C »
@N N I,andCXIXES_RBBRB::;#S e
>>éo a O Q)SL —“{N C,H =N

R D _@_

0B

HT, J @) ETa
CVvii

Ph

HT-ET block copolymers OCHy, OCgHy,

CX
Reactive Monomers
In yet another broad aspect, this invention relates to novel intermediates useful for
making polymeric arylenes, including the present electroactive polymeric arylenes. More

specifically, this invention relates to polymerizable monomers having two reactive groups.
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DDDc\ /\ DDQ QQXXR3I NXR NR3 NCXv
CMI1lI RZ Rz CXI X wherein Dis chlorine, brom ne,

wo eaene261por oni ¢ acid, or boronic ester, Q is ptEOyioene4911
or a bond, Xis selected from-0-, -S-, and N(R1)-

Rl is aryl, alkyl, heteroaryl, or heteroalkyl, each
R3 is as descrlbed in Fornulas XXVI'l-XLITT, and each
M®E spevifically cthisrinventiongelaigs Heessiainagnomers §2W0E Hie stiucasgof
III rl;<2>olymsr|zable di functional electroactive aryl ene

FBW3MEr s of the present invention provide a neans for
i ncorporating effective mrolpts—qh el ectron
transporting nonomers into Light emtting polynmers,
i ncl udi ng fluorene-containing polynmers, wthout
adversely affecting the eniéﬁ»gn characteristics of
the polyners. 15 Exanpl es of ‘useful reactive nononers
conprising el ectroactive aryl¥ene units -Arl (Ey)a
i ncl ut are not

S iy R i reare Fou iRl P yg hijting. rgmine,iodine,

boi‘tﬂl(i)c %Qi ?aﬂﬁ%ﬂ&@@és'ﬁerpﬁﬂ W3, Q@éﬂdArl 2@3 daﬁnﬁfas/m Bbrnﬁlla L
Br/  -N1 ONOONZ2Q

Us@ﬁll—lm@emm agg}qmbsjlt@gm]pp@)ten@foq -Agj (E@a are @yle(@d frog Formulas
XI%&L}II descnbc% suprgI In ofte @mbodlintent -Ar' &y)é- 1 sotebled Frofh Pbrmulas CX1-

CXTIL

RY RY ¥ RY

* O * * /\ \ . and * /\ \
G (R3)y (R?),

*

~ TN <N
X 1 X 1 X
7¢N 7;N 7¢N
Ar2 Ar2 Ar2
CXl
10 CXill CXIli
wherein X is selected from -O-, -S-, and -N(Rl)-, and R!, R% b, Ar?, and RY are as defined
for Formulas XI-XLIII; and
RY R/
73 AN
~N ~N X = I}l
7;N
Ar2 Ar? AR
15 CXIV CXV CXVI

wherein X is selected from -S- and -N(R1)-, RY is as defined in Formulas XI-XLIII, and
Ar? is a carbocyclic aryl group unsubstituted or substituted with one or more substituents

selected from fluoro, Cy.50 fluoroalkyl, C;o perfluoroalkyl, Ci.29 alkenyl, Cs29 carbocyclic
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- NMON-NFF O ONN\ F\ F C8H170 C8H170 F
C8H170 C8H 170 Br Br C | C Br Br N-N12 OGN 13 O N
wQa20094026t43 Nd O "N N C8H17 F3C CF3 O C8H17 ESHIS100%024911

C8H17 CH17 _ H1I7G C 4-NC C 14 15 SO, ~I C8H

170 C8H170 The C8H17- groups in the above Conpounds
can be |inear or branched, for exanple, n- octyl,

Yy
aryl m_zehéwiwﬁml _gthiysidoesby] conbiihiag oge nam@ub S N, O, P, or Si atoms; Cs.

wk b on ORI DY Gaa Sy B i G ety

%Aﬁﬁ YohitdalReth@eful féactivSmeorders lowdnmna 1V411e Wcted from
2oo 615 PCI/ US2003/ 024911 Fornmula |, EY is

cofmpomnds af FormulasiCRAIE GXVBHE@RE (¥Xchl or o, can be
synt hesi zed by the acylation of substituted
tetrazoles as shown in Reaction Schenme Il. In Reaction
Schene 11, where D is Halo, and RZRPs_as defined

abd%ﬂe R3a d| hal oar oyRs,«R%I oride of Fr a CXXis
« mul a CXXI
@" 7Y H \. ' hours | nn 0[5

CXVII CXVIN

R® CXIX

wherein D is chlorine, bromine, iodine, boronic acid, or boronic ester, Q is phenylene or a
bond, X is selected from -O-, -S-, and —N(Rl)-, R! is aryl, alkyl, heteroaryl, or heteroalkyl,
each R® is as described in Formulas XXVII-XLIII, and each R* when present is as
described in Formulas IT and III.

Polymerizable difunctional electroactive arylene monomers of the present
invention provide a means for incorporating effective amounts of electron transporting
monomers into light emitting polymers, including fluorene-containing polymers, without
adversely affecting the emission characteristics of the polymers.

Examples of useful reactive monomers comprising electroactive arylene units
-Ar'(Ey).- include, but are not limited to the following difunctional electroactive arylene

Compounds 1-15:
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5 inert solvent such as pyridine (Myznikov et al., J.

Ge. Chem of USSR, 62 (6), 1125-1128 (1992)) to form
wo bw4didesd ogenat ed oxadi azol e nononer of For nuPEI/TXD3/024911

The tetrazole of Fornula CXXI can be prepared by

reaction of the corresponding nitrile with NaN3 and

NHACL in N, N-di net hyl formam de (DWVF) at refl ux.

Reagtj on Scheme |1 DI O Rz p~ pa &4NeN + C NBro

Br— Brp | C¥X cl 10Cﬁl nat i \gp

rmno N of F | a CXXI | be “pr red by

cl @otdensat i gnY. of benz yﬂlaroyl hyd |des as sNovvn

i React i on 25chefie |11 @G efow et al.

USSR[THngl . Tra ), 303 - 3766~ ( O)) \MTe 1

and are as ned abov In ste la) of ti

ik 111, Cq_|d¢hal oar oyl dramg Formg g XXl |

is reacted 15 With a substituted g’h yl chl ofi de of

Formula CXXI'V at roomtenperature in dichloronet hane

ith o equi val ent of trlethyl ne to f
)ﬁ’ ro 1Gizi de of g teon
(1b) React i n Sc I, an

de of =F IaC r edglvlt su_é ued
-Rydrazi c or mul a ? rm a
Noy | 1z} de of For a CXXV. 20 s
t he benoylm ydrazi de of rmul a isre '(_j
phor us ychl orgge qit refduxoto formtie
ehat ed o azol e nbribner of ‘Frnula CXXIl. 25

-4@8W2004/éq2 5 PCT/ US2003/ 024911 Reaction Schene
11l DL 00 DI*® ~NH2 (1 a) NN + Rz

—QBI’ CIQCI
=N
o =N

O.N

The CgH,;7- groups in the above Compounds can be linear or branched, for example, n-
octyl, iso-octyl, and ethylhexyl.
Dihalogenated 1,3,4-oxadiazole monomers of Formula CXXII, which are a

subgenus of Formula IV and are of the type Halo-Ar' (Ey)-Halo where Ar' is as defined in
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HC Rz HN CXXIVD 0D CXXIII CXX¥ D ODlL Ob) N

C +O(~1 i H\HR7 H2NH RZ CXXVI D, 0 D CXX CXXV
w@200010861D (2) N | i HNHR~- 0 i N D O CXXWEwUS2003/024911
CXXI'l 5 For exanple, electron transport nononers 1,

2, 3, and 10 were nade by condensation of the

correpond| ng 2, 5-di hal obenzoyl chloride with the
FoanptadpE,» mtf‘@hymlaéh gt Hala sdroen 2o 911110ﬁ>y 6dbg ghathesized by the
acgl/qg ptgsulbgﬁrgpea gsrazgf rs ar ea %x{ 8¢ ﬂeﬁe[ﬁ eﬁ?ﬁg&tloﬁ Qeheme

nonomner

I, Zvl{e?»@ b f&l HBAb! %ﬁq&qaué alefﬁrehzabéw tayﬁmmamn enwn]de bf Borndle CXX is

’oxadi azol e (4)

reaz;te(dawﬁh d |stgbs@mjpch’@ﬁyzgle of Famnpde CPdwiirating forpbguﬁl?obpdlrs in an
gl 505 e S R P ERTER e 0, 12512

(1992)pebyfaﬁﬁ:tﬁ>a/mwgé@mctﬁgadfa@blb avedniey of fainado OXeds.aThotetrazole
of 'the i nternmedi ate 5-di hal o-

of opmule s S @@Qbmﬁ%ﬁ by BB ongidha sorsponding nitrile with NaN; and

N RRa- S RS Bt SRR R T, Ther o O

correspondi ng 15 nonohal ogemwibadchermrellr sors as shown,
for exanple, in Exanple 15. Di hal ogenated

1P3B, 4- t hi adi azolR¢ nonomers of For nuja |,pwhi ch
af e Jlsubgenus ofl Forgula N can be prep by
ocCindensat fr the 43— 2004/ 1026
/ US2003/ 024 barrYoyl ar oyl hydr azi de | rﬁ%lr medi at es
ap shown in Reaction Schene IV (A T. Pr ug nko,
D' CXX CXXI CXXII
Rz

Alternatively, monomers of Formula CXXII can be prépared by cyclocondensation
of benzoylaroylhydrazides as shown in Reaction Scheme III (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 III, a dihaloaroyl hydrazide of Formula CXXIII is reacted
with a substituted benzoylchloride of Formula CXXIV at room temperature in
dichloromethane (DCM) with one equivalent of triethylamine to form a
benzoylaroylhydrazide of Formula CXXV. Alternatively, in step (1b) of Reaction Scheme
I11, a dihaloaroyl chloride of Formula CXX is reacted with a substituted benzoyl hydrazide
compound of Formula CXXVI to form a benzoylaroylhydrazide of Formula CXXV. In
step (2) the benzoylaroylhydrazide of Formula CXXYV is reacted with phosphorus

oxychloride at reflux to form the dihalogenated oxadiazole monomer of Formula CXXII.

-42 -



10

15

J. Gen. Chem USSR (Engl. Transl.), 37,

2082-2084(1967)) where D1 and RZ are as defined in
woe@etiowns Schene 11. In Reaction Schene |V thePCT/US2003/024911

benzoyl ar oyl hydrazi de internedi ate of Fornula CXXV is

reacted under netathesis conditions wth P2S5 to

provide the 1,3,4 5 thiadiazoles of Fornmula CXXVII.

Reaction Scheme IVDL OD DI HNHRZ S D O CXXV RZ

CXXVI'l  For exanple, the corresponding

3- (2, 5-di bronophenyl)-5-[4-(octyl oxy) phenyl] 10

1,3, 4-thiadiazole (9) nmaRebgionsthemaThi s way.

Monohal ogenat ed 1, 3, 4-t hi adi azol e end _cappi ng group

nmpnopers are S|ntlarly prepared fromt e oor r espondi ng

(1) .
pnofjal nated sors oge
/ ’fl &z ol eﬁg@\of For—écu—@a»
sulbyenus of Formula | can be pr

cl ocondensat i ong¥x|yhe 15 benzoyl aroy| hydr lr

t er nedi ates as shown in Reaction Schéhe

iGXBkrg, J. Og. Chem 23, 1086(1958))CXiyre DL

and RZ are as defined in Reaction Schene |1, and Rl

s aryl, alkyl, heteroaryl, or heteroabkyl. In step
a)Q of Reaction Schene V the benzoyl & hydr.azi de

it gxnedi ate of My CXXV i §1bleact gO bR
hsplbrus *trichl)or @ an~erevat =® MRy at Rz
7g., 150 C, HeNthhe presencrr of RINH2, vvhere| 20

its aryl or heteroarydx)(\m provi de the 1)3, 4-troazol e of
POOCXM a CXXVIII. Aternatively, in gp(?)ax\gaf
Reaction Schene V, the benzoyl aroyl hydrazi [

react ed with chlorine in glacial acet

acid (Mss et

.,OJ Chem Soc. Perkin Trans. 1D’ -006
98R)) or ot her non-re@jtive sol vent formthe
Na CXXI X

@ leth - di phenyr—cownpound of For
StH of eaction Schene V, the O_N

, 4-di c Ioro |, 4-di phenyl conmpound of 25 Fornula CXXl X

|[551 reacPed vvlth RINH2 (Gautun et al., Ac em
Scan@XX5(6), 609-615 (1991)), wherein azkyl or
aryl al kyl, to provide the correspondi ng I
134triazo|es of Formula CXXVIII. %

200444 gga@fh?le ?Jén%%%%@ﬁ%%&&neﬁﬁiaf t3 gﬂd 6 RRPEmYde by

condensation of the correponding 2,5-dihalobenzoyl chloride with the appropriately
substituted benzoyl hydrazide.

1,3-Dihalogenated monomers are similarly prepared. For example, the new
electron transport monomers 2-(3,5-dichlorophenyl)-5-[4-(octyloxy)phenyl]-1,3,4-
oxadiazole (4) and 2-(3,5-dibromophenyl)-5-[4-(octyloxy)phenyl]-1,3,4-oxadiazole (5)
were prepared by condensation of the corresponding 3,5-dihalobenzoyl chloride with 4-
octoxybenzoyl hydrazide, followed by cyclocondensation of the intermediate 3,5-dihalo-
N'-[4-(octyloxy)benzoyl]-benzohydrazide. Monohalogenated 1,3,4-oxadiazole end
capping group monomers were similarly prepared from the corresponding
monohalogenated precursors as shown, for example, in Example 15.

Dihalogenated 1,3,4-thiadiazole monomers of Formula CXXVII, which are

subgenus of Formula IV can be prepared by cyclocondensation of the
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DI O D1 DI NH (~a) -N HN RZ RI-N -,N D1 0 CXXV Rz

(1 b) DL G (2bb) CXXVI I I N RZ C D1 CXXXX 5 For
wex@npbw1sthe triazol e derivative PCT/US2003/024911

3- (2, 5-di chl orophenyl ) - 4- (4- met hoxyphenyl ) -

5-[4- (octyl oxy) phenyl]-4H1,2,4-triazole " 8) was nade

by this method. Mnohal ogenat ed 1,3,4-triazol e end
benzap]amy@hﬁirmqbe mtnmnéxases as showymin|Reerijoppehsaedy € gmPrygiehenko,

A e B PSS TER agi  vdoros

in n WBh&He Bl 8n Re&&mil&ﬂ@rﬁblw e Eéﬁtﬁjdh@yﬂl\!ﬁdmﬁieah&rmédlate of
t he type Hal o- Arl (Ey) - Hal o where Arl i s as defined

ForaulaGDEXY is mpcted updermetathesiy condiipnsisyith Bags iy pewids rthe 13.4-
si zed by Suzuki coupling of a
tm?@??&ﬁ?fr?g&%gﬁgf mﬁoxadi azole wth a nonoboronic

aci d/ ester of the dihaloarylene as shown in Reaction
Schene VI. In Reaction_ Schene VI ere Rz is as
defined in Reaction ScReaoR PehemiaslVyi chi or ophenyl
boronic acid is reacted wwth a 15 nonofucti onal
2b1(Abbrom)phenyI) 1, 3, 4- oxadi azol epo e CXXXIE in
tjhe presence of palladium
IHph phosphi ne)}dichbori de and sod)tyn car bonat e
HN_NE ol Vént such as tetrahydrofgrap with heat
tjo fornj/t he di hal ogenated 1, 3, 4- oxadi azol € nononer of
r nul aOCXXX. The 2, 5-di chl or ophenyl borgat¢ acid can
be pnepared by reacting 1- brono-2,5-dic gazene
with butyl lithium then trinmethyl borate>0oll owed by

20 acidification. -45 WO 2004/ 102615 B&P%\(}62003/ 024911

R h V|
ea(I:Ftolr g)lgan%:le etrﬂg co}res%ongmg 3'?25 cl\lbl%mopﬁenyl) 5-[4~(octyloxy)phenyl]-

1,3,4-thiadiazole (9) may be made in this way. Monohalogenated 1,3,4-thiadiazole end
capping group monomers are similarly prepared from the corresponding monohalogenated
precursors.

Dihalogenated 1,3,4-triazole monomers of Formula CXXVIII, which are a

subgenus of Formula IV, can be prepared by cyclocondensation of the

‘benzoylaroylhydrazide intermediates as shown in Reaction Scheme V (E. Klingsberg, J.

Org. Chem. 23, 1086(1958)) where D! and R? are as defined in Reaction Scheme II, and
R! is aryl, alkyl, heteroaryl, or heteroalkyl. In step (1a) of Reaction Scheme V the
benzoylaroylhydrazide intermediate of Formula CXXYV 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 CXXVIIL. Alternatively, in
step (1b) of Reaction Scheme V, 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
CXXIX. In step (2b) of Reaction Scheme V, the 1,4-dichloro-1,4-diphenyl compound of
Formula CXXIX 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 CXXVIIL.
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Cl -g- - cl +RZ/ 30 NB(OH)2 Np OCXXXI R CXXX 5
For exanple, the new el ectron transport nononer
wWQ@2(02/19%15 di chl oro- 1, 1' . - bi phenyl - PCT/US2003/024911
4-yl)-5-[4-(octyl oxy) phenyl]-1, 3, 4-oxadi azole () can
be prepared by reaction of 2,5- dichlorophenyl boronic
acid with
2- (4- bronmophenyl ) -5-[4-(octyl oxy) phenyl ]-1, 3, 4-
oxadi azol e under standard Suzuki coupling conditions.
The corresponding 1, 3,4- thiadiazole (L4) may be
simlarly prepared by Rrea€ibhSohdhe %, 5- di chl or ophenyl
boronic acid 10 with
%1(brom)phenyl) 5-[4- (octyl oxy) phenyl
lie uhder standard Suzuki coupling Co
nding tri azo(hg) conpound (7) :
ed by_reagtion of 2,5-dj
wi th the nonofunctional BiTHzN
nyl ) - 4- (4- phenyl ) -5-[4-(octyl oxy) phenyl ] - 4H 1,
D'4- ole internmedi ate. The dichloro '
For CXXX can be converted to, the corrgspondi ng
di brono (b mononers by a hal2y exche I”for
exan‘p&by aadii on with hydrogen brom de in the
presence "of cat al yti ¢_anount of FeBr3 (Yoon et al.,
J. Chem S chqm , 13, 1013-1014 (1987). In
one usef ul di Formula 1V, -Arl(Ey)- is a
fluorenyl ene |of Forpulas XXXI-XXXII1. These can be
made, for exgaple, Using the diaroyl hydrazi de 20
cycl ocondensat i O@)()gxt e according to Reaction Schene
VIl where RZ is as defined in Reaction Schenme Il and
whe rF%r %Jh]ﬂe Rl %Pﬁeﬁedéhlvéftn}e@ %Gwﬁﬁﬁ@pzﬁ&‘lg QIQ@IDmeﬂ:ﬂ)xﬁghenyl)

al ky 1o al 20 ar éteroary

5- [dF(OﬁmcﬁW)mdyl}dﬁ Pb>2|,4 tmmla (i \m@ ma\@ i thisonethey. Monghalogenated

tons. In ste Reaction Sch
L5313 ShsAPRIGE SR PO OR e i SR o] B e eafpsgonding
méddRatbrakld; re@ﬁgﬁg of Formula CXXXI'I|l by reaction with
-46 V\% 2004/ 102615 PCT/ US2003/ 024911 net hox Car bonyl

chl drihdleg¢natadhle3 Sraxediseele srongmars of fieranlady wAigyfre a

S [
A FEHGI LIPS LAIE o BGSLAP et
Fdri@la INE§isdirealadfl, ked Halods 62654 of dhjord pamtbeasynthiesibed by Suzuki
hydrazine with heating. In. step }(lpea the hydrazide

coppling of:p msnofinctional diatyloxediazels wi monoboromc acid/ester 81; the
diﬁﬁgﬁ%héﬁgmd%qﬁﬁagﬁoﬁch% eRH! &n Reaction Scheme VI, where R”is as

defined in Reaction Scheme II, 2,5-dichlorophenyl boronic acid is reacted with a

3, 4-thi adi azo
o, Al so,

monofunctional 2-(4-bromophenyl)-1,3,4-oxadiazole of Formula CXXXI 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 monomer of
Formula CXXX. The 2,5-dichlorophenyl boronic acid can be prepared by reacting 1-
bromo-2,5-dichlorobenzene with butyl lithium, then trimethyl borate followed by

acidification.
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5 CXXXV by condensation wth an unsubstituted or

substituted benzoyl chloride of Forrmula CXXIV in the
w@e@gaomses of triethylamine. In step (4) the  PCT/US2003/024911

benzoyl ar oyl hydrazi de of Formula CXXXV is

cycl ocondensed wi th phosphorus oxychloride at refl ux

to provide the dibronofluorenyl-1, 3, 4-oxadi azol e of

Formul a CXXXVI. 10 Reaction Scherme VI R3 R3 R3 R3 R3

R3 Br Br (1) Br \ Br (2) Br / Br CXXIl Ow (3) O

NHNH2 CXXXI 11 CXXXIV ci RB RB R3B R3 R~ Br 1\ \ Br

(4) Br \ Br ~ - ~ CXXlNeactbMNSEhMdWPD H Rz \ Rz CXXXV

CXXXV | For exanple, the novel electron transport

nononer 2-(2,7-di brono-9, 9-di octyl -

9H- f | uor en- 4-yl ) - 5-[ 4- (oct yl oxy) phenyl ]-1, 3,4

|l e can be made by this nethod. In 15 thls case

2, 7-di br onp- 9, 9- dlsubgt—Nt ut fl uorene nono '
converted to the 4- msl / ﬁokova et a
cr _LJS&? ans 06 (1969)

Schid o et al . n1Ber 96 2595 2600 C1°63))
reactg E?%?tlj hydra2|ne and then condense¥swPt h
4-(octy %y)benzoyléﬁ@ﬁﬂlde to give the

2, 7-di bromo-N -[4-(octyl oxy) benzoyl ] -fl uor,
hydrazide i nt ermedi ate whi ch upon cycl oco
gi ves the desired nononer. 20 The correspondi ng

t hi adi azol e and tri azole may be made by rqukkxn of
the internmedi ate benzoyl aroyl hydrazi de of "Fornmul a

CXX¥¥r W{iﬂ?ﬂ?&ﬁé néil QRO traispef infononte? 24D, Mdﬁzﬁﬂfblg}lenyl-
PCT/ US2003/ 024911 conditions as in Reaction Scheme |

4-ylySdAdostaioxy)phenyll 1 3.4-pradinzaledioy carshrpraparpd Ry rgastion of 2,5-
dichlorophenyl boronic acid with 2-(4-bromophenyl)-5-[4-(octyloxy)phenyl]-1,3,4-

oxadiazole under standard Suzuki coupling conditions. The corresponding 1,3,4-
’thiadiazole 14 ma}; be similarly prepared by reaction of 2,5-dichlorophenyl boronic acid
with 2-(bromophenyl)-5 -[4-(octyloxy)phenyl]-l,3,4;thjadiazole under standard Suzuki
coupling conditions. Also, the corresponding triazole compound (7) 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 monomers of Formula CXXX can be converted to the corresponding dibromo
monomers by a halogen exchange, for example, by reaction with hydrogen bromide in the
presence of a catalytic amount of FeBr; (Yoon et al., J. Chem. Soc., Chem. Commun. 13,
1013-1014 (1987). '

In one useful embodiment of Formula IV, -Ar' (Ey)- is a fluorenylene of Formulas
XXXI-XXXIII. These can be made, for example, using the diaroylhydrazide
cyclocondensation route according to Reaction Scheme VII where R” is as defined in
Reaction Scheme II and where R? is independently in each case hydrogen, Ci.3¢ alkyl, C,.
30 alkenyl, Ce.20 aryl, Cs5 heteroaryl,'or C1.30 hydrocarbyl containing one or more S, N, O,
P, or Si atoms. In step (1) of Reaction Scheme VII a 2,7-dibromofluorene of Formula
CXXX1I is converted to the 4-methyl ester of Formula CXXXIII by reaction with
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in Reaction Schene V to provide the 1,3,4-triazole. In

Reaction Schenme VIII bel ow, nononers of Fornula IV,
wob@raoaws1s Ar1(Ey)a- is Formula XXX, XXX I, oPCHEXI0D3/024911

can al so be constructed through an U mann self 5

coupling reaction in step (1) of an iodo-substituted

benzoyl oxy ester of Fornmula OCXXXVII (wherein Ais H,
mefBoxyearbdiryl ahidri ini the Glesdncglof gluminimichlosididn A insriselvent such as

cobE e .30 AR S A3 B o

hydrd286 )1 P& PORICON B¢t ctidrOnh Bdraring withfeuifg. | 1 s&dpa®) the
(2) of the resulting diphenic acid of Formula

hydexaiste/pf Fortriuln CXSS8 Veis cahverted to e begpesderogbydragrie of Formula

-4270,(1933 for 10 ex I ' fUr [
CXJERY 3y o bicp R et AR Sl Sl et
FofRadt €00V i thé Preséicklof aictivagine Th step ¢)the Batroylasoyillydrazide

step (3 rovi des t-he fluorene of Formula CXL, which |
of Rermule as exslepondensed wih phosnhqrus,pxyellgride st rgtfux to provide

r | I.th g - 1] g;ra]{] lewRehly an R3-halide
theo(ﬁglg)%dop gse&ﬁ’gh%s#eardldr%g{ehmg S u‘tglilal I'zing, for exanple,

benzyl tri et hyl ammoni um chl ori de in di nethyl sul f oxi de,

fol |l owed by 50% aqueous sodium_ 15 h xi de and then

R3- Br. Hal ogenation of tﬁ%actn%@f:}t?‘?rﬁ%%al kyl at ed

fluorene of Formula CXLI, wherein Ais Hand R is

methyl, at the 2 and 7 positions can be done, for

_exanP € by reaction with Bhi®&rine in nethyloxirape g

in step (5 to give the 2, 7-& chloro fl yprene of
&. exLI ,ﬁn,ei Br @ Br( o gt At ) Br
c@s-@ 5-2600 (19633 eat ment of the @ O
2, 7=di chtoro fluorene of Fa la CXLIl with thion
chl oEKMXllin step (6) 20 givesthe reactive_acyl ;7 NHNH,
chloride internedi ate of ForoxMkKANCXLI . THa) CXXXIV
oxadi azol e, thiadiazole, or triazole may then be
formed atRdt g acyl chloride group Rgf s he acylO | oride
i ntermedi ake via a berizohydrazi de Mt er nedi at ezag_|

'ﬁ,& gtl1-V or by _di ang

A A
2004/ 102615

PCT/ US20Q3/ 024911 Reacti on Scherms O R OOCXAlNV
A-Q | §2) 30 A A COOK COBR ASGOR  CXXXVI |
CXXXVI | IX (3) o= N
o
RZ

CXXXV
CXXXVI

For example, the novel electron transport monomer 2-(2,7-dibromo-9,9-dioctyl-
9H-fluoren-4-yl)-5-[4-(octyloxy)phenyl]-1,3,4-oxadiazole can be made by this method. In
this case, 2,7-dibromo-9,9-disubstituted fluorene monomer 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 monomer.

The corresponding thiadiazole and triazole may be made by reaction of the

intermediate benzoylaroylhydrazide of Formula CXXXV with P,Ss under metathesis
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R3R3BR3R3/ COOR COOR CXL C CXul G _ (6) R3

K3 COOX C / \ ad OCXLIl ad OCXLIll The novel
wW@bkm@atiowmns t r ansport nononer PCT/US2003/024911

2-[4-(2",7 -dichloro-9",9 -dioctyl -9 H

fluoren-4'-yl)phenyl]-5-[4-(octyl oxy)phenyl]-1, 3, 4-oxa

di azole 15 H17C8 C8H17 CI CI 15 ON 5 C8H170 can be
corplitéqumrae dn ByaationGsheme M to provisie the 1,3,4-thiadiazole, and with R{NH; as

m%?a&%ngh#e OE’&PSF Vl‘gecé)‘g&r {L Iu%ﬁpﬁug?egievecg;lversi on

t 0 fRedctioh SSRANE VT belding Mdﬁbﬁﬁw@m%ufaw WMRELIDYAL! (B, ),- is
reaction with

Fopmyla WHWI) XXXl qa@@ﬂspﬂ@)@)gapgmpﬁsd tprouglh.an Ulmann self
ooty e R0 P aG B ATEE b R B 3B B Bqrmuta

C)NDXVIIE(Wheﬂin Bds M)ICA, dr\Br ani @ 64 Q) 7 Ak E}iﬁlﬁcopbér/lﬁronze (see Rule et
0- di hydr ophenant hrene_ of Formul a XXVI |

al %(Cke'@a‘?%éo Al HeeP3 8y Nonlvng ehdlo delde ds%% SPﬁ 8, 5511554

P04 BRSO 9 et B i wia o

Fotdmda GEEEYV TIE YHontbess 0Alg U2 dmt Ehoh. Soer 5154I43622XI2170/(1933)), for
B e T kb e R
Re@@d’tronjo% %he 9-8fiSrcBame iR 9 %@ﬁh&ﬁ@l\ﬁ' s‘?ﬁ) (@P Brovides the ﬂuorll'ene of

cyano-9, 10- di hydrophenant rene of F a CXLVI'|
Fogwap OX3), whitlheambawdkylated wi thh Okprasitiondn step (4)exarepdtion with butyl

A TN T TR e —
benzyltriethylammonium chloride in dimethylsulfoxide, followed by 50% aqueous sodium
hydroxide and then R>-Br. Halogenation of the resulting 9-alkylated fluorene of Formula
CXLI, wherein A is H and R’ is methyl, at the 2 and 7 positions can be done, for example,
by reaction with chlorine in methyloxirane in step (5) to give the 2,7-dichloro fluorene of
Formula CXLII, wherein R’ is methyl (Schidlo et al., Chem Ber. 2595-2600 (1963)).
Treatment of the 2,7-dichloro fluorene of Formula CXLII with thionyl chloride in step (6)
gives the reactive acyl chloride intermediate of Formula CXLIII. The oxadiazole,
thiadiazole, or triazole may then be formed at the acyl chloride group of the acyl chloride
intermediate via a berizohydrazide intermediate as in Reaction Schemes III-V or by direct

coupling with a tetrazole as in Reaction Scheme II.
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Forrmula CXLVIIIl, the cyano group of which can be
converted to a carboxylic acid group 10 by treatnent
wowaoh/1tease or to a tetrazole group by treat meneCT$1903/024911
NaN3 and NH4Cl1 in DMF at reflux. An oxadi azolyl,
t hi adi azolyl, or triazolyl group can be fornmed from
the carboxylic acid group by first hal ogenation wth
thi onyl chloride or cReastionscheme YgHhy| oxir ane,
followed by formation of the oxadiazole, thiadiazole,
or triazole group ao0Cn Reactlon Schenmes 111], 1V, or
V. e tetppzol e Q
A ‘@ e -as—4#5ASk W @ An
oxattazol e. React++t
Br + 0DRRy O - RY CQORE Mc:OOC COOWVE CXLIdb(@(LV
CXLVI 2) BrNC - ¢ /' \ NC RyBr (3) Y
CXLQ)pPﬁVQ'CXLVII I\/bnori(exr;%mt)f Formula 1V, \Ahe%’&')g
-Arl (Ey)a is Formula XXXV, XXXVI, 20 XXXVII,
XXXVI'Il may be made as iIIustrated by the prgparation
of a 2,8-dibronp- 6, 13 djgsydr oi ndeno[ 1, 2-b] f ["'uor ene
usi ng the process of Regdction Schene X In p (1),

Suzuki coupling @'@ 4)
8 terranet Iy

2-(2,5-di rrethgllp
bor ol ane wi t H9) ormem al¥y avail abl e

—A
I OXa

2- br ogo- 9of | ot enone QOARi des COCR'
yl phenyl )fl uoren-9- one. Commexti al |y
cravai=gbNe—R- br ono- p- xy®¥de is converted to
W phenyl )- -50 VO 2004/,102615
024911 (8)

ne by treatnent
with butyl lithiumand react heCl it hi at ed
i nternexlillate wth
2-i sopropoxy-4, 4,5, 5-tetramet hyy
In step (2), 2-(2,5-dinethyl phe
be converted to 2-brono-7-(4- 5 ayoq

2, 5-di net hyl phenyl ) fl uoren-9-one with bromne in

chl origd sovel élkctforGranBegit aspemeef 2-¢4-(2°,7-dichloro-9” 9’—dlocty1 -9’H-
fluoren-4’-yl)phenyl]-5-[4-(octyloxy)phenyl]-1,3,4-oxadiazole (15)

1~3, 2] di oxabor ol ane.
y?5f|uoren-9-one can

can be prepared by monobromination of 2,7-dichloro-9,9-dioctyl-9H-fluorene to give 4-
bromo-2,7-dichloro-9,9-dioctyl-9H-fluorene, conversion to the corresponding
dichloroboralane followed by reaction with 2-(4-bromophenyl)-5-[4-(octyloxy)phenyl]-

1,3,4-oxadiazole under standard Suzuki coupling conditions.
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5 bromnation at the 4'-position of the phenyl ring is
directed by the 5 -nethyl and fluorene substituents.

WO poogties1x 3) , PCT/US2003/024911
2- brono- 7- (4- br ono- 2, 5- di net hyl phenyl ) f | uor en- 9- one
can undergo potassi um pernmanganate oxidation to
provi de 2-brono-5-(7-brono-9-oxo0-9H
f | uM@nRryd)Fdrauéphit, viiorain asi' (By)Risw9,¢ 0-dshydegphienanghrepe of

4), 1.0 2, 8-di -6, 12- di oxa:- 6, 12- . .
FogHlp VLY A RO{IE, ot BIAK 8 B &V AL RIER Sy Fogese ipyn in Reaction
scg{;ﬁe?ﬁt 880y th SRBYIE Sz bhupiitel dfthepiRaiBorolthRFTEMURITX LY
with, tBe diebryd nyan®bioznaticoxeatsofiBorgiutn/ dXbIYi teavades the efanpdiphenic

estgﬁéél?ﬂ%&a&)é%k,mj giétlelg (2)1 a?cy giﬁ“ ‘r)ecﬁlg‘gi(’bn wnttshchre? 911., Chem Ber. 125,

848.885 (19929 681 ﬁo*ﬁl‘edﬁ@Mfﬂh@im&i‘h%rdm?henamhrene of Formula CXLVIL In
b] fl uorene-3-carboxylic acid. In step (6), alkylated

stepy(3);, dibsomination withthyespine, foriexamples ip|medanaghogide at room
R3-hal i d L] 7]
SRl BTN pEARRE Y AR iRl elopsbunt o

rre

Foat RGN GIL fthx tyio ghrolp sfvadctbyartiocagereaits asathavylid beid group
hydr oxi de_and then R3-Br provides the | .
byitiratnelt Fith-hepe prioradrBazls group Py &rcgimeph Wi NaNa@rd NH4Cl in DMF

t .
o RS Ry 0508 bl b e
caffokghd sted rvup myeitsiEiatogehatorwith thigiyl cHlosderndilornd @,

t hi adj azol e, r triazole may be, forned at 1he acyl
methylgxia, Glousd oy TomeAtonpf Ui pralinaeic: Tiadiwelss Sk (Eslg gxpup as

in R%F&@Y’l@’cﬁéﬁ‘lgﬁﬂ, HebPRdiThE SRS oletaffB8 flacRE Wit SR Sloy] chloride as
-~V or

y direcf coupling wth a 20 tetrazole as’in
sh&wadn ReactiSo ISehenéAll tb form apoxX®ljazoieor exanpl e, the

oxadi azol e of Formula _CLI. i rovided by reaction of
the acyl chloride int emﬁﬁogggg?ﬁle rrula CL with
5- (4- octyl oxyphenyl)-1Htetrazol e asmMedo®Reacti on

Schene |1. 5 0 -51_ WD 2004/ 102a¢ / U 3/ 024911
N 'oEr Sc X O 3CtBg Br -
1 w LB X SEGE (2) 0 3) ROTt ~ 0

COOMe MeOQOC COOMe
CXLIV CXLV CXLVI

¢ @

NC
)\ <
Dt T W/ N

CXLviil

te

-

CXLVIiI

Monomers of Formula IV, wherein -Ar" (Ey)a- is Formula XXXV, XXX V],
XXXVII, or XXXVIII may be made as illustrated by the preparation of a 2,8-dibromo-
6,12-dihydroindeno[1,2-b]fluorene using the process of Reaction Scheme X. In step (1),
Suzuki coupling of 2-(2,5-dimethylphenyl)-4,4,5,5-tetramethyl[ 1,3,2]dioxaborolane with
commercially available 2-bromo-9-fluorenone provides 2-(2,5-dimethylphenyl)fluoren-9-

one. Commercially available 2-bromo-p-xylene is converted to 2-(2,5-dimethylphenyl)-
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Br Br COOH CH3 (4)1 OBr (5) HOOC Br HOOC _ i Br \
\ Br 0 (6) R3 RBRBR3 HOOC CDC Br (7) Br Br \ / \
w0 2@r/162815 R3 R3 R3 CXLIX CL 3 (8) R3 R3 H17 CPET/USND$/024911
Br Br CLI R3 R3 Monomers of Fornula IV, wherein
-Arl (Ey)a- is Formula XLIIl with one or both 5
termnal rings substituted with Ey, may be nmade by
4,49, 3-stranreiiyifd , 352 Jdioxabdrolapt by treatiendfvith butyl lithium and reaction of

the ithaiog FRERAATE 37 RORICDP B e MR TR GOttt In
oS 4 gy e gttt o Vo
2 Secymethyl}ﬂwymmarbmawnemﬂénbmmm igichlorofpya et K°Cs R@g@elvﬁclﬁc

brogql,}gat% geséb H&S}t{(’ﬁt(’é—gh %gb}lg%ig 415 fgtg% Bg, the 5’pnr18t¥1yfjand fluorene

suﬁ%eﬁ@z@x%%ﬂ €491 brorhé 7RG ERIno 2OSTRRREIRY 16 lflerﬁl)ﬂﬁbfeﬁ@ -one can

. Acyloin reduction (see Fritsch et al., Che
uncmgo potmmm paignBEBntd ooigdytiontp provdde Srpprnend- (berP@PrﬂJP@ -9H-

ﬂuoren-zl-yl)-tereﬁmtﬁﬁm a%ld. I%% CH)SMI%, {nhs%ep 64"},3‘:8 BR-dibromo-6,12-dioxa-6,12-
dihydroindeno[1,2-b]fluorene-3-carboxylic acid 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, in step (5), with red phosphorus provides 2,8-dibromo-6,12-dihydroindeno[ 1,2~
b]fluorene-3-carboxylic acid. In step (6), alkylated by reaction with butyl lithium
followed by an R3-halide or by phase transfer methods utilizing, for example,
benzyliriethylammonium chloride in dimethylsulfoxide, followed by 50% aqueous sodium
hydroxide and then R3-Br provides the indeno[1,2-b]fluorene derivative of Formula
CXLIX. Treatment of the indeno[1,2-b]fluorene of Formula CXLIX with thionyl chloride
gives the reactive acyl chloride intermediate of Formula CL. 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 III-V or by direct coupling with a
tetrazole as in Reaction Scheme II. In step (8), for example, the oxadiazole of Formula
CLI is provided by reaction of the acyl chloride intermediate of Formula CL with 5-(4-
octyloxyphenyl)-1H-tetrazole as in Reaction Scheme IL
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substituted 5,6, 12,13-tetrahydrodi benzo[ a, h] ant hr acene

of Formula CLIV. Dibromnation, for exanple, with
wheoaitees13 n chloroformat 0 C, in step (3), caPCpUswae24911

the dicyano 5 substituted

3, 10-di brono-5, 6, 12, 13-t et r ahydr odi benzo[ a, h] ant hr acen

e of Formula CLV. Treatnent of the conpound of

Fornmula CLV, in step (RpactimntSehérae& can give the

di carboxylic acid of Formula CLVI. In stgp (5),

: a CLW wth

| oride

hene Xi

MQ2C CN  CLI |

G/ CLV CN CLIV

(4) (5 B / / Br 3 Br/ Br HOOC Cl oC CLVI COd
CLVI1 The oxgldi azol e, thiadiazole, " Qr triazole may be

fuga@d at thejacyl chloride groups of' thejacyl
chl or)de i u@@ Be of (Bormul a,CLVIT vi g a Br
o

b e azl de =$nternedi ape\as A=A Rgacyt on
Schene =X/ or by direct coBprityg i @ﬁ@ azol e
as in P99baction Schene Il. As an |[ternative, the

5 6,12, 13(
CLV can be

t rahydr obenzo[ a, h] ant hracene or Fornul a
onverted to tetrazole -53 WD 2004/102615
NaN3 and

cyano grou E of the dicyano substitu 3, 10- di br ono-

Monomers of Formula IV, wherein -Ar" (Ey),- is Formula XLIII with 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 XI, below. In step (1), dimethyl 2,4-dibromoterephthalate (available from
Maybridge Chemical Co., UK) is reacted with the cyanophenylborolane of Formula CLII
(see Kristensen et al., Org. Lett. 10, 1435-1438 (2001)) to provide the cyano substituted
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with an aryl oyl chloride as shown in Reaction Schene
Il to forman oxadi azole. The nobnocyano substituted
WG 2®41@6138- t et r ahydr odi benzo[ a, h] ant hr acene of PCFHUS2003/624911
CLMIII can be nade through a sequential Suzuki
coupling shown in Reaction 5 Scheme XII. In step (1),
t he phenyl borol ane of Fornmula CLIX is reacted with

triphendoeonipoypd ofFoymba 6&UILy Aceleinstedugtina(pgel Fritsch et al., Chem Ber.

ht hal 4- bi ph
1o R FHESFRT DALY A Bl At AEP T dcyno
suttitueéd RBMRfl3CRtrhigirodibenzEalt] aithlak glecsTFormafa CIOMIUD®romination,
CLX is reacted with the cyanop henyl bar ol ane of_ Fornul a

forexpmplenwith bspminedn chlscpzfgm alc lﬂ; lin ﬁf@p EDnean prowisledlye dipyano

t
suﬁfgﬁtg@g?&éﬂ%g Sn%k? ggﬁ&?agggtot‘alﬁgﬁé’d janﬁ‘&ﬁgggnte ?f ?b%hma CLV.
Tré&theiio e udd:bf Fbﬁm[m mmy amstep (s tvith basdcan g1ve the

5,6,12, 13-t rah | h] ant hr acene of For
dicafbgryic acg Eara@ﬁ %3’ %Zﬁ es?@m%twé %ﬁ%méo n%ﬁommla
CLWMH‘ﬁédrg/ngﬂlh{gﬁg Ee;}g %g@ghgg‘g%t}xé ﬁg}?tcgfg}l% %nteﬂ??éﬂlaflé 8%%rmula
CIdilbr ono nonocyano conpound of Fornmula CLXII may be

reacted wwth with Na Cl ip DVF at reflux, in

step 15 (5), to formm]l?r CS@’FE@%%‘F%Q& Formula CLXI I,

V\,hl ch ¢gyebe reacted wit rt;@mearcwmechl ori de,

do in st@p (6)
rahy-el*odi [ cene bearing a
pen dlazole RE

Al'tmr nati vely, the
cyd@o g p on the corrpd\dﬁ%C oMe@dr nul a CLXII can be
hydr ol yze to formthe carbox@LIt acid, which can in
turn be treated with thionyl cllorldetoformthe

acyl chloride internediate. TEf acyl chloride 20
i nternedi ate may be reacted V\SI an aroyl hydrazi de as
[ acti on Scheme |11 to form

~azi de,_whi ch gaR be converted to an
o" ~ 'QZOI@, or, ' '

[V, vvhere¢|2 ArI(Ey)a NS ornul
t erm nal }{g substituted with E
2004/ 10261?/%( / US2003/ 024911 R

Co2me (€02 (1) Br \ / \ / 0 Me0O2C M@2C CLIX CLX
cazme

0 ©
LA R — w
HOOC COOH cI0C

CLVI

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

As an alternative, the cyano groups of the dicyano substituted 3,10-dibromo-
5,6,12,13-tetrahydrobenzo[a,h]anthracene or Formula CLV can be converted to tetrazole
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P:x B~ NCCLII (3) C02 M CO2Me ME - NC NC CLVI I |

Me02C Me02C CLXI ~(4) NC Br (5) --30- Br / \ Br
W@M/102606 N-N CLXI | | Br Br NN~ o CLXIV ApQr/BSmhe024911

di hal o nononmers prepared as described in the above

reacti on schenes can be converted to the

correspondi ng di borolane by treatnent with

srhpsbyptresmatiowith dadbraod Nih] ipBMEsairefinza cBactietazole can be reacted
.cataly

ed . . . .
wifhgiers oy Lchir it howe SoRpistop Sehemelles Brahppgiaples .
L ;
S, B S 0 gt s o

Forhindle ChIVIHesad deimvartei theouglEr sequential (Sugeki conpling shogmmsn Reaction
not b t his i ' A .

SR R, AR L E B Gly Bla BA R @R GRS Bt with nces

(tyg\i(c)ﬁﬁz% g g?ﬁ%ﬂéﬁtsp@h/dﬁ@ﬂi2§21-aiblvdr@d1€replﬁthﬂb& tb pir@rthe drbrombBiphenyl

102615 PCT/ US2003/ 024911 There is a need in .
of Fprsnule CLXo#s themajoranodct cBsdemiZ B A0 égawmoblphenyl

o] Sk if i ..
o AR R eAEAty S Pali sim
Sugeiice@slingNonditioas eogipe firnhencofarm sibstithied ririphanybeSidyinala CLXL.
conposition are soluple in a_ co sol vent or

In fieR (s @ YNSBIUFERR 85 IPLRERofpR SR X bROBIISE Meanagyano

O i SOHtFrhal 1ft OB #hsBquent
R g A e
dilsteriiegion ploe peansple f withrbtonsise inoahigrofoini ab ASCpinetten @ may give the

.Shoul d provide | ow gp?%at [ rl

dibromo monocyano compound of Formu
of Formula CLXII may be reacted with with NaN3 and NH4Cl in DMF at reflux, in step
(5), to form the tetrazole of Formula CLXIII, which can be reacted with an aroyl chloride,
Ar’C(0)CY, in step (6) to form the 5,6,12,13-tetrahydrodibenzo[a,h]anthracene bearing a

pendant oxadiazole of Formula CLXIV. Alternatively, the cyano group on the compound

§ CLXIL The dibromo monocyano compound

of Formula CLXII 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 III to form a
benzoylaroylhydrazide, which can be converted to an oxadiazole, thiadiazole, or triazole
as described in Reaction Schemes III-V, providing monomers of Formula IV, wherein -

Ar' (Ey)o- is Formula XLIII with one terminal ring substituted with E,.
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vol t ages, high external quantum efficiencies, proper
color coordinates (e.g. red, green and blue for
waele@phees1appl i cati ons, white for backlight PCT/US2003/024911
applications), long operating lifetines, and
conpatibility with the printing process (e.g. inkjet
printing, thermal induced |aser 10 inagi ng, gravure
printing, etc). One particularly attractive approach
has been to prepare blends of small nolecule agents
(hol e transport agent, electron transport agent, and
em ssive nol ecul ar dogadakiion Scheiz Xmert pol yneric
matri x such as polystyrene. This is referred to as a
nol ec b tly doped ~pol ymer COMosition. Such
co 1@ Bns ar% SO|BtI I bl e. However, the
I agsi st in the transport
of a r| ers, r}\ged e hi gher operating
voltages Eg shorter évice A fetines. The vol tage can
be decregg by enpl oying a arge carrier in the
pol ymer host. For exanple, pol yvi nfP-Mearbazole (a
p-type, or hole transport2ng p % n be used as
a host for nolecular electron tr¥spat materials and
enm ssive dopants to fabricalfe eMNect rgl yni nescent
devices with | ower operating voltages. 20 Low
R FeeMe |&P-8et end to be p-type
gpoxt hol es) due to
\_mweans that they
sSPofbo &P mpani ons or
conpthqn | ayers in electr 2Um tent devices in
order to, show | um nescence. Th Ihas been a short age
in the ayu)of n-type electron transport polyners to

serve as'! solution processible host materials for
maki ng/ 2% blended em ssive organlc el
f .el ecti¥opn tr a

E B f|n|ty and 3 IPfy

njectlon and tray ,
and (|CLXMarg- band gap i n ordefy-No pr@NMeENtE ener gy
transfer of 0 shi ch  are_produced by charge
reconbi gat{ ' Be @Lunrnescent speci es,
or fron&t escent Species to the

electrmp transport ral{ erial. 30 In one useful

enbodi Pt KHé(ylectroactlve conposition is an

el ect 5@l um nescent conposition conprising an

el ectroactive polyneric arylene of the invention; said

conposition optionally includes other materials, such
56 .WD.2004/ 1

h
b/ AR Sngine™ ripibd & 3G i PR agRES Shemos can be

comgéredd t8the @ﬂb@ ndiBOEBERIAne bRyithedhent lWi’l!hﬂﬁé(bﬁlracolato)dlboron and
emtters, enrttlng yners (LEP' s)

pthmgua@taﬁ@cqédw&dcb}e[é,,l 'brsétgph@whé@ ino)émssanldichlompalladium

oG RSP P T e RS A SN o v

the diborolane derivative.
Electroactive Compositions

In another broad aspect, this invention provides electroactive compositions

comprising an electroactive polymeric arylene of the invention.
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5 copolyners of the invention without limts on

relative proportions of the individual conponents.
weemh/1ieends rmaybe prepared by sol uti on bl endi PQT/US2003/024911

blending in the nelt state. A second enbodi nment

relates to blends containing at |east 0.1 weight % of

at least one electroactive polyneric aryl ene

( hommpe isyamseddn theapoioy B&dﬂbiom]ﬁrobéasibﬂmdm’ttdlmnimmemt eompiagitions

thagqaatngeggllgfpgg&eq%t@e é)l;rrg}glmeﬁgpéh ¥ r@%t'r%% gg %ﬁ%ﬁf@ﬁgeca‘tmg

t coskiile RbRPOsitioRireR6lub]
OLBL R Sies ) PHL AR S g ool

commbh selverter nikwseofxoiysots, adhs selatiomprogessitie congposition can be

Iectro lC deyj ce
ool ol AsHATaIC to T pammip e Bl e Bb ISR pinhalss QHED
de@éed Prérdis®dm thdse Eoﬂﬁéﬁﬁ&lﬁrﬂ&erabfy ghiotrdt rB@ide low operating
patterni ng, and transfer nethods inclu

voltsagamlnll@ extmplexuapmnmﬁﬁﬁgnmg% mé«mfr:r coler mqrdagatea (mg red, green and
|i.t ho h

o6 G SRR B e SRS A oA s,

and EGHSARBI1Ety FRRIMAAE pentirseeprotesk (e.§. hﬁl’é]et frithdethenysitindmed imer

preferably selected fromtertiary aromatic am ne
imeging, esavuyeprintingleic).-ned above, el ect ron rich

het [
e BB BEARARE0% bR Sedne? et OO ofematl mocl
agéﬂtsﬂ(&bleﬁmpére ageni, (rjbﬂzécudﬂ rt]ltanmﬁ{] agpit, gmi EmissiNe rrmlécﬂlﬁ@))pant) in

and ot her conpounds such as t e .described in
ROABEriA AT sucly At PRIFTERE( BhS IS ierregde o wy)}?c“!mly doped

po %r cSHp ééﬂ T ﬂcﬂ%onlgosﬁbﬁsoﬂé b@lg{lorlx\}arocesmble However, the inert

arge- Iransporting Pol ymers and Ml ecul ar G asses”
matindbsdittiofo Asistindkaltriisport Dﬁchargacmtnélhdlemhng tavkigheri Q@Iemtlng

vofien a1 Siariet SRR SRS T ipef Gp Podisgesred BY hblovifes
chﬁlg{: arkiEARSIRO pbIyRRE HORT Foﬂé&fﬂﬂle ipBlyvisS eaﬂahma@ap BleUstehole

ynmers derivéd fromthe hole transport nononers

tranﬂmm@wﬂymbt) van bpusedvs myllostciar hwleshilss elegiten trpnspettimaterials and

e hipg A ot Hleg et BERo W Ingl glating voages.
al | 1Qfy ¥Bicetlapveight 6altaes MhreaRes 16 beY-1ypé ehariceheyd0
El ectron transport materials include el ectron

preferentigby ranspers heles) dusdo thsinlawrelectropafiinities, Whidhia s dhat they
ful j I .

BRI E <SG bl 1SR o Sl decicotuminescent

dedREd Masdale ¥kow Nehieeasheaelliete lesrieen n disorcaen fiwi angof-BGEpe

WO 2004/ 102615 PCT/ US2003/ 024911 i n%n%ﬁl i nka%es as
elestrpn HaaspeBndymers & earec ey Witipamreqeanpleihostgaipfials for makmg

B8 (AT Sl I E 0 RSO SR i

are (i) large electron affinity and high electron mobility for efficient injection and transport

of electrons, and (ii) large band gap in order to prevent energy transfer of excitons, which
are produced by charge recombination within the electroluminescent species, or from the
electroluminescent species to the electron transport material.

In one useful embodiment, the electroactive composition is an electroluminescent
composition comprising an electroactive polymeric arylene of the invention; said

composition optionally includes other materials, such as, for example, hole transport
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but yl phenyl)-1, 3, 4- oxadi azol e (al so known as PBD) and
1,3-bis[5-(4-(1, 1-

walemetbpsiet hyl ) phenyl ) - 1, 3, 4- oxadi azol - 2-yl | beP@ZET§2003/024911
(known as PBD diner) as well as 5 starburst and
dendrineric derivatives of oxadi azol es (Bettenbhausen
et al., Synthetic Metals, 91, 223 (1997));

matdrisly blspirom trensportimaaterial, kindarypalymec binder, mplecular emitters, light

e R i s erPosssns ppopds ad ol
coﬂir@f&%ﬁﬁteﬁéﬁ) as well as starburst and dendrl meric ’
derivatives of triazoles; organonetalljc conpounds

suc ﬁnasmbpd@(eoi relgtey o bjends R o mare ofi thoh?r{wqw}wrar?a
cof G-3RI BOILFIAB LD ol B

corh@&{eﬁfﬁo ’Suclﬁ)’l@iﬁ)ds hdbbe prep4rddBY Jolatich Elehﬂm@'(a'zh]lémtmg;mum melt
Strohri egl, Charge Transporting Pol yners and
StaI?bI ecul ar d asses", Handbook of Advanced El ectronic

and Az%g&i%g%ﬁ%@}n%ﬁﬂ rala fsQ@Wﬁlen (Ydrﬁ:ﬁﬁm lt Rast™Bl WaighP e of at least

are | ncor por ated herein
onéwlectrcm‘cavemigmeﬂrs alyidrechdraopadymet @rcopalyefen) ofi the irtvestéon with a

mafesal e G AR el RS T  BRyp A  bp Bvg sl mciéeute, an
1110?[? & lﬁﬁ&ercﬁ{d%%ﬁdt&néﬂﬁéﬁ%@eSuﬁf‘ﬂeﬁlﬁtrﬁiﬁ@é %III ?ﬂ@d by solution

t| ves, phosphorescent cyclonetallated c ate
bleodmgl entelendifig inl the meltstaten ( | | |) Cs(l1), Ru(ll), Ni(Il)

I SRR R 525 RS AN G2 ORI 0R ReA ORI Bl gpioes by thermal
paﬂ@é} LB RN a e ARR @ANC teberby 'BIRG cdf) aRB bt nséfhl foh abkMiermal

mol ecul es derived from yl ene, benzo[g, h,i] peryl ene,
pnanng; pateming, a:xprwr@méer gqbymloqimg,afﬁoexarmd@, jgt printing, Screen

. I f I I
prifiRerog PG SEE 0l uhe Tol coul es deri ved

fro ITH“o@éJﬂa{sFBﬁ n‘fdﬂ&ﬁlﬁ&clllﬁc hele transport monomers and polymers Hole
benzot hi azol yl ) - 6, 7-tetrahydro- 177tetragviaEr
trangqr tFRONOIRRIE u;e@b@ﬁé@sp}e@ﬁgﬂ gystergs are preferably selected from tertlary

b LRI PR aLA DR U R

deRnedaboxs, dlentionrrich 1ﬁor(gam€anﬂmrganorﬁélﬁhlrc cam]blexes Other examples

e SR A A GBS B as S dorved
.IfrlﬂglI(L\IvP ot 41 gwitl%)é’tgf @z(all.sI blhl?g( (1697 g 2389 \Pt(frIaiﬂle\h&% l-lﬂ %trohnegl

ecules @ scent org anometa

“Clha¥er Trahdpoyting AdiRinexslahd Molmﬂaﬁl Gﬂessba; VK andbd_odef(Advm,_

Ela i Phtonia RARCld L D AAE2RE L N COPRaungIS uhes 25001,

bo'tl{I Which &g@i)?éﬂtﬂe%ﬁ‘b&}‘eﬁféﬁ% i tuted

onet a Identate” |1 gands of

2 ( Hola ;ujan:*.'pplrt)p;éymm azcflibin tﬁesp Fo&;qm;is Inshidepebmness derived from the
ok QUL SRR B2 OB ABA o wagtpp tac

pobfdh bO ARk R HPAPOB/38266401 U.S. 5,681,664, wo 9932537 and WO
9806773, all of which are incorporated herein by reference.

Electron transport materials include electron transport monomers and polymers.
Electron transport monomers useful in these blends are preferably selected from

condensed polycyclic arylenes as defined above, heteroaromatic compounds comprising
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benzot hi enyl pyri di ne, 3-net hoxy-2-phenyl pyri di ne,
thienyl pyridine, tolylpyridine; Xis selected from

w0 b@4gewup consi sting of acetyl acetonate ("acarCh/PsS2003/024911
hexaf | uor oacetyl acetonate, salicylidene, picolinate,
and 8- hydroxyquinolinate; Y is selected fromcharge
neutral chelating conmpounds such as opti onal IIy

iming binkages e defirad; abave.\aad clspiromdefioiont inqrganigeomplexes. Exemplary

ele&%ﬁléglspclgpéﬂ??geysdlgggﬁﬁ Qﬁi{laug :Sﬁ(lqlné% 4-{3@]}%@@%?—3%&- WO

bu@ﬂ;ﬂa&ﬁ%l?—lﬂ |4-okadisrol@okabahad PBE)and 13vbister@rice, and
usef IcorretallatedOs 1) chelate derlvélves

dimetayleha)phenyd- kéﬁgcmadiaﬁo t3- ﬁ]‘@nﬁrm 9w a3 BBD d¢imeg)ps well as

S B 44 B TSR S
Mds@lk, 3, ZZBJ(/WQ%@, Nt-s(uwﬂiﬂ)edam&obd deoivatiedsisuch ESGl-(prqﬁlemflyl) 4-

ph;(fygsr(h)t%qct)&llpﬁu&r@eSﬁi%:@&;ggélgfgglﬁpclggopvh}e é(s(’gA% asZ v%n a starburst and

| ) -
eI PSSRy Bememetaip sompous st ge wis®
hydlnox{z@m(uﬂatom ghinonyp ({Aing) artﬁﬁnplnﬂnlylaadaii;(aﬂn')ircmqu@b]a)q)alum1num

B 3Ja3 i e B ORBR et iR ooy Ol o i oL Shep. 125.1

(15@79 &%ymmﬁuﬁv&mmdsemwgl w@hafgemlahapo $HB BdBneis and

ful fluorescent Zn (I1) chelates include those 15
Mmla@@mGlb§SGS°o Handbeak of] Advangaed: FlectranioudaPhotonig Matarjels and

DS byl i, 23 LT b ot it s bRl i oy
refbﬁgg@ taught in U S 6,203,933 B 1, incorporated

herei n by reference.: Exanpl es of LEPs for use jn these
bl eAdelecilar mﬁywmsgfubmh@&@mrsdﬁﬁ?@réferat% selected from, but not

I
i B e KRR RRRE B8P Bhoc e
an&ﬁeﬁetdarﬁa’mwﬂwmes pﬁt%pbdrmbnmeldm&almwmkﬂt@cc&ﬂplbm@f
of the _invention is bl ended

iﬁ]):) ol ynmer_or cop
1y ROGH Gt TR P CiDe st faorordeths irfte comploxes of
z@ﬁ?ﬁﬁp&f(fn)p% Xéﬂiﬁee% o’ftﬁQéiﬁl Al RERBR" Cﬁo ))%GQEPE boééJcﬁg bfyRide

ransport i nert
enpitt@y irbtude malsaded derivad fioat pemlpm rbeszd[g,hnmwleneo ﬁnthtwtrte

DYBRe roatb e aRe EBrees. | st A usto) HpdrgedinkpoImc Il

hefé%ﬂ?ﬁ@ﬁé‘&énva@%é iABRLE ifholé%uieb %Five%lrﬁ'éﬁl lcBEMPPNYABR a£10-(2-
nmol ecular emtter is added to the blend to forma

besmthmquml)-figi)é,éésﬁrﬂiydrce bitposictiametityhd H, T 1He 1 fusnpenyrano[6,7,8-
nt | tt t
luec] b GRS mbuRy FotiRR afaT), S eadiieggivyy 7

diRBRM L Rhath (dIR b ¢ Cunfiria@P OemharRf 5409, dhd| 32iophenyl-7-
VI=VI1I wherein greater than 25% of the nononmer units

méthoxyeeumhunt Exampley of yrefu) Pb‘PSPbOI@SWé m@lqnetablatyd elrdate complexes

ot R xR R A 80 e el R AR g3 ™ "

phdEpHoBsBerit B i hofetaMaPht halena.! guo(m) ALV eHEDXDI 'S ZRE@DX,
oge or_noy g hol e t rlapszaort nononers, pref ey ably

L'§c0s(W¥, ELoR(RY, &1 b Pé(IBeomppundswhese brend b %b?ébe SqIpe or
diftreR Y3 instance and are optionally substituted cyclometallated bidentate ligands

of 2-(1-naphthyl)benzoxazole, 2-phenylbenzoxazole, 2-phenylbenzothiazole, 2-

phenylbenzimidazole, 7,8-benzoquinoline, coumarin, phenylpyridine,
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-59 WO 2004/ 102615 PCT/ US2003/ 024911 that is 5% -50%

by weight with respect to the polyner, and (3) one or
worerog/1emhiecul ar emitters in an anount that i sPOI/0S52003/024911

10% by wei ght with respect to the polyner. The

nol ecul ar wei ght of the host polymer is preferably in

the range of Mv = 2,000 to 100,000, nore_preferably )
benzothibeylpyaiviee, 3imathoxy-2-pheaylpyrsing diienydpwidipg delylpyridine; X is

referably in 5 the.ra = B -
seiga Pyt atstpopari e loc e fatHic) e fidecspyiacetonate,
salRSAHERD BicoRR18,Qind Shhydk 6 qyinelifate] Y i idejdceddefiom charge neutral
décacycl ene, platinum

n (1]l orphyrins,. co ria‘ﬁ"'
chelatjng/tonafyomnds Sich s 9ptipndlysubstisitae dertyaty Egﬁ%? oline or
. 8- QUi I nol i | - :
oG LT b TRLR 1 B0 gy O
ooEmmnlarworma? 5 1F Ehe pllbdth mtpwatp@h?(miarbgueﬁiégﬂoe{mdi weful
onopol yner o ormu A ereln = |
cy]snm&llé%_é Qo shedate fgavaises AGHIR @S%@ﬁﬁﬁqaﬁﬁéﬁo@ ¢ 99]7835 183
NI 200 CREO SRR S kA, P07 s uch o
octhethiyV petphyrdi(alshianyes®t(OEY)) acrabsoyisefub. ETtaples ofyefil
axgeseanebansrames of Ehb AT B Sinfl BEn bl
S BRLTHIE RO 2 SO b rgafalm baa

pI XI
hydeoxyphatyl)b enzothiezadate) ziec(BthisR£2-dydwxygphanyb Sphanyl-hi3eh

o reRACac Y. HE e e PRET S oER WihesSlnes
hyMdxyigRinblato) kRERTN SRR TR6ful B6esdehtBn (1T} iRlfss iaclade those
significantly reduced relative to control |

anps
topgdpaTolithyt dleabetinMetids, 4 LI 2.GRB 90200 e in O 01/39234

r.yl ene t .with corr ' .
ATHrEGA A Horpinlbl Nt GRRA P RTRHEInchlde those taueht n US.
6,963,953 BhansiperagARfcth b tdfuehts e as Arl-(Ey)a. The

em ssi on color can be varied bgs choi ce of the

em t]?:mplﬁpf &y Bse ipélpgs!a b]&@. HE Q’@Z‘}QZ,S aigl copolymers of the
poﬁ#ﬁ@o‘g?rge% l’(P spgﬁqtlﬂ%%%g%gglg%s' (g%’?%}/%}dlr %oaﬁqﬁeﬁyleﬁé\}iﬁylenes (PPVs).

oct amtdiglpaaicabiylyi usefil embodinrat, tie ¢ladroactivwsiobymeric arylene
Coumarin 6, Coumarin C545T and. lr(p é)s give rise to .
(hgmepplyawr eseanelymen) of the dpeation @éﬁwﬂ% athyeneee maqre mafesials

st GTSR PRopdd picAERte Rap FoRind Rt MR RO e g

moasmers sindgnérk polyaree bindasie pravidet sscompmsitosithat shpporisienkport of
t he pol yne d f t I I i tt .

oo BBl o, T 2555 g R o viend

raftid'and 'c&ﬂpéﬁé\%ﬁ. :@ﬁmﬁml&t £light erlhittifig BoRHieH 8F md1d6@Mr ERditter is added

generate a e emsSive filmfor backlight _ _
toathp blend to foms, 2 salutipnsrrocassibjsaonipositian that gerebeformed into a light

GHIRBEAEEIC O, S e RTRSEE IR gBed )
heRbF&}REr STFUAE] ¥ ok hRBFFOMmbr SO otHRIS. VI-VII wherein greater than

25% of the monomer units in the electroactive polymeric arylene are arylene units -

Ar'(Ey),- and at least 90% of the remaining monomer units are independently phenylene
group arylene units or naphthalene group arylene units, (2) one or more hole transport

monomers, preferably derived from the class of tertiary aromatic amines, in an amount
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hol e transport nononers, or electron transport
nmononers, and inert polyner binders to provide a

W@ doutdsms processi bl e conposi ti on that suppor t BCT/US2003/024911
transport of both holes and -60 WO 2004/ 102615
PCT/ US2003/ 024911 el ectrons and can be fornmed into a
light emtting elenent. Optionally, this filmis

that iw&og e50% Alyaveigid with nespectite thé pelysieh|asd ¢3 ) oxei as nagre molecular

, h
ety i droupt it Bp e 107 B ER e RnSlts e bymsr, The
m&l&uia%re@n@%fﬂogﬁpdlmef is R fbriabRan ENERESHE MSN = ZHED to

exenp nE03|t|on for this type of blend conprises

109, 1)90 Im@s pmf by iB 0l tapceed Mivt = 3190 e 10 peas Poregeferably in

th t han é{’f}% by S\ﬁgp 9?0’000(%2 lsg)?reg?ﬁajy}ﬁg gngésrm@[e S\}Ffll.lde derivatives of

peivyp@feebalzéfg?féf{p@&leha&-mﬁm de¢adizélene, plaﬁn&ﬂne‘(o‘,lt) pOpbiiing
arylene units | -(Ey)a and the poly

cownaidns; styrytidiies éeqwnqiylowq zlae(fefcompkée% @o%léolairola&? plugrpum (IID)

BB ARyl B0, D gy s

cleetrod@ive IpaI}yn@ichmﬁEnehsalhdﬁ&@plmaﬂ of B‘)mmﬂe Vowhdlfélm?é €0 and Ar' is
el ectron tran ort mononers, refer deriv

phemylong QfdlopmyH@Ee AGRIFE ex ogEPalwnig aichp L ——
VLUK 388Rin APGS BréRIRRS: FhBRAyRAE aapmdnarm LGRS VP EBm

be spin c O provi ethlnfllmsthat are
phehydemermiﬂmeng&zement can be thermally imaged to form

gin)éi tﬁee’%gg r(ﬁf 2 us fogllg)arl&nsg 1%1? 'pgqé:% Sbﬁg’l g%ﬁﬁc&aﬁe& to provide

f1h] RESHERS fhetial Eﬁé‘@&tdﬁﬁn ilated
thﬁhﬁmﬁrﬁ%ggy ﬁoﬁgJ:Ct%%th!iﬁﬂnhlgEe 5 and tﬁe ?}gﬁl ogof con‘p(%)rllygn%% ey

useful i QLEDelispiagmensfpeioic ambcanaeecmtmzm gherRsede htgh quantum

orhGE S AE Bl o5: oG o hGFhRE el ATANGe Kol
coffBRaR} Hit@ih the hthgbd §iedifitd. Operblifs ﬁ&ta\ge@are\eagniﬁdmﬂy re‘ililded

el ectron transport nononers inproves thermal transfer

rel@hm tecqoatroblamps prapeead byaeplgcing éher@%&troe@m‘gﬁmlmem arylene host

f el r
AL Ay b oo
thé SAméTp@iead] sictade o8 xgEy)g: are entissiomtalot ¢ed heolayied by thaioe of the
t he nol ecul ar host comprised of hole and el ectron

erpiftan SRS ek amplg opsylgne, Mﬂ%ﬂa?é@ewlt%nﬁﬂ@ﬁm%mam give rise to

blgg %s?@ﬁpl?ﬁ@%%%%@lﬁﬁﬂyﬁg g@cg ﬂ?ﬁlgﬁ{ﬁ? Fﬂ@? ﬁs{f?)tred emission,
C?ﬁgﬂﬁgf’lecul ar hos@u%i;ilr('gpﬁgﬁw;agg:?mgnem:m ::S:‘sﬁmgf nglated
dqcew%*@e B S KOWBH SIS0 1 16 oL LU RIRSER PoFhe

an a) %v}sédgﬁ‘&%‘r?&w 1¢héd) e ciéﬂ&'tﬁ&el%l‘m?ﬁ%ég ¢luBfenfihonoMefunits,

as VI - Organic ectronic
eriigsibn & both thet fodymér anddians p}wanoleclﬁa quigsiecan tieragbieved(e.g. blue

Bl 557 B S BB S B S o

g &R § RARE bMBssive film for backlight appllcatlons

In a second particularly useful embodiment, an electroluminescent copolymer of
the invention is blended with one or more materials selected from hole transport polymers,
hole transport monomers, or electron transport monomers, and inert polymer binders to

provide a solution processible composition that supports transport of both holes and
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30 conpositions of the present invention. Oganic

el ectronic devices are articles that include | ayers of
woee@aniwidat erial s, at | east one of which canPCDIs2003/024911

an electric current. Exanples of organic electronic

devices -61 WD 2004/102615 PCT/ US2003/ 024911 t hat

can be made using the polyners and el ectroactive
eleciporzamt ichw be farfetl linte ailight emitting elemehty (2ptiomghinithis film is charge

baltg{lcggt iygz}”n%{lé 9@5% Ehﬁ?&li ?!ﬁtﬂ%ﬂ% cgg}\i):oge 8. S@@ﬂ&gail%& aegﬂpg light emitting
pofg#%ggr £Holidculg efitedeSaddell F Mk bld@ado hen & mﬁgiﬁddrligm €mitting

I ment, this invention provides orga i
compesitiomn| Qné exesypdary camppsition @ this tpecd blsndsemprisesyl) less than
th of the el ectrqgactiye b rjc.ar nes .
oty Pt ARE PO o HBRE  0F e et Mgty af e
coxﬂ?@ﬁﬁ&ﬁ] 0PBARopdlyRef bf Rrfublsert VI WitRBs3-6% of th¥ GidfRber units
el ectrol um nescent '&IQES{ di sg}!eay or device refers to .
arestleattonctiverariiene units A1 Bi)agad he pobne dselesiralumineserk by wirtue of
organi ¢ en ssi Al .3 l.SSd
BB TSP WAL SRl AR Fanpor
mdﬂblhﬁﬁsu bﬁe(fér&lgy déﬁpgtﬁfrb? therelass g{:ﬂtight agom@ti(emhiﬂeb,r@d h(3) one or
pol ynmer (LEP), a doped LEP, a blen LEP,. or anot her
mose géﬁﬁr@n BARSPRTt PROTIPHICES P@ﬁfer\%hlé(m@?’e‘gﬁevi tg% glasg Q’}ﬁ’ét%?a%
cof 02 D30 g S SRR BRI BA sl
spidoatdil s proyiderthefilhmsahbat afdt EBstrolimainesqeot, ean bathermally imaged to

appl i.cations sugh.a cklighting.o raphi c . .
forh REAIEAATAVSBIoRy 41 OLD Sl raBPEirs andpapp pRlimiad to give
b B B AR B IS SR Gl

andhenmtialo§ compdrentsavititio thesranges speqjfied. cEleetirgdwiningscence of these
el e

oS Rl BB SRR v
tr angpetik t%%f B&h?oéiﬁ&ﬂ $RObIEndifg ¥EIhk paSmier $th hole and electron

em ssi on. en activated, electrons are injected into
trankeorbmgnemers improves fhefmalriransfsr elaranteristigneelaityede therneat polymer.

i nject.ed jntqg the organic 20 | ( r o
tneqtpihghet Pedrasaly§REC piCdEhi Blafbp BI sfGff improves
th@ BffRshc A fst migedtivg oXSh4rae badiersbatd M polyhter tiven ihejreclbadar host

charges mgrate towards the oppositely charged, )
coapsised effeale andhelgotran ransperkBIoNAMErs, FaFhrunRAeq Withihdynding of 2

coR P pabibiSehs Pofyhe Bl ey thok ERop Cork isc e BT R This has the
efgenef ddcteasihg backiraand doerent eidexciteh foomaisort indhe molecular host, while
. reconbi nation zone. These eﬁ;it_ons, or excited st at;la
ingrsanng the efiigiensyi for oepitan aycginbination otk FRISHVE PS‘W_G&S he
erhi3n OA6AYrAA Ve b BB BEAP AXS andiald iHorBillak Wrnamm.
ayer 1n e emssive elenent "1 ncludes a |1 ght
emtting polynmer or a nolecular emtter and

optionally includes other materials, such as, for
Ogg(%}?}ge,ctl}%pceDevwes

In another broad aspect, the present invention provides organic electronic devices
comprising one or both of the electroactive polymeric arylenes and electroactive
compositions of the present invention.

Organic electronic devices are articles that include layers of organic materials, at

least one of which can conduct an electric current. Examples of organic electronic devices
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transport material, electron transport material,

bi nder, polyneric binder, waveguiding particles,
wehb@spimwiscent conpounds, and col or conver si oPCT/US2003/024911

materials. 30 El ectrol um nescent pol yners and

el ectrol um nescent conpositions of this invention are

particularly useful as organic em ssive elenents in
thatepn Hemiade gsibg thappdymers and\eleotponstiye ogupositions of this invention

[ US200 B ,

inGlpd QEBHE) Ao MR R, St e A BRcont (OBL)
depicesarBiab b@anﬁﬂtg}ﬂ: bmlitﬁﬁg diodps (OLEIDS)earabip diket i on.

O her layers _can also be present in CEL devices such

as Herae emhpdimsnt, this gisieation poyides greapicalsiotmingsrentsdevices
th%l offip ngS@é +re&)tlll 8y &b ’ele%{rs&ttlrvg ﬁ%@@&%%&és%& 1%??8&&1%

ayers, electron I ng layers,
colmpyeitions ofitile presertiikentibn; \ahhielhloma pr bd?thtané elatrodemaescent.

mat eri al s an bpe .presen ct.r ol ym nescent
| ay reapic slas ﬁmaﬁ%%cgnt (??E%Er_hsa |°6 gvice griers &g glgpirolumingscent
dlééﬁeie%%'i* Heﬁ@@s tﬁQﬂ 86108 ah b&?fé]lc eMidsiROAn M¥ridinGhether th t emissive

trol um nescent mater to another col or. ese
matmdalondiedesaunbﬂebldylemmttand smaillendladde (1) &k@edspeHyMﬂ, a light

engtgrpe g LT BB CEora b Bes Dbl B no b SEtepg eisaive
m&t@nﬂ%ﬁiéﬂ%@ p%de%fﬁléﬂé’értlﬁ%mbﬁﬁﬁ@@ ith afly 988t bREnRY ik ganic
efficiency, desired color, a desired brightness,

mateals that anelfenctaneb@rrr@acﬁlnm@npbmyhe OEL displayeorcdevigies.t QEEDs

esent .invention can al.so,be Iar
hafe OB B BT TR s B PRt 6F efiphita p e pBpravs, and
latgl cfdisivibonthplfes. A typical anode is i nd| untti n-oxi de
(geTO futtered onto a transparent substrate 15 such
pﬁ@g agt sgmegnsianses,ani QB deviey mpludahene eitraereilayersy @éone or

mglle%ﬁﬁ%lﬁé bfYan q’ﬁft@ttlalgl ?féhjeﬁ Yo aséjt?\Q or@ﬁlcpe%ﬁfﬁ{feeéléﬁgnt sandwiched

pol ersul car bona

bduoéeﬁaar Qdﬂiﬁde%nd an dn@td Srhe emtsswwletmdnayﬁst Be dapable bT €lectron
coated barrl er filnms such as the Plastic Film

andhpole {ranspeK) as Wqﬂra@rhgbwaéﬁlpaamwéﬁ%e%ehcgp%m
e et

lag@rEsDfiounbihie raaoda Hlscthms reside 1prth>q9emtssws elratenhasgdi2@l anions and
t hose qf the ote tive r. counter el ect

hojpscsfieal cafions. dis (e Aectrpighatges nigiate ouats =36 bppogitaly charged
elﬁéot éér ﬁléeyrfﬁgy fé@ohﬁfﬂe'@?@rﬁl él@ctﬁ)n%lé’ Eﬁfs WRIEH bR tgf)i%lly referred to

tructural integrity ode materi
ascmaltmnsg Theeeg o of thatdevice 1rethch rtlu&:fadltloys emrgdnenlly forared can be

Bt s o DS ormndtioRraRe o Thtes GRoitibest cxped i€ Rssies! oan emit
edeRgl lﬂnh@fan%f light!8Y thB@ dddal bt ©B& &rbilitd statgl NC oxi de,
vanadi um oxi de,” zinc-tin ~ 25 oxi de, gold, {ol ati num

pal | Adighheritinglayerdnies erisgiiie alsmient luﬁl@ﬂﬁm ighttenliging patymer or
a moptc)uﬂ?%m%% ang Spt‘ieonally includes other materials, such as, for example, hole

I

o

transport material, electron transport material, binder, polymeric binder, waveguiding
particles, phosphorescent compounds, and color conversion materials.
Electroluminescent polymers and electroluminescent compositions of this

invention are particularly useful as organic emissive elements in OEL devices because
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In practice, the anode is optionally coated with

10-200 A of an ionically conducting polynmer such as
WEEDI1a61PANT to hel p pl anarize the surface anpCT/0S2003/024911

nodify the effective work function of the anode. 30

Typi cal cathodes include | ow work function netals such

as alum num barium_ calcium sanmarium nmagnesium )
theyigrodde a highnaeitwm sfficieaey and lopg senvicefife fipm 4 sqiptign processible

uoride, . terbium. and al l oys of cal ci um and

m&b&ﬁ@@?@ﬁm‘%@ﬁcﬁ?ﬁpﬁ%ﬁﬁlozels PCT/ US2003/ 024911 As

one (RIQAEN TP BAn 4160 Be PRVt & OEL e i¢eesuchiagioR tlansport layers,

illustrates an CEL di SF| af/ or device_ 100 that jncludes
elegtreie resportdgysrs, holy injgstiemlayers Ploefsen injretian layerse Beleiblesking

[ic . j1AVent i . .
ol K g 3 bR S T BB tpminscent.
ma#tainlatmbdigesencinitie dlevirslomihesdng jaydOor: othatlayersind QFL devices, for
addj tional o I_el_e nts or, ot her ,devi ces

tic .
exgapleaI N B DO AL HEB) FRLPORY IS o aneeyt taerialdp
anbfﬁgp&)l&@nl}% o al] QUE hlPa?e B SRl e¥an iR € i@ WR fune the

position as 1 ndicate y optional element 130. In
elextronic endyeediiesemtl behakier afithe ayered EINdeviesy farexhmyplkerto htlieve a

inc] udes one or nore L vices that emt.|ight )
AepFRLHEARDY ) eR PP HRe BT Aekok FEIRRC by it g  desired
bri 40 ¥4 BMQfiePOSi tion 140 is used generically to
1ql-gr}gllecate an ir?tended destination for the emtted

| i giBlecttvattiver palymirc arylenes ofthe prasent imantion ean algo be particularly

wsBfil el RiceRing By SREBR B on ARuBof SeERL R Bt o
| ayex tybidh] bSodas indi@naih-oed RO ssitRsdd dii€ a trdfspandht bltRtrate
vi ewer "position 140. The device configuration shown in

suh gplastie qrigdassetnitabls @RV spbstrafes g'nqluwi%etrmarem@ﬁsﬁcs such
s SUBPAL Gk ARt b bt o potmeri

mekiestr fEes, TBOdbated bather fitnd firhde tHedbadiietFilne Cohdgetor available
em Ssive | ayer the device and the substrate

of ¢ The
froa ¢&F Dptical Systermg Rixtsion3M: f syl M) sutiqertraaied filmsy abselected
. r . 5 .
Ry R Pt o RE QD SRR es bATREBHplticl ratching
thosesqfalseptotretive @ cotmeter aladistdepfilm. aFldxibierolls gfiglassnty hlsg be
I f th [ d it .th i gh . .
I ]
| ncl pgle, QRE nRer/ 4Pk Itgﬁtlthéﬂﬁmg&ﬁé is¥Uc GG UoRdudiie and may be

1
exanple, organic emtting diodes, arrange
omicyllw trartsphient omseng+tranfjmrendx Engsldetjon to IT@yppuitable anode materials

mgﬁlg{?) @}I% ggjss)e’( ﬁ%‘g'l}?’eetgya&ﬁtje@%jf@, ;igé, g}l(iid%g\i@glaﬁ%ﬁcﬁx%e, zine-tin
%188 $bid. BiaBinfmS bAI RS Sved Qothe Ridth@briSRACforARet8R] ilde

I nt éndéd back( i ght area.
combinations thereof.

In practice, the anode is optionally coated with 10-200 A of an ionically
conducting polymer such as PEDT or PANI to help planarize the surface and to modify
the effective work function of the anode.

Typical cathodes include low work function metals such as aluminum, barium,
calcium, samarium, magnesium, silver, magnesium/silver alloys, lithium, lithium fluoride,

yiterbium, and alloys of calcium and magnesium.
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25 Alternatively, in other |anp applications, device
| ayer 110 m ght constitute a plurality of closely

W@ paeaa6CEL el ements that can be cont enpor aneoR&T/¥S2003/024911
activated. For exanple, relatively small and cl osely
spaced red, green, and blue light emtters can be
patterned between common el ectrodes so that device

| ay és ong embpgisaans of a devipe stiyeiure Higynd ilimdratespa OEL display or
ocB KO FEGURT LA e OCh RN AAARTENL Sl g potmor

arylédeqsTithe/preyend invehied, add 8 phisyraR0I Gaiyi i, suitablaaisphg
desirable for device layer 110 to jnclude a pluralit

cogponeny el b inpluded matidisnlay 196 Qpilpnaldy aéiﬂlt@rlélrﬁnﬁlpgl clements
or SRk ey e M SO N e B e O op o s e
pravideiimiwéed dispiay) 100 aml Wewarmistiond4d ap mdeadatemfbmptlonal element
Bixilated di splay (e.g., high resolution display), a
epar ate segnent or sub- segnent of a segnented
di' S iph 8mé EmBodindeW ﬁuaftﬂé o Aheumcmway&' 198; ?éﬁdes%e 3r more
separate 1con, portion of an icon, or an
OElc devides tiopt emlinlmghrt dironglathe Isubmmtednw)lrd 66V1R@fs1epcrsutrrgl ) kKThe

.to F e cela rll s di on tr

vidyozg poltign 140 5o SehecianTte Tilghts aB antpied degialiaf S01 B} Smittea

lighEvhElBM! iEBe ADSb1EUITRNAY oBBRYECAkdreds an bptical Géﬁﬁﬁ&{e%t an electronic
substrate 120 can conprise [ ass, clear plastic, or

devichanr thaikeaIhetireaeabodingen)s @Mhtshowa),alexigbdayeni 1(&1s| ppsmoned
e SR B e o B S5 il Bl own

Fl%ﬁ'@@ |(terBéd Shotont ORitfihg™) Gy, beRBbY when sibRitate AR0 ih@adshdisive to
ecause 10 sone materials in OCEL devices can be

lightemitied badeyice layer piQ mdewhen aasnsparcnirondectivesiectiode istdisposed
in} cPe‘%{é Rerwih fhe et “é?% ﬁag/feleotgtﬁg dQJu?J S{datﬁé Xuﬂ%ﬁr%%é‘ 463 iﬁsﬂerted

equa e environmnen arrier

coﬁﬁglr@ﬂiom(@érﬁleﬂa‘y/@ SmitkeEY) infag de ueed \lvhéﬁ sﬁtibhme ﬂbaﬁoes or does not
ovi de an adequate environnmental barrjer. Substr
trampit et S Lt CHHGe HTRLEK e clagiadsakisnspod beteen the
[ [
suﬁéjﬁﬁé’ﬁﬁ%?% Si egl?ig[rrfgal r el{)? i ﬁé%bgtg Eié% ec 13%8R |ﬂ%aolllg})f emitted by
theléaiices; color filters, polarizers, wave plates,
di ffusers ot her optical devj jnsul ators,
bar rl?f‘éfﬂceﬂ?%q%ﬁﬁ%é‘w 9oF 1 m%%bﬁfﬂewcamr PIRERES.JQF prample,
or% e gl‘g%hﬁ’etm@'?ﬁjo&eg earfa'n?@d in@YRLRIYIY maile, For em;ﬁe 1n lamp

des Wl be coafed, déposited, patterned,
apphctmom exg. thaskbghys fqrd1cglldo@ystakchspla3zﬂﬂjbfmo®lﬁs)r dnvng: layer 110

R e R e B BB S e
AldrARHR1E #l ¥ifes] Hﬁ}%t afp?h@atﬂe?l@ deSict $8er PIPmighe coXkinfle ¥ phiRality of

or devices are bottomemtting, the el ectrode or
clesietseapaendeQEL letamenitsthali cpdoe @dntbmpmamusbeactlgaﬂgét Fat example,

re]éﬁ%gl? 5%1?]5 21511 gfntsr?lg ﬁg%cgaa %(f gfegn ue héﬁt %&?&ers can be patterned

between common electrodes so that device layer 110 appears to emit white light when the

emitters are activated. Other arrangements for backlight applications are also

contemplated.
In direct view or other display applications, it may be desirable for device layer

110 to include a plurality of independently addressable OEL devices or elements that emit
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for exanple transparent conductive el ectrodes such as
indiumtin oxide (I TO or any of a nunber of other
wo e@asarent conductive oxides. 25 El enment 130PCHIS1963/024911
any el ement or conbi nation of elenments suitable for
use with CEL display or device 100. For exanpl e,
el enent 130 can be an LCD nodul e when device 100 is a
thelzamielor gifferer®rolors. Ranhaleyive arightaepresant aiséparate piiek ot & separate

can pe. pr.ovi ded. between.the dul e and_the
sukbala&ﬁf’ St s B6e er Bieh e ivnd e £ kpatal segment or sub-
drednk 6€4 b%&ﬂt&?&sﬁl@y R0 alowZiBformAlibie Ediiért \@play) Vhfi%ﬂseparate icon,

eV|ce is itself an information 30 di spl ay,

porionrad an idoBpoclampi faranisen ¢neg Brdiosinr pplicaienslr i zer s,

wav | at e 0 n ti
ant bt BeckgB g8 i e duft 410 B iGEkEd By FREHAI0.
Suﬁﬁﬁa@é‘mtbe dnly|siBstra®d sudtable rfoﬁXDELQlahcé: @ﬂifpdllﬁlﬂyapphcatlons For

coatin , user interface _devices, or the |iKke.

exaopla/ & 1PN sopar e (Rlass Tlear plagtis. o5 othar guitabls mistertal(s) that
' er

axéeé)?g%'t%tﬁﬁ&ecr ﬁt%g Vf)sflblg 1E1f1tm5‘t%tggt1rr]ag§52(g% A% bd &Paque to visible

light) If(frl ceimpld sma:iﬁle@s‘ stédi ecrpstelhﬁeltlhcm @oly-siliconE-acthe like. Because
conf i gurat| on | ncl udes a su rate 250,

an anode 252,
sope e BHL dgyigesan bgmart arlefu sHpepuble o g%age ﬁfu’ﬁte [gxposure
to 89&&1%? s s%.'Bst‘FAt@ ?Egg&?&r 2 Pﬁﬂ}la&%'aﬁe ard &ﬁ)@roﬂfnehﬁ?bamer
ent invention. T Igurations of Figures 4
or aaemhpﬂlibchwbvﬂh oheiot mdze laydrs| eeatingsnepleminatesythat ppeEde ad adlehleate
c_onfl%r%s of Figures 4B and 4D incl ude an
CIgrup sport layer 260, which can include an

el eqfubQat i1 Y cRPAIYIREIube 3hy h@iBerdf dbViBeddr@&daiponents suitable in
i nvention. These | ayers conduct holes fromthe anode

0)%'1 desheastand @@play@ suethas teamsisiod eﬂaywéathqr@hcyonwmevm color

ur ncl ude t
65 RBrrEs Ay paier dithers R o R E sV RE s tuatars tppgor ribs,
bladt n%qu A8 NdkCRSrkQind fotigd s&sh cbRrpbRents:nddie Hite. Generally, one or
el ectroactive pol yneric arylene in one or both of the

mote glﬁptredﬁswﬂlrhy qoagpgr depoeiteds patisenad, erethervise diprqsed en substrate
I
12103%%% rgu%&l% 5@1 a1 ngzlgger%? ijalyglglt g?lgeeO%gAdech o% XF\% & clf¥he

deRick ®as@r 1 DRt Wiheh @ lﬁghﬂﬁmmdmvdmbﬁkat@ K Eesec antihe 10BIedevice or
ceram cs, conductive _dispersions, and conductive

depisrs mrerbsitomranitiinenthe dlesirods amgparodgy gt arg|disppprgryetween the
suﬁﬁta!rt?g%d%f%dntgé eflidie ﬁe%é:léb 3‘?&6 al'bi Pk loS¥htidll t?éﬂsgﬁbnt to light,

umtin oxi Ine ti

fof Exbmple armak mhyetmdhctm: elddtedessudh a? hiddivem dintoredeq@ T @poleany of a
p Pl
254 cgn be si ngl ers of ,. conducting materials or

giger ‘ﬁ%"}sﬁéf@n P AV oRidesr s, For exanpl e, an
ano I
ond dlgle gmglrm‘(}?h qu @ﬁiﬂ}éﬂf‘&l dbﬁﬁ)ll"i’atﬂoﬁ%? EleRfen® éﬁﬂhl'ille‘ %r use with

, ayer of calciumand a
OBL dadplayi qruﬂlevlca ID&yEor axfanyplle, element B{ocan Hea;aé’.yC]bfmo ule when

l l ! g@@tle % gcgqﬁlégfm an (gﬁ‘g{;rr%tp%&arfzg o o'chelQ el%rql%nt% can be provided
between the LCD module and the backlight device 100, for instance an absorbing or

fund

reflective clean-up polarizer. Alternatively, when device 100 is itself an information
display, element 130 can include one or more of polarizers, wave plates, touch panels,
antireflective coatings, anti-smudge coatings, projection screens, brightness enhancement

films, or other optical components, coatings, user interface devices, or the like.
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The hol e transport |ayer 258 facilitates the injection

of holes fromthe anode into the device and their
worR@racleoh towards the reconbi nati on zone. TheP¢DUS2003/024911

transport layer 258 can further act as a barrier for

the passage of electrons to the anode 252. The hol e

transport |ayer 258 can include, for exanple, a

di amgmeesdm tov4D iiMhestratelexhmales Nf (il ffeoins (BiI2device (for example an

orgpngyg]h elpqltﬁn% g}qg(al\% q%%i%ﬁqtaﬁgﬁ%ﬁ) tplg B%esent 1nveglaon Eacril conﬁguratmn
inchudék hs P%ﬁfat@iﬁ)é BR&RAYde)dBeNZ bzﬁh&% ZSﬁlpﬁid a H?ght%mlttlng layer 256,

triarylam ne rivative, such 4,
whilehi @@hncnud;h ghdngtrcaamlmpctlympmmylwﬁ éle(prmnrwywmtlon The
4.4' 4" Tr p
coR TP YS O TA Av e o Rrerhgle TeRRar 1eieL 336 aud the
co Wits G8 P ethB Biad 410 Yidfudvn o datBhkzansport layer 260, which can
5-Tri s( d| phenyl am nophenyl ) benzenes (TDAPBS
moéudﬁ atehentrogeliereivnserivarylean of e pressat igeantionp deserlayers conduct

ho{: J\‘t}l'ol?na@ an uﬁﬁ &J elecu%%g b%ﬁgl;é 8%6?1{) & g?e:spgclutveljy(.5 Cy He]@&i )deﬁgg of

evi ci us,
Flgl@ aAgﬁclﬁﬂésl’ﬁlﬁQécﬁﬂoa@qui ofyteéric @yldnd/hi the lichy enfittgslager,256. The
-66 WO 2004/ 102615 PCT/ US2003/ 024911 Handbook of,
OBl deriess ! Eiges HD npldenbelsrieaciiss aelymesc aidene in one or both
Y 001), both

of FRHF St tayREoIBor @ oo Bansort L2602 000) PO
el eclthe@node 252spalrdatiody @64 B&Gylfnaa:lly formt@ asihg eondujcting materials
of el ectrons andéelr rati on towards the

sueheasonsiplfatliQys, etalic °PH’é’°E’P Biekh oxidghepBIYCtive FaRmigsp conductive
d1%@fs sCAa coﬁﬁﬁaweg,@ s,%&ﬁ&ﬁ%%f LG8 gpme \ffinum, , palladium,
t nt a

ene of e pr I'nvent | can fu act a _
ahhmmume calémlm, ltltamnpa,stﬁalgennﬁtrhhj indiunotin hxide £F1¢)g Hu@hak tin oxide

kg 5 S ST S B R R o

coh@UbERY %téﬂd@&@ﬂleﬁ Y4 RS h®iAé Byed! Wak Bxkmil4 & Bhode or a

O her "exanpl es of el ectron transport materials useful

cathnde maytincdwde 2 lyepefraluthiayer andedaye of gold, a layer of calcium and a

layf’r gf gfuaﬁlalgl aaz]%%rér%ot??;l el ﬂ%lga%tg%g}e? o0F ?ﬁuglm]ﬂ%.onde or a metal layer
and a(ddhRgRE lorghmid lyér (4- (1, 1-di met hyl et hyl ) phenyl) -1, 3,

4- oxadi azole (t BuPBD and ot her compounds descri bed

i n The hobhanspert dayer 2Mhiactiiges the Gypgilongfdoles fomthp)anode into
i R B DRI e PRl rone, The hgle gt layer
258t Bather att a%@lﬁﬁﬁﬁd‘oﬂhe @tags@ga 6f detdroRb of the |aﬁod$aser I’HieShole

and Devi ces, ... 10, 233@2001)
tragspaghlayer %ﬁSecann@au% f@teecamal@f éﬂwnﬂye deiveliyeseei as Nﬁﬁebls(%

mgﬁgléﬁéﬁyfs NN rﬁéé@ﬁeﬂé@@ V\ﬁ@h@kﬁ& HQ%H asofP J &' I\p‘c:)is(3 -naéphthalen-

I'se an ectroacti
2-phiN N bis@plenyl)eseidita(NRB), mmmm deBivatiliespichyss, 44!4"-
: t hat | ht [
TRRDO PSR BEHIRSR R EDATD) G i T g methylphenyl-N-
Lif.er e
pl'%lhglgngﬁ;d')g‘g)g@}tlﬁglpl Iecn(ﬁ'r ) % HE#‘ gj%lt?%/lgs RBRYE céfpetFhthalocyanine
(CuPC); 1,3,5 -Tris(4-diphenylammophenyl)benzenes (TDAPBsS); and other compounds

such as those described in H. Fujikawa, et al., Synthetic Metals, 91, 161 (1997) and J.V.

Grazulevicius, P. Strohriegl, “Charge-Transporting Polymers and Molecular Glasses”,
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20 of CEL elenents 310 adjacent to each other and
di sposed on a substrate 320. Two or nore adjacent
web@aeoess 310 can be nade to emt different cobPO¥/ESWN3/024911
light, for exanple red, green, and blue. One or nore
of el ements 310 include an el ectroactive polyneric
| ene. The separation shovvn bet ween el enents 310 is

_@d oak ofi Advanced Elepijenie aedPhotonic Matpripleand Bevicese £ freYalwa (ed.),

0 t i fferent
10550557 o) Beb Ak e o BRI Bl G stBondt £ oo
t he Tdie%l&oﬁibn%ﬂah bger 260 ffa&mafm ke mﬁctld&ﬁbf €lediraik and their
parallel strip transparent conductive anodes can be

migeation dow#rds the rgem@bm%{m Zope: Thewlgetmn anspert faygr 64, tdich can
inlig ol bdab G o TE S chlof Hthrfhell Bty RERNMhct asa

batrixy é6rsthe padshgavethdies ta tist cattped 254t if desiredf Incsehfeat@siples, the
t he cat hode str &ﬁngrl entgd per endi cul ar_to the

elegifgm &raginortyaxer 28 et uyasithsorgaemagialle camppun teis(8-
r

by nGlalt) RATR AT Othef b fivSof ¢t tihsport materals

usgfubini aienﬂrmrtraaspombladen%ﬁ)sndnéd 1 ﬁém[é{(ﬁa-(b,ﬂ dilmethyidilsytyphteyl)-

L Feafiaos i dpphed R s s e ighsifgity 1.4
oxa@igfdlé aBRPBDYGRE WikP Q@iﬁ}@&ﬁ%ﬂ- descBi¥EdiAS I "C‘heﬁ ¥t 12&eromol.

for maki nggactlve matri x displays. O her |ayers,

Sympcl 2l Bémle @ﬁtGTaéﬂWIGms}Q’ ISayhmgg,) “(&mngq—]ﬁmnswmg Polymers
t.ed.or .
an NG Eeg > Ha - Y
Ddvideb SIS, mm;@(eagr a0 e3w<20019 flfbtlﬁé\mﬁi‘éh aﬁlﬁca?@fwd Hehﬁn by
~anodes or el ectronic devices. Any ot her suitable
refeeise.r ucti on i s al so cont errpl at ed by the 5 present

i nveRt, 'p%‘sen# nglgfon 4&1&%{ Juﬁg (ﬁ:ﬁbdlg]?l n%g)%ndadevmes which

mul ti pIe co

coﬁ@@be o elkehteoaeheﬁpﬂltyﬁleﬁ& @r}@etﬁet $n bn@ brhbodlihehe (ELEdﬁplays can be
dj sgé}ays and devices constructions covered by th

magie{batsmit Wghtapd dhat bave adiassntdevicgs prelpmguls ghag calseﬁg light havmg
1015 L nngats hasurens seokoshouy i
of QEL elamkenidad 10 admcent to eacihalﬂldr lané dlsposta:ﬂtoln&t sabstraae 2@ sTwo or

cat hodes, . hol e ansport |ayers, .electr r.ansp
i gdipeent clpgfents GG %F@lt cifterertcofots of B G example red
[
sk A BTORE )k BYE A S SRS po B o,
- Conskhewseparotion slmw@@weqmaid:mdﬂs 3]dbisafon ilestsativedipufpeses anly.
i gh ui des, | enses ht contr filnms, brightness

A b P RRtod i L inES Pr PGP oF Pifigen
cohfb@ﬁdﬂl@ﬁs ¥hinb& @rm&b 'ﬂ%@m@ QAbreétidnAdife a{sﬁﬂtys.shﬁélfa@e ProtRkample, a

anps, for exa where an em ssive natéri al
paﬁﬁmf@@tﬁll@ystﬂp mep@ﬁamndu@wgfaeodes cembe rﬁmnedron the substrate
t her r.inti.n

fofl{)\gn % F‘Ené)e% pati?rﬂ gf g?@%ltlgpsg i%lagpenal and agstrlped rell;]eatlng pattern of
red, green, and blue light emitting LEP layers, followed by a striped pattern of cathodes,

the cathode stripes oriented perpendicular to the anode stripes. Such a construction may
be suitable for forming passive matrix displays. In other embodiments, transparent
conductive anode pads can be provided in a two-dimensional pattern on the substrate and

associated with addressing electronics such as one or more transistors, capacitors, etc.,
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area single electrode pair |anps that have a | arge

nunber of closely spaced em ssive |ayers patterned by
wo awenolentiuced thermal transfer; and tunabl e cPCDDS2003/024911

multiple electrode 20 large area |lanps. Low

resol ution OEL di splays can include em ssive | ayers.

Constructions can include bare or circuitized

suchdssare suitable fonouking asivaiwabix dispdays. (Qtherslpyars, inelyding the light
t | . iniection |
enf G5 S ABERBS oG RooliBl o L BB PR & BT patemed o,

patallal@iipds, tvy.irbensivng] Htler conay@istratedithlicednodts etc.) over the
suitable in CEL devices, Constructions 25 can al so
anpdgs|og glecsomia deyisess, Ay otherswitable corgbuction i$eeso qogfranated by the
' rol films, brightness enhancenent filns,
pr%ﬁ%h{‘%%%lglhke. Appl i cations include graphic indicator
| anis ofie embodinieat) display3dgreanbe d nailiiplacaloe displagi dpkegnsplary
e.g., appliance tinme indicators); small nongchrone )
eﬂé@ Enepds, sacfhfafit}cﬂ% slewa%ltsélgangtﬁff@%;%%me%w fRIgysend devices
co%?n ti¥is Qvefd g‘%ﬁe g%ﬁl'cﬁ?ﬁfu%m)@ﬁﬁlsﬁﬁtk‘& ggF i ¥ Some of those

qt
icator lanps as part of an integrated di'spl ay
cofigrugtionscart dis8Gssphenfolldwvspl ays); | arge area pi xel

dis y.tiles (e.q. l.uraljty o dul.es, or. tiles,

e o ealghs o gty RS eyt BRTRINGHioR e thde e or
cireifile ASubIR Y ed) AnSdks! @e@ﬂl&ieg,_clfolé)&'érﬁg&ft %e&gélamoﬂlﬁﬁ%oﬁ Ders,

security display applications. -68 2004/ 102615
hofdTjeciien b3eE24ledtton injegtion byers anissivoiayersi enlorghangiag layers, and

i ncl ude em ssi.ve |. rs. st.ructi ons can include
ot Tay¥fsand i igiF s Qi ARG CtuctRls RGeS Pty
poldrz8sPaiffusrayeshs guids ¢érses) light RAGHPAikmd, B ghithessit@hhcement
injection |ayers, electron injection |ayers, em ssive
Imgyandghe ke oAppligetinns mgluda jits or gipglesplas large prep singlapixel
_ . . o e et
B, 36 el B VAR o8 el Vet o 0 B Hlntr,
lahiages trahsfgtesixting hedd thednb priltingg bt thedike; whhaocsngvtcolor large
fil.ms, and the. ljke. Apgl ications include active_or

areaesingls gleptEeds paigmps that Bave alargegumbepphelosaly spagyd emissive
. . . ol
i et 1SS TR o T b BE B8 el S eloctrode
larfge atga,lathpser i nduced transfer of high resolution
devices plus t | .hot stanpp. of Jicons on the sane
subStParEgiutigh @%Wmn& 4R/ PiESTED Y PTE a G OBREUCtieRy can
infl8ad b&b bAEikdhitRRl ubstRRROMNIIBE athBlies! BoR Ha§forClhyers, electron
thermal Iy patterned construction conprises the”high
traneppat layérsphdle imedftion layfers, eldctro imgastian thyletsy emissivetlayers, color

o RS P bar ey o A S B SR B O SlshRS Fonsrygfons
caﬁ%&@'ihﬁlﬁ%&lﬁﬁ%ﬁ, EAIBANSgHt3alde NonskdRisht ol AR, brightness

squar e) e roughness 15 of the transferred materia
enhgnosmentiiloese pad thedike| dgplications include graphic indicator lamps (e.g.,

icons); segmented alphanumeric displays (e.g., appliance time indicators); small

monochrome passive or active matrix displays; small monochrome passive or active
matrix displays plus graphic indicator lamps as part of an integrated display (e.g., cell
phone displays); large area pixel display tiles (e.g., a plurality of modules, or tiles, each
having a relatively small number of pixels), such as may be suitable for outdoor display

used; and security display applications.
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Met hods for Fabricating OEL Layers Light emtting

| ayers based on LEP materials or nolecularly doped
w@eies1$ i | ns  conprising el ectroactive aryl ePer/US2003/024911

pol ymers of this invention may be fabricated by

solution 20 coating a thin |layer of the material.

Such thin |ayer nethods are described, for exanple, in

U. SHiplatesnlutit OEJ, digglay0en ingluds groissive lygesr Lopsiyctions can

. reference.. 1 n.certain appli ' it '
ingy oL o B P EUSE SO hdte einGBR R, Rickfton
trafl §30rCIRy QB 1R 1infdcAsh ks, elbOforeinfRtibelayts, éralssive &yers, color

em ssive displays. Methods for patterning incl %de i
cherging tayens, andotkdrdayers end matgripls suitablein Ok Agsgees. Constructions can

transfer. . 2 |& .G tiepn| Ik By
el potad s AT el RO AR 1ol 1l biyol Thbl Yrighincss
enBaiRflent filhe, pidcthe hike) Ayplitdtions nchnde detivenmtpassize anattix multicolor

mat eri als for maki ng an orgfni c .electroni c. deyi ?e I
or dakhpelps displays peidts Qraiagsiys BARKIPRIGOLQR0 195 4kspays plus

0§ bt b@Bhick Shesdr ib@ucRd H8ESBE Hhigh resoluti

se%ﬁ b (?g{ é%ﬁ%éédéi?ﬁg@rt %@Bgﬁ%%f Ir%g{aréﬁﬂ{/e composi ti %n_reso_u on
deivive$ plie shernanl et stapoaiitonsenghé yames substaatg); end securityodisplay

enbodi nent the present invention provides a 30 donor
appheations.conpri sing a transfer |ayer conprising the

el echf o nfoRn Mt fGiMhis S SiIBE IS patterned

el eg(?{l ct%ﬁ\;gﬂ}ggﬁm é’ aryl ene. . 9 WO 20(?4?{)82?11% )
coRETdtISA @6mpAiSsahid high remitutiondtansiey ofreds greemandildlue emitting

for.m organi c el ectroni c device f.the present ..
crRiER} £, B O CRBAE PUPSUa e i E STesBp 1R e B iiqosition of the
infEMione $High REHIMESS trafdTer madhs et 10 m@d mealiRf@are) edge roughness

transfer | ayers by laser thernmal patterning. This
ofithe trensféreedduaterialie d npigronfeters eklgpl e, U. S. Pat. Nos.

6, 358, 664; 6, 284, 425; 6,242, 152; 6,228,555; 6,228, 543;

6, 221, 553; 5 6,221, 543; 6,214,520; 6, 194, 119;
Methodd o8 Babfc Aty O8Y; Layefg5, 989; 5, 710, 097; 5, 695, 907;

and 5, 693,446, and_in co-assigned U S. Patent
App! Light ¢mittimsleyers brgsd onddiRsmatepigls or mpdequkarlypdaped polymer films

09/ 844, 100 6 - 451, Q84 +898: :
o3 AR R AR TR B R a0y s
cdatihg heiia ¢ayel bEthe infatedidl veuvhsBinddyer hesthpels taer dusougbealy for @sample, in

can depend_upon the physical properties of the
Ut DateneNoy %§&=10%@Wrﬁﬁﬁ§§%’cné?y 1elerengE cohesive, or

fil n'{nséeﬁg }ic fonk NiPislde8 l@fobda?tx loneldtmidie leg)emﬁ%gMC

the transte ayer preferably breaks cleanly along the
elettrsnicliasiict oo b Bulghdten fud exampiepipefdbniady emissive displays.t Methods

edge of a pattern.. Highl onj u d I rs i ch
R lae RS e, Bk AR Seh PRI S
- e . »
A e b e,
pol y&r e adpedtj the peesentrinysntion prwjdes imstlrods p8d sahdgsials for making an
[ t he .l.aser, t he

OEfgo?Pr fact éﬁgr'é.‘ﬁgl‘%{;ﬁéﬁ SOmprising selectlve{yrrt%ns.ferﬁ%%iamrrll%le%trogétgflgtcomposition

from a donor sheet to a receptor substrate; wherein the electroactive composition includes

an electroactive polymeric arylene. In one embodiment the present invention provides a
donor sheet, comprising a transfer layer comprising the electroactive composition which

includes the electroactive polymeric arylene.
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chal I engi ng. The undesired consequence of poor edge
formation is rough, torn, or ragged edges on the

wo e@nsbémiy ed pattern. Anot her paraneter is thePGL/Us29g3/6R4911
of the bond fornmed between the transfer |ayer and the
receptor surface. This strength maybe influenced by
the solubility paraneter conputability of the transfer
| ay Arpastichlartyeusefid amthnd ofifofming orgaid ¢lecitomic deavicea o€ the present

. it.is desiraple to. t.he r

v ARl ST P CENB G A b e i rasfesgfone or

m&@g&sfertlﬁﬁrﬂyﬁﬁﬁéﬁﬁéﬁﬂa‘f Eatib%ﬂige This Iﬂétls(é@ﬁ@leg@ﬂ}%ﬂllﬁl'foﬁéxample
onpri sing suc ?Z such that the

U.SRaubilasi 695@56&@2&4@5‘;\6@%5@6&, H.e5% 6. 2218&463/@2%1 553;

o B SRR S 345 5L et ORI, 8280065710007, 3095907

and§,698, l4¢@ taed 1% be-Assigirt U, Bepaiexftf,aqueeaﬁ)m SbriahBT&@ 09/853 062
sol ubi | Maraneters i'S no

m 3/ 2
093000 AV ALTI0s 05 K2 B8N Felibve: 0 P31, S08: ang 1019045706, aif ot
w6 Bt AEE LML Jeferoncel PREL feciPers 01t PRt éiming process

ari\ldléﬁ%hd Qpbdn thE%ySI&‘ﬂIp@dipeaﬁ)ﬂ di’ltlmllnrmsfemﬂayfer om Addi tive
bo Contri bytions thir
ed| 0§

conpl e rev
Papmateg the£ohesiws, oF ghn .oz.f f?{iﬂyer During

i BOGE( fivor pfcteihly BB Hleatly dighe thEAnéARiding imaged and
unjnaargadesgonsad fempﬂie)edge oﬁapatteen dHt@ﬂmmugate(tpnlymers which exist

measyrenent s L he extent |I|br um swe Iir}g o{ 1
in B g5 B COP PTGl S B DPBLerSH R P Eiy ve Heh fensile
strérﬁ d d136tie MRITR cBfrparabltbio iﬁ’c{t b bblgﬁﬁénﬁ'@é apat ahpratice, clean
sol vents thensel ves can WO 2004/ 102615
edROHrisR0 AU RABe lasenib@mnahmeging pblightleaiittingpalyamers can be

e e
Jnhtﬁe G8hbirQNSteRh. SATothér paRdnYoterds tHeQstrensil of €lid Bondfformed

ow nol ecul ar wei ght, the cohesive energy is closely
betvedeatthaltranstar hayerandithetecsptor surfecga Jisssireaathappihe nfluenced by

theE% gﬁt{ ghé%éarget Ercc%h th%[f tl%eﬂrod% fer I@FK ﬂélg EES?{E? Wiface.

ev ankene Q[St@lfzed, i’t&s dedinabhetto e¢ledtthsinbteeiacaniths gulestratesmirface and
th apor. f)ressure as a function of te erature Because
PR

hedransferse (@g:afisrelacEqactive o hERaricAsY. ﬁ%gla};egg]epr ablend
col g)}qg nétééﬁfpéﬂgﬁgg%ﬁéﬁfhg} %bﬁﬂllﬁg&?ﬁ'eferssﬁls Uank»hﬁlMe o improve or

term ne he 'so ar ane
evell thakp pogsitis theihsl texmsiel bbﬁﬂlen’pmhﬂlg mgthoﬂs t Ae app ekannpde, the
in a variety of solvents of differjin 10 neasur.ed

m%fﬁlaalﬁc‘m B sedsetedaurh thof Pediderends indhes S?IHEI IBOPYARFCEIS no more
2 7SOl %ére@&?ﬁﬁ&ﬁo&f that P§1/BGhveRL ﬁetérfm ed according to

generated Ity parameter of the po ymer 1s
“Pdleffeirtieschf Polynies; riﬂlemCormiattdm mﬂpChtmwhle‘Btwcmm; tirminNumerical
swel | i ggdbs obt ai ned

f .
Estignafign F?é]WtW§ frog éﬁlﬁ}q"? ;‘/"l'rﬁgl? g tl“@]"goq 1rg$ gé)niqggtgly revised
editft#byPh. W 81 RievietANElsBRer 9&1eﬁéé@dBHLB€F§B.V.HWO? Chapter 7, pp

189-225, incorporated herein by reference.

The solubility parameter of a polymer can be determined from measurements of
the extent of equilibrium swelling of the polymer in a range of solvents of differing

solubility parameters. The solubility parameters of the solvents themselves can be
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are several nmethods for theoretically estimating the
solubility paranmeter of a polyner 15 based on the
wa@eautoases contri buti ons of functional groups pPEEES1003/024911
the polynmer as outlined in the above-cited reference.
Organic el ectronic devices containing an el ectroactive
conposition conprising the electroactive polyneric
detarnyined &onf theih hegis efevaporativenThesolabitityogramoetar 3 js rolatedrto the
materials for 1ight em ssion can be nmde at |east ip

cohssive en9rg§ &eecnd ke eeifgyplume ¥ bydhe rlationghip énp%pm n- For
sol%%rttf%é %8151% l?lic'ef C%lilegg? Ql{eré%bﬁ%:losggr Iglta?eﬁstb I"tl?edmolar heat

or exa

of Mghsfﬂﬁbn Qsmg,l RYSrdaiptto RGPS AFRY, prvaﬂ@HQy—mat TS, BR;, and &
| ayer on a donor sheet and then selectively
cart bwaéaéatcd figm the hestpf ewansratipma dhepsoleans pryromtthe equses of the

devi ce to the display (receptor)
Va%c{fé’g?sFlgFés %31“'3 tl%g g?enﬁge\;\agluz‘an exanpl e of a thernal
t r ametaise goliershimabt B aporatedPindirt@metb&isibave &bbd Wred for

present invention. Donor elenent 200 includes a base
deterpmetion ef thein solghiligypsramater. L9 é@?ﬂ%‘% thesplubilify parameter of the

I t t GO . .
po% Otgﬁe%% ?%‘%ﬁl% s&eﬁﬁ% olf ﬁé ?yrﬁ 1O a v%}égté/ c{flrsé_ veh 'Js %¥ﬁff}ermg81s
meddfted P4 bRt BOeqiliies hwaﬁﬁg of me@@lmms Ctha %MhBiIh@y paframeter of

the present invention. Qther |ayers can also

thefobesntais seneasred.-e Shosoluhilitynarameleiesiae B@lymeagséleﬁn@d as the point

L e

hating 2&1115533{ pdranigtersohat ar6 Jedd thah 20 gre@tei: Hhn kA8 of Chelpoty&8; There
5,998, 08 ?%725 989: 5,710, 097; ?5 907; and
aresseperal methods iy theorelisally §$tgﬁaéalg@esso WaliprRaranetengd a polymer

LR SRR b A D B8 o

in (3/abbte-Bifel] refd@IcB31, 598; and 10/ 004, 706, all of which

are ncorporated herei n by .reference. En133|ve or gan
et &ERNS eleptrRie dPYiges qepainipe AR PIEragtiVg coBpRs %ﬁwmg the

ele{cﬁbéﬁwe %Lﬁ&férﬁl | RGefd SEthE BRELALBVRAbY IR bﬁnoeﬁau;( Sﬁl%tsm‘ﬁfenals for

IS 1nve on, can be transferred or sel ectively
light emiséion cawbé madéat leashimspaat by sojestive themmal thamsfer of theeomposition

s Phea Lo Qo b osdp & derifedieepihy SPEelst o arembte, fght
eni 8B Polyh®ir MispS 3 ahd Gank i afl BB iade b§ B AIng MELI® thyref & a donor

the transfer orf the selective transfer are descri bed
sheat and dtenéﬁlaﬁtpveéy trensgerripg the IR lagealone gralong witk pther device

ers 0 m donor sheets
lay(Mr%/ %t%ggf gcﬁ\ dgﬁ%léj(?&ﬁétg@rsﬁg%%at%he transfer |ayer.
For Figu,&enl sowdah e2draple bf 4 thek@ylekans R dbrorfshedt2d0 euitable for use in
donor substrate that, in_essence, acts as a tenporary

the prgaqnt fygntiomnDoRe clamenh 20 ineludes 2 bpse supstraby 210, |aa§»aaona1
RSl o AEEE AL BB A0 LB opion
infeflhydr286, dnd asansfiidyet 2 B cdnimikbifgoan eledrvabiéve polymeric arylene of
the present invention. Other layers can also be present. Examples of suitable donors or
layers of donors are disclosed in U.S. Pat. Nos. 6,358,664; 6,284,425; 6,242,152,
6,228,555; 6,228,543; 6,221,553; 6,221,543; 6,214,520; 6,194,119; 6,114,088; 5,998,085;
5,725,989; 5,710,097, 5,695,907, and 5,693,446, and in co-assigned U.S. Patent
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used to transfer the entire transfer |ayer, or a |arge

portion thereof, to the receptor. Materials from
wa@epanedses donor sheets can be transferred adj aP€nUS1003/024911

other materials 15 on a receptor to form adj acent

devi ces, portions of adjacent devices, or different

portions of the sane device. Alternatively, materials
ApplicationcSzainhNes.dSVRH3,053009/844;695; 198/841 4085 @/6@21980; 09/451,984;

09f3438h: e DHOGE 1%, 2t Bhwhith ik Spp R niehpif By roference
Pr eHnQUs &/ ofg@hik BRA166h1E) nﬁdl’udlﬁg LEFeeR hiledWartyndpea Ipolymer films
transfer or some ot her nethod

copipusiog ietehtygaciivh yoolmqmmlpms of g\n@ mylntions abovrasiwred or
st St b ia e B B LR AR SO R ool Gl oy

platdipathe HBREEr 1a ?éi’f dTitROddnoe elmefiPddadeat foithe1fecoftot aiRl selectively
device. It w be understood that ofher portions of

heptingsthe denorclemensr Matkeds forihe &régsf@twrtth%sql@@érsttrensfewy described
in, bfgr % aaxj n% [E)E ];‘molkl?héégé}iépﬁo grr%lrsg% é@%}{s caﬁlﬁ'l{?arﬁl iFanBfeded Fom

1ne

doRooghests @dthoanstlectivelgummefetting the tramsférigyenr Fnae»t«anh;ﬂs edransfer
processes, whether conventional %/]Ssused or

newl
layps gan bpEmed gn pilopppepbairate b 17 SHGRCS AHS AF A f Bo1eyy dingr that can

el ASUTE o1 B R AR i
applitation aff heutde pteayiae. Sich ammgthod, mﬁfaaeddo os lantihaioni teamsfer, can be
bet ween

di spose nor suhstrate

sk e SR RS T G o148 RO PGk i Tpasator
subsirt @fisls #ith Ec%) @rakd i6ndr SYREs AHYeREhnsBREd RGjaddnt iPother materials
provi de mechani stability to the 30 donor el enent

orf direceitartagderm h@ymﬁm dng@opmnom chﬁelwpmqlevmes,umfdgﬁfﬁrglt portions

f
o G T ey i APy PR Sl B8 b g tramsferred
difecty 8n Bpof, 017 21 ﬁ%a@ Q)Oéﬂﬁﬁgﬁ%p BtiRidn WHROSBEOR ¢SS br mafsials

I n co-assign U. S. Patent plication Ser
pregpm}zpamemed m@ thsoeganéar ydhermal Fonsferar spmg other meghod (e.g.,

ﬂﬁ% %Pj}ya g?ap%sﬁn ?‘nﬁﬁ%ﬁglgg%%élro ﬂsiasll{' gttct)h ﬁz[x{eg?gi%tﬁ&d
C&Mﬁﬁaﬁhs oftWo €488R! ddnot dhRetd RaIEHE Aydrto Eai & dﬁht&j @ach donor sheet

materials that 5 exhibit a |l ow SBeCIfI c heat
fograingiony opmarepettieas eihe deviek cit will by upderstopd ﬁlaf @tht:h@rtlons of

thgé%n(ﬁ(flcﬁj %ﬁ hiidt ?Fw??ééc& tﬁﬁ réé 81t ln?aéﬁr;el f%ﬁ'}{e(pﬁlf\yﬁ(ﬁg of i art by any

I'ncrease ayer exa

suﬁt@blle @mcﬁyﬂnbhdm,grﬁi@td]@h@efﬂmd pmcésye@fnktj bieprdesssds, ankdhearious other
under| ayer may al so i nc u e materjals for, thei

DIHREEGOR s K-DRed P eSsEss, Whethefconyetions Ui oRBEN % dfeloped.
SUbean"‘}glﬁ'f%r}He Egﬁorls-ﬁ atdB10\ Gn 3R aﬂ%@ﬁi’lﬁf g ﬁf)le films are

i nprove esi on between the rate an
ddsdiied in BS. PayNoe 6,240,158 ahe §228j5860rti on in the

L e Srore, widarfer 21 P 5 sbmled ST EnEARES afffosed betwen

a donor substrate and the LTHC layer, for example to control heat flow between the

substrate and the LTHC layer during imaging or to provide mechanical stability to the
donor element for storage, handling, donor processing, or imaging. Examples of suitable

underlayers and methods of providing underlayers are disclosed in U.S. Pat. No. 6,228,555
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or elimnates delam nation or separation of the LTHC

| ayer, for exanple, that m ght otherw se occur during
wo pgitoeg1of t he donor nedia. This can reduce tPET/HI03024911

of physical distortion exhibited by transferred

portions of the transfer layer. In other cases, 15

however it may be desirable to e under | ayers t hat
anginorvedssigaed UethRatesib Applieagion SeoNo n&i’)‘g} k4, invomorged hetgin by

nmong | ayers during ineging, for exanple to produce an

ICIEi®ACYap between |ayers during imaging that can

Pr ohe @nderfay6r SHR iné10 s Hnatckial that Weipard Hesirda PadcBanidl or thermal
during imging may al so provide a channel for the

prapettisa sethsidogesdemeniaForayamidegbe élr@r]@lﬂer 989 inrdudq materpls that

xbif alar SRassiis bl 49 BR ormel Pl AR eP R o the donor

subSRAR! |SR¥E hn TRIerRSeSMBS baftddab hﬂbréd’s@ﬁé& FoWo tBé trihfer layer, for
I magi ng wavel ength, or may also be at |east partially

exathple ﬁ(pnnlsreV@)therlmaBTéI@tSﬁ%tl‘ﬂfy ofithgflengrr adi at i on.

At t epuat i | ectii

Onadre pisthvel malk Sl dfhd inReb TR Al ARG Broptredelr for
adHesidn bW EBRChE ubstatel ahd EhchJTHCZ Uship d;ﬁhﬁeﬂayee tha lrﬂipfbares

be included in donor sheets of the present . inyentjio

adhesianchepvesn; the sehstreteqmddhel BCi 1Ay Tl lesstiserion s the

el 5, DUSHEOEe, L BELLIER e, o aRKG rcncs

or alighires’\dRlafinatiin dr@;ﬁpztra@orp@fr thé DTHGS laydrefdr erardples that might
radi ati on i nt o heat to enabl e transLJgr of the transfer

othexyise ocur Srips émagng pf theslopos gedipe Thiscan resfuce the;amaung

R 450 0SBy B Tl o o

hooet erdtmby ba tlesitabieesto eﬁﬂ;ﬁoyru}deﬂeyeis thav pethdie stlessh sethe degree of
LTHC |l.ayer 214 anjtra sf er, er 218. T i nterl ayer

Scp IO RO ATAsY Borin el (0 S ipani e Pradige R gap

be QA1 NEdR G HRRAR c@ﬁ?@d‘v}de AhErre M3l Separation

e transterred portion of the transfer |ayer and may
duarlng imaging oy a&hosmovndﬁ eichammet for therlaregwaqfr@aeSrtbattm@nbfogenerated

t.he.tr The .interl sq .influe
byitrag e ST SR el BEofE Yo Shanfel8{1da o
feWenidagildeR¥ectsTypi cal 1y, the interlayer has high

thermal resistance. Preferably, the interlayer does

not Thesmderlaysr maydwisshstagtially Gansnaps at the dapging wavelength, or may

R RS BE B AT SR LTS} Adflsin o

reflodtdnloR YaagihY PAdid dnyby theBhdedlayér A& bEGdedwd binttdl Beatlgbikration
| ayer during the transfer process and is not

dusipgdmagioBal [y transferred with the transfer |ayer.

SU' Eﬂ%tﬁl}éﬁé Qgﬁgt@ﬁ?ﬁy%g@4%ﬁﬁ 66 LRfiflicl T dir sEXABY fe present

1nvent10n to couple irradiation energy into the donor sheet. The LTHC layer preferably

includes a radiation absorber that absorbs incident radiation (e.g., laser light) and converts
at least a portion of the incident radiation into heat to enable transfer of the transfer layer
from the donor sheet to the receptor. Suitable LTHC layers are described in, for example,
U.S. Pat. Nos. 6,242,152, and 6,228,555.

In Figure 2, an optional interlayer 216 may be disposed between the LTHC layer

214 and transfer layer 218. The interlayer can be used, for example, to minimize damage
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10 In Figure 2, a thermal transfer |ayer 218 is
i ncluded in donor sheet 200. Transfer |ayer 218

w0 piekess an el ectroactive polynmeric aryl ene oPCT/E182003/024911
present invention and can include any other suitable
material or materials, disposed in one or nore |ayers,
alone or in conbination with other materials.

and contarhinatipm gfthe 2pgsfered pprion of Bie tisabisylager ansk mgxeplgo reduce

.transferred uni,.t Ok 4l [ .

aigpBRE e FnfSnPe it 8F plelrdil 1902 The iflHaSHAAPhS influence

theLaahesiesl of the danhsfef lali}*ela@m@re@tr ofttBe dovRe Shegt.r 'ﬂsiplaﬁll}i} the idfrlayer
can be absorbed by ght- to-heat converter nmaterial

haghigh dhamme} resigtaneg. onéea@blynth@uﬁrl@yemoes AOEdistogprichemicely
t
de@cglﬁ% rslg g@%& déén glgé%r?ﬁ%néi(ﬁ:t ns, eﬂa%tg(ﬁﬁﬁf r%o%ﬁ%?(ﬁipﬁfat re]nders the
trahiferied Bsagé-ndhifunctional. VEhe iaferlayeatisically reheirisiinositeet with the
H‘Hi( IS by solution coatin thell‘%nt, mtting
yprdurgisthe frresieoraress and ismef ebstantially wnssuradygith the
escri bed supra, i.e., underlayer, interlayer,
tra:n?ﬁéﬁ §?1g heat converting layer. In this method, the

li gtﬂmtebiehﬂte]rh:g/emaare desdribed i, e exaple, 62424 5Byand dgR28, 5H3.

Gondh LN Cr g A Vot St R g0 pafpg beap00. Hfanster

layR g GRAIdeS g cIBERYAMISe ?S@Heﬁg aryVBRt thedste&d@idveBtion and can
nife coating and the K The sol vent™ chosen

mqiu@ aryaither suidade nateriah demakablswlqused amnewrmhpré daygrs, alone or in

II.or.i ol ve) .any Iread stin .
of itk Rt A T Bps b fyeaiRif K iePtikine Biectively
trﬁﬁ‘ﬂ%ﬁ@& 86la ahiel of ﬂl%orﬁ@ﬁs\’d%fdn MAFHIE ﬁrhl%‘ﬁertr@edh@@éﬁl when the donor
transfer layer. The transfer |ayer can then be

elenegns it &xvesse)d tp H@t&ﬁdlqayng erindmeging dadiztim thatecan bggbsarheyl by light-

nt t |rrately | ocat ed
topRopIR S i AT B ehEt BuBREE "1 ' Yoot T e, mor e
th aﬂl‘l@'}ﬁes‘eﬁﬂﬁ%rﬁfoﬂ fapthér provitlewd light eﬂﬁﬁmg afsfer layer that comprises
construction is transferred usi n% a 30 single donor

angfiecgroactiygipolipnasic asylepe of Ferandas \atVdE. Line wassefnrpedingthe transfer

1R Panlh oS Rtk B0 amito RAURpEAbsRi orany of

the Liysisidascetbed anpragi.qf endedbyee) intetlayér] hg}any—mmﬁcom'emg ¢ayer. In
Fighot heckeis PGB FerAl Binshe SRR ARG @ suitabe
coﬁg;ﬁ{éi?lggpfveml Qﬂ@é&a’t?@+rﬁ§ Eﬁe% bf QIBSRAL br ﬁ{aesof #%bove layers by

ements use or e ectronlc di or othe
spitevoatiag, grévurh eoatmgeMaymoﬂsoﬁinng; kaife @kﬁnmg |a.bda theldyket Hthe solvent

chopn IRl Ao oy b8 e ety dslisspie) gt the

alteAd PEMstEY aydesMRL BSnor¥hbet! %9 %Gitﬁlgv&%hﬁle?lmeadnﬂgﬂe& ht{%he
Al drich em cal Conpany, M | waukeg,

solvent evaporated to leave a transfer layer.

l-

The transfer layer can then be selectively thermally transferred from the resulting
donor sheet or element to a proximately located receptor substrate. There can be, if
desired, more than one transfer layer so that a multilayer construction is transferred using a
single donor sheet. Suitable receptor substrates are described, for example, in U.S. Pat.
Nos. 6,242,152 and 6,228,555.
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10 unl ess otherwi se stated. Al conpounds nade were
characterized by NVMR spectroscopy. d ossary
wa o4 Bexsrenedi boroni c aci d bi s(neopentyl gl ycoPQT/oymbi/e24911
ester was obtained from Lancaster Synthesis Ltd.,
W ndam NH 15
N, N - Bi s(4-bronmophenyl)-N, N - bi s(4-butyl phenyl ) benzene
- 1, Reekipéotisnbstites cahbaiprespatteimedrwinany ewrorDyare 86 eleciodes,
Baie D U fe, ..Canada. .
tragsisiors; GAPRRIICYT: )?5811? o3RS, SRRER <Yy BT Plagk dyatyigehole transport
L ' SudeRfl for clbEMIL d1 18%% or other
laygg’?@l@l&g{%ﬁ g&lﬂa?’g{sr gﬂrgeﬁgwiﬂléﬂt 2ud| oxabor ol an- ?S
devi@esdi octyIfI uorene can be made 20 as descri bed |n

i nc gﬁé B}evtgpéép ﬁg@ﬁ%‘ dﬁgcon@‘éﬁg ItlieSI??glb\%?g%gex%%?eQ which are provided

forAtBRHBn Uxﬂya&hurah@ﬁw iRtehddane be dimitieg bdhe vagy. descr i bed

in Creason'et al., J.Og.Chem 37, 4440-4446 (1972),

i ncor por at ed hereln by reference. (bthpy)2lr(acae) -
can be nade as describedgd sky et al., J. Am
chem Soc. 25 123(18), = (2001), incorporated

her @jinehyentefeferibeineddedin -Aldri¢toCRericalrCaapdoylibgmiee, WI
4, 4" - bi s(carbazol -9-yl ) bi phenyl, available fromH W
unfeageibervgsaitated. Aficonpoynds Badsers charactgzedch spesfrescopy.
can be nade as described in Pilgramet al., J.
Het erocycl. Chem, 7, 629-633 (1970), incorporated
lhfsggi n by reference. 30 3, 6-Di brono-9-phenyl carbazol e
can be npade as descr bed ark et _.al. , Tet r ahedr, %
1.4 Bonzepeporons 2ckngsapoDen R B FitPE RS fifained Hoin

u%ﬁgflll\jlf@2615 PCT/ US2003/ 024911
La%@%%g n oes1s iﬁi

mo- peryl ene and 3, 10- di br ono- peryl ene can be
N N&dﬂas(é-brdnmphetgd)ﬂ-N,N'—lesfﬂebuMphmyl)beﬂmenlBedlanﬂne was obtained

107-112 4 re ref erence.

from W’L‘i@é#@f g 5“8?%?5’ @?Q ba{ u@?"%ﬁe& @%ﬂ'?%%'e made as

2, glg b eRAGRPIs(Bdrolc acugaﬁ‘as obtainéd @& Frontier Scientific Inc.,
157 1 (1998) i ncorporated herein by reference. 5

Logan,-Utahl ow nol ecul ar wei ght (Mv < 1000), phenyl

2, GRS e DS A Rab oIS y e L F R rone cap b made
as lﬂ)éso?ﬂb@& #n Rangey 61 9T/ EBMAMMLCISHT-1I0B ( gah&ﬂ‘porated herein by

yneri zation of 3, 6-di brono-9-phenyl carbazol e as
re&mm bed |n Exanpl e 3 of Euopean Patent No. 1011154,

B lﬁﬁ-gf V-di %ﬁﬁl}[ﬂiﬂfe %%I} fe)ﬁ éﬁ?r% Qsc(?escnl;e(armtd}gason et al., J.Org.Chem.
37, 4440-4446 (1972), incorporated herein by reference.

(bthpy);Ir(acac) — can be made as described in Lamansky et al., J. Am. chem. Soc.
123(18), 4304-4312 (2001), incorporated herein by reference.

CBP - a hole transporting agent, 4,4’ -bis(carbazol-9-yl)biphenyl, available from H. W.

Sands, Jupiter, FL.

4,7-Dibromo-2,1,3-benzothiadiazole can be made as described in Pilgram et al., J.
Heterocycl. Chem., 7, 629-633 (1970), incorporated herein by reference.
3,6-Dibromo-9-phenylcarbazole can be made as described in Park et al., Tetrahedron,
42, 12707-12714 (1998), incorporated herein by reference.
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10 Ir(ppy)3 - a nolecular emtter,

tris(2-phenylpyridine) iridium(IlIl1), available from
woRoowo26é8ands, Jupiter, FL. NPB - PCT/US2003/024911

NN - di (napht hal en-2-yl ) - NN - di phenyl benzi di ne,

avai |l able fromH W Sands, Jupiter, FL. PBD - An

el ectron transport agent,

3 929{b¢ohiopjm1y§dn)e-aﬁd BA-0:dibnemo-perylyng cah, 18, mMadexasdicscrthied in Zinke et
al. iéiffg?/ g ?Ql 1607f {1()2[?15'41)Wmcosf%%9 Red I‘Eergmtby réferFeane PEDT/ PSS -
2 iﬁﬁirﬁfnﬁ-ﬂ9ﬁﬁ%ﬁﬁﬁé¥eﬂé YhbORAGH S ddReHibedliv ReASer et al., Can. J.

fonate, available as BaytronTM P4083 from Bayer
Ché@,, 15%1/1%612’(@@%8), Imﬁrparq’ted heptiobgreferpceH2) 21 can be

H’f‘m?1 fow's @’f leﬁ +9 bﬁ()c) oPtb%VMaé’Bg‘#i é}oée%argyoé%g ‘polymer,
coﬂhﬁﬁﬁh% 9616_‘,/(9 ﬁﬁe@&aﬁﬁ%& 3,6aliyiy) vehithi edrsiosrepared 139 bis(ES-

rene- di hen%l am nostyrene copol ymer repar ed

cysslgomdwmck@( hdiaied pelymssizgtiane Heddnemorgsphenylcarbazole as

r S . .
o] SELERRION o B FEATAE o0 615134, inforblitlad hoygin by roforence
forsthd p&l@ﬁﬁhzaﬂ@ of ﬂuoxémrr@omﬁne@s
h | deh 2 7 |, . Fl
(dl % o ergl rell?)ﬁglenza (sj(arg %ﬁzl%yg{gglfi Sﬂgﬂ%dallablg %mH W.
ﬁgﬂ m brom de (26.22 g, 73 mml) and dry
tr yd’ro uran (450 nlL) under nitrogen was added a
NEIM NgN Uti(maphdfalgme2-gHaV W diplenybenzddine raviadable fipdr Hf W. &ands,
(80 M, 80 mml) over 5 mnutes. The m xture was
TugiteryKled for 17 hours at room tenperature. Water (400

PED-) Am‘iec%ﬁ%%m I8, bl BT B NEB hESTRY., @ch oxadiazole,

under reduced pressure. The nmi xture was extracted
availdble fromdi., Walandshhipitenfilned or gani ¢ Iayers 30 were

Pl SR R T T SR AR ot
availdblEas Bihrons¥ PGOss RO Th yB}AGULév&fcusFéﬁtd}éﬂn% chloride
and hexane to give a yell ow solid that was further

PhQ(EH31Q(THAd a0 be andde o ereriberbin QEraget aly, Bull XgheppSoc. Jpn.

29ppt UL hesihalBeiiatfy o8 300 1,y

PSIDPAS(-m hol@"tba,nslfbrﬁﬁg f)@l@fmer] poIIyEt ﬂdzdlpliehy&rrhlﬁostﬂrldhe copolymer
5.63 (dd, J = 17.6, 1H), dd, J =11.0 Hz,” 1H):
preREsdNHolaws Mz, CDC13) (147 5, 136.1, 131.8 129.1,

12 g8 R e A o

de@dﬁbedfb(?dfew stat.|dngat. G Ik Edr3925 1§R0G0). ﬂ‘beﬁnﬁltdréméd—
to cool, The reactor was filled with dry  nitro

(Ggherdaminalhepzaldaige 2606 gy 13 ROk akekemicas Milankee, WD),
mét%lﬁ%?&ﬁ&l%ﬁé@ﬁ%nﬂtﬁﬁ'@oﬂ{ﬁé £26.22 g, 73 mmol) and dry tetrahydrofuran (450
mL) under nitrogen was added a 1M solution of potassium t-butoxide in tetrahydrofuran
(80 mL, 80 mmol) over 5 minutes. The mixture was stirred for 17 hours at room
temperature. Water (400 mL) was added and the tetrahydrofuran was removed under
reduced pressure. The mixture was extracted with ether, and the combined organic layers
were dried over MgSO4 and concentrated under vacuum. The crude solid was purified by
column chromatography on silica gel using a 50/50 mixture of methylene chloride and

hexane to give a yellow solid that was further recrystallized once from hexane (15.37 g,
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_by@rsrese ﬂ»gomgh A vylgd base almranag dollay

added to the reactor by syringe. The THF was distilled
from sodi um benzophenone under nitrogen prior to use,

WO pooenasis t o scavenge wat er and oxygen. The cyrtDHS20031624911
was dried 10 by passage through activated basic
alumna, followed by sparging with nitrogen gas for 30
mnutes prior to use. After addition of the solvents,

78% el H SR i(400 Mk KD (Codl-24d2 (w, GHYE 7.09(dad =i b6 Hrad 8}, 7.02 (m,

arahis o 5 Che oo B8, . Sleali B S 7 MR R Sy LT o e

BW86 11 B1ETRYe, i 269 biF, $23.5,
1H2hfds@19m§/{1§rfdo\mq}%dCMB}‘(

and Spar ged W th nltrogen gas to renove
1228yHEX0. A solution of s-butyllithiumin 15 cycl ohexane

0.4, n, .,1..3 |/ was su eunl
F adpovitnstide ol o RPAME LAY rRER b Byl out under
va&.’ﬁlﬁ{ actopricsfor © HRtirst tenfalowed todof THOlexctbly Wi ﬁﬂéﬂ Wﬁh dry
addi tional 1.78 nmL of styrene was_subseque

mtmgged Sulsegpentlye ZE-8@rof cxglobexase ppd fAdnhof @tr@hwireﬁlr@ (THF) were

oo BB S N85l

nit€cHdA prior toliBesinSatietith staviage wiaterml tsdygelneEhe dy&{l}ﬂmmb Wys dried
repeatedly 20 freezing jt wth |Ieg1$d nitro

KoRargng %}tg autrogen gas for 30
mifYfRs [Jh&% b l{%ﬁtei“@&dﬂﬂgoit e {100 SHPREAIIH sk R cooled to 3 °C

reaction was en termnated by “addition of nethanol,
in pn Goeivipitéretati aiftet wha:hrﬁ 02 mi.ef eﬂ}rrmmradﬂecthe reactor. The styrene
i sopr.op noI and under. acu m oven

hag PEIHAUSI oo PaRSH AFO RSt Ag VI Baflg oMY h i hiEprs and
W%@ @F% /é%l #h RIRoYER fast0 RerRb Tk yEdn. 1A'§81u%bﬁb¥§-%ﬂ®llﬁﬁﬂ1m in

|phenyl am nostyrene, 25 based on 13C'N
cyimhexanb €4 ImIL M&nglﬂﬁL) wfas sitsedplcotik addgulab ylnrelreavtas ”lelutlon

b h t THF
imipgapaidly CBr) orPe el S it By o R e
adamohalelr 78 EHLa&f é@;%hé ‘whs s&%éc@a@ﬁﬂfsyéddé@ e merrbabtmaV@ﬂtérasahﬁlg at 3 °C

fromH W Sands, Jupiter,

fot 2 hnlsrp,cﬂr $q1wgom@fmwd1phpt@rlgz@mostm¢ éhéb g):ml Cé/cloémauea(%@ gl) was
adfig(? {n 0 F folr 'Fl‘))P{ é:ﬁw # o’i\%ﬁ sglg 1orb %1‘8}’18}]#1?/ g)eer\ll\%e@assed by repeatedly

|1f‘ﬁﬁh fligain fHiro & ddeiheshg it tdNeauy Mhetsolubn waé &tikdéd
200 /102615 PCT/ US2003/ 024911

ovgrmgly vehilpey araneg FWHODQI temeeiure. Bhoreaptinnawes hem smingted by
i AP PEAET R bbb A Bbayo,and v

urler in £3HR0UM cﬁéﬁwmughi%eldﬁ@8 y.( g.@ﬂﬁc)lymlen Chitqesutingl PS-DPAS
herei n by reference. - a nol ecul a

blgclk pelgmpt contginech iy éf&l%aﬁtﬁﬁnecaé}ﬁ‘ e EHOL/@ a?gélaﬁ%’yl%m%@n@

ba%u(gglg ls@g%hT@ @ggﬁ%ﬁ%ﬁgﬁ 'the %ﬂ A FSTHE VW as ¥700 g/mol, based

on gel permeation chromatography in THF against polystyrene standards.

Pt(OEP) — a molecular emitter, platinum (II) octaethyl porphyrin, available from H. W.
Sands, Jupiter, FL.

PVK - a hole transporting agent, poly(9-vinylcarbazole, available from Aldrich,
Milwaukee, WI.

Tetrakis(triphenylphosphine) palladium (0) was obtained from Strem Chemical,
Newburyport, MA.
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I ndan Acadeny of Sciences, Sect A, 78, 159-168 (1973),
i ncorporated herein by reference. TPD - A hole
w0 ecngdmoli i ng agent, PCT/US2003/024911
NN - bi s(3- net hyl phenyl ) - NN - bi s( phenyl ) benzi di ne,
avai l able fromH W Sands, Jupiter, FL. 10 Mononers
anple 1 Synthesis of

Ex
4,425,357 etrabiethyle?-ppreylyl, 3,2 slioxaboselaye eanhomads frpmpromgbegzene

di. le " 2), C g '
rolfvife heendr et ibe et By Sherlin Radeer 3B, RS
CofindurD1897 115@(91 oY) iebrpteitéd/herdintbydefererbenzoat e,
276. 37 ? (1.99 nol) potassium carbonate and 1200 of
TME€et pwmelectiar emiikes, T-HRENYkdnethPX LSUMATH, c41 mﬁeﬁreégym?ébods

ouﬁ{ngg my$1'%elﬂg£j§éﬁd, g,egtingé%g‘l%ng é §P|B§%KQ(%’)N' pf Proceedings of the

rom de he reacti on
IndirmddadiemapSdieidesSedt ApT8, 115D-148 K73 iih¢arporated hefein hpreference.

THI , Srhgleirgiparting 2geH: NP SsaacEHRBRO o - By benzidine,
av?gal%?egﬁv\(ggqg%.egéﬂd@,c ijceff"ifih 5 % NaCH (2 x 100 m)

y wat er x 100 m). The organic |ayer was
dried (MgSO4), concentrated, and transferred to a 1L
three necked flask. The contents of the flask was

MerMpeist ed t o hi gh vacuum distillation to renove the

Ex%fﬁrﬁfegf’ 1-octyl brom de. The pot residue was essentially
pure net hyl 4-octoxybenzoate 25 (376 86% . -78 WO

Syaoe4is ©0262,5-Pchlougteod)-Gs{49oatyloRs)phemyl By Frhexidiazefe (2)
4- Cct oxybenzoyl Hydrazide To_t he contents of the flask
fromPart A was added 387¢IH4 @i 98% hydrazine. This
was refluxed for 5 hours (106°\C), The cool ed sol ution
was poured into 3L of water g qnd the precipitated
solid filtered, washed w th copious anmounts of water
and dried in vacuo to give 4- %ﬂyl benzoyl hydrazi de

(343 g, 91%yield, mp 90 C). rt C Synthesis of
2, 4-Di chl orobenzoyl Chl orid8$|17o

Part A
Synthesis of Methyl 4-octoxybenzoate

Into a flask was introduced 251.0 g (1.65 mol) of methyl 4-hydroxybenzoate,
276.37 g (1.99 mol) potassium carbonate and 1200 g of acetone. This was refluxed for 45
min followed by the dropwise addition of 386.17 g (1.99 mol ) of 1-octylbromide over a 1
hour period. The reaction mixture was refluxed for two days. Filiration of the cooled
reaction mixture and evaporation of the filtrate gave an oil. This was taken up in ethyl
acetate and extracted with 5 % NaOH (2 x 100 mi) followed by water (2 x 100 ml). The
organic layer was dried (MgSQOy), concentrated, and transferred to a 1L three necked

flask. The contents of the flask was subjected to high vacuum distillation to remove the

excess 1-octylbromide. The pot residue was essentially pure methyl 4-octoxybenzoate
(376g, 86%).
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Into a 2 L flask fitted with a reflux condenser and
magnetic stir-bar was introduced 10 150 g (0.785 nol)
WQ2@4d01id or obenzoi c acid and 575 m (7.85 nol pCOUS2003/024911

thionyl chloride. The mxture was refluxed for 8
hours. Most of the thionyl chloride was distilled off

followed by renoval of the remainder by rotary
Pag\Baporation. Distillation gave 130g (79%vyi el d) of

2, 4-.di ¢chl orob nzo orj de (pot tenperature 110 C
Syphesis T 4 QtRIPENRS %HY% 4§ 70 mm Hg). 15 Part D

Sy nifhasé §orﬁénts of the flask from Part A was added 387.14 g of 98% hydrazine.
2,5-Di chl oro- §1oct oxy) benzo ] benzohydr azi de
Thigrneies refluksdaiok élhOblfS (hPe régEhe clel letemosavs pmlrgd into 3L of water

anfh %ﬁéﬁ%ﬂ IR M Wi N?@ﬁzo%ﬁ‘?mﬁafi\?%% 4 flain
vadud tbFivd 4-68ytbedzoyl Qy@t&iﬁdm% 4 veshyiylddinptdd 90y d

triethylamne in 348 m- dry chloroform After about
Page hour 20 of stirring a dense white precipitate of

d. S
SRl R e RS o T L et was

col Tewt2IL Wask fitted sitharefimdcordenses tiad hiageatic stir-bar was introduced
et hanol /wat er. 1.0 g| e 31 ¢
159 e50idé ml} b5ndic ichlaro %?@mc&ﬁ rEu z‘ébﬁ}@emﬁ 1% &Palzsrlaelonde The

i | llowed
e S it M P BrB vs o o o
byadxhazailoé‘ﬂ(e&jemaimlbnbymﬁﬁ@ etpcratioek Distilkagion wavel 08 (79% yield) of

mechani cal stirrer and thernoneter was introduced 30
2,4ydicblop@gdzepd|chloride (pot temperature 110 C; distillation temp 70 C /0.70 mm

Hg?) 5-dichlor-N -[4-(octyl oxy) benzoyl ] benzohydr azi de and
81 m phosphorus oxychloride. This was refluxed and
Pastrred for 8 hrs. About 100 ml of phosphorus

oxychl oride was distilled off under reduced pressure.

Syntiissic 96 2 SdDichlarenhe-[fhectgloxplbensoylberzebydiefe and
t

cint 1 g St RO, 880 Qs T LUk PR e wos
added toth sudstionad 1281 g (.08/7 fabl) Uratioxgbenzbyl Bylirazide and 12.13 mi (8.8 g,
0 §mb) rtly il Tegtgpmpneip 348 o Gryngbl oA gty gbout e hour

of SR AR NS Plecipjofeof b tsqubed prodit v formed, Sing yas
coﬁtlﬁﬁ@d un'ﬁﬂl ¢hestextiddyu ﬂ‘he pﬂxiucmasfdoﬂlaﬁdd byl ﬂﬂti‘ﬂt@mmmdlrgcrjm}alhzed

D NVMR t t.he f
SRR SEEIL R TR N T 1

(oét%ldx;?dmzdy&?v%nﬁcﬁlgdra‘i)de 8 a%lfe?s’c')'hd d), 7.38 ( 1H dd) ,

1744 8.06 (1H, d); 13C NMR (500
PatE, CDC13) 5 13.90 (C 28 22. 44, 25.79, 28.91,

29. 01, 1 114..7 Cl4
s %53 P&fﬁozygﬁefiﬁ ﬁ@‘ SRR A e &

C 17hto 4 35b 23 flask Addd wikBQ nfebharfical ktirrer and thermometer was
introduced 30 g (0.0686 mol) 2,5-dichlor-N'-[4-(octyloxy)benzoyl]benzohydrazide and

181 ml phosphorus oxychloride. This was refluxed and stirred for 8 hrs. About 100 ml of

phosphorus oxychloride was distilled off under reduced pressure. The cooled residue was
poured onto water and crushed ice with manual stirring and allowed to stand until the ice
had melted. The precipitated white solid was collected by filtration, dried and
recrystallized from ethanol. There was obtained 25.7 g (89% yield, mp 86 °C) of 2-(2,5-
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131.75, 132.20, 132.87 (C10), 161.03, 161.98 (C 15),
164.95 (C5). € 17-,5 \i / 1l e o 19 ~~\ [/ 20 3-
wa 3001403623 - 7j -~ \ 25-2 27 X283 10 Exanpl e 2 Bynukmei/e24911
of
2-(4-tert-butyl phenyl)-5-(2, 5-di chl orophenyl)-1, 3, 4- ox
adiazole (3) C C N ON 15 Part A Synthesis of
dichlogdphieayt)-SE4t(pttybmainhenyl}- 153, 4oxadieaol@)z Shy srptuigavas
4-tert-Butyl benzoyl hydrazide (185 g, 0.96 npl)_and,
confirmsd wprmbigveusly by 3P dpd 2 HYIR %mqﬂ?%@ﬁll gpvaihs ﬁOﬁP\Bfalg 1B

NRIR L R4S GrE]  SEEmd A (R 7 Bl 6.7 8

! ! 2 _ Mo
0SFURMPETAEEY el Poggal 0, Poram coopng, cocty
13500§CRIgydHcis, v8F90Ps o1 wech12hy 88, 31BE 63 /08YCS2 1B 4. T8(C14 and C-

reacti on was allowed to stir at roomt

enperature unti |
163, 1S AEKE- 101 247 Cphlo 8RB 85 (633 ona 61 b1k KIS 14 hd30.87 (C-7),

i {1 P Er&d washi ng and

13@'%1 #&O@t’ ‘f%%@é((?ﬁﬁiﬂ% (1).r05 egélai%r {(%35 ﬁqgjégggcﬁ'e pr oduct

in 99%vyield. Part B 25 Synthesis of

2-(4-tert-butyl EH f)-5-(2, 5-di chl orophenyl ) -1, 3, 4- ox

adi azole (3) -BO WO 2004/ 615 PCT/ US2003/ 024911

Into a 2L fl agg’(\w{s\irn?\l;g @——200 g

N-(4-tert-butyl benzoﬁL)(/— 2, [ chTZ'oﬁobenzohydrazi de
(0.55 nol) and 1378 ni *phosphorus oxyck] ari de (2267 g,
14.78 nol). This was refluxed for 8 hrs andest he
sol vent then evaporated under slight vacuum

Example 2
Synthesis of 2-(4-tert-butylphenyl)-5-(2,5-dichlorophenyl)-1,3,4-oxadiazole (3)

AN

O,

Z 0

=z

Part A
Synthesis of N-(4-tert-Butylbenzoyl)-2,5-dichlorobenzohydrazide

4-tert-Butylbenzoyl hydrazide (185 g, 0.96 mol) and triethylamine (97.37 g, 0.96
mol) freshly distilled from calcium hydride were added to 4L of dichloromethane in a 10L
flask. To this was added with mechanical stirring 201.5 g of 2,4-dichlorobenzoyl chloride.
No precipitation of the product was observed after three hours and the reaction was
allowed to stir at room temperature until the next day. The product was precipitated by the
addition of 4L hexane. Filtration, hexane washing and drying at 80 °C in a forced air oven
gave the product in 99% yield.
Part B ‘
Synthesis of 2-(4-tert-butylphenyl)-5-(2,5-dichlorophenyl)-1,3,4-oxadiazole (3)
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The resi due was poured onto crushed ice and allowed to

stand until the next day. Filtration 5 gave a sticky
wora®s/10263 ch was di ssol ved in nethanol, and soP¢TUS2003/024911

mat eri al was obtained by addition of a little water.

Filtration and drying gave 112 g of the required

product as a white crystalline solid (59 %yield).

Exaiipbea 23. lfxkSyastinesdised 200 g N-(4-tert-butylbenzoyl)-2,5-

iy ghmpltiaae G ) Ao DhSEHRe SR i A3 8147

m@a%ﬂ \bémﬂﬁ%amy B he 4 thél o1Bont ke 58 %@ﬁ@h uﬁaémghmacuum

rt C of Exanple 1, the reaction of .
ThewésjdueBaspoBradi dinto nmbl@edzlge andaallavesli to lstang @nth ¢ hexrdpy. Filtration

gaxgqh%) ?tgc:lfg;e §,o\§ﬁna% hea% Idijs ve J al et%agéha[nﬁésg 1% Hbaienal was obtained by
addition Bf RlieeowMNer. [Filtrb 864 Mimyﬁllgegaz@m gen mhy@lx@al paedRY as a
anpl e

t he general nethod of Part
whitezryiitdlinnsid{(39 96 vieldor i de (57 43 20 g, 0.11925
nmol ), 4-octoxybenzoyl hydrazide (50.88 g, 0.1925 nol),
and triethylamne (27 nl, 19.48 g, 0.1925 nol) were
@@ 3ed in 800 mM nethylene chloride to give a
duc Re- crystallization of the product fro
Symtﬁﬁlmf 81(26Q@rwown@l)éﬂé%)ﬁmmp@nsu bP ﬂr%ﬁ%élaﬁplc @
[ 4- (octyl oxy) benzoyl ] benzohydrazi de. Part C 25
Synt hesi s of Br Br '
2-(2,5-Di bronophenyl) - 5-[ 4- (ocLy| oxy) phenyl ]1, 3, 4- oxad
iazole (1) By the general ms q¢ of Part B of Exanpl e
2, cyclocondensation of 39.1 (0.0743 nol) of
t

N- (2, 5-di br onobenzoyl ) - 4-(oc xy) benzohydrazi de with
203 mM  -81 WD 2004/ 102615 P S2003/ 024911
phosphorus oxychl oride forc@ Jors gave, after
recrystaII|Z|ngfromEtO—Vvvater 33.6 g (89% vyield)
PaEt AZ 5- di br onophenyl ) - 5 [ 4- (octyl oxy) phenyl ]
4- oxadi azol e (1). 1_&)
Syn’[hes1s of 2,5-Dibromobenzoyl Chlorl e
By the general method of Part C of Example 1, the reaction of 50.0 g (0.1786 mol)
2,5-dibromobenzoic acid with 150 mL thionyl chloride gave after distillation 40 g of 2,5-
dibromobenzoyl chloride.
Part B
Synthesis of 2,5-Dibromo-N'-[4-(octyloxy)benzoyl]benzohydrazide
By the general method of Part A, Example 2, 2,5-dibromobenzoyl chloride (57.43
g, 0.11925 mol), 4-octoxybenzoyl hydrazide (50.88 g, 0.1925 mol), and triethylamine (27
ml, 19.48 g, 0.1925 mol) were reacted in 800 ml methylene chloride to give a product. Re-
crystallization of the product from DMF/water gave 79.38 g (78% yield) 2,5-dibromo-N'-
[4-(octyloxy)benzoyl]benzohydrazide.
Part C
Synthesis of 2-(2,5-Dibromophenyl)-5-[4-(octyloxy)phenyl]1,3,4-oxadiazole (1)
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
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Exanpl e 4 Synt hesis of

2-(2,5-D chl orophenyl)-5-(pent af | uorophenyl ) -1, 3, 4- oxa
welr@aodw130) C C N O- N FF FF 15 F Pe€T/U$003/024911

Synt hesi s of 2,5-Dichl orobenzohydrazide Into a fl ask

was i ntroduced 30 g (0.1463 nol) nethyl

2,5-di chl orobenzoate and 46.89 g i.l_. 463 nol
phhmpmiqx@chlwnd@quédus gty glier regystalligmgdom $12d3.6 g (89%

m Xt [ X f
iGEE S SRR D TR AR &P BB o
and dryi ng under vacuum gave 30 g solid. A 1H NWR
showed that the material was fairly pure 2, 5-
di chl or obenzohydrazi de and was therefore used w thout
further purification. Part B Synthesis of
2,5-Dichloro-N - (pentafl uorobenzoyl ) benzohydrazi de 25
By the general nethod of Part A of Exanple 2, 21.0 g
(0.1024 nol) 2,5- dichl orobenzohydrazide wth 23.6 g
(0.1024 nol) pentafluorobenzoyl chloride and 14.3 ni
(0.1026 nol) triethylamne in nethylene chloride / DV
(1L, 1:1) gave, after re- crystallizing from
DVF/ wat er, 22.51 g (55%yield, np 227 - 232 Q)
E 2I Sid%! chl oro-N - (pentafl uorobenzoyl ) benzohydrazi de.
t C Synthesis of

L 3 l
R ki o

t he general nethod of Pagg Exanple 2, the
reaction of 21.0 g (0.05
2,5-dichloro-N -(pentafl uorob uoyl)benzohydrazide in

POC13 gave a product which wasNrecrystallized from
et hanol /water to give 16. 59F1:% yield) of 2-(2,5-

di chl or ophenyl ) - 5- (pentaflup enyl)-1, 3, 4- oxadi azol e
(LO. 5 £ F
Part A
Synthesis of 2,5-Dichlorobenzohydrazide

Into a flask was introduced 30 g (0.1463 mol) methyl 2,5-dichlorobenzoate and
46.89 g (1.463 mol) hydrazine. This was refluxed for 5 hours. The cooled reaction mixture
was poured into an excess of water, to precipitate an off-white solid. Filtration and drying
under vacuum gave 30 g solid. A '"H-NMR showed that the material was fairly pure 2,5-
dichlorobenzohydrazide and was therefore used without further purification.
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) triethylamine 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 (10)
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10 Exanple 5 Synthesis of
2-(2,5-D chl orophenyl)-5-(9, 9-di octyl -9H-fl uoren-2-yl)

W0 1903/1de6oxadi azole 13) CI C N O N C8HL7 CBHIGT/U%03/024911
Part A Synthesis of 2-Brono-9,9-dioctylfluorene A 3L
flask fitted with a nechanical stirrer was charged
W th 2-bronofl uorene é45 g, 183.6 nmole) and 150 nL
DVs®Y e general mpthad abBamh Brad Exampleddidle wactian off210 5045377

ol Ui iy .

R AR B A Pa et frids in POCT agye s groduct which
wisYet193tallizbd Someghadol/massd td give 26.5atg (BT% Méldhof2-gnsous
.mechani cal _stirring, n-octyl brom de 84.96 g, 440
diphlerophenyhsS-treptadluprophgnyd)-d Set-pxpdiazaledll0). ex ot her nj .

Stirring was continued for 2 hours. To the reaction

m xture was added 500 nL of a 1:1 m xture of

wat er/ ether, and the organic |ayer separated and was
washed successively with brine and then water. Drying

over magnesium sul fate and evaporation of the sol vent

gave an oil. Purification by 25 col um chronmat ography

(silica gel; hexane as the nobile phase) gave 67 g

(78%yield) of 2-bronpo-9,9-dioctylfluorene as a pale

Eoil.1 Eart B Synthesis of
,o-oroctyl - 9H fluorene-2-carboxylic Acid -83 WO
Sﬁﬁ%{sJe@%_ﬁ(i,55-Bﬁﬁl&%ﬁ%ﬁ)@@@&iociylwpl-ﬁuc%@&kylj-11,t3t,zﬁ9xadiazole (13)

with a nitrogen inlet and rubber septum were
i ntroduced 2 bronn-9,9-$ﬂ I&ﬂ uorene (34.18 g, 72.8
mol e) and dry tetrahydrofuran (300 nL). The solution
was cooled to -60 C and n-butsN lithium (29.1 nL, 2.5M
in hexanes, 72.8 nmole) ad via a syringe. The
reaction m xture was observedito turn red. After
stirring 5 for 1 hour at -6 dpe reaction mxture
was poured onto powdered dry “gﬁd left to stand
overni ght. The m xture was i?ﬁé@ with 1M HC1 and
extracted wth chloroform @ chl orof orm extract was
washed with water, dried over magnesium sul fate and
PabfAcentrated to give the required acid as an oil

Synthesis of 2-Bromo-9,9-dioctylfluorene

A 3L flask fitted with a mechanical stirrer was charged with 2-bromofluorene (45
g, 183.6 mmole) and 150 mL DMSO. Under a N, atmosphere was added 80 mL of a 50%
aqueous NaOH solution and 2.72 g of benzyltriethylammonium chloride (2.72 g, 11.98
mmole). This was stirred for 2h at RT. With vigorous mechanical stirring, n-octylbromide
(84.96 g, 440 mmole) was added via a dropping funnel (exotherm). Stirring was continued
for 2 hours. To the reaction mixture was added 500 mL of a 1:1 mixture of water/ether,
and the organic layer separated and was washed successively with brine and then water.
Drying over magnesium sulfate and evaporation of the solvent gave an oil. Purification by
column chromatography (silica gel; hexane as the mobile phase) gave 67 g (78% yield) of

2-bromo-9,9-dioctylfluorene as a pale oil.

Part B
Synthesis of 9,9-Dioctyl-9H-fluorene-2-carboxylic Acid
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10 Part C Synthesis of
9,9-D octyl -9H f | uor ene- 2- carbonyl Chl ori de
wO2@4Mhwes yl - 9H f | uor ene- 2- car boxyl i c aci d ( 32pGBU§2003/024911
74.5 mol e) was refluxed in thionyl chloride (93 g,
782 mmole) for 8 hrs. Unreacted thionyl chloride was

distilled off and the resjdue material used w thout
f ur Intera fiask ifitted autithonnitrogerpaiat endspbbpresgpinpvere introduced 2-

b g Dt G748 IR ol MG EEmSI R R, The

soRfibh ak e@éléd NGOt Ci Mdhybul litkiu(o(29. 1agL] ¥.8MeitDexanes] 72.8
war med in 500 nL of 1, 2-dich| oroethane until the _ solid
mmgled pdder VisseiSygings oThetreaction mixgye i%gg observed to turn red. After stirring

for’t Rodl ?Céd/ dC %1]‘65 j‘ﬂﬁ}% éBGI%%h ofifd) &Wc@?ed((ﬁgq%e %ﬁd left to

eqU|va ent ) ’was a m xture stir
stand ofverni ghooT Hbantixtur eas iadidlifiedblitls | MEH €] drid dxémaetdd ofifh chiatoform.
the filtrate evap oraécg g give an oil. This vvastake(P
Theshiooloepeatact a¥rd Waseh ek Mstaradrind st masagsiyng sufte an

cofiddntrattifo %ﬁzgﬁftl%feglﬂl\g@%ﬁ& LOM y@s dried (MSHM) and

concentrate e desired internediate. Part E

25 Synt hesi s of

-éZ, 5- Di chl orophenyl )-5-(9, 9-di octyl -9H-fl uoren-2-yl)
Paﬂl 3, 4- oxadi azol e 13

Sy%ﬂ%s@‘o?bl%fbcg;lﬁ Hudreté —Q%Woh?f‘blﬁlbﬁ@é en- 2-yl) car bonyl
benzohydr azi and phosphorus
oxy KP-Dripatd- S(I@ﬂunte)nevvembcweﬂﬂc axidd32.86 g87hP snmalepwas refluxed in

e R3S L ARG b AP e o

anamhé esidnehfiterial ¥dadrwitldut huct@fl tirdfidatishl rri ng. The
sticky paste that forned was extracted into hexane
Pasild t he hexane extract dried and concentrated. Colum

Syl S PR Blosh N oA M P ARk B ot

V‘? 20841 dK13foben A6 d1dnde Qi h B hlent) xd it tRylamBys fohe sipsivalent)
0
were varmedineHi0mb s d iy fichiorqethang antjl @S‘(Wlﬁfh@ﬁwfﬁl hadgdissolsed. On

oRIbESE Fisk St Tyathe G ot it Grr YoM TUR Bl o e

mixture stirred at RT for two days. The insolubles were filtered off and the filtrate

evaporated to give an oil. This was taken up in heptane and the precipitated solid filtered
off. The remaining solution was dried (MgSQ;) and concentrated to give the desired
intermediate.
Part B
Synthesis of 2-(2,5-Dichlorophenyl)-5-(9,9-dioctyl-9H-fluoren-2-yl)-1,3,4-oxadiazole (13)
2,5-Dichloro-N'-[(9,9-dioctyl-9H-fluoren-2-yl)carbonyl]benzohydrazide (20.0 g,
32.17 mmole) and 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.

-84 -



10

15

20

5 (octyl oxy) phenyl]-1, 3, 4-oxadi azole (fl in Exanple 3,
the reaction of 3,5-dichlorobenzoyl chloride (20.0 g,
w@2®1002%03 €) Wi th 4-oct oxybenzoyl hydrazi de (2BCRUSIHN3/024911
0. 010 nole) gave the internediate
3,5-dichloro-N -[4-(octyl oxy) benzoyl ] benzohydr azi de
(25 g, 60%yield). Cyclocondensation of the
Exampleredi at e 3, 5-di chl oro- N -[ 4- (octyl oxy) benzoyl ]

SYRBREP pLar S5 Rabolntin Bl st syl Lol SR 0

[ 4- (octyl oxy) phenyl ] -1, 3, 4- oxadli azoI e (4) (11.16 g,

73% vyield). Exanple 7 Syn
2- (3, 5- Di bronophenyl ) - 5 [ onxy)phenyI] 1, 3, 4- oxa
diazole "5) Br Br - ID 15 By the genera

nmet hod for the syntheS|s of ’
2- (2, 5-di bronophenyl ) -5-[4-
(octyl oxy) phenyl ] -1, 3, 4- oxadi le (1) in Exanple 3,

the reaction of 3,5-di brompbenzoyl chloride (20.13 g,
0.06747 nole) with 4-octo%§$bﬁ§oyl hydrazide (17 g,

3. 5 the B ST e DRYTRRRS oy Rriheommpled-Sde-

(o&t}l%x?)%hgnyll @%—Mka@h&ble @y ﬁi E"&ﬁﬁﬂﬂ@ BS@E k@Bt of 41 9—dlch10robenzoyl

i nternediate 3,5 brond- N -[ 4-(octyl oxy) benzoyl ]

chipside éilb@z@l gal. Dbl‘ém(om vmvh @«)acww»enmmd(az@e 25.24 gy@Olthmole) gave
o Rt T S R TR S o e M gpiohy d5pzids (35,8, 50% vied).
Cﬁ?o%oﬂdl@lsﬂion of&ﬁe m&ﬁ@ﬂe@?—fiﬁ&l&w 5206891087 b3Adoy1]-

begqurzd@zlﬂle % L) W@rﬁ@ﬁ}b 483 mlorapveothy prawirgd 2- (éﬁfdaclql@tqp;abnyl) -5-

H?@@%%ﬁ‘lﬂﬁﬁs %1%)@&&4 afE{ @Eﬁl&e]béoég %QQQF‘? ‘ask fi :t Eg

with a mechanical stirrer, reflux condenser and
nitrogen inlet were introduced
MEX ! chl oro-N -[4- (octyl oxy) benzoyl ] benzohydr azi de
Synthesis of 2-(3,5-Dibromophenyl)-5-[4-(octyloxy)phenyl]-1,3,4-oxadiazole (5)
/ Br

Br-< 2
=N

O_N

0

CgHy,0

By the general method for the synthesis of 2-(2,5-dibromophenyl)-5-[4-
(octyloxy)phenyl]-1,3,4-oxadiazole (1) 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-(octyloxy)benzoyl]-
benzohydrazide (12.17 g) with POCl; (63 mL) gave the required 2-(3,5-dibromophenyl)-
5-[4-(octyloxy)phenyl]-1,3,4-oxadiazole (5) (6.12 g, 52% yield).
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(40 g, 0.09146 nole, 1 equivalent), p-anisidine (67.60
g, 0.5487 nole, 6 equivalents) and 300 niL
wa2@4doxid or obenzene. Mechani cal stirring resuP@EUSIN3/024911
partial solvation of the solids. Phosphorus
trichloride (12.56 g, 0.0146 nole, 1 equivalent) was
added and the 10 contents of the flask heated at 180 C
Exbmple® hrs. The solvent was distilled off under a

I t dth i, d t f
Smbiibor TR A S B EAALS S SRy
1?@&&901@@&” al was filtered off and dissolved in

acet on nough heptane was added to precipitate a

pur pl e-col ored oily sl udge. ag dilution of a test
sanpl e of the acetone/ hept acHe ensured that the

oi |y sludge had been conpletely pNecipitated. The 15
acet one/ hept ane | ayer déi%w[“ &N of f and dil uted
further with a | arge excess tane to precipitate
a white solid. This was filtere ff, dissolved in

acetone and re-precipitated Cw to heptane. Filtration
and dryi ng gave

ta?/]: chl o éﬁ %@ﬁ yﬁn% 4 bﬁﬁﬁ&ﬁ%ﬁﬁﬁg?ﬁe@ﬁ {%é Ié?rl Be% condenser

an@ﬁﬂ@ e it wete nﬁi@ﬂﬁbédﬁ 9-dRHISO e H[9- S@ét?lloxy)benzoyl]benzohydraz1de
br ono- 9 bi s( 6- di oxahept | uor ene
(4%&99 I4bireelay aqmaii:ra}npcw&;qima é&( ) &,d). 3487 molend peuivalents) and

sl {250 8eh st LS e B Ao
so(ufso PHbs)phV&ﬁﬁ tﬁdﬂsﬂde alzsrscg;roouas ammnmquy?gdngwa:@tdhwgm end the
n adae | S

coéf@nts.oé e ﬂaﬁhéleaféﬁét 1$9n Q@g 1%%% g scgltfer}i Shdistisd Péftwiér a light
Vaf,lﬁfm and ﬁl%%s? %rf‘eﬁ 91580 ﬁ,n&' 41§ a@%Uﬁé?ﬁ%)tane mixture.

ayer was ex racte her i ne
THeayEdi materiab wag Sittertd \wiff dndvrMselvaﬂ ntvazetonﬁeEn(mgh hetptasel was added to

DrENBIAA AP BRI P Iareg S0y Sl ieare AbRam af & sboemmle Af g6
ace?ﬁl C%fl qaﬁér%nﬁ’&‘éé Hﬁ?ﬁ@%@%ﬂfﬁg& had?Bééﬁ t@le:fiﬁgcla&t@d The

colum to give he pure cofpound in
aceto;xé:/hcbpiaxm‘ lay@894s dexantpd eff a0d élllﬁth ﬁh‘é}@r withfa large excess of heptane

to Btopingats oG S B B R b oo BepAERyH el B Bffgipitated

wfﬁﬁﬁep‘iéﬁ%t PRsAtzRhid @Ping Ba6 1t £25 - A0hidi8p HehyH 1 (4-methoxyphenyl)-5-
9-'di br onof | uorene” f ol'l ow n% the procedure
[449@§1¢KthByylh§H-h@§cmabd@I(§)lﬁ EA2eptd8o gieldo End Cappi ng
Groups Exanmple 11

Example 9
Synthesis of 2,7-Dibromo-9,9-bis(3,6-dioxaheptyl)-fluorene

Benzyltriethylammonium chloride (3.19 g, 14 mmole, 0.077 eq) and 2,7-
dibromofluorene (59 g, 182 mmole, 1 eq) were suspended in 178 mL DMSO. 50% aqeous
NaOH (80 mL) was added. 1-Bromo-2-(2-methoxyethoxy)ethane (80 g, 437 mmole, 2.4
eq) 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;SO4. The

organic layer was filtered, evaporated to dryness, and the residual was flash
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30

Synt hesi s of

N, N- di phenyl -4-(4,4,5,5-tetranet hyl -1, 3, 2- di oxabor ol an
wo 2enldmmi | ine / \ QO~ \ 15 n-Butyllithi um waBCHUS®A3/024911

dropwi se via syringe to a -78 C (acetone-dry ice

cooling bath) solution of 4-brono-N, N-di phenyl aniline

(24 g, 0.074 nole) in 175 m dr THE. Stirring was
chuommetograghedam a sicacgdlgoluam tecive ‘éngmf fhepusg congpugd fipa yield of
86%p_hour. The mixture was cooled to -78 C and

=i sopropoxy-4, 4,5, 5-tetranet hyl -1, 3, 2- di oxabor ol ane

(17.22 g, 0.0925 nole) added via syringe in one

portion. The tenperature was mai ntained 20 at -78 C

ee hours. The cooling bath was renoved and the

L | . il

SRS oRg T SbghB T i AR BRRERA) MG, o e
i nt @,7-Pithromat %, 0-bag(Bprdioknhaxyicplengl) dluwxdneardsaynitiesibed from
et her. The et her Iayer%égs dri oyer —magnesi um

PRO(CHa)0(aHelkasiice frditipmativeyens fpdlowing the prroegye essentially as

deE‘fHﬂeﬁiiI‘fﬂ&}u“ue@Y columm chromat ography (silica gel
eluting wth hexane:tol uene m xtures of increasing
gradi ent 25 from 100% hexane to 40% hexane) gave
Ed CappingGuoups- (4, 4, 5, 5-tetramet hyl -1, 3, 2-
di oxaborol an-2-yl)aniline as an oil (19.9 g, 72.8%
Widiy which slowy crystallized to a solid on

x4l
@}%@nlp :02&ﬁ%};@?{gg‘%@?ﬁe&%@&@lﬁgﬁ-h&%%%&é%ﬂz‘i}ﬂamune

4-19,9-Dioctyl-7-(4,4,5,5-tetra DA | -1, 3, 2- di oxabor ol
an-2-yl)-9Hfl uoren- 2- IL - N_N- a\_phenyl ani | i ne
dH1767B 1 17 1 7 pt B @ d- N, N- di phenyl ani | i ne
(19.44 g, 60 nmole, 1 equodv) ,=2-[9:9-dioctyl -7-
(4,4,5,5-tetranet hyl -1, 3, 2-di oxal an-2-yl)-9Hfl uor

en-2-yl]-4,4,5 5-tetranmethyl -1, 3, 2- di oxaborol ane

( 76.1BBgylHBRni RS 8dded ®@Epirive viaAitiskexb BM78 36 (acetone-dry ice

(trica ryly[netQélannDniunl chIonLde%%é6gf 15 mp] e,
coel%bagkﬁw}tlcamf ogeedNNdivhemdeitine €4 £ 0104 npgls) i 175 ml dry

w0 ; |V opf
THE YRR o uB Y Y SETF BBl BEE Sh oot e, The
mix@ure &9 Wboldd tar-78 *CLinati2-isdpivipbx B4 Erb, Pidtinethyl-1,3,2-dioxaborolane
tetrakis(tri henél(gh_osphi ne) palladium (0) (348 ngy, . .
(1323e 91985- Mode) Fddekyaisyyingids onenYdonThze feEpetaiyR Was maintained
at Pt ﬂ’ﬂ%@ h&ﬁl@.nl"ﬁeeédoﬁﬁg Hath iR rétﬁo%dsand-liﬂ@ﬁa%@@&{ I?ﬁrfo warm to
was cooled to roomtenperature and water added. e
roomgemperature 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 concentrated to give a viscous oil. Purification by column
chromatography (silica gel eluting with hexane:toluene mixtures of increasing gradient
from 100% hexane to 40% hexane) gave N,N-diphenyl-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)aniline as an o0il (19.9 g, 72.8% yield), which slowly crystallized to a

solid on standing.
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| ayer was separated and washed with water followed by

brine. Drying of the organic |ayer over Na2SO4 and
weapoosts on of the solvent gave a |ight yel | omCHUB1003/024911

Thi s was suspended 15 in acetone and the m xture

brought to reflux and then allowed to stand at room

tenperature overnight. Filtration of the solid and
ExoonpdelR ration of the filtrate gave a solid that was

Sngm;%ls totgg-g?,\t?gm&)c{ gﬁj@ddj -qa:fa%%rt@ﬁ riy3 étd%)&gBl%lg}lgi(-%%H-ﬂuoren-Z-

yIIN(M-dfbhen@ahiihe amet hyl - 1, 3 2-di oxaborol an-2-yl)-9H-fl u
oren-2-yl]-N, N-di phenyl aniline. 20 Exanple 13
Synt hesi s of 2-

[3,5-Bis(trifl uo,ret hyl)phenyl] -°d| oe yemrng

ii%ﬁ%:g; 4,5 5etrams . 3, @
2, 7- Bi ST3, 8- bIS(tQ\l@\GWEt hyl ) phenyl ] -9, 9-di oct yl -
9H-fluoren CH CH CF3 CF3 8 17 8 17 F3C C8HL7 CaNl7 25

OB CF3 CF3 F3C -88 WD 2004/ 102615 PCT/ US2003/ 024911
3, 5-8Buimé-N,Netiphemytwpilinedid #é gzhamniole, 198uiy), 2-[Hbliastyl-7-

o el TRl 3D P P g g 132

d19£a%6rc§adé| (]76 4 g4 1§o %mﬁab rza&fﬁ\k)quh %a;%%ﬂs@gﬁwﬂ&ﬁh@mﬁammomm

c qrrde& éﬁg; 95 ;mn@lphqz rza nqmn) mi)d\msgdm@egaﬂ(qma@owon (BymL, 150
mmPezg Srﬁgulvg wgeg%r?tﬁci%a ég %’é& g& EF‘P I\%eﬁea rI%? Os Qlﬁgéldé\&!ﬁtﬁ% sFream of

nitr@¢dAERLabolil B6 miESnde aGhiEogen tplir e, t‘e‘tr@m(ﬁ*lplﬁen?ﬂﬁh’o@@ﬁﬂe) palladium
for about 30 m n. Under_a nitrogen purg

(0} E148are- I 3G mpIRdT P Qﬂ#&gﬁwo My agil P {ﬁ%fm mixpurerfyas then refluxed
f09 18) ?IFS 'ﬂl%lrgact ngv]a% ﬁlk %ge atu-EQ GAt: 'a@éﬂad The orsgamc
m xture uxed

was then re e reaction
lagrov sdeparated and washgdevith water ﬁﬂlhiwmdﬂ)gﬂbrmd.dléry.mg'l' biethe orgamc layer

or ani ¢ | ayer was separated and shed Wt h
BN VBPOTARON ph GF A9jVERt EFRA HEHRIEN Sgyéaha% s Suspendied

RS HRGRE BB 5L el B St .

tempaiaturp ov¢rnight. dfiltratiomas the aplod aIEﬁcomneIHra$IDhlof thet ﬁi.trate gave a solid

g YRt o SO REo kAT L fapant Ao SvETT9.9-diooty

74 gﬁg tslsﬂﬁ:&hm%th%m 4s). dlgksbdfbﬂﬂizeylpgndﬂu@ala%h] RoRbiRAaniline.

determ néd
2 {7-]3, 5- bls(trlfluoronethyl)phenyl] 9,9-dioctyl -9H-f
uoreq 2-yl} 15
-tetranet hyl -1, 3, 2-di oxabor ol ane obtai ned as a

s&ﬂtﬂéﬁs orel oy, wﬂls(&%@aﬁethﬁvbﬂ\dw] 9,9-dioctyl-9H-fluoren-2-y1}-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane and 2,7-Bis[3,5-bis(trifluoromethyl)phenyl]-9,9-dioctyl-

9H-fluorene

TR, B A

-88-



10

15

20

25

6 0.53-0.69 (m 4H), 0.78 (t, 6H), 0.96-1.29 (m 20H)
1.40 (s, 12H), 1.97-2.11 (m 4H), 7.52, (s, 1H), 7.56
W@ ego4/16p615 7. 72-7.80 (m 2H), 7.80-7.88 (m 3H) PCBUSH03/024911

(s, 2H). The band having the greatest el ution
di stance was coll ected and was determ ned to be the
by- pr oduct

2, 7-3%%-BistiBuaspmethyitromoberena P 293 g dynols, bcaui) 259, Bejoctyl-

I IR T
1,3 mdlcﬁﬁbbrolalleQﬁ 28gl3 nﬁﬂ(ble Zlhl)ulv)YA‘ﬁQuat@S 33@H), 7.56 (d,

2H), 7.80 id 4H) Qﬁs . _Exanple 14 nthesis_
(trispprylyipsthy. @mgow@l@: @(%s,xw%mmms @of éNbsodium

g AR 25 SR O

wa& ﬂur@dnvfrﬂttuw St@dhen 6f)ﬂnhogbmtq>r tbeut B0 aciadUnderessogengiurye,
described jn 2004/.102615

ppespbing) p Prwil @%154 @@ng\ﬁé% pumngle, 0.012 eq) was added.
h
T}% 164 ﬁ{uﬁﬁ h%&&ﬁj@@ﬁ%hﬁl\e/g %efﬁ&e %ME ?ﬂ%/{éaﬁ%ttl%ﬁv% %Br@éq]tﬁzr%m

e genera
temperatuesarsl wﬁteﬂac(d@dsr IeH thrgamo ﬂﬂyen\yb$ se@al[aﬂedfand washed with water,

nofied eEBAE e bin e Aever S d0s 8 ABB OBt the solvent

gaQe g‘ﬁéhm@lf%%v SW1ih The REHO @AY @i@ﬂﬁ@éﬂl in Ry, 3k dQnfddlpotiodof it was

gave the internedi ate

aPNle‘i dng hlﬂloa the iﬁa'owl)mmamwphx (BeGyplated Thei T plite 88 ejyted with

1 folhdeik e B RO SR e b P Ryl e b sipllgelgd and
wis A8 mided bW'Zt{'V @@Bﬁ(tﬁﬁﬁ&oﬂie}hy@)@lﬂélﬁ -0 4-did&@yl-9H-fluoren-2-yl} -

met hoxyphenyl’)-1 ‘oxadi azol e

chl or ophenyl
44,53 -mqgrgethslzg/&ga étnga)bor@a@:qht@a@d pselighslyphewiod (B8 pgdn SENMR:

s Xt 9 ) EILTEN P 29 AT BB, o721

7.92,3s5, A1) xA86 8¢ AlFD), 7.72-9.80 (Erl ask, 1. 8017583 (m BBI)BS Bi‘pet QHI) amhe band
nltro en e was I ntroduced 4. 10
hazm(gzhsg@a@ fg wfhmqa\samﬂe@e@ W(bw) %@ﬁynfd tp b&* the Bycproduct

2 ?@is@%?—l : o 4 I{i?ér?éy angﬂg@gdm@ﬁ éggtl&o]rgnqgéttﬁ HQ& as 91f11ght yellow

0il (8 mg). IPENMR: 3 0.51.0.65 (m, 4H), 0.70 (t, 6H), 0.91-1.26 (m, 20H), 1.98-2.11 (m,
4H), 7.49, (s, 2H), 7.56 (d, 2H), 7.80 (d, 4H), 8.00 (s, 4H).

Example 14

Synthesis of 2-Bromo-9,9-bis(3,6—dioxahexyl-6-phenyl)-ﬂuorene
2-Bromo-9,9-bis(3,6-dioxahexyl-6-phenyl)-fluorene was synthesized from

PhO(CH,),O(CH_),I and 2-bromofluorene following the procedure essentially as

described in Example 9.
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20 anhydrous nickel (1l1) bromde. To this was added 75
m dry DM and 25 nl dry toluene. This was azeotroped
wowdo/10dses use of a Dean- Stark condenser fol | owedT/D§2003/024911
distilling off nuch of the toluene. To the cool ed
reaction solution was added a further 0.31 g (1.421
mml) of anhydrous nickel (11) brom de under a strong
n purge. This was heated at 80 C for 30

f ol Nt 1
Syﬂﬁ%ﬁ% SE2 BB SO AR 3 ffadionale |
was allowed to proceed for 8Nwa>urs at 80 C. The cool ed
reaction mxture was po /i bout 500 nml acetone
and filtered. The solig was en up in
met hyl ene chloride and 1IN HO added and the two phase
systemstirred for about an hM&8C The resulting

Co. BT TeSernl P e shecisgar oo a8 Siae
(o&ymwl@@lylgm@ @M&&old@?nﬁl@xzﬁﬁ(ﬁl@g Sthe feadBbi aﬂmlchlomﬁnzoyl

olid O coll ected, washed with nethanol and dri ed

chlo@dg;(@i;Z& £80. 64'671056 WMmewcyWﬁﬂdmdmld&(g@ 19, 0.247 mole)
i P GPC
o AT AL A BB B 0

i nsucceedi ng

(SBE8Q7e% visld). atydwwndéﬂaﬁh(ﬁmmﬁ e(4vw1$orpbmay191a by the
addltlon of 10. of tetrahydrofura

M?éwélra;ldzéi‘%o gg0- 8?8 mRkgivath E@@br@%@]m&) ggve 2-(4-

e e e,

m cron pores Gel man Laboratory, Ann Arbor, M). 150
Elbétesitive Polyrérié Aeyleabsit i on vas injected into a two
colum set (m xed % and 500A col ums, Jordi
ASSOCI ates, Belli ngham MA) by a Waters 150-C
ograph (Waters Corp., MIford, MA). The 150-C

P%‘fﬁﬁr@%ﬁéﬁ ha ERG CeppiREBE 220 BT BRI
1,3,@.dxad1@m1§ent rati on were detected by the 150-C s
internal refractive i ndex detector. The nol ecul ar

vei ghto aBaskfittedivafisa sapium pad aidrogpip usge vuas ingreducerh4 A8 @d0.77

mf3b Bonut 1025 ‘3&&1&’%@&1&1‘){] §’f21' ééﬁﬁ){cg@?@%nggg% 111%55@ ole (2) from

Exaaipwl . 85)@510 %mmwhphﬁdflphokﬂimﬁ‘e‘\lah&BEB1%)¢1t4/mrrﬁmol) of
ARSI BT a Gk W G AR Je ey DMWY 28] Spind dryoluene.
Tﬁ&%as Qze%éoﬂémﬁ t%"d%é %95115911?% eonds 2_%??’11‘(%%%%‘15%}@ off

x 103, and a pol ydi spersity
mmilssf thq;)wdmananT ovtie cobled |rmdoinyolu'somg'a$ hddcBerfBejn 03 g (1.421

Bé%% @Bﬁﬁg@%@ﬁlﬁ? lf_’gl:ﬁ‘/i?-rlg:ﬂegggﬁ% efrﬁégnr%;rgé 14 B as fl(eated at

S SRR L LR 1 KPR v

aganid The fdagon was albtvessl to proosediés 8 mmes a B0 CeThmeooled reaction

miXtiie as %milred into about 500 ml acetone and filtered. The solid cake was taken up in
methylene chloride and 1N HC1 added and the two phase system stirred for about an hour.
The resulting solids were filtered off and the filtrate transferred to a separatory funnel. The
lower organic layer was separated and poured into an excess of methanol. The solid was

collected, washed with methanol and dried to give 2.8 g of polymer. Gel permeation
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20 1 Ong/ M tetrahydrofuran solvent solution. Dithranol

(1,8,9-anthracenetriol) was utilized as the MALDI
woredonitoe61Appr oxi mately 40 mcroliters of matri RCES2003/024911

mxed with 10 mcroliters of analyte solution. The

positive-ion MALDI/TOF mass spectrum contained a

series of peaks separated by 348 Daltons and with an
chxahmdngmre/ (GR@owsamn we itk polyimsr and o pelypsrrdaaie g succeeding

rm nation by phenyl groups. C ose
EX fc‘?tlg)ﬁv Sof the narrow 25 nass range cl early showed

22%%&65%% S p@ppabaany by SNSRI PR Dty rpran t

q P b

ap]gk ﬁ'ﬁﬁ%ﬁ@l 25 08 e bebdrab Naf & AalkiaE Svaiﬁfgm ftl@élitﬂutmrr\%s M@red
004/ 10 615 PCT/ US2003/ 024911 H/

(ACRODISCD(&R(ZS hin p@&rﬂ@mﬂmthme@}mggﬂﬁhemrﬂh 85 mlcron pores

bt EARARPOAETAR 0. B it BuB g e i B Rorea o
twé @61%%10§et (&ﬁﬁce@ Bb® a5 0D2S &dlireind Tofdi IAGSdBRites] Bellinighath] M) by a
wer e was from2 to 22. 5 The em ssion spectrum of

Watkgs léBdI/ ehreniajogsaph¥atens CoamaMiipgdaMed). The i eperaterkbat room

te rg }? eEr [esp o 2 dg %gfligpdggﬁfaq ag)g% elHentyﬁl?ng éxt g rate 8%1 0 znclnl(mm Changes
in I&iﬁeﬁt@ﬁiﬂnt\ﬁere idetebeby $hes 8DAC s atertah eefrittiss index devsiton Mhe

of the polyner at 419 nmwas significantly
melequlasyqight ¢alcalagions, weredapqiamnon; aai awtlﬁﬁmqﬁla of BRITQW dispersity

pog}g{(}}i’%p L §1$%1?1 ASfecrt \ﬁ%ﬁ@ﬁf%&n b5 PodYpBisbZAld QA BHculations

wete é&nﬂe@dMiﬂﬂﬁMER)soﬂwEn@-ﬁm Pylymey 1 phemaydries, 1A Rhdrst, MA.
oxadi azol e A 500 ml round bottoned flask fitted vvithf
magr{eRC enalydis gbara weightrayitage npderulanweighd (W) afi2. 4& X 10
nitrogen filled gl ove box and was gharged with
nupthepavezagesnglegplan weighi Mn)nf A )bb‘éi aad a ﬁesyﬁiseﬁréw (BD) 0f2.97.

T

DR T VI AN/ BOH nfdss Spectromuen ematdsiasisted dasar desatptioh doniZdion time-
flask was then heated at 80 C for 30_mn. in an oil

oftﬂ;glﬁ mMaRs §chgpp@§prb€avgll@1©ﬁoxe1@eﬁ@gwﬁ§pgsystems Inc., Framingham,

M) e AP IER el ddeh SRR HSRM she Brfaisn

10acghatitetiahydrofimmmnsd]l eent E'(kiatlme dbldrahdlg($)8, Mhiaeelteltmg) R8s utlhzed
f f
as 1%7]}([4# el(rggatgl%t Sff’ppggtgﬁgqg{egy 1@3 %gﬁf;?ﬁ ok% maEtqu w%g grlugcé(i) witl? fl 0

microliters of analyte solution. The positive-ion MALDI/TOF mass spectrum contained a

series of peaks separated by 348 Daltons and with an absolute molecular weight that
corresponded to polymer termination by phenyl groups. Close examination of the narrow
mass range clearly showed the presence of two other series of peaks from sequential

replacement of the phenyl group with hydrogen. The following products were found:
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0.0142 nol) of 1,5-cycl ooctadi ene. Heating was

continued at 80 C for 24 hrs. To the reaction flask
woa®4tibpsns added 1 nl of dry bronpbbenzene and heex/Usm03/024911
continued at 80 C for 24 hrs. To the warm m xture was
added 150 m of chloroformand stirring continued for
25 30 mn. The content of the flask was then extracted

(2 x 26Q The nic layer was
sodt @ ate"b iffn and dried with
20/N102615 PCT/ NS2003/ 024911
&._nThe produch was precipitatgd into methanol
and dri¢d to give 3.9 g of a fibrofis polyner. GPC
anal ysi#syof the polyner gave a weFght average
ar wei ght ( of 9.1 x

nol ec Q a nunber average
nol eé:Hloar wei ght ( of 1.02 é’ A, and a
pol ydi'spersity of 8.93. 5%EXanple 18

Pol ynmeri zation and End Cappi ng of

2- (4-t4rt-Butyl phenyd ) -5- (2, 5-di chi or ophenyl ) -1, 3, 4-
THXEMkcHdR Btebtat Radableds bbdeirtel b 1Wohier disaRitibA WA was up to 15,

ni trogen purge was introduced 2.50 g (7.2, 10 mmol) o
ang thedlinear detenion Washabis to) otserve ag olipempiofisiphuten yere mwas gem 2 to
22adiazole () from Exanmple 2, 0.81 g (7.2 mol)

thl or obenzene, 2.90 g (11.03 mmol) of

tri pherlisiasgikttien of @thbdve polgmel wie hunatid| cbngfared to that of the
anhydrous nickel (I1) bromde. To this was added 75 mi

cogresponging nagnenzes, Jr{pheay)Sdrdestyloxynhenyldd . 3x-e¥tdiazedyy The results

G AR S oo Ao OEABBARE o 1 YR ity
red-sleicted eslatbel to theosmigside maxiniim of thengonunherayd76 pmt ge was

added a further 0.31 g (1.421 mml) of anhydrous
nickel (11) bromde. This was heated at 80 C for 12

The cool ed reaction m xture was diluted wth
_ﬁE‘EmP;ry}'eé 7ne chloride and filtered. The filtrate was

Padymenizatdomand EANCaGhing of 2 RS tDibeomophenyl)-ard-(pbiytoxy)phenyl]1,3,4-
tranélferred to a separatory funnel. The | ower |ayer
oXpdiazolgnar at ed, washed with water and then poured into

an ex 96@&19&%&%&%ﬂ£@gﬂt§%&hﬁ a aé ktﬁcrsa@@gd WsbRESkptum

20 with nethanol and drie give the require

wiprpod irca niteeen Hed glove bomerd waswhacgedwitin7 47 g 04272 mab) of

of 1.5 03'. and, a P 1 Th itive. i

vifh e RepatisbonBheit) i €32 0 iz PRDRTE iy Byl g sated fask

w1 HariferRdi t8 ATBme Hosd bhd24 in® 6f 83 ORI fndM5mFtoRich® adied via a
= 32 around 6500 daltons. Close exam nation of the

canpula.clhenffask wasilagn hsatedead 80 PG fort Iemimn in anyeibbash. Aselutioedf 6.0 g
(O?c(ﬁrfg rrn))f)di-?fgg—Qljbargmvégilényﬁg’S-?Atlfgoryylllmg;)&ye%@l]-1,3,4-oxadiazole (1) from
Example 3 in about 15 ml toluene was added via a cannula. The sealed flask was heating
for five minutes at 80 °C, followed by the addition of 1.74 ml (1.53 g; density 0.882 g/ml;
0.0142 mol) of 1,5-cyclooctadiene. Heating was continued at 80 °C for 24 hrs. To the

reaction flask was then added 1 mL of dry bromobenzene and heating continued at 80 °C
for 24 hrs.

To the warm mixture was added 150 ml of chloroform and stirring continued for
30 min. The content of the flask was then extracted with 2N HCI (2 x 200 mL). The

organic layer was washed with sodium carbonate solution and dried with magnesium
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25 The em ssion spectrum of the above polynmer was run
and conpared to that of a simlar nononer,
wQ@2qophexsys ) - 5- [ 4- (oct yl oxy) phenyl ] -1, 3, 4- oxadi BZDUS2003/024911
The results in FIG 5 show that the em ssion maxi num
of the polyner at 419 urn was significantly red-
shifted relative to the em ssion maxi num of the
sulfmno'hlmpraduds Wi6is precipitedimoxoehinod 26d ried to give 3.0 g of a fibrous

poggg [ ﬁ%%g 3'/2sf'sgc}tjthe Exlay%r gavlega vegllgﬁtngrrerag%tmoqecu%%e%ﬁ (Mw) of

9. izx(154 5@1@3{ We‘i?ﬁ)géeiﬁbﬂebulﬁr W8l QG029 (54| leQI @ﬁolgrdlspersny
yl) - 4- oxadi azol e R=H, Ph n -

(PD()oCSSﬁ? CBH17 Into a 500 m. flask was charged
2-(2,5-dichl orophenyl)-5-(9, 9-di octyl -9H 15
fluoren-2-yl)-1,3, 4-oxadi azol e (L3) from Exanple 5,

E)J Ig(11) brom de (0. 67 g, 305 mmle)

[ r i phenyl phosphi ne 6. 14 b gﬁ t ol uene
Podyrgeniiation Tpd End&eppiagoéa- (4~5@rf@0ltxhﬂaﬁw ro- gwdtf@é?wpltﬁpyl) 1,3,4-
Zinc (6.19 g, 94.7 mmole) and nickel (I1)

O)%r&grzl:l‘!’l e (0.67 g, 3.05 mmvle) were added under a
ni t riagenflpirfged vwitdah sepgumasd aiirvigen pm@efvms ifitPodulbedi2 S0 &t (7.2

RS B LB st 5. S R
E{ﬁﬁ% ?1()(?8 E’yﬁ %@?F@ﬁ‘d%ﬁ%e% 50 Te1. by hﬁﬁ‘&) Sf‘ﬂrﬁihbl%ﬂphosphme

and er trate was stirred wt
artdhe3 bg gma Icmhso))eof abpdnoas sidkel (B) bongie. dia thts Wast aglded 7 5 ml dry

ST NN TR R NI T S

fo’ﬂoévgd'by Eﬁuﬂm% S muéR o ER TBlhiEne? T o HaPQJoYeiBehdtni s@Mtidh under a
Bis(4,4,5,5-tetranet hyl -1, 3, 2- di oxabor ol an-2-y

I
sthmgyllltr@wd pﬁrge was added a further 0.31 g (1.421 mmol) of anhydrous mckeal (§1))]
br muge tér\pcr)as \at 230 5C &or ﬁchowrso ’ﬁ’l?: eocﬁer:]d/ rJact%dnsmf'xugr)é%je{s diluted
with methylene chlorlde and filtered. The filtrate was stirred with 1N HCl for about an

hour and then transferred to a separatory funnel. The lower layer was separated, washed
with water and then poured into an excess of methanol. The solid was collected, washed

with methanol and dried to give the requiréd product. GPC analysis gave a Mw of 1.70 x
104, 2 Mn of 1.50 x 103> and a PD of 1.11. The positive ion MALDI/TOF mass spectrum

obtained from this sample showed an oligomer distribution range fromn =3 ton =32
around 6500 daltons. Close examination of the narrow mass range showed that the end-
groups included some hydrogen as well as phenyl groups.

The emission spectrum of the above polymer was run and compared to that of a
similar monomer, 2-(phenyl)-5-[4-(octyloxy)phenyl]-1,3,4-oxadiazole. The results in
FIG. 5 show that the emission maximum of the polymer at 419 nm was significantly red-

shifted relative to the emission maximum of the monomer at 376 nm.
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O%0 ON- ~B O\ ~Op ANOCBH' OC, HL7 -94 WO
2004/ 102615 PCT/ US2003/ 024911

wQa 4B, 4, 5, 5-t et ranmet hyl - 1, 3, 2- di oxabor ol aPcRUy10p3/R4911
henyl (6.6g, 20 mmle), nmade by reaction of benzene-
1, 4-bi s(boronic acid) wth pinacol, and 2-(2,5
di br onophenyl ) - 5-[ 4- oct yl oxy) phenyl ] - 1, 3, 4- oxadi azol e
Exairjpl¢ 89 8569, 18mmle) from5 Exarrpl e 3 are m xed

RS EL Gy 4 B TV B S STB SOBEA n-

yq\laguj bidAthz8léspension is added 36 nmL of 2M aqueous
€8 solution and the nmixture is then purged with

ni trogen for one hour.
Tetraki s(tri phenyl phosphi ne) pal | adi um (0) (0.232g, 0.2
mol e) is then added under nitrogen. The reaction is

refl uxed under nitroge R 3 days. 1 niL of
br onobenzene is 10 a t he=Heacti on further
refluxed for 18 hours. f the reaction is cool ed

down, it is poured to 50Q=ML of nethanol and water
(9:1). The pol ymer precipf es out as rubbery
glue-like sem solid. The golid is filtered and dried
under suction. The cake i edi ssolved in chloroform
and precipitated from nmet hengtC™The precipitate is
filtered and washed with gefhardsl to give a solid. 15
Exanpl e 21 Preparation of ‘
Pol y(car bazol e- co- phenyl ené) Bl ock- Copolymer M 2.75
-NN O/N / I I OC8H17 20 Part A Synthesis of

9- Phenyl - 3, 6- bi s(4, 4,5, 5-tetranet hyl -1, 3, 2-di oxaborol a
21_2 Wkd 2 96 £ BAKIYR chhrgdl 2f(b gsdicﬂl@ﬁ)pﬁ&i’yl}lﬁ-@ OLdiBct P10

dry THE and 3, 6-di br ono- 9- phenyl car bazol e
fluoren-2-y1)-1,3,4- oxadiazole (13) from Example 5, nickel (II) bromide (0.67 g, 3.05
mmole), triphenylphosphine 6.14 g, 23.4 mmole), dry toluene and DMF. This was heated

at 80 °C under nitrogen for 30 min. Zinc (6.19 g, 94.7 mmole) and nickel (IT) bromide

(0.67 g, 3.05 mmole) were added under a nitrogen purge. Heating was continued for 12
hours at 80 °C. Bromobenzene (2 mL) was added as a capping agent and heating
continued for two days. The cooled reaction mixture was diluted with methylene chloride
and filtered. The filtrate was stirred with 1N HCI and the organic layer separated.
Precipitation into methanol gave the desired polymer as a fibrous white solid. GPC
analysis gave: Mw = 1.03 x 10°, Mn = 3.86 x 10*, PD =2.67.

Example 20
Copolymerization of 1,4-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-phenyl and 2-
(2,5-Dibromophenyl)-5-[4-octyloxy)phenyl]-1,3,4-oxadiazole

=L OH-O0

OCH,,
OCH,,
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(60 g, 0.15 nole). This was cooled to -78 Cwith an

acetone-dry ice bath. n-Butyllithium?25 (138 nL of a
wQ2®Miewlut i on i n hexanes, 0.34 nole) was addeprCT/US2003/024911

drop-w se via syringe. The reaction was stirred for

20 m nutes and then warned to -50 C. The tenperature

was -95 WD 2004/ 102615 PCT/ US2003/ 024911 reduced to

-78 C and

( 64519‘9 BEEES, ﬁﬁﬁéﬂﬂegrﬁ’ﬁfgog TR h‘y‘FP ﬁ&%’%lt) BLEA86E Mmole),
madé BiRkftidhn b bBzche TREbig{Hokhi® @d@)/wnﬁ ?mﬁcoﬂhﬁl 2-(2,5-

nperature was mai ntai ned at or two hours and

dlbrnéwpb@wﬂ)e&[ﬁlﬁ@fdl%)wnﬂ&xdé 4-gxadiagodm(1d(8-89feh A Bumole) from
B804 Bl bt Vbt (CUSP AR foRlff oo

(211)2 g, 5 burhyle) ke2 IonaL (@luzne2 Olb thik yesulkhg suspensionds added36isL of 2M
phase_and extracts were washed with brjne (2 x 200 ni)

g a6 s selufion Frckihe Snipres i them RrERS mwﬁn & oalﬁélour
T%%&%E%Eﬁ?ﬂﬂ%@ﬁﬂlﬂé}pﬁiadhﬁﬁ (6)qB4B5E W RAdIE) i§ BT AGES BRtRer
niegme Mhe r&chiob isielipdedbyrislet rifrogenefanyldays.31 ﬁ}Idd)ﬂ)ramobelizane is
S VRS RS RTINS N T T
is Elaﬁe@% 5’(5391'}1% obEethART bhPRafRf gfﬁT BelpoBdrdhdcifhtatedMut as rubbery

g), AliquatT™M 3
glge-like mlyibll& n Ehh Wlaimﬁhem and|doied drder sactR. Ghheavakie is redissolved

in R GG Er-BL A dF  SRTURS. CURRTFA AP Bhand washed with

métharnl td fifeamBldMt s 15 of PBTDC and DBPC shown in Table
1 gave oligonmers with 8.75 and 2.75 repeat units,
respectlvel y, as determ ned by NVR spectroscopy.

Eé%#% d Suzuki coupling conditions and work-up

“Uged a nitrogen purge, addition of

Pregdritedti 6f(d Pdlplearyrdlbesphenind) BlbadCopslyhey (0. 06 g),
refluxing for 12 hours, pouring the resulting cool ed
reaction mxture into water, separating and
extracting the organic layer with nmethylene chloride,

aQd pouring 20 the conbi nef a!§¢|n|c | ayers into about

#e the solid product.
s as a Function of

DBPC nol ar i eId (g) Repeat
2:12.058.75 11.1 3.0 3:1

382275 \

Part A

Synthesis of 9-Phenyl-3,6-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9H-carbazole
A 2L flask was charged with 600 mL dry THF and 3,6-dibromo-9-phenylcarbazole

(60 g, 0.15 mole). This was cooled to —78 °C with an acetone-dry ice bath. n-Butyllithium

(138 mL of a 2.5M solution in hexanes, 0.34 mole) was added drop-wise via syringe. The

reaction was stirred for 20 minutes and then warmed to —50 °C. The temperature was

-95.
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25 Part C Preparation of a

Pol y( car bazol e- co- phenyl ene) Bl ock- Copol yner Into a
wQzd4mi26id ask fitted with a refl ux condenser, PCT/DSIPO3024911

inlet and rubber septum was added the pre-pol yner of

Part B (2.72 g, 2.9 mmole, 3 equiv), 2(2,5- :

di br onophenyl ) - 5-[ 4- (ocyl oxy) phenyl 3, 4- oxadi azol e
redut3d (02780 CopndL-Baprepoke 4,45, S-Qmau@t ﬁ/,Aﬂzmborolane (64 g,0.34

003/ Q0249 % arbon (116. 72
melg) addg T quanee nepp AT 4 oIS L FR J RNl . The
rﬁ;?é#athfé WaBaintdiedSdt-18 | foFitnd ub@fs\m tmrlﬂaféd\ﬁmomnaaqueous
stream of nitrogen for an hour_and then for 30

SOhttlnm pbammonBm @etatn (¥} g i Hi0mely Wtq@h r'Hfeg layers were phase separated

e RRESe ol ut afy B TRR (A0t hdeombined
orgﬁﬁd pﬁﬁ@é‘ afd éxfactsAvdte vasHddewtlobiesl(2:2Q0 inD) and dtiet everas
poured into water, and the ozggnlc | aye

m@pqutngateTﬁ@n@agémangytgry lzagion %g}teé‘asmmgqsohd from acetone
I
SRR 55 PSS s Ok Bt

PBTDA. This was filtered off, washed wi th nethano
and dried to give 1.21g of the desired polymer. Part D
The poI ymer fromPart Cis conbined successively

Pr@u rati C i} p e TE%&Q%& h’olg@’ Pﬂﬁy@ca?&jzgleyp%ol?&@ﬂd ar d

Itron uxi ng tol uenel 2
aqu éltheeceamodlaﬁ RBdﬁ)(b Gronx Ryt AnZMtNmﬁ?% 424 gh Slipat™ 336

br onigﬁ%ﬁ}e e VVI th h%ﬁ%fﬁg é{ g§gf%t®£§ .dﬁtgrg B -S]gq,nylcarbazole

(D%PQI% in 160 HfLofE‘B.%g MY 4r-sPmldrd(Rehi RuylRh&mditlons using the amounts

, 4-oxadi azol e and End Cappi ng with Fl uorene CaHl7
of(&stC @sd—lll)‘BPCéshDWn infTabl® || gavecheomersTith $35 pndRi72aepeshunits,

e e s dsgniRa by VKRR fsttsy. ugBrd Sl Plpline gppylitions
andWRRRMup Sﬁﬁﬁ&%ﬁ a\"ﬁﬁroﬁéﬁ pL'lrge %dﬂitbh%@éﬁahstth@ﬂer@ﬂﬂib@plﬁﬁé) palladium
and i s char ed wt 0272 nol ) of

) (Q;Q61g)5 Wﬂ}mng)@t adhevrs) muemg rt@)esdmg qu;iad regetiqn mixtyre into

TP bt T GrsBoR s B iel Bllogge. spgpouring
thé 5orﬁb1nb@ btg%ﬁﬁc ajérdntol adoat SOARAL loﬁmeﬂ[faﬁolfﬁo@émpl&ité lhemohd

heated at 80
product.

Table 1. Oligomer Repeat Units as a Function of Reactant Amounts.

PBTDC DBPC PBTDC/ Pre-polymer | Number of
monomer | monomer | DBPC molar | Yield (g) Repeat Units
(8 &) ratio

7.41 3.0 2:1 2.05 8.75

11.1 3.0 3:1 3.82 2.75

Part C

Preparation of a Poly(carbazole-co-phenylene) Block-Copolymer

Into a 250 mL flask fitted with a reflux condenser, nitrogen inlet and rubber
septum was added the pre-polymer of Part B (2.72 g, 2.9 mmole, 3 equiv), 2-(2,5-
dibromophenyl)-5-[4-(ocyloxy)phenyl]-1,3,4-oxadiazole (1) (2.50 g, 4.92 mmole, 5
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for 30 mn. in an oil bath. A solution of 6.0 g

(0.0118 nol) 2-(2,5-di bronophenyl)-5-[4- -97 WO
wWQoMNae2615 PCT/ US2003/ 024911 PCT/US2003/024911

(octyl oxy) phenyl ] -1, 3, 4-oxadi azole 1) from Exanple 3

in about 15 m toluene is added via a cannula. The

sealed flask is heating for five mnutes at 80 C,
eqiiiv),Isodverh daybarate (162l oha 3M aqumusnﬂoh(tb% 33.4 mmeleyiAliquat™

014 | f 1,5+ t adi
BT e G b8 Y g o
thérﬁ%??@ AimitbPstks 0 °€, Ungdr 2eide gen]%lﬂg@ ftetﬁﬂlds(%pﬁenylphosphme)

brono-9, 9-di octyl fl uorene and heating continued at

paliadigm (OW(0H1244 gr8.02h & nyaele) Wiesadded Thef; canteatiofithe flgsk Wﬁs reﬂuxed

or m tirri
o R B ftephiph i AR bAURT 0 8, Bk i T wes
separ268. THe)aqudhiss IQY@WHs%xtrbcﬁétB\Wlth metiagdirchidride. ‘Sh)@lbcbiﬁ’nnned
carbonate solution and dried with magnesi um sul fate

orggigic lyerduee nogrqslrlm 3poutt0dnk of @CFP@Pﬁ]atﬁ@Fe%PiéﬁtW ﬁ@ui This was
ﬁl{eg?dgdfy %va%hcgd ‘Qzltﬁ ?Ergg/ %r?égigg %%: 13(;% oigtfxe &an{] ?%{)Wer
Paﬁthabout 1 x 105 Exanpl e 23 Prepar at| on of a

Blue-Emttin PoI ore nt ai n|n 30 l\/ble Per t
of  EIEGONERET o8 RUTS G CORRINeR U cgeSi TR AN @ aSS of phenyl

bo%ﬂq}ﬁﬁﬁ& sfan\da.txd guz\]kl uplig &daR{dng @reﬂﬁxﬂ% t8tuddle/S dfueous

so@iuit: c&'rbr(ndtteé abd fhemenreaness oy bromdbeRzetie ovithdwabhgto- [Poyidg the phenyl
9, 9- dH | -fluorene (5.38 g, 20 8.37 mmol e),
cappefl fﬂprm99d|octylfluorene(1 80 g, 3.28 nmole)
and 2-(2,5-
di br onophenyl ) - 5-[ 4- (octyloxy)phenyl] 1, 3, 4- oxadi azol e
m Exanple 3 (2.50 g, 4.92 nnnle) were m xed

Exaiipld 22,

PRy Of 53 o0 Mookl SR i D R e anc
Edd CapppaswaRgabraf nL of an aqueous 2M Na2CC8

sol ution, and the resulting mxture was then degassed

7gen 25 forca 1at room t enperature and
Cfor a furt Rours.  -98 WO

OC.H,,

The polymerization is carried out as in Example 17. A 500 ml round bottomed
flask fitted with a magnetic stir-bar and rubber septum was put in a nitrogen filled glove
box and is charged with 7.47 g (0.0272 mol) of bis(1,5-cyclooctadiene)nickel(0) and 4.24
g (0.0272 mol) 2,2'-bipyridyl. The sealed flask is then transferred to a fume hood and 26
ml of dry DMF and 65 ml toluene added via a cannula. The flask is then heated at 80 °C
for 30 min. in an oil bath. A solution of 6.0 g (0.0118 mol) 2-(2,5-dibromophenyl)-5-[4-
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Tetraki s(tri phenyl phosphi ne) pal | adi um (0) (0.04 g,
0.035 Mol e) was then added to the mxture. The
wo e@dliodeny m xture was heated at reflux under PCT/DSIPE3024911
for 16 hours. A nitrogen purged solution of 1 nL
br omobenzene in tol uene was added foll owed by a
further charge of 0.04 g of

(odtﬂbi?bhﬁ(yﬂ}’él ,BAeswddidzor () ﬁ&hrﬁdaﬁrf@w ?ugl e]gib)lt 15md r‘c]dil’aezne is added
resul’tin m xt ure . was .t hen yefl uxe r
vig el She seplscr ks leﬁ%uns o give et LR de oo the

ad3ifaR Sf‘ fl%! (1I |t3 Ql\ﬁén xFﬁ Q.42 @PPIS ABRokf8iene.
preci |ta Iéct t’ration. preécipitate
Heaaﬁg mu:bnﬁmmd dpOPE ;fma?:élelds dF csthe Ireactiomflagk lﬁﬁtdmyadéﬁél g of dry 2-
chl then pr ec . Th
brojhedartiop ot Meeasnaeortp e 50 EI e ce

per 'T%aché %\nﬁ%ﬂﬂﬁé Psgidﬁ&l‘ Y5 (ﬁﬁiiibﬁ/&ﬂ&oﬁfnnt 41 i é‘dntmued for 30
gave: . X 36 x 10 104, and PD =

mlﬁu’@Q Thercontmt M\me ﬂhslt héhqmcﬂxymétpd wip ¥ HEd (2 K208 xplac Thelorganic

con t he
lajig rovshed i cogiynt PEbTLe Srydsind MR iufagRRR MAk. The
pr&ﬁicyﬁ%frecﬁ %t@ﬁ%tﬁm‘éﬁﬁnél%ﬂ Atied t%e€BR ¢ dﬂfaﬂolymaio UBPC @halysis of
7-bi's(4,4,5 5-tetranethyl -1, 3, 2- dloxaborolan 2 yl)
th@p@ymcwm a wmgbt avesagesaelcowlarsveight (MERsef abeut
The product, obtained as 4.8 g of powder, was analyzed
by gel 15 perneation chromatography and differentia
Exg6pnRng calorimetry (DSC), and the results are given
In Table 2. Exanple 24 Preparatiagn, of a %en Emé}E
Prmﬂr@tmof@cﬁhlmﬁmlﬁglgl@ Ixthpsensdronigining S Ogylatet heggent 9 ection
di azole C 8HL7 C8H17 N N g'N 4n CsHL17
Tﬁ%%%@ﬁﬁ@%ﬁﬁé%% i N C8H17 C,HL7 n 8 17 8 17 OC8H17 25
2,7-Bis(4,4,5,5- tetranethyl 1, 3, 2-di oxaborol an-2-yl ) -
9,9-dioctyl-fluorene (4.84 g, 7.53 nmole, 5.1 eq),
4, 7- dibronD 2,1, 3-benzot hi adi azol e (1.74 g, 5.90 nnDI)

(1) freyd
toget her

OCgH,,

2,7-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)- 9,9-dioctyl-fluorene (5.38 g,
8.37 mmole), 2,7-dibromo-9,9-dioctylfluorene (1.80 g, 3.28 mmole) and 2-(2,5-
dibromophenyl)-5-[4-(octyloxy)phenyl]-1,3,4-oxadiazole (1) from Example 3 (2.50 g,
4.92 mmole) were mixed together with Aliquat™ 336 (tricaprylylmethylammonium
chloride) (0.0.85 g, 2.09 mmole,) in 150 mL toluene. To this was added 28 mL of an
aqueous 2M Na,CO; solution, and the resulting mixture was then degassed with nitrogen

for 2 hours at room temperature and then at 50 °C for a further 2 hours.
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2M Na2CO3 sol ution, and the m xture was then degassed
Wth nitrogen for 2 hours at room5 tenperature and

wao ben/1e6150 C for a further 2 hours. PCT/US2003/024911
Tetraki s(tri phenyl phosphi ne) pal | adium (0) (0.04 g,
0.035 mml e) was then added to the m xture. The
resulting mxture was heated at reflux under nitrogen

Tmahs(tﬁplianulmosphjmﬂ)paltaghmn () r(@@él gs@D&S 'tmnmole)‘ wids tixkn added to the

m1p(hllre hili? NS I%%B%t%%?u%g eléewgeii a?re lml ﬁ%gen Yor ?6 hours. A
mttr@éeh%lﬁi‘g%ﬁtsbhﬁaﬁ RYh nggmmme Hﬂﬂilﬁeﬁe k. ada&ﬂfoqllaeed bya

resul'ting m xture was refluxed for 10 another 16 hrs.
fuptliar ehangh ef P &4 g afdeirakis(triphenylplsosphivk)palladiumdB)nand the resultmg

t hanol d t
s iR ReF i Semieg OB 36 oen PR 20 BCR Branddfes fRisd o
robth @6thpérhbe it WaSpadktd ihiceZl, Rigthafelamti ekl ﬁesl@ﬁhﬂétcbnébtecﬂby
nmet hyl ene chloride and precipitation in methanol. The

flppteana dhe mm@tea\memnﬁ@d@yga)qgtedfd@omtlgnﬂn Wthyéweqhb)éxde and

Y5 RO S AR5 410 1308 Mt o

peﬂlﬁeaiioﬁ%hrcﬁxaiﬂglhmﬁarﬁ@sﬁrcﬁnﬁd@bd@ﬂ gate: al\me#mﬂm@“ =2.36x
¢ont ai ni ng Hole and Electron Tr ansport Functional ity

10 105gRd PEyEBRIcdetondYMR of tempplymensippored 9 cxpysid30 mls percent
coﬁte%f&tﬁ%ggﬁ%g? %ﬁ%mgflﬁ&%ﬁ.pgnﬁl 00 g, 1.82 mole, 1

t et rbnpbmdle -a]lo@eﬂnd]eoﬂabwmghﬁmlﬁnyﬂ the above was repeated except that
octyl rene (5.9
arngugt o B SRR AP ot dicx Eborelag. 2520 - Muprene used
é‘sCIHw a5 35 (e ﬁ WREIBRERY a5 4.8 g of powd |
W T %Sgcty eﬂ)‘: R e R 8 %ovz/ 31‘ was ana yzed by gel
15 peEneamnln@hﬁ)n(latogﬁplgy alﬁl cﬁﬁ‘ermbalesparﬁn@c)alﬁﬁnwey (=D$|€); aod the results
et he t b\?‘ gh Al'iquat TM 336 (tricaprylyl nethyl anmoni um
af%ﬁli GriHedP'% 6. 94 g, 2.32 mole, 1.275 equiv) in 150 niL
toluene. To this was added 31.5 nL of an aqueous 2M
Na2CO3 (62 mmol e, 34 equiv) solution and the m xture
_?tanmh@_aégassed W t h nit rogen - 100 WD 2004/ 102615

Pr?%%t%if o1 g 1%%1?{ 1qg8(§ql¥itger (;»ﬁ%}ar anI\t/Ig e?caetnl%I oFEl%ctron

20 Tr. akdsddidzorhenyl phosphi ne) pal | adi um (0) (0. 05 g,
0.039 Mol e) was then added to the m xture. The

resulting m xture was heated at reflux under nitrogen
for 16 hours. A

C8H17 CBH17 v
OCgH,,
25 2,7-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)- 9,9-dioctyl-fluorene (4.84 g,

7.53 mmole, 5.1 eq), 4,7-dibromo-2,1,3-benzothiadiazole (1.74 g, 5.90 mmol) and 2-(2,5-
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nitrogen purged solution of 1 nL bronobenzene in

tol uene was added followed by a 5 further charge of
w@20390315f tetraki s(triphenyl phosphi ne) pal | adPCU§)3/024911

and the resulting mxture was then refluxed for

another 16 hrs. After the reaction m xture was cool ed

to roomtenperature, it was poured to 2L nethanol,

dﬂanmoph@ly;lﬁ*Wqutﬂo@y)mh@y&]ol,Béw@dlab«yle (1) from Fniample HE75 g,

LR SR Rebhrrty Ml EPE R0 SR Sl B oripan
ch;rc@ﬁ@) {0.7e0g, I, mﬂlﬁiow)ﬁﬁ 180 hill 168N STHthes Wasdddad 9B &, §1an aqueous

owder. GPC and DSC data are given in Table 2.
21@%50@ salgtiqn, apd therixinre vas tem desassed with gitmgenfordheurs at room

LR % s L TR ARt

(Oﬂﬂs(ﬂlg 0.08 Sahihets) Riak thongdded tof the atieee. CLirtrasulingmbQure was
nol. e percent of electron transpqort oxadi azol e was

hepfied aﬁw@&x Sadernifragqnyfon 16 hauys Apdgogen nuxgsdsolution of ik,

brogAEb AT ORERS i Aot F TR i er chases of 04 gt

tet&k&(&mhe@lph&pﬁme)pallad1um (0), and the resultmg mixture was refluxed for
bis(4,4,5,5-tetranet 2- di oxabor.ol an

angf'élgﬁ%/ b W feaction U@lxgﬂﬁ 38 80 9d ‘Fﬂﬁ?Pm temporatizgyjf wys poured
int® 2(L2m5fhghc%lr SI0RE ?&ﬁitﬁlgér@mcﬁ%{a@&&)@ %Hﬁﬁ%ﬁilﬁaﬁnrﬁ ”ﬂlegﬁi@clpltate

di azol e .2 equiv); Int
waspupified ))y\mndatednhissglwtlm mth(yibnc 8blonidg aﬁfhprkmpnmodn) manethanol

Al ™ 3

Thgao'es%#fuac%waﬁ 86?81% 525 gt iR, I B g er- Db Brgnrefion

chfcﬁﬁat mmapfoqﬁctcgawnmwg@rMYo M&?—- 7.49% 10°, PD =
x 104 =2.65x 104, and PD=3.40. -1

2943904/ 102615 PCT/ US2003/ 024911 Conparative Exarrpl e Cl
Synt hesi s of a Medi um Mol ecul ar Wi ght Phenyl Capped
9,9 -Dioctyl fluorene Honopol yner

Example 25
Preparation of a Terpolymer Containing Hole and Electron Transport Functionality

OCgH47

2,7-Dibromo-9,9-dioctylfluorene (1.00 g, 1.82 mmole, 1 eq), 2,7-bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)- 9,9-dioctyl-fluorene (5.98 g, 9.30 mmole, 5.1 eq),
3,6-dibromo-9-phenylcarbazole (1.46 g, 3.65 mmole, 2 equiv) and 2-(2,5-dibromophenyl)-
5-[4-(octyloxy)phenyl]-1,3,4-oxadiazole (1) from Example 3 (1.85 g, 3.65 mmole, 2 eq)
were mixed together with Aliquat™ 336 (tricaprylylmethylammonium chloride) (0.94 g,
2.32 mmole, 1.275 equiv) in 150 mL toluene. To this was added 31.5 mL of an aqueous
2M Na,CO; (62 mmole, 34 equiv) solution and the mixture then degassed with nitrogen
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5 A nmedi um nol ecul ar wei ght 9,9'-dioctyl fluorene
honmopol yner was prepared by Suzuki coupling nethods
w@ewenaeleny to the |iterature procedures outl i neCI/US2003/024911
Chem Soc. Chem Commun. 1597-1598 (1997). The
pol ymer was then capped by reaction with bronmobenzene
as in Exanple 23. Cel permeatl on chromat ograpy of the
forr Zhug lat Tovgn feoipgrature agdﬁ@n a0 2C dor, ofthehheurs.7, 400, and

2..58. c Tabl .
Tefkigronen e e D 805 e b Vs et faded o the
mi¥@iré NthRemihg Qﬁmﬁadwgs &ate@ a@ﬁém&fdnuarﬁ&egéfbm ne Ihbmr A

Thi s pol ymer vvas pr ﬁared Yanmanot o coup lld/ﬁg
nitfegien purged Aotution i h enli brompbengesg inf fodigac ivasaddeddollawed by a

I?o\/ggrl §of b\?é% %%%%g%%ﬁﬁﬁy@x%g@ﬂ%%@lﬁ%k% ?J?CP thfa resulting

mlbtmié ﬂvaéSth@n eéfhaet doki Moethenil 6 kel @Qierahwreiam’h?mgmué @vat48dled to
nol) 2,2"-bipyridyl. The sealed flask was. th

TOQIP AGRREERER ItRsPobTRdko Rbdrethmel and thweelpltaﬁeyﬁ@wml@m@ by
ftgthol PR e HAEHythel B RPBRE Eseoltifon hATGHYER: i and

prafipi@fion) igmethafdis Stherredulting; prodiudd masobfjfed20 5.2 g of a grayish

di oct&%&fl uorgg i n about 4 t ol uene was added via a
PORLgn &atage givas in fakle 2heating for five

mnutes at 80 C foll owed by the addition of 6.7 m

SE, 9622(9 density 0.882 g/m; 0.0186 nol) of

| ooct adi ene. Heating was continued at 80 C for

Prébaﬁam of hBlué-Eenittagdolyiuokdrront@aingd 0o Pekceat offlgctron

brom)benzene and heating continued at 80 C for 24

Trapsgpd Oxpdiagelet he warm m xt ure was added 300 ni of
chloroformand stirring continued for 30 mn. The

pol y(9, 9-di -n-octyl fl uorn&ez 7-diyl). GPC anal ysis

pN127. 000, "and PD = 2. 94,
in Tabl e 2. -102 WO
X Tabl e 2. DSC and GPC

gave: Mv = 374,000, M ©
GPC and DSC data are give
2004/ 102615 PCT/ US2003/ 024
Data for Pol yfluorenes a uor ene- Oxadi azol e
Copol ynmers. Polymer 1 MXXx 10) 1 M (x 10-) PD Tg
(O T (O Tm(C Conp. Ex.\ Cl 44.9 17.4 2.58 59.2
76.4 146.6 Conp. Ex. C2 38F27 2.94 75.6 90.1 150
Exanple 23 21.3 8.51 2.50 62 none none

A blue-emitting polyfluorene containing 10 mole percent of electron transport
oxadiazole was prepared essentially as described in Example 23. Thus, the polymerization
of the monomers 2,7-dibromo-9,9-dioctylfluorene (6.0 g, 10.94 mmol, 0.8 equiv), 9,9-
dioctyl-2,7-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-fluorene (8.83 g, 14.003
mmol, 1.024 equiv), 2-(2,5-dibromophenyl)-5-[4-(octyloxy)phenyl]-1,3,4-oxadiazole
(1.39 g, 2.735 mmol, 0.2 equiv), in toluene (112 ml) with and 2M Na,CO; (27.35 ml, 54.7
mmol) and Aliquat™ 336 (tricaprylylmethylammonium chloride) for about 24 hours
gave, after phenyl-capping, a polymer for which gel permeation chromatogaraphy gave:
Mw = 9.0 x 10°, Mn = 2.65 x 10%, and PD = 3.40.
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Exanple 25 30.9 10.5 2.95 106.1 none none Exanple 26

90.0 26.5 3.40 68.3 none none M = weight average
worpdogaodeas wei ght. M = nunber average nol ecul BET/US2003/024911

wei ght. PD = polydispersity. 5 Tg = glass transition

tenperature. Tc = crystallization transition

tenperature. Tm= nelt transition tenperature. Table

2 shows Differential Scanning Calorinetry (DSC) and

CGel Pernpeation 10 Chromatography (GPC) data for the
QM@&EMQ 9' -di octyl fl uorene honopol ymers of
Sy=iERi8 b h M MBeadaGV eRREPehyl CRSped 9,9’-Dioctylfluorene

9, 9' -di octyl fl uorene-phenyl oxadi azol e copol'yners

Hovagriolymer0% phenyl oxadi azol e nonomer units (Exanpl e

26) and.havin %.. Pbh b .oxadhazol e monoper _units
(D) L BRANBY Rei R R 0Y 4 RA T K En BRIt i Sropared by
Suphieinphplingdenzad sccphiig o thalikedaleproantds wittined BXRTHem. Soc.
15 The_ 9, 9' -di octyl fl uorene honppol yners of

25) .

C/@a%-r@mmnv L5ER 598 99t Thecobymer ayasithin e@ped by teaction with
L1 . t f = .

OB, ST 2 5Bl SO g o

gavenhby 441900, limt= 110, rmd PDexDisBI GRC yst BECidaai drogiventh Table
melt transitions, as shown in Table 2. These types of
2transitions indicated a thermal instabili ty of
anor phous filnms of these polyners (i.e. a propensity
to undergo formation of crystalline 20 domai ns that

Cagperitbadxanplx€2ner formation and col or shifting).
N T D A T A AT -

I i h
e ecﬁmégiga?aﬁieﬁ&gsﬁ%sa&@%waﬁmﬁme cBEAH S AL B, gggﬁlgund

agin in cast"films of the polymers.
bogtomid flesk fitied with aphagnyptic stivduir andiubbenseptimmimaniprogsmelose box

wa%?ch%xg%gp vlfihs %%gll g@;lg4§810®% b%ﬁ%},ﬁgc\)// ggtlagl%gé)%{ck\é\ﬁb)garﬂtdsi 637 g
(onaspaml) VBluipyraiid TRl Kaes Pesiswid Ben traddfofé®oGONRRRBH @nd 103
to those obtained for the 9,9 - dioctylfluorene

mhefifsy BMFend 22} mbtnlpeneadiedviErsapids Tbe flaskl wag thenhwated at 80

"R T il 13 bl oy WIRSRARD 20 4338 SRR b
dieddPlhdA286 irbalidid AVER GldékdAddlalided eiapaahhyie] The seURE ERbIEWas
that incorporation of the 5heny| oxadi azol e conmonone

heptiggfor fiye npptgs pl RO “Erndllawed b ieqdditiontof §r foa @%.gx@mrsity 0.882
g/lrnﬂ%.(]_l%ﬁi%ﬁ’ 8f ﬁg-c%ltogcttaalgﬁg P&g{lﬁé BE8cdtlnubd & 80 °C for 4 days. To
the reaction flask was added 3 ml of dry bromobenzene and heating continued at 80 °C for
24 hours.

To the warm mixture was added 300 m1 of chloroform and stirring continued for
30 min. The content of the flask was then extracted with 2N HCI (2 x 200 ml). The
organic layer was washed with sodium carbonate solution and dried with magnesium
sulfate. The product was precipitated in methanol and dried to give 15.8 g of phenyl
capped poly(9,9-di-n-octylfluorene-2,7-diyl). GPC analysis gave: Mw = 374,000, Mn =
127,000, and PD =2.94, GPC and DSC data are given in Table 2.
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9,9 -dioctyl fl uorene honopol yners. The gl ass

transition tenperature for the terpolyner of Exanple
wWQ@2004/Tepess 106. 1 C) suggested that incorporati oPCDUS1008024911

phenyl carbazole 5 conononer into the polyner

i ncreased Tg considerably. Table 2 al so shows that

none of the phenyl oxadi azol e-containi ng pol yners of
TableeID 6 add GPZSDatrfdr Palyfudretistand RiworedeaOkadiatal®Gopaigimers.

%| t trancitiaons whiech worao ohecorvad far
T LY C 1 AT IOT T L) [T V

Pogymer. i oct y| ¥ivbsri8nk bV el BD | DETel®) 1| GRenyin CO)

C%?g?l?h;eg FPg T T %’P.éfi YET S| 7 gpa ;sy'%drmr pfg){g N 146.6

i
'ass transjti'on tenpgeratur hislis

Coip@xt @nt dismovery, especial ly| zoace| vhese nex.phenylso

oxadi azol e-lcant aininal nolvnmers | do _not exhibilt excimer

Examipds2on (colle? shift]#d) during2&@ce| 62at ed |aigngg, agone

P | 1 laaedl - 1 Lo Yo 4 - . N7 4= A ci 4+ 1
B L0 T o, o sam PRy | Wt g e

Eap ygrer s lagiglo Conpafpeen to Pozyhl ubeegne none none

Homopol ynerls Pol yfl uorene- phenyl oxadiazole copol ynets

Mot Woightpiverage Biolexmlar avedglts were separately di ssol ved
Mj, 7 niimpet olerapeandlecdlammeightoncent rati ons of 1 % by
PDweipghidispbrsithe sol ution. These sol utions were spin
Tgeeglh@qrﬂlﬁﬁi@n$@ﬁpéraﬁ1@e_2 cmx 2 cmaquarts slides at a
Tc&pélg}stﬁﬁgﬁi&{trgggit%'ﬁqgmf,&giurghot ol um nescence spectra

f o, SatRsii futd 8 were neasured in a front face
T f tdif : _ !
“r‘rDERa on & lgpe{q#—?qﬁorol og fluorimeter (Spex Industries,

Edi son, NJ). Each slide was then placed face up on a

heatTdble Pblatwes Bifftramabf etmnitigtCulerimetcy S0) md GelPephastivon
done that nmintained a steady flow of nitrogen gas
Clyompatogrphy A+pCé datatoicths fwp perapiiative heatieatylfitgene homopolymers

. t . 3 Y
oSl o ¢ de9sza RSO ERgRIE
copoBmrshavire 1096 phbnytionadiemie moasmer dnits (Exanplef26) and having 30%

wavel engt h of spin coated hin fil 0 copal.yner
plwylez@ﬁ%%{le z@negiﬂr m%@ﬁ@ﬁ@i%i% a5 t%@%ﬂ@c&@ﬂﬁ@ﬁpe-

i ' ' 1\SSi on spectum

Py AABAYLe RRE T ol R I8 el

anneBid ey -dinckytflumrerethoogppolymargjef GompHotie Examilés C1 and C2

bl Soitn P om it Eaidody s8> RagePBRHCY; Oh heating

aol€ tHRIH1SS hiARsitiv@ fenSieb @b dtA pbMnidiCedMbTE i Shiz8ti &N%hd melt
after annealing. This contraSts with the blue to

trapsitions,@e Shows fri Tabileg. dbessrtypas of tiensiensdogionigd aghdrinahinstability

f | 9,9'.-104 WO 2004/ 10261 . .
oy ResB g 6 BRI By By i+ AP TR iR Spmgion of crystllne
ddaranPihescanleng ekdimdr §orniafies and 061yNEHiSing R BEA|of figks®bolymers

exhibited color shifting from blue to green in both the photoluminescence and

electroluminescence spectrum upon accelerated thermal aging of thin spin cast films of the
polymers.

Table 2 shows that the phenyl oxadiazole containing polymers of Examples 23, 25,
and 26 have molecular weights of Mw = 21,300, Mw = 30,900, Mw = 90,000,
respectively, and polydispersities that are comparable to those obtained for the 9,9’-
dioctylfluorene homopolymers of Comparative Examples C1 and C2. The glass transition
temperatures of the copolymers of Examples 23 and 26 (Tg =62 °C and Tg = 68.3 °C,
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thin films gives rise to growh of strong green
em ssion centered at 520 nm These results indicate
wo bat/1028edr por ati on of the phenyl oxadi azol e cPODISME3/024911
into poly(9,9 - dioctylfluorenes) stabilized the
polymers with respect to crystallization and/or
excimer 5 formation. This is inportant, cially for
respettively)syggesteddhitndsiperationypf the phenyl mgad@_zaE cogiearionst into the

po&f@e%eﬁ%ﬁ‘o‘ém SRERR B EAS TE ARG i thgse obtained forthe

?1 bRns h@ﬂl@pﬁlyﬁﬁsm THE 188 %ﬁhﬁ&@t@nﬁﬁﬁaﬁﬁ@&ﬁﬂm@ Berpolymer
Phen Oxadi azol e pol ymers El ectroactive

of &xn@eka 35 @es Wk %)rsel,gge that ipegrperation ghibie pheyyhspbagsgle

cogfé)SSO Fl%t l:i’l?p%ﬁ?e\l&?l}cr og(il%‘ O 1& r%ﬂﬁgggteﬂgﬁgt lO?/ t ol uene

( HPl:[@beaaleo stiviva thatchone ofithal pﬂlenﬁroxﬁmemleabnta%ﬂg/\palmens of

. Ahole tr rting gent (HTA). sel ected from
EWIGSIQI?’BZS: 26 g hibited GiyetallZatiemancmglt frasigonss which were

AR O Yy ot I

co(liahhmg/pﬂym(ama'am)amedladloﬁﬂ(oﬁﬁﬁ?bomh@gllamtramﬂlilmademperature This is
amounts of 0.01 - /wt % by addi ti.on of spall
anampaﬁm@lwvwﬁpmw o‘l‘lﬁ‘f‘i fegev Henghpaigolerpontaiming polymers
O B el R SO L QUL AL e fesgribed in
Exaefpbe 27.appl i cati on. Organic el ectrol um nescent devi ces
were constructed as follows: 3 ass squares of 2 cm X
2 cmhaving on one side a vapor deposited coating of
E)daff @mtln oxide (I TO were 25 obtained from Thin
vices (Anaheim CA). The ITO coated sides were
A@bl@mﬁ@hAmnngt@dlmm ﬂ’olxﬂu@me@hﬁnyltomlamleﬂcm@imnm aind

t T t ted b
ety B AR A HamoaElakE o "n aquebus ol uti on
of R RBEmecslealiabiaatld copslyRerswT®amplds 23925) apdR@8vere
at 115 C. Next, the coati ngi sol utions pr &égrzed above
seppisly dssolvedpn drttohiean tofinal spnesntratiqusof 1 wetghégf the solution.
Th%yé) sc‘&l{ltﬁcﬁﬁ v&egé g@e g&%@ gﬁtgﬁég%qﬁ‘gt:én)zncanm n@&a?ts%ﬁdésq gisn rate of

25|00 trpma Phamhumnd@amsa dpecrifa foe b@dmné thig ﬁdn@wen&deatsareﬂﬂn @ front
torn_for about 1 hour. Cathodes were applied b

fagrapeds o wgPabBieroles ﬂ\u@’FmEtPlF(SRﬁH Indysigies, HshspnaNd)- "Each slide was
th«?ﬂ di¥lte o&@r?a Mta‘%gﬁété gg\fe?eC&TJvlt?g ﬁﬂﬁt{%gg ﬁﬁ%d gﬁgg dome that

t| ng aorganic ctrol um nescen
mﬁ'nainedtaesdeaﬁp flotlr ofudtrygdnt gag ©8er the samples. The samples were heated

under nitrogen to 200 °C for 15 hours. The photoluminescence spectrum for each film was
then remeasured.

Figure 6 shows the photoluminescence as a function of wavelength of spin coated
thin films of the copolymer of Example 23 (polyfluorene containing 30 mole percent of
phenyl oxadiazole units) before (emission spectum 402) and after (emission spectrum 400)
thermal annealing under a nitrogen purge at 200 °C for 15 hours. The same tests were run
on the copolymers of Examples 25 and 26. The intensity and wavelength of the emission
was substantially the same before and after annealing. This contrasts with the blue to

green color shifting observed for corresponding films of the phenyl capped 9,9°-
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(V), external percent quantumefficiencies (%%QE.),
| um nescence intensities (cd/m, and em ssion maxi na
w@ 2o0nmae6hd)) for blue, green, and red | anps opePEL/USIYOZH024911
20 mMAV/cn2 drive current. 5 Table 3 summarizes the
el ectroactive conpositions and results of the
respective |anp evaluations. The materials in the
diestdfnersne of Cempanaiive Exanaplss &l and 620 Fgethepmpatsmiers, @mealing of

o WA, B i Sl e e

lndlf:ht@ fRpRicbiidrition df@lﬁ@ﬁlen'yrp&laﬂla@ole Ebgehémacinto soly(9,9’-
ositions and Lanp Evaluation Results 10 Exanple p

dlqnéy retenes) sighidzed thepolyraers vathaesnest taprystdlization aggd/on exgimer

o0 295 90000000 A BB i one

de#@e(Ex. 18) 3 (TPD) 0.085 Tr( y)3) 4.9 0.84 590 513
29 10 (Ex. 18) 3 (TPD) 0.094 5.1 0.37 42 650 tCOEP 30
10 (Ex. 16) 3 (TPD) 0.094 7.7 1.1 92 648 (Pt(CEP))

31 10 (Ex. 16) 3 (CBP) 0.094 9.7 1.0 92 650 (Pt (CEP))

ElgcragtiyeComp)sitions png) OcgapdGElectroluminescent Devicesi00 513
33 10 (Ex. 16) 3 (CBP) 0.085 (Ir( 3 6.2 2.7 1900 513

34 10 16) 3 HT 0.085 (Tr( y)3) 8.3 1.42 1040 514
E—"é@i@—é@é 16) 12 (CBP) 0.085 (Ir( y)3 7.1 3.4 2300

sitifs 28d ERttoldfined@nf ﬁgﬁle@&g@ oh fhér%@ﬁx%)ha%ol@ 5.3

3 00 513 37 10 (Ex. 16) none 1 0.38 73 444

H@sopklyret. 16) 6 (CBP) none 8 8 0.26 37 437 39 10 Ex.

one 5.5.0.11 7.3 414 10 (

( CoP ey oo i Pighitsd s YV, The O ingys of Examples
16( CBRhd Q9QxRe ﬁldé};éh&éﬁtl ¥ disé1Ped & 1L RewARAntoABcHIBrokt4ne or toluene

16) 6 (CBP) 0.078 0. 39 98 455
(HPLC grade obtamed from Aldrich Chemical, Milwaukee, WI). A hole transporting
agent (HTA) selected from TPD, NPB, CBP, and HT were added in a ratio of
polymer/HTA = 10:3; in some cases 10:6, 10:12 or 10:18. Molecular emitters perylene,
TMC, Ir(ppy)s, (bthpy)aIr(acac), and Pt(OEP) were introduced in amounts of 0.01 - 0.5

wt/wt% by addition of small aliquots of a 10 mM solution of the emitter in dichloroethane

(DCE). Each coating solution was filtered through a 0.45 um polypropylene syringe filter
before application.

Organic electroluminescent devices were constructed as follows: Glass squares of
2 cm x 2 cm having on one side a vapor deposited coating of indium tin oxide (ITO) were
obtained from Thin Film Devices (Anaheim, CA). The ITO coated sides were cleaned
with ethanol, treated with an O 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 (2500 rpm for 30 sec). The glass
squares were then mounted into an aluminum frame, introduced into a vacuum deposition
chamber, and pumped to 107 torr for about 1 hour. Cathodes were applied by vapor
depositing about 10 A of LiF and about 2000 A of aluminum.
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(er lene 482 43 10 (Ex. 16) 3 (CBP) 0.085 6.1 0.43 88

615, (bthpy)21lr(acac) 669 44 10 (Ex. 19) 3 (CBP)
wO@2®850361f 3 9.1 0.39 152 515 45 10 (Ex. 19) BCY/BN2003/024911

0.085 (Ir(ppy)3) 8.4 0.30 207 516 polyner) 46 10 (Ex.

19) 3 (TPD) 0.085 (Ir( y)3) 6.7 0.21 152 513 (Ex. 18)

means the polymer of Exanple 18. (Ex. 16) neans the

pol Ve presuitngmggme elestrolumirgsceni\angBOMsre ovdused for drive voltages

US2003/ 02491
(v et pagentahani bR ientidd PR BRI Rifis G, and
enﬁémmg;d:ﬂar(m Hoblué,heech] e larkpsLsiickAingrit D@ HELBI drive

| anp devi ces of anples 28-46, and each device
Cu{a’f)lﬁw ded di ode type behavior. The pol yner of Exanple

16 i 0

3 D58 A bl kAR B B0 Rt
larhr¥eatidtions. 7 The hiatsrsin filge élbt&roﬁaiﬁze mmoeiﬁbnk &t&deé@d@l in Table 3

| ar ger background current and _a decline in exter

as theqrinher ef pitts @hby Weight addadde 1690 pafs (1%phlaC@rto mke the spin

HiRe hle@g ous blue emtters such as

co&ﬂligﬁ&ﬁ%{é) and(iJ ?aﬁﬂﬁ[tﬂsya%@tshoxycounarl n (TMC) gave
Tablete KElettemictive Compbsitjons dnd Lahip( Pahdiog Resulyy een

10 em ssion. Doping with Pt(OEP) or with (bthpy)21r(acac)

Exdmpg rﬁ‘ﬂ'o &m ‘>§|I“Pl‘l°s/ | g'ﬁE{mt@éi‘mJOS' [ ERBfoluhfiféscence data at

-

opera g C qug I ci enci es
G e LT S
EEESZ Slairay o = EQE”ﬁLeS’. | po bl (PR3]

28 or e lﬁ (Ei&pt X ’?D) | lﬁﬂiqﬁpg@s}r $9n ng 084 nS90 513
29| ect | bAERVE)poByF)c [9-094ne of Ex3Apl e 1637CBM2 | 650
and 15 Ir(ppy)3] The pol y@OEH)) Exanple 16 | s an
30ef fi c| edt(Esl 8@t [ BN(TADAINSP@O94 pol yer | W7t h a| 111UMD 92 648
| evel | that mat ches up we| (Pt(@EF)) t he LUMO fof Ir(ppy) 3.

Ci KeW $€ .(E&Bl5) $ il T hole nspo 0q

31vvith $¢ SES(Bf’6h) 3%]36 @O%PE oh thg.@ gfoa o 650
AR AL AT LT AN AN P AR L ETE
3By r anchb) (ORI O)s | Ar (CBR o G085 (PPWsY bo-2encs 4 ad__ | 1900 | 513
34f or mat 1O {ExEHDr g8t Ea| | y| 0.08PIHERY)2D| 88ppor t 1dRci|tl®40 | 514
35f or mat 1O (Eantb)enmil2 s(GBP) @& 08%edr(ppy)s) pfgds hayBdg @300 | 513

36dopant 10 Wik. 16)e | I8r@BP) ha0sh(Iabpe) hsilhe HOBB anfd700 | 513

37LUMD | ey qiEx. 0f) bat (CEMP Bishel 1 (PPY) 3| #2 hows| ef3ki diant | 444

38 10 (Ex.16) | 6 (CBP) | none 8.8 0.26 |37 437
39 10 (Ex.16) | 12 (CBP) | none 5.5 0.11 |73 414
40 10 (Ex.16) |3 (CBP) | 0.033 (TMC) 7.9 042 |64 435
41 10 (Ex.16) |3 (CBP) |0.039 5.0 028 |72 455,
. (perylene) 482

42 10 (Ex.16) |6 (CBP) |0.078 5.8 0.39 |98 455,
(perylene) 482

43 10 (Ex.16) |3 (CBP) |0.085 6.1 043 |88 615,
(bthpy),Ir(acac) 669

44 10 (Ex.19) |3 (CBP) | 0.085 (Ir(ppy)3) | 9.1 039 152 | 515
45 10 (Ex.19) |3 (HT 0.085 (Ir(ppy)s) | 8.4 0.30 |207 |516

polymer)
46 10 (Ex. 19) |3 (TPD) | 0.085 (Ir(ppy)s) | 6.7 021 [152 | 513

(Ex. 18) means the polymer of Example 18.
(Ex. 16) means the polymer of Example 16.
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formation or mgration of excitons to Ir(ppy)3. Also,
em ssion from CBP overl aps the absorption band of
WO eqopp9268s | eadi ng to efficient energy transferPerus2003/024911
reem ssion from I1r(PPY)3 25 Exanple 47 Conposition
and El ectrol um nescent Device Conpri si ng
Pol y{2- (5-[4- octyl oxXYy) phen9>‘/
(Ez @)mmame ar-of Brghpte19.2, 5-diyl} / TPD | r(ppy) 3

(2t iy TR o JERF e R G BRRlr R orgpic
eld@bbRInlIAckcbhtqapl ddvicedofGhamiptel 23-44, hﬂ@b’é&l&ievi%épm\ﬂl@ed diode type
arts polyner of Exanple 16, 3 parts TPD, and 0.085

bepairiers he(wﬂmg qfdixanm t@mwnmpw yithéke hinle panspartiggent CBP
ylfgl?éﬂjﬁlﬂé stsﬂﬁ iff PR esof %@(?edlse%ﬁlftéﬂ (%g{i{l?g[e % ﬁc&%&ihﬁ the CBP

room t enperature.
coﬂﬁﬁt%d&ﬂﬁalﬁrg%ﬁﬁé&ﬂ@i&ﬁiﬂ/ dﬁ%ﬁﬂéhd mbhlﬁ& mrextasalfqubhtanesificiency

t hr oug gm paol ypr opyl en PP) syri nge filter
(Efs@%lﬁw §Bbl Pelamg eﬁthemlm@tﬁﬂg s w1 Pvfaleltu@ gmettesppuch as

R o R LGSR AT IR 2Dy v

Ir(pp@); lgangpgrearhéerhistiod. Dopﬁl@mﬁeht(@EE):blrwithl ﬁbthpys)@h(acaac) gave red
centered . at 513, hm At a dr.ive cur ren

enpipRion. R lleomngsiions. 4 Spahingo lipgsh St @Heeiu@f efficiencies
wore 9hidfega drive voltage of 7.67 V, and a | anp

intensity of 1390 cd/nR. Exanples 48-74 10

Conpl¥bile neiwishimg tébe bowid iy thewyethe highvjueetinBeffietbnoies of the

TP e Hpesd RE Coumplet 530 B o ndesr B0 AL Bt b HOMO and
LU0 énssy ﬁh@hﬂ@ OfftRS &e&foac@%pmhﬁe@cga&ﬁ%%/‘bﬂfﬁ% Keqlﬁ/eCBP and

nmononmer units, .3 x 103)" and Exanpl e 26
Irpry)di Eh@p@lym@n cﬁEKamnlﬁtlﬁ is ametficpot sledtnm) trew@p@'t polymer with a

d I
LB R SO e U nd ol ERpddme i an
efﬁélbﬂﬁmn@@answ agéht Wit £HOMO 3R kidtdhgs %ﬂrwlﬂ{ ﬂﬂEIHOMo of Ir(ppy)s.
Flagl ect ed fror%TPD CBP, PVK, HIT, TPD-HT, and PS-

gastqu@]hg desp BOMO iab6 3feV that it cannot

re{cﬁiyé%%m ®les gflo ser a}saaﬁéétgg’(r) xggérg {o]r{n%ﬂ\]% OE%c‘ggthCaﬁg EBP can

suppkde elxcﬁmnsmtmmﬁn @filidsion)as dcon in Taftips havihg PO Idy»rmit( lﬁﬂ?&e strong
Each coating solution was filtered

m%tﬁla eﬁ@cnh éheoH@M@ g &%@dﬁ efdotiPPRPapdili(pay)s pllewy étficient
foﬂﬁ&t%%r%@rdtﬁﬂtdf UWecitonl &S irtﬂpgf)g. Also, emission from CBP overlaps the

absorption band of Ir(ppy); leading to efficient energy transfer and reemission from
Ir(ppy)s.

Example 47
Composition and Electroluminescent Device Comprising Poly{2-(5-[4-(octyloxy)phenyl]-
1,3,4-oxadiazol-2-yl)phenyl-2,5-diyl}/TPD/Ir(ppy)s 10:3:0.085

A molecularly doped polymer composition (MDPC) comprising 1000 parts toluene
(HPLC grade obtained from Aldrich Chemical, Milwaukee, W), 10 parts polymer of
Example 16, 3 parts TPD, and 0.085 parts Ir(ppy)s (all parts by weight) was prepared by

combining the components and stirring for 1 — 2 hours at room temperature. The resulting
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conpositions are shown in Table 4. Lanps were

constructed as follows: 3 ass squares of 2 cmx 2 cm
whawiengeeoh one side a vapor deposited coati ngP@f/US2003/024911

indiumtin oxide (ITO were obtained fromThin Film

Devi ces (Anaheim CA). The I TO coated sides were

cl eaned with ethanol, treated wth an 25 02 pl asma
sohitioh w4 fibteredahrongh Wadsd.ui @Olypiiapytene (BR) syringe fidter a0

mfor 30 sec) with an aqueous solution of PEDT/ PSS,

apﬂﬁ‘dltlﬂ% ed under nitrogen purge at 115 T. Each of the

coat
Fop T O e R P s Lo R i Example
32r (Iheflamp 8éhstraction Whe glhesdd ()%E}IEJBO&“ MDPCELIESh The ilﬂm;dethlted a

i nt nalmnmf r into a,v
g e OB Dl sen Tt 30 bt AT vt SPE BRierm?. the lamp
exﬁlb&@d E@Hitenﬁﬁ&&hﬁhﬁﬁﬁ cIRSidhcdRPN '990%,baydrY@RRﬂta§€ BPR.6Y r\mnd a lamp
about 10 A of L| F and about 2000 A of al um num

intensity afi 1390 od/gdni ¢ el ectr ol uni nescent | amps were
evaluated for drive voltages (V), external percent
quantum efficiencies (% QE.), |um nescence
Eﬂaﬁ{@sdgtﬁes - 108 WD 2004/102615 PCT/ US2003/ 024911
(cd/m, and_em ssion maxima (max nm for blue, green
Comgpsitias pagrBlectabeminepiegt Reviows Based endhenyl Wxagdigeelent9,9-Dioctyl
5 sumari ze these conpositions along with
Flgﬁghreg%qlﬁggrgf the corresponding | anp perfornmance

ev alBladtrohnainedeht @)Iﬂpc%l’ttdm weddtprepaed os folloes: dae @otymers of
5 the LEP of Exarrg 26 (10% oxadl azoI e nononer

Exegpple 2%(30% oxpdiazelgimanemeniants, Yiwim béwl&m&@&la% (10%

3B ERPl LR, 20 (0t oAk, JRART Lo

peagatingofueHNHP 20 graele@btaimed froma Aiqlrmht ClageindlsMilvealkge, AVD. A

et LTt 4 e e e BThc . marts (Bl
Dﬁﬁﬁgvag Qg%&lpcb @oﬁ@%%h'%gsﬁeﬁéﬁh'aqgué@%o n%ﬂeﬂﬁ?%ar- h09.4, ﬁ@ () 8,

| ectroactive ositions and’
10Ek§) 3,08t of d9:9NThe eh&»ttoBtrem}beﬁ aEentr(ETAQOPBB) wamgideﬂeo some

SRS LY L i i v
e D R

comdositions ﬂi@lsheweinlmblage % cd/ m 2, b ax nm MQE. 48

1 ne non 4
0 nJ?an?ps veerg cons 0 ctoed as fozllows %}%ass squares of 2 cm x 2 cm having on one

side a vapor deposited coating of indium tin oxide (ITO) were obtained from Thin Film
Devices (Anaheim, CA). The ITO coated sides were cleaned with ethanol, treated with an
O plasma etch (4 min at 50 W and 200 mTorr), spin coated (2500 rpm for 30 sec) with an

aqueous solution of PEDT/PSS, and dried under nitrogen purge at 115 °C. Each of the
coating solutions prepared above was spin coated on top of a resulting PEDT/PSS coated
substrate (2500 rpm for 30 sec). The glass squares were then mounted into an aluminum
frame, introduced into a vacuum deposition chamber, and pumped to 107 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
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49 10 none 3 TPD 6.70 0.47 36 424,448sh 50 10 none 3
HT 6.73 0.84 42 424, 447sh 51 10 none 3 TPD and 6. 40
WO203/18%1520, 447 HT* 52 10 none 3 CBP 5.37 OpOBUS2083/024911
426,448 53 10 none 3 PS- 6.47 0.13 7.9 426, 447sh
DPAS 54 10 none 3 PVK 5.31 0.04 2.6 423, 445sh 55 10
noge 6 TPD 5.31 Q.14 7.2 424, 448sh 56 10 none 9 TPD
(cd(m(s)_h apd gmisgion maxima fpes Am) B blwp, gresn, amdsed PmpPE. qperaging at 20
424, 58 10 none 0.8 TPD 8.75 0.35 23 424,
n*%%ﬁ% Vggﬁﬁéﬂnone 1.5 TPD 7.34 0.45 29 424, 448sh 60
10 T abRE43ndBPRumMmRGiA.thde ?Bmggs‘lti%lrﬁé%ég%g [;ﬁ%h ﬁll_{l_% rgs@gfag 3334
HT 5.90 Q.71 47 424, 446s
cogspepeing Jamp perfarmance pyalyations. Taple 4 shoviglemppsrfosaange data for
t N b
thi%?ﬁ"?%%ﬁ’?lﬁ%% (i i sTE niopiinfed BB MAYRIT B1 82X able 5 shows
larip) @a‘formmlcé' data canthe LEPiof ﬂExampteaZSr(Bﬁ% dﬂamaiﬁl@ nddtbmer Bits, Mw

= SRR T nebkrerb e ansaor aaoes (S boond agesiransport agents

|
(E’fﬁT éﬁ&%@%ﬁ@%ﬁ;ﬁﬁﬁa&e du‘ﬁﬁé éﬁ%ﬁ@ b@?@ngéﬂ 4da88'% 1000

patDSinltOQD ™) tjueriedo Gulo ithyenspin odatiky aoﬂptlen B&d(iPplephting fleriemps.
with 30 Mol e Percent of Electron Transport Oxadi azol e
Unlts) Exanple p Polyner/ p ETA p HTA

Tableek tEI@étkUHcﬂﬁ@GSﬁ?Smﬁ&‘i@arﬂtOLﬂﬁ %vfbelf%%&)f& (ﬁé&@ OnPBieded Films
mA cn? Tol uene Tol uene Tol uene voltage ¢ mtax urn

Copfamnips tledCamplymerofiizamphs ms(P@l;movemmth Hmvmme Pement®f Electron

Tr%;g?ﬁﬁéﬁﬁzglgﬁmtsfm 65 10 none 6 TPD 5.31 0.37 39

Example | p Polymer/ | p ETA/ | p HTA/ Electroluminescence data at
1000 p 1000p |1000p |20 mA/cm?
Toluene Toluene | Toluene voltage | % cd/m? Amax ML
V) QE.
48 10 none none 4,56 0.03 |25 422, 447
49 10 none 3 TPD 6.70 0.47 |36 424, 448sh
50 10 none 3HT 6.73 0.84 |42 424, 447sh
51 10 none 3TPD and | 6.40 0.63 |37 420, 447
HT*
52 10 none 3 CBP 5.37 0.06 | 3.8 426, 448
53 10 none 3 PS- 6.47 013 {79 426, 447sh
DPAS

54 10 none 3 PVK 5.31 0.04 |26 423, 445sh
55 10 none 6 TPD 5.31 0.14 |72 424, 448sh
56 10 none 9 TPD 4.61 0.03 [ 1.2 424, 448sh
57 10 none 0.4 TPD 7.83 029 |17 424, 448sh
58 10 none 0.8 TPD 8.75 0.35 |23 424, 448sh
59 10 none 1.5 TPD 7.34 045 |29 424, 448sh
60 10 3PBD |3TPD 5.96 0.63 | 50 424, 450sh
61 10 3PBD |3HT 5.90 0.71 |47 424, 446sh
62 10 6 PBD |3HT 9.97 0.64 |81 425, 445sh

sh = shoulder.
* HT was applied in a separate layer on the PEDT/PSS coated substrate by spin coating a
solution of 18 mg HT in 6 g DCE at 2000 rpm. The composition containing the TPD and

the copolymer of Example 26 was then applied by spin coating as described above.
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66 10 none 9 TPD 5.59 0.25 35 426, 451sh 67 10 none
1.5 HT 6.65 0.39 32 420, 445sh 68 10 none 3 HT 5. 44
W@2@7/16615116, 429sh 69 10 none 6 HT 5.46 0. 82 BAI/UKHN3/024911
447sh 70 10 none 9 HT 6.00 0.67 46 427, 448sh 71 10
none 3 CBP 5.98 0.25 16 425,447sh 72 10 none 6 CBP
6.80 0.43 30 424, 447sh 73 10 3 PBD 3 TPD 5.96 0. 71
Tabls %4 Jglectmomstive Compositignsmg QLEHI Df:vg@ E_Lat@ $ord¥eat 20d Blended Films
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copol Y0 »f Exd®0e 2610#Xkp onl Y0MABMY, t he | umi nance

was ohlylugné cd/TrtyenanfiToluend O | opkeagat i g vo| t&lge Vg, nm
4.6 voplts. The [copol yner of Exagpje 23 @¥ipited

63si mlang perforinppee. There refylgss arjgy pdt [ 7 DUt ed /59

64t e apggnce of qlo'BQie BEBEPO! | agemnt %2@ 23;“ Ohy

AY [ |

—

A S VAT R U 1 I B E DN LRV

66; he nbAE ty ansddion® agehP IPPbD | 899 o 11D MT3$ Exanfi26451sh

=4

6749-5 1101 ed t o |iNeReovel1PHFuaNbGR ef fi&F2nEB2s, WMR0.A455h
68emi ss| &% remai newndl ue| 3E8Ren efddmer |87 nps4 obserdi€@dt29sh

69even al@er extgmdaed ope6&T on. | Bl4endi Np.8f I 5 425, 447sh

70copol yngr of EXaisaee 269wt h theopol e | 4.6ANEROTT | 427, 448sh

718G€NT 51§BP, PV, ,300 PS3PRAS (EXaRp! €3 6?25 5P 0T U 095 447sh

72r eSUI 167 Si gnl Tﬂo‘ﬁé"‘l l@ﬁfpxe Iglgbb t th ”!"4;)‘4,5447sh

ant

EABADAN NN G 7213 5 M TN “74‘?' Sha_of #20, 4455h

o

Taqui ck[$0as ¢ he L PERBD o0 6k ent |40 L nark@hehSs n 1 hA20, 445sh

shzyabowdsr. LEP/ TPD = 10:3, 10:6, 10:9. Conversely, as the
TPD content was decreased bel ow LEP/ TPD = 10: 3 the
operating voltages began to rise -110 WO 2004/ 102615
PCT/T6R8A3hA 24Rd% thanBe hée c@d‘lylﬁe@ d€ BREm)| QI%Q aB ah@ 26 eQMbit blue
of f sqnmewhat. The 10:3 LEP/TPD ratio in
eleeaﬁlﬁamsr:@wem%nmhwcw EExannlepdS @da@ﬁplr@PQ@W(eB)aMIaB
oxXi
opHing 0517 BT 20 1 ARAP 6 BBl s PRt
copolymer of Example 26 was only 0.03 %, the luminance was only 2.5 cd/m?, and the

<

operating voltage was 4.6 volts. The copolymer of Example 23 exhibited similar
performance. These results are attributed to the absence of a hole transport agent (i.e. lack
of charge transport balance).

Table 4 shows that blending of the copolymer of Example 26 in a 10:3 ratio with
the hole transport agents TPD, HT, or TPD-HT (Examples 49-51) led to improved
quantum efficiencies, while emission remained blue. Green excimer was not observed
even after extended operation. Blending of the copolymer of Example 26 with the hole
transport agents CBP, PVK, and PS-DPAS (Examples 52-54) did not result in significant
improvements to the quantum efficiency when compared with the neat polymers.

Table 4 also shows that the quantum efficiency droped off quickly as the TPD
content was increased in the amounts LEP/TPD = 10:3, 10:6 , 10:9. Conversely, as the
TPD content was decreased below LEP/TPD = 10:3 the operating voltages began to rise
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Table 4 shows that electron transport properties of

the films were inproved by 5 blending in both hole and
w@b@atiowns t ransport agents with the copol yner BET/US2003/024911

Exanpl e 26. In Exanples 60 and 61, blending of the

copol ynmer of Exanple 26 with a 1:1 m xture of PBD and

either TPD or HT resulted in decreased operatin

ang ¢he effeisnciazbegan te deopoff someaveiat- ubhe 19:8 LEPERRD aatiandhe
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parts TPD and parts C presence
Exahplas)tfidind 24|, klehding o€ theleBpalfymetafiFxdnepl2 86 vdtioa 1:0 miktture of PBD

et R R PR AR R p—
effi AURAMsAPheN tdntPasdd Wik b%h&d@?ﬁpr%ﬁngsc?ﬂligggyoﬂ?ﬁ%fo%. 15

when attenpting to blend comrercia Wi

ol d¥sidaummpanisbe vehea the 8 tdioatylfluaresp bomopolymer (Gompardine

mol ecul.ar t_materi.als.my be.effectjve a
EXAPRS S In DR i) il Bitliat o e 4 legtzon transport
etsffuantuhveffifentiedWetcdonipatativBE Sfi ' ' [ i
agLEP.(quJr resul _?sl i ndi cat]g{eééll1 1t E’Zf‘ﬁl%tg?’(’g%ﬁgﬁ’ﬁ‘g{ eﬁté);v,%gwnh3
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, Lt o ol ymer so as to .conj ygat.ed with, .
xR R Il B LR Oy esb T B s e i e eeombination
folths blepdédsyiskuens. ERis re@itetdanal dniniPettint IRh&H O sﬁévté%&i, W8 ful

efficiencies for blended systens. Table 5 shows the

wheggitppting tohlendieqramersial hEBR adthaneleeuladinleand ¢lactrdndransport

: 30 nol e .
ikl HRS1cc e b pEORRIGHIR P LOER! fafol i i p o
blenged film gyet e idedfesveeat ttraasfiginpibese\cadiont inko theE€.EP. Our results
. GO oi ney of anpl e 26 (10,25 nol e percent oxadi azol e
m‘f}ﬁﬁ? %aY f?rﬁa oppnes, gnegrporgtipnef anglection HlansaorcagsBirse

) i i . . o
coRFRUTEAEEHRE 8 3e LI AT, A8 40 (AR Soster o
electrpud fromrthehosExathe LEB, mekultingih mnch ibigido ¢ddkquaptues efficiencies for
bl‘%é_ggo nd 73-74) gave the best results; blends with
§ l es 71-72) gave lower efficiencies and

hi ghgple ¥ HHRIRS rdshifd bfEindnbRR S oX‘éhcﬁ:?zoErco‘i’ﬁeé% El?che li?l’ Blends

the contrast was | ess pronounced than was oun
of thercoppkymeo p6 Examsple@B (B anobd mer@it oXadidmlSumitsy ovithiseveal hole

t hat, t he, hi gher oxadi azol.e content. in the copQl yner of
e AeB8is 2V s TG oI hbe Pt QA 20 (10
mdlé §EeEntdXBERESIe hitd)in TABID4, Ph altBiseW diQ@lurfinesdehde qudflum

2004/ 102615 PCT/ US2003/ 024911 drop off 1 n quantu

cffggignicégsamprovedon geingnftme 10% tor3@% okadinzele domamonet imitsofBlends of
thd-&golfnér of FxRinple 23 with HT and TPD (Examples 64-70 and 73-74) gave the
best results; blends with CBP (Examples 71-72) gave lower efficiencies and higher

=

voltages than did blends with HT or TPD, but the contrast was less pronounced than was

found for the copolymer of Example 26.
Table 5 also shows that the higher oxadiazole content in the copolymer of Example
23 enabled blending of the polymer with higher amounts of HT, TPD, or CBP without a
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10: 6, and 10:9 (Exanples 68-70) gave rise to quantum
efficiencies of %E = 0.87, 0.82, and 0.67,

wo empaaetsivel y. Quantum efficiencies actual |y i P@Qroy®d3/024911
with increasing CBP content (Exanples 71-72).
Finally, blends with both PBD and HT in a 10:3:3 ratio

ave .5 even better results (Exanple 74). This |anp
drg%ﬁ% B aeantun gHicigncye Forpxample, bignds withd T dn aaticeof LEP/HT = 10:3,

. : - 09702
58308060 28 TGSy UptBb % b o, 032
and @?ufegp?xtivellye Qqanhmbff&ﬁfileiﬁtégﬁ&adl}cﬁig)ragﬁﬁ witl® Inglra@iﬁg CBP
| uce er | n 0 S can e esl gne usi n
copfiat GRampl AL 1200 FRAY RS schith ytb RBD it B dh bl ghtato gave
: . > ar Yt o
o Y g e 00 L A
peifauanse nambens as Showe (a 26 miAm’t 6.5 spity 0.97 S4QE, H5WdAN?).

paciBT oS BRHIEHE 5o ebieei e arabipiesentdeyices and
for Bse? Mduked MRrh Al itab@ JFAEDS o bé 8L hSmghRd elgét?&a’cﬁ%‘

transport governing non-radiative Transport throug
polymeeriewirdengsaf thropnesent thveatioreasi hoststwithospuriting tlenguabtien

t . EP. 15 Ex L es - 83 Conpositjions and
LT RN R TR -
ox8difzdlt vt o akd QoRfiRatio WRA YACAHNARARI DTSR loY B polymer to

El ect rol um nescent conpositions and devi ces were

enghle phargribalansmand do phtidiiile reddivo xates efzivtesmolegylar electoamytiansport
_ ob | f le 25
ol alfife TR BEGTNAER0R A0 i eRicaiE Lo naiSiRIVe Esport rom

theQarsptosthe LERs and | anp eval uation results are
summari zed in Table 6. In all cases, blue
el ectrol um nescence was observed. - 112 WO
Ex4R0f; 492815 PCT/ US2003/ 024911 Table 6. Conposition
and OCED Device Data for Neat or Bl ended Filns Prepare

ComipokitioRhamy/Ele@ohaniazsebrt DeviceS HasaréryPhdnyl Okedigzole — 9,9-Dioctyl

Phenyl car bazql e Ter pol ynmer Exanple p/ 1000 p p/ 1000 p
Fhk?f%(mﬁﬁ)‘(ﬁﬂz&’az%l féﬁ%lymr uene Tol uene Pol ymer ETA HTA

75 HchoReniReRenttbhpotiiailand i ¢3RSh

77 10 none 6 HT 424 ,p°4i?11§§£and7%"§°88 N oﬂsgprgp%‘ﬁﬁg?gﬁt,he BR&t1
oxad{zlle — 9,9-dioctyl fluorene — phenylcarbazole terpolymer of Example 25 essentially

as described in Examples 48-74. Compositions and lamp evaluation results are

summarized in Table 6. In all cases, blue electroluminescence was observed.
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79 10 none 6 CBP 424, 445sh 80 10 none 3 TPD 420,
445sh 81 10 none 6 TPD 423, 445sh 82 10 3 PBD none

WA 2w4/16655h 83 10 6 PBD none 425, 445sh " XnBXI/US®03/024911
t he wavel ength of maxi num em ssion intensity. 5 "sh"

means shoul der.
Sheet A thernal

transfer

Exam | ~ e 84 Preparation of a Donor
donor sheet was prepared in

Tabled.f @pmpoyitien and@BED DeviceTPrta fadNeas lonBlanded Hdms Prépade with
i T t 0, t hi
P3P efe 2R SRR R BRLS -aleoB Tomararer (v

fromTeijin, Osaka, Japan). Coating was perforned
usi

a
Th
un
20
Co
bl
bu
Jo
fl

acrt

26
Ir
1-
0.

“max” is the wavelength of maximum emission intensity.

ng-a Yasui Seikj lLab Coater, Mdel CAG 150, ysing
nE&mBRieaypile00 bl | | M10A0 R50 |PEIA08M celMus nmer i|nch.
e L THC cpali was~in-J i ne [ at 80C and curled
der wul tr aﬁ)fgge (U%’ﬁe#éadi aﬁirolclal%e]e%ew 41113 WO
D4/ 10261 5P&gakel)S2PDB3A024911 HTlabl e 7. LTHC Sol yti on
ponent Trade Deslgnation Parts by Wight carlbon
bé& pi gneM Raven| 7% Ul tr4nong 3. 88| 4381 4Asshy |
at—Tesiar Butvar B=98(2) 0 89—actytrec, 1estt
ncryl 67 z(?i) 2.07 ncc)ﬁespersal’?iﬁ% sperbﬂg’l%‘tfg%M 0. 34
g7 o surfagtant Fndw0 (5) |G @E epoXuonoysiRC
late Ebecryl 620 (6) 13 18 acrylid¢ resin FElvacite
598 (7) 8| ¥®  2- behrgue 2- (dil BeEB| ani ndP1,14456h
Jagure 369, (80 B9 —(rmo—hoti+r-1phenyl)—butanane
hydr oxyc z(P ohexyl B‘i%enyl ket60 I rgag &?g’%&ﬁ( )
180 2- buf amone 43| féne 3 TPD 420, 445sh
81 10 none 6 TPD 423, 445sh
82 10 3PBD none 422, 445sh
83 10 6 PBD none 425, 445sh

“sh” means shoulder.

Example 84
Preparation of a Donor Sheet

A thermal transfer donor sheet was prepared in the following manner. An LTHC

- solution, described in Table 7, was coated onto a 0.1 mm thick polyethylene terephthalate
(PET) film substrate (M7 from Teijin, Osaka, Japan). Coating was performed using a
Yasui Seiki Lab Coater, Model CAG-150, using a microgravure roll with 150 helical cells

per inch. The LTHC coating was in-line dried at 80°C and cured under ultraviolet (UV)

radiation.
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1,

Col unbi an Chem cal s Co.,

2- propanedi ol nononet hyl ether 26.25

Atlanta, GA (2

w®eeo4hasis, MO (3)S. C. Johnson & Son, In
5 (4)Byk-Chem e USA, Wallingford, CT (5)M nnesota

M

ni ng and Manufacturing Co.

St. Paul ,

acetate
)Solutia Inc.,
c. RapCTIES2009/024911

MN  (6)UCB

Radcure Inc., N. Augusta, SC (7 1d Acryllcs I nc.
I\/Enﬁfﬂbiﬁ7TMHCE§C(hlmleel gi Corp., Tarrytown, NY 10

C(

act?@dpmmo t he c_ured LTHC

)\l, AlT IIILCIICI._YCI DUI UlIUII,

r avdre oy
il €

cqating uethod using the Yasui intals

CAGeatiufh, blask pimanti crogravureRméﬂ 76®8U1t1rad1)1 0 he sgal

CEI | [S I I IIEdI Al Ilbﬂ IIII S atTn LA I I e UI I cu

at @Y‘g:“ drhytgalgsunder ul t r pBP81 agg EIgjj\/) r adi at i &6

- | Td1i40ig004/ 102615 PCT/ USPGQRI(24991 Tabl e

| rl. erd ﬁ\lnr ngt: oVl Cr\I ||I'| faVal i \.n\n_u\I-I- DI\DT DV I f:I—!-!-

SR d;alersant (t ri met hyl ol propanepreah:sﬂg/lGdté 14. 85 034

eq e Trom Sart ong fon, PA) ButVv

o_gﬁ.“drqg%& Ianqm 2 78 lrgac FC-A0T o5 1} ac %15184

0. @oxanbwlammglaées 00 1-nef Ebécry12629l’(@ ano] 321848

I\Ik d lI d.IIbI cl I aycl wasS I I IIBU UTT lI

t HeAuligieSiBheet . The transferEl‘@CIt‘?a9@9 di spds& on

t le2-domgt-29dardthdymapi){1ai4ng [ he nol rI y| doped

pal RBpholER Y1) BitaBénd=x anplEXAHFe g%é) a)go ut| 200d>8%00

"R nI-Il%ro%ycy%%%%g}glsi)h%g}ﬁ%%%n% SgS&ﬁS lf84 ® 0.13
2-butanone 43.75
1,2-propanediol monomethyl ether 26.25
acetate ’

(UColumbian Chemicals Co., Atlanta, GA

@Solutia Inc., St. Louis, MO
@S, C. Johnson & Son, Inc. Racine,

WI

(4)Byk Chemie USA, Wallingford, CT
©)Minnesota Mining and Manufacturing Co., St. Paul, MN
©UCB Radeure Inc., N. Augusta, SC

MICI Acrylics Inc. Memphls N
(S)Clba-Gelgl Corp., Tarrytown, NY

Next, an interlayer solution, given in Table 8, was 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 was in-line

dried at 60 °C and cured under ultraviolet (UV) radiation.
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25

spincoater) to yield a filmthickness of approxi mately

50 nm Exanple 85 10 Laser | nduced Thermal | maging of
wae@nagbémis Layer Part A Preparation of Recept oPCT/US2003/024911

Substrat es PEDT (pol y(3, 4-ethyl enedi oxyt hi ophene))

solution (Baytron P 4083 from Bayer AG Leverkusen,

CGermany) dil uted th i zed wat er) was

filtered throughéi‘?}g\n ﬁ%( I%@U’MS m

pol ypropyl ene syringe filter. Unpatterned |ITQ(i ndium

tin ox|de) gl ass GOMPONENEhNO! ogi es,| St PARES BY, M,

less than 100 Q square, 1.1 mmthick

ultraspnically cleaned in a hot, 3% sjol ut WG&T

DeconeKSRA 2S5 HERARRaRI0HE @Eslferm mtee G Zqg!

Swi t zef a0ddvailihe I8k hen pl ace |n t he
Pl asnma nhfv%u‘ B asm trea | aun f-ace Lo Q?t freft

lCI

under e OW-Rg—20—condi-H ons:
Power : |F508¥ _j|,65_AN_gn@_Qxygpn Ellow. 102)178'nrr 25
| mredi pl88re36%r plasma treatment, the PEDF28ol ution
was fi|lrgecuee B84 di spensed t hrough a WHATMARY PURADI SC
0. 45 m pbhiaponpyl ene syringe filter onto tHA8.00TO
subst r gl -enetHd¥g-Bplsphanslt € Was then spun (Headway

Research spincoatér) at 2000 rpmitor 30 - 115 VD

PSCA A B Ry D ¢ tanster

layrewhedisposed ©f th&ddmmr sEeem‘nyl spiasingniemolkctilaty dopedipulymer

copRRSHonAE IR of s SDE-EF0CE RN for 40 sosonds LlssepigiResearch
spin@éa@er§ Yiekia fMnt idiBRss cgcdggfo%gm%mg%'or es. Next, the

donor “sheets were | nmage si ngl e- node Nd: YAG
| asers. Scanning was performed using a system of
E ] ngg2 gal vanoneters, with the conbi ned | aser beans
onto the imge plane using an f-theta scan
Lab@uﬁd@%dmeﬁna;ﬁmgglﬁg%ﬁkﬁisf%?ia&éﬂ c configuration. The
| aser energy densrty was 0.4 to 0.8 J/cnR. The |aser
Paﬁpﬁ’ot si ze, neasured at the 1/e2 10 intensity, was 30

Pn{p g}fgg%tfﬁr %)Qgr%‘%ogm crometers. The linear |aser spot

ocrty wa #'8bl e between 10 and 30 neters per
secPEDT Eohg84edhdenddiskytHi®dRne)) 8M8tior (BPaytdA S 4083 from Bayer

AG, Leverkusen, Germany) diluted 1:1 with deionized water) was filtered through a
WHATMAN PURADISC 0.45 pm polypropylene syringe filter.
Unpatterned ITO(indium tin oxide) glass (Delta Technologies, Stillwater, MN, less

-

|rm 0l

)

than 100 Q/square, 1.1 mm thick) was ultrasonically cleaned in a hot, 3% solution of
Deconex 12NS detergent (Borer Chemie AG, Zuchwil, Switzerland). The substrates were

then placed in the Plasma Science plasma treater for surface treatment under the following

conditions:

Time: 2 minutes
Power: 500watt (165 W/cm?)
Oxygen Flow: 100 Torr

Immediately after plasma treatment, the PEDT solution was filtered and dispensed
through a WHATMAN PURADISC 0.45 um polypropylene syringe filter onto the ITO
substrate. The substrate was then spun (Headway Research spincoater) at 2000 rpm for 30
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spot was dithered perpendicular to the major
di spl acenent direction with about a 100 m croneter

wa@opkitoasde. The transfer |ayers were transferrBcI/as2003/024911

lines onto the receptor substrates, and the intended
width of the |ines was about 100 m croneters. Laser
i nduced 15 thermal imaging was perfornmed at a scan

se¢aiyds weﬂ@mg p SRDIL film thickngsoofiAOsmaill phthe subsiesitasi voarg heated to 200
9 belo Tabl e 9. Laser Induced
d}ﬁgs .%‘t‘e %%8“@%?8. ti o\rllvs Dose 0.4-0.7 J/cn2 Scan

Pagf®ed 20-11.4 m's Line width 90 mcrons Pitch 225
m crons Digital inmnges of the resulting |aser induced

Laserdndegedi ThegnaldmegingcafTranséerdnyoirom ungudbest 20 7 and
e 130 e 18R EBP B i FRR Y GRH Bgy b

Néxtans ﬁ@ﬂdreﬁeaé weid iaaptd udng vPsaglkingsie NeB YA ®laskRe Scanning was
at ents, patent docunments, and publications cited

peafsa%d ysinga Fysigm of inear palvaneraetetss with fheccomdunertlaser dgarns focused

B A b g YR, 3B PR st coiin.

Thel leset ewagy domsitpovagioat toc). 80AthAN eThedaser kit Bige, fedsured at the 1/¢*
ion, and end cappi hg groups

. con at nt er nal

In{gRY y:| s 5 ﬁ él&@mq@abxggQ AiEPRsiers. ebhedineaniapti se@tqulw@évas

adgfstamé"tﬁet\%éﬂ Bsnd 4y ﬁ‘l%’eeése;?e? Recoflf, ngé’dsgreﬁral’ bRt g@ bfaﬁe The laser
el ng coval ently bonde 0 ‘a e

jacent aryl efie’uni
spok wasodlﬂnredqzqrpmadrctulea ty themeaj umdrsplmemmodmctmndwdamung 100

e i S o s viet HapsTete kg opi e peceptor
suﬂﬁtfartes%ﬁl@ the iftended WHABT 6F the Ahds Wi a@oﬁ’mﬁ)@%ﬁf@n&&s Laser induced

napht hyl ene group arylene that is unsubstituted or
theryiad imagimgwasperforored ap e seasrelagity fom $bH éc2@.0 nisand the

al, k. al ken fluoro, aryl, fluoroalkyl,
co g’ttép%%‘:fs& ? K’r@t@?%ﬁ?‘%w and hydrocar byl contai ni ng
Ta%?ee9.oﬂasglpfnduced Jermal fr)nagmg Conditions

Dose 0.4-0.7 J/em®
Scan speed 20-11.4 m/s
Line width 90 microns
Pitch 225 microns

Digital images of the resulting laser induced thermal imaging pattern are shown in Figures
7 and 8, where the areas, 500, are the unimaged receptor surface, and the areas, 502, are
the light emitting, transferred electroactive composition.

Each of the patents, patent documents, and publications cited above is hereby

incorporated into this document as if reproduced in full.
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20 Si atons; wherein a is 1 or 2; wherein each EY is

i ndependently sel ected from groups having the
warogaores of Fornmulas Il and 111 (R2)b * 1PCRUS2003/024911

rN Ar2 Ar2 25 11 I1l wherein Xis 0, S, or NRL, where

Rl is alkyl, aryl, heteroaryl, or heteroal kyl;

wherein each R2 is independently al kyl, al koxy,

fluoro, aryl, fluoroal kyl, heteroal kyl, or
Whatigelggmsd is: wherein b is 0, 1, or 2; - 117 WO

2004/ 102615 PCT/ US2003/ 024911 wherein Ar2 is a

1 S ioab tetatiefyd holdreHE s iGiesoBmSREL uent 5 el ect e
5 f r or dhjtighied #htkBiaY fogicl, kd¥nd (fabﬂi‘ﬁg%roltﬁfs}’l :

fluoroal kyl, heteroal kyl, heteroaryl,

al kyvhexeinithegomjugatesriptemed thgionotopprised tydet oriracrelayylene units, each

Mt b . an hydr pca. |, cont.ai nj ng, one Qr re
of%{u}i ﬁi’ﬁé&z\gjt}é (l):’rem% c%g?lgﬁjgy ng{ﬁﬁ é} %}Y%atil %Céen*e?.}%legg IHB'}%‘ é)rg?o an
adpicentpsyledecurfibaid tondenaagitd yrogg) ected from

carbocyclic aryl, heteroaryl, and tertiary aromatic
ani TheEFY) PNg PHIFeES oiifhe anleneanis of the itmingbregipndianp the; structure of
10 Foffagfagi N each end capping group is conjugated to the
conjugated internal region; and wherein each end
cappi ng group is unsubstitued or substituted with one
or nore 10 groups, sel ected from al kyl, al kenyl,
al koxy, aryl, * roal kyl , heteroal kyl, heteroaryl,
and hydrocar byl kontaining one or nore S, N, 0, P, or
Si atoms. 2. The(®)ectroactive polynmeric aryl ene of
15 claiml further conprising a soft segnment; wherein
each end cappi ng proup is conjugated to the conjugated
internal region or 15 bonded to the soft segment; and
whevdicrein A isgfphegplgne ot napbthytand gtbouparylene that isnmeubstituted or

3 . ANJ he interna region, or.to an end
RSkl Db 1R o S 01 R0 . .
fluoagillon, IedtodlRylaReteroaryl, and hydrocarbyl containing one or more S, N, O, P, or

20 Si atoms;
wherein ais 1 or 2;

wherein each Ey is independently selected from groups having the structures of

Formulas IT and IIT
(R?),
X :E x):?l
Ar2 Ar?
25 I IIT

wherein X is O, S, or NR!, where R! is alkyl, aryl, heteroaryl, or heteroalkyl;
wherein each R? is independently alkyl, alkoxy, fluoro, aryl, fluoroalkyl, heteroalkyl, or
heteroaryl;

whereinbis 0, 1, or 2;
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end capping group. 20 3. The el ectroactive polyneric

aryl ene of claim1 wherein each Ar2 is independently
w@edoeaoxas from groups of Fornul as XLIV-LIV - 118CENDS2003/024911

2004/ 102615 PCT/ US2003/024911 RB RB RB RB RZ RZ RZ z

XLIV XLV XLVI XIVI1T R=* - 3 R (R3)4 XtVI1l R3 R3 R3

R3 * \ [/ \ RZ Rz*\ /| \ Rz*/_RZ1/ (R3)4

( R3)wher¢in-Ar* is\a odrbocyklie aryl SyA tREis lmsubsti[kutNi or fUbstiBted3vith one

or e s lented B s etV AR &pesh aniyoroatiy,
he%aaiféylah&&%x}yl AUy 18R diBOMN, ar %m%@azlagn earu@ﬁtrydzowarﬁiué’zglyl and

hydr ocar byl ¢ont di ni ng one or 0, P,
hydtagadyl cantainingaing oa;mpr@S ND@errStlh@n@es omat i ¢ r| ngs in

the gr of Fornul as XLI V- LIV
e AR S dnd b Bined oy s bl iRt SEESR b carbooycic
het &ind tEaisarbndee endenicierowpsahsthre aserddhe@idlly stabl
ar?:% %gw?%oroal k ly’iara 20 perf*ﬁgérlgpasl kyl, C1_20 al kyl, y Sl

C1_2uheasiReash SndBPRBSHYP, is cenjpgatediodhe seningated infgnal region;
rdydrocarbyl containing one or nore S, N, 0, P, or Si
atorrs C3_30 al kyl oxadi azolyl, C3-30 10

aryl wlmdna:acﬂ srid capPingaeratpkiy Mhsubaﬁmb& br suB3tifed with one or more
| t 0,
grgqu%{s se ecteﬁ from alkym rer(:"llyln aﬁéml(}?, aryl, f?uoroaH{yl\JRl]'ieteroaﬂ(yl heteroaryl, and

hydrocarbyl containing one or more S, N, O, P, or Si atoms.

2. The electroactive polymeric arylene of claim 1 further comprising a soft segment;
wherein each end capping group is conjugated to the conjugated internal region or
bonded to the soft segment; and
wherein the soft segment is bonded to one or more arylene units of the internal
region, or to an end capping group, or to an arylene unit of the internal region and to an

end capping group.

3. The electroactive polymeric arylene of claim 1 wherein each Ar” is independently

selected from groups of Formulas XLIV-LIV
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wherein R1 is alkyl, aryl, heteroaryl, or heteroal kyl.

4. The el ectroactive polyneric arylene of claim1l
wob@reows1s he structure of Formula | 15 is sel PCT/882003/024911

fromthe dival ent groups of Forrmulas Xl -XLIIIl - 119

WD 2004/ 102615 PCT/ US2003/024911 Rv Ry * Ry Ey Ry v

Ey Ey X Ey XI|I Ey Ey AIRI )§IV Ey XV XVi v

Ey —N\~( Ey I1_EY XVI 11 XIX* E XXIV

—( % Ry—@\ég( Ezz RY, 1+ y z

xxvi E¥ 3 4 & ( @@@@
XXMV Ey EyXlE’Y 3 XXX XXX (R3 4 3<LR1§ R

| WS X4 mwm Re R

XX\ V RYRY

L

wherein R is independently in each case hydrogen, C;.3 alkyl, C1.30 alkenyl, Cg.20
aryl, C3.50 heteroaryl, or Cy.30 hydrocarbyl containing one or more S, N, O, P, or Si atoms;
| wherein one or more of the aromatic rings in the groups of Formulas XLIV-LIV
are independently unsubstituted or substituted with one or more groups R%

wherein R” is independently in each case fluoro, Ci-20 fluoroalkyl, C;_z
perfluoroalkyl, Cy.59 alkyl, Cy.5 alkenyl, Cs. aryl, Cs.5 heteroaryl, Cy_3o hydrocarbyl
containing one or more S, N, O, P, or Si atoms; Cs.39 alkyloxadiazolyl, Cs.39
aryloxadiazolyl, Cs.39 alkyltriazolyl, Cs.39 aryltriazolyl;

wherein X is O, S, or NR'; and

wherein R! is alkyl, aryl, heteroaryl, or heteroalkyl.

4. The electroactive polymeric arylene of claim 1 wherein the structure of Formula I

is selected from the divalent groups of Formulas XI-XLIIT
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* * 33 Ey By XXXMIII RRXXXIX (R3)4 y XL (R3)4 R3

R3 RY 3 RB RY By (R3)4 RY Ey XLI (R3)4 Ey XLII (R3)4
wEY00xi0d6ks (R3) 4 wherein each of the groups of FO¥/I81083024911

XI-XLITl is unsubstituted or substituted on one or

nore of the aromatic rings with one or nore groups

(R3"); wherei n R3 is independently in each case

4l kyRY @1:30 al kenyl,,, C6-20 5 aryl,
or _30 byl |ng QP *
P o R I
eaEc casé' flk ORy C1- 20 {,I u yoaﬁ )QVI

oal K I,xm?l 20 aﬁ}k Cl1- 20 al\kenyl ,

or Cl 30 dyydr ocar byl Ry

N, y0 P, ,or Si ons.
ne hm 1 whert
| ene yner X

)a V- 1gd x¥O0 ¥ xx) Ey

yr
t he l)'(oumula \%

2004/ 102615 P wherein each EC is an
endtfjbpl ng group 'R’hdependent Ry sel edved Eyom &Y Ry
cakborycl i c—a @ ary ‘ y are

L an aryl grodps gl |y stabl

an IS an iN 68, 000. *

6. Theyel ectroactgywve polyperic aryI ene/of claimb5
wheXlki n one oXtht h of 2 XXV EC i FYsukXVi t ut ed()w|tE|¥

one or_jyore groups grigected fromfluoro, fluoroal y)l,
and %I)“H uor oal kyl , th the pr ovwszg that when
the f1uoro g . e paga  po RY
* el ect ' X' *
g£arbocyaslic argl "end R/NT gr oup

A /A R R
Beich ependent |y s® fromp enyI napBYhyl |
acenwlhyl phenant h?%\ﬁﬁant hr ace Xﬁ(IX%l uor enyl (R3) XXX
9-silafl uor enyI di hydr ophenat hr enyl

t etg=alBedr opyr enyR ryl enyl ,R&pj Reobi sf | uor eRyl R®
ant hen*yl , Y Si
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chrysenyl, biphenyl, and benzo[g, h,i]perylenyl; 15
wherein the heteroaryl end cappi ng groups are each
w0 pabepexdent |y sel ected from furyl, thiophenyPCT/US2003/024911

pyrrolyl, imdazolyl, pyrazolyl, triazolyl,

tetrazolyl, thiazolyl, oxazolyl, isoxazolyl,

oxadiazolyl t hi adi azol yl , |soth|azolyl pyridi nyl,
yr|g92| , p¥fazinyl, qU|noI|nyI3 y

I SoqUNQL oenzofury ; ophenyl

carb azoly ol*yl *

beny U ci nne ; azol i nyl ,«

qui nexXal i nyI I%O pht hal azh\nyl , Z0t hi adi azb

benzot Eyazi Byl phenazi nyl EY h&ant hri di ngy’, R3
acri di nyXXXV ndazolyl and §806Wes wher ei n t R&KXVII

tertlary arorwtlc am no ar

I end cppi ng groups are

eachrsi pdepengefyl y sel ect's noval ent

ring rdi i tertlar es *
frogn jt ‘ nes, & >~ arylte

t % gdiyam nes, N'ZL\& ot raaryl be P

N N, N -ttt aar yl - 'é?nines, N, NeN' N -
te¥ra&xXVul7 dlan1noflu00@@€X 4 XL (RY),

N, N - bi s(3-net hyl phenyl)-N, N - bi s(phenyl ) benzi di ne,
N, N blﬁs(S RY

tri$§4-d|a? k
4,4, Kt rr's “N, N-di p enyu@nlno)ﬁwhphenyla MB@RM
4,4 4" -tris(N 3-net hyl phenyl - N—phenylan1no)t%|phenyla

mn @\zheiielﬁ eachloflthd droufs PHEITHBRTNIORNED Liri@&lﬂsh@tﬁ@@ or substituted on
dendri di ¢ am nes, and Sé))l ro amnes; and - 122

one gpEICIRFIE arseatigsmes 3/1thmg o1 mogparps Be end c app| ng
o R 0 SN S, o

nore groups e gr cén
aryCIC 24 hetenmaryladk§| 30 bgdro2erbybedntainihg ahk i mofélS,Z@ O, koy Si atoms;
-20 al kenyl, C6-20 aryl, C3-20 heteroaryl, C1-30

MGy dr ocar byl containing one or nore S, N, 0, P, or S

0 I
2o o8 M sl S ot el

peffheraslicads € paatkyl,eCipo bikeeyl] Cs.amryylee drbtewaymbﬁcmenyéronarbyl
the.structure aof is selected fromthe
confaipifeoRe Relgules! g Bﬁ&?ﬂ@%’é OMSq _XLIIl RY RY * RY * * *
* x Y Ey Ey Ey Ey Ey XIV RY Ey Y XVI Y

5. The electroactive polymeric arylene of claim 1 wherein the electroactive polymeric

arylene is a polymer of the Formula V

EC—PAF+ EC
| n

(Eya

A%

- 121 -



10

15

20

25

30

XI XIl XI Il X RY * YRY YRY Ey * EYi ~ - XVI | EY
XVI Il Ey XIX* Ey XX XXI Ey RY - ~/ RY RY RY Ey Ey
WOA00XX02605 Ey XXI 11 Ey Ey XXIV Ey XXV XXVI Ey RCT/B3)043/024911
(R3)4 )4 ~R94 RY -COD' RY RY Rv Ey XXVI1 Ey XXVIII
Ey Ey Ey (RB3)4 XXX XXIX3 RBR3B 3 RB RB R3 | R3 Si
Ey RY Ey XXXI1 RY EY XXXI 11 EY )(XXIV RY 10 XXX
wheteig em%W1mEplpwqys2@@ﬁpﬁm¥w@melewd BpnRerRyyslic aryl,

helgihabi sty e Y1 AR PSR EEAY bt and
is 208get inlth&rdRgX¥KB Yo (RBPE.Ey XL (R3)4 R3 R3 RY 3 R3

RY By (R3)4 RY * * Ey XLI (R3)4 Ey XLII (R3)4 EY

XLITT (R3)4 wherein each of the groups of Formulas

6. Xl >fth ec r3aclﬂi[§]/§ :éaﬁ&ﬂédﬂ:tfgeﬁ’er ofscﬁﬂﬁ‘ltﬁ {Vﬂgl%ﬂl SHE oqq)%tﬁ) 5f Ar® and EC

e ar o nore
is {@Wmted w1th one or more groups selected from ﬂuoro ﬂuoroalkyl and

perfluoroalkyl, with the proviso that when EC is phenyl the fluoro group is not in the para

position.

7. The electroactive polymeric arylene of claim 1 wherein the carbocyclic aryl end
capping groups are each independently selected from phenyl, naphthyl, acenaphthyl,
phenanthryl, anthracenyl, fluorenyl, 9-silafluorenyl, dihydrophenathrenyl,
tetrahydropyrenyl, perylenyl, spirobisfluorenyl, fluoranthenyl, pyrenyl, rubrenyl,
chrysenyl, biphenyl, and benzo[g,h,i]perylenyl;

wherein the heteroaryl end capping groups are each independently selected from
furyl, thiophenyl, pyrrolyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl, thiazolyl, oxazolyl,
isoxazolyl, oxadiazolyl, thiadiazolyl, isothiazolyl, pyridinyl, pyridazinyl, pyrazinyl,
pyrimidinyl, quinolinyl, isoquinolinyl, benzofuryl, benzothiophenyl, indolyl, carbazoyl,
benzoxazolyl, benzothiazolyl, benzimidazolyl, cinnolinyl, quinazolinyl, quinoxalinyl,
phthalazinyl, benzothiadiazolyl, benzotriazinyl, phenazinyl, phenahthridinyl, acridinyl,
indazolyl, and siloles;

wherein the tertiary aromatic amino aryl end capping groups are each
independently selected from monovalent aromatic ring radicals of tertiary aromatic amines
selected from diarylanilines, alkylcarbazole, arylcarbazole, tetraarylediamines, N,N,N’N’-
tetraarylbenzidines, N,N,N’,N’-tetraaryl-1,4-phenylenediamines, N,N,N’N’- tetraryl-2,7-
diaminofluorenes, N,N'-bis(3-methylphenyl)-N,N'-bis(phenyl)benzidine, N,N'-bis(3-
naphthalen-2-yl)-N,N'-bis(phenyl)benzidine, 1,4-bis(carbazolyl)biphenyl,
peraryltriamines, starburst amines, 4,4°,4’-tris(N,N-diarylamino)triphenylamines, 1,3,5-
tris(4-diarylaminophenyl)benzenes, 4,4',4"-tris(N,N-diphenylamino)triphenylamine,
4,4' 4"-tris(N-3-methylphenyl-N-phenylamino)triphenylamine; 1,3,5-Tris(4-

diphenylaminophenyl)benzenes, dendridic amines, and spiro amines; and
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wherein RY is independently in each case fluoro, Cl-20
fluoroal kyl, Cl-20 5 perfluoroal kyl, C1 20 al kyl,
w@wo0200mikenyl , C6_20 aryl, C3-20 heteroaryl, PCT/032088024911
hydr ocar byl containing one or nore S, N, 0O, P, or Si
atons; wherein R3 is independently in each case
hydrogen ClL 30 al kyl, Ci1.30 alkenyl, C6_20 aryl:,
C3_ athernein ¢heoamdydapping g‘r‘z:m_;fs (armwubstmum} br subistituted wigh om@or more

P Rlreise fnehineramt eeibishing P B el Gip pethierddi, Cua

| | 1 3 66436 A 268thiningSndH more
LR Coakong B L B RASSOY E%’}?? R el hingtnd®
S,R9),2, &t §i atpmeC RS abylexadiazelyl, Gs.ze arpexadizzatyl, Crao glRgiripzolyl,
ar&% lti'iOo(P XLIX L LI (R34 R ~ Rz N~ R3 R3 LII
o0 AoVl |\ "\ "N'RR LI1T wherein one or nore of
the aromatic rings in the groups of Fornulas XLIV- LIV

are independently unsuybstituted or substituted with
8.one Hic dentioagfivapedymeric arylene of claim 1

wherein the structure of Formula I is selected from the divalent groups of Formulas

XI-XLIIT

@%5«5

Ey

f:}*t;{; }X-i
Q *
*
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10

wherein RZ is independently in each case fluoro, C1-20
fluoroal kyl, C1-20 5 perfluoroal kyl, C1-20 al kyl,

w@1e0200mkenyl , C6-20 aryl, C3_20 heteroaryl, EIFBS82003/024911

hydr ocar byl containing one or nore S, N, 0O, P, or Si
atons; C3-30 al kyl oxadi azolyl, C3-30 aryl oxadi azol yl,
C3-30 al kyltriazolyl, C3-30 aryltr|azolyl wherein Xis

0, S_.or NRIL; Rherein RL i spal heter o A% y

or h&&eyRal kyloL 10 wher eR& R @9' dependentl BFL eac

case -Ogen 30 al Q  peenyl *
Yl Q aryI »—6X ydrocar byd

one K nore 0, P/=ar Si dtogs; wherei

car boc¥gl i cR%trFﬁ end capplﬁ!g griups are eggh
i ndepend¥XXVy sel ected 15 £X6&Vbhenyl , napht RAXVII
acenapht hyl , phenant hryl, ant hr acegyl, fluor enyI

1 Ey di hydro eprRit hr eyl

3 Ey

t et r aby/dr opyr, peryl e sf1 uor enyl *
qu g j pyt eny \ chr yseny . O
(@ ) d benzo[ g, E A ; wher ei Q O.
hg 3Mth; Cappi Ng—Yr oups are each i ndepenggnt |y
Yecy(xﬁvnrom furyl, thi opoedxyl, ®Yrrolyl, XL (RY),
i m dazol yl, pyrazol yI triazolyl, tetrazol yI
t hi azoI% ngazol yl, 20 i soxazol yl, oxadl azoI yl,
%di Rzol y i sot hi azol

}/I ben y

qU| naz l)i nﬁ? 4 qui noxal I N ph Rgl azi nyE LIl
benzothladlazolyl benzotri azi nyl, phena2|ny¥
phenant hryigily bactasrthe lsfibs of Fdlﬁﬁéé%' Xi-XLane §shiodRded or
wherein the tertiary aromatic amno aryl end capping

gr oplstiited eaene of meepelibearomatis singe witll ohe onmore groups (RY);

ronoval et A5RTE PabbRaf A g LA SAR B
ary |péﬁhib@dzﬂlk§ﬂ, Ct ﬁtaﬂléyﬂ,r&l RAl@RAVINES 20 MYINCNyMeteroaryl, or Cy.5
tetraaryl benzi di nes,

N, N hydrogetbyLeeniaipipg one o1 gioem§) Mr@dR,4wiShalomsy, N, N N -
t et |
! e S ABLLR ac coe igy Gploh uo

N, Nalkmyl, 836_1<Qary1 Cs.20 heteroaryl, or Cy.3p hydrocarbyl containing one or more S
nap I en é %8) N, N - bi s(phenyl ) benzi di ne,
(GQF b2'81§1 ) bi phenyl, peraryltrian nes,
st ar bur st am nes,
4,4 4"-tris(N, N-diaryl am no)triphenyl am nes, 1, 3, 5-
t ri sfhbreth anghl Arfiinidbpendedthesetenaifrom groups of Formulas XLIV-LIV
4, 4" 4"-tris(N, N-di phenyl am no)tri phenyl am ne,
4,4"  4"-tris(N 3-nethyl phenyl - N-phenyl am no)tri phenyl a
m ne; 1,3,5-Tris(4- diphenylam nophenyl)benzenes,
dendri dic am nes, and Spiro am nes; and

]
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15 wherein the end capping groups are unsubstituted or
substituted with one or nore groups selected fromthe
w@e@mapowonsi sting of CL_20 fluoroal kyl, C 20 PCT/US2003/024911
perfluoroal kyl, C1_20 alkyl, Cl1_20 al kenyl, C6_20
aryl, C3-20 heteroaryl, Cl-30 hydrocarbyl containing
one or more S, N, O, P, or Si atoms, C3_30
/I oxadi az C3_30Rs Re

al kyl oxadi azpl y, C3.30 &
@F@Qrind* |t red . 20 9.
el ectr&active polyireri o e of arm,1 #T Q Rz
en¥LiYappi ng §rbups are eaggh i ndependdiitTy sele -
fromthe group of ®®¥rnulas LXVI1I-LXXXVI| - 126 X\DI R®
2084/ 182615 PCT/ UsPQ03/ 02491F ®XVI11_ LXIX R3 R3 R3 R3
’ 11 R3 R3 LXX R3 R2 Re
R3 N R@* | K N
I\ RLXXIX VL [ T XXX LXXX CH3 Ph\ , FO
O jxo J-0 R3 R3 LXXXI | XXX ki), LXXXT V 3R
RN N "Ns" XXXV * / \ LXXXVI - NPhz \ f NPh2 ~'
O N:k ﬁ‘Rz LIl

NS R R

- X “si

* Q @ R?
™ x LIV
Rz

LI

wherein one or more of the aromatic rings in the groups of Formulas XLIV-
LIV are independently unsubstituted or substituted with one or more groups R%;
wherein R is independently in each case fluoro, C;. fluoroalkyl, Ci.59
5 perfluoroalkyl, C,. alkyl, C;. alkenyl, Ce.20 aryl, Cs.50 heteroaryl, C1.39
hydrocarbyl containing one or more S, N, O, P, or Si atoms; C;.39 alkyloxadiazolyl,
Cs.30 aryloxadiazolyl, Cs_3 alkyltriazolyl, Cs.39 aryltriazolyl;
wherein X is O, S, or NRI;
wherein R! is alkyl, aryl, heteroaryl, or heteroalkyl;
10 wherein R is independently in each case hydrogen, C;.3 alkyl, Cy.30
alkenyl, Ce29 aryl, Cs.59 heteroaryl, or C;.39 hydrocarbyl containing one or more S,

N, O, P, or Si atoms;

wherein the carbocyclic aryl end capping groups are each independently selected
15 from phenyl, naphthyl, acenaphthyl, phenanthryl, anthracenyl, fluorenyl, 9-silafluorenyl,
dihydrophenathrenyl, tetrahydropyrenyl, perylenyl, spirobisfluorenyl, fluoranthenyl,
pyrenyl, rubrenyl, chrysenyl, biphenyl, and benzo[g,h,i]perylenyl;
wherein the heteroaryl end capping groups are each independently selected from
furyl, thiophenyl, pyrrolyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl, thiazolyl, oxazolyl,
20 isoxazolyl, oxadiazolyl, thiadiazolyl, isothiazolyl, pyridinyl, pyridazinyl, pyrazinyl,
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15

20

LXXXVI | I LXXXVI | wherein R3 is independently in

each case hydrogen, Cl1_30 alkyl, d 30 al kenyl, C6_20
w@eook/1026C83 20 heteroaryl, or Cl-30 hydrocar byl PCT/US2003/024911

containing one or nore S, N, 0, P, or Si atons, and

wherein any of the aromatic or aliphatic rings can be

i.ndependent].y substituted one or 5 nore tines with
Pymna@pﬂ,, qenobiyl; isogineliy, benzafiryd, hrazqthiopherailiindolyrarbazoyl,

y . al: . - . (0] . .
T T
phihalaginyBibenzdthiadiazelyl, Dénzotidz2H0pht824i1yA, phenanthridinyl, acridinyl,

. (gFCT 882801:1/ 024911 10. The el ectroactive polyneric
indgzoivE A SHOIERai m 1 wherein the el ectroactive pol yneric

ar y viRRfeih Shette RRPP b MBEic MM ﬁizpemﬁgiggg%@ﬁ ?ﬁ/ éd&g

_arylene units are comonomer ufits |
indpperdentlyt sélecind frmnbmoyevtalent aropiatic eingiradieals af tertéary arommatic amines

sels it B3R LN, SRR S TharbaroRs feandtipmings AN N -
tettdABy IBGHPRIASEEN, NN I -RfrBary D 5 UBhEA 1A AhrDihes NZNEN*I\%’E ffbaryl-2,7-

W th one or nore ~groups independently selected from
diggirgfluorgngse NyN'-bis(Brrosthylphényd)-N, N ehistbheniyl b onziding ¥, N'-bis(3-

I t | . .and . b t ai ni
nafih A0SV N B FhEN en7 G, TABRER 2y R "
pefikylaiandaed, staebupstlaniiBes, 8,438y tAEN, Nidisly BinthdRipheayRivines, 1,3,5-

.the el ectroactive polyneric arylene is a copol ymner of

trigédiarylamppophenyl)begzengs] 4,4'AHrigN, N=diphenylangng tizdenylamine,

A4 RN el EN e i righenflaial £3 L BHA- |, ||
diphieayleminophenylytenAenes ateadridionnines andpirs anff@hand

i ndependently selected from C6-20 20 carbocyclic
ar y[MéifEsdn tl&aenﬂ@ammg.ggawy pesrisubshifiedoarssubetitutsdtwidly gne or more

gr&p8 BBIkétEd A e FrdtlpdRSisting of Cy.50 flucroalkyl, Cy0 perfluoroalkyl, Ci.

alkyl, Cy.30 alkenyl, Cs.50 aryl, Cs.z0 heteroaryl, C1.3p hydrocarbyl containing one or more

S, N, O, P, or Si atoms, Cs.39 alkyloxadiazolyl, Cs.39 aryloxadiazolyl, Cs.39 alkyltriazolyl,
and Cs_3 aryltriazolyl.

9. The electroactive polymeric arylene of claim 1 wherein the end capping groups are

each independently selected from the group of Formulas LXVIII-LXXXVII
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where Ar3 and Ar4 are unsubstituted or substituted
Wi th one or nore substituents selected from al kyl,

wo bawena613$ | uor oal kyl , aryl, heteroaryl, and hyPeDUS2003/024911
containing one or nore S, N, O, P, or Si atons;
wherein-mand n are integers in the range of 2 to
100, 000; -128 WD 2004/ 102615 PCT/ US2003/ 024911

wherein EC are_end ca

* iffere g whi

Cc ocycl i 71, het&oa
alr:ﬁ(ﬁbl aryl ijlr

upsgaandfherein the %aol yner is ﬂgXII
%3 al t er ndfiydg, or ock cop_?l yg_r. 512. T
0

eI oactive po @ /'yl ene wher ei n
* '@ ymef @ eR A SOk . The
el@ctroactive pol ynerBc Rir yl ene\=ef 11 wher ei n

oneldXlore of Ar2 xkfy 10 Ar3, ar]_@()ev4 are
substituted with one or_nore groups mdepen@ztly

sel ect uor oal Ryl , RaNd per or oal kyl
wi L n ECigs P fluoro

0 N| S A post ]

el ectr yI enef @ rein

one or ﬁ?y Ar4d are flDOOVIENyl ene of
Fornph\@ LXXXI X 3 %ﬁy e (RI)r, LXXXIX wherein R3

is independently in ea 1se sel om hydr ogen,
c1 3oNalkyl, C1-30 al Ken) Q - 20 | - 20
ba and C1-3o0 Ayykoc¢arbyl corgjai ning one or
® . 20 P, OmSi r RY is

i ndq_g@@lﬁfnt ly in each el ect fluoro, C 20
HfI uoroal kyl, Cl1-20 peddDQ6roal kyl, 6dgd0 al kyl, C1-20
s kenyl , 06- 20§AH; CBh 20 het eroarylphand Cl-30

hy@l—r\_carbyl talnln\g;_ggg or rm§8 N, 0, P, Qr Si

at onsQ and erein nis 1, o . 25 55 Thé:3

el ectr0|ve pol ynmeric ary ne of cl ai ml vvh in

t hex \ aCctive poly) | ene, Qrati ng
or bI oI ymer. D

CF
LXXXII XXX EXxxyy @

LXXXVII] LXXXVII
wherein R? is independently in each case hydrogen, Ci.39 alkyl, Cy.30 alkenyl, Cg.59 aryl,
Cs.0 heteroaryl, or Cy.30 hydrocarbyl containing one or more S, N, O, P, or Si atoms, and
wherein any of the aromatic or aliphatic rings can be independently substituted one or
more times with fluoro, Cy.z0 fluoroalkyl, Cy.59 perfluoroalkyl, Ci.z0 alkyl, Cy.50 alkenyl,
Ce.20 aryl, C3 heteroaryl, or Cy.30 hydrocarbyl containing one or more S, N, O, P, or Si

atoms.
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- 129 WD 2004/ 102615 PCT/ US2003/ 024911 16. The

el ectroactive polyneric arylene of claim1l wherein
woe@4amd1Ar 4 are i ndependently sel ected from ptiEnyioese24911

group aryl ene and napht hal ene group aryl ene; wherein

each phenyl ene group aryl ene and napht hal ene group

arylene is independently unsubstituted or substituted

with one or nore substituents selected 5 i ndependently

N L

aryleteisaaopblynad Cl- 30 hydrocar byl contai ning one or
nmore S, N, O, P, or Si atoms, 17. The el ectroactive
pol yHRsreiB oge of gipee of the prylene rmits A coOMmenamsT uRits indepeadently
. Cc C R
S e Y R h Ao R RGEE
ar y | vetregein e arhehobeet initomd evsiedatpdwthyad' j andar yl ene,
het eroaryl ene, and tertiary aronmatic amno arylene is

i ndSPsHRIB ARG SPTIANOTIE ity s ngrbstkRd grisybEHURH Mtharne o more

. d 0 .
o S B R tc TR SRPERIRE Pl B Hba A,
he@tox3Kyl, Heferoggil,cmd hiygtoceibiyt aintdining one oomoro$,aN,3), P,or 8 atoms.

P, or Si atons. 18. The el ectroactive polyneric

aryl ene of claim1 wherein the electroactive polyneric
1121 y I'BReI&HERR% pHRRh lefé of QBRE] GWHERM MRAYR rbdive

lass transition tenperature. 20 19. The el ectroactive

pohangrieearylenaisyd eapelyster oif Hormula WMieYH or YHE el ectroacti ve

polyneric arylene is light emtting; and wherein the

col or of the light ep}sEBi srstapl e during thernal

agi ng. 20. The el ect E%gE't‘&)r\?e}np%Ipﬁ%?% aryl ene of

claim19 wherein the col o; is blue. 25 21. A nononer

havi ng the structure of @grrmla IV D At -D (Ey)a

|V wherein each Dis a re#@tive group independently

sel ected fromchlorine, bromye, 30 iodine, boronic

acid, and boronic ester; -130 WO 2004/ 102615

PCT/ US2003/ 024911 rein -Ar]l (IEy) a is selected from

Formul as CLXV and BEXVIAr— Ar'——Ar'—EC

A l.i c .

.

10

15 (Eya (E),
vl

EC—{-— Ari— Ar1-]n—{-—Ar4— Al —gc
| |

(Eyq (E),
VIII
wherein Ar® and Ar* are comonomer units, each independently selected from Cg.9
20 carbocyclic arylenes, Cs.z heteroarylenes, and Cis.qp tertiary aromatic amino arylenes;
where Ar® and Ar* are unsubstituted or substituted with one or more substituents
selected from alkyl, fluoro, fluoroalkyl, aryl, heteroaryl, and hydrocarbyl containing one
or more S, N, O, P, or Si atoms;

wherein m and n are integers in the range of 2 to 100,000;
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25

(RY)n (RY)n (Ey)a (Ey)a CLXV CLXVI wherein R is

i ndependently in each case fluoro, Cl_20 fl uoroal kyl,
w@bkoo200%1per f | uoroal kyl, C1-20 al kyl, Cl1-20 al R&ry52003/024911

C6_20 aryl, C3_20 heteroaryl, or Cl1l-30 hydrocar byl

containing one or nore S, N, 0, P, or Si atons; n is

0, 1, or, 2, ais 1or 2; Eyis Formulall *1 N ~I )

~N Arterein Ffpargisad eapping groupewhicl arq thensarge or diffgrent and which are

o5ep et PRI U Ayl of Bidaty ol ey

grovper @idh RL is al kyl, aryld, hegeroiaryl I ko:r helt Eroa: kyl ;
15 wherein each, R2 i;s i ndependent|y al kyl, al kenyl,
al koverein thesapolyasy)is a randomy, aligrpafing, pichlesloeenelymerg,
heteroaryl; wherein b is 0, 1, or 2; wherein Ar2 is a
carbocyclic aryl group selected from phenyl, biphenyl,

12naplitheydlectranttivegotnydric drilene efiglhim Bt whewid thercepylymer comprises
spi robi sfluorenyl, 20 di hydrophenant hrolinyl,

asﬂ’%ﬁsﬁ renyl, tetrahydropyrenyl, pyrenyl, and
perylenyl; and - 131 WD 2004/102615 PCT/ US2003/ 024911
wherein Ar2 is unsubstituted or substituted on one or

13por élhsfelactreactive polymeric arylene of claim 11 wherein one or more of Ar?, EC,

Ar®, and Ar* are substituted with one or more groups independently selected from fluoro,
fluoroalkyl, and perfluoroalkyl with the proviso that when EC is phenyl the fluoro group is

not in the para position.

14.  The electroactive polymeric arylene of claim 11 wherein one or both of Ar® and
Ar* are fluorenylene of Formula LXXXIX
3 RS

*
*
asn
(RY), (RY),
LXXXIX
wherein R is independently in each case selected from hydrogen, C;.39 alkyl, Ci.30
alkenyl, Ce.20 aryl, Cs.29 heteroaryl, and C;.3 hydrocarbyl containing one or more S, N, O,
P, or Si atoms;
wherein RY is independently in each case selected from fluoro, Cy.59 fluoroalkyl,
Ci-0 perfluoroalkyl, Cy.59 alkyl, Ci.29 alkenyl, Ce.29 aryl, Cs20 heteroaryl, and Cy.3
hydrocarbyl containing one or more S, N, O, P, or Si atoms; and

whereinnis 0, 1, or 2.

15.  The electroactive polymeric arylene of claim 11 wherein the electroactive

polymeric arylene is an alternating or block copolymer.
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25

30

aromatic rings with one or nore groups selected from

al kyl, al kenyl, al koxy, fluoro, aryl, fluoroalkyl,
whedenasikyl , heteroaryl, alkyl oxadi azolyl, PCT/US2003/024911

aryl oxadi azol yl, alkyltriazolyl, aryltriazolyl, and

hydrocar byl containing on 5 or nore S, N, 0, P, or Si

ato ponomer of cl aim 21 wherein -ArI(Ey IS
16ge gfiie@ieqr%qﬂvr‘@robm% AED TS I, W bsaRinoA an 9

oy R 808 s R R et
whevdiereiX each phehglehe group angler®-and- n‘Spht%mlBﬂre gﬁ&hﬁﬁrjylenezﬁ g

. * ~N N \r r r Ar

IH%PR%A%@%{\?S&@%WSW@? ith oge 0 moxy Hostitnepts splected |
L ot <oron R CTE! QRinoth O 7o SRLSEARS) Cyp i

Ce20 a3 Caurheioaryl.omé K& Pafdrusabyl3ooitng one orGhomdrS, Bf, BP, or Si
alCl ad dad\N/ B\/ NONONN, N20N ON

AN 5 16 - 63 ~14 16 C8HL70 C8HL70 C8HL7O C8HL7O
c ca\aaaca e B dd

17.  The electroactive polymeric arylene of claim 11 wherein Ar® and Ar* are
independently selected from condensed polycyclic arylene, heteroarylene, and tertiary
aromatic amino arylene;

wherein each condensed polycyclic arylene, heteroarylene, and tertiary aromatic
amino arylene is independently unsubstituted or substituted with one or more substituents
selected independently in each case from Ci.59 alkyl, Ce.29 aryl, Cs.2 heteroaryl, and Cy.3

hydrocarbyl containing one or more S, N, O, P, or Si atoms.

18.  The electroactive polymeric arylene of claim 1 wherein the electroactive polymeric

arylene remains amorphous at temperatures above its glass transition temperature.

19.  The electroactive polymeric arylene of claim 1 wherein the electroactive polymeric
arylene is light emitting; and wherein the color of the light emission is stable during

thermal aging.
20.  The electroactive polymeric arylene of claim 19 wherein the color is blue.

21. A monomer having the structure of Formula IV

D— Ar'l —p

(Ey)a
1A%
wherein each D is a reactive group independently selected from chlorine, bromine,

iodine, boronic acid, and boronic ester;
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C8H170 C8H170 F (C8H170 C8H170 Br Br C C C \ / C
w®eooBodd1s / g _N 12N 13 O=N 14 11 O N r4N ' 7Ap@I/uBL003/024911

O NC8H17 S F3C CF3 C8H17 C8H170 C8H170 OC8HL7 24.

A nononer having the structure of Formula IV D Art

-D 5 (Ey)a, |V wherein each Dis a reactjve roup

i nd SFRIB nAT (B e ivtalesied Fombornuies B X \bauhe R

i odi ne, boronic acid, )boronlc fer; mhereln
-Arl (Ey)a is sel ected fYof Formul a /V-XLITl -133 WO
2004/ 102615 PCT/ US200 91*1 ** * W Ey \ VI EY N
| /| Ey Ry EYXV y xvi y Ry7y y Ey i \ - XV
EY XVI1 | * By XIX * Ey[XX * )(X Ey
(Ey)a (Eya
CLXV CLXVI
wherein

R’ is independently in each case fluoro, C;.29 fluoroalkyl, Ci0
5 perfluoroalkyl, C;9 alkyl, Cy9 alkenyl, Ce.29 aryl, Cs.p heteroaryl, or Cy.39
hydrocarbyl containing one or more S, N, O, P, or Si atoms;

nis0,1,o0r2;ais 1 or2;

Ey is Formula II
*
x)§'I'
?;N
Arz II
10 where X is selected from -S-, and -N(Rl)-, or
Ey is Formula III

Ar? I
where X is selected from -O-, -S-, and -N(R')-

wherein R! is alkyl, aryl, heteroaryl, or heteroalkyl;
15 wherein each R? is independently alkyl, alkenyl, alkoxy, fluoro, aryl,

fluoroalkyl, heteroalkyl, or heteroaryl;

whereinbis 0, 1, or 2;

wherein Ar” is a carbocyclic aryl group selected from phenyl,

biphenyl, naphthyl, anthracenyl, fluorenyl, 9-silafluorenyl, spirobisfluorenyl,
20 dihydrophenanthrolinyl, dihydropyrenyl, tetrahydropyrenyl, pyrenyl, and

perylenyl; and
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wokdo/1@61EY Ey (R3)4 4 xxix 3 R3 R3 3 R3 R3 RBCRBS2003/024911
O~SIEyRyEyXXXI Ry Ey Ry Ey ERy XXXI XXXl Il vy

XXXIV Ry Ry RBR33 3 Ey 3Ry Ey RBR3 Ey R3 R3 R3

000 ARt A0 S R

R3) 4
()4, S Ry ot Ao,

PCT/ USZb39, (mlgﬂuor 3 épwrcméky& ho:teroetrgl Ethytaxiadiazolyl,

XI V- XLI nt bst

subst | (ENEiRiHRARAR ol SPHRES . Sy ety coptaining on
5 one or didide ByN, Oher &i 81 £ahad) RY is independently

sel ected fromfluoro, Cl-20 fluoroal kyl, Cl1-20 5

perfluoroal kyl, d-20 al kyl, Ci1-20 al kenyl, C6-20
car bcyclA aodbiler of a2 1t €7 0aryl . and C1-30

wherein -Ar’ (Ey)a- is selected from Formulas CXI-CXIII and CXIV-CXVI

(R, RY, . R
* O * , % / \ \ s and * /\ \
@ (R2), (R?), (R2),
X)’ r'u X);:Ll X);E
Ar2 Ar2 Ar2
CX CcXil Xl
10 wherein X is selected from -O-, -S-, and -N(Rl)-, and
(Ry)n Ry)n (Ry)n Ay
| _q‘ ‘q | * / \ \
X N l}l = N X =N
) i
Ar? Ar2 ,Zr:
CXIlv CXV CXVI

wherein X is selected from -S-, and -N(R')-.

15 23. A monomer of claim 22 selected from the group consisting of Compounds 1, 2,
and 4-14
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hydr ocar byl containing one or nore S, N, 0, P, or S

atons; wherein each R3 is independently selected from
whyanogeny Cl- 30 al kyl, C1-30 al kenyl, C6-20 PCT/US2003/024911

car bocyclic aryl, C3-20 heteroaryl, or Cl1-30

hydrocar byl containing one or nore S, N, 0, P, or S

atons; 10 wherein 1 or 2 Ey groups are present;

h&U

wher g0 each Ey—i s indepe ntly sel ecfed from ups
‘§| ;&t'ﬂe <1 ces ol cul a%, nd | 18 )b
~e XN XN rNT Ar2 Ar 2 L1 erein S

S, or (NRH, V\,hereo is al kyb ‘ IR ve'#oaryl r"\\'
heler og kyl ; 2v\ln el n ea |s in ep entI

sel ect from al al ke'ny al koxy, uor o, é
fl uoroafl kyl , het al kyl , het er oar wher ei

0, CdHr/dr 2; \ggerein Ar2 |s car bogyel i'c arylc.aro
sel ect ed from p enyI bi phenyl, naphtyl, 20
ant hr acenyl fluor enyl 9-sil afI uorenyl,

cont ai ni

Ayl , di hydr ophenant hr ol i ayl

\di, By Br an

wher ei n 2 i ubsti d or
® or ngi '%E arfomag | S ommgh
s seMe rom al kyl , 3E
vk fluoroalKyl, het aIkyI F
e} adlazolyl yl oxadi lyl, F
triazog, ,oand aHH mdrocarbylp
g one or re S, 6 P, or 8§ atoms. -135

VO $684P102616,P@/ US2003/ 024911 25, A nonorer  of
cl ai m 24 wherefn

BY

24,

t mononer i s selected from ERagnul as
CXVLI, OXVIII, By BD(RB 53 Bgu R3 REIBADECH \

N 12 O \ 13 o 14 4
S_N
Jéz “‘N *o i,
OCH

Br D Q

CF,

csHﬂo
8" "7

A monomer having the structure of Formula IV

D— Arl —p

(Ey)a
v

wherein each D is a reactive group independently selected from chlorine, bromine,

iodine, boronic acid, and boronic ester;

wherein -Ar! (Ey)a- is selected from Formulas XTV-XTLIII
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wherein 5 Qis phenylene or a bond; RZ is present or
wmoeio4pexsent ; and each RZ is i ndependently selPCt/E82003/024911

fromfluoro, d-20 fluoroal kyl, Cl-20 perfluoroalkyl,

Cl1-20 al kyl, Cl-20 al kenyl, C6-20 aryl, C3-20

het er oaryl , contai ni ng one or nore

N2 QLo gl kyl oxadi azol yl, C3-30

10 @@» ad| A@ tr| azol yl, and C3 30

Bryltrirazol yl. < gy WO 2004/ 102615
PCT/XJ¥2003/ 02498, 76. A )(‘dhomer of claim24 V\herel n Ry
the monongr is Corrpgund 15 H/CB C8
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wherein the el ectroactive conposition is
el ectrol um nescent. 15 29. The el ectroactive

W@ o0vpoesiéts on of claim 28 wherein the conposi tiPCI/US2003/024911
solution processible. 30. The el ectroactive
conposition of claim28 conprising a light emtting
polynmer or a nolecular emtter; wherein the
el ect roact i ve composition supports both hole transport
and | egt S ' .
comdRef 76 (s FoARTRO KTy 006 ffidefiehiip unsubstiuted or

suBétfw&d oAohe mﬁnmmmb h:tomatlcfrmgk wiittno8 o€ argpe R%:i ng one
nor e rraterl cted from hol e transp

pol yHesrain cagh B tSrlaqimse nilysriseed dometluntoy Wotf["&%fl{ Ci20
g@ﬂ)qw anda p}l;ll yw%le\l[lg? blls 90 (!%HR)@?(EI?D ar f) Wﬁ%e?&élg@%}ld Cl-30

ric éne 1s"a co
hyﬂﬁ)'éarﬁmﬁﬁﬁlﬁingaﬁﬁlﬁ nk(Ea SLEZOOBJ@:S&@MS wherein the

el ectroactive_go SItIO orts hoth hol p

and WIEEpeash Ry }Sﬁﬁ@e&&fl ently selobig %ﬁo o LA Gl

]195?1‘{71 €& 2? dféh&‘gry"] 5.0 hm@t‘éfc{a%@c&r'd’l% H%M%Byl%oﬁfa)fﬁlﬁé‘ Bne or
‘The organic el l'ectroni ¢ device of

maied, %iEBPMheSBMnH$he organi c electronic device is an

organ?c elecgéglun1nescent evice. 10 34. The organic
el ecTREe FesEefP TP PESETY ¢l ai m 33 conprising a

devigRerkia}8éh Efis ifddpehddHils seREd Gkl 88ahd Ma Vi\{%ﬁh@tstrﬁéthres of
el ement; wherein the device | ayer conprises t

Fosmals dbanst Il e pol ymeric aryl ene. 35. The organic
el ectrol um nescent device of claim 34 wherein the
device layer 15 includes one or nore organic
el ectrol um nescent % 36. The organic
el ecty ol um nescent d ce of claim35 wherein a
pl uratyty of organic Aglectrolum nescent el enents are
adj acenmt to each oth -;&and wherein two or nore
adj acent elenents enit different colors of |ight. 20
37. M™fe organi c el ectAdl um nescent device of claim35
wherein one or nore of the organic el ectrolum nescent
el e Ets is an organlﬁ light emtting diode including
an a a cat hode, 5 light emtting |ayer, and one
or both of a hole transport |ayer and an el ectron
t r ansh@ein X &y0r S, @NR \vintiesi R i atkyharyiplidierofiryl, e hleteghﬂkyl
emtting | ayer and the electron 25 transpgort

pr eswhereinfarh Ba 4 ndepeadantbyisslected iomy @kyh@llqeeylaa%éhéluoro aryl,
fluoroalkyl, heteroalkyl, and heteroaryl;

whereinb is 0, 1, or 2;

wherein Ar? is a carbocyclic aryl group selected from phenyl, biphenyl, naphthyl,
anthracenyl, fluorenyl, 9-silafluorenyl, spirobisfluorenyl, dihydrophenanthrolinyl,
dihydropyrenyl, tetrahydropyrenyl, pyrenyl, and perylenyl; and

wherein Ar” is unsubstituted or substituted on one or more of the aromatic rings
with one or more groups selected from alkyl, alkenyl, alkoxy, fluoro, aryl, fluoroalkyl,
heteroalkyl, heteroaryl, alkyloxadiazolyl, aryloxadiazolyl, alkyltriazolyl, aryltriazolyl, and

hydrocarbyl containing one or more S, N, O, P, or Si atoms.
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38. A donor sheet, conprising a substrate, a
i ght-to-heat conversion |layer, and a transfer |ayer

w@owpnising the el ectroactive conposition of cPEI/IsD83/024911
30 - 138

25. A monomer of claim 24 wherein the monomer is selected from Formulas CXVII,

CXVII, and CXIX

R3 RS R3 RS R®

e D O

Q
Q
N)’\ X '\{I\ ’X R3 o NJ'\—X Rz
= N
NN S YV
» X
CXVII CXVII -, 20
R* CXIX
wherein
Q is phenylene or a bond;

R”is present or not present; and

each R” is independently selected from fluoro, Ci.59 fluoroalkyl, C;.50
perfluoroalkyl, C; alkyl, Ci9 alkenyl, Ce.20 aryl, Cs.z0 heteroaryl, C;.30 hydrocarbyl
containing one or more S, N, O, P, or Si atoms; Cs.39 alkyloxadiazolyl, Cs.30

aryloxadiazolyl, C;.3 alkyltriazolyl, and Cs.3 aryltriazolyl.
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26. A monomer of claim 24 wherein the monomer is Compound 15

27.  An electroactive composition comprising the electroactive polymeric arylene of

claim 1.

28.  The electroactive composition of claim 27 further comprising one or more
materials selected from hole transport material, electron transport material, binder,
polymeric binder, molecule emitters, light emitting polymers, waveguiding particles,
phosphorescent compounds, color conversion material, and one or more different
electroactive polymeric arylene homopolymers, copolymers, or combinations thereof;

wherein the electroactive composition is electroluminescent.

29.  The electroactive composition of claim 28 wherein the composition is solution

processible.

30.  The electroactive composition of claim 28 comprising a light emitting polymer or a
molecular emitter; wherein the electroactive composition supports both hole transport and

electron transport; and wherein the composition is solution processible.

31.  The electroactive composition of claim 28 comprising one or more materials
selected from hole transport polymers, hole transport monomers, electron transport
monomers, and inert polymeric binders;

wherein the electroactive polymeric arylene is a copolymer; and
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wherein the electroactive composition supports both hole transport and electron

transport.

32.  An organic electronic device comprising the electroactive polymeric arylene of

claim 1.

33.  The organic electronic device of claim 32 wherein the organic electronic device is

an organic electroluminescent device.

34,  The organic electroluminescent device of claim 33 comprising a device layer, a
substrate, and optionally an optical element; wherein the device layer comprises the

electroactive polymeric arylene.

35.  The organic electroluminescent device of claim 34 wherein the device layer

includes one or more organic electroluminescent elements.

36.  The organic electroluminescent device of claim 35 wherein a plurality of organic
electroluminescent elements are adjacent to each other; and wherein two or more adjacent

elements emit different colors of light.

37.  The organic electroluminescent device of claim 35 wherein one or more of the
organic electroluminescent elements is an organic light emitting diode including an anode,
a cathode, a light emitting layer, and one or both of a hole transport layer and an electron
transport layer; and wherein one or both of the light emitting layer and the electron

transport layer if present includes the electroactive polymeric arylene.

38. A donor sheet, comprising a substrate, a light-to-heat conversion layer, and a

transfer layer comprising the electroactive composition of claim 27.
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