23 Mar 2007 WD 2004/102615 PCT/ US2003/ 024911 El ectroactive Pol yners
Technical Field This invention relates to el ectroactive pol ymeg$gar 2007
conposi ti S, E ﬂ) rganic 5 electronic devices conprisi n% the el ectroactive
pol yners. aé'g 3tid  Organi c el ectronic devices such adCafisasm3e24911

el ectrol um nescent (CEL) devices, including organic light emtting diodes
(OLEDs), are desirable for use in electronic nmedia 10 because of their thin
profile, |ow weight, capability of obtaining a wide variety of emni ssion
colors, and | ow driving vol t ageEle@r&AtsivePolympatenti al use in applications
such as backlighting of graphics, pixelated displays, and | arge em ssive
graphi cs. There has been conti nui ng research and devel opnent of

el ectrol um nescent materials, el 1 materi al s, and charge

transporting terials sujtable for h, 15 devices,. and t hods for naking
the devices. IM'% nt}o??%&\eégg,glef‘}g?agﬁ?% %}y]ﬁlgl\'}sec%%%??moéléla«g@l%%r devel oped

whi ¢ f acdldckibpic@eines dmpiify Bk cldgsftivebbgdssrs. Patt ern-wi se thermal transfer
of materials fromdonor sheets to receptor substrates has been proposed as

one nethod for form ng OEL devices. Selective thermal transfer of organic
light emtters for formation of or i | ect rol um nescent devi ces has been
shown 20 to be particularly usef ulgfEl£| 0‘%msrerrai ns a need in the art for

el ectroact i ve (xghyibRlettrafiid deliRed sueh HEbRAsIe RMctroR@YiM SR EiSt 1(Ohis@;t) dB¥Yespe used in
t hese devi ces and met hods. Sunmary of the Invention 25 The present invention

provi des istlading organiodeght emaltige diadanEPHERs)ngre sesirablector ned inralevronismedia y| ene

pol rs.. In so enpodi t t hese pol yner ave | oved el.ectron
Pr allpor ivestiut o Bt BR R, BveigRo pRpb Lo ol e AR SR RE RIS o
provi des Q&6 a8 dMOnearmNast. t OPRDs LY folerfRXNeI if QpaicatiBASiucRRe of these

arylene polynmers. The present invention also provides novel internediates
for maki Npckigitingof guiphies; pixelTted dpphyarnd langeemissive figraphiesr provi des organi c

Fur ther pr ov dE RTIRR O R BB ot S SRR PG GG BB ea roni 0
devi ces fH@miilhQR tigREEVel AAtEriAIR Gt dhitde GRNPEHINEMABRAIEBitable for such
15 devices and methods for making the devices. In some instances, materials have been
selected or developed which facilitate one or more of these methods.
Pattern-wise thermal transfer of materials from donor sheets to receptor substrates
has been proposed as one method for forming OEL devices. Selective thermal transfer of
organic light emitters for formation of organic electroluminescent devices has been shown
20 to be particularly useful.
There remains a need in the art for electroactive polymers and electroluminescent

polymers that may be used in these devices and methods.

Summary of the Invention

25 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 af least one of these arylene
polymers. The present invention also provides novel intermediates for making such

30 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
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23 Mar 2007 WD 2004/102615 PCT/ US2003/ 024911 patterning of el ectroactive
materials conprising the arylene polyners onto a receptor. OpgamMHr®007

el ectrol Ul ReRGRIN 4levi ces, which can easily be produced, é‘ﬁbgﬂm}/ﬁﬁgﬁr esent
aryl ene polyners, have hi gh | um nous efficiency and | ong service

one aspect the present invention conprises an el ectroactive polymneric
arylene. 5 The el ectroactive polyneric arylene conprises a conjugated .
i nternal h% %:gfn%gom&t&a&w}aateﬁa@tesﬁpnﬁﬂda@ra&ylelwchmers&gﬁa a$Q&QPBAL; Wwherein
the conjugated 1 nternal region conprises hree or nore arylene units, each
of sai d dﬂlsgaem@lamnhmuhacng dewicas,evitithycaneasibobe profdusd vsitjgtbe ptesenty | ene
units, acent uni t dto end ca group, or to an
adj acent %V P‘éﬂ@y’&’ﬁfsb %‘H%h]g]b o%e%ﬁmgg(a/ long Seﬁylggb?ﬁ'q wher ei n one or
more of the 1%%%' %E%t H2 sufr&eﬁtfmbaﬁwhr&bﬁqpﬂgés aﬁleawec%aaa»éga Wherkd wﬁhere of
Formul a | | ene

wherein Ar® is a phenylen napht hy
group ar yTIMedttmactwespu]madus anyiam'eedmpnses aubsjighied attemiat ngmme emd capping gr oups

selected from a ken al kgx f |l yorqal kyl , .
het er oal I%R}’PES éﬁ’t&f&’rabyaséhde o%%‘?rﬁlyl ec?ﬂﬁ‘éﬁa#'dri@ HF?ET‘?&‘OWIEP@GSN 0, P,

or 20 Si H\?@;& é}ﬁw sel ect ed
from grou%g haV| ng Q{ﬁ?{% Lg]?tﬁuec?%roggmo or nuﬁﬁggé?{% béa"r?'zli 5{{%{1{0 )b XN X
"N rN ~Nudjert a%y]%nda lnikd, ko whadjedent ¥ ylesie @nit Snd tar anNRE, cappiag erdtip, bstodiKy| |

aryl, heteroaryl, or het eroallcyl wherein each. 25 R2 is independently
sel ect ed #diwpsntarylgne upit pask e FIS‘EI%F%Em%IHfIPTeSPPhéﬁhS@kaWGOl’rﬂ}?@r ahg cyl, and

net 5 0ar Yby OGS O e bfell beicfiads MURRRALA AiBriied carbocyel ic aryl

group, uns or su Ituted with one or nore substituents sel ected
from al kyl, al kenyl, al koxy, fluoro, aryl, fluoroalkyl, heteroallcyl,

het eroaryl, al kyl oxadi az?l_;/Arquyl oxadi azolyl, alkyltriazolyl, -2
i
(Eye
15
I

wherein Ar' is a phenylene or naphthylene group arylene that is unsubstituted or

substituted with one or more groups selected from alkyl, alkenyl, alkoxy, {fluoro, aryl,

fluoroalkyl, heteroalkyl, heteroaryl, and hydrocarbyl containing one or more S, N, O, P, or
20 Si atoms; where a is 1 or 2; where each Ey is independently selected from groups having

the struetures of Formulas 1T and 11

*

(R2),
*
X : E x?:z
Ar? Ar?
I m

wherein X is O, S, or NR', where R' is alkyl, aryl, heteroaryl, or heteroalkyl; wherein each
25 R? is independently selected from alkyl, alkoxy, fluoro, aryl, fluoroalkyl, heteroalkyl, and

heteroaryl; wherein b is 0, 1, or 2; wherein A’ 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,



23 Mar 2007 WD 2004/102615 PCT/ US2003/ 024911 aryltriazolyl, and
hydr ocar byl containing one or nore S, N, O, P, or Si atons; andpydepgyrn the

end cappin _ are each independently selected fromcarbocyclic aryl,
het er oar yl ?V(ggf%ﬂﬁze(?{i ary aronatic amino groups that are %@H%%%ﬁé?ﬁ]cal ly

stabl e, wherein each end capping group is conjugated to the conjugated
internal region or bonded to the soft 5 segnent if present, and wherein each

end cappi [ 93@!&9 [ . ' ' r oups
sel ect 28 1[L ?\ggh{agﬁ%lfla?lda enjﬁ/]{b ,&f %qng%;(l 3% Oggells’%b%ﬁ%d g\?l’o%ﬁéi? F ,Spﬁﬁlé]?’e?ﬂﬁ%ﬁ{] P
het er oar ylthe antcdpyilipagauisdre ehtindepemipntin eclectednfiom Grbddycliy; arffl, heterdairylat ons.

I n one enbodi nent the el ectroactive pol 3imeri o ary@gne descri ped above
further cofieiayareRaioMRgEowms e arrerleqiochemicalliesablgcphergingackeided from

car bocycl i I s I; | rno aryl ene
groups t hact%p@%éi d}%&ﬁé’ g}lgﬁrr%‘f{éﬂg% %[ﬁ%o r Feggﬂ%{ﬁzﬁk%%f éércﬁnggﬁc! @8§%| yneric
aryl ene seleg@bdf preasht| drghvheatis @agi drdrtapping Btoupdsissubstituteld @ isalstinnal
potential, electron transport, hole transport, electroluuninescence, and

sol ubi | i t ywishpameniapte gpunsaelepie]d forralkynplkemtralkieny arvhritiosekvlgat ed with Arr

T
f1 uoroal kyl , hdhemeatityHimdde tierdatvhctiva palyhyaicas Alely deseAhddbdbovBgurtize or nore

S, N O, P, or,Si atons. In a second asq%gct the present invention al so
rel ates t CCOMEVISES ONf QIRYGICAMSEOMSINSS Independenily sejceted remeserhasyeliq arglene,

i {0 hai TeeroRa el AT Er B G omaCapio byt SR b RadR Bsg mb§ "nare
Arll, Ey angoperfit€ofthe ER€SACHOE pbi9iefio fldnd skleci ot RS abbdrptidn, ighct i ve
group selected fromchlorine, Br om ne, iodine, boronic acid, and boronic
ester. |n emis$ippdonigpen poteriial, slestemtranspornhdle fraegped, Pedtoleminiesteses, padict i ve
conpositions,.25 that conprise,.one or nore of the el ectroactive I ric
vyl ones. TR sraretde Taeer o phBE Pbelind e s oo Erlel BT RSN <

el ectroni I, dmé @afonohRRUniELIP hadstithRd oF eeistianed WiE oRObYMBId godpydeRORE OF
the el ectroactive conpositions of the present invention. In a fifth aspect,

t he pfesenfromraliahalkenyhlabiosyr Buracaylafivemalkyk hetsroallohietaparyl, and

hydrocarby! containing one or more S, N, O, P, or Si atoms.

In a second aspect, the present invention also relates to novel intermediates useful
for making the electroactive polymeric arylenes. More specifically, this invention relates
to monomer units having the structure of Formula TV: |

D— Ar' —p

v
where Ar!, E, and a are as described for Formula I; and where D is a reactive group
selected from chlorine, bromine, iodine, boronic acid, and boronic ester.

In a third aspect, the present invention also provides electroactive compositions

25 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

30 composition, which comprises one or more of the present electroactive polymeric arylenes
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30 conposition, which conprises one or nore of the present electroactive
polyneric arylenes -3 23 Mar 2007 WD 2004/102615 PCT/ US200350243Dbo7and a
nmet hod f or i 3p organic electronic device conprising the step of

sel ect | vel?/aajtmﬁgﬁzs(?grri ng a conposition, which conpri sesg‘aT{éJSHFBfﬁg%l of the
present electroactive ,polyneric arylenes, fromthe donor sheet to a
receptor substrate. 5 Brief Description of the Drawi ngs The invention may be
nore conpl et el y, under i Si i Qn: . | QW .alil ed
descripti aofflg%? ?%u@h{gﬁgg%ﬁ%%ﬁ{as&%& ﬁltﬁedg ?lﬁgré?é] osr%né ﬁlecsg%\gnggtegg{ﬁ%\}\}’ th the
acconpanyirigfehingh 6aspodilon)ilidt cdngiseeode orameres( termedont siecleoactiesv of an
organi c el ectrolum nescent display 10 construction of the present

i nvent i orpolpngiig arybenes feons theclonpr sheet tga 16T §ROM ®fonor sheet for
transferring materials of the present invention; Figure 3 is a schemtic
side view of an organic el ectrolum nescent display of the present

inveption; 15 Figure 4A is aBseflbsRtibtiosofibe Wrening a first enbodi nent of an
organi ¢ el ectrol um nescent device of the present invention; Figure 4Bis a
schemati c si deThs wxensionanarbongraeamerlptebrindgmnstogd 1 eoppideratian ofdb¢ ol umi nescent

devi ce of .the.present, i nvention. Figur i .Jc.side view.af a
third enb%’ i ‘?ei?‘{%gr#ea%’é‘ﬁﬁ? @v%m%:%g?io;ﬁ%fl%ﬁn% ‘?\fetgg Ee}ﬁ{éﬁé Mnc%mg?é{{oﬁév 1§1r esent
i nventi onﬂlelﬁh‘gﬂﬁwgicﬁa@i@ghﬁmﬁé]ﬁ side view of a fourth enbodi nent of an

organi ¢ el ectrolun nescent device of the present invention;, Figures 5 and 6
are eni ssi.on sPigote hisafschemgiieside vitwidianprzssiraledtypleninesnent display Fi gures 7

and are digital i es of.a thermally transferred organic 25
el eéB_roI y?ﬁlﬁg’ggg’ﬁtol %Weaf_éw%‘@n fthe present invention. Detailed
Descri ption Ofngﬁﬁ‘ei&\ﬁeé%hbxﬁﬁltlic &8¢ biré]bvtdf%rﬂliméﬁshléeﬁteﬁr Hﬁﬁs@érﬁng'h?éier?ils offle Of

"the" are used interchangeably with "at |east one", 30 to nean "one or
nore" of pieeenglimennen;bei ng nodi fi ed.

Figure 3 is a schematic side view of an organic electroluminescent display of the
present invention,;
15 Figure 4A is a schematic side view of a first embodiment of an organic
electroluminescent device of the present invention,
Figure 4B is a schematic side view of a second embodiment of an organic
electroluminescent device of the present invention;
Figure 4C is a schematic side view of a third embodiment of an organic
20 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

25 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”,
30 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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Unl ess otherw se indicated, the term"al kyl" includes both straight-chained,
branched, and cyclic al kyl groups and includes both unsubstit gtahra007

subst it ut equ?l%@{)mzﬁ 23 Mar 2007 WD 2004/102615 PCT/ US2003/ 024911 groups.
Unl ess ot hérwi 56 I hdi cated, the alkyl groups typically cdfE¥HN¥B to 20
carbon atonms. Exanples of "alkyl" as used herein include, but are not
limted to, net hyI et hyI n- propyl, n-butyl, n-pentyl, isobutyl t-butyl,

i sopropyl, _n-oct t.h e I ot.herw se
i ndi cat ed, S"PHRE: %‘P?‘rﬁ ?R'%S%éjli c}% eylﬂ%c%ﬁﬁdgr &E’gt@}gﬁlfé‘f"g‘ jn é{rﬁn@?% C""B]'"'oélnched
and cycli Oat@IhKYEkﬂﬁl@l'é@& " ﬁtﬂ‘f&e@herﬁihﬁﬁclﬁ@é @no@e@mmnﬁté@nﬁmmlethﬁe:h ect ed
fromS, 0, N, P, and Si and includes both unsubstituted and substitut ed

“al kyl gr ouprepyl, wbhids-peridh isobety], rbitiyhispropyhae-omylendepkis etlyllwupk ang Biecal | y
cont ain fr m 1 to 20 carbon atons. "Heteroal kyl" is a subset of
"hydrocar b¥t® containing one or more S, N, 0, P, or Si 10 atons" described

bel ows Exanpl esygfss fBtiieahlithicd age té%ﬁdh&efoﬁwl | fcludeEhoth YiraightecHaRed,
limted to methoxy, ethoxy, propoxy 3, 6-di oxahept yl ,

3- (tri met hythséheg) a)ndmyobg' Bl,kyhgroupajwnﬂeomramméhtﬁwwns inglopentdiatly sdlestedun| ess

th d t | k des t-ch d,
ot anched. G Sy R0 & S SHGPORe T p el And Biegu e isirs. "
car bon- Car@ﬁﬁsﬁ&ﬁ@uﬁss ihaichReadse ﬁ&@rdaﬂ(ﬁl wdass fpicany benbstidmt %l 208&tbon

substituted al kenyl groups. Unl ess ot heFwi se I ndicated, the al kenyl groups
typi cal | y atomsalHeteraahiyl” ise s2dset af Yonreradnyt corfxaimgl aes opfnore 8 KeQyP,'oras used

h | ud but. t limited - - 3- |, .n-h t -6- |, d
the Bre. FATShASHBELFRIoFn FAmplsh of MR PR “Spoheloiinsaie. BByl | o
aryl, het efdfed o méflcy i blopby, a grﬁoaraian@p@m3n@nﬁemly1sﬂynlﬁ§@1m her wi se

i ndi cated the term "carbocyciic aryl" refers to nonoval ent aromatic
car bocycl |dlmeah1,rlm'ajn9bwauylng1d)thehkm fifteen aromatl c rings, such as phenyl,

bi phenyl , ph f : i ngs,
Sueh 53 hapht nyPriess AERsinbieaf3 Bt s Hinl e PO tist i aB B s uf Lol
carbocycl i gragéndd, Al é»s%ﬁe alkehe Eﬁugéhdvmg didQr phse xhpha@'c raaﬂ)@xlcarwaﬁrahhml

acenapht hyl , phenant hryl, antRracen fl uorenyl | uor enyl
di hydiSoph ehernts fang lmclws %b&nyisub&tlp\ltcbmdsmb siduted ylkenﬂl gmmmn tUrécB;z Ioﬂlepvylse nyl ,

ggggg{ gpyr e%}% &qﬂﬁ(e%d{ﬂpt{r et%lchlly Sontatn n%(ofn fpo P& ngoﬂ atoms. Examples of
"alkenyl" as used herein include, but are not limited to, n-oct-3-enyl, n-hept-6-enyl, and
the like.
In the present invention, the term “aryl” includes carbocyclic aryl, heteroaryl, and
20 tertiary aromatic amino aryl.
L Unless otherwise indicated, the term ;'carbocyclic aryl" refers to monovalent
aromatic carbocyclic radicals having one to fifteen aromatic rings, such as phenyl,
biphenyl, phenylene group aryl as defined infi'a, or multiple fused rings, such as naphthyl
or anthryl, or combinations thereof. Examples of suitable carbocyclic aryl as used herein
25 include phenyl, biphenyl, naphthyl, acenaphthyl, phenanthryl, anthracenyl, fluorenyl, 9-
silafluorenyl, dihydrophenanthryl, perylenyl, spirobisfluorenyl, fluoranthenyl, pyrenyl,
dihydropyrenyl, tetrahydropyrenyl, rubrenyl, chrysenyl, benzo[g,h,i]perylenyl, and the
like. When the carbocyclic aryl contains phenylene rings fused with divalent alkylene,
dialkylsilylene, or diarylsilylene radicals, these radicals are substituted with two or more
30 R? groups wherein each R? is independently selected from hydrogen, C,. alkyl, Cy30
alkenyl, Cs29 aryl, Cs.o0 heteroaryl, and C,.3p hydrocarbyl containing one or more S, N, O,

P, or Si atoms.



| i ke. When the carbocyclic aryl contains phenylene rings fused wth dival ent
al kyl ene, dialkylsilylene, or diarylsilylene radicals, thesesgagiroabg are

substi t ut aglohdsRolce or nore 30 R3 groups wherein each ndent |y
sel ected from hydrogen, Cl.30 alkyl, C-30 alkenyl, Sjr@ﬁw%\%%“zo

heteroaryl, and Cl-30 hydrocarbyl containing one or rmre SS N 0, P, or Si
atons. -5 23 I\/ar 2007 WD 2004/ 102615 PCT/ US2003/ 024911 In the present

| nvention, thep, é%éaﬁﬁ inyerfbi] 80 CarJRAST®Arylend RboRlct*, 38 “Widne unltC! Ude

car bocyclic ary en teroarylene, "and tertiary arondtic am no aryl ene.
Unl ess ot hehuie serbbaytilic atdene, hhbrctaeylmé elaiibdmy}a hromaticyenene dryleeer s t o

di val ent aroma}j ¢ carbocyclic radicals h onetofl teen .aromatic rings,
such as pheny! ﬁﬁ@ss %thﬁlﬁ\é‘%‘iﬂl"g}?é‘ ea gf&}fﬁé’mﬁ% I‘ rhordivalent myltipl e
fused ri ”g%maﬁU%Qrbaéyc”iggg%wg §\EnPbne @mﬁ&au 'af‘d?ﬁaucq{n Os'ﬂéh %F’ %her eof .

Exanpl es sui t abl ocyclic aryl ene" as used ereln nclu e benzene-
1, 3h Sﬂi ?/I phdzrwﬁmﬂef rggaula a&yldnqi;]s defapt tifed, enswultjple fispd nngaﬁhtlh? rapbthRletie odi yl ,
naptaene [ napht e eatee| "

phenant he ABEIEE; N comtgnzglogp ﬂiﬁ‘ﬁ[’gp ﬁéﬁ@?ﬁ? éhs@aﬁleﬁ' pgq%ocyc 16 arylenc as used

4,5,9, 10- al A , &~fluo (B

9-sil afl ugc?fgﬁaigéﬁgﬁé’ﬂé{-{z@&a%ghdrig%él;:]%zegé’ 1%%3?1 ﬁa tP(dle Z dé% ﬁﬁmﬂﬁl&ger’%l ene-

3, 10-di yl diy8, mapmhhlaﬁé lllG!I’-diyf;ﬁihy}hthalélhdalb.ﬁéﬂﬂﬁlhﬂi&ﬁﬁbmﬁanedwﬂ),rlﬁﬂﬁﬁithﬁnﬁ 8-diyl,
chrysenedi yl benzol per Ienedl and the like. Wen the carbocycllc

aryl ene c&#rdiydrophran @héls -diyhds,% alpydrepiapiy&) 7ediy L, Ayiabrdiyl

d | kyl d
T s B B O A TS A S
hydr ogen, 33D. cﬁgl Eﬂli@bhsﬂuﬁfﬁﬁ@lywﬂﬁ@fujﬂthen@yg ﬂ.lbaénddlyl @n‘?@n&ﬁygr oaryl, and

Ct_30 hydrocaré containing one or. more S, N, O, P, or S atons. Unless
ot her wi se beirgishilperylangdivi ap heélﬁénW@ﬁéhf‘gfﬁaéwyalﬂwryl@e C%ﬂamss)h@wlmwm ent

t I
i ngs. (o. SREX BREUIE AN AR SiR BRend SR AiaR B R RN R0 RRR LY
fused wi t Brediny@itart valkwoanrenora®’ %miplsya}harduyb@m@ 19 indépariachay bdéc@éua
radi cal s. Exanpl es of suitable 'r'aﬁxﬂmnyl ene group arylene" as used herein

i nclifde bdisreheirages, gi-ylalkidhrs yla Celioyryl, 65- &lleéﬁfﬁ@lﬁ},@%@maxhﬁdm@)@ diyl,

4,5,9,10-t pyren en-2,7-diyl, 9-

si | af I uor éﬁﬁti&}y ??#I%";%Fgo%’@;’)rﬂu%rrée‘r? 7 diyl,

6, 12- di hydr oi n‘ﬂﬁi’[&ﬁ btherbiké rdodedie the, t&nd"‘pﬂenylene group arylene" refers to divalent
5,6, 12, 13-t etrahydrodi benzo[ a, h] ant | uacene- 3, 10-di yI ,

'y
5, 12- d| hy dramais-carhgeydicradicals havmg one, two, or three conjugated phenylene rings (e.g.
phenylene, biphenylene, and triphenylene) that are optionally fused with divalent alkylene,

20 dialkylsilylene, or diarylsilylene radicals. Examples of suitable "phenylene group
arylene" as used herein include benzene-1,3-diyl, benzene-1,4-diyl, 5,6-
dihydrophenathren-3,8-diyl, 4,5,9,10-tetrahydropyren-2,7-diyl, fluoren-2,7-diyl, 9-
silafluoren-2,7-diyl, spirobisfluoren-2,7-diyl, 6,12-dihydroindeno[1,2-b]fluorene-2,8-diyl,
5,6,12,13-tetrahydrodibenzo[a,h]anthracene-3,10-diyl, 5,12-dihydro-6H-indeno[1,2-
blphenathrene-3,10-diyl, and the like.

Unless otherwise indicated, the term “phenylene group aryl" refers to monovalent

b2
Lh

unsaturated aromatic carbocyclic radicals having one, two, or three conjugated phenyl or
phenylene rings (e.g. phenyl, biphenyl, and terphenyl) that are optionally fused with
divalent alkylene, dialkylsilylene, or diarylsilylene radicals. Examples of suitable

30 "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-



25 Db] phenat hr ene- 3, 10- di vyl , and the like. Unless otherw se indicated, the
term "phenyl ene group aryl" refers to nonoval ent unsaturat edognrebpe

carbocycl iygohafllpad:;§ having one, two, or three conjugate r
phenyl ene rings I?e g. phenyl, biphenyl, and terphenyl) tﬁgf)iljgﬁékfg%t)?lonal |y

fused with divalent aIkerne diaIkyIsinIene, or diarylsilylene radicals.
Exanpl es of suitable 30 "phenyl ene group aryl"™ as used herein include

henyl 1 enyl
BT a1 S B B N in O D007

WO 2004/ 15jpbatipaiylusdohaligR4911  b] fl uor enyI

56,12, 13-tetr dr odi benzol.a, h race 5 12- r 0; 6 nol 1, 2-
b] phenat hr enylﬁgléﬁ%o HayG Re a'f!]rlratgglg N@W@@% %8%‘1%3‘%@ °t gs{%&wglgm’

‘napht hal @rﬁﬁuﬁtéﬁ‘%oﬁfaﬁb @%ocfc‘ﬁf: SAEcAPhalii; %& fikd nziﬁhﬂﬁh‘léﬂe%x%%txﬁ&t%?@%h%h
carbocyclic radicals having "a fused naphthal ene ring structure, which 5 can

 be fOsed euntlte fasadi with &dtvablnk&lkglnee ralitiat afxanmlesqf] Sugahie "saphthatsine gtavgpht hal ene

apht hal SHaES e"aé"‘sins%i Rerelohendr bAg AP EReRar 2 sodppionsing

acenapht hgaqh ﬁéphﬂﬁqérgslsyg{}){le@[nwa%@ndpﬁﬂieﬁélﬂgm the term "napht hal ene group
aryl" refers nonoval ent "'unsaturated aromatic car bocycl i ¢ radicals having

a fused napht hblhbﬂeeothﬁwgse indicsted ide tarm, “naphtbderssgronpafylisséerafa h a di val ent

| kyl d f bl d
ner 2i 1 ol SRR e ety hin BABA SRVSE R il e Efdione e 1°°
naphphal egnfnyt, wiiah bidse fRedwith a dieudHt ARy Rie Padidal. Eﬁﬂnﬁl@@&ﬁﬁ%ﬂl@nw

Unl ess otherw se indicated, the term"hetéroaryl” refers to an aromatic
nmonoval entnapbiialeat goop@ryis atmgsesl heorio wghelnnaplithaen-2glswpbihalendnider ed aromati c

0. "N, Ana AT OE Srpt B BT Fanh R e MR RRGr Y OSKIIBOENG or nor o

heterocyclic r{ngksdtheSAEDREIGlICHB N THeRtdaPY! refB¥ b QR oA nhdddQhiSit
cycloal kyl ring(s), or to one or_nore of another heteroaryl ring(s).

Exanpl es tﬂdwah@cmpmmg/a moggeaderti divei-tp Seven-udembesed agmatinsingiradivaledthane furyl |

hi grh | d I | I
thi g1 y) o B poms SRIEF G sgRERRIR 0 L PR RL s A SR8 azot 1
pyri di nyl map¥eiogadhdiy fusdats dak Byinmmdmm)cénleylhﬁ(s) it ditydryl duf@gui nol i nyl,
benzof uryl, benzothio &henyl i ndol yl, carbazo benzoxazol yl ,

benzot hi azmla}alkerb'émg @alerlisy] ring(Fnet forppe or qm tefaspihey hetexpar oinals)-ny | |
pht hal azi @‘X(arhples of "heteroaryl" used herein include, but are not limited to, furyl, thiophenyl,

pyrrolyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl, thiazolyl, oxazolyl, isoxazolyl,

20 oxadiazolyl, thiadiazolyl, isothiazolyl, pyridinyl, pyridazinyl, pyrazinyl, pyrimidinyl,
quinolinyl, isoquinolinyl, benzofuryl, benzothiophenyl, indolyl, carbazoyl, benzoxazolyl,
benzothiazolyl, benzimidazolyl, cinnolinyl, quinazolinyl, quinoxalinyl, phthalazinyl,
benzothiadiazolyl, benzotriazinyl, phenazinyl, phenanthridinyl, acridinyl, and indazolyl,
siloles, and the like.

25 Unless otherwise indicated, the term "heteroarylene” refers to an aromatic divalent
radical comprising a five--to seven--membered aromatic ring radical with one or more
heteroatorns independently selected from S, O, N, and Si. Such a heteroarylene ring may
be optionally fused to one or more heterocyclic ring(s), heteroaryl ring(s), carbocyclic aryl
ring(s), cycloalkenyl ring(s), or cycloalkyl ring(s). Examples of "heteroarylene” used

30 herein include furan-2,5-diyl, thiophene-2,4-dtyl, 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-



benzot hi adi azol yl, benzotriazinyl, phenazinyl, phenanthridinyl, acridinyl,
and indazolyl, siloles, and the like. 25 Unless otherw se i nQerQ@Qﬂ he

term "het ayganylengs refers to an aromatic divalent radj [ ng a
five--to seven--rrerrf)er ed aromatic ring radical with one gﬁ?)ryé?@%%lgﬁer oat ons

i ndependently selected fromS, 0, N, and Si. Such a heteroarylene ring may
be optionally fused to one or nore heterocyclic ring(s), heteroaryl ring(s),

carbocycl 'Q,(S«ﬁzh(éayridlih@gfzﬁﬂiyl,Cf))f/ﬁhﬁﬁlzi,@-ﬁizﬂl, pyriaies),s-do, xizhiaplekyh-diying(s) .
Exanpl es of "heteroaryl ene” used 30 herein include furan-2,5-diyl,
t hi ophenequinaling-9,3;diyl, 3, 1adighcil Hadple-25divdi gpd thalike. 4. ¢ hi adi azol e- 2, 5-di yI ,

1,3-thi | e- 2,4~ di o} 1.2, i.ad] - gyl 3~ LA le- -7 23
Var 2007 wo 2B BETaS RN iy B o R B Bl e G,
pyri di ne- yt¥etbithe “Mdcﬁ*bl’ﬂﬁﬁleﬁeﬂ’i abldefipyt AbBve i@ c@mprish titee to fifteen fused

qui noline-2,3-diyl, 1,1-dialkyl-IHsilole-2 5-di yl,; and the like. Unless
ot hebwi se aiomiiticaingsl, Foexamplen ‘coslkoedpolicyelisaylene’cusgd yemieinchugieer s to a

bset of the . b | i I " fi t ' h t
Fiften f AECAPNBIERoRIET TPl ARt enE TR B RE SR e ey R ele ) e
used her einfbrbA bHYSerRCANPIRERY | ene, phenant hrene, anthracene, fluoranthene,

pyrene, perylene, "benzoperyl ene, rubrene, chrysene, and corene. Unless
ot her wi se i ndi dadesd otheteise edigated, redemar atepaylcaohenmprismg inihe inkdgakages”

f t bset « het il " defined above that .. i
e 11 g8 15 3 el BF uG SRR R e Br SR R ER DR R Ot G na” "
| i nkgges” IF}ampER of XAthhaZ HeRFoarNendstosiprisiteafhitd lia@ot 2 chite Dthdihrdley, BU

i mdazol es, N-substituted pyrazol e oxazol es, isooxazoles, thiazoles,

i sot hi azolsalsstitgyd-iriizalss, Nysybstidted neidazqles; Negubstiated pyvazale a¥agoles,t ri azi nes,
tetrazenes, benzoxazol es,. nzot hi_azql es, .  benzot hi adi azol es ui nol i nes,

| oqui nol 1RSSR B e RYO AR PR P ddrhes.

benzot ri aziifgses, tekRzcnbE WA IRES0]ch) BenRMiliold] PeTothddidz8idSfuindiitesss ot herwi se
indicated, the term"heteroaryls conprising imne |inkages" refers to a
subset of isdquiriolinese pigaeltes; quiBazenes, auingrdines, phthalezhepriieseotrpzined, ne | i nkage.

Exa es of suitabl,e "heteroaryls conprising imne |inkages"include
oxadt-azol gqu@esmgﬂrﬁ%ﬁgﬁj ?%{Ff‘ﬁ%r yl's, N-substituted i m dazolyls,

N-substituted pyfiagothewise MBZREY kife terl) “hQOX IR MFisidg Thadolimapes”

i sot hi azolyl s, pyridinyl S, Pyri daz”l nyl s, J)yr i mdinyls, pyrazinyls,
refers to a subset of the “heteroaryls” as defined above that comprise an imine linkage.
Examples of suitable “heteroaryls comprising imine linkages”include oxadiazolyls, N-
substituted-triazolyls, N-substituted imidazolyls, N-substituted pyrazolyls, oxazolyls,

20 isooxazolyls, thiazolyls, isothiazolyls, pyridinyls, pyridazinyls, pyrimidinyls, pyrazinyls,
triazinyls, tetrazenyls, benzoxazolyls, benzothiazolyls, benzothiadiazolyls, quinolinyls,
isoquinolinyls, cinnolinyls, quinazolinyls, quinoxalinyls, phthalazinyls, benzotriazinyls,
phenazinyls, phenanthridinyls, and acridinyls.

Unless otherwise indicated, the term “heteroarylenes that are electron rich” refers

25 to a subset of the “heteroarylenes” that are electron rich. Heteroarylenes that are electron
rich can donate electron density from the heteroatom of the heteroarylene into a  system
that is conjugated to a neighboring = system. Heteroarylenes that are electron rich exhibit
electron donating ability that exceeds the electron donating ability of heteroarylenes

comprising imine linkages. For example, “heteroarylenes that are electron rich” include

30 diarylsilanoles, thiophenes, bithiophenes, furans, N-alkyl and N-aryl carbazoles, and N-
allcyl pyrroles.
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wemm L

triazinyls, tetrazenyls, benzoxazolyls, benzothiazolyls, benzothiadiazolyls,
qui nolinyls, isoquinolinyls, cinolinyls, quinazolinyls, quinggmkhmmbﬁ

pht hal azi nyy§ 200280%94 i azi nyl s, phenazi nyls, phenanthrldl | s, and

acridi nyl s. Unl eas ot her wi se i ndicated, the term "het er odhSIEHAS/RAYE ar e

el ectron rich refers 25 to a subset of the "heteroaryl enes” that are

el ectron rich. Heteroarylenes that are electron rich can donate el ectron

density from the,hety gg%&em&{atémg}% ARAVAERGIN CeclBobdn RSLEMs AL 1

conjugated to a neig teroaryl enes that are & ectron rich
exhi bit aubst 6fihe dbﬂaban@s”abatlaré gdemtmtnahxﬁead:sarylhdlaehmoalemndmh&tchnbg

ablllty of- het eroaryl en conprising imne_ |inkage r exa
"het er oar yl&HeR d ?%Flga"}’&tﬁﬂé‘éﬂ“@ﬁdsrm% ﬁleciif%ql%ém%gb fﬂya? eé?rP%E I es

t hi ophene odUh I b nd N-
alkyl pyr rarRg e BROE e TR S G Y s M SRR E BB ece
ot herwi se dmgllsﬂmoejds, thjophelgﬁls;blthioghtmymamyl ﬁlriﬁym are electron rich" refers

to a subset of the "heterqaryls' that are, electron rich g;e&eroaryl t hat
are el ectron riHesathaswise rgdigated. die taom alertingy é‘lS’FIPaI“Pﬁmc"FFatre a9

el ectron ﬂﬁ&@édlé}%oﬁ*y (#IyCO%éJA}ﬁ{OeJn%%E' Yl oPe tefi Ez:{ﬂ?fﬁtﬁia@lg gélgktgeealch 'Bgf'ﬁ%%st For

exanpl e, et eroar re électron ric I'ncl® faryl'siTanolyls,

t hi ophenyltﬁ;ee fatddmtmrﬂaﬂmyllc&ntemuﬁﬁanfpmw Sultaiﬂtd 'satiant dvemufis eminss wsetled, t he
term"tertiary aromatic amne" refers to a class of nolecular corrpounds

conpr i si ndese nshudgstiaryiaaines Ak viiarhagglsnrylsatbarale, telamylsdiamsressach s ee
| £
ar omgg i ¢ %,W%ﬁégﬁﬁg nﬁﬁﬁﬁ? ERIQ Nsré'nra?@ ‘r?,g aé%ﬁgfeﬁ%%i%rﬁfﬁw 'I\F]]\I‘W‘ nes”

used hereinh’inclu ani’l'i’nés; car’bazéd
t et raaryl adiran- méaimnmbﬂasreﬂlé)déhxmnkbwue]h ef thass taliptetna ER @53 624 Al and EP 0

et rar 9:\| ABRAR wori Casriody enﬁ%ﬂ?‘@ﬁiﬁ%@@@%@?@%ﬂ in EP 0 953
R i e e e e
N N bi s( Cials@bénymhbmidiﬁe Vdl3o Ry asBWRE p harlyib(cirbazil giiphdigl Gdsokdmown :as NPB) ,
L& 0L carbaralyl WOLNGRIL, (o) 50, Knout o8 o, CEEL P LSk g3yl am ne
e S0 i i o, 8 08 s ot St
No. 6, 074, 083412 gpdraEf 8218 6Fivadives doh 84 thare descdesd madi.BvRe. Nooh03a5734
44, 47t ] S 0827367, starburst amine derivatives such as 4,4 47 -tris(N,N-
diarylamino)triphenylamines and 1,3,5-tris(4-(N,N-diarylamino)phenyl)benzenes, 4,4',4"-
20 tris(N,N-diphenylamino)triphenylamine (also known as TDATA), 1,3,5-tris(4-(N,N-
diphenylamino)phenyl)benzenes (TDAPBs), and other dendridic and spiro amine
( derivatives as taught in EP 0650955; Tokito et al., Polym. Prep. (Am. Chem. Soc. Div.
Polym. Chem.) 38(1), 388-389, (1997); Tanake et al., Chem.Commun. 2175-2176 (1996),
and Tokito et al., Appl. Phys. Lett. 70(15), 1929-1931 (1997).
25 Unless otherwise indicated, the term "tertiary aromatic amino aryl" refers to a
monovalent aromatic ring radical of a tertiary aromatic amine as defined above.
Unless otherwise indicated, the term "tertiary aromatic amino arylene" refers to a
divalent unsaturated aromatic carbocyclic radical of a tertiary aromatic amine as defined
above,
30 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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di aryl am no) tri phenyl am nes and
1,3,5-tris(4-(NN-di aryl am no) phenyl ) benzenes, 4,4',4" 20 23 Mar 2007

tri s(N, N-eiphRnysam no)triphenyl am ne (al so known as T ‘%é])
1,3,5-tris(4-(N, N di phenyl arni no) phenyl ) benzenes (TDAPQI 'IUSN%M(})Zfl?]lelr

dendridic and spiro am ne derivatives as taught in EP 0650955; Tokito et
al., Polym Prep. (Am Chem Soc. Div. Polym Chem) 38(1), 388-389,

1997); Tg inGhEaRe 1 Toki kgt al .
(Appl )Physyﬁjﬁet%ﬁS?O( 8), s %ig)g%z&@g(%ﬁ@%smg?@ flod 0} 'Antl 2 ed,

the term é)tampﬂesa)f yucdrlmquadndmmmeéhynem inelude,dut aregrot hvnieddd erthoayonat i ¢

ring radlc of a ter romat . c s _def i,ned Vv | ess ot herw se
i ndi cat ede Wep]EOQPM ‘{QIP@%{%? %‘ﬁtﬁ?ﬁn} Eﬁ]ﬁ’gngmﬂg%g) %P)af gp'sdJ‘f’bﬁgpt i val ent
unsat ur at gd. cﬁ'&ﬂﬁ@:& N%- Iﬂﬁh?PQYsﬂhl% {Belidedah &ty ﬂh&rehlzaw afd C1[@1]' Ssar ne as

defi ned above. Uni ess ot herw se i ndi cat e the term "hydr 'ocar byl" refers

t o mbnovawbere Masjm‘ad:csfchc endexierar gtezdarylprg, pds Bior & Rristd stergmlimhmdeuno

mbi nat t di d b :
Cypi cal | yRBEHITaT RORP SHS & 80 BaPaN e arers® o 3807 8 St 105015
PCT/ US200/pR2A&khed H¥xRCar byl s contai ni ng one or more SS N O, P, or Si

atons are also called out. Sone exanples of such hydrocar byl s as used
herein incl udeUnlbs& otheravispindicated; e tarms feafhspgment e SR osay/ soﬁrsogmmy moiety”

3 o B ol PSR anichahE BRGSO Bl ore |g*3vfn%[?8? EiaBoepenty,
[Arle SSSé%cte‘ﬁ fﬂﬁﬁ "eﬁwﬁr ﬂuﬁro‘ﬁﬁiy@é?fé%’ﬁérﬂﬁm@ﬁ]k{d%ﬁ@ tél*iar?%ﬁﬁ&aﬂﬂée@ﬁb?s pis 0 or

1, R" is a sterically hinderin unctional group such as an aryl,
het er oar ydgal}@ftsﬂaxamea,rwdehlalmmﬂwemd Benipesofsoitablg eqﬁmrgmen’rmoe@twsdef i ned

bel ow. Unl e o) e|n he terns g , . Or "soft
segnent E’?ﬁf or g,qog))’ 8}‘¥ﬁt"€yj?réehtgr%pfs &t .@@h@@ \Tﬁ?e@fﬁql Ttwo or
more gr Ouﬁﬁthé?a%@e bf‘@'%ﬁ@ RAE B o indddeSl tREEBE: bf PR @G)Qﬁaﬁmlsf(hwg{y%b@ﬂ&pe
per fl uoroal kyl ene, teriary am nes, thioethers, dialkylsil'oxanes,

di al koxys (d. g;x[a&é@erEan@ﬁh vhend 1 suintinlohe mdfetrasmﬁnto Iodngltr i msm mtngetrunle, f or

T Re + afgabise of up 285 o AT s e o] bl o3 18 86) oo

pol y(di al kyhsd hiepgnes) (e.g., [-Si(C H2,.+1)20-],,, where r |s an i nteger
in the range of 1 to 10 and n is an |nteger in 15 the range of 2 to 20).
Preferably, SSUnkssotherwitoindivated) eash of therabayealisyl, flkenyl2carbo@plic aryl,

carbocyclic arylene, heteroalkyl, heteroaryl, heteroarylene, polyeyclic arylene, and
hydrocarbyl groups is unsubstituted or substituted with one or more groups, each
20 independently selected from Cj_3p alkyl, Ci.3 alkenyl, C1.30 alkoxy, Ce.20 aryl, Ciao
heteroalkyl, C,_60 hydrocarbyl containing one or more S, N, O. P, or Si atoms, Cs.30
heteroaryl, Cs.20 aryloxy, Ci.30 thioalkyl, Ce2p thioaryl, diarylamino, fluoro, ¢cyano, -COO-
alkyl, fluoroalkyl, and perfluoroalkyl.
Unless otherwise indicated, the term “copolymer” refers to polymers having two or
25 more different divalent monomer units.
By “electrochemically stable” is meant stable to electrochemical degradation such
that any oxidation and/or reduction reactions entered into are reversible. _
An asterisk (*) in any of the structures infra indicates the bond to an adjacent
group or unit of the compound or polymer in which the structure resides.
30
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carbon atons. Unless otherw se indicated, each of the above al kyl, al kenyl,
carbocyclic aryl, carbocyclic arylene, heteroal kyl, heteroargBMar2007

het er oar yl yclic arylene, and hydrocarbyl gro i nsubstituted
or substi tvﬁ?gg”@\nﬁit(%gone or nore groups, each 20 indepeng'gi]f’rhgmﬁgﬁzééltled from
Cl-30 alkyl, C1.30 allcenyl, C-30 al koxy, C6.20 aryl, Cl.30 heteroalkyl,
Cl -60 hydrocarbyl containing one or nore S, N, 0. P, or Si atons, C3.20

het eroaryh_:olyg@rgo aryl oxy, ClI-30 thioal kyl, C6.20thioaryl, diarylamno,
fluoro, cyano, -COO alkyl, fluoroal kyl, and perf]uoroal kyl. Unless

ot herwi se’ i ndi The¢ elgctredstive pelymecio poilgnies describedheseinsap be peefubintmaginiy two or

25 diff di val en i By " trochem cal | bl e" i
roant ot aBieETDe Apabes RO Sy I st sERBEE BR A8 RN andl o
reduction Pb@%ﬁ:ﬁb APFcRBHBYEENrBvQl Abdronermakforldd cledoashjesticiiprbpartibn any of

the structures infra indicates the bond to an adjacent = group or unit of the

- conpdund ecempaiy with fotymdricdrylehes theirdeonal centringirdens, ugG of i Pamvia 1.2007 WO
200411026 I U82003/t91249 1 P‘%l%mkﬁ?e-r%e eil ect rosct ive e§0| % ric aryl enes

descri bed O MPIR NGRS S TTORAS PORAIE T YR 8 eV et lighh gy

parti cul akpfdsfEASuahnSEmBicAmeo sh B veucell BeeraliBEVslRRed tBparB@WYRESIEDAT Y| enes

have i nproved el ectron transgort_ and electron i njection properties 5

conpar ed witheuplbt plesirdastisie pp ctahdenedo Thoincraprdificigngibeem alsi bs of t he

For 2. SRS T b S SRR BBy "

vol tapes conpastedintérhsl rekibRSendWappiag brdus 20l 066G o6 se@h¥eEh¢h ar yl enes.
The increased efficiencies can al'so be ~maintained over tine and repeated
use. Such astlestunitafithe/mtepatlyegon & covglenthebonslodbr tweadiackot avlgne gattsdd #nt er nal

regi on, end. cappi I Qups,,. and tionally a soft se nt. Each >}Fene
uni't Cof ¢ RO RRERAGRRLRE 1o AL Saf Bl By, 3r i 1 SRR iR en Sl Ene
units, to s3f sepfdr@eBittsent. YVRRRnEAhE acitpledcPuritl aRNEEnCAPRIHRYir@@e@in @& tO an
adj acent arylene unit and to the soft segnent if present. Vinylene and

acet yl ene conjugatedindergalegianof theqrolymeriaargigns becamss of dlmlongandcdzaprangd doval

egi P of g AQL IR oFr AN & BuRPS R3S Rnehind BNBRLH AR @AY e
al., Advanced Materials, 10, 1112 (1998) and Meng et al., Macromolecules, 32, 8841
(1999)).

At least two of the arylene units of the conjugated internal region have the

structure of Formula I:

#—Art

*

2 €,
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,
25 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 11T
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15 external quantum efficiencies found with pol y(phenyl enevi nyl enes) (PPV)
(see Chung et al., Advanced Materials, 10, 1112 (1998) and Mepgifto8f. ,

Macr onol I 8841 (1999)). At least two of the of t
conj ugat E‘ﬁ’ﬁﬁﬁ‘f@rﬂﬁ‘ﬁf regi on have the structure of For rru? II%QEO}&QPEE I
(Ey)a | where Arl is a carbocyclic arylene group, preferably a phenyl ene
group arylene or a naphthal ene group aryl ene, unsubstituted or substituted
on one or nore of the aromatic, rings with one or nore groups (RlI) sel ected
from al kyl, al kenyl, al koxy, f} or(n',}!2 aryl, 25 fluoroal kyl, heteroal kyl,

het eroaryl, hydrocarbyl contai{nt; e or nore S, N O, P, or Si atons;
where a is 1 or\ 2; where each |s I ndependently sel ected from groups

havi ng the stgGgtures of For & 11 and 111 -11 23 Mar 2007 WO
2004/ 102615 PCI#W¥US2003/ 024911 }’F?Z) bli XX NrNAe A2 Il Ill wherein
aryl, heteroaryl, or heteroallcyl;

Xis 0, S, or NR,, where R is
wher ei n each ﬁé IS | ndependen?fzy aI kyl, al kenyl, al koxy, fluoro, aryl,
fluoroal kyl, heteroal kyl, or 5 heteroaryl; wherein b is 0, 1, or 2; wherein
Ar2 is a carbogyclic aryl groupyj unsubstituted or substituted on one or
nore of the aromatic rings with one or nore groups (Rz) selected from

al kyl, al kenyl, al koxy, fluoro, aryl, fluoroalkyl, heteroal kyl, heteroaryl,

al kyl oxadvkerein ¥ is QurSyooR&Rdj whek R is aliidy mryi,mmayyl onhgteronikak ovierein each
0. b or ot ghendeay %Weﬂﬁh@a%%%%ﬁcar PR b b endent 1y
sel ext ed HefRBargRMPRENED §0, 1, or 2; wherein Ar’ is a carbocychc aryl group, 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,

alkyloxadiazolyl, aryloxadiazolyl, alkyltriazolyl, aryltriazolyl, diarylaminoaryl,

diarylamino, and hydrocarbyl containing one or more S, N, O, P, or Si atoms.

10 The end capping groups (EC) are each independently selected from carbocyclic
aryl, heteroaryl, and tertiary aromatic amino groups that are electrochemically stable and
unsubstituted or substituted with one or more groups selected from alkyl, alkoxy, alkenyl,
aryl, fluoroalky, heteroalkyl, heteroaryl, and hydrocarbyl containing one or more S, N, O,
P, or Si atoms, each end capping group being conjugated to the conjugated mternal region

15 or bonded to the soft segment if present.

In some embodiments the electroactive polymeric arylenes of the present invention
have been found to remain amorphous at temperatures above their glass transition
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

20 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

25 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
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aryl, heteroaryl, and tertiary aromatic am no groups that are

el ectrochem cally stable and wunsubstituted or substituted w bhnHr@00r nore
groups selected fromal kyl, al koxy, alkenyl, aryl, fluoroalky, heteroalkyl,
heteroaryﬂvoémﬂﬂﬁvaHocarbyl containing one or nore S, NPQ/USPO3/GH91S at ons,
each end cappi ng group being conjugated to the conjugated internal region
15 or bonded to the soft segnent if present. In sone enbodi nents the

el ectroactj ve r l.ene ound
o r enai n el ErORBHET Kefiplit sFar B und Sy ReBRER} -l IRt JIRE 6

t enper at uljge, phdy meamw simgetthey ¢ands redwwed helgmrégnmrﬁhnhga]LEm ep&@m@f of
light emssion fromli ght emtti ng el ectroactive polyneric aryl enes of the
e

p][ eSﬁnt i mv@lead éndelapiiahen pbthscathp s ulfigatefaiyg of Sy GEEDTRAMONE, t he col or
I
o e et dile oL, 1lR6%e A0k, ARALESHARLY sublARIRYNE LR LB IBendOl "0 11

sone enbo FOI%%I Si on’ col or oes no

Substs t uemissabiiitfland b thprRully p&séiﬁ ipihe Rk titdcries pemneﬁuanﬂhe:rssﬁ il bseas
aryl carbonyls and nitro, may be undesireabl e as they de

el ect r ol uiivsatierican @Eméﬁﬂffsé thend P09 partpemaillion By byerr ‘tt(’ﬁ&%e MRENRREEN t 0
ndestr eabTAPECRSTER oTbi PaiRBoph&RE0 RS beMtaBte o8h PR BBy ™Y P

Subst i t uemksaugO Ry siBtdigibld ﬁohﬁ&@é@b@lem@troﬂ&mmmg@damﬂergo -12 23 Mar 2007

WO 2004/ 102615 PCT/ US20Q3/ 024911 el ectrochem cal reduction, such as primary
or secondary arjhesad cappiematosp (BCkemcrs capmytiiertions kdevanhlp QEEDsxier eabl e

si ncey t he C dto

del a?n0 nat i e&gl%fl&[%ﬁgg (ggﬁt%géaeb%é:% ??ﬁgnsggaéé{’i’fcal | 'ure b?@?ﬁ@&d@@&ﬁar%ﬁ%éﬁfgﬁ

brom ne, ig@glipsenerbiohanativovathdudeaii@niletofbep asd eiphshagieigrotipeyls agdn cause

eI ectrochemcal 5 instability and are typically present in the el ectroactive

pol yner i ¢ candanserbolygyclin aryls eEemphenylsye giorp and ﬁal%i\*ﬁ%m?ul? @3k caan 1000

part per t p t han 100
b Par atFOu B ERORn ARy b Fod P BhERo plidin@ 8 MR on (B88y O°T' TP

suscept i blfer the highestwetsiibd tobdcatit bt @MIO) dad vadtaiizaion pbteatiglfdr thappi ng

grouE (EC), can serve many functions rel evant to OLED device 10 performance

and 9 thelo‘f"% MPRGHUIPISH n&ffle‘f"r*@s%b‘é?é\@‘é@@) thalare sl matched o thponrigaied | cappi ng

I
R el ey A e A

aryl s can HOMO and LUMO of EC are close in energy (for example, 0.5 eV or 0. 25 eV) to the

HOMO and LUMO, respectively, of the conjugated internal region of the polymer. This
energy match and a large bandgap between the HOMO and LUMO are particularly

20 important when a high bandgap polymer is desired for use as an electron transport agent, a
hole blocker, as a host polymer for molecular blue emitters, or as a blue emitting
electroluminescent polymer. In these cases, low energy traps must be aveoided as they can
degrade device performance.

Stable condensed polycyclic aryl, heteroaryl or tertiary aromatic amino aryl end

25 capping groups mentioned above can provide an electrochemically stable end group, while
also introducing redox active functional groups that can further enhance electron transport
character, introduce hole transport character, enhance or modify the band gap and/or
electroluminescent character of the polymer. Certain of these end capping groups, when
incorporated at terminal posttions in a polymeric arylene of the present invention, will

30 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

- 13 -



provi de an el ectrochem cally stable end group, while also an el ectron
affinity grp, providing for the highest occupi ed nol ecul ar or b\ 206MO)
and an i oRi@aflesepotential for the 15 | owest unoccupie 611'9*1 loQr bi tal
(LUMO) that are well matched to the conjugated pol yrrerdpbac %gwefﬁé?ﬁuctur es
conprising Art groups. By well matched it is neant that the HOMO and LUMO
of EC are close in energy (for exanple, 0.5 eV or 0.25 eV) to the HOMO and
LUMO, r esprfupd ¥4 Modi®f eﬁéi'%etﬁ:glﬂd) stgiligsltelhingl prashtidre Withre§fect foeexpipheser . Thi's
energy match and a | arge bandgap between the HOMO and LUMO are particularly
20 i npor t &rmatipreendeerhiseiion yevelgagthp dihg sisbleihstegeasyk @wdertiayy aremate aminogdriglct r on
transport agent. a hole bl ocker l.ecul ar bl ue
emtters, °© LIRS 4g a%ﬂi‘???ﬁglt%%gg? lfagflﬁuér%t%ce}ls%‘geﬁd ‘%%'{tﬁl"%@sﬁ“’ﬁ? t hese cases,

| ow ener gyfficieabis, i finihg tivieh@etbrosoté Ry akier eléte@hatnites (Beembedppmpance.
St abl e condensed pol ycyclic aryl, heteroaryl or tertiary aromatic am no aryl

end 25 cagpitpdo giheupryngaied wrisdan slestreactive pod ol slegiioluangse e ipolvness] | v

stabl e end _grou ile .al i nt cl edax active functional groups
that can Fﬂ&?’ﬂséﬁg %r\ﬁmeé‘ﬁ&'é“% Piﬁ?%ﬂg ?’ﬂgrneg%%ﬂpie toéﬁ'&?@@ﬁ%‘? ?le%@%&}ﬁé%enﬂol ep

transport gaiitin eHRiencsT0RMEDHoBMETDSH th ¥nérBgidaaneh Aetha pdlydier to a molecular
el ectrol unmi nescent character of the Eﬁ' ymer . rtain of these end capping

groups, wemitterimpotesulaslyatvped polymet Al cpssietiansdor QLEDgol pmdditionathgdeene of

o5, Por oo PR s et ARy it 3 SRE T RENERl RSl ln X2
wavelgengt b @tragidlcRhRE boDMi HFMRAS ¢EMNthe BEhGATRINgGol PR Y)Y WAt pro@iteldxsinitd ol Y| ene

units of Fornula |. The stable condensed polycyclic aryl” end capping -13 23
Mar 2007 evgplkoemisseadhat orrusrobg shifirgal theelscipelumineseandefy energetics to

stabilize termgnal posi.tions wth,respect t XCl er or mat | and eni ssion
vavel ength. - thesarais 8t kbRl yGRRE: P TR e GRS cappi ng
groups ar riiEgQ. dréRréseiied MyFdrARla8 XEUIT fifo Alath 8NWHRKGS b EEchhPsrs por t
efficiencies, or tuning the ionization potential and/or electron affinity of

t he end cdjophwig Loviareineach Episiiadependqntiyselected fiiotsthe perdent peoups ofict i ve and
/ or ect rol um nesc ol r .cqonprising..arylen nits of Formula,.l, for
exanid ot SOTHOPOg DR nt B FHisrsif ol cambbt g R Bie Pl Cortong T piite ppte

pol ymer, @forhiceines 98th Gl drindiBigfduph () PRhstBRIcat®RAISTREGHN @ty e¥clelier 1N
nol ecul arly doped polyner filmconstructions for OLEDs. In addition, these
groups mayrosehgliegeane Cent liylsCeroiadletnyly Cabarrel Cagp haterpahi@ad Cheo skerattydn of

i nt er ol e%gllt%{nmtg one or more S, N, O, P, or Si atoms; and wherein RY is independently selected

from ﬂupro, Ci.20 fluoroalkyl, Cy.a perfluoroalkyl, Cy.pp alkyl, C;.0 alkenyl, Cg.p0 aryl, Cs.

20 20 heteroaryl, and C,_3¢ hydrocarbyl containing one or more 8, N, O, P, or Si atoms.

-14 -



10 or intranol ecul ar configurations (of the Iight emtting polyners) that
produce excimer or exciplex enmission that can cause col or shpbftdi®o0f t he
el ectr ol uMvigssgheR1s Exanpl es of carbocyclic arylene groups and substitution
patterns useful for - Arl(Ey)a are represented by Fornmul d&EBYS28¥421918e| ow,

each of which is a subgenus of Formula I, wherein each Ey is independently
sel ected fromthe pendant groups of 15 Fornmulas Il and Il above, wherein
Arl is unsubsMth ed or sabstatutF@d Qn one or nore of the aromatic rings
with one or gr oups ( ; I f~egsh R 3

from hydr oge @ 3 q - | ken

Cl- 30 hydrocar cont al TKNg on r Eyfor & ;

wherein Ry is *’ndé/pende ll}gly seE)E(Z:%ﬁg fréﬁWfIRuoro €Y-

per fl uoroal kyl”, 20 a | kenyl , C6-20 aryl C3 20 20 Ret eroaryl

and Cl-30 hydrocarb y cont a| n| ng one orppore S, N, yOEyP or S ons. -14

| I8 [ US2 /
o hn e spicic B Rg A
EyXVIIIXIX’*Ey Ry~Ey Ey sy, XX | 11 Ey xxiv
Ey XXV xxvi 4(R3)Eym)4(R)4x|x4Ry RyEzg/ * XX| Ey
XU Ey XXIV EV XXV
R3)4 \
R3), (R3), '
e —C Qo@ ey Yo
XXVII xxvm e, XX
xx1x
r3  R3
-
By Ry
XXXI - " 0l Y ooy
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Ey XXVI | Ey XXVI11 Ey Ey By 3 XXX MX (R4 3 RBR3 3 R3 RB R3BR3 Sl Ey Ry

Ey XXXII Ry Ey XXXI11 Ey Ey Ry xxxi XXXIV -15 23 Mar 2007 @@N&QQ60102615
PCT/ US200 X RR3 R3 RY 3 R3 Ey 3 R3 Y Ey R3 R3
XXXV xxxﬁwég§§%¢“ R3 3 RY Ey R3 RY 3 3 Ey RY * * %W” gﬁa Ly

XXXI'X (R3)4 Ey XL (R3)4 R3 R3 RY 3 R3 RY Ey (R3)4 Rv Ey XLl (R3), Ey XLI
(R3)4 EY XLIII (R3)4 Sonme exanpl es of carbocyclic aryl groups and

substitution patterns usgful for Are are reg@esented by Fornmul ag
bel ow where ArZsi srunsubgtituted o
aromatic rings i
each case hydrg

al

, XLN-LTV

het er oaryl , *¢ by dr ocar Byl \ggnt afnidg one or” , N P, or Si
at ons; where Rz ™Y i glegendently ing achgcaBd fl uor Cl-20 f ycﬁ*ﬁoal kyl, C
-20 perfl uor oal kﬁsy -20 al kyl, d - Zwtenyl Co6- Eo arxky G3- 20
het eroaryl, C1-30 {r'ocar byl containin e or nore S, N, g P, or Si
atons; C3-30 al kyl oxadimzolyl, C3-30garyd oanazoI yl, C3,430.al kyI trrazol yl,
13a R : where Xi s\N@, S, px NR], Al kyl,
oglkxl. 6 23 f007 |
(R3) By :
XAXIX 4 XL (R,
R R® R R3 RS3 RY Ey (R, R
Ey R3 Ey
x s xR, B,y

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

5 “independently in each case hydrogen, Ci.30 alkyl, Cy.50 alkenyl, Ce-0 aryl, Cs.z0 heteroaryl,
or C1.30 hydrocarbyl containing one or more S, N, O, P, or Si atoms; where R* is
independently in each case fluoro, C,.og fluoroalkyl, C; .4 perfluoroalkyl, C;.0 alkyl, Ci.20
alkenyl, Cs.o0 aryl, Cs.z0 heteroaryl, Cy.39 hydrocarbyl containing one or more S, N, O, P,
or Si atoms; Ca.30 alkyloxadiazolyl, C;.3 aryloxadiazolyl, Cs3 alkyltriazolyl, Cs.zp

10 aryltriazolyl; and where X is O, 8, or NR!, wherein R' is alkyl, aryl, heteroaryl, or
heteroalkyl.
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WO 2004/ 102615 PCT/ US2003/024911 RS R3/ RBRR3 R Rz Rz ~\ Rz XLIV XLV
XLVI XLVIT R3 (R3)4 XIVIIl RB RS RB Rz \ / \ R * [ \ | \ R=oBRR4 20683 )4
-OLD Rz XbXdsabledR3 )4 LII -REN NR3R3 4X IS -- &Usﬂnb%ﬁ KN
Rz LIIl I'n"sone enbodi nents el ectroactive polyneric ary]l] enes of thé present
I nvention exhibit inproved electron transport properties and, where
desired, large exciton energy to 5 prevent energy transfer of the excitons.
Furthernmore, through incorporation ®f Rsubstituent groups R, ,R2, R3, BY, and

Rz descri bed ra,, _we Yagenfound S e C ove thel {ty of
pol yneric é@ieé iR§o @”@- ?ﬂ@@e filng MLt hese
pol ymeric ary,qpes remsiy anorpho W thi® filpe My SO 2
aggregation and phase separ gij on. #EYY her mor et hese mat er ixal/f

free of polynerization by-pr ucts 10 teratridegrade OLED performance, such as

term nal ar es. In odi mend§ _t he~el ectroacthve arykrene
pol ymers of “ esant * se i CTiRve N ectron
transport host mmaterials for | tiRg so¥ut MR \gr ocessi bl cularly doped
pol yrner corrposi‘f‘l)bns t hat cafR®serve as the em %i ve oryd dnent in
XLIX L L 4
R Lil
N/N\ R3 ,R3
X si
LV
X
N\ -
N
‘\@_R‘z
LI

In some embodiments electroactive polymeric arylenes of the present invention
exhibit improved electron transport properties and, where desired, large exciton energy to
5 prevent energy transfer of the excitons. Furthermore, through incorporation of substituent
groups R', R R?, RY, and R? described supra, we have found that we can improve the
solubility of polymeric arylenes in organic solvents and that the films made from these
polymeric arylenes remain amorphous as thin films, by suppressing aggregation and phase
separation. Furthermore these materials are typically free of polymerization by-products
10 that degrade OLED performance, such as terminal aryl halides.

In some embodiments the electroactive arylene polymers of the present invention
serve as effective n-type 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, difinctional electroactive carbocyclic arylene monomers of

15 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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CLED devices. In addition, difunctional electroactive carbocyclic arylene
nmononers of 15 the present invention can be copol ynerized int o3lmgkoo7

emtting ¥0E{S6is0 enhance el ectron transport charactqwhidiRylospdversely
af fecting the emssSion characteristics of the polynmers. One exenplary

enbodi ment of the electroactive polyneric arylenes of this invention are
endcapped polyners as illustrated in Formula V. -17 23 Mar 2007 WO

2004/ 10261 PCTI US20031024911 EC- i +EC . (Ey)Ja V where a =1 or 2; nis an
integer in the range of 3 to 100,090{%0—1—&(10,000, or 20 to 2,000; Are and
Ey are as described above for Fornul a mIL N1; and ECis an end cappi ng group
as 5 described supra. These pol yners optionally conprise a soft segnent
noiety in the polymer backbone or pen(fe%t fromany of the arylene units or
end capping groups to inprove processibility. Wien Ey and a are not the
sanme on all Are units, the polynmer can ybe a random alternating, or block
copol ymer. These pol ymers can be used effectively as el ectron transport

| ayers or whsrea =10 oc 3hp trammtegheindgharapge of troH) G0 16 ko tkPMY or BBtEZ,0805 sti c

i i| OLED devi. Th | l.so. b d i
el eot ron ¥ AAETES b CUREH Y R R B o i 5 A p O AR R o
em ssgi ve a@d@ﬁﬁécfsz&)@a.c'rggsregaomﬂé}s tfalyiopliendly Bhfeis @ saRsse floiet] ay@es for

CEL devices. This nmay orie, for exanpl e, by blending the polyner with a
hol e t r anpplynter hatkbonabr pandestrfraniasy piibe aypenstunits pi andeppinggroupsde her wi se

applying the 15 m xt.ul.e 0 suj tabl e transparept, anade substrate and
doposi ¢ ndnaroxs prrgeRsiotg, Whth By 4GP il PR ph Bl 4y VRL BRI cin

2, 7-f1 uor @Ry a8, aRemamiedy bRRRespdliger. POl yners of Formula V exhibit strong
el ectrol um nescence in the absence of an em ssive dopant. These pol yners

exhi bi t i nprovdlessi pedymens cen hessedreffectinetnat dectromrfprnspett lagersooas @spondi ng

B sl ot SPpETE it PabdBof BN e il GarieBSisio s PR cpffbevies =0 car
transf er alipbiel dolyrit€rt caRh196 88 85 dsta acGR) bt EASEAPhost Whin bRUASIWER
polymers rel ative to corresponding polyners wthout the Ey groups.
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
15 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 E, groups

20 can also confer improved processibility (e.g., solubility, thermal transferability, web
processiblity, solution coatability) for these polymers relative fo 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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Exanpl es of useful electroactive polyneric arylene polyners of Fornula V

I ncl ude, but are not |imted to honopol yners of Fornul as LV-LX¥YMar2o8723 Mar
2007 WD 2Q04/102615 PCT/ US2003/024911 EC\ EC EC\ / EC EC EC EC | EC -N
NN O O N B3NUBEE7 0 ~ 0 CcH3 CBHL7 LV LVI LVI | LVI | PCTEE2R03¢@%E /| n EC
EC n EC ON RIN.N SN LI X LX OC8H17 LXI OC8H17 EC NECEC/ / n EC EC n EC N
NONONON/ I N-~I I CBH17 CF3 CF3 - ' 0 O CaHi7 LXII LXIII LXIV C6HL3
C6H13 C8Hn C8H17 -5H13 C613 ECEC ECn ECECECNn NO N,_O N OC3H7 NN

C3H7  LXV LXV 'Lec""rlf'tf €f ang; n aégﬁﬁﬁbbe&ge V. -19
= =N

=N N =N
O _N O _N O_N S_N
OC,H,; :‘:LO‘/\O’CHii ; “]‘ CoHyy
LV V] LV LVl

wherein EC and n are as described in Formuia V.

-19-



23 Mar 2007 WD 2004/102615 PCT/ US2003/ 024911 Some exanpl es of useful end
cappi ng groups (EC include, but are not limted to the groups Mgrzﬁgyrml as
LXVI T - Lég;&? Igw R3 LXI X R3 R3 LXX R3 LXXI LXX Fﬁﬁ%géﬁ

LXXI | | P H%I?SRB R3 N LXXVII LXXVIII ><><\}lC ﬁqXXIX LXXX
Ft 3C CH3 Ph PhLXXXI OHO 0- FOO\-O:lO CF3 LXXXI'I LXXXI'TT LXXXIV CF3 R3 R3
I N N \N s' LXXXV LXXXVI NPh2 \ / 1/ NPh2 O N LXXXVI | | LXXXVIIl In
Formul as LXVI | bainéwhbles B@uée&l'eﬂ@@ﬂ%@%ﬁhﬂs (EC)aA6RdS; BSLakd el BSREd toCl- 30

al kyl, 5 C1-30 al kenyl, C6-20 ar het eroaryl, or Cl1-30 hydrocar byl
cont ai ni néhecgreupsrof Forsulgs L VIIAL \HH Si atons, for exanple, octyl, and
wherein any of the aromatic or ali phatlc ri ngs can be i ndep dently

substituted € Or RpLe rres WI or o, or oal 20 -20
il *

LXVIM " LXIX 5 R LXXI1
*.i.R s .ﬁ.'
a0 N ap ey
L XX LXXIV Q D.
N Sveny “@
LXXVI LXXVH LXXVII
"y o
*%ZQ <0 <o
HG, c;|--|3 Ph oo Ph -
O_\—o O_\-o
LXXXII LXXXIII LXXX'V &
's’ LXXXV O

XXXV

NPh; O‘O NPh, N O
N
D 0
LXXXVIN LXXXVI

In Formulas LXVII-LXXXVII, R? is independently in each case hydrogen, Cy.30 alkyl,
5 Ci.30 alkenyl, Cs.20 aryl, Cs.o0 heteroaryl, or C;.30 hydrocarbyl containing one or more S, N,
0, 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, C;_5g flucroalkyl, Cy.5g
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23 Mar 2007 WO 2004/102615 PCT/ US2003/024911 perfluoroallcyl, 01.20 alkyl,
Cl- 20 al kenyl, C6.20 aryl, C3.20 heteroaryl, or Cl-30 hydrocapbwar 2007

cont ai ni n qore S, N0, P, or Si atoms, for exari;g ﬁi y. Any
of the engidggggﬁﬁéggr oups, EC, shown above in Fornulas L v sﬁa}ﬁ%&?(ll I,
prepared in the Exanples, or otherw se described herein can be used to cap
any of the 5 polynmers described herein. For exanple, the 7-brono or

7-(4, 4,5, pafiEdebARPL 0y by alicd, €. omeappcg_mgcy_wh@gm&pg ofC, Qfhyifdaaya LXXVI 1
can be used in place of brorm?benzen_e In Exanple 25 to formthe

cor r esponeintainiog poe ghmerecappdd Ruior Al athis Hor efange,Aghaox XXVI 1 1. | n anot her

exenpl ary enbogdi ne of ;the.present J-nyent | t. el ect [

pol ymeric ar yl‘g'%gp %858‘? F?@&E%QBP%S’ glrcg S‘i?%%%#‘?&%“ﬁ%%ﬂ’g@iﬁg’éﬁme

pol ymer i Cprepdrid R1v@8 ERh@ipleS, dFiofiddrvibe G8§PiO6d EQRRI JaiDeusd @b AnPHether nmore of
the arylene units are conononmer units, each |ndce(pendently selected froma

di f f &r entpadyméusslesambied hefein-drangkample, the Jrivemp @r i7c(44h 3P deteametinil drhZr vyl ene,

and/ or tegti.ary, arongti | NQ. ar ‘ erein the Qnmoppner .units are

conj ugat e xg\lxogﬁla%:gryﬁ?q%t@fe M&@l | Fan h%gffgsl{lipfaﬁ? gggwpofgl@ﬂﬁst i tued
Wi th one RrER{Ee 25 AUBEM tRAQRRISGTII g/copslyatd eshfed amitathk WG ofatde@w . fluoro,
aryl, fluoroal Kyl, heteroal kyl, heteroaryl, and hydrocarbyl containing one

or more SLXNVID; P, or Si atons. These copol ynmers may optionally conprise a

f ' f ' | nf 1 h I kb
pandent 11 om ot SPpieEREbRIEY coiveantern g pikt Ry bkl BRsIERReclPcoaci nil i 1y

(e.90, Sopalbinkrié ¥ryldnBeasmelibéd ARsh eleadpblyhiérs. IR sPEIOQRRSHR pdlymed® sol ution
coatability) for these polyners relative to correspondi ng polyners wthout a
soft segmwknenhwe&npinaflyecappesoropelymearvwherrin one adeire pbhalardenciodizard ¢

aryl ene, heteroaryl ene and/or, tertia romat i ] aryl unjt.s into
the potynerraieig e Sa MEPBlll RIS TRIES R ol SRR g
em ssi on, cdrbdtyZh k9TenB Oiedftbhilene St t@ttasf drohfiyamins abyibid, kWhireRathanet er,

and/ or el ectron and hol e conducting pr ogerties of the polyneric 25 aryl ene.
Many el eceqroenicanaippits agconingated yithrar « Rae gempieneramis prg unsebstifiedben  bot h

of it ecurp ity SREARE oF B ERPA LARERRERN AT o) At b B o1 "

exanpl e, hRE fRRkYNBN, hetdioalkdl, hetembly, dndapaRealybaintihiak ese antorl $¥,rmNs
equal | y_ wel | S( Bradl e A et al., in Spri niggr]' 30 Ve.rsl a% fI?er i en Eeoi_ del bereg, 1992,
pp. 304- 3809r. Sibwesy ekhese popelwaers amytoptienglly eomprise giseft segment moiety, further
described 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,
20 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
25 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-
30 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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achi eve. Condensed pol ycyclic arylenes and heteroaryl enes conprising imne
| i nkages can be polynerized directly into the pol yner backbong M# 2007

i ncreasi ngotfgyRheGt ron transport -21 23 Mar 2007 WO 2Q@4hk9¢BA%21911
PCT/ US2003/ 024911 character of the polyner. However, these groups

simul taneously shift the em ssion wavel ength due to resonance effects (than
et al., Macronol. 35, 2529-2537 (2002), Tsvie et al., J. Mater. Chem 9,
2189- 220@hihORO) £ thElpSlynial HoMeverd iz g8 8 simhtiseonslk@Bifi the estidsfoncul t to use
t hese types of nononers to sinultaneously bal anc lectron transport 5

char act ervayglnpitfaicta sesangnes eHrcts fLap et E%IMH‘E’P’."OEQSt omord, 2Ry hete with
conj ugat o] i 1 rayi | el ectron

Cr anspor © Brop B ST, O e 20 (P o T g %1 52
(1996)) . diffiehit candesthbsviepesaf nbreaeyeoastntlkakowdeledlame decton panspopr operti es

can be introduced into arylene_base ol yners using the electroactive
aryltne (Fhrragteppndiypgtheemission of aﬂag@ -né\”ﬂ}},r‘er{nﬁé% @glymef%wa:tﬁﬁow@gﬁtﬁ@ r oduced

. lati M . ol
it hout SEEO B Lo orfyith Oty e Celetfal) ERRPORBRMARGITES
copol ynera., diar.thes. Sovy Spirp. QProar4d 3 £3-03(1®e6ed, for exanple, by Fornulas VI,

VIl,and VIII EC+Aril [ AEC (Ey)a 15 VI Ar ]| EC EC+ Ar3 - Artn m (Ey)a
(Ey)a VIl ECApigaishavenew disppvered thas qlesison tapspost properticseanditer ei n el ectro

active arylERg 4 %ry'lébl’fel Habed ﬁol%@rs%ﬁhlg%é Q6chdablivd: zﬁ&féﬂlﬂ Andts SRR MRY

10 Surprisingly, these units can be introduced in relatively high amounts into a wide range of
arylene based polymers without affecting the emission characteristics of the polymer.
Suitable copolymers of the invention are illustrated, for example, by Formulas VI,
VII, and VIII

EC+ Ar1HAr3—}-EC
|

(Ey)a

15 VI

EC+ Ari— TﬂHTr‘%ﬂTEC
| E)h ()

VI

Ec—[— Art— Tﬂ—}n—{—m— Tr —¢c
(Ey)s (Ey),
VI
20

wherein electroactive arylene units -Ar* (Ey)a- are as defined for Formula I supra and may
be the same or different; wherein Ar® and Ar® are each independently selected from Cg.z0
carbocyclic arylenes, Cs.50 heteroarylenes, and Cig.¢p tertiary aromatic amino arylenes and
are unsubstituted or substituted with one or more substituents (R*) selected from atkyl,

25 aryl, heteroaryl, and hydrocarbyl containing one or more S, N, O, P, or Si atoms; wherein
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be the sane or different; wherein Ara and Ar4 are each independently

sel ected from C6.20 carbocyclic arylenes, C3-20 heteroaryl enesma?dorl8- 60
tertiary aromati c_amno arylenes and are unsubstituted or substituted with
one or nor¥O20HE 4 dents (R') selected fromal kyl, 25 arJFTURMOEPHEHY| | and
hydr ocar byl containing one or nore S, N, O, P, or Si atons; wherein -22 23
Mar 2007 WO 2004/ 102615 PCT/ US2003/ 024911 mand n are integers in the

range of 2 to, 100.000; and wherei...h [ -)I%C e the sane
or differ %@dalﬁareé&ggdé? E‘C&‘% er?lfé‘é{’ |1§°’§@6§§R§1F%g? ﬂ{?%kigr%%@rm ?"rmfajl Sterti ary
aromati ¢ FBT)Gredieydan® @WRFerekt Gidnbs sladticehemichly sbleasyldesabilytdr st@arg. These
copolyners may optionally conprise a soft segnent noiety in the pol ymer
backbone @romtisentinmeryl groaps af sanebisatipas thessol ap dessappd #77gr Shgset o i npr ove

i bilit Q. | ubi | i t | ili .
bt ocessi biePRyYmESin i Rpdy casitisesy SRsPRn el s Bl R honecy
COr r &S PONGheAdenP R AERYIBn MR Bt éndecapPing BABNTE Mpfove BidcessTbiBLyS@fl, sEROIRAL

noi ety is divalent or nonoval ent; the divalent soft segnments bei ng bonded
to two of theymahirangfrsahility, wish procsetdity.sglution sprtebiling oy thesemohaness reldiveEC and
Ara, Arl and Ar' [ a ; rt 1 ra. Ar' Al nd.Ara and Ara;
and the g%ffsg%qd?‘%?‘?l%gggn@ ﬁ%@tég?ﬁa erlf‘g\g% etﬁo Th%%gﬁoséﬁh rr%n?e Odéyf:‘gc, Art,

Ara Ar4, qlivdnt ol MeaEvadaitytive db/alsny sditsezfRaie Meing| Hold ol thg,of e grblishcds
copol ymers. Alternating and block coplymers are particularl,y suifable.

Sui t abl e cutheRlsted EomAl apbAr hECang fty B nand And At eandi A yAnEBddii. Arani no
| i,t,g3 f ] - V| L ect d
e 0o ¢ AT ! o Ay A b ARk o BRSSPl > "

bl ocki ng pRkYFRiore 6 BCIAB] KTl RES 6ER]. ﬂiﬂs&?&&meﬂgﬁﬁyﬁ@fﬂlﬂﬁh, figmampesul arly

doped polyner filnms) and on the functional attributes of the conponomner
uni ts. | n blegkscopolymess Altdraattgraod dinsk coplymsrean ppdicyladlisvitabdel i nto one of

three categories.based.on their. function; hi d nits, hole
ransport uni cueBRge Bl ke Rekaiont 8l ARG SR A8Re Loy ¢ e
ener gy di funéts &fce’ 36d het inaRimutie VIONT andbelstivEledbasddenthndamed figictie@pol ymer
unit or polynmer conpri si n(%rthe nmononmer or copolyner unit is at least 2.5

eV, tor exanpeeolymey(e.gigerrondranerariiolpblogkine polimes. dediioimizasregiap function.
can PSS SRR Al 50 o Mg g O ot
3 eV, can #wributes abtheseimohotnesinipo Ly tiy Contaxt, thotom®idnter uafis drd Posbaividedor
nol ecul ar emtters of blue |ight. ) . ) )
into one of three categories based on their function: high band gap units, hole transport
units, and electron transport units. High bandgap means that the energy difference
20 between the HOMO and LUMO of the monomoer or copolymer unit or polymer
comprising the monomer or copolymer unit is at least 2.5 eV, for example 3 eV. Light
‘ emifting polymers with a high bandgap function can provide emission of blue or blue-
green light and have a bandgap of at least 2.5 ¢V. Host polymers with a bandgap of at
least 2.5 eV, for example 3 eV, can serve as useful host polymers for polymeric,
25 oligomeric, or molecular emitters of blue light.
In some embodiments Ar’ and/or Ar* can provide high bandgap function when Az’
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-VIII, one or both of Ar® and Ar* are fluorenylene of Formula LXXXTX
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I n sone enbodi nents Ara and/or Ara can provide high bandgap function when
Ara and/or Ara in Fornmulas VI-VIII are selected from phenyl eng MHr®ap7
aryl ene } s hapht hal ene group arylene units. In ry
enbodi nelrwé')stz@fﬂ%ﬁol ymers of Fornulas VI-VIII, one or E%S@E@gﬁand Ara
are fluorenyl ene of Fornmula LXXXI X -23 23 Mar 2007 WD 2004/102615

PCT/ US2003/ 024911 3 R3 (RY)n I RYI n LXXXI X wherein R3 is independently in
each case sel ected from hydrogen,pIgr80 al kyl, CI-30 alkenyl, C6.20 aryl,
C3_20 heteroaryl, and Cl-30 hydrocgfbyl containing one or nore S, N, 0, 5 P,
or Si atons; wherein RY is indep y-tn each case selected fromfluoro,
Cl-20 fluoroalkyl, C-20 perflyy vl , C 20 al kyl, C-20 al kenyl, C6.20
aryl, C3_20 heteroaryl, and Cl-/30 hydhocarbyl containing one or nore S, N,
0, P, or Si atonms; and wherein (R),s 0, (&), or 2, in conbination with
-Arl(Ey)a selected fromFornulas XI-XLIIIl. In sone enbodinents -Arl(Ey)a is
sel ected from Formul as XXXl - XXX V. LKX%EX | east some of 10 these

nmbodi ts, .the, | : | ect rol umn t , L singly,
or vt o WGEiat B iRageo Beget v bR IG e -0 iR e oo « ne
sel ect! onghyiite 3 £41, &) etéga)nérm, i COY O AR BRI B¥hehih ISR dr nidrt SCNCOCT €S-

h
| ncorporatio ri(Ey)a“units into a ol yfl uorene backbone
unexpect &dbySedtoms;neltezein ®X ¢ indlepdndemibyt inonclacate selysed fonzAuéronC, nesponsi bl e

for color,shifti observed with prevjausly kn bl u ight emtting 15
pol y( di alﬂ@mﬁﬂlﬂé&gﬁég‘}&fu@,@ﬂg\?’ |‘§@9P§’Hl=ﬁfa% %}}yﬁ)’@ﬁ&ﬁ%’ 1 ZOQﬁ@“?ﬂﬂnWﬁg cant
col or tuﬁdgghﬁﬁ&aﬁﬁyl'c%{a&%@c&fé 6rfmorig‘r8?1\f,imP’,A\'SLASi'a@orE?),raﬁﬁlvﬂl%re\{ﬁ'n Jhb,'l,%Ee

el ectron il ent “nonomer _units sel e¢téd from aryl'ene units that are
condenseq, potonhicdtion veitly4AaNE, knsdiactainiioh doanulas KI-SH1LiAntssmeconpr i si ng i m ne

col or ¢ T RGUERER T (Fpk l SEBEFoR OB EOTTPS A H L ROCRDY ol et SR T oy o

el ron s i , I : I el ectron
) R o 45 B DIRIRL MR bR e YL MBS LOReRIOUS,

Non- | i ni tstablp emiasiph eEbloé lightvat green Hightelepemtispapan the sdlsctimaffidr’ onAthe present

i nvention .include tertiary aro ic am aryl enes.of E | as . XC- XCVI
with improved electron transport efficiencies. rﬁcorp rafion of t%e -Arolr( - Units mto a

polyfluorene backbone unexpectedly eliminated excimer formation and crystallization
responsible for color shifting observed with previously known blue light emitting

15 poly(dialkylfiuorenes).

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 heferoarylene units
comprising imine linkages as defined above, or both.

20 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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-24 23 Mar 2007 WD 2004/ 102615 PCT/ 0S2003/024911 NN/ Rx Rx i XCII XC
OCBHL7 XCI N NN* XClI I Rx XCOVRx N\ / RRK Rx \ /| \' XCy¥znN¢2Bs7 N/ N
N 0/ XCVvi erein Rx is as defined above in For - VI R

Thr ough séwgg??gﬁagﬁhﬂwl Ara and Ar4, delocalized em ss ﬁﬁgéﬁ%%%ﬁllan be
incorporated into the polyner For exanple, condensed pol ycyclic aryl enes
and 5 heteroaryl enes conprising imne |inkages can be incorporated
selectively into the conjugated backbone ,structures @f othery se phenyl ene
group and naphthal ene gro ¢ onjugated ar yhe efers to 'FOVIde centers
for exciton reco ¥ ‘ ‘ SSI As
exanpl es, the co~ 9-ch -r.

t

peryl ene and pyrene™pg pbe i NCOT P d W th adj acent car bocycN o aryI ene,
10 heteroaryl ene, or arorratl c am aryl ene un to give blu green
el ectrol um nescenc I I ard, Sy etic Metal 11-112, 119 (2000) ,
Bernius et al., d Mater. -25 23 Mar 12007 V\D 2004 2615

PCT/ US2003/ 024911 1 z{ 1750 (200 The sane ijs true for sg&ﬁ al of the

het er oaryl enes conprising imne | b@lq@ges nos tably the
benzot hi adi azol - 4, XCdi yI .

0 g
o . *
©owoQ

XCVI @_ -

wherein R* is as defined above in Formulas VI-VIIL
Through selection of Ar', Ar® and Ar*, delocalized emission centers can be
incorporated into the polymer. For example, condensed polycyclic arylenes and
5 heteroarylenes comprising imine linkages can be incorporated selectively into the

conjugated backbone structures of otherwise phenylene group and naphthalene group
conjugated arylene polymers to provide centers for exciton recombination, giving rise to
characteristic emissions. As examples, the condensed polycyclic arylenes derived from
anthracene, perylene and pyrene can be incorporated with adjacent carbocyclic arylene,

10 heteroarylene, or aromatic amino arylene units to give blue or green electroluminescence

(Millard, Synthetic Metals, 111-112, 119-123 (2000), Bemius et al., 4ddvanced Mater. 12,
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In sonme enbodi nents of the el ectroactive polyneric arylene termnally capped
copolyners of Fornmulas VI-VIII, Ara and Ai -4 are independent!| g33glr@eobrd from

phenyl enewga0dl aryl enes and napht hal ene group aryl enas, ach
phenyl ene gr ouplgtaireg/l ene and napht hal ene group arylene isin /%gépez'zddé%?

unsubstituted or substituted with one or nore substituents (R ) sel ect ed
I ndependently in each case fromfluoro, G 20 fluoroal kyl, Cl-20

per f1 uor 0189|3‘f—\/1|750§I 0 2) ahK ¥ime g@ru%(-}‘o@sre%pal @thgge@%aﬁyleﬁés% ngﬁ@ﬁ'lﬁ@nngéo

hydr ocar byl cont one or nore S. P, S ato one
enbodi rreriinkag&s;nmxtarqmtéytheﬁ@naﬂhmdmwa 7*«1@110 poI yrrerl c aryl ene copol yIer s

conpri se at ast 5% the el ectroactive arylene units of. or mul , and
at | east 10%3?158’6‘!?19?1%’#?9@% ?f‘setﬁ? AEERATHEPOlymERE anlns tPmyRe ‘gne gr oup

aryl enes &B@gﬁﬁ?@&%rﬁﬂ%swwm Y bRNRS ark thdd ?éﬁd@ﬁﬂy At st HS é)hehﬂ@ne

copol yners mprise at | east 15% of the electroactive arylene units of

For nfil a |grogmatytnes eabsnaphdtdent gradpeiryihmsyﬂmn@nga@mhemylmagm@atrﬁam grdoup
aryl ene uni unsubstituted.o i tut a ri bed above. |In yet
Bt her cHBbIsER BtoupieY bGP D Efeci o U 5ied Shtiitng o more

el ect roacéub&gﬁéﬁé' P@?@ell‘!&b& thd en'ﬁ@ﬁtﬁ?%eba}:h cRB%ot Ah&RSE, C?Poﬁﬁo%allt{ Renyl ene

group or e group arylene units, unsubstitutec subsil uted as
descr i bedpafhorealk¥h €, .0 dkylo€s.nfardi €6 ﬂleteroaejdemtdr Oanthydmcarbyl engaininigt s of

Forrmula | may var h |mt d the, ratio of different hen | ene group

or napht h%eé}’ién‘ﬁ?ﬁu)g é? gi %‘n%—i r?&? CWQPQIT%DE Horgxaatple.iths ?le ﬁ"‘i he ratio

var kgs t ot her
h6 v#d(]ﬁgl& Jougpen ]; E}Iﬁltﬁyhi@fs col 98 1eat 5 %e El%ct?&%ﬁ% glyfe]ple%nitpg

unit pro 1S type Rt ove % valu or eac of the
aryl ene Porinuta Band bieisast 10% dilventoabmbr muﬁsbmdepeﬁdanﬁpeeltected iftosn pleentyleae

copol ymer th t yners, thes rs.can he use

RetpettinE e R et e "F)Qf‘/’é?s Tafr R S EN, 6 cRpRiymers

char act er il fse st TubA bftﬁé'@fec%@vg mﬁ aﬁ(ﬁﬁgn&?%ﬁh%{*ﬁﬁs% 1%%‘?@' so be
used as an dactive electron transport st en ended’w th nolecu hol e

t r anspor t thagkatydererglognossplthatbop groaup atyiemer m1ts euﬂsulgﬁltetfeﬂ |oc Bstituted as
el ectrol um nescent del\glr ces. Eor certain s of Arl, and Ar4,
Yeéé“‘it

pol yer i Z9RsFhFdRboES er&ibé’fqﬂ%‘?i‘t Wlﬁrﬁ CPWPPﬁ%a By AR H bk bone
gﬁbgt [ ? ﬁ?éei g&%%%‘}%)eaéggﬁe ny enes ﬁLaYI§ g%d;ar%fléé)#g‘?/(? % eo%qeﬂg?g‘% gl%ghes cent
pol ymer s wdphthalanp rgm;@chrguea@mntsmummmd or mmnanecbas desenitsedetiove.t Thd he sane
e e SERHLSbAetis SSboERebe BT T S B BT s 20 23
ratio of different phenylene group or naphthalene group arylene units may vary without
20 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 copolymier.
As with the homopolymers, these copolymers can be used effectively as electron
transport layers with good hole blocking characteristic in a multilayer OLED device.
25 These copolymers can also be used as an active electron transport host when blended with
molecular hole transport agents and emisstve 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. oxadiazoly! substituted
poly(2,7-fluorenes) or oxadiazoly! substituted polyparaphenylenes) that can provide

30 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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Exanpl es of useful electroactive polyneric arylene copolynmers conprising

el ectroactive arylene units of Fornmula | and phenyl ene group o M@pehbhal ene
group aryl ' i nclude, but are not limted to tho he Formul as
XCVi |-l | E&F‘%’fﬁﬂg@@m EC\ i(- \ / n EC ECn EC EC N - CrT’ %}"P(?Zb",lh N o, N
0C8H17 XCVI |1 XCVI |1 | XC X CBHv CBHn CBH17 CBHL C8Ft7 WT EC EC EC EC n m
n NN OO0 COCrF3LCF3 OC8HL @ CeHn CBHn C8H77 CeHn CeHn CeHn EC mn N
ON I OBHng A ro?'u@efﬁf%lle@trd%%ﬂ?@ﬁﬂfrxh@@éjar?r}b%%%o%&?m%ﬁrE% ngl ments of

t he el ectroactlve olyneric aryl ene copol yners of pr esent venti on,
the term rﬂédupaﬁappmyielm&)mutswfébsm@lfa IRod phvrydeny|granp or rephihpleaé groaplayyiene
alternatin nmer s erei a a | ndependent |y

sel ected f Cg‘&jﬁr'dﬁ g?%?%‘ifjctpm@ %@@@u%ﬁﬁgaQﬁenes, and tertiary

aromatic amrno aryl enes,

Cll

OCH,;
5 wherein EC is as described supra.

In some embodiments of the electroactive polymeric arylene copolymers of the
present invention, the terminally capped copolymers of Formulas VI-VIII are preferably
alternating or block copolymers, wherein Ar’ and Ar? are independently selected from
condensed polycyclic arylenes, heteroarylenes, and tertiary aromatic amino arylenes,

10 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 C;_p alkyl, Cs.20 aryl, Cs.o¢ heteroaryl, and C, .34
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10 wherein the condensed pol ycyclic aryl enes, heteroarylenes, and tertiary
aromatic am no arylenes are independently unsubstituted or sghsidrtoabed W th -

one or nmorgoBRabIdisents (1V) selected independently in from
Cl-20 alkyl, 06 20 aryl, C3.20 heteroaryl, and Cl-30 -298%@?@86# VO

2004/ 102615 PCT/ US2003/ 024911 hydrocarbyl containing one or nore S, N, O,
P, or Si atons. In one enbodi nent the copolyners conprise at |east 10% of

the el ectyoacling cﬁﬁ%ﬁﬁ:??ﬁg‘&rtlﬁoré'@, N BY P2oi0S; s UlnPonelemiRtnéit theeast 1% of

conpbnoner “units 'selected fromelectron rich heteroarylenes and tertiary
aromat i ¢ eopiohonas yorepess; atdedsti1 @h of thealectrpadtivieerdrmawiiisea (By).tofHonani

ti ' its bel ti d. bsti.tuted,with
or “hror o shiBGs it i Cheopoteates BRI RLRG RleFER SRR M S00pol yer <
conpri se @ltidrfadinal %hitho hiiBenc! BRI dIQAGHINE hefeYdRMenyIBI fefiiky afop{el @ |, and

at least 10%0of electron ri'ch heteroarylene or tertiary aromatic am no
aryl 6ne uamire, arylmseinstsi Heingehsobstisuibd of substitedsvitieans oteresbbstiguentnR*anot her

enbodi ment, .t he copol.yner onprise at,least 20% of .the gl ectroactive

aryl ene 1% %h‘?i"?'sﬁb'fg"of—l_ ﬁm%aﬁinf’?n&ﬁﬁe gqpo!bgléf‘gf C@B%%ﬁaté?aé&ﬁ@ r‘?ﬂl}ech_

het er oar yLRBfofivd ﬁ?xﬁén@ﬁﬁjt%?ﬁ&‘iﬂxﬁa I, A ROcadt YORNST cldbhrbf ricH hetehsu{ibhd &d or
substituted as described above. The ratios of different electroactive

aryl ene utertizy avimhatieyanzno arferemnits, unswhsitued gr spbstitoted ak dageribadebavieeInrat i o
of different electron rich heteroarylene or tertiary aromatic anm no arylene
i 5. oy SEEBERSTHOURBITS (1 APROLIR FOTRES SH1F5! S0 G IEHREYS FYERE one. uni
intera'-@ i ‘ ' i 0 this
typelhof u{rllilnt. hgﬁ ggg\’t;%%g%tvlg% ltjg@/fogrc Iegg?:lﬁﬁo ﬁet?xﬁ%ﬁy&%ﬁgﬁgﬁﬁlﬁ glﬁ%fr?ée based on
t he t ot al amimbeylend uuitsy engubatituted dr sulbshertebmalegonired dbhes eThpmtigsref s provi de

both hol e d electron transport properti an tionally are. .
el ectrol uﬂ‘\%??é“é’é@ troaghyg a . ?l%e‘“ 9‘65 M&FF Oﬁgglim'ﬂﬁg E}awgnay Wﬁpo‘ﬁﬁ’é‘%%@m@
el ectr ol Up ST RlrenCRBRRR dlql@{%roa%glfﬁé‘oﬁ&[iﬁ%'}e%iﬁggﬁgﬁfﬁh% 81hB8nits may

el ectroactive polyneric aryl ene copol ynmers o present “invention, the
term nal | yanyayifedt Goyo| When thegitidroarres athov] litkit, dneamet ip tlef mtiablay bebseait

copaol ynmers, .wherejn Ara an LAl e.1 ndependent elected fromelectron
TeR” het BRUERR Ghaambroader 002 A WhlsPeo Lol APouh ey BT FEH gy oup
aryl enes gpdryvIBAPILIREIE BEsclRYR: R nBRBS: o MBSaELMtd IRGhEL BN FRE. Thek:

het eroaryl enes or tertiary aromatic 25 am no aryl enes, phenyl ene group

aryl enes aogmespohidke dnth iyplo el eesttartensporepropertiebsnd optiomdllparesubst i t ut ed
with one o

e{ec 0 &%ix?e%ct:)esntt.i tfﬂgp gesrveg ili:\; l}seﬁﬁ hgs(i tn?a er%arllsd fR? %Pe%ﬁgé clsl%ctir&uminescent
compositions. |

20 In some embodiments of the electroactive polymeric arylene copolymers of the
present invention, the terminally capped copolymers of Formulas VI-VIII are preferably
block copolymers, wherein Ar® and Ar* are independently selected from electron rich
heteroarylenes or tertiary aromatic amino arylenes, phenylene group arylenes and
naphthalene group arylenes, wherein the electron rich heteroarylenes or tertiary aromatic

25 amino arylenes, phenylene group arylenes and naphthalene group arylenes are
unsubstituted or substituted with one or more substituents (R) selected independently in
each case from fluoro, Cy.29 fluoroalkyl, Cy.x0 perfluoroalkyl, Ci.a9 alkyl, Cs20 aryl, Csa
heteroaryl, and C,.3¢ hydrocarbyl containing one or more S, N, O, P, or Si atoms. In one
embodiment the copolymers comprise at least 5% of the electroactive arylene units

30 -Ar'(B)),- 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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each case fromfluoro, C-20 fluoroal kyl, O _20 perfluoroal kyl, Cl-20 al kyl,

C6-20 'aryl, C3-20 heteroaryl, and Cl-3o0 hydrocarbyl containi pg\y@00r nore

S, N, 0, PwoPfsologdsoms. I n one enbodi nent the copol ynmers conprise at | east
5% of the el ectroactive arylene units 30 -Ar' (Ey)a of Foﬁﬁ’l”&z 03024911 east 1%
of electron rich heteroarylenes or tertiary aromatic am no aryl enes, and at
| east 10% of phenyl ene group aryl enes or napht hal ene group aryl enes,

upsubSt & o8t «URE RO R Ao BANNE arlBneRiNRTRABAD] MGk 16RDLRRPO YITET S
-28 23 Mar 200 211026 s i03/ 4511 conptise ai 1east 10% of
t he el ect redabi vieh aetetoandenesior sertddry Bommaticamino atyldnesamsdi@tihoéd othe el ectron
rich heteroaryl enés tgr ,te?tiz:ry rg{rati 0,2 'tﬂo gr #enes, unsubstituted or
substi t ut ve, group
subsiiuted 82 ArpHbedAbIYe, g leRRt 19 % B Bhgone O R RESE

aryl enes | | bst i d as

y q{tht'ﬁQlQH«% gl%llélﬁ gﬁ'ﬁ%{regﬂglsgﬁr%%gwér subSfied b H%ﬁﬁ:ﬁge@ SoovdP 3 hldiilé

descri bed above. I ment, the copolyners conprise at |east
20% of t hesnfHodahemabe copolangts enmpried atFerst20% of thealedimactive2Offexnds of|l ect r on
rich heteroarylenes or erti&&ré%/roar_o tic amno arylenes, unsubstituted or

subst i t ut Prayladealdrish 2Bl Glrstrom High BEteroaRAneE GYAEHATY REPTRAIEHFINED B VTS Ep
arylenes QnsARALEMLENBALRHRS BELLBHLSoY u%%ieagtw/gopﬁleﬁsgm%&eﬁ&ﬁp as

descri bed above. eratios o erent’ el ectroactive a I t's
- Ar | ( By) a @fleh@rormlaphthalameygroap yryhdriel omsutiktdtednortsnbativeted at descobeddatoler ent

el ectron rich hetergarylene or tertiary aromatic¢c amino arylene units my
vary wit hothe Ities Qﬁdlﬁ‘ﬁénfr%%qtr@aetweoﬁrﬁﬁ%% Bt -gﬁlé@réa?éo g’&ﬁ l%yy‘fa@h&ﬂ%wt
naphthal e : s JWHH ' LB Lo : ' | £S

w ot § G io T d RerERREIROK Heh bRy drao AT Pgc iR AR |
pfovi des nLiifd%medy wtaby svithyydinat; thewatio of deffeadin pherdencgdrogsarfylene enndphtifalérae

arylene units are based on_the. tot nupber, of .repeat units in the 15
copol yner . SHRURHPHG S & PR ehRY %it %fﬂE‘BHﬁP%‘g’c‘&‘d‘t kBRIt B hEhese

pol ymer s BHERRL G a@&%@%ﬁ@t&%tﬂ&%tﬁ{g% TORMLBR ¥ offdfC iRl YH s cence,

as well as electronica conj ugat e and el ectton transport
f unct i onal vdlges foneash oéthersbdeienentssrobastden tHedotat manbérod rgpebtyurstsinc ther yl ene

copol ynmers of the resent invention, the termnpally capped copol yners of
For mljgas_ \Viorghitery ge ﬁ?@?‘%ﬁt“éﬁl"i‘)ﬁmaﬁe@l’l{ &PW&EFW@)BE‘E%W‘%@F@SGW&P@F% Ara and
Ard are | ”Hﬁg&@@&@é&dﬁ_ &?dcﬁﬁia%fénfrécﬁﬁﬂeﬁ‘?&d&&%%ﬂln%b%&ﬁ{ | h&wei % éigftrom'cally
het er oaryl e conprising 1mne |inhkage, electron rich heteroaryl ene,
tertiary acoumgaied lahs sl elgiren taesperigiunctpnalityl ene, and napht hal ene group

oyl ene, each o o el B SRR YDA M58 SRR St W €

present invention, the terminally capped copolymers of Formulas VI-VIII are preferably

20 alternating copolymers, wherein Ar® and Ar* are independently selected from condensed
polycyclic arylene, heteroarylene comprising imine linkage, electron rich heteroarylene,
tertiary aromatic amino, phenylene group arylene, and naphthalene group arylene, each of
which is independently unsubstituted or substituted with one or more substituents (R*)

; selected independently in each case from fluoro, C.2p flucroalkyl, C,.59 perfluoroalkyl, C;.

25 20 alkyl, Ce.20 aryl, C3.20 heteroaryl, and Cy.30 hydrocarbyl containing one or more S, N, O,
P, or Si atoms. In one embodiment, the these copolymers comprise at least 5% of the
electroactive arylene units -Arl(Ey)a- 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

30 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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sel ected i ndependently in each case fromfluoro, Cl-20 fluoroal kyl, Cl-20
perfluoroal kyl, d 25 20 al kyl, C6-20 aryl, C3 20 heteroaryl 33 268630 -
hydr ocar byyo eRph@spd ng one or nore S, N, 0, P, or Si at | n. one

enbodi ment, the these copolyners conprise at | east 5% ofp{(ﬁ@smg?/%?‘rloacti ve
arylene units -Arl (Ey)a of Formula |, at |east 1% of condensed pol ycyclic
aryl ene or heteroarylene conprising imne |linkage, optionally at |east 1% of
el ectron i t ' : ik . } 1R, pkihanal |y at
east 1005 SRR FIAGYIGES: GhidfbiobRi BLATRN BN LAOEAR WS 1

anot her epiipgica® piouptadifesogalapmbaene gronp asdeneatinlagather dHB6difnehi) the

el ectroactive arylene units of Fornula |, at Iaggst 5% of ,_one or npre

condens edoqpelxmeyE foTEPESA At disat Ao pEthe clsigrdlys aE e wulsid Fomnple 1y atitashe, at

| east 10% J %9% ron
rich het e?éc))‘%roﬁ‘gnndéﬁsoéﬁoé@?g? ?/Pg)agrng%gﬁlé%g éﬁ%} %})eggg; y §§1§Q an qgﬁgeégisl?g%S% of

t he 5phen¥s e cBtporpriel ktteroarydeneron pditigl aeneatiyy anipoaryibws and hileass 00%arf

enbodi ment, the_ copolyners conprise at |east_ 20%of the el ectroactive

aryl ene ulePbemencaap arviene g npRbfAlene EORRATY ISR setios of gedraentc aryl ene or

het er oar . SLOG:l M i %q:0f:.. - rich
ot or oar yF EeBATRY|chE s MR, L SRS mn 0 Wil Meseh 0 11 ©F,
phenyl enedigfepanpelaciybretich heterdapidngal esttarg mesipatiy thigoarylditeudiRtrhDsvaey
different  electroactive arylene units -Arl (Ey)a of Formula | may vary

wi t hout | Witheut kg theratie o diffeapt phersdencaraws a'a%enlei%ﬁs Rerahalgae &Faor
tertpar I l i . W I Jbemto f tio of
i 1 107 ene SRRbRES B0 D AUKGR B! WBRIRY I Yarial iR mlebhe iR L
uni ts mayraiaiiyayid dhaert whilsithe olibeimit frevidas 1 00%fklds typetoflauit. Thehovegae unit

in the ratio mybe absent while the other unit provides 100% of this type
of unit. YHBesfgpGachof thearyleae paits arg basedonthetofglpuebsr phicpeat aps dbed on t he

t ot al i ' -
con ugat e ioRg5 ARES pAlbS sl & B ERRORARBEne I VSHb AR EES) LBIER ©
del ocal i z#iat apporgdeloedizhidon reljeicdd ot sletislamtisecnzs dnd oblor st hinkf asgell & wel |

as 15 electronically _con%uggt ed hole and electron transport functionality.
Some Sexanplesitongallyconingated fpleand eloctran garspeefpactiongline copol yners
conprising el i | tS. - , -

addi ti onal congﬁ%%?%ﬁtlég?ﬁ%hﬁgﬁg%%%ge gg)%#e%r%ﬂ 8%‘%@[@45%%‘%%@?@ g
proper t i egleaticactihOaglat uhns mi' @5),Coll Féaviula F 301 2Riithal @Hohomers to fine tune

the color and charge transport properties are those of Formulas CITI-CVIL
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WO 2004/ 102615 PCT/ US2003/ 024911 CBH17 CBH17 CBH17 CBH17 ECEC M NN -N O
iN CIl OCBHn CBH17 CBH17 CBH17 CeHn C3H17 CeHn EC/ m\ / EE3MaAri2bo7 N a
OCCHL7 C H17 COH17 C8H17 CaHn C6H17 C8HLl7 CeHn n\ / \/
Ca T Q¥R O P ONNN | Rx OCeHn EmSHle o e i
ECEC nmnmN N-N OiNs OQCOHL7 CVI 0C8Ht 7 CVII wherein Wand EC are
as defined above in Fornulas VI-VIII, and n, m and | are integers in the
range of 2 to 100, 00Q., -31. 23 Mar 2007 HWOcd)04/ 102615 PCT/ US2003/ 024911 In
the copol yners of thi'§'"™\wyénfion, electroxctive arylene units -Arl (Ey)a of

Clll OCgH,;

OC.H QC.H
"7 ov T ol

wherein R* and EC are as defined above in Formulas VI-VIIL, and n, m, and { are integers
in the range of 2 to 1060,000.
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Forrmula |, additional conobnomers, and cappi ng groups can be optionally
substituted with additional substituents that nodify the sol ghiMdrtono7

par anet er yy ogh;Agda, 9N energy, electron affinity, or any ' ' of
these. 5 In one parlticul arly useful enbodi ment, one or n%ﬁ?@HgJTOH%{’JZ?ﬂEC, Ar 3,
and Ar4 are substituted with one or nore groups independently selected from
fluoro, fluoroallcyl, and perfluoroal kyl, wth the provios that when EC is
phenyl, the flHoho BE QYRR itventidle eRBfBactiR@SHIdRAmitEOAr X3 TREE, the
substituent groups CR%, 9%\6(,8 Rz, and R' associ at e%th_-Arl (?f?a, t he
conononer Foamntis], adddioaaltocmymoitrets, gedeappingfroesyian bs opfiordlyrsubsiguted Withl ar e

10 i ndepen tl el.ected, from.fl uor f.l uoroal kyl., .and perfl ugrqal kyl .

| ncor por a???cgﬁorb#su Sﬂg?é‘tsghﬁé?‘ﬁ‘é"ttﬁﬁf@u@hh 1?%?}}18*\9% QTRZAUOB e e ‘%19" film
f orm ng pgﬂﬁg?tgre&g%n{%ﬁggloy%g& and at the same tine increase the

i oni zation potential and electron affinity of the polyner, _therepby making

it edsier to ihjeutpatiedutonsiduhtodsmattokes motrohéroEfeArtiand Acldrei es,
oxci mor | SRAETBH G ena gL EPI DR P BB i seterisd {Rb g Qporodiorh iRl
Rapi d Conpuiinodlkyl 36mh hdgrotidOfh) wheatiBe id SudnoT i Midro ArdupEY hét in thdara
conononer “units, and calpnpzlﬁlng grtg‘_gé)lst of po yrryft&zsta%g(tureisw\gwﬂll;aﬁ?ﬁa?e
sel ect ed phsigtm. Fadxemple tierasbs grappReXR’t Br rradiRorassdciatetbwi

exanpl e, the substitutents, cap include s eri'call i nder i ngb roups to
reduce t h&SOMARPTISH UBKS: PRd ERGEAPRING SEPURSOT PRI AEArEM{As Y- c,rgr?F‘? gurati ons
£t ¥ D . : i ssi on,
0 1@9 ' ﬁﬂfeg%fﬁg&ﬂjé E%@QQA WOR{ udr AluohS AN CH IS ATHRSalRY1. |I€éﬂ?n T &hfdn §M SSi on

whi ch cause ting of the el ectrol um nescence. ot her useful
enbodi menthese nbstitutents eandinprénee the baltbitityeand fijnofopsinRPhroRyticsRe, the polgmiY

associated with the comgnoner and end cappin ups of..the | yners of
For mul as 9@%& PRI UK dnggette g IOREAN %ﬁ%@ﬂg i e .npefﬁr%OF t?ae_ @A Qs
car bocycl ‘ﬂfe];ﬁcfg%;ﬁﬂﬁcRreaﬁgﬁﬁriﬁﬁ@’él@dﬁ%ns Bnd Blofk Rbled. R' is a sterically

hi nderi ng ctional group such as an aryl, heteroaryl, or a branched
al kyl, and SS issnangsather i fgulires, sonm pelynerPnefyegeadrhie, unBesitableaemiasigh . The use

of AL oAl inderin, Tunetionel, orgup gan 30 redes, gL prevent the
sof t segmapl.BRLERLER Cfnth 12! E5Ys- PISsRDGGT)C SUBQHRSHMMBLCAIRY]-Uge two - 32
comonomer units, and capping groups of polymer structures V-VIII can be selected which
reduce excimer and exciplex formation, if desired. For example, the substitutents can
include sterically hindering groups to reduce the formation of intermolecular or
20 intramolecular configurations of the light emitting polymers that produce excimer or
exciplex emission, which cause color shifting of the electroluminescence.
In another usefill embodiment, one or more of the substituent groups R, R, R?,
and R* associated with the comonomer and end capping groups of the polymers of

Formulas V-VIII have the general Formula IX

~f-Ar-ssR"

25
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
30 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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23 Mar 2007 WD 2004/102615 PCT/ US2003/ 024911 or nore functional groups
each independently selected fromethers, fluoroalkyl enes, 23 Mar 2007

perfl uoroal kyl enes, _teriary am nes, thioethers, dialkylsiloxanes, and

di al koxysWBé&fI‘fé‘g 2615 These functional groups can be the sBFEUSH0 %{I”f‘?’ér ent .
Suitabl e soft segnment noieties include, for exanple, poly(oxyal kyl ene)
groups (e.g., - CgH2gO 5 where g is an integer 5in the range of 1 to 6 and

s is an i n%&gg ﬂjﬁb%ﬁ %@ﬂﬂ@ea@fl 1n?deh81d%9ﬂy @r&t&pﬂr&w@%nwdam&%e) (e.g.,

[-SI(CH2, + I's an Ihteger in the range of 0 and nis an
I nteger i nperﬂheroa]énylgpaesgftermry omBR}, thivetstwsy diblkylsilggies, @dpbaﬂy‘ém#@tdnﬂ ene)

2 1020 b t h I
ol R ”? s T ORISR o8 DA i <o T Sﬁﬁaqqegé?ﬂwm goifishenyl) .
and SS is g fule2fr e%ﬂﬁwxlycﬁk%%mf}géerg)gﬁyg tg | &R, B28D)1- PO WH] hfegé}r yl enes

of the pr esent i'nventi‘on ‘can I'nYcombdi natl o each
ot her Sor wirt the ednige rof ¢ite 6tandadd anviateger initihtangerof 2 tonZf))pod pmgn(&alkylsﬂsxmlle@
rm el ectrol unm nesc SI t.ion The . soft .

I I t I of nt
Segment s | 15t hO(Eitbook Bt VIRGS FBIBFPE 1A AL, 0 oS SCEBibyi de
better sol yhi dhdoofana tPfeferHI?lgrOEfSﬂ P By %?on?t%ﬁiorﬂrﬁzttﬂ% asimlar

pol ymer wi thout™ the sof segnent's ionor altérnatively, the soft
segnent s cambett stemsofihene pnbtpxhnﬂentes‘sr issgenyleng ptindy Ribs Copamdbeycliandylf i | m

stability such as meltin e rature, ass transition

t enper at ur °‘i9é’|‘ G’Fﬁgg’ei’s g?’fﬁ‘tﬂpﬂyl)aﬁ‘bg %%h{gﬁ%ﬁ ppb'%ﬂ%yz?qeﬁze or form

aggr egat es, Vi sggskfe¥troactifh BolErHeHb HBH&E%PQ% rés@n%%@éﬂti%ﬂ'eaﬂ%@ﬁﬁdtdhﬁﬁ gtuch as
melt viscosity and relaxation'tinme, ~ exciner and excl pl ex formation,

cohesi ve st emgiingticngith eg:lhtothenoswutbrmtlfelrekwtrmeyve of ligt ednﬁmgqntlyrﬂ'erese soft
segnent subst nts can.i ve transfer and a esi n of the

ol oot roact FoEl FONHA TR e A A TebRar P oo AT BREFAG i oni ¢
pol ymers  gpichie @®aRRld botidedit M lenddiag g ﬁéﬁreﬁ%%%%eﬂé%@l@%t?%@%s‘?&f fer
layers in OLED device constructions. Soft segnents can al so”be incorporated
in the baclrrtmxrhmgntb alheemleecabstma@thane smﬁlqnpbmmrmﬂmnymene& scgmm Ipr esent

i nven cl udi mer.i c_aryl enes, of _Fornulas V-

ool o aidiGps o, Mtbrmalt e RO MeSa R sEermmmts S sy Al PERCERSARND Mo mhL 4 o s
] EC (Ey) bt &%m%@&ﬁtﬁu%s Ao xampPle, frlMing temBAGnAY, 41R5 Raigtise! i ned in

Formulas V-VI1I, and is’a
temperature percent crystallinity and tendency to crystallize or form aggregates, viscosity,

thin film morphology, rheological properties such as melt viscosity and relaxation time,
excimer and exciplex formation, cohesive strength, and light emission frequency, if

20 desired. These soft segment substituents can improve thermal transfer and adhesion of the
electroactive polymeric arylenes to commercially available conducting ionic polymers

] such as PEDT and PANI, which are commonly used as anode buffer layers in OLED
device constructions.
Soft segments can also be incorporated in the backbone of the electroactive
25 polymeric arylenes of the present invention, including the polymeric arylenes of Formulas

V-VIIL. One illustration of this is represented in Formula X

confe e e s e
‘ m

(E (E

Ya
X
wherein EC, Ar’, -Ar' (E,),-, and Ar* are as defined in Formulas V-VIII, and SS is a

30 divalent aliphatic group containing two or more functional groups each independently
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30 divalent aliphatic group containing two or nore functional groups each

i ndependently -33 23 Mar 2007 WO 2004/ 102615 PCT/ US2003/ 02493 Mar2ebect ed
from et hg( g odihiisoal kyl enes, perfluoroal kyl enes, teria5¥n%ghmgﬁ}w11

t hi oet hers, dia kyl si | oxanes, and di al koxysi | oxanes. |ncorporation of soft
segnents within the backbone of the polynmer or as a pendant group and

nmet hods of making the soft segnents are described in U S.S. N 60/374044

filed 5 an il 19, 02, .i ncor por at ed rein hy reference. A nunber of
met hods ﬁ%@ot@ﬁﬁa@éél%%ﬁla@“%@%P&&@%&%}?ﬁ%ﬁp@r%w“e%ﬁwgh@éa of the
present Hﬁ]d{;ﬁttﬂio%hes':ﬂfd AXROB)sBoxdrde termnally capped el ectroactive

c ary

pol ymer i ene honopol yrners may be prepared bjl)ﬂ/ma process wherein a step
i ncl udes r eaclrcorporaiduadfisdB segmérds withindhe bgdkbane dinthe pabydicaoess aperdantat al yti c

hyd i ckel (J1) hromide, in 10 th f ot | d
Feduct ng EEP RS o L BARIAGHE PI FRETHBETBHRE oA T Dl CL AP iled® 2"
(Magr omDbeoukiego, b2, hedfboriahd iR 9P kdfeAscar0di fi ed by Colon et al. (3.

Pol'ym Chen. 28, 367-353 (1990)), and applied successfully to

Polym Sci .,
fully conjugat Aduptieyofmethbgs ey he vsedath makiviler dastoactvepglyddric 2G%4e2697
(1991)), all three references fuylly jncorporate erein.b eference. In
anot her Q?g‘ﬁ PFW@“VB%‘?H%P%?&E%‘F e,f%e F&PWPﬂ%P@%?egcﬁreﬁﬁ@?&Wﬁi’D 18%hped with
an el ect ) j ' | of a
ronof tnctnaronRpp iy 86 pepfid 3 dppbAS b 2 Heb Ikl XoEhT:

di oct y1f dilnfideeyrbomutic asiamedaternabatel with natalytic enhydredd nigkeli(lhbooomdd iunct i onal
aryl_ gro in toluene for. abaut 1 ours usi .

et b o aeptva P RBSEITTPBAN? S TARDDS TEIAl LEPcsording e HEPOd Mot o
coupl i ng Yﬁﬁ'ﬁ'ﬁ'%géto e%ﬁ&%&%nﬁfecﬂléﬂ%ﬁ@ltiﬁ% 299%)) QQ%bufﬁed%%E@ﬂ&I?gteﬂ

substituents (prefera brom ne ‘and chl orine) c¢an be pol yferized into

copol ymed.& RefyneseenPelpk] GChemritdo A0 Ta83(O00F), arveapplind mecssséislly toffullpout t he

aact | vo SHERBHA RobsT Ut e A Satp b b abr Ry (BT mtens T M

react i Ve rgBRfces'sifty rchifbrdtt PrERIBY ERRAGICKIRY mottke e fok iR RESe

el ectroactive polyneric aryl ene honopol yners and alternating 25 copol yners
maylShe prepansed lymepmney bs sappad maihranzeleptrophdnmicaliydiasrt msd @roupdgyaregétzme

di brom de .jnternedi ates wi.th .aryl ene di boroni.c aci.d/ ester internediates
under palf* ’Ceséé’? 4 IW@‘EB%%PP@ EREE e#gé@ﬁ%ﬂ?he%f?ﬁﬁpﬁgﬁm%g’g "as
taught byiddyifikérend)idStatidard ddnbRIBhS fle., Fefliewith n¥nofidftBiénA 483 otdiPR) )

herein fully incorporated by reference. For
toluene for about 16 hours using tetrakis(triphenylphosphine)palladium (0) catalyst).

Using the Yammamoto coupling methods, mixtures of monomers each bearing two
20 halogen substituents (preferably bromine and chlorine) can be polymerized into
copolymers of essentially random nature if the monomers are of about the same reactivity.
If reactivities are significantly different, then the more reactive monomers would be
polymerized preferentially over the less reactive ones, resulting in blocky copolymers.
Terminally capped electroactive polymeric arylene homopolymers and alternating
25 copolymers may be prepared by a process wherein a step includes reacting arylene
dibromide intermediates with arylene diboronic acid/ester intermediates under palladium
catalyzed conditions using Suzuki coupling methods as taught by Miyaura and Suzuki
(Chemical Reviews, 95, 2457-2483 (1995)) herein fully incorporated by reference. For
example, an arylene dibromide thereinafter referred to as a type A monomer) and an
30 arylene diboronic acid/ester (hereinafier 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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exanpl e, an arylene dibrom de (hereinafter referred to as a type A nononer)
and an 30 arylene diboronic acid/ester (hereinafter referred be\ag280type B
nononer) ted in nearly equal amounts to formdesired alternating
copol yner ?d?@ggﬁ%ﬁer step the resulting halide/boranyi“YEPWHEHYEE pol ymer
may be capped with an electrochemcally -34- 23 Mar 2007 WD 2004/ 102615
PCT/ US2003/ 024911 inert aryl group by reaction with an excess of a

nonof unct i onal  .ar (e under standard
Soroki ool Yot Y RS Twih oo BEABORE SRR AR AR E R fa U
copol yrer srdneiiehizeneMardifitentdnah emief btand@d Satukd voliplasipaditionand/ or emi ssi ve

nmononer units may be made with the units in a random 5 order using the

Yammanot o coupMemgnaky panpsd elsetrpastiyparylene copplymgrssoaanisingihode twuwEp®t. coupl i ng
met hods. FEgr, Su I_coup | & [e. A nor e
fype B moSGREPL oipel MR Rt Bl R uRic KR8 yes U SARL Be B0k b Blp T e

type 5A nmopderasifg ik VRRmoRERblingadhbds,or iihen sistithebroa gkt of the
type B nononers. Alternatively, an excess of type A or type B can be used
to cont r olcowlingcugthedsnEpyyhrzukiCoppling iten 6T MO PE AGIOBYPEIS IR F¥0 PF B hi s

process i s, t i L USii ' f tion of
repeati ng%ﬁeyhlfglg@? ﬁéﬂ%%ﬁ%ﬁ%?@logg gggﬁetcgﬁl%g% r%ahﬁ%ﬁé%@}tﬁg&e a%mer s of
nmor e conplpgohofierdie bproxinnelpeqrdnd t¢edmbineylingdlar angolt yitieypoB nememetsl gher
degree of structural order._ For exanple, an appropriately functionalized

el ect r oactAligmasivolyeibexnsss of typer f oy yypedt candrerised to contgg) meecplan ettt wht h t wo
S . : o
oot ' GonBlaud KitieE RE B GneE A oo ThARIM RStk ¥ B PR e

Br - Ar 5- Ar bkEyiveliiEer fBe forBlatiok of apehtinies-B ¢edpr Sainghlbheslrsgemeiting of
el ectroactive arylene units -Ar4(Ey)a may al so be forned ,bly maki ng reactive
ol i gomer s cepolymss MaRpmsrs of iyyg ceipplX struchire icor be pnglaved to weld copelyeienyl e

hol e tran r . t
monomer o, theq HERA e oAb b el dtE Bl Roori Aha SERERT
met hods) , elptrbanik layylemnumsr 1Arh@,)-hef Fonalaiamapbe réadrd vath wey halctuled oftahe
oligoners tqQ termnal diboronic acid/ester, or vise versa to provide for

bot h1% ype cAtbRREFlicRyEnd heterrarylcne. o1 tegiams promagis amire(depelap Reisgs mesomes Ul ti ng
(eact | vo SEPTRGE 05ty R PR B9 BB, End cooping can
access repr eserBlagk-vepdxacmekespafing bleck segments of electroactive arylene units

-Arl(Ey)a— may also be formed by making reactive oligomers of these units, along with

reactive oligomers of, for example hole transport monomers, electron transport monomers,
20 soft segment monomers, higt_l bandgap monomers(e.g., by Yammamoto or Suzuki

coupling methods), optionally converting the terminal bromides of certain of the

oligomers to terminal diboronic acid/ester, or vise versa to provide for both type A and

type B reactive oligomers, and then coupling the resulting reactive oligomers together by

Suzuki coupling methods. End capping can then be done as described above.
25 Reaction Scheme I depicts procedures to access representative examples of the

block copolymer class of materials by first making two reactive oligomers. Block

copolymers, which comprise a series of one type of arylene unit bonded to a series of

another type of arylene unit, may be made by a polymer extension reaction of, for

example, a hole transport oligomer with an electron transport oligomer comprising
30 electroactive arylene units -Ar’ (E,)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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bl ock copolyner class of materials by first making two reactive oligoners.
Bl ock copol yners, which conprise a. series of one type of arygheng2aovt

bonded t@Qoaos@foh@s Of another type of arylene unit, npyhrish®dRaldy;a pol yner
extension reaction of, for exanple, a hole transport ol igomer with an

el ectron transport ollgoner conprising 30 electroactive arylene units
-Arl (Ey)a of Formula |I. This can be achieved by the reaction of two or nore

el ectr 08@%&@&9&&&9&&{ §ftlB€@EHr8ﬁldéQifﬁ|rb§fB§bhﬁttMe A&l ¥ EmB OMRTo(Ritg. , di brono
and di boronhic acid/ester). In steg a) of Reaction Schene | the hoI e

t r ans por N,N{bigfépeomogheny 3N, D8 bivkd- m@henydtbemw L4 demsngCcvitisreeasoef 4911
g:neﬁgr 3ﬁ§h?¥hbor qgﬁé S at%];JrésQn at‘i.j\}eberlgcrerlolnq‘l%h% teroarﬁgrrle = tezrit%'f y%—bts it If §y ar omati ¢

N, N - bi s{e&mtaémyppb%alb)taﬂ\&rb\tanmﬁy S rbakdazBlR emider Baﬂa@ B6npling-cdhaifoieso W th an

excess of the’diborolane of a representatlve el ectron rich heteroaryl ene,
9- phenyl gi8e ﬁteti:toscélatlﬂp@p@d ht)httraatlmhqlllgomez HXsdifdoaboladl BHI whytejn ®edrcar bazol e,

under Suzukl couplin o) ve th or ol ane
transpor yaryd %%’ﬁ&rg eﬁ\‘ﬁlr %‘frﬁr?nt‘?&ﬁm?%r@%d‘é%gﬁdl ng on the
ratio of gRedRlAnecis \bél@ﬁ'ﬂ &Qh@&%bmér%f?%tﬁ% avalgs abdif 2WMRI0GRE thaver age

nol ecul ar wei ght of the oligomer of Fornula CVII1 is about 2,400 and the
ol i gonerOhmm naaslefas folbowes. i 5 18D renndrbottavhet Glasho fitsed Mithskrubbart ed with a

ubber | SSRLSMANd, (oLl ux candenser er e 0L SWESH, 45 toramethy1 1,32

di qgabor &oﬂ%&ol)ﬂﬁz ﬁ?ﬁﬁéa?%@ ]0(79-¢79.59 mrheReI5 BHRY Sentd) BOMIP4H £8FS) from
Part A of Exanp Infra

N, N - bi sEnaxbplartaptzy%mW NMswbmnsc(phemﬂi WIS HE s hutedpend)binzeneil dvitiaming 0. 65 g,

caui val ot &y 9RPL BRI L bt ShATOR Y@ P p Dot a1

equi val epfifval@fieh, 201 soltunh PAYERNEe sollich waﬁnnums%m&hsﬁe t?aftél{f&)%fxxdﬁbt rogen
for 30 mn. Undér a nitrogen 15 purge, tetrakls(trl heny phosphi ne)

pal | adi uml(©luepd Tywaopoged witingl sireard @m&%quméloenmpnvlasa witidgeh The

S TSI R B e e

bl s(4- bue&lmaﬁw&:tseaaae@@ﬂe,réac@bﬁmm}éwéstﬂa@nt&mt@t@ 1%6199&;1 kol transport

agent HTB of Formula CVII1). 20 The nol ecul ar wei ght of the bor ol ane capped
pol y{ (9- pbsiepk cepped pohalfdpbery]-GH-clirhdzple-3,6- dzyl)[ N,N"-bis(phenyl-4-yl)-N,N'-

N 0 S RRER el R R SR kAR HES 5
ni t r ogen oppE@fta CVIID).

20 The molecular weight of the borolane capped poly {(9-phenyl-9H-carbazole-3,6-
diyl)[ N,N'-bis(phenyl-4-y1}-N,N'"-bis(4-butylphenyl)benzene-1,4-diamine]} was verified
in the delowing 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

25 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-OH-carbazole-3,6-diyl)[
N,N-bis(phenyl-4-yI)-N,N'-bis(4-butylphenyl)benzene-1,4-diamine] }. Molecular weight
determination by gel permeation chromatography versus polystyrene standards gave Mw

30 239x10°,Mn 1.49x 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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t ol uene was added followed by a further charge of tetrakistriphenyl phosphine
pal | adi um (0) (10 ng). The resulting m xture was refluxed fopgmarmgys and
then cool ¢, @9{9 25 tenperature, and 30 nL water add @%&H‘II c layer
was separate an washed with water followed by brine. eC| prration into
met hanol , filtration and vacuum drying of the solid thus obtained gave 0.62
g of phenyl capped poly {(9-phenyl -9H carbazol e- 3, 6-di yl)

N, N - bi s( Bﬂﬁ{éﬁgexﬁy]é’élifcd}} Netibegbdwhn b ¥lighenydss benge) B%Qroﬁro%héﬁ‘l Y4}

Mol ecul ar wei etermnation by gel perneation chromatogr aE&y ver sus

pol ystyr eﬂectﬁwa)ﬁnhwé]1@a4retwomeeﬁuwkw@phna candjgens. 0@ va 0|5ID1 qar:67 I'n

| b) _of h th
ol Bover Ve ARG RS B A G| wiap IR RRE A 5h BE Ol 3heBRlek
1,4- benzea@&a@%@r@h@lma%ﬁht of3ife dBgdvhér &%ﬁnul\ﬁ\@m@%d@%&m ReHep/$2QAF31024911

bi s(neopentyl g ol) cI ic ester with a slight excess of

2-(2,5-di Bﬂmﬁvp gmp 15 qhmn(lpecqnpsd(ylﬁpmmqsnom ohganerdi b of BoramteC DSuz uki

| Th d h f
bor ol ane. a50 fedieroting Sbfed Bk SR moR 2Bl e b PRV R e b Rats@ oy ecut ar
wei ght  of yhig FhEIUSRALIY cdnaditivak ofibwed By aiDitppigWith sulifabRlean cﬁl?ﬁm f 5

Reaction Schene 1 the brom ne capped el ectron transport oligoner A of

For mul a C|ngoupaﬂi@ m&uwewath@h@@ppecgwnihe HFEEMCOH@MIBI EomtulaFﬁKnul a

CVIIl are reacted under uz Uk condi.tion d by end
cappi ng wi nltljl BIC@E%H(%B%‘ES B%% Iaﬂe{j rgm(]:d}sueS ﬁm% Shenyl , to
gi veld he %@T abéz@%m@ﬁﬁ@lhywefghpﬁftlﬁewpﬂlan@%fFoﬁhiala\@lc U@n Bé inthe adhg¥ F Y
depending-on the ratio of borolane to brom de used, and the 10 wei ght

aver age nebewdL000 tadiOP8i008f t he copol ymer of Formula CX can be in the range
of about 5,000 to 1,000,000. -37 23 Mar 2007 WD 2004/102615

PCT/ US2003/ 024911 Reaction Schene | \/ e6H13 /" OOBr Br / \ O O \ / [ +
N/ N'"-\ O NN+ CsHu PN
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| b CA6 G H16 OC8H' (la) j(1b)

Cn- N+ OB6HI3 ON os TO{_ % B Ni

Ccviil cC
bl ock cog%1y#égg’\

aspect,
pol yneric aryl enes,
More specifically,
two reactive groups.

H
this invention relates to novel
I ncl udi ng the present el ectroactive polyneric aryl enes.
this invention relates to pol ynerizabl e nononmers havi ng
2007 WD 2001/102613 PCT/ US2003/ 024911

N/ \' NC HL6 Ph Ph
OC6H'

-38 23 Mar

CAO CeH16 00'/ Co6H1]

11 OCoH' OC8H1, |

B\ / Br |
HT 2& Mar 2802 ( 2)

\/ N\ N_N.

VAV N N ey Qobdii N 0 HT- ET

i nt er medi at es usef ul

for

CX Reactive Mononers 5 In yet another broad

maki ng

More specifically, this inventioRepgict¥hemglcertai n nononers having the

structure of

Fh

0)§4_ Br Br
s . QA P

HT,
Cviil

CGH‘IJ

o]
ar Br ‘ [ ]
=\
0.-N +
CiHy é
OCeHyy
CGHIS

o

RoSes

CBHia

HT-ET block copolymers

Reactive Monomers

OCH,,

CX

5 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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Formula IVD Ar' -D (Ey)a |V 5 wherein each Dis a reactive group

i ndependently sel ected fromchlorine, brom ne, iodine, boronbgngi2do7and
boroni ¢ egiHui MWherein a, Ey and Ar' are defined as_in, Formula |.
Useful aryl er(ljgugo?gldps and substitution patterns for -Ar 'PFEQ%:S Oﬂg}ﬁéwé}sl ect ed
fromFornmulas X -XLIIIl described supra. In one enbodinent -Ar'(Ey)a is
selected fromFornmulas CXI- CXIII. RY RY Ry /\\ / \ \\ and (R2)b (R2)b
XYN x N x N : ; I ]-r),g}ﬁ j .S rsel ect ed
from -0- Ivﬂge &?pegiﬁgla H&I(thli'e\;ﬁeﬁgﬁ%ﬂﬁ&esjt%%ﬁn QA%ngfn%gnﬂdalvRy a? gﬁgbsflﬁl c?g)ffi ned for
Formul as Pomdlid M ; and RY RY RY /\\ xyN xr" XrN Ar2 Ar2 Ar2 15 CXIV CXV
CXVI wherein X is selected from-S- and -N(R)-, Ry is as defined in
Fornulas XI-XLIH and Are is a caPpo crelaryl group unsubstituted or
substituted with one or nore substituents selected fromfluoro, Cl-20
fluoroal kyl, C1-20 perfluoroal kyl, CI- al kenyl, C6_20 carbocyclic -39 23
Mar 2007 WO 2004/102615 PCT/ US2003/ 02(-1 11 aryl, C3_20 heteroaryl, Cl-30
hydr ocar byl contai ning one or nore S, I}JV 0, P, or Si atoms; C3- 30

al kyl oxadi azol yl , C3.30 aryl oxadi azol yI'; C3-30 al kyltriazolyl, and C3.30

aryl &ri az@h¥lein each D is a reactive group independently selected from chlorine, bromine, iodine,
boronic acid, and boronic ester; and wherein a, E, and Ar' are defined as in Formula I.
Useful arylene groups and substitution pattems for -Arl(Ey)a~ are selected from Formulas
XI-X1LII described supra. In one embodiment -Arl(Ey)a- is selected from Formulas CX1-
CXI1L

*

RY * RY

RY
* 0 * * /\ \ y and * /\ \
G (R2), (R},

~N

=N ~N
X X X 1
);N )—;N };N
Ar? Ar? ArZ
0 CXI CXil CXlil
wherein X is selected from -O-, -S-, and -N(R')-, and R', R®, b, Ar%, and R? are as defined
for Formulas XI-XLI]; and
RY R/ rRY
AQ— . q AN
X ot X 0 X
Tf-N )zN 7;N
Ar? Ar? Ar?
15 CXIV CXV CXV!

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

selected from fluoro, Cy5 fluoroalkyl, Ci.y0 perfluorocalkyl, Ci.zg alkenyl, Coz9 carbocyclic
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I n anot her enbodi nent, useful reactive nononers of Fornula IV are sel ected
from conpounds of Formulas CXVII, CXVIlIl, and CXIX 5 R3 R3 B3ng32B87R3 D

DDD/ \wboAoR:isQ X XR3IN -XR RBNi CXVII CXVIP%{{”%"O,‘%Z'&E({ >e(r Ois

wherein Dis chlorine, brom ne, iodine, boronic acid
phenyl ene or a bond, X is selected from-0-, -5-, and -N(R)-, RL is aryl,

al kyl, heteroaryl, or heteroal kyl, each R3 is as described in Fornul as
XXVI T - XLL 1y, \M"%, nf, Q (ilﬁtfrﬁrs' Ree pnofQramthag,! ! and
I11. Poly l ci%? | %{?‘{ iSectI}t'gtzfJcntagls%n'e13 aryl ene me)bngrr%llr:sg (%}h %

pr esent malkglmmazqdylo@g SearglonediaslfloCs. igratio tparayl, agdéﬁﬁmymwaomunt s of

el ectron transporting npoponers i ht emtti i nc i ng

f1 uor ene- cont aRARPIGeENYeRIRENE 1@/}?9[@68?0“@%@’&%/0%{%&?“? elegt g@f’bn

char act erdoﬁgogﬁdsogfgo%u&glmﬁscxiﬁu Exar®kps of useful reactive nononers
ary

conpri sing ectroactive ehe units. -Ari(Ey)a- include, but are not
limfed to the follow ng difunctional electroactive arylene Conpounds 1-15:
-40 23 Mar 2007 WD 20041102615 PCTI 1JS20031021911 G Br Br Br C \ / C
aa da sro\ ﬁs LNN NN ON ka%&N 6 34 p5 NDB,RCBH/70 CeHL70 CBH 70

s DD DD O'@
N

R® CXIX

wherein D is chlorine, bromine, iodine, boronic acid, or boronic ester, Q is phenylene or 2
bond, X is selected from -O-, -S-, and -N(R")-, R' is ary}, alkyl, heteroaryl, or heteroalkyl,
each R? is as described in Formulas XXVII-XLIII, and each R* when present is as

10 described in Formulas IT and II1.

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.

15 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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aaa\yv/aaadaaeBe\/ B Ad\y/ A $NN6\V/ 7/ \V\NNN9 SNQqQgp
ON MO-NFF ONNNI 1 FF | | C8HL70 C8H170 F CBH170 @8if®0Br \ /
Br Cl / - N12 ONNN 13 o 11 ON, p NN XC8 0 CBHL7
CSHL70 o%ﬂf@“‘ﬁﬁ“%& CBHL7 G\ / O O\ / /\ O .1595"’5@%?%@“ _o.N
6~ 6 CeHt 70 CBHL70O The C$HLl7- groups in the above Conmpounds can be |inear

or branched, for exanple, n- octyl, iso-octyl, and ethyl hexyl. D hal ogenated
1, 3, 4- oxadi azol e nononers of Formula CXXI1, whi %p are a gy

BrQBr C{Qm m-Qca CIQ BrQ
=N
Y =N -N

O¢N O_N o_N -
ot “
CyH:,0 CeHy7

0

o
=z
(@]

{20
8

The CgH,5- 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

5 subgenus of Formula IV and are of the type Halo-Ar'(E,)-Halo where Ar' is as defined in
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5 subgenus of Forrmula N and are of the type Halo-Arl (Ey)-Halo where Art is
as defined in -41 23 Mar 2007 WD 2004/102615 PCT/ US2003/ 02493 MarBooppul a 1,
Ey is Forywd fedfozs@nd Halo is bromo or chloro, can be s ' t he
acyl ation of substituted tetrazoles as shown in Reacti o%%ggﬁsé}r'r@%?ﬁwl n
Reaction Schenme 11, where D1 is Halo, and Rz is as defined above, a

di hal oaroyl chloride of Fornmula CXX is reacted wth a substituted tetrazole
of Formul 19?9651 | LOERSRTL AY ad LIRS BlomkPor TS, dafl bRRyRnbASd bip@kvent such
as pyridiﬁ% I\/yz’\r%’kov et ap(.’g, Ny (‘:)hemr of "USSR 6§§t(6), _11%5-1128
(1992)) t acylaiomaflsebstitiiad tiyencltes draniinRetdionsivhene o fn ReactidraSdxixiel . The

e L RIS Al WPl QR ™
Reaction RcReA%ifha s@s@u%d'?etrﬁolel SHFcmBANE XK NVithBhtinld fogﬁ%&u@MIthgﬁ bnRz 10

Al ternatively, nononers of Fornula CXXII can be prepare y

cycl 6condarstablvent sueh abpmadine vyyikegdetzti ddse. ademhofdSSR RAAx 11135 1528ene |11
(G ekow e loenn, L. n....Chem SSR..( Engl. Tr ansl| 0, 3-3766 (1960))
wher o Dr° be@2Ro Riranbe dumlciRnatet yatiotle manapa of Phimile GEXE e teherde 111
a di hal oa ' A, LM, | AGSbnd oM : it ed
benzoylcthFé@%F@%PEPE%@t roomo?gHﬁpera%rneﬁllg\gh ?%ﬁ or orfet Hane
(DCM  wi t NEhokireNN-dahahylfomammde(DyiFanaimfut.o form a benzoyl ar oyl hydr azi de
of Formula CXXV. Alternatively, in sl%ep.(l gg of Reaction Schene 111, a

di hal oaroyl chloride of Fornula CXx}&ch he@edf th a substituted benzoyl

hydrazide cgnpound of Forgula CXXVI to forma benpzayl aroyl hydrazi de of
Formul a CXXV. IGh 20 step () the benzoyl aroyl hyd

reacted wt Qsphor us chineqyj de at reflux to & m the di hal ogenat ed
oxadi azol 0 of* Fo X1~ 257 N
N O N

Rz
10

Alternatively, monomers of Formula CXXII can be prepared 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

15 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. Altematively, in step (1b) of Reaction Scheme
I11, a dihaloaroyl chlonde of Formula CXX is reacted with a substituted benzoyl hydrazide
compound of Formula CXXVI to form a benzoylaroylhydrazide of Formula CXXV. In

20 step (2) the benzoylaroylhydrazide of Formula CXXYV is reacted with phosphorus

oxychlonde at reflux to form the dihalogenated oxadiazole monomer of Formula CXXIL

25



-42 23 Mar 2007 WD 2004/102615 PCT/ US2003/ 024911 Reaction Schene Il D O
OO IINHZ (1 a) NFi H+ C IVRz 1 i HNRz CXXIVD OD CXXbgiudessyy D~ O
D Od +G9 &%’E& NH: W HZNHHN Rz DCXX CXXVI D O CXXV D1 OD1 DI NH
(2) N | V% 29 N DI OIl CXXV Rz CXXil 5 For exBREV&00HIHRYY on
transport nononmers 1, 2, 31 and 10 were nmade by condensation of the
correpondi ng 2, 5-di hal obenzoyl chloride with the appropriately substituted
benzoyl hydrazi de. 1, 3-Di hal ogenated nononmers are simlarly prepared. For
exanpl e, the new electron transport nononers

2-(3,5-dichl orophenyl)-5-[4-(octyl oxy)phenyl]-1,3,4 10 oxadi azole (4) and
2- (3, 5-di bronmophenyl ) -5-[4-(octyl oxy) phenyl ]-1, 3, 4-oxadi azole (2 were
prepared by condensation of the cor <%@m@ - di hal obenzoyl chloride

wi th 4- octoxybenzoyl hydrazide, followed by cyclgcondensation of the

i nt er nedi at D3, §- di hal o- N 4- (0 tyIoxy)benzoyl]--en’ohydra2|de

Monohal ogenat edj|1, 3NI4 oxadi§ 0(@' capghag gres BRQELSWer e simlarly
prepared fn he\lcorrequﬂi ny_¥ rﬂgnoha'l—oge‘na prlg\"ﬁur asgshown, for
exanpl e, i anpile 15.
1 CXXIV Y 0
D exxan CXXV
D', D' o
o] 1b
ci + _ae) NH Re
HzN_H RZ HN
CXXVI ©
DTCXX > oxxv
D1 D1
@
=N
“/Ei}' O N
Rz
CXXIl

th

For example, electron transport monomers 1, 2, 3, and 10 were made 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-

10 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

15 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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D hal ogenated 1, 3, 4-t hi adi azol e nononmers of Fornmula CXXVI1, which are
subgenus of Fornula |V can be prepared by cycl ocondensati on ob3tgg 2043 23
Mar 2007 wW0udPo3d/s102615 PCT/ US2003/ 024911 benzoyl aro [

i nternedi ates as shown in Reaction Schene IV (A T. Pr uén@%ﬁ%a,@oggﬂben.mem
USSR (Engl. Trail), 37, 2082-2084(1967)) where D and Rz are as defined 1in
Reaction Schenme H. In Reacti on Schene |V the benzoyl ar oyl hydrazi de

i nt er mediy iy Siedided K26 el it RERKioMBLRINE Y AC‘PnﬂhHé o th
P2S5 to prggl)gim)(lﬁg gEQ ehdEl ¢ azo{j‘es of F()IPrru I a C % . Reactl on "Schene
IV p+ O DAGER ChddUSSR (Engl. m;&t),S’lrz&ED zosnxa9@7x;>®h¢r@~mmtw a4y definedror

Y A R S R e T e e

1,3, 4-t higg; @Qﬁﬁm@r SARNIHAG: SERAHRTRAUESS x@i&l?P?Ss% bawlere ﬂﬁé@% ed from

the correspondi ng rmno al ogenated precursors. D halogenated triazole
nmonofrer s thfadfaoslasibBF @XXNA CIXCXWiHlhi ch are a subgenus of Formula |V, can be
prepared by cycl ocondensati on of the 15 benzoyl aroyl hydrazi de i nt er nedi at es
as shown in Reaction Schene V (E. Klingsberg, J. Og. Chem 23, 1086(1958))
where D1 and Rz are as defined i p.RapgtdcRaneepenre 11, and R is aryl,

al kyl; heteroaryl, or heteroalkyl. In step (I a) of Reaction Schene V the
benzoyl ar oyl hydra2| de internediate of Fornmula CXX¥\ s reacted with

phosphor us D1r0ch| oride at an el evated tenperd g, 150 C, in the
rein R 20 is aryl or heteroayyl to provide the

1,3,4-trid I I=—ArTernatively, ip=Nstep (Ib) of Reaction
Schene V, 2 oyl hydrazide is reacted witl¥ orine in glacial
acetic acid (I\/bss ., J. Chern. Soc. Perkin Trang. 1, 9, 1999-2006
(1982)) or pother Ghon-reactive solvent to form the - di chl or o- 1, 4-di phenyl
conpound of FdXXVa R?

CXXVI

For example, the corresﬁonding 3-(2,5-dibromophenyl)-5-[4-(octyloxy)phenyl]-
10 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 CXXVIIL, which are a
subgenus of Formula IV, can be prepared by cyclocondensation of the
15 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 CXXV is reacted with phosphorus
trichloride at an elevated temperature, e.g., 150° C, in the presence of RINH;;, wherein R,
20 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-dipheny! compound of Formula
CXXIX. In step (2b) of Reaction Scheme V, the 1,4-dichloro-1,4-diphenyl compound of
25 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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CXXI X. In step (2b) of Reaction Schene V, the 1,4-dichloro-I, 4-diphenyl
conpound of 25 Fornmula CXXI X is reacted with RINH2 (Gaut un et 2g8lMmar 280t a
Chem Sca .609-615 (1991)), wherein Rl is alkyl or arylalkyl, to
provi de t%oczg@&lg%ﬁﬁandi ng 1,3, 4-triazoles of Fornula CXB’&/T’Pﬁ?"“g’ﬁ%I‘QEB Mar
2007 WD 2004/ 102615 PCT/ US2003/ 024911 Reaction Schene V DI -C D NH -N |
()-WHNr RI-N D 0 CXXV Rz (I b) (2b/, CXVIII N | Rz N--T-~ ClL D QW
5 For exanple, the triazole derivative

3-(2,5-di chl oropheiiyl)-4-(4-nmet hoxyphenyl) -

5-[4-(octyl oxy) phenyl ]-4H1,2,4-triazole (8) was made by this nethod.
Monohal ogenated 1, 3,4-triazole end capping group nononers are simlarly
prepared fromthe correspondi ng HsaSIPAaISsBeRaVed precursors. Di hal ogenat ed
1, 3, 4- oxadi azol e nmononers of Formula CXXX, which are a 10 subgenus of
Formula |V apd are of the type Hal o-Ar' (Ey) - Hgl_a e frl is as defined in

Formula 1, BY ip Fornmula 11:1, and Halo is bronpo Y 4chloro, can be
synt hesi ze Ki oupl i ng of @ahonofuncti onal _'_ﬁryl oxadi azole with a
nonobor oni iq4,{?st Rhe dibaloaryl ene as shoyn iip Reaction Scheme VI.
I n ReactionYScheme)Vl ,>where Ris as defined in Reacty Schene U,

2, 5-dichlor FFghenyl oboronic acid is reacted with a 15 _honof uncti onal
2- (4- bronophrenyby~d; 3, 4- oxadi azol e of Fornula CXXXI B: presence

\(1'3) o (Zy CXXVIII
Ci
r, SN
| C
Cl
D"

CXXIX

5 For example, the triazole derivative 3-(2,5-dichlorophenyl)-4-(4-methoxyphenyl)-
5-[4-(octyloxy)phenyl]-4H-1,2 4-triazole (8) was made by this method. Monchalogenated
1,3,4-triazole end capping group monomers are similarly prepared from the corresponding
monohalogenated precursors.

Dihalogenated 1,3,4-oxadiazole monomers of Formula CXXX, which are a

10 subgenus of Formula IV and are of the type Halo-Ar’ (Ey)-Halo where Ar' is as defined in
Formula 1, Ey is Formula I, and Halo is bromo or chloro, can be synthesized by Suzuki
coupling of a monofunctional diaryloxadiazole with a monoboronic acid/ester of the
dihaloarylene as shown in Reaction Scheme VI In Reaction Scheme VI, where R*is as
defined in Reaction Scheme 11, 2,5-dichlorophenyl boronic acid is reacted with a

15 monofunctional 2-(4-bromophenyl)-1,3,4-oxadiazole of Formula CX3XI in the presence
of palladium bis(triphenylphosphine)dichloride and sodium carbonate in an inert solvent
such as tetrahydrofuiran 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

20 acidification.



of pal |l adi um bi s(tri phenyl phosphi ne)di chl ori de and sodi um carbonate in an
inert solvent such as tetrahydrofuran with heat to formthe dghiglooggnated
1, 3, 4- oX{g¢ nomer of Formula CXXX. The 2,5-dich oroni c
acid can%g%aﬁﬁgg’zg?‘gd by reacting |- brono-2,5-dichlor obéﬁé@ggﬁ%wﬁﬁﬁbutyl
lithium then trimethyl borate followed by 20 acidification. -45 23 Mar 2007
WD 2004/ 102615 PCT/ US2003/ 024911 Reaction Scheme VI C C N _C O + Rz
N- B(OH)2 NO CXXXI R_. CXXX 5 For exanple, the new el ectron transport
nmonomer 2-(2',5'-dichloro-I, 1-bi phenyl -

4-yl)-5-[4-(octyl oxy) phenyl ]-1, 3, 4- oxadi azol e ( scan be prepared by reaction
of 2,5- diclilorophenyl boronic acid w.th

2- (4- br onophenyl ) - 5-[ 4- (oct yl oxyRfrsHAY BFhemeVlh_ oxadi azol e under standard
Suzuki coupling conditions. The corresponding 1,3,4- thiadiazole (L4) may be
simlarly prepared by reaction of '1,5-dichlorophenyl &e geid 10 with
2- (bromophenyl ) -5-[4- (octyl oxy) phenyl ]-1, 3, 4-t hi adi azol e ¢ st andard
Suzuki coupling conditions. Also, the corresponding trigzole conpound " 7)

may be simlarly prepared by r Ié i 2, 5-di chl or af boronic acid
wi th the nong pt i onal 3- 0 Br
br omopheng @r Acphemy|R, - (octyl oxy) phényT - 4HnLR2, 4-tri azol e

i ntermedi ate.—%he dichloro noners of Formula C can be converted to the
correspondi ng dB@Hpo 15 rmnowlby a hal ogen exchange, for exanple, by
reaction with hydrogen bromd the presence of a _gatalytic anount of

FeBr3 (Yoon et al., J. Chem Soc., Chem Comrun. 13, 3 1014 (1987). In
one useful enbodinent of Formula IV, -Arl(Ey)- is a renyl ene of Fornmul as
XXXl -XXXI'I'|. These can be made, for exanple, using the diaroyl hydrazi de 20

cycl ocondensation route according to Reaction Schenme 8kXxwhere Rz is as
defined in )
5 For example, the new electron transport monomer 2-(2',5'-dichioro-1,1'-biphenyl-

4-y1)-5-[4-{octyloxy)phenyl]-1,3,4-oxadiazole (6) can be prepared by reaction 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-
'thjadiazole (14 may‘ be similatly prepared by reaction of 2,5-dichlorophenyl boronic acid

10 with 2-(bromopheny1)-5-[ﬁt;-(octyloxy)phenyl]—1,3,4¥ﬂliadiazole 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

15 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 TV, -Ar'(E,)- is a fluorenylene of Formulas

XXXI-XXXIH. These can be made, for example, using the diaroylhydrazide

20 cyclocondensation route according to Reaction Scheme VII where R” is as defined in
Reaction Scheme IT and where R? is independently in each case hydrogen, Cy.5 alkyl, C;.
30 alkenyl, Cs.20 aryl, Cs.s heteroaryl, or C.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

CXXXII is converted to the 4-methyl ester of Formula CXXXIII by reaction with
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Reaction Schene Il and where R3 is independently in each case hydrogen,
Cl-30 al kyl, C1. 30 alkenyl, C6 20 aryl, C3_20 heteroaryl, op3@®iar39o7

hydr ocar b G ing one or nore S, N, O, P, or Si at t (1) of
Reacti on '9’%@%(? a 2,7-di bronofluorene of Formula C /Fsglogy@érﬁserted to
t he 4-rrethy| ester of Formula CXXXII| by reaction with -46 23 Mar 2007 WD
2004/ 102615 PCT/ US2003/ 024911 net hoxycarbonyl chloride in the presence of
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CXXXV C or exanp e nove sport nononer
2-(2,7-di ltiieozt'rbmmcﬂlmirmri ¥)3;4-oxadiazole of Formula CXXXVL

10 Reaction Scheme VII
- R R3 RS
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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
15 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,
20 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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9H-fl uoren-4-yl)-5-[4-(octyl oxy) phenyl ]-1, 3, 4- oxadi azol e can be nade by this
method. In 15 this case, 2,7-dibronp-9, 9-di substituted fl uorepgidreporer is

convert eqydliNfrsds et hyl ester (Bokova et al., J. Og.p& 183 39R
(Engl . Transl.), 5, 1103-1106 (1969); Schidlo et al., Chen: Ber., 96,

2595- 2600 (1963)), reacted with hydrazine, and then condensed with
4- (octyl oxy) benzoyl chloride to give the _

2, 7- di br @pRtiftbhrslad ih ReAcHoR’SEhBBRTOYS Pr&vidé%@ NG thidi SRz belewith RENFE G at e

whi ch upon cycl ocondensati on _gﬁleves he desired nononer. 20 The correspondi ng
t hi adi az&h Beaptign SchemoVdo pagvidethedded-Byazelgact i on of the intermediate

b | | hydrazi d Fot mul.a, XXXV with R2S5 tathesis .-47 23
Var 2007 W0 SoBARHS S Taeme LRI et ol Bhe e i on Sohene
|V to proyhAsathexi St & REBAR0LA alsd b dnbitudridNZo1as anUIRRAG kéIPN Schenme V

to provide the 1,3,4-triazole. In Reaction Scheme VII'1 bel ow, nononers of
For ful a lcoyplitigerasition instep E1))of-aniisdo-fubstituted bexadyloypestar of GormXM can al so be

t t h u f i ti ' t f
" odo- sUbSEY SLBEFIb A 5y st BR EaS Ft ABSRR P etapes Reatbic™,
or Br andy Ry trmChos 18061191 Y‘f%'?%;?%ﬂ&hg*éf RINZeMeTCChR Foces, 5581554 J. Chem
Soc. 1096-1101 (1937); Nankung et al., J. Med. Chem Soc. 8, 551-554

(1965)) K965 dollowyd by refdpromoted dingichgurslinstep€2) of the sulting dighenicecidesfl t i ng

di pheni i . CXXXVI H . in. Soc. 55,
oB0 oS Fotmele SRR R AL . i Pl faet S5 o Ui, SO0s the
9- f{gior enggpR! wikili 4210 D0 cRRAed 1r0- Mok bribHARTatRXIK! h 1 ed

phosphorus in step (3) provides t uorene of Fornula CXL, which can be
al kyl at eReductidneofShpdSiupiamont withtredhplosphdoys mesert {30 proviidds thaiflydrend oft hi um

exanpl o FHBRBT b o Fa oA K HeE T Bl RO o s BLIPETHERE PESA owed by
50% aquequﬁmﬁlqehm&gy By ¢ 9% iigeo b HaReRad3s Bhethddr! RERRAL FR !Exﬁﬁml%he

resulting 9-alkylated fluorene of "Fornula CXLI, wherein Ais and R is
met hyl , dentiiethylamimgniposélieradesindanethysebdeade, foliovesdampi ) aqippus eativinon wit h

chr il o T b EnSe) Gobhyb el i Sptef it o sgBlicc,
(1963)) . creameRM AQf H H@1 R ig gsﬂgﬂgh,l A1 7 et sogtcfs &e :bg‘dblﬁ‘e, @%éé{lam‘fﬂé, h

thionyl chloride in step (6) I'ves the reactive acyl chlori
i nt er meditgtreactibn Rathnallierir@Xh ImdthylFhieane xmstep £l te givetthe Adidickdbm, lwrerterafazol e

My then e R R Ahns a8 R e WlrdGo U QU BOC2859h 60185458
Treatment of the 2,7-dichloro fluorene of Formula CXLII with thionyl chloride in step (6)
20 gives the reactive acyl chloride intermediate of Formula CXLIIL. 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 11.
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I nternmedi ate via a benzohydrazide internmediate as in Reaction Schenes I11-V
or by 'direct coupling with a tetrazole as in Reaction ScherrezglMarQ@§723 I\/ar

2007 V\o 2Wé(;109 5 PCT/ US2003/ 024911 Reaction Scheme .-
A--(:: %\l"A COOK' COOK COOR  CXXXVI | cxxwm\%ljﬁ&%&m%“

A\j/\Af(4)AA(5)R3R3/COCR‘COCR‘ CcXxL a -/ \d CXLI (6)R3
K3 COXX CI Cl  CXLI | CI 0O CXLIII The novel electron transport nononer
2-[4-(2', 7" -dichloro-9',9"-dioctyh

fluor en-4' -yl) phenyl ] -5- [4 (octyl oxg} B%S(:h ITBXT{I% 4- oxadi azol e 15 H17Ce C8H17

A cr\ a 15\ / 06 5 GBHEQcan be prepared by rmnbrom nation of

2, 7-di chl or0-9, 9-di oct;{l 9H—f|uore e to gi V?z)
L e

COOR' COOR'

O cxum

The novel electron transport monomer 2-[4-(2’_.7’—dichloro-9’,9’-diocfyl-9’H-
fluoren-4’-yl)phenyl]-5-[4-(octyloxy)phenyl]-1,3,4-oxadiazole (15)

5 CyH,;0

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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brono-2, 7-di chl oro-9, 9-di octyl -9H-fl uorene, conversion to the correspondi ng
di chl oroboral ane foll owed by reaction with 23 Mar 2007

2- (4- br onpighaMebgiz- [ 4- (octyl oxy) phenyl ] - 1,3, 4- oxadi az ndar d
Suv Ukl cona ok Gne. L 40" 55 Wt 2007 b 20041 10268 MR AT

PCT/ US2003/ 024911 Mononers of Fornula IV, wherein -Arl (Ey)a is a
9, 10- di hydr ophenant hrene of Forrmula XXVI1, XXVM or XXI X can be synthesi zed

by the proces i Wely| enel | QW k: uki
coupl i g of -t RAOpAEAs P BN LY oy e (e 6 by Pheryerd 8

cyanobr oniienroXK IR XOBeImer & XX M Hersguihdsised hiethe pasueskd gloami ia Reagiidrer  of
Formula CXLVI. In step (2), acyloin reduction (Fritsch et _al., Chem Ber.
125, 8495@sme(Xdwhow.chysten Qv %@uklﬁ‘@ueb%@)f e phenlbpratanp AERemulz E/d-\of

For mul a | . ' ' ' ] ) , . le, in
ot hyl ene® S byl SpgRrbribbedlo e APrBRhIR TR pBUOR A oyl eals

di br ®no- cestr@f Porkiia IV o dherpR)) keylsinabdudhon fBtiaclCtall, Chemtbee. 12fano group
of which can be converted ,to a carboxylic acid group 10 by treatnent wth

base or t #%ETkIPIDNAE PEROARIS FyFIcES by dipRenaahesn e ABF MR CXE B at
1 ux. oLt hindia ._ B ot
o PR MM Hon P GIOREOL by oBinchd RN BB O e 1 om

c aci a ena W chl ori de or

chlorine iemperirBYdf @A T Al§ro¥iatd avaibriiofcoinrd i 0dilpidrépienaxnehasd! e,
t hi adi azol e, or triazole group as _in Reaction Schenmes IlI, 1V, or V. The

t et r azol eFemnlpeXLydH; b ciipnnstanp af Whishicar he spivesed fo a sarbprddis acid gewrt i on
T T N
(3) NC-\' At/refiix. RAYY oxadiazolyl, thiadiazolyl, or triazolyl group can be formed from the
carboxylic acid group by first halogenation with thionyl chloride or chlorine in
methyloxirane, followed by formation of the oxadiazole, thiadiazole, or triazole group as
in Reaction Schemes IIL, IV, or V. The tetrazole can be reacted with an aryloy! chloride as
15 shown in Reaction Scheme II to form an oxadiazole.

Reaction Scheme IX

MeQOC
NC O, (1) NG
Br + /B —_— Ry
0 Ry
COOMe MeOO0GC COOMe

CXLIV CXLV CXLVI

¢ 2

NC
ot R W W

gl
CXLVH CXLVII

Monomers of Formula IV, wherein -Arl(Ey)a- is Formula X3V, XXXVI,
20 XXXV, 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
comumercially 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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XXXVI, 20 XXXVII, or XXXVIII may be made as illustrated by thespigpapati on
of a 2, 8-di bronp- 6,12-di hydroi ndeno[ 1, 2-b] fl uorene using the process of
Reacti on S¥RSAWMR26Ifn step (1), Suzuki coupling of PCT/US2003/024911
2-(2,5-di net hyl phenyl )-4,4,5,5-tetranet hyl [ 1, 3, 2] di oxaborol ane with
commercial ly avail abl e 2- brono-9-fl uorenone provides

2- (2, 5-di net hyl phenyl ) fl uoren-9- one. Conmercially avail abl e .
2- br ono- phdyt-eneirametd s 2 digraberofane pydreainpa Mot e Jithium and reastipp pf 2007 WO

2004/ 1026 - - het 4 | | b
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with 2-i sepbapRRy2s-dnkiifehyafieiaybiche 3aRbecanatiet @l Zbomd-N(4dt@po{ 2) ,

2- (2, 5-di net hyl phenyl ) f1 uoren-9-one can be converted to 2-bronmo-7-(4-brono-
2, 5- di met Ryl-giaipipinybiuerenOgne with Brogrisintalorpiognab P oF o Regiespewifs

o PR ! Con. at " T ; :
o pect oa. tuoinduidl SThOR AR o4 RE perPARE [0 ol b e PIERAY b dHhordhe
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f | uor en- 2-4AsTEP PPBSTEIA PETRANERNYS ORIdAHOR logyYide 2brorapdp(7¢rpmor }oxo-9H-

2, 8-di brom-6, 12- di =i r @l fol s - Z-16ak:hoxyhibc aci d
s ot oot SRRy lafndial il RESGRENR G () o RIfs SioaibRn

2, 8- di br onthyeirdiddehioDX 2-b9{luczertb- Iy aibok videqed s eHebikd by aesthenBwithshidusd 4c6d. aci d,
in step (%), with red phosphorus, pravi

d
2. 8. M br orRsdaction of 3 disrRednar dioss- o rdinsiraindens] banbBugrrac 3 4abaslia, st ep

(6), alkyl I i LIkl L4 Py . -hal i de or
by phase ta?gﬁg%%?p @,ﬁ%%%&ﬂo%él EOPLF\LI ) Yﬂéﬂrast “ef%%’?fé@ é’ﬁ%ﬁ@y%@é{l E@I’"ammni um
chl ori de i#)fldoremd-Brehbiok floxacie, Iif sedp @\vealklistebDYraaii@onih dogi lithidh hydr oxi de
and then R3-Br provides the indeno[1, 2-b]fluorene derjvative of Fornula
CXLI X. Tr datipweit byon Rivbaliqsa hyrhass tgusfes srethnds ghlisigg.rfar exaaale-x wi t h t hi onyl

chl ori de I -Bgﬂq £ LV, ey s Cf i I rgjﬁﬁj, t o &t The
oxadi azol e]%h?ﬁ?ﬂa I aﬁgﬁmoﬁlﬁq%g gpg%gag%ﬂ?%fne egt}ﬁ(tﬁ{aﬁ g@@@%ﬁi oride
groups of thyeraigd angdhthar RUBr privédeyith imtienof1,2-bfludremzdeyivatvd ofiFdrmubr medi at e as
in Reaction Schenes I11-V. or. by direct coupling wth ala{go_ tetrazole as in

Reaction Sehbhe ffeajmend pefhedrgencklos-d _eé),f FPHB“]B% with thienyt ghlepdg CLI
5 (oot yi ek SR ARy Pralbife Bthne il redintid X B Blafophle Bl 1
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
20 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 II.

25

30
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25 30 -51 23 Mar 2007 WD 2004/ 102615 PCT/US2003/ 024911 Reaction Scheme X 0
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Monomiers of Formula IV, wherein -Ar' (Ey).- is Formula XLIII with one or both
5 terminal rings substituted with E,, 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 cyandphenylborolane of Formula CLII
(see Kristensen et al., Org. Lett. 10, 1435-1438 (2001)) to provide the cyano substituted



R3 CH/OlI Br B1Br \ CLl R3 R3 Mononmers of Formula IV, wherein -Arl(Ey);
is Formula XLH with one or both 5 term nal rings substituted3wdroby,

maybe mad ] . maki ng a di carboxylic acid of
3, 10-di br g\#qugylé&?% 13-t etrahydrodi benzo[ a, h] ant hracene PO ed in

Reaction Schenme Xl, below. In step (1), dinmethyl 2,4-dibronoterephthal ate
(avai l able from Mybridge Chemcal Co., UK) is reacted with the
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5, 6,12, 13;&%&%%%&& bREAHEERebARY: meo@enp;teéfeﬁ r@éhabr&;hhé/mefal 5fg1 nati on,

romne I n chloroform at in step , nprowdethe
di cy@no SSmhﬂmdﬂJleromo 5,6,12,13-tetrahydrodibenzo|a, h]anthracene of Fonnula CLV.

310db 3-tet di.b t h f.F la CLV.
R e R R LT T e PR A aive
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10 Reaction Scheme XI
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The oxadiazole, thiadiazole, or triazole may be formed at the acyl chloride groups
of the acyl chloride intermediate of Formula CLVI via a benzoylaroylhydrazide
intermediate as in Reaction Schemes III-V or by direct coupling with a tetrazole as in

i5 Reaction Scheme IL
As an alternative, the cyano groups of the dicyano substituted 3,10-dibromeo-

5,6,12,13-tetrahydrobenzo[a,hjanthracene or Formula CLV can be converted to tetrazole
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cLiv (4) / (5 Br \ / \ Br ->Br / \' \ / \ Br HOOC COOH Cl OC CLVI LCC
CLVI1  The oxadi azol e, thiadiazole, or triazole may be fornmedagtvdrizeoncyl

chl ori de vghosRaeRfist he acyl chloride internediate of Fo via a
benzoyl ar oyl hydr az? de internmediate as in Reaction Sche?}gwus?"%¥43}l by

direct coupling with a tetrazole as in 15 Reaction Schene 11. As an
alternative, the cyano groups of the dicyano substituted 3, 10-di brono-
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through a sequ uzu coup hown 1n Reaction 5 Schene Xl I.
step (1) Schémes KHedy lstep(d), direphehyiboratareaf Gotixia Cli&as rerdtodi with excess s

i call i val di dib ht h h
e F onobiOHEAY S <BRRER L HPeK S B g0 Gve 1ih JeBOpBPEAT ( or
pur i 1 calehmfINer4 B AERDEANONct. Al EPOIUER: Ghokidadiohof Susloitbbinbie

cyanopheny or ane of Fornmulta CLI'I sim Suz coupl i
condi t i ond Foramgda C& X Becavtatbeiflatie @amaﬂnen]dbmmanelo;ﬁ Benynhla @fL.TFouden bﬁmﬂ:XI 10

In ste 3 acyloin reduction as in Reactio rreXI rV|d

rmnocygn “)é'H‘B§P1¥R H’coé’d’ng“‘@ni? grye ﬁ@t@%ﬁﬁ%”oﬁu %tHEW %‘B’%‘H@‘ ép\f:or nul a

C'-Xﬂd ' ?gﬁg %@ lolﬂ'r&{u%ﬁbﬁ‘ﬁéi WReacti &LSW roWdEé‘th%&ﬁ&ﬁd&ﬁ ddon chl orof orm
C, I gl ve tnh é ronb nonocyano comnpou of Formul a

CLXI l. Thebsﬁlhhe(bﬁr,ﬁ llidlﬁemgtakmcdrmhh@mfn;h]am_ﬁraléenemﬂ For@uddl CLWHY. Sebseqaated Wt h
}tMet Paglg :\lgh‘?aiggpgwﬁg 8} %@%ﬁ émb{?glgﬁ T é’%@%ﬁ Bl t%@éirgéﬂr%ég ﬁ'&?r i de,
5 6. 12, 14 oo BSReLRO SRHPLTH} Uil CLXIL. T ibromp monocyano compound
of Formula CLXII may be reacted with with NaN; and NH4Cl in DMF at reflux, in step
15 (5), to form the tetrazole of Formula CLXII], which can be reacted with an aroyl chloride,
AIZC(O)CI, 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
of Formula CLXII can be hydrolyzed to form the carboxylic acid, which can in tum be
treated with thionyl chloride to form the acyl chloride intermediate. The acyl chloride
20 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 II-V, providing monomers of Formula IV, wherein -

AT'(B,),- is Formula XLIII with one terminal ring substituted with E,.

25
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pendant oxadi azole of Fornmula CLXIV. Alternatively, the cyano group on the

conpound of Formula CLXII can be hydrolyzed to formthe car bggmeirqogﬁ d,

whi ch can g treated with thiony] chloride to formthe ac

chl ori de |‘*r/1 ééolrifégmg’te The acyl chloride 20 internediate %953383/?%51& ed with
an aroyl hydrazide as in Reaction Schene Il to forma
benzoyl ar oyl hydr azi de, which can be converted to an oxadi azol e, thiadiazol e,
or triazole as described in Reaction Schenmes I11-V, providing nononers of
Formula 1V, wherein - Arl(Ey)a is Formula XLIIl with one termnal ring

substituted with Ey. 25 -54 23 Mar 2007 WD 2004/102615 PCT/ US2003/ 024911
Reaction Schene XII CO2Me CO2Me O-J~/_(1) Br \ / \ / BOQJ MO2C MOZC
CLIX CLX CO2Me B J (2) 040 NC dqactioncpshepecd ve- (3) 2 - 2 NC NC mQ2C
MQR2C CLVIIT CLXI  (4) Br / \ \ [\ boa‘l}le (5 Br Br NC,N CLXII NN CLXI
~ o0 CLXIV Acz) Me

10

NC

G

o MeOZC MeO,C
CLIX CLX
Co,Me
0
(2) B
Az ok
N N

. (3 CO,Me CO,Me
R =
NC' Meo,C MeO,C

CLVII CLXI|

1(4)
Ao -

CLXIl e oL
" Q.Q‘ e

N

o oy

Ar2

‘The dihalo monomers prepared as described in the above reaction schemes can be
converted to the corresponding diborolane by treatment with bis(pinacolato)diboron and
potassium acetate catalyzed by [1,1"-bis(diphenylphosphino)ferrocene]dichloropalladium
in dimethyl sulfoxide (Meng et al., J.Am. Chem. Soc. 123(37), 9214-9215 (2001)) to give

the diborolane derivative.
Electroactive Compositions

In another broad aspect, this invention provides electroactive compositions

comprising an electroactive polymeric arylene of the invention.
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5 The di hal o nononers prepared as described in the above reaction schenes
can be converted to the correspondi ng di borol ane by treat nenp3wair2007

bi s(pi nagphHa ihoron and potassium acetate catal yzed
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sul foxide (Meng et al., J.Arn. dient. Soc. 123(37), 9214-9215 (2001)) to
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comon sanoinn sfvef G pr SRR RS sGRIRR DI A B LERBAHA fay

conposi t tedleddito BeuBstRRAoSHme A onttmBUP filn Frefet bl GedbApiatidldsNODED fil m
preferably free of pin holes. COLED devices pregg ed fromthese conpositions
pref er ab rlngqumr?sf Bomdbesc samppations mgferaphy shgykkpropidglowepeaieiag quant um

efficiengLges L Qper r._coordin ot n.and _.blue for

i spi ay SopfeeeAiRERe ) flanfDE AERANES s s o e} CRorg sial g
l'i fetimeslue fandssl licRfibrst White Fdt bablgight hplicB@orn3),A68S Spdratisk lifefitk &t
printing, thernmal 1nduced |aser 10 inmging, gravure printing, etc). One
parti cul and gorapatbalityiwith the privhegprieaess begnnkist prepd: Bepnaliaducst lasanl |

ml1§cul e. 2 ent s ‘;urllol e t1;raré1scl)p:ort agent, electron transport agent, and
em’ssi ve Bl ar %IB’B%?‘H%’ I an inert polyneric matri x such as

pol ystyrene. Thiepaitfoulelyaitiativt ap@dach 1 begitoditparéiBReds oPahallMbiccule

conposi tion. Such conpositions are solution processible. However, the inert
15 mat ri rgesedold fransport agent.sleptron drapspert agghis part empsive molepilyalopiw) 8L | eadi ng

to higher _operating. volta an horter, device lifetines. Th ol tage can
be deor e B8 P e T SR af iSRS - o T s h 3 pEsternll deps

exanmpl e, pBRmkY chiposifbh agheolpobitibiPae sGlutiBiOhcedsA SHOWELROthE el ) Ccan
be used as 'a host for nolecular electron transport materials and em ssive

dopédnt s mptfindedsdtieteisaist indhewnspad ehehages sanersylieading dwaighenmertingg

VOl 3065 o eck il BRARE Ut HRNAL. L 418 CHRDERLALACH BY ooy £ 1 YPe (1Dt
charge carrier in the polymer host. For example, polyvinyl carbazole (a p-type, or hole
transporting polymer) can be used as a host for molecular electron transport materials and
emissive dopants to fabricate electroluminescent devices with lower operating voltages.

20 Low molecular weight emitting materials tend to be p-type (that is, they
preferentially transport holes) due to their low electron affinities, which means that they
require n-type electron-transport companions or companion layers in electroluminescent
devices in order to show luminescence. There has been a shortage in the art of n-type
electron transport polymers to serve as solution processible host materials for making

25 blended emissive organic elements. The desired features of electron transport materials
are (1) 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 electrolumninescent species, or from the
electroluminescent species to the electron transport material.

30 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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preferentially transport holes) due to their low electron affinities, which
nmeans'that they require n-type electron-transport conpani ons29mMdQ@EpANi on

| ayers in nescent devices in order to show | There
has been aﬁéﬁg@tﬂg%‘gq} n the art of n-type electron transgg)F %@?Pﬁg}s to
serve as solution processible host materials for making 25 bl ended em ssive
organic el ements. The desired features of electron transport materials are
(i) lar genﬁjtﬁﬁﬁ '@ udh Hafigd o?"nﬁ@t‘énﬁ'l' SRd&, sa%ﬁﬂc m& hsa{eéu% ofifilis) 1t
injection and transport el ectrons, (1) arge d gap 1norder to
prevent ereitting pobmefe B sewevegubng p#mclhs, I@D@mmsdm @dmpymdsaatrgle:olor
reconbi nati on within the el ectrol um nescent species, or fromthe

- el ect r ol uSPHESHNMAEEAS es to the el ectron transport material. 30 In one
usef ul enbodi Mgy, edﬂ&ﬁmﬁélﬁ%lﬁ@@?& 151¥1‘i‘ds¢cﬁrt7®9%k tdoPdlof the ﬁ@m@bﬁ%’éﬁ'dﬂ‘m nescent
conposi tion conprising an electroactive polyneric arylene of the invention;
sai d 5 conpoplymers afjlie inmertion wuthdumﬁmts onhldatwm;nrepmrabss ofthe mdmadudlor exanpl e,
hol e trans ort . 3 200 1 / US 024911 terial,
el ectron tC WRS ‘t'ﬂt‘i %Hégfrgagﬁm% ﬁH’é"Pare g HE&P’&%I?P%& %‘ﬁ%%ﬁ B}‘?ﬂﬂt ers,
light emgfd ng polymers (LEP' s), wavegui d| ng particles, phosphorescent
conpounds, and color conversion materials. One enbodi nent relates to bl ends
of two or nore Afecohdembodipehyobates toblens copaihingsat deastf 0.1 eight Veof dt deastni t hout

limts on relatjve rtions .of the |nld|V|duaI co orgnts Suchtglends
may be pr GaEkatetE PR TAHe AR GEmOBPYEIE A PG ITRPTL R bR Entat Wi
secofyl enhRgdiimRticEtel %ﬁﬁaﬁo@w?E%Q@aoﬁ%‘b@l‘yﬁie?Qan%ﬂech%ﬁ&ive@nﬂall‘@ﬁdl%e Ynof at

| east one el ectroactive polymeric aryl ené (honopol ynmer or copol ymer) of the
i nventi on imgrt polamexmndat emd eimlgetens dwréafo Sucnblehds may beprepared by eolptiby ner |

an el ectrqact,ve SBE #fﬁ culg an i nert polymer binder, and conbinations

t her eof . SUeHing ohblending mhthenelbstetey by solution bl ending, or blending in

the melt state.Ththessn lt%m% ichd BO8sebR ToLRakiRg b anfcle Rk vRESBP tHermal
el ectronic devices by thermal patterning of the materials onto a receptor.

They can glatfernbeg efsheé ulatetiats cmtma tdeeptonl They qaniaksoibegisefphfor eomitymabind

hod L ud nk ,
and " Lot ol Tk D SR, 200 mpstirg e PR paRSn B el Rl Sl Rt ol o
transport JAMHAEEiRl RO R AP Spattaalify.

Hole transport materials include hole transport monomers and polymers. Hole

transport monomers useful in these blended systems are preferably selected from tertiary
aromatic amine derivatives as defined above, electron rich heteroarylene derivatives as
20 defined above, electron rich inorganic and organometallic complexes. Other examples
| include copper phthalocyanine (CuPC); 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™, Handhook of Advanced
Electronic and Photonic Materials and Devices, H.S. Nalwa (ed.), 10, 233-274 (2001),

25 both of which are incorporated herein by reference.

Hole transport polymers useful in these blends include polymers derived from the
hole transport monomers mentioned above, polyvinyl carbazoles, and triaryl amine based
polymers of the types taught in DE 3610649, U.S. 5,681,664, WO 9932537 and WO
9806773, all of which are incorporated herein by reference.

30 Electron transport materials inctude 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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transport nonomers useful in these blended systens are preferably sel ected
fromtertiary aromatic amne derivatives as defined above, ebgaidr@oori-ch
het er oar i_vatives as 20 defined above, electron rich inorganic and
organoné%éﬁﬁﬁ%ﬂﬁéﬁplexes Qther exanpl es include coppé&fT Oéggbnlne
(CQuPC); and ot her conpounds such as those described in H Fujikawa et al.,
Synthetic Metals, 91, 161 (1997) and J.V. Grazulevicius, P. Strohriegl,

" Char ge ndb K of Advanced
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(2001), detatngforihbdmes tndlitearxadiasdledsueh e RA4ipieabBrseace. Hol e
transport polyners useful in these blends include pola/mers derived fromthe

hol et r driéyphinyhohdderadiseriei@rebnambisd BRbmA 1.Apis[e446hiol es, and triaryl
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30 £ ectgtarburst aidsqeattimet dedivdtives ofdxadRzdbe@dinnblidnadsaal.| Simewer s and
polymers. Electron transhgort nononers useful in these bl ends are preferably

sel ect edﬂafﬁtﬂbsﬁl,@@ﬁdéﬂ%h SBstited '@amlgvﬂ@wé%ws&swaasﬁe(a taphepglyl)-4-

E(ca:gl_/e [Jggégg? 4@@?%‘#&%&&%‘325&%&6 @Z‘;P [ ne%/% ove aa\/\gllzalggféf]t} af I ci ent

i nor gam@enaﬁﬁ@h@&@;svatﬁwwﬁms @k@ﬁbm@micrmmﬁas smﬂ@grﬁ{ 8- I ncl ude
oxadi azol es such as 2-(4-biphenyl)- 4-t - but&yh phenyl ) 4- oxadi azol e

(al so kdmﬂrp)@gumgbyo)@imnmugl @ﬂg;{ Bngd h gn)iatobw( ydroxyqumolato)alummum

welt ov GARLARISEE drtpoluls PEREPRER L Ve RET gl BRI ™) 0

( Bet t enbhagrpemd 9tV alrazul&Yibuben. lSimhwegla*@mar&el:rra&aﬁorﬁﬂg%mner%ﬂu bstituted

triazole der| vatives such as 3 4- bi phenyl y )-4 )
pheny| - SMplecular Glassgsy] Hendbook of Adwa alaznd as wel | as

conpoundReben e MRS %@?Péﬁédl‘f TRV

bi phenyl @fe&ics( 8- hydr oxyqui nol at o) al um num 10 (BAIgq); and ot her conpounds
described in CH Chen, et al., Macrwnol. Synp. 125, 1 1997) and J. V.
G &% ul evi ci usMoleculgr ﬁmﬁtar%@qeful M@ﬁ@@wsﬁgptﬂf@rﬁw sr=1@1:t9 g1, Ardnot Vbl ecul ar

d asses' book o ctrenic an and
Devi ces, l“ﬁltgj]% \%5 {%8“3)‘ g Vfg O&gbqfscegg? %r&/a éc aﬂ'i?f’lﬁpor at ed
her ei n byhd He®Ir@4r9RAE derivatives, phosphorescent cyclometallated chelate complexes of

Ir(I1N), Rh(III), Os(II), Ru(Il}, Ni(Il) and Pt(II), and fluorescent chelate complexes of

Zn(Il) and AI(II). Examples of useful fluorescent polynuclear carbocyclic arylene

20 emitters include molecules derived from perylene, benzo[g,h,i]lperylene, anthracene,
pyrene, decacyclene and fluorenes. Examples of useful fluorescent polynuclear
heteroarylene derivatives include molecules derived from coumarins such as 10-(2-
benzothiazoly!)-2,3,6,7-tetrahydro-1,1,7,7-tetramethyl-1H,5H,1 1H-[ 1]benzopyrano[6,7,8-
i,jlquinolizin-11-one (aiso known as Coumarin C545T), 3-(2-benzothiazolyl)-7-

25 diethylaminocoumarin (also known as Coumarin 6 or Coumarin 540), and 3-thiophenyl-7-
methoxycoumarin. Examples of useful phosphorescent cyclometallated chelate complexes
of Ir(1II), Rh(IiI), Os(Il), Ru(IT}, and Pt(II) include molecules derived from
phosphorescent organometallic L'sIr QIT), L'sRh (IIN), L'L* ()X, L'L*RI(IDX,
L'T?0s(I)Y, L'L*Ru(DY, L'L*Pt(I) compounds where ! and L? ¢an be the same or

30 different in each instance and are optionally substituted cyclometallated bidentate ligands
of 2-(1-naphthyl)benzoxazole, 2-phenylbenzoxazole, 2-phenylbenzothiazole, 2-

phenylbenzimidazole, 7,8-benzoquinoline, coumnarin, phenylpyridine,
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15 Mol ecul ar emtters useful in these blends are preferably selected from
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car bocycl ivgg agili6gs and heteroaryl ene derivati ves, phoslglgl?
cyclonetal |l ated chelate conplexes of Ir(I1l), Rh(IIl) 'riﬁ%’%gﬂul)

Ni (I'l) and Pt(I1), and fluorescent chelate conplexes of . Zn(ll) and Al (I11).
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pol ynucl eaelecthéfremhq: gtompeodgstingatfi av@glacfﬁ@mml@z apasf’ }adnmbmd@metvb\detbnmm
counarins
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3-(2- benzoth| azol yl)-7 25 diet am nocoumarin (also known as Coumarin 6 or
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organomet %vcbﬁxe{-all%%ﬂ dstly c)hela#@-@éﬂ\raﬁbés ihclude ﬂhgizer tﬁ{léﬂt)lﬁ(U 4.3 b2 afd3k! 18X,
L' L2Cs(I1) L' L2Ru LIL2Pt (11) conmpounds where L1 and L2 can be the

same or JledAhgust éht”ODih’mamrponatmlthmb}arﬁdelam@ dpatiromx([I) porpuhzmsma sugh esl

Yol ot oL B SEN R AR o B ety
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S et O 1 N 2006

3- net hoxy@umhaalytopymlcal)nbl,s(z fﬁ-hytybwhﬁlwlybegmmawhqa)/zmc{ﬂ),ebm(x (s selected

hewat | uor JaatvypiRDeD Brazpiszold ir i Bel Chfubpfibeatl-mbenyi-13.4-

8- hydr oxy Qi Nard1EBEE(ITY bists ﬁin%ﬁh&@t ﬁﬁﬁhﬂiﬂqig a8 Bighdhyl t%ﬁi% @ting conpounds
such as opti onal Iéb?sé[bqstlsguat%ed derl\?atlves o] 2 enatﬂ%1 |ane or 5 bipyridine.

Usef ul cydiydreyatihelatialiminun §BAlge| Hsecubﬁuqrmcmtv@s(ﬂ) whblatst& incholeghossught i n

uset 1 oy Reley PR datesyiharechiers BOGLER 0% ~a LAY Mol VRLESTEG

U.S. S N 08 Q@c%’lﬁ&ied f1éﬂe§ﬁbﬁé%f§ﬂce2 @seﬁ@ﬁl(m] ARROhALESHRES BlPatY U S,

reference. Plati nun(11) porphyrins such oct aet hyl porphyrin (also known
as Pt(CEP)@2(b3r5é33al3h@nt1@sw:fr&ﬂ6dh@@mmrE&r@fceusefuI 10 fluorescent chel ate

Ui ol ol at o) LRIt LEh dprstse 8 i g e ABR DO AES SAhe 111,
bi s(2- (2- polyfluorenes (PFs), polyparaphenylencs (PPPs), and polyphenylenevinylenes (PPVs).
20 In one particularly useful embodiment, the electroactive polymeric arylene
(homopolymer or copolymer) of the invention is blended with one or more materials
'3 selected from hole transport polymers, hole transport monomers, electron transport
monomers, and inert polymer binders to provide a composition that supports transport of
both holes and electrons. Optionally, this film is charge balanced by virtue of the blend
25 ratio and components. Optionally, a light emitting polymer or molecular enﬁtter is added
to the blend to form a solution processible composition that can be formed into a light
emitting element. One exemplary composition for this type of blend comprises (1) a
homopolymer of Formula V or a copolymer of Formulas VI-VIII wherein greater than
25% of the monomer units in the electroactive polymeric arylene are arylene units -
30 A (Ey)a- 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 fertiary aromatic amines, in an amount
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hydr oxyphenyl ) benzot hi azol ate) zi nc(I ),
bi s(2- (2- hydr oxyphenyl ) -5-phenyl -1, 3, 4- oxadi azole) zinc(ll), 23 Mar2007 '

bi s( 8- qui o) alum nun(l| I) and bi phenyl at obi s( 8-
hydr oxqug?og?gégl um num (BAlq). Useful fluorescent an(ET/PFOg?{g%ltles

i ncl ude those 15 taught by Tokito et al., Synthetic Metals, 111-112, 393-396
(2000) and in WD 01/39234 A2, incorporated herein by reference Usef ul

R saéweSsocﬂﬂ%&Ege‘;%p%aﬁegﬁée%tth# otier, anfl (3fbhebt i mdI QR POr at ed

herein by reference LEPs use 1 n s are polyners
and copoleytitesrsirodn doixeunt ot jsf0. ﬁ)ﬁ)#éﬁ%é:}(\i?ﬁght wﬂbkqspaut apti&rgollms ThPPPs), and

pol yphenyl nevi nyl en ( PPV 20, In one particular u enbodl ment ,
the el ect? %C@W@Q%P H@rh()éféﬂlweqlép{q#e dpwer@l%wﬁ%fab toof t he

| nvent i o gb SoBl:eRAGTAb iR AhedBIMWEERIDA 0, 0RE LRS! fdkd reeaml 8

transport polyners, hole-transpoft nononers, eléctfon transport -nononers,
and 5 ner tthepmhgmﬁMm =F|d;é)|0§ —tB@ Qﬁ%vExﬂn;dalwcmpiewlan amttetsdbclsdepdoivativeésrafnspor t

of both hole tro tionall this filmi cha e bal anced by

virtue ofP%k eb f'é‘ﬁ‘él 38‘3 é%‘%@ﬁ%%féﬁ?’%‘eﬂe@ﬁ{%h&wgl@poﬁ’ Bht enitting
ol yner agalt L afin

Br o%:lesm %IBe coIr?}SC]f)%/?y ﬂg :8h ndé%ﬁﬁg%ﬁﬁonggg&?geﬁgé gﬂ{ﬁﬁ 11-I()(Metm tt |12%IHQQnent :

One exenpbapiexeqapdsydiomatallated hﬁdlmnt(me:hefatdadeewdnmnmnmmbﬂa}y host

homopol ymer of Fornula V or. a copol ynmey of rmul a VII] wherein greater
Chan - 25 Rcstowte AR AR ISAoro e of BagRls w&rym FOAPGRENE are

3 0/ .
20 s MR e Bl P SO,
aryl ene Wi-VH] Whal)elmﬂel mphmytmehmlﬂaoﬁcnplan@mdm ‘rand ovrf e, depived &ombl y deri ved

fromthe Iass of ert| ry aromati.c amnes, in an anmpunt -59 23 Mar 2007
WO 2004/ 024911 that is 5%-50% by weight with respect to

t he pol yner I t is
0.05 - 10% bya@%‘fe(ﬁ%’e%?ﬁ g SBiofs A8 SRHLR pracBUIE S bk SpBRoMERUTbrol R 12

the host thialfiinm®that arepel@fhetuatingsoent, tdaﬂ)ertha[gmllyhni‘aged:toﬁoﬁﬁ@mhtéﬂ%ra@ﬁ)o nor e
preferably |n the range of MQI = 3,000 - 50 00Q, even npre preferably in 5
t helt angaisgil IgPLEB dogpeny mag! aRsre, 1addep g OplimiEedn BaYe TFite PehauAREM de

der i vat i v?qcigicgore% ifescBAR Gefin IRSEMRAS or e ey o ene.

pl ati num nyrins, rins; styry qgui nolinolato zinc(R)
conpl ex es;onfpomnmwitlnmahatmged sprecifiedn (D}bdritt)ng mmgéearemgnaﬁmmy:ddum al |l ated
| ridiurn rglla%vlvg toccre%{rg{[ lgm(}jaggnl"e\{)grteld\{ae}zfsrepl%gg tei'l)éeelecltr%re tlvba%s Eymenc arylene host
with a corresponding amount of polystyrene and a molecular electron transport agent of
20 the same general structure as Arl-(Ey)a. The emission color can be varied by choice of the
emitter. For example, perylene, Zn(ODZ),, or 3-thienyl-7-methoxy-coumarin give rise to
blue emission, Ir(bthpy),(acac) or platimum octaethylporphyrin gives rise to red emission,
Coumarin 6, Coumarin C545T and Ir(ppy); give rise to green emission, t-butylated
decacyclene gives rise to white emission. In the case of electroluminescent host
25 electroactive polymeric arylenes, especially those comprising fluorene monomer units,
emission from both the polymer and from the molecular emitter can be achieved (e.g. blue
emission from the polymer, green emission from the emitter). This provides a way to
generate a white emissive film for backlight applications.
In a second particularly useful embodiment, an electroluminescent copolymer of
30 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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el ectroactive polynmeric arylene is a honopol yner of Formula V wherein X =0
and Arl is 10 phenyl ene or fluorenyl ene. Another exenplary host\peloporr is a

copol yner wef ,050dsas VI-VIII wherein Ar' is phenyl ene Qren Iene and
Ara and Ar arog erived from phenyl ene or fluorenylene. P‘Qﬁhégé ﬂ?ﬁ

conpositions are solution processible, can be spin coated to prOV|de thin
films that are el ectrolum nescent, can be thermally inmaged to form pixil ated

arrays 15, yﬂﬁhyhn an-éﬂl't@xh rg&agﬁc%ﬁ&mn%n6852&51?{%99%&%%@%@%0 give

rise to hig qua I ClI enc ect roFfum nesce var
t hi cknesshabdncedby fvn'tumﬁlﬁd: Hlael ]faﬂb land obmpamaro Gniosally, aistcoridiight angtisg
speci fi ed. Operatl nglﬁvol tages are_sj gnl ficant I% reduced _relative to control

| anps pr eRPAVBE B2 TPRlsriHar siittenis agd Eorta%lﬁn%o gnpapdigedlightamittiigst with a
correspongi fghe %B“E‘ine%&e@ﬁfa}éf &ﬂ1@%t@§%@8ﬁlﬂ@ﬁd% se? 9t1§s§fﬁ§£1°” agent

of 20 the same general e em ol'or can be

vari gd by503h ol eeight, mbe préfltablyekss tha ’?E%aiwbﬁghtpbﬂsydl emeae \Zﬂgﬁ@tﬁe or
3-thi enyl - 7- net hoxy- counarin gl ve ris ue emn %SI on, |r(bt hpy) 2(acac)
or plati nesaRasition: A e bmyarion Fermeas W ¥éHtV813F‘“éH Serveof A mmm

Co t
decacycl ciie LuBRyE RO HTA g S ISR BUS Ainds BN (O o
host 25 efhechsioaef AvenpaieumidmonrryAenes Ardgpeaieadrinyort hOl%Qraﬁa@gimfl sing

fl uorene nononer unjts em ssji,on fromboth the polynmer and fromthe
mol ecul ar MeRPmes: Pretrrbbedersierd dinstheelags obfegiary SIS GinesoRRd RéoBoPY ner |

gre em & gm te a white
em ggl ve I?]B Q?Jt{ogb@aa%%ﬁ’ M]ﬁ&%l ca{é f&%ﬁgﬁggggﬁﬁségﬁggﬁ?{ﬁl y useful
eénbodi mengomprimes B@»ﬁﬂig)inuﬂb ekgent Thapebypeiitions ar86bltfienh provesiblevar be bl ended
with one or nore materials selected fromhole transport poli/rrers hol e

t r anspor t SRRt Pf@fld‘éﬂ’é% filrasthat a1f Sjsstreluminrspaitcanhg dhormaly ipegedier

Pt anspor t ST HE PR ALl STIPES by M SRS 38 b B PHEROEH2
PCT/ US200835dR48dH quastues tffeithcp vidctalnmest aicaby varyiig the Hiighieseaf thé filg
element. Optionally, this filmis_ charge bal anced b]%L/l virtue of the blend

ratilé andalzcb%wmfsconmawréww thar%wcmeahﬁleéﬁp nipRseenss of thsee or a
(r:rglrrgggl ?lr o(ﬁHb te nglggn'?%gﬁﬂc@%% | on or lgtﬁ{g?%ﬁge}ddgf Eﬂ‘éﬁm%m tste!snfll)
| ess than 5 SOBVoms\wp@cbﬁcommsmommé bleabing of dgspdiyras viithdly aneelghikon based on
the weig h%rar?sfpo;[t r1]1?011011161'3 improves thermal transfer characteristics relative to the neat polymer.
Incorporation of electroactive arylene units -Ar'(E,),- into the polymer structure improves
20 the efficiency for migration of charge carriers onto the polymer from the molecular host
comprised of hole and electron transport monomers, when compared with blending of a
corresponding light emitting polymer that does not comprise the -A:l(Ey)a-. This has the
effect of decreasing background current and exciton formation in the molecular host, while
increasing the efficiency for exciton recombination on the emissive polymer. The

25 emission color can be varied by choice of Ar', Ar’, and Ar” in Formulas VI-VIIL

Organic Electronic Devices
In another broad aspect, the present invention provides organic electronic devices
comprising one or both of the electroactive polymeric arylenes and electroactive
30 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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conposition, of a copolyner of Fornulas VI-VIII wherein 5-75% of the nononer
units are electroactive arylene units Art-(Ey)a and the pol ypemnm4r2007 ‘

el ectrol Wa fRssedls by virtue of the choice of Arl and Mlﬁ%%%y&%ﬁrs Ara
y

and Ar4, (2) one or nore hole transport nononers, prefera derived from
the class of tertiary aromatic am nes, and (3) one or 10 nore el ectron
transport nononers, preferably derived fromthe class of heteroaryl

conpoundshAt 3y Hmabt GEng HEkRYREers ANESIBCEIVEOS bdrhSudfichE O B #HvkRibn
processible, can be sprn coated to provide thin filns that are

el ect r ol dndlyrssarednic trengisipes, phrspvedtaioydevieas eganie elegrahupinesdeat €AERY r ays usef ul

i n OLED djspl a nuf act ur Cc e e _give rise to high
guant um gﬂllg%ﬁ %ﬁgﬁ?s 8¥%§°ﬂ%ﬁ%ﬁﬁﬁgﬁg @E’ggs @%%gy@;agh% ﬁléc_g‘t hi ckness of the film
15 and the_ rath @n@femﬁ@diﬁ&ﬂ@ﬂiﬁiﬂ%hﬂib@xbbﬁeé SIS e!idéﬁ“ﬁl_uirliﬁéi;cent devices

El ectrol um nescence of these conpositions derives principally fromthe

| i ght enithaticomppies gmeser hsith shihergleatraactive pelymerg arylenes ang plscipactizaposi ti on,
t he bl end; . th | Wi th hal d el ect t t

o oves CPREPSPYY e PREL lehliol SEr AR Enf P ER 98 LR estRE O Y rrer

| ncor por at i on asik RfcfORETih%BeA(DEEN eifsylayf%is devbd folfdes ]gb 184tk feR@ny Mer

structure inproves 20 the efficiency for gration of charge carriers onto
t he pol yrdispldys omdevieesthitanelbdg arherganic ompssivegulaterfial hwhethenttatednaissivon t r ansport

, . d wi th bl.endi f ing light emtti
ol yrer TR JESiare oA e el o e (ST S o0 fmer ehigicy ' of "
decyasi %iﬁﬁ‘g!fﬂ[ﬁh@}QLEP‘fi,FaQIbbediDEP?%Bjeh@éa 18P, "R lahSter d}géﬁl@ eARdsBeul ar host,

while increasing the efticiency for exciton reconbination on the enissive
pol yner . 1fiteridsviethes prondadoliore aam ctrebinatiéewitb yny hibecergafiicAr inorgasg and Ar 4

in Formulas VIL.-VI1I. . O.ganic El ectronic Devjices,.ln anofher b aspect,
the pr eséﬁ?terﬂqll@[\e('f# F@rﬁ“@?@?&ﬁ?c’l}“. %}Ogale‘flﬁ‘? b@ LS é’lcef:o{#rﬁ%i ng one or
both of tifige fh8RiA19AE t MPLERIEBAICasHaYLIBNEB e BN SraphRRs, i fAskd YRpHYs, and
conpositions of the presént invention. Organic €lectronic devitcesS are

arti cl es lefgaemissolegiepliiesyer s of organic materials, at |east one of which
can}\ionduct a eg ctric current. | es of 8r§qani c el ectroni g devices -61
: lyde

23 2007 ab BSOS A1 ANSE ALY TOTAGTPCT P OT 2N K H 8e st ™hg t he
pol yner s and seltgié b INMReSASRORIEd &NE hE ofdih® oYERd d1Ment] SmdWEGeAr gani c

transi stors, photovoltaic devices, organic electrolum nescent (OEL) devices
such as dretresna dathyde andian aheds. Thoowissivoeiement maridetdapatile REglectron
transport and hole transport as well as light emission. When activated, electrons are
injected into the organic layer(s) from the cathode and holes are injected into the organic
20 layer(s) from the anode. Electrons reside in the emissive element as radical anions and
holes as radical cations. As the injected charges migrate towards the oppositely charged
electrodes, they may recombine to form electron-hole pairs which are typically referred to
as excitons. The region of the device in which the exitons are generally formed can be
referred to as the recombination zone. These excitons, or excited state species, can emit
25 energy in the form of light as they decay back to a ground state.
A light emitting layer in the emissive element includes a light emitting polymer or
a molecular emitter and optionally includes other matenals, such as, for example, hole
transport material, electron transport material, binder, polymeric binder, waveguiding
particles, phosphorescent compounds, and color conversion materials.

30 Electroluminescent polymers and electroluminescent compositions of this

invention are particularly useful as organic emissive elements in OEL devices becanse
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I n one enbodi nent, this invention provides organic el ectrol um nescent
devices 5 that conprise one or both of the el ectroactive pol ggeidreoary! enes
and el ect {,Qp6h1ViBssconNPosi tions of the present invention; erein one or
both are el ecHA(; Ui nescent. Organic el ectrol umi nescent PF%}”“&%"%’F]@ or
device refers to el ectrolum nescent displays or devices that include an
organic em ssive material, whether that em ssive material includes a

nmol ecul ar i n B o el P I , | mtting
pol yrmer (E‘Eg}’%&"g&%f‘o%@@ qﬁéﬁ afﬁﬁg&#ﬁeﬁg %@é@gﬁ&aﬁ%ﬁdﬁaé‘?%ﬁ grbteangsgDsl‘feve

mat eri al witethbesallyrpointabéelcahposgionr i n conbi nation with any other organic or
inorganic materi aks t hat flr g}\‘;f unct i_ohf}‘]%rgr .nhon-functional in the OEL

di splay or devPHEs ayeIsgas alsg e P145686R Yicss sHcshale Hensaad lagen as

backl i ght jjn i ' ahiRd 18es RiaYSn | ion! 1848 'REEY gr aphi cs.
15 I n at Fleg%({hftg%%ng&? na?t%{ashgée%?ﬁjan OE%}eglew cenilﬁcg:ﬁlt%le? oﬁ’é]% or‘ﬁ?r%ﬁr{%gl ayers, of
one 6r niayersseledimnl dockignhaiers miffer laykis, arrdahe tikedint aidasont hieotoluganésceram ssi ve
el emrent, sandwj che bet ween a _cat hode and .an anode.. The .emi_ssive el enent
must be’ cHRABRS 3% bg PESERIR by Resgr IPXﬁfé’rP&‘Sﬁk’é’Bﬁstmg@ ViceRdor | ght
em ssi on. c\Whefle 46kt SbEGE BRI byl 1 BELESnRcdrb frai@RR) C | ayer (s)
fromthe g}é?%%e gar%% ol eeg afe 1:i%eecte iylr;[?o t he organ?c 2&%@8{5(3) from

t he anodean&ha&cbloonThewsind @tlien stdbelayar ami metesblswanbe asedrtadlieradr tamd thes and

hol es as radi cal cations. t he i.nj ected rges mgrate towards the

opposi t el §eEfRHGBgPeRIce avd %orpﬁgﬁwgﬁdr@gﬁ&gwﬁ%% ST 9 BBVBA- hol e
pai g Whi gBiAR %uﬁé&ﬂ%%%é/reé n%é,ral%si%éﬁ d e%’fﬁéi%l?d},sa d%ﬁ\%drcgwr,oepdégfre%he device
in which the exitons arg generally formed can be" referred to as the

r econbi nabiigitneseyend théike excitons, or excited state species, can emt 25

energy in the formof light as they decay back to a groupd state. l'i ght
emitting IayerEfeﬁtf?"l"FélVSrP%g@Fe&’@ ﬁ%ﬁ‘? ﬁl%ﬁ?ﬁb@"@fmqﬂﬁp agﬁibﬁtpﬁﬁtj’“ yner or

a ol ecul Qe ABEIAPBA h dRBLHRRHNG er BRI fbsessuch as, for

exanpl e, hoei transport erial, electron“transport material, binder,
pol ymeri ¢ bi ndértypmalagde di indiunpam-okidk €§,0)shotqabd pets adransgaepcubkdsie and

col or, conversion materjals., trolum nescent polyners and .
el eck ol ufiGhes pastic ebﬁfaa% Shitdle Eﬁﬁ FiPslatppEar 8}%5%&%“%%@ EP?F%‘ESI PeRysef ul
as organi LSS ‘ dev . . WO
5004 To06 15 INGR IS pBLRIERToR, ﬁgi pr afes ’@i%ag&?\éuf%ﬁm&v&gﬁ?%%hag{? p P%%%%lgy and
| ong ser vinagtilaydrefilfims gMCaceandd bancer fiime cedsashhePlastic Filtm Conductor available

from 3M Optical Systems Division (3M, St. Paul, MN), surface-treated films, and selected

polyimides. It is highly desirable that the OLED substrate has barrier properties matching
20 those of the protective (or counter electrode) film. Flexible rolls of glass may also be
used. Such a material may be laminated to a polymer carrier for better structural integrity.
( The anode material coating the substrate is electrically conductive and may be
optically transparent or semi-transparent. In addition to ITQ, suitable anode materials
include indium oxide, fluorine tin oxide (FTO), zinc oxide, vanadium oxide, zinc-tin
25 oxide, gold, platinum, palladium silver, other high work function metals, and
combinations thereof.

In practice, the anode is optionally coated with 10-200 A of an ionically
conducting polymer such as PEDT or PANI to help planarize the surface and to modify
the effective work function of the anode.

30 Typical cathodes include low work function metals such as aluminum, barium,
calcium, samarivm, magnesium, silver, magnesiumy/silver alloys, lithium, lithium fluoride,

ytterbium, and alloys of calcium and magnesium.
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and thermally printable conposition. Qher |ayers can also be present in CEL
devi ces such as hole transport |ayers, electron transport | agengr20ofe

i nj ectiof,d A¥EimeR! €ctron injection layers, hole bl ocki]g%n?s&h@%@lr‘%% el ectron

bl ocki ng l'ayers, buffer layers, and the like. .In additi nescent
materials can be present in the electrolumnescent |ayer or other layers in
CEL devices, for exanple, to convert the color of light emtted by the

el ectrol um negegnd eiBS BifreAt off@d@'f&tsﬂﬁétufe?i? e fﬂﬁfs%at%@gn@ﬂ@&is%ﬁfgr | ayers
and materials can be used to alter or tine the electronic properties and
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current/volta response, a. desiyed,devi efficiency. esired color, a
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i ndBum t onetberi diteices Sidablepior terwidh elettvorac displayp deeines, submipsake be 15 such as

| ast i . Sui t abl E bst r aj. i ncl . I , LI t
Dl ast i csheyd baveg B ROt yireenaren 0 fuda B Py dtomal et
pol yest ejgy polyarylates, and polymeric multilayer films, |1TO coated

barrier tfilms such as the Plastic Film Conductor available from 3M Opti cal
Syst ens Di vi sIroson{e3hbadimenRallike tHene sbowi, alerict laat U0 fricludes oamdr meteect ed

olyimd t.is_highly desirable that the ED.substrate s_barrier
Br o);;ert i @iﬁ#&l"&‘ﬁ? thgt %@“ﬁ'ﬁggé’“ﬂf ttﬁ%s‘%ﬁgﬁtééqw?g@ a(‘%‘?wecrdﬁ’ﬁ‘_t“@? 12313@?? ode) film
Fl gyl bl eyfeflet Sositlondl5S ug@g@kﬁ@m&ﬁo i8Rk arrtifdhadd BRREG fITRle Bfidb@m nat ed

to a polymer tarrier for ter structural I1ntegrity. The anode materi al
coat i ng liple vehelistr itdteeani ssthml buman obdelvwer,aomchgns anveptmadcamaponsat, ap electadiliy
transparent. or senj-transparent,. In addition to.ITO sujtable . anode

mat er i al §*VI¥REF ﬁ’&g%kF’n -efipwﬁ@m%iﬁﬁéo %dB‘SEF%IE‘YE"i: 15 PosiHenski de,
vanadi u ' e 15h And 4 QX 3hd40PFRL | uPioHThe r, other
hi gh mp}gwﬁﬁ‘g%"}%{rﬁ m_aif“g:alsl, an‘g&%?r%fﬁnatidngﬁt Eée\}riéego?@ﬁ% n pPag%lm?ipt he anode
i s opti obfgdutey] (tamiedd bottoin ehlitt(R0) Mapbe ased valmincabityate ¢2hductmsmgsivelty mer such-

as PEDT or. PANl to hel.p planarize the surface and to nodify the effective
world f unbghtsmited prdeviriolauer HE apggihene s sopdichiye slergopsis Bl@PPiﬁdrct i on

O e I Lt T
of cal ci uonfgmentivadteamed ftopefBtting”) may be used when substrate 120 does or does not

transmit the light emitted by the device layer and the electrode disposed between the

substrate and the light emitting layer of the device does not transmit the light emitted by

20 the device.

Device layer 110 can include one or more OEL devices or elements, for example,
organic light emitting diodes, arranged in any suitable manner. For example, in lamp
applications (e.g., backlights for liquid crystal display (LCD) modules), device layer 110
might constitute a single OEL device that spans an entire intended backlight area.

25 Alternatively, in other lamp applications, device layer 110 might constitute a plurality of
closely spaced OEL elements that can be contemporaneously activated. For example,
relatively small and closely spaced red, green, and blue light emitters 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

30 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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23 Mar 2007 WD 2004/102615, PCT/ US2003/024911 As one enbodi nent of a device
structure, Figure 1 illustrates an OEL display or device 10028 200%! udes
a device kay )45 Which includes the el ectroactive poly fﬁ | ene of

t he present ?‘{?\ié#?. on, and a substrate 120. Any other sui #280360%%
conponent can also be included with display 100. Optionally, additi onal
optical elenents 5 or other devices suitable for use with electronic

di spl : i d vi
posr 1 on TGRSR gt BE, TBlln AevicP AU ECNEL ARARLEL BRCR o B T
t he one sbhewpixeldefia wirildtay displhi Qe.gnhigh desshmm dowplayhyraesepbte Wementas stikat emi t

light through the substrate toward a vi posi ti og 140, The 10 vi ewer
i/

posi tion $eEMENE Of R BBIErEERS, dieniay (p-&-doV OEBP%OnaWDFW Bl2Y)> 6 SSERMAE 597F or t he
emtted a screen, an optical
corrponentb lglﬁhe %roh(l)lc1 nggsl?éc}lei%gﬁ@' H{Eﬁ’{%ﬁﬁ%ﬁ%{ét f’fgr enbodi ments (not
shows) , devi CeRleﬁyﬁﬁDmtbi?lmsﬂld@[tﬂdayebél@\l&ehsmuél‘sﬁrraltetréﬁ%ﬂ?and t he vi ewer

position 140. The device configuration shown i %I}ﬂg ei (termed "bottom
emi tti ng” SubsEpten k20 e deamy subist sugatle fo Pk d?‘f“é"n &g %aERJICitSOI}Sr ger

emtted b C de is
di sposed %Xgﬁl%/l h S%lgget\?#ggz(%et We%r%’é./ﬁgﬁgr?hcSJaf‘*@ﬁ&Fc;SPBﬂﬁfM%ﬁfec%@?@%&g%Pt he
subst r at e areldubsthmtisdlyttegsparentiio gisitdé ligh. thbﬂmimilll’)tm aﬁm‘tietdplague) toragiblee used
when substrate 120 does .or does not _transmt the light emitted by the

devi ce | ayight, E@xamplestaipiesodieldr syingsihenaael- selntr@n Qiths ikt Be@ﬁae the |ight
em tiy ng | 220 the
dovi e, s OHE nerishe 6 (P HE o230 LR hy Yoo i Bithadklck i Eibbre ™D

fior exanpleoxygen ga Water,l subbtrate 120 prefigatdy pﬂlmdes an aéagled: aénfiramiyicsstall Gamldre
manner. For exanple,.in lanp applications backlights for liquid
crystal diog i s¥ppligdapith HB?JH’I@QI)B laffé%lce@qgé’y@rlmﬂ’@fesﬁh%lﬁfo"é‘éﬁ@’ﬁdleﬂ’t‘%ea singl e
CEL devi cent A aF?eQ entire intended backlight area. 25 Alternatively,
in other l[anp app I'cat1 ons, device layer 110 m ght constitute a plurality of
cl osel y spaced Sobstratd EP®odnsalidiatludemnibeintisn o dpacane compynard swiabkedn For
exanple, relatively small and closely spaced red, green, .and bl ue |ight

em tters é%ﬂ%wmt@éﬂw&éﬁys B'é&lwééwn&létﬁmm%@aéépmsa 0%11@ Haticefes®lee | ayer
110 appearfﬁte}sf(?gsﬂg E‘lb e J1aEN i MIeR, LRGm&E'Y flanrdgg%se u?s%dtt?/ L er uRer
r backl 1 ght at ed.

arrangenent' s applications are conte
black matrix, mask work and other such components; and the like. Generally, one or

more electrodes will be coated, deposited, patterned, or otherwise disposed on substrate
120 before forming the remaining layer or layers of the OEL device or devices of the

20 device layer 110, When a light transmissive substrate 120 is used and the OEL device or
devices are bottom emitting, the electrode or electrodes that are disposed between the
substrate 120 and the emissive material(s) are preferably substantially transparent to light,
for example fransparent conductive electrodes such as indium tin oxide (ITO) or any of a
number of other fransparent conductive oxides.

25 Element 130 can be any element or combination of elements suitable for use with
OEL display or device 100. For example, element 130 can be an LCD module when
device 100 is a backlight. One or more polarizers or other elements can be provided
between the LCD module and the backlight device 100, for instance an absorbing or
reflective clean-up polarizer. Alternatively, when device 100 is itself an information

30 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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In direct view or other display applications, it may be desirable for device
| ayer 110 to include a plurality of independently addressabl e3@d: 2dgyi ces

or el eneryg Jhfialo@ei L 64 23 Mar 2007 WD 2004/ 102615 RCTUSRON3024911

the same or different colors. Each device mght represent a Separate pixe
or a separate sub-pixel of a pixilated display (e.g., high resolution
di splay), a separate segnent or sub- segnent of a segnented display (e.g.,

| ow i nformati g B , | : ' f._an icon,
ot or SRS B RN ox oI & T AR B ORI BByicq ABE LIGIanc] | ©
Fi gur e 1orgheve Bghtlemyiting Hidlie) sodignpamas obthe pudzshtriatentibB0 FaclSufisiguadtien120 can

be any substrate suitable for L device, a di .ay applicatiaons. For
exanpl e, RBYpdsfubstiap2edanag 3?@361“3%‘?, E@bé’éff gbﬁ%‘s@cql’ét}n&)]@Y@t%ér sui tabl e

material ( icth Q@linc! ggaﬁgf%%ﬁ@ﬁ&ﬁr?hé)%%egﬁtg@@ e%?tthtgﬁ:g énﬂrpzleﬁti ljl.gf‘ltxe Substrate

120 can al'so” be ‘opaque to visib or ex e stalnless steel,
cryst al | icogfigurhfi@sof Figirgs 4Clahd aD, al@rintlbde 4 hide raBgwatlagerDF8amdeherat eri al s in
CEL devi ces_can be particul arlgﬂsuscegti ble to damage due_t o exposure to

oxygen orcopAgwations fdtigyee4h and APanep legten twspoth layaiedfih M rRAnr onnent al

barrier, . | i ] ti | am nat es
Chat pr ovrdiddh GHARAE MU ACAE Enfine TPUE freEl AvelRl THREe b3fr BT o

i ncl ude dnYesrfuib tie Alodé ey éleatomifronotiecatnls redgpettilele Tie OED deklcedévi ces and
di spl ays such as  transi stor arrays and other electronic, devices; color

filters, HPemadiddechdesanelegropctes palymeusaylene anihedighbemiing layer 306, i1hes :

compbnent SEL BRI HikpEe R2TRENIRSh Sl BB MOAARARIT QR oR0 comt ea,

deposi t echf thatifift eRftingdiyep Lhe binihs @] dirspaseshoftNayerls0r ate 120 before form ng
the remaining |layer or layers of the CEL device or devices of the 20 device
| ayer 110. WheheznodgR$? adepihnded)Sdareiypicely famed gsing cosduptiag snaterialoeL

device OluefSYhent, NS LALLAN SMALLAI bl Elechads, Atahasl Lodgaibar are

di sposed B a em’ssi've mater

pr ef er abl gisperbicisanid edddictivedpacenibcluding) B txample) gdX dMtaint, pansdianent
conductive el ectrodes such as indiumtin oxide (1TO or any of a nunber of

ot hé} t r slwpanencalcbmyitenive, Bipyasnitrds, mdare tin oxBly (EEX), Biosng tipgident or
com et @8l 5k Bt 2l e Sl Bt oo 1
back! i ghtgon@R@in@rmarefisls pOthRY caeinslude nailise 18Rl sxanple M ffcdeiofed
cathode may include a layer of aluminum and a layer of gold, a layer of calcium and a
layer of aluminum, a layer of aluminum and a layer of lithium fluoride, or a metal layer
20 and a conductive organic layer.
The hole transport layer 258 facilitates the injection of holés from the anode into
the device and their migration towards the recombination zone. The hole transport layer
258 can further act as a barrier for the passage of electrons to the anode 252. The hole
transport layer 258 can include, for example, a diamine derivative, such as N,N'-bis(3-
25 methylphenyl)-N,N"-bis(phenyl)benzidine (also known as TPD) or N,N'-bis(3-naphthalen-
2-y)-N,N-bis(phenyl)benzidine (NPB), or a triarylamine derivative, such as, 4,4',4"-
T ris(N,N-diphenylamino)triphenylamine (TDATA) or 4,4',4"-Tris(N-3-methylphenyl-N-
phenylamino)triphenylamine (mTDATA). Other examples include copper phthalocyanine
(CuPC); 1,3,5-Tris(4-diphenylaminophenyl)benzenes (TDAPBs); and other compounds
30 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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bet ween the LCD nodul e and the backlight device 100, for instance an
absorbing or reflective clean-up polarizer. Alternatively, whemnmfegge 100
S |tself“%120|0“tl&r¥gation 30 display, elenment 130 can ingl 200% g)rl nor e of
pol ari zers, wave ates, touch panels, antireflective coa I ngs, %I snudge
coat i ngs, prOJectlon screens, brightness enhancenent filns, or other

optical conponents, coatings, user interface devices, or the like. -65 23
Mar 2007 Hﬁ%%@%f%&éedﬁﬁ@é&&?@&@ﬂ%ﬁ&ﬁéhﬁt%l%d%ﬁ&s@ﬁ Nal#d feahe.
exanpl es of different OEL device (for exanple, an organic |ight emtting

di ode) cofi2p32itd @081 pbothind wividsae incorpeeated bercintbygaferanet guration includes

bstrate 25 252, 25,. .a ligh itting |
Sse Sunrch oomtue flhchiBe tapRr ity A8 RSy il rtich ot e Tind heY ; SYen:
i nvention g}a for tdvitit rreédn%tﬁat% ZBh& Ul 18Se1 4G AN rfla g& 2GCHHES can hol e

transportnrf1 258 an the configurations of Figures 4B and 4D i nclude an
el ecti on umﬂtltbpmaledtw)aemveaﬁﬂymwﬁu arplesaof the podsentanvantioh smn fodiodriavieasmol yneri ¢

aryl ene of the sent in i Qn e conduct hol es fromthe anode
or el ectrg f@ﬁﬁ?ﬂ%ﬁsﬁ%et‘?fg}?l t?g’seﬁéﬁ?ﬁ?/ég%jl {:%‘? %%ESB@\W&%“B!F B gure 4A

i ncl udes apceheEhAQREIILYE 280lcXATBE foemad YRR el d?gérﬁﬁaétdlﬂ@&orﬁﬁédnﬁ'tﬁﬂsl ayer 256.
The 10 CEL devices of Figures 4B-4D include an el ectroactive pol yneric

aryl ene i hydmwayginglatd) ahmﬂmtuhle{Allq% Hthengxtatiphes diglestror B@l&ﬂor&mﬁelmlect ron

USi mo condtigh g Eogr T RpER Gy R4k 3y 167 1 By RS Dohdhabinde

met a{g OXi desq.- ok MEHAII VI HEERITD Q@tph&@fﬂd%*5 X&-(1 (ﬂlcﬁﬂ%ﬂ]?lc%ﬂﬁ) hﬁ?ﬂg) -ggnductive
pol ymers, i ncludi ng, for exanple ati num pal Nadi'um al umi num
cal ci um toxadinzale(tBuPBaY)iandothet comlmundmdhsanbtdm@kli Gber tha(D), Mdctamali ne tin

inre | ayare Y A0 107 el GRESE, SERuGOl i R oS T M e o .

For exanplagq meaﬂadeta%s’a Haﬁtatmctﬁ ARMndAB BB A Blotdic BlakHafumdand a
layer of gold, a |layer of calciumand a Tayer of alumnum_ a Tayér of

al um num EI_EQZ_J Hyie Nab#a (ddt)h1@238 K208 ), deth airwhichretedhcdrpgreted l2frimbyl a

cond t|ve rqg\lgnl c layer. The hole transport |ayer 258 facilitates the
injettionf Pes fromthe anode into the device and their nmigration
towards the r ecﬂfétiir@s%ht ﬁ@e&%%onf@ﬁﬂ;li@&l ].?%ltt ERNPRE OEI! @¥Shys #0%1e6RBs filichher
act as a barrier for the passage of electrons t0 the anode 252. The hole
transport doapeise 25 8lectipaciine polymerit arylencadpbrs embetlinent ©@Eledispaysioae besuch as
N, N - bi s(3

made that emit light and that have adjacent devices or elements that can emit light having
different color. For example, Figure 3 shows an OEL display 300 that includes a plurality

20 of OEL elements 310 adjacent to each other and disposed on a substrate 320. Two or
more adjacent elements 310 can be made to emit different colors of light, for example red,
green, and blue. One or more of elements 310 include an electroactive polymeric arylene.

The separation shown between elements 310 is for illustrative purposes only.

Adjacent devices may be separated, in contact, overlapping, etc., or different

25 combinations of these in more than one direction on the display substrate. For example, a
pattern of parallel striped transparent conductive anodes can be formed on the substrate
followed by a striped pattern of a hole transport material and a striped repeating pattern of
red, green, and blue light emitting LEP layers, followed by a striped pattern of cathodes,
the cathode stripes oriented perpendicular to the anode stripes. Such a construction may

30 be suifable for forming passive matrix displays. In other embodiments, fransparent

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.,

.67 -



25 met hyl phenyl ) - N, N - bi s(phenyl ) benzi di ne (al so knowm as TPD) or
N, N - bi s(3- napht hal en- 2-yl)-N, N -bi s(phenyl ) benzi di ne (NPB), 204 2007

triaryl agnedeiyative, such as, 4,4',4"-
Tris(N, N cp-l%h % am no) tri phenyl am ne (TDATA) or PCT/US2003/024911

4,4 4" -Tri s( N-3 met hyl phenyl - N- phenyl am no) tri phenyl am ne (nmTDATA). O her
exarrpl es i nclude copper phthal ocyanine (CuPC;

1, 3, 5- Tris§ditsGhPABRAKIABE RARRGMC Y @ﬁl@ﬁﬁ:@@]zfy-g[)@ffﬁﬁ')la e2b! dnah@ﬁg ficamgpuUnds 30

such as those described in H™ Fuji kawa, et "al hetic Mefals,” 91, 161
(1997) anmltmngllayetés)awl then b¢ eratedror depesiiad 23X lsmfrleclhmrg)écam ke Qmmad(g gRol ymer s
and Mol ecul .aSSes Z]ZCipl\/ar 2007 V\tho g/ 1026 FT/ US2003/ 02491t
Fandbook DAPLA e Rnro At Gl R feagask, glepiarer CH S

Nal wa ( e@nddes o} BlectSic dédicés? 00y othBrodultalfl coMdnbticd & alsdCnRMiRAed b aleei N by

reference. The el ectron transport |ayer 260 facilitates the injection of
el ect r ongresant invemtion. ni gr ati on t owar ds the reconbi nati on zone. The el ectron

transport | ay 260 ncI lectr ric aryl ene
of the pr esen Pﬂ%ﬂ’%ﬂ‘eﬂ&?ﬁﬂﬂsﬂq nﬁ’éh@eﬁglro}' ﬁ’egp af”o‘j“?]ﬁeé lﬂE ddsage of
hol es t 0 ehiBdninROdscrorthe hlfenféﬁé'Srl@@nut's gﬁpn&&émhzﬁ@  didg18ys 28H A6YEaD
transport |ayer 260 can be formed using the organometal |l i'c compound tris(8-
hydr oxy quonstuations civeradrigrthé gd:r@p:Bz)l coﬁlthmtloreﬂhlﬂmteé ioFigetett Bame of thnspor t
materials useful in el ect(i ansport | ayer 260 incl ude

1, 3- bi s[ $OPHUCHORS HE HSCHFFLEH B’ﬁenyl) 10 1, 3, 4- oxadi azol - 2-yl ] benzene,
2- (fy phenyl - 4-¢yty) bﬁ:ﬂéh&%aﬂiméﬁﬁkﬁirm&érphéﬁﬂét)ucﬁoﬁsé!an18&@8’& %%F (t BUPED)

and ot her conpounds déscribed in C. H Chen et ., Macronol Synp. 125
(1997) arvircditived Ghazates\anedasscatiodesthodhiranspbrt laya'saclget;dﬁ Harsspout fayecs, Pol yner s

and Mol ecul ar ndh.ook..of . Advanc.ed ctr i ¢ ,and, Phot oni c
Mat eri al iﬁfal Gmfysfé eleeteon wgecHian aéfarsaemli%vE%yérS( prshangige f2ysts: a#ft ch are
i.ncor por gfieg INREEIN AMtedMs HMIERCOEL dBGcR! ERARudIE Bid A% feffdenp! at es

light emtting CEL displays and devices which conprise an el ectroactive
pol ymer i qodarizbwspdiffubers.dight gnides)ilersag, Jlgmagnuolsfnmasybnghmesgeenlmwdmenﬂwat em t

[ t hat d d I nt s, t hat ht h
i P+ ontiies; S 6B cABRBREONTS R wle R SRS R roloerar Snap B e e
i ncl udes 13mpd Yoradxampl2Whab a@%hlﬁhmﬁata%aﬁsl&omea%?@ﬁeﬁrﬁl samb (ehtyer, and

di sposed on a substrate 320. Two or nore acent elenents 310 can be made
to emit damfretiemtramsférpresistife hczgl}thgammpnmxm;pt therlge;, whije eesinglacdloblauge One or

more of el S iRl i e S ot b 4 RS PO HIRY) ot NS ve
layers patterned by laser induced thermal transfer; and tunable color multiple electrode
20 large area lamps.

Low resolution OEL displays can include emissive layers. Constructions can
include bare or circuitized substrates, anodes, cathodes, hole transport layers, electron
transport layers, hole injection layers, electron injection layers, emissive layers, color
changing layers, and other layers and materials suitable in OEL devices. Consiructions

25 can also include polarizers, diffusers, light guides, lenses, light control films, brightness
enhancement films, and the like. Applications include graphic indicator lamps (e.g.,
icons); segmented alphanumeric displays (e.g., appliance time indicators); small

7 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

30 phone displays); large area piﬁel 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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The separation shown between elenments 310 is for illustrative purposes only.
Adj acent devices nay be separated, in contact, overlapping, ebgMar®007

di fferent jpations of these in nore than one diregtio t he display
substrate.@ééﬁq@gﬁbl e, a pattern of parallel striped t ‘;%g’éﬁ’g‘?&”“
conductive anodes can be fornmed on the substrate followed by a striped
pattern of a hole transport material and a striped repeating pattern of

red, green, angs; j AR Seivd phbQwed, - iped
pattern of cat ﬁ%l eg%dl{t%gtoc%nﬂ%%%%#ﬁg%g@%%eﬁye ly%e'rperlllg?f%ﬂ]logl%&to t he
anode st riipeisde Bue br draiiit suledtiats, amayes3 Gathedeshidlabrhespbrtriafens, lascgopassi ve
matri x displays.. In aother enbodi nents, transparent conductive anode pads

can be pr diangRart layers halpindgoiien ysiasletEan iBleqtionlay s, SRISEYe laversaerior

associ ate e essi éﬁﬂb%é : | i :
capaci tor Sc,h\ﬂé%l gg ﬁ%?%&ﬁgﬁgg%% 3%18%‘?5&%%6@5%5%?’? %gésgg%;l %@%Bﬁsoaaguc h as
are sfi t ablls ihclnderpdanigers cli fiwersyhiphiti gaidds dphsay, dighCtdigrol fdmytertsighinesd udi ng t he
light emtting |ayer(s) n.then be coated or deposited as a single |ayer
or can be W@W@é{%@a é‘.‘ﬁf %eé’%?-aﬁPBh“’é‘PP? pelude @%@qu %%Y%Wémﬁgnﬁéﬁ’lﬁr
conmensur ' : - j.Cc devi ces.
Ay ot ner Lo ehiSs isRiaE AEAT orhive e fcolBOTR oBlor Rl B HhE BlsC ey

i nvent i on. sepmenteé oe glaphlicirditatodiampl &yg.3M6erdaduché transfed dfilfigleresalbtion di spl ay.
In exempl ary. enbodi ments, each of the elenments 31Q emts light. There are
many di spl $fyiceantus dasrnakhot stagpsefiernsiog the i"’é‘?ﬁ‘e‘f“gﬁfraé W"i%ﬁjéﬁ@rdd@]%nst ruction
illu%rat e%p@f%gure 3. Sonme of those constructions are discussed as

foll ows. 1 acklights can include em ssive |layers. Constructions can
incl ude bare orOnepartonlhily esthiswhibdmies forahie tgr, of tadriatie pattdiaé® transport

| ayers, electron transport |layers, hole injection |ayers, electron

i nj ection ‘F%‘é‘ﬂ‘%{méﬁiﬂiﬁ'@ﬁ@ﬁéh?@F@SPI‘E@P&“@%%‘P%@TPW@W&Wm@ﬁ her |ayers
and materi S | &+d ' : i

pol ari zer s‘?ll%?l??lhagg}rgso ﬁtq ?((ﬁ?t gﬂ?l#ess ?t%lugn ggte{#%‘r‘#ﬂ‘g%sgiaﬁéﬁﬁ’?f%ﬁ t)t;ﬁlﬁgg ht ness
enhanceneninvdriiohi [High reaolitibh Grahdféraneafip hat detrivgrisoot nehn dguant)i ddge evughnesgl e
color, _large, area single pixel  |anps, for, exanple where an em ssive materi al
i s prévi deff By randpieg maleHalds § mygometcrs o Iss§ nati on transfer, resistive head
thermal printing, or the like; white or single color large area single

el ectrode pair lanps that have a | arge nunber of closely spaced em ssive

| ayer s pat Muthat$ foy FhbeieatinghGHE dayteler mal transfer; and tunabl e col or

multiple electr .
P E{jgﬁt emitting layers based on LEP materials or molecularly doped polymer films

comprising electroactive arylene polymers of this invention may be fabricated by solution
20 coating a thin layer of the material. Such thin layer methods are described, for example, in
U.S. Patent No. 5,408,109, incorporated herein by reference.

In certain applications, it is desirable to pattern one or more layers of an organic
electronic device onto a substrate, for example, to fabricate emissive displays. Methods
for patterning include selective transfer, for example laser thermal transfer,

25 photolithographic patterning, inkjet printing, screen printing, and the like.

In one aspect, the present invention provides methods and materials for making an
organic electronic device comprising selectively transfering an electroactive composition
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

30 donor sheet, comprising a transfer layer comprising the electroactive composition which

includes the electroactive polymeric arylene.
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20 large area | anps. Low resolution CEL displays can include em ssive

| ayers. Constructions can include bare or circuitized substragesr2aopdes,
cat hodes whHod@nbicansport layers, electron transport |ayefssdi9hHe]Ni ection
| ayers, electron injection |ayers, emssive |ayers, color c’ﬁangl ng | ayers,
and other |layers and materials suitable in OEL devices. Constructions 25 can

al so include polarizers, diffusers, light guides, |enses, |ight control
films, brightngss; %ibm@ﬁn%h&&m AR Srdg Lkdif 'ﬁﬁﬁ"ée%%rfﬂfé defif| ude
gr aphi ¢ indi cht or Kflg s (e.qg., d|conlén)a; °s£égrrent ed é]ilp arllurreri cqﬁ?s?p ays

(e.g., applehiderdortéxample digraicelsirohgnmbdcentrismives nincledgsdbsiramsfarofant bve

mat ri x di spl ays;. smal | nochr o ssive,or actiye ,matrix displa pl us

O aphi o FHRF AR RUERY RETRPR PRy 2gtavaredBsappefandor bugte 5o
phane di $2Sa%8)Nos. 8398684 AP0 X5, 6d24§ﬁ'52%,§1§,§§5;l%%ﬂ;s%%,@b%{'sgé;' ty of

modul es, or tiles, each hdviAg & felativély small nunbér of pi’xels), such
as Bay bé,220j5eap6,214,620; 60ddAs; Gil3A0SS; 5,9984085; 4,785.98%5,710,09; SHOSPOT;
applications. -68 23 Mar 2007 MO _2004/102615. PCT/ US2003 9 Hi gh

resol ut i énd gﬁﬁiﬂg_@:@“gy% ?‘&'&?F‘W&lmﬁ%e "’é?ﬁt;h&lpgiéaqqi%r@fﬁ@&r@? ﬁ}cqlqaé)ns can

i ncl ude bafsas 865 .o S f00299/6§2',|9§@;r@/ ;98‘35‘@9?1,59@}3@8‘1@%04%5?311 g@nsport

| ayers, electron trafnsport |ayers, hofe injection [ayers, electron

i nj ect i owHiclyare fncoepursted uereindysereferermel The effdetingiengof thy pasernmggrodeker | ayers

and materials suitable in OEL devi.ces. Oons%rl.llctions can 5 al so include
pol ar i zercan denepd ypen the phygral ngeples ofithe&aster Y6kt control filns, bright ness

en cenment fi : | . [ | | LY ennk . passi ve
i coPaer iy iy oo o v aRE LA LA I SRLATH Y RERE
mul ti col dmagingfthé trawstérdeyedipsgfemably pkaks cleanlymbmigaitie tine givading tmagediandt or | anps

R R o AR TS TN VN
One part i;cularded sl ddhfo GBI, o ;ﬁb%y{pﬂé@léﬁéié’&ygrne%?ﬁlﬁ g%'/é Hgigl??eh&i% ned

construction conprises the high resofutfon’irans een and bl ue
em t ti ng stremgtlssandesldstiy @iclulicbmparabtnivolnt sl pslynatedeifberg lamractice, clean
el ect rol um nescent cor_rpog%%liéon of the i nvF_t I on.. Hi gh resol utjon transfer

meak’s t h&8s REmatien furg: thenaser Lemedl dyeginge @ugﬁ%@g%fwrs £#Eb% r ansferred
materi al chﬁleiglﬂg‘.: Tﬂgﬁﬁ&gﬁccpéoﬂsgcﬁl%nce Wo@?gégefﬂﬁnﬁ?&fib Q@ﬁéh[‘gmg%r r‘lfgag%ﬁr S

edges on the transferred pattern. Another parameter 1s the strength of the bond formed

between the transfer layer and the receptor surface. This strength may be influenced by
the solubility parameter compatability of the transfer layer and the receptor surface.

20 In some instances, it is desirable to select the material on the substrate surface and
the material to be transferred (e.g., the electroactive polymeric arylene material or a blend
comi:rising such polymer) such that the solubility parameters are compatible to improve or
even make possible thermal transfer or other patterning methods. As an example, the
materials can be selected such that the difference in these solubility parameters is no more

25 than 4 I'? cm™” and, preferably, no more than 2 J* em™? as determined according to
“Properties of Polymers; Their Correlation with Chemical Structure; their Numerical
Estimation and Prediction from Additive Group Contributions.” third, completely revised
edition by D.W. Van Krevelen; Elsevier Science Publishers B.V., 1990; Chapter 7, pp
189-225, incorporated herein by reference.

30 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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Light emtting | ayers based on LEP materials or nolecularly doped pol yner
films conprising electroactive arylene polyners of this invenging 208y be

fabricate don 20 coating a thin layer of the al. h thin
&0k m:ﬁ@m&gﬂé?

| ayer nethods are described, for exanple, in U S. Pate 109,
i ncorporated herein by reference. In certain applications, it is desirable
to pattern one or nore |ayers of an organic electronic device onto a

bst r at : Le.. j S.Sy e g
at ter ni ndet Rl BOR Feic bt SOa@h o "HoNBI At SRR 0 18, 1 o
25 phot ol ¢dHaggs @ﬂ%?%? ERQLh& ¥ speifit PEiufile Whi Hd ieitioShi£8 e (B4 M hgForand t he

like. In one aspec the present invention provides nethods and materials
for maki ngplesnts offlgarmacleai]lacweight, thedebestee anergyris sione]y selhted to thelmyolar matf er i ng

an electro ctive,cogg[gfsiti oa. froma_ or st{g_e_t 0 aB@e tol?r‘ substrat e;
wher ei n t HePV@PRLPY tinFECE WE4S Eedron i FLHfﬁa_ ~ “atreel ect rodit ymeric
aryi gne. Lo NeIRIBoiihe hE oPEARBMkioh BY AL ARANPEANI AR Buil gfaner sheel

conprising a transter yer conprising the electroactive conposition which
i ncl udes viyer ptesmire asa funcaopof epretaturar yl ene. -69 23 Mar 2007 WO

2004/ 102615 PCI/ US2003/ 024911 A particul arly. usef yl t hod of formng
organi ¢ el ect rgﬁ?%‘sﬁﬁﬁ’/‘{y@&s Gpngthe Eﬁﬁl&f%tﬁg, In IMm#M%?ﬁtO&M Br organic

el ect r ol upi PESIH ; é‘-ﬂfﬁ% r.ansf er
| ayers byﬂ%taser t 1&?%%‘%”3??‘35@#35&%?@ &r%t 0 gl{hse(gglélggﬁ gggg In, %F %)l-lr(3
exanpl e, pblyfer,Pad equiNdisriun® sWoIBng 6#thePoRBder4r b vaifet? 42 sclbetits 6f BPBrihDSis

6, 228, 543; 6, 221,553; 5 6,221,543, 6,214,520; 6,194,119; 6,114, 088;

5. 999 085messuyedsamigoplotoenyiltinm svebag oihe polymer 5s.gissoluiglityvgameier of

00/ B, 200 GPais3C GaterBEr ARy 8 Bersbe iy fifnensd iG>
whi ch ar e oh fig9pROHAERInAGHBINsWRllinEk dbriied, Sl hitidelvsrnessoladntd he
pat t er ni n% process can depend upon the physical properties of the transfer

| ayer. 10herisg pelpbifitt parametersibatagniess than opgrepter thas that agthe pobmmarhdbereansf er
Layer. DULING,cLRENIGs ok iR Ht%&ﬁ{irgsfﬁnl %g“che"{oﬂb‘?ﬁ@ 'aYanEft?‘:r‘ao‘f% %éﬁfi‘%}' y along
q and cun! geaar gl (Pg of a

the line dividing I nmage ons to"formthe e

pattey n. baghloy thoajdiged @etrinityiessfmbtictal geoupd present Bixhe ﬁd@dleﬁi Agbwitlined
conformations, such as pol yphenyl enevi nyl enes, can have high tensile
st r engt hs ilthig abpygseited & CP- conparabl e to that of polyaramide fibers. In

practice, cl ea?)ré%n‘@ Ql%grgﬁrﬁé ARViE QoA et DEcit A8EYe dAFHoMon' BRGHIGE Ale ' 1IN

emtting pol yners can
electroactive polymeric arylene of the present invention and optionally other materials for

light emission can be made at least in part by selective thermal transfer of the composition
20 from a thermal transfer donor sheet to a desired receptor substrate. For example, light
emifting polymer displays and lamps can be made by coating an LEP layer on a donor
sheet and then selectively transferring the LEP layer alone or along with other device
layers or materials to the display (receptor) substrate.
Figure 2 shows an example of a thermal transfer donor sheet 200 suitable for use in
25 the present invention, Donor element 200 includes a base substrate 210, an optional
underlayer 212, an optional light-to-heat conversion layer (LTHC layer) 214, an optional
interlayer 216, and a transfer layer 218 comprising an electroactive 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;
30 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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chal I engi ng. The undesired consequence of poor edge formation is rough, tom
or ragged edges on the transferred pattern. Another paranetep3ivart20g7 '

strengt h wH 2hdygokged formed between the transfer |ayer apgisbddsos BSEPT OF
surface. This strength nay be influenced by the sol ubi rlty par amnet er

conpat abi Iity of the transfer layer and the receptor surface. 20 In sone
I nst ances, is desirable to select the naterial on the substrate surface

and = the ir%ﬁﬁ sérpdﬁ:lgo t@sﬂ@ﬁ@m 90/348,695; 09/, ﬁioegw(s@agsowmlwrl c
aryl ene material or a conpri Si ng such polg¢r ) such that thé
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th |t f th tt. met t h t |
can be sel oct disen e TSP PRrdRed Fer ale aR SR T Hifer s s
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determ ned according to Properties of Polyners; Their Correlation with
Chenf cal sBlectiedlytranstemed m thi ﬁremsf@ralﬂyeré@m ard@mth@mo Presgpior pantriiedy Addi ti ve

Group Cont,ri.bu hi edition

Kr evel en;P IE‘P@%@H 8‘5@%@{&,}{ fﬁﬂ%ﬁgg eén%t Jac g’o‘he 5?55&05@%36?‘?5%&'311’89 225,

i ncor por @Ee@xﬁn@&%@i‘oﬂo%ﬂmﬁ@ﬁtﬁ NEEHEds f%chEhﬁnﬁ@f otk »séwct%r@ﬁe&@areqfes@mal ymer
can be deternm ned from neasurenents of the extent of equilibriumswelling

of the pollnyfm exdmple, USnGet. dlo. 6312402 STrarsfetiléYeas ¢anplsost maJISfarlteyl frpem anet er s.

The sol ubi ar he solvents th el ves, can -70 23 Mar 2007
W0 20041 166k BE T B ble S by oo e e e HEnIoy GHeT or FramBile fgnster
evapgr at i @er chiBe Sthididni 4 d/oriaﬁﬁl?dé‘,?rkt%rtha‘t; 1h%s§eﬁb@ta@t‘§ aE q téxmyraﬁ:qh?e? thae caer gy

E,,b and the specific volume V by the rel ationship
sol vent s hﬁreleawdrﬁleedwltmsfneiagrht is cbhbactc«bttesremeptenmbgyamstypiceﬂyeWythrth&t ated to

t he nol ar at. of. evaporation a ccor in to Ecol V = OHva
T ThuPTERoR O M G 3T EaiFeD S G Rt TGP O ENBE RO F Bt on of
the sol vepleq @ nﬁﬂs%}]th@é'mﬁewaﬁﬁeﬂfay&h@r a MARYoriSEHEMNbE (8 fhedebdpiil | ON Of

temperature. Because pol yners canhot be evaporated, 1’ndirect methods have to
be used for deaterialsriam eepandie ﬂhmrrshsabs cApi ei ttzylstwawélaréjtaemt ta othdiemetenialse t he

lybilit t f th i f.th
ol Jiier 1 #7 BRGANPEE, o0R B TRPLLET PORPRSP] AR Ao ALPER B pl ot of
equi | i bri gnmswehd 88Dl AltdiRatRRlyY Mftersds fréh QesRAtt BbhdrisheRRA MRS Rins@irredt he
solvents is generated. The solubility parameter of the polyner is defined as

the poi nt dirtlyohitep of, ot ingrestia orvesd iyimg megistesttion mgthi, stheblagenmed magwald i ng wi | | be
less for S%Jl\égé]y patterned onto the receptor by thermal transfer or some other method (e.g.,
photolithography, deposition through a shadow mask, etc.). A variety of other
20 combinations of two or more donor sheets can be used to form a device, each donor sheet
forming one or more portions of the device. It will be understood that other portions of
these devices, or other devices on the receptor, may be formed in whole or in part by any
suitable process including photolithographic processes, ink jet processes, and various other
printing or mask-based processes, whether conventionally used or newly developed.
25 In Figure 2 the donor substrate 210 can be a polymer film. Suitable films are
described in U.S. Pat. Nos. 6,242,152 and 6,228,555.
In Figure 2 optional underlayer 212 may be coated or otherwise disposed between
a donor substrate and the LTHC layer, for example to control heat flow between the
substrate and the LTHC layer during imaging or to provide mechanical stability to the
30 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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having solubility parameters that are |l ess than or greater than that of the
polyner. There are several nethods for theoretically estinatbpdr»eo7

solubility r. of a polyner 15 based on the additi ntributions of
functional“@?@@%@ﬁﬁfesent in the polymer as outlined in‘?ﬁ§%3%80é9&1ted

reference. Organic electronic devices containing an el ectroactive
conposition conprising the electroactive polyneric arylene of the present

i nvention ' I | ' LSS . made at
cact i n R B adRR Y el ARG S co/7 B Tha SRGRLARAIRGREY TS
t hermal tr@fséee, donor sheet to a desired receptor substrate. For exanple,
light emtti ngrpol ynmer di spl aﬁ% and | anps .can be nade hy coating an LEP

o}
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sheet 5200 gWiliedlo dpREifldhRat N dendity bR RwPhesedlcohductiRitl edlatifeoraake @hppent 200
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216, and a_transfer | a@égh 218.co0 r.it.si ng @n deI ectroactive polymeric aryl ene
of the pr%@é‘ © o ATRRVESNe gy S 5’3}31;% % R Q% be present. Exanpl es of
sui t abl e donor STRY undeA¥ R SnHf alstPineTude AfalridisT6t VSR tndcRadcsd prijfditiesNR Jor

6, 358, 664; 6, 284, 425; 6, 242, 152; 30 6, 228, 555; 6, 228, 543; 6, 221, 553;

6, 221, 543; adhiesion bgapen Herghstiat@andsthe LA HSR gUsiag apandghyer Hat7ppreey;

5,71Q.,097; 695, 907: d 693. 4 i - i U,.S. .Pat. -71 23
vhr 3807 o9 hresn st Re L AE T A T R B Resuior R 8 e
09/ 853, 062&3&9&%4}113%@ ADM S0 0n sOBE 6585 BB 0nd RN EShn BB4ised A9f Rddoc598; and

10/ 004, 706, all_ of ich are incorporated herein by reference. Em ssive
or gani ¢ napkglinzngtes delaningtipg o1 separagen abibe Y layerd dprcaxapwiley that nfightns

conprising electroactive polyneric aryl enes. ofthis Invention an be
Cranst or r catgpiad Q3L R Sp oot L M e B B e . donor
sheet to aphREaPdisortiohlshitiica b9Yranbasd partibheoftha BahsTer lhgdten 6fhef MeglONOr
el enent adjacent to the receptor and selectively heating the donor el enent.

Met hdds f ohowensr itmeaydfeetesigpble Feersplop underayens et Peomelcat asicomgaiggree of f or
exanple, U Transfer . so.be transferred

From donofberuge be0iPemSLEmans Ber e hiend ¥ et 8 wPaRS At Eher  For
exanpl e, abétvansfa9érs E@rih@uBigig@Mabean R6VIEE 2 GtrRaliaBsatistRet e, eSdphation i N
eSsenee, a(czifjrsingaifna%ilfgenq%? ;;1?(5 grolvlidr:aearc}faxr]]:?gl fgre}drl]e release of gases that may be generated

by heating of the LTHC layer during imaging. Providing such a channel may lead to

20 fewer imaging defects, |
The underlayer may be substantially transparent at the imaging wavelength, or may

also be at least partially absorptive or reflective of imaging' radiation. Attenunation or

reflection of imaging radiation by the underlayer may be used to control heat generation

during imaging.

025 In Figure 2, an LTHC layer 214 can be included in donor sheets of the present
invention to couple irradiation energy into the donor sheet. The LTHC layer preferably
includes a radiation absorber that absorbs incident radiation (e.g., laser light) and converts
at least a portion of the incident radiation into heat to enable transfer of the transfer layer
from the donor sheet to the feceptor. Suitable LTHC layers are described in, for example,

30 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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be rel eased after the transfer layer is contacted to a receptor substrate,
typically with the application of heat or pressure. Such a neghag.2ooef erred’

to as | aRhHafdiAheiLansfer, can be wused to transfer thepg,p/t{]#{o% bignster
| ayer, or a large portion thereof, to the receptor. Materia ’From separate

donor sheets can be transferred adj acent to other materials 15 on a
receptor to form adjacent devices, portions of adjacent devices, or

differ entagﬂ%ﬁt'bﬁaﬁﬁuo%f&mma%eé gt«fﬁfaﬁ ofﬁiett%@ﬁ& 1a\9%} ¥nd £BY §fsh Bk T Om
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on the rece . ma be ored, i n whol art sui tahl e process
i ncl udi ndf aﬂg’{? ‘élcﬁ’rabc'g]é%’élgerﬁ‘ﬁ’ﬁléy?lé‘ff%’ieﬁ@éﬁs%&nt& Tticous ot her
printing g‘?a[ilé A h@ﬁ%ﬁ%ﬁ@éces‘é@ﬁ& R&lot %Yﬁﬂ&l‘l;@ﬂ%éfé’né&%ﬂ? fe ”e""‘ y

devel ope e 2t onor substrate 210 ‘can mer film
Sui t abl etfanlsfr‘eslaaele described in U S. Pat. Nos. 6,242,152 and 6 228,555, In

Figure 2 optio under.| ayer be coated, or W se sed bet ween

a gonor sugst rg‘t‘téb]&ﬁ’éfe’flw){ﬂfﬁé%ﬁé&aﬁ »ffwre%miﬁpﬁé%ggé Qafigmgigt flow

bet ygen t he %Eﬁ%u’rébea fh'aﬂ milEink Iyls‘la?'l%r 1s%81|%d&8 ih H&%l%ﬁe&rzobo'r?zin‘ai’érde
stabi [Tt ono

mechani cal “to the 30 enent for storage, handling, donor
pr ocessi rigyer@ig lmmgiengn ekexaoyitios pohqmnctaaﬁbm: ofuhdpnebmt em&namdamrbd:dmods of

rovidin erla rs ar di scl gsed i n, ) 555 -72 23 Mar
5007 V\D%Eaég @Spéﬁrb éslmﬂsﬂﬁ goRgierials, ﬁﬁapqsraé eb%?sog.ra?fs ay9rss alopg OB i

Appl i cat '&&bﬁ%mh‘%ﬁl@&ﬁ%ﬁa&ﬁﬁf TPaﬁfoePPar £k 1@%5];]%'[& aybeufﬁe%cﬁ%lg The
nc S I mpart r

under | ayer can i ude materi a ed nechani cal t her nmal
propert i dsnsferedes donidor &l prrtots byFory saxablp trensfetheechatism war thedonemc| ude

Confitict i EEH: it Spve PR BEREP BUBSERS e A AR BFLPY M be used
oo A A e (o ol Lo oo (e
for their mecHEwr pradenpmopmtidn fasther prbeides a light emitting transfer layer that comprises
an electroactive polymeric arylene of Formulas V-VIII. One way of providing the transfer
layer is by solution coating the light enntting material onto the donor substrate or any of
20 the layers described supra, i.e., underlayer, interlayer, light-to-heat converting layer, In
this method, the light emitting material can be solubilized by addition of a suitable
compatible solvent, and coated onto the donor substrate or any one of the above layers by
spin-coating, gravure coating, Mayer rod coating, knife coating and the like. The solvent
chosen preferably does not undesirably interact with (e.g., swell or dissolve) any of the
25 already existing layers in the donor sheet. The coating can then be annealed and the
solvent evaporated to leave a transfer layer.
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 fransferred using a

30 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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adhesi on between the substrate and the LTHC. Usi ng an underl ayer that
i nproves 10 adhesion between the substrate and the LTHC | ayer 2gawar2eepl t in

| ess di st qgi, f?(ﬂg'uﬂfltﬁhe transferred i mge. As an exanpl nFﬁJgUﬁiﬂﬁg@%ﬁﬁses an

under | ayer can be used that reduces or elininates dela
separation of the LTHC | ayer, for exanple, that m ght otherw se occur
during imaging of the donor nedia. This can reduce the anount of physi cal

o oM xRk diif e BNSL U S RRLIANE By bl L AR RfeciBXR . | 0 Ot her

cases, 15 however esirable to enpl oy under erst pronote at
| east somadﬁgbgeca;faclt@epasﬂhﬂoﬁﬁb@epmsnccﬂor ﬁllms;gﬂdcﬁyﬂitﬁxﬂlwle tignsporgi ng, for

exanpl e to produce an air gap between Iayers %&J ng i maging that can

" provi de ala¥Es ﬁlﬁFﬁ‘inhgﬁﬂlS&Pﬁa@;YfﬁF%ﬁ%@ pibar eleapnts Hestolfor slgetroc fivalgyner B al so
provi de a g{;ﬁg for the rel ease of gases that nay be generated by heating
of the LTIq ayer during i magi ng. Providing such a channel may |lead to 20
fewers i magi ng dakégtantion Iiwﬁn:théleddsamﬁd hyalye fdlostpstaniplal Whidraappaidedt at

t he i magi ng wavel ength, or . least partially absorptive or
reflecti véO’o‘ﬂluFtF?é’@Pr?@ﬂYM%P%Wlteﬂfl%%mp&t B aPeWE%ct i on of i maging

radi ati on by the underlayer nmay be used to control heat generation during
imaging. 25 In Figure 2, an LTHC | ayer 214 can be included in donor sheets
of the present invention to coupl e EXARMILAES on energy into the donor sheet.

The LTHC |l ayer preferably includes a radiation absorber_that _absorbs

i nci dent r adi atAlbwag@ltgwerq ehigned frglﬁttéldaﬂacbaﬁw@%mpa}y, M,lb\gaul@e p¥ktion of
th t
f rgm!l(?ﬁ negg gﬂﬁ %Q%} etﬁhg\ﬂrq‘gbgﬁep%(rjgﬁggé ?a %%ﬁb ers ar escpé" gggri n,

for exanple, 30 U.S. Pat. Nos. 6,242,152, and 6, 228,555. In Figure 2, an

optional interlayer 216 may be di sposed bet ween the LTHC | ayer 214 and
transfer 18. The interlayer can be used, for exanple, to mnimze

I
T e

and Hay. al'so reduce
distorti oerlﬁadtdieSyhtmasﬂedrBdnmmHn of the transfer Iayer The interl ayer
may al so |nfluence t he adhesion of the transfer layer to the rest of the

donof- shed®bN WW@OWPWHEHNIN@F%@PMP%@WPWeﬁﬁép‘hﬁ!“m‘é§ i ghtained
Pref erabl Yo Dndr g urcg:oﬂﬁie@’tUrf’é Qtu%éc @hnfaRenm cal Iy 5 deconpose under

t he i magi ng condition partfcularly t0 an éxtent that renders the
2,5-Bis(hexyl)-1 4 benzenebls(boromc acid) was obtained from Frontier Scientific Inc.,

Logan, Utah.
2,7-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaboroelan-2-y1)-9,9-dioctylfluorene can be made
20 as described in Ranger et al., Chem. Commun. 1597-1598 (1997), incorporated herein by
reference.
4-Bromo-N,N-diphenylaniline can be made as described in Creason 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.
25 123(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.
30 3,6-Dibromo-9-phenylcarbazole can be made as described in Park et al., Tetrahedron,

42, 12707-12714 (1998), incorporated herein by reference.

-75 -



transferred i mage non-functional. The interlayer typically remains in
contact with the LTHC |layer during the transfer process and bsMEt22007
substanti WOH} sferred with the transfer |ayer. Sui ' ayers are
descri be 4floirjyilexarrpl e, 6,242,152, and 6, 228, 555. 101"?-&%!%—%[}8%%59, a

t her mal transfer | ayer 218 is included in donor sheet 200. Transfer | ayer
218 includes an el ectroactive polyneric arylene of the present I nvention and
can incl 0 | I e had Sa &p&? i e or
nor e Iaye";bsjﬁltg{aﬁlrroebg&iﬁn%% ?’ooﬁ%lgﬁlgpr P\%ﬁﬁﬁ er mat ersr aF ?‘g%? %I ayer
218 i s capalhen 8kr 17d] Y- (e_@nl)/aicyarpotatahhéremr’ce'cteﬁcsemeunrt or in portions by

any suitable trans mechani sm when th d 15 .el_ement osed to
direct heaf-PiRyoge- §'§ -gi Pﬁg"t%taicat B%Hlag?t eéle‘ngﬁ’ge?rbeé&fbgé'ﬁ iJ;ht -
to-heat qapyer t59'i lrgr;vy b@ 1RB oi:ﬂéﬁ/ggrgﬁ@ g{egbnlgg_at. The present invention

further provr gat émtting transfer layer that conprises an
el eck roalevalqnohmtmuﬂarmgﬁte]m oft 0By phdrad;cappbfﬂ IHole @nespuriinggiolymeryi di ng t he

transfer | ayer ol tron the |i emttin terial onto the
donor sut?@f‘\l’&ﬁ‘é‘g@ﬁ’ly%?ﬁ %bftzﬁél%a%}@gé IH%E"F! eB‘HE‘ﬁ EY%PS > under | ayer,

I nterlay o ne l.i.ght
emtting tO égrt%[m@ﬂwﬂ %)S@]QHJ%I& |tp Jbﬁ){&(gldoﬂjrqgr?mg fﬁor@aﬁ gfg‘ia}ﬂ%le agat I bl e
soI vent , dapdibedat Eﬂamplbc% dﬂﬁtoﬁmﬂ?atmnbbt 1@k 1d 54 inesrpomatee lnr:temfbgra‘bmnee | ayers

spi n-coatin avure oatin er rod coating, knife coating and the
Irke ThdosHePah H%b#fg‘wé?@rlg%‘?%m es not undesirably interact with
(e.fy, s @kt | he donor
sheet T\rﬁtﬂ 82“ ngﬁ)?;éaehtét? Egﬂ&ﬁ St é}%lné@ @@@ﬁ%ﬁé%@ﬁ@ﬂé@é@@%@yt o | eave
a transf Sanllgyepiter,[Fle transfer |ayer can then be selectively thermally
transferred fromthe relajrtlrltrng dgnor sheet 8r el errent to a ﬁhOXI mately

| ocat ed r¥RBpRGN -dipaht NN cdiphapuloepgidingavaahie fiogy H. hadndhe
transfer f, g.;f po that a multilayer construction is transferred using a 30
si ngl e don sﬁe Sui tabl e receptor substrates are described, for exanple,
in US MBD- Ahdoﬂectlﬁ)nmsﬁcﬂea@mj 26(4 273 hen§B-5-4AAb R Blphveay R 0B 4- o:WaxﬁBM/ 102615
PCT/ US2003/ 024911 I?_ec‘%péor substra&gs can be pre-pattenmed with any one or
mor & of évéﬂ%m%@@@ prdsstupter, Flapaci t or s, |nsuI ator ribs, spacers, color

filters, t 51;?&? 143 hedid b ‘3/&1£t L t |ayers,
and ot her g}r?egr?f?s&g @oi( aﬁ? lreo?ﬁlc % %]fen b & gﬂi 'ﬁsﬁ’i@&ﬁ?&,
avallable as Baytron™ P4083 from Bayer AG, Leverkusen, Germany.
PhO(CH,).O(CH3):I can be made as described in Otera et al., Bull. Chem. Soc. Jpn.
2964-2967 (1981), incorporated herein by reference.

a

20 PS-DPAS - a hole transporting polymer, polystyrene-diphenylaminostyrene copolymer

prepared as follows.
p-Diphenylaminostyrene monomer was synthesized by a preparation similar to that

described by Tew et al., Angew. Chem. Int. Ed. 39, 517(2000). To a mixture of 4-
(diphenylamino)benzaldehyde (20.06 g, 73 mmol, Fluka Chemicals, Milwaukee, WI),

25 methyltriphenyl phosphonium bromide (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

30 were dried over MgSO, and concentrated under vacuum. The crude solid was purified by
columm 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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devices. 5 The invention is further described by the foll ow ng exanples,
whi ch' are provided for illustration only and are not intendedstimrbeoy

limting iwoamsVeds EXAMPLES All reagents were obtaine
Chem cal Conpany, M\Iwaukee W 10 unl ess ot herw se stat ggwu%qo)%ﬂ%ounds

made were characterized by NVR spectroscopy. dossary 1, 4- Benzened| bor oni c
aci d bi s(neopentyl glycol) cyclic ester was obtained from Lancaster

Synt hesi s g Tho Nz, ¥Dcl) (7.21-7.32 (m, 6H), 7.09 (d, J= 7.6 Hz, 4H), 7.02
N, N - Bi s(4- b/gormp 6( )-N, N?': blsf)4( butylp( I))benz(ene 1, 4-di ani ne V\%T'ls

obt ai ned 4H)p@r§@\(xhi, L/(,=ah7 E)Jrh_ Eb0rtze 1B (Dﬂu}/?é'/’ 6Q1|H_b,ei:15 @Qd&dl 0 Hz,

2,5 B s(hepyl )5\ A BSDAFOG SERAEPLLE £k, Y55 b3 956 18 o e

2, 7-Bis(4, % L—'?djgtrarret hyl -1, 3, 2- di oxabor ol an-2-yl)-9, 9-di octyl fl uorene can
es

be made 20' as described in Ranger et al., Chen. Contnun. 1597-1598 (1997),
“incorporat ed heFesyntheyize tief pipner a reinBriotomglds deqohe wdsdnaked ot umder be nade

cor por ar e AEH 1 B forthates, heh by S0 ToSiscior o BES naidris
described jiRodATRABLAuehA1 8 g]of@molle;%mmeﬁaqm%?t ?&%ﬁraﬁ P

(2001), incorporated herein erence. CBP - a ransporti ng agent,
4, 4" - bi s( caidedioahe Qs-ayto)bypmngd TheevIdiF ada‘s disfilahiréin sznSamL)heimm tmeder FL.

4, 7- D|brorm 2,1,3:-b nzothla(alazole can gﬂa}cge as d cricg in Pilgram et
i O PR deayior © Gafe Lo eoto RS EEn AT BYO Ko SR GYR R F e S
ref erlgnce bﬁ%sé’ﬁo@ﬂ%ﬁ?@?ﬂ&w@f@ﬂﬁﬁ@é 'aﬁﬁﬁi?ﬁ%@l'l&v&%y Qfa giﬁ@%nﬁ%n‘i'@g%ﬁ g'apgﬁl 3pn Park

et al., Tetrahedron, -42, 12707-12714 (1998), i'ncorporated her ei
r ef er ence. mm‘ﬂfes@aotvamﬁomﬁer whlifon4f the Bﬁllfﬁm'PCﬂTeé 1e82tOB/ @R40dsIcooled to 3 °C

3,9-Di b d 3,1 | bed
7 ke of G et wh oty Mg B Qb Facllpb PR et TR pyren |
ngL grereng te %ﬁdelgw&slP{/ BERyY p%ss%demagu betfvatt@nage aRRRnD & MR hitieas hhded i n

water, and sparged with nitrogen gas to remove oxygen. A solution of s-butyllithium in
15 cyclohexane (0.4 mL, 1.3 mol/L} was subsequently added to the reactor. The solution
immediately tumed orange, characteristic of the formation of polystyryl anion. An
additional 1.78 mL of styrene was subsequently added to the reactor. After stirring at 3 °C
for 2 hours, a solution of p-diphenylaminostyrene (1.61 g) in cyclohexane (20 mL) was
added to the reactor by cannula. This solution had previously been degassed by repeatedly
20 freezing it with liquid nitrogen and exposing it to vacuum. The solution was stirred
overnight while warming to room temperature. The reaction was then terminated by
addition of methanol, precipitated into a mixture of methanol and isopropanol, and dried
under in a vacuum oven overnight, yielding 3.2 g of polymer. The resulting PS-DPAS
block polymer contained 74.1 mol% styrene and 25.9 mol% p-diphenylaminostyrene,
25 based on C NMR. The molecular weight of the block copolymer was 7700 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,
30  Milwaukee, WL '
Tetrakis(triphenylphosphine) palladium (0) was obtained from Strem Chemical,
Newburyport, MA.
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Chem , 1571-1577(1998), incorporated herein by reference. 5 HI - a | ow
nol ecul ar wei ght (Mv < 1000), phenyl capped, hole transporti ng3pmdreoey,

conpri si Rgo BALMbZ1phenyl car bazol -3, 6-diyl), which can b y
bi s(1,5- cycl ooctadi ene)nickel (0) nediated pol ynerizat Fgﬁ;b@?ﬁ\ﬁ/ﬁﬂs\ﬂ

3, 6-di br ono- 9- phenyl earbazol e as described in Exanple 3 of Euopean Patent
No. 1011154, incorporated herein by reference, for the polynerization of

f1 uor ene 4npRNQRbSmetRyIL2 bﬁ@ﬂ)\'ﬁl 3,2ali0RdbResthis cabd indde frbfi E6RoPERBNE PYri di ne)
|r|d|um(fil , avail able f romH. W Sands, Jupiter, FL. NPB -

NN - di (néqzimvnag the-gznga) proreduge phlborglapation agireportedviaiRansttet a.off#. W Sands,

%uglﬂft glr pfé"m/’f‘)” 55% fﬁb%d]?g )pﬁg’ﬁ@ra %P@ér m%% nfegezng e, 15 available fromH.

W Sands TM@pi § golectiar elditdf/ ?&&nylﬂQﬁéthmbumann can be prepared by methods
(pol y(3, 4-etllyl enedi oxyt thio ene)/polystyrene sulfonate avai | abl e as

ant gnTwﬂxgoeglﬁgengw B.Aeyndagapaiibys ¥a lslmﬁca W.V. Breoeedipgoefie2) 21 can
29
O i T M e R L e S

pol ymer, 7y Y?Jw@ﬂﬁrsgbﬂiﬁg%géﬂnwmﬂﬁhwﬂaﬁ HRBDH)NEN” -biR(phRayIftndide0| | ows.
p- Di phenyl am nostyrene nononer was synt heS| zed by a preparation simlar to
that deswailabéuifrorp Hrdl. Sanda) Jupitendéw. Chem Int. Ed. 39, 517(2000). To a

m xture of 4- (diphenyl am no)benzal dehyde (20.06 g, 73 nmol, Fluka

Chem cals, M| waukee, W), 25 nethyltriphenyl phosphonium brom de (26.22 g,
73 19l ) Mpkodérg tetrahydrofuran (450 nlL) under nitrogen was added a | M
solution of potassiumt-butoxide in tetrahydrofuran (80 nL, 80 rnnol) over
5 mi nut eExamipée Ivi xture was stirred for 17 hours at room tenperature. \Water

pr essur & SRR FEPa DRAPL T ot bR MR BT E Rl 213 or gani ¢

layers 30 were dried over MgSO4 and c entrated under vacuum The crude
solid was purified by colum chronﬁ&%&ﬁy on silica gel using a 50/50
m xture of nethylene chloride and hexangpo give a yellow solid that was
further recrystallized once from hexaneo(p.37 g, -76 23 Mar 2007 WO
2004/ 102615 PCT/ US2003/ 024911 '

CgH,;0

Part A

15 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. Filtration of the cooled

20 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 ml) followed by water (2 x 100 ml). The

organic layer was dried (MgSOy), concentrated, and transferred to a 1L three necked

flask. The contents of the flask was subjected to high vacuum distillation to remove the
excess l-octylbromide. The pot residue was essentially pure methyl 4-octoxybenzoate
25 (3768, 56%).
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78% . 1H NMR (400 MHz, CDC13) (7.21-7.32 (m 6H), 7.09 (d, J= 7.6 Hz, 4H),
'7.02 (m 4H), 6.66 (dd, J= 17.6 Hz, 11.0 Hz, IH), 5.63 (dd 35 Mar®00t H) ,

5.15 (dd, windbln&(,i“z 1H); 13C NMR (100 MHz, CDCL3) (144 g;ﬁm}gulSl 8,
129.1, 126.9, 124.3, 123.5, 122.8, 112.0. 5 To synt heS| ze t%e polymer, a

round bottom gl ass reactor was baked out under vacuum at 200 C for 2 hours,
then allowed to cool. The reactor was filled with dry nitrogen.
Subsequenplypg 71.8 g of cyclohexane and 4.4 nL of tetrahydrofuran (THF) were
added to the reactor by syringe. The THE was distilled from

sodi um beﬁszabﬂwofh‘é%mmnmm}iw@}@ﬂdprl or to use, in or der to scavenge water

a1 U o ol 1 oleaExPREAs B G LaF PO Ao oy A BALar By ek ShTAPEEe bR For 1o
use. Aft erl"hﬁqgéstrbﬂ’ﬁkeqffo? hgosel ¥ Tﬁé%ole‘ﬂas%ldtﬁﬂ wis3kradBifitoCa0bedatt0 3 C

in an ice water bath, after which mL of styrene was added to the
r eactoor . ”ﬁh@ﬂmtm@m@tedmddﬂmbM@Blyedbfeﬁmm@mquhtsmfgwta‘cﬂnd\ﬂmeém basi ¢

emove. o) BB SR ey e BRar i AR ds T 0 bhexane (0.4 ne. 1.3

mol / L) wapagubsequent|y added to the reactor. The solution imrediately
turned orange, characteristic of the formation of polystyryl anion. An
addi t i onalSynthegs af 2,4fDishlprabgazapd £hdarisisequent | y added to the reactor. After

Th Gyol shexane 190 ettt yfad teii dhapsEt RIS PE VAR o
had py evi qugley0 bggﬁldﬁ)egm@ﬂbreyeﬂz@mi@aﬂdwﬁ%ﬁ(v%&hm of thid Jq mehaémle

nit rogen and exposi ng | t to vacuum The solution was Stirre over n|
whi | e war mmmgxrt was wéluxedfop Sriwtics: dlosToikthe Saonyil chlovide wah distitled qffrfalﬂcmbdby

" Sopr opand,ERIA 4 s R EHAET oY fr D DTN &Aéw*‘i}e%%%ﬁﬁ%g?@%w@fz g of
DO Iy be}%l%yfﬁ‘f%gﬁ‘ﬁﬁw?%ﬁé w8 YICC, SRR Rk o7l Al 27

wei ght of Hg)e bI ock copol ynmer was 7700 g/rnol, based on gel perneation
chromat ography in THE agai nst pol ystyrene standards Pt (OEP) - a nol ecul ar
eni tt®er, pglagt® num (11) octaethyl porphyrin, available fromH W Sands,

el ey Sy R R e oo berole
pal I adi um (0) Viasiepbbiinkechbinitedpen) 8.6 @ (CSTRA 2,4-diNiMrubatzoyE chldviie was
added to a solution of 23.0 g (0.087 mol) 4-octoxybenzoyl hydrazine and 12.13 ml (8.8 g,
0.087 mol) freshly distilled triethylamine in 348 ml dry chloroform. After about one hour
20 of stirring a dense white precipitate of the required product was formed. Stirring was
continued until the next day. The product was collected by filtration and recrystallized
' from ethanol/water to give 31 g (81.5% vield) of 2,5-dichloro-N'-[4-
(octyloxy)benzoyl]benzohydrazide as a white solid.
Part E _
25 Synthesis of 2-(2,5-Dichlorophenyl)-5-[4-(octyloxy)phenyl]-1,3,4-oxadiazole (2)
Into a 250 mli flask fitted with a mechanical stirrer 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
30 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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-77 23 Mar 2007 WD 2004/10261-5 PCT/ US2003/ 024911
4,4,5,5-Tetranet hyl - 2- phenyl - 1, 3, 2- di oxaborol ane can be nade bg®m@r2007

br onobenzgggnof1@3dh9W ng the general procedure of borol apats Leported in
Ranger et al., Chem Conmun. 1597-1598 (1997), incorporﬁ@g%gﬁﬁgﬁpby

reference. TMC - a nolecular emtter, 3-thienyl-7-methoxycoumarin can be
prepared by nmethods 5 outlined in Sreenivasulu, B.; Sundaramurthy, V.;

Subba Ragjchh OCRE@LRUSyHhehB- 1.3, NdandideAL ey TOE sipedtaRGes Sect A 78,
159- 168 (.!LcQ??f?l,}ﬁeinggor%g@gt ed eree?ﬁ by refer encg}y TPD - A hole transporting

agent, Nanﬁin‘ieﬁﬁm@ﬁM@ﬁbﬁﬂ?%'lDM2Dm|ﬂ@ihyiq)ub§mid ghiveehe follvaingaBe from H.
W Sands, Jupiter, FL. 10 noners Exanple | Synthesis of
2- (2, 5- DNIRAP P NEFR ICDG)Y U b’di,y),dx%l)(ﬁgﬁw 40 (B okaB(AaDe6P22HC a0 N
O N C8H170 Part_ A 15 Synthesis of Mt hg/l -oc(éoi(%ée zante Into a flask was
i nt r oducéls 258 (181, dd), 7. 451K H), HP1 (A -Qﬁgl}*&r Ky M 00 Mg CGClg) (1. 99
nol )_ pot assi um car bonat n 00 cetone., .This. wa | uxed for 45
T 01 | et By D e dovids o8 it for>of. Hethr 535 (20T b (R and &
1- oct yl brigm [ jap@j ¢ ; i M xt Yy rieffhuxed for
t wo days.l%g:]]qf:g ?322(?01? ’o%At' he cg)gﬁg%fg%c;ﬁggg? i%g:}\ﬂr’n?g(t)'g? gégrllg l\gegggcgrea‘{)i’on of
the filtriaid&5gB22®mA3nBT (CT0),so0dS, 1akeh(TH5), 1640hyC-5)acet at e and extract ed
with 5 %NaOH (2 x 100 m) followed by water (2 x 100 m). The organic
| ayer was dried (MgSQ4), conceptrated, and transferred to a IL three necked
fl ask. The contents of thET‘fﬁ% was subjected to high vacuumdistillation
t

to renove the excess 1-oatylbrogm dey/~fthe pot residue was essentially pure
met hyl 4- oct oxybenzoate% 25" (3 6@;}5 6%/""3&7"{3_%3
Y ¥ S

=
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Example 2
Synthesis of 2-(4-tert-butylphenyl)-5-(2,5-dichlorophenyl)-1,3,4-oxadiazole (3)

CIQG

N
O_N

15 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 101,
flask. To this was added with mechanical stirring 201.5 g of 2,4-dichlorobenzoyl chloride.
20 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% vyield.
Part B _
25 Synthesis of 2-(4-tert-butylphenyl)-5-(2,5-dichlorophenyl)-1,3,4-oxadiazole (3)
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WO 2004/ 10261i PCT/ US2003/ 024911 Part B Synthesis of 4-Cctoxybenzoyl

Hydrazi de To the contents of the flask fromPart A was added 38fiakdog70f 98%
hydr azi ne. i as refluxed for 5 hours (106 C). The c j.on was
pour ed int\gogﬁ'd%?%v\ht er 5 and the precipitated solid fi?@t@g@?%\%éhed W th
copi ous amounts of water and dried in vacuo to give 4-octyl benzoyl hydrazide
(343 g, 91%yield, np 90 C. Part C Synthesis of 2,4-Di chl orobenzoyl

St bar was i PRI AER Y Gt 00 e R B B e e d and
575 m ( 7.d@@lombinzohydrhiidagd. 55 mobrandd 378 e phosphoms exyetdondd (2062 d, TAOT8 8

hours. Mst of the thiony] chloride was distilled off fqll omed by renoval
of the rerfaPhdeHs ¥s redinsd fogpdpdant the Folvestdhen v2ppgiedgade ﬁl\éﬁbva@v% yi el d)
of 2, 4-di Qr: ; i T, L ALSit L -l tenp
20 cio. &%1&%95%(&1%2&?]@5 Bﬂ'%l;é]dtjﬁg Sa%L(gQiORf\{r&ft’d stand HtiGhe Akt daly! Btk fon

2, 5- I chl ofave Wstifld- has] whick ywaseliwzolvkd hemezihhyely axi sdbid dredaial svabbbaket! bef
nitrogen, 8.8 g (0.087 nol)_.2,4-dichl orobenzqyl chl oride s _added to a
sol uti on cFddgipnelg Ltide water. faltptigo 9@4" BRVIFHY 6} 2&@3?@?&@ odurt 984y (8.8
g, 0.087 . | Gbiok triethylamne in 348 nil dry chloroform
Af ter abou\?mclt)e)ncelg’{%%ﬁpégﬁmo@bs}t b’fe(riitli)hg a dense white precipitate of the
required product was forned. Stirring was continued until the next day. The
product was collected by filtration and recrystallized from ethanol/water
to give 31Expmmalso, yield) of 2,5-dichloro-N -[4-

(oct yhoxy) | J-Benzo i Sc g Mg e, I r - t hesi s of
2-( 2¥¢}u Dic org%k?]égip )Zsogm?éﬁ%lget%yﬁo%x @%M]@’T}?ﬁ@lgﬂhg %X%x&ﬁlgégﬂleﬁf(‘ 2) Into a
260 m flask fitted with a nmechani cal stiyrer and thernoneter was

i ntroduced 30 g (0.0686 nol) Br%

2,5-dichlor-N -[4-(octyl oxy) benzoyl ] benzokryyir azi de and 181 m phosphorus
oxychloride. This was refluxed and stirrdd,Nor 8 his. About 100 m of
phosphorus oxychloride was distilled off der reduced pressure. The cool ed
resi due was 30 poured onto water and crusheld ice with manual stirring and
allowed to stand until the ice had nelted. The precipitated white solid was
collected by filtration, dried and  CgH,;0

Part A
Synthesis of 2,5-Dibromobenzoyl Chloride
By the general method of Part C of Example 1, the reaction of 50.0 g (0.1786 mol)
15 2,5-dibromobenzoic acid with 150 mL thiony! chloride gave after distillation 40 g of 2,5-
dibromobenzoyl chloride.
Part B
Synthesis of 2,5-Dibromo-N'-[4-(octyloxy)benzoyllbenzohydrazide
By the general method of Part A, Example 2, 2,5-dibromobenzoyl chloride (57.43
20 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
25 Synthesis of 2-(2,5-Dibromophenyl)-5-[4-(octyloxy)phenyl]1,3,4-0xadiazole (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 m}
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recrystallized fromethanol. There was obtained 25.7 g (89%yield, np 86 O
of 2-(2,5 -79 23 Mar 2007 WD 2004/102615 PCT/ US2003/ 024911 23 Mar 2007
di chl oro l)-5-I4-(octyl oxy)phenyl]-1, 3, 4-oxadi azol e ructure
was conf?@ﬁg%”%%%]‘iguously by ID and 2D NWR techniquespéﬁgsﬁggguﬁﬁe
following: 1 H NWR (500 MHz, CDCI 3) 0.89 (311, t), 1.31 (8H, m, 1.46 (2H
q), 1.79 (2H, q), 6.97 (2H, d), 7.38 (1H, dd), 7.44 (114, d), 8.01 (2H, d),
8.06 (1H, ' - . : olRg0/28. 91,
20. 01, 28"43phoR; OtARACIrYles gl it B B Qi ndth 18 B2,
124. 27 ( Gidhl), 2-(2B d8BomGpHehy Y [ 4X L Woxdphed31]l G:4rayadiazate. @Y (C-7), 131. 75,
132.20, 132.87 (C-10), 161.03, 161.98 (C15), 164.95 (C5). 9 3 Na.;1 s-I
10 Exanpl e 2 Synt hesis of
2-(4-tert-butyl phenyl)-5-(2, 5-di chl orophenyl)-1, 3, 4-oxadi azole L3) CI ~//
Cl 4. N 15 Part A Synthesis
of N(4-tert-Butyl benzoyl) -2, 5-di chl orobenzohydr azi de 4-tert-Butyl benzoyl
hydrazi de (185 g, 0.96 nol) and triethylamne (97.37 g, 0.96 nol) freshly
distilled fromcal cium hydride were added to 4L of dichloronmethane in a 1 OL
flask. To this was added with nechanical stirring 201.5 g of
2, 4-di chl or obenzoyl chloride. 20 No precipitation of the product was
obs®dved after three hours and the reaction was allowed to stir at room
tenperature until the next day. The product was precipitated by the
addition of 4L hexane. Filtration, hexane washing and drying at 80 Cin a
forced aig,o0uens gave the product in 99%yield. Part B 25 Synthesis of
2-(4-terrgb§¥§£phenyl)-5-(2,5-dichIorophenyl)-1,3,4-oxadiazole (3) -80
Synthesis of 2-(2,5-Dichlorophenyl)-5-(pentafluorophenyl)-1,3,4-oxadiazole (10)

9

= Q

N
E

é[ .
FoY "
15 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
20 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

25 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) pentaftuorobenzoyl! chloride and 14.3
ml (0.1026 mol} triethylamine in methy.lene chloride / DMF (1L, 1:1) gave, afier re-
crystallizing from DMF/water, 22.51 g (55% yield, mp 227 - 232 °C) 2,5-dichloro-N'-
(pentafluorobenzoyl)benzohydrazide.

30 Part C
Synthesis of 2-(2,5-Dichlorophenyl)-5-(pentafluorophenyl)-1,3,4-oxadiazole (10)
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23 Mar 2007 WD 2004/102615 PCT/ US2003/ 024911 Into a 2L flask was ‘
introduced 200 g N-(4-tert-butyl benzoyl)-2,5 dichl orobenzohydpgagteot®. 55

nol ) and SohoRhosphorus oxychloride (2267 g, 14.78 Wl )sz0diti2F0142S
refl uxed %%r] é]mflws and the sol vent then evaporated under sll%ght \%acluum The

resi due was poured onto crushed ice and allowed to stand until the next day.
Filtration 5 gave a sticky nass, which was dissolved in nethanol, and solid

materi-al was olByaheeehd?M m&HSd bf Pit Bfof Exbrh IFeD@tli&Q‘Eﬁﬁionlﬁfmmag{m?ﬁmd drying
gave 112 g of the required product as a ite crystalline solid (59 %
yi el d). Eveeiplé-dichiorosyriphetgflsotgbenzoylbenzohydrazide in POCIs gave a product which

2- (2, 5-D hromophenyl - [ 4-.(0ct, vl 0x ~ } e (1) Br \ J Br
N O CBHL7H*® rfpoa{? ﬁﬁﬁz@ﬁ?ﬁggﬁagofé a%r@%p‘%?%%% i%l%;&?g@&ozr%@é&é By the general
nmet hod of dRaftérophdiyl)ExardataBludrophfie,])-630t 626120613000 g (0.1786 nmol) 15

2, 5-di br ormbenzgilcfya)ci gj'é\?\n th 1@0%1.% hi onyl chloride gave after distillation
40 g df 2,5- di bromobenzoyl chloride. Part B Synthesis of

2,5-Di bronp-N -[4-(octyl oxy) benzoyl ] benzohydrazi de By the general method of
Part A, Exanple 2, 2,5-dibronmobenzoyl chloride (57.43 20 g, 0.11925 nol),
4- oct oxybenzoyl hydrazide (50.88 g, 0.1925 nol), and triethylamne (27 m,
19.48 g, 0.1925 nol) were reacted in 800 m nethylene chloride to give a
product. Re- crystallization of the product from DMF/ water gave 79.38 g (78%
yiel d@ 2,5-di bronp-N - [ 4-(octyl oxy)benzoyl]benzohydrazi de. Part C 25

Synt hesi s of 2-(2,5-Di bronophenyl)-5-[4-(octyl oxy)phenyl] 1,3, 4-oxadi azol e
By the gerexappleet hod of Part B of Exanple 2, cyclocondensation of 39.1 g

(0.0743 nol) of N-(2, 5-di bromobenzoyl ) - 4-( octgl oxy) benzohydrazide with 203 m
.81 Synthesis of 2-(2,5-Dichlorophenyl)-5-(9,9-dioctyl-9H-flioren-2-yl)-1,3,4-oxadiazole (13)

chm
=N

15 Part A
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 a2 50%
{ aqueous NaOH solution and 2.72 g of benzyliriethylanumonium chloride (2.72 g, 11.98
20 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
25 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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23 Mar 2007 WO 2004/102615 PCT/ US2003/ 024911 phosphorus oxychl oride for 8

hrs gave,

2- (2, 5-dippogepfasiy! ) - 5- [ 4- (octyl oxy) phenyl] 1, 3 4- oxadippzR)sSodshriop 10

after recrystallizing fromE O4/water, 33.6 g (89% 2%iNdr@D07

Exanpl e 4 Synt hesi s of

2- (2, 5- Di

chl orophenyl ) - 5- (pent af | uor ophenyl )-1, 3, 4- oxadi azole 10 C C

N O

FF FF 15 F Part A Synthesis of 2,5-D chlorobenzohydrazide Into a flask
was introducedmgfa ﬂa&&ﬂeﬁaﬁtmmndgeﬁhﬂét ahd ubiet beplon oRaB nafdacanel  46.89 ¢

(1.463 nol ) hydrazine. This was refluxed for 5 hours. The cool ed reaction

m xture Domao-gingtdBuerare(34nl SegdeSmarolaand Ary &etsalpfdé@ﬁupm@% mlp). Bhe - whit e
t MR showed
éna @uaon'“‘?% Péd% Yéq‘% %ﬁ@%g&@ﬁﬁ@%ﬁ?%?o ggg% h&kany, LoHNMR showe

solid. Fi
t hat the
t her ef or
2, 5-Di chl

eria farr ydrazi de ‘ahd was

auﬂémuh s}rﬁﬁg& Bhe Pedctibn et wasststrvBl Ry esll 2 fief stirring
oro-N -(pentaflu

or obenzoyl ) benzohydr azi de 25 By the general nethod

of Part Afoéiﬁ hEuaatpﬁ% @, the 1eagtien poxtuErUasasuyedomme pevdired fobisa 2ot iaf t@zi de wit h

236g(0

2380 { QiReckeiRid, BEALALLST BORAARK kG RE FLY 10 ebibocdh wilh B0 1)

crystalli
2, 5-di chl
2-(2,5-Di

10

15

25

30

Ih&&léﬂoﬂiﬂ%a@ﬁbﬁwa%d AthOw §105 UeiYd 6 mAMRedrh sulfZR4ng)

oro-N - (pentafluorobenzoyl )benzohydra2| de. 30 Part C Synthesis of

ednicontrgitteimgiye the gpuiredfacidasapiodny| ) - 1, 3, 4- oxadi azole 10 -82

Part C

Synthesis of 9,9-Dioctyl-9H-fluorene-2-carbonyl Chloride
9,9-Dioctyl-9H-fluorene-2-carboxylic acid (32.36 g, 74.5 mmole) was refluxed in

thionyl chloride (93 g, 782 mmole) for 8 hrs. Unreacted thionyl chloride was distilled off

and the residue material used without further purification.

Part D

Synthesis of 2,5-Dichloro-N'-[(9,9-dioctyl-3H-fluoren-2-yl)carbonyl]benzohydrazide
2,5-Dichlorobenzohydrazide (one equivalent) and triethylamine (one equivalent)

were warmed in 500 mL of 1,2-dichloroethane until the solid material had dissolved. On

cooling, 9,9-dioctyl-9H-fluorene-2-carbonyl chloride (one equivalent) was added and the

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 (MgSQO,) and concentrated to give the desired

intermediate.

Part E

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 concenirated. Column

chromatography (5% ethy! acetate in hexane) gave 14.98 g (77% yield) of the desired

compound as an oil.

-84 -



.

23 Mar 2007 WD 2004/102615 PCT/ US2003/ 024911 By the general nethod of Part
B of Exanple 2, the reaction of 21.0 g (0.05377 nol) 23 Mar 2007

2, 5-di chl Qro-N - (pentafl uorobenzoyl ) benzohydrazi de in POCl13 gave a product
whi ch vvaswgé‘&"r*ﬂ}éfﬁéﬂ i zed from ethanol /water to give 16.%%T/Hg2(0§¥9%4§/ﬁel d) of
2-(2,5- dichlorophenyl)-5-(pentafluorophenyl)-1, 3, 4-oxadi azole (10). 5 10
Exanpl e 5 Synt hesi s of

2-(2,5-D chl or enyl)-5-(9,9-dioctyl -9Hfl uoren-2-yl)-1, 3, 4-oxadi azol e (13)
Cl RCl N C%QF@DE&OBHN CBH17 15 Part A Synthesis of

2- Br omo- 9, Omehesis oy RE(B 150D Rhtorfptizhyl! saBik(obiyldxg¥hheh i 138, 4reehBiavolald) st i rrer was
charged with 2-bronofluorene (45 ¢, 183.6 nunole) and 150 ni O Under a
N2 at nosphere was added 80 nmi of a 50% E|'ueous NaOH sol ution and 2.72 g of
benzyl tri et hyl ammoni um chl ori de (2. 7% 1.98 20 mmol e). This was stirred
for 2h at RT. Wth vigorous nechani cal rring, n-octyl brom-de (84.96 g,
440 mmol e) was added via a dropping funn%'%exot herm). Stirring was
continued for 2 hours. To the reaction ure was added 500 niL of a 1:1
m xture of water/ether, and the organic yer separated and was washed
successively with brine and then water. yi ng over magnesi um sul fate and
evaporation of the solvent gave an oi b %uri fication by 25 col um

chromat ography (silica gel; hexane as tH& nobil e phase) gave 67 g (78%
yield) of 2-br -9.9-
9,9-Dioctyl - 9I—|—${rgl§rg§§%

AL ARG R SIE5 -281 bdpoip 8 1 st <
5 (octyloxy)phenyl}-1,3,4-oxadiazole (1) in Example 3, the reaction of 3,5-dichlorobenzoyl
chloride (20.0 g, 0.010 mole) with 4-octoxybenzoyl hydrazide (25.24 g, 0.010 mole) gave
the intermediate 3,5-dichloro-N'-[4-(octyloxy)benzoyl]benzohydrazide (25 g, 60% yield).
Cyclocondensation of the intermediate 3,5-dichloro-N'-[4-(octyloxy)benzoyl]-
benzohydrazide (16.0 g) with POCI; (83 mL) gave the required 2-(3,5-dichlorophenyl)-5-
10 [4-(octyloxy)phenyli-1,3,4-0xadiazole (4) (11.16 g, 73% yield).

Example 7
Synthesis of 2-(3,5-Dibromophenyl)-5-[4-(octyloxy)phenyl]-1,3,4-oxadiazole (5)
' Br
Br Q
=N
O.N
CSH‘ITO
15 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]-
20 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% vield).
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WO 2003/ 10261 PCT/ US2003/ 024911 Into a flask fitted with a nitrogen inlet
and rubber septum were introduced 2- brono-9, 9-di octyl fl uorene3(&ft.2b879,
72. 8 nmol Ly tetrahydrofuran (300 nmL). The sol ugj led to
-60 C anaﬁ%}@ﬁﬁ?/ 11¥i thium (29.1 nL, 2.5Min hexanes, 72?%{)/6%?%%9%%% vi a
a syringe. The reaction m xture was observed to turn red. After stining 5
for 1 hour at -60 C, the reaction m xture was poured onto powlered dry-ice
and left & tand overnight. The m xture was acidified with 1M HO and
extract ed&‘v?whl oroform The chl orof orm extract was washed with water,

dri ed ov@ynthegnesybsdMichiiephend)-4qdmethixyphad/}-6-[§i(vayioke)phegj-48d acid as
an oil. 10 Part C Synthesis of 9,9-Dioctyl-9H fl uorene-2-carbonyl Chloride
9, 9- Di octly}-4-dEaze] ene-2-carboxylic acid (32.36 g, 74.5 nmmole) was refluxed
in thionyl chloride (93 g, 782 mmole) for 8 hrs. Unreacted thionyl chloride
was distilled off and the residue natleti aFcused wi thout further
purification. 15 Part D Synthesis of N

2,5-Dichloro-N -[(9, 9-di octyl-9Hfl uoren: &- %} ) car bonyl ] benzohydr azi de

2, 5- Di chl orobenzohydr azi de (one ebjad nt)l and triethyl anine (one
equivalent) were warned in 500 nL of 1, 2¢a%chl oroethane until the solid
materi al had dissolved. On cooling, 9, 9- ctyl -9H-fl uorene- 2-car bonyl

chl oride (one equival ent) was added an@BHtﬁ)e 20 m xture stirred at RT for two
days. The insolubles were filtered off afd the filtrate evaporated to give

an oj | . This vag 4 akaRndpoidnRe Bhapsuandith Rendhagtistiate de Ml doddéndef er ed
off. The remaining solution was dried (MySO4) and concentrated to give the

desired andméropedileleieverpantrodaced? SydictierorN'-[df(octyloxy)benzoylJbenzohydrazide

2-(2,5-Diglil | );5-(.9,,9-di oct.yl.- 9 ieryl)-1,3..4- i le 13
2 52 ohl G & RPEPRGRYELT Sabivmul PR (67 b4 P IT P A BAEREE 50 0
g, 32. 1500RL ¢ 2-d&bkloRibenRne MeclimicahdtRtih g fes(1Rdd 1 VR s81vhedd s4Rel for 8 hrs.
The reaction was distilled until about half the volume remai ned. The pot

fracti on salids. Pbosphdrusridchlpnde €a.6rg, §.(AAS nud¢, eaquivalink wassadded And tiest ant
Y S TS T S Rt N R
glclet ate ivachay aheihedaN BueldarRfortd(td 4 X Rk WithofL e destioREheaaiseas an
The solid material was filtered off and dissolved in acetone. Enough heptane was added to
precipitate a purple-colored oily sludge. Heptane dilution of a test sample of the
acetone/heptane layer ensured that the oily sludge had been completely precipitated. The
15 acetone/heptane layer was decanted off and diluted further with a large excess of heptane
to precipitate a white solid. This was filtered off, dissolved in acetone and re-precipitated
with heptane. Filtration and drying gave 3-(2,5-dichlorophenyl)-4-(4-methoxyphenyl)-5-

[4-(octyloxy)phenyl]-4H-1,2, 4-triazole (8) (16.25 g, 34% yield).

20 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-
dibromoftuorene (59 g, 182 mmole, 1 eq) were suspended in 178 mL DMSQ. 50% ageous
NaOH (80 mL) was added. 1-Bromo-2-(2-methoxyethoxy)ethane (80 g, 437 mmole, 2.4
25 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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-84 23 Mar 2007 WD 2004/102615 PCTI US20031024911 Exanple 6 Synthesis of
2-(3,5-Di chl orophenyl ) -5-[ 4- (octyl oxy) phenyl ] -1, 3, 4- oxadi azol e3(Mbr206f Clq

N O, C8 e general nethod for the synthesis of _

2- (2, 5-dm°8%98§¥“é?‘1§| )-5-[4 5 (octyl oxy)phenyl]-1, 3, 4- oxa&i' a8 ¢} i n
Exanple 3, the reaction of 3,5-dichlorobenzoyl <chloride (20.0 g, 0.010
nol e) wth 4-octoxybenzoyl hydrazide (25.24 g, 0.010 nole) gave the

;{'telegg?di @@@g@%ﬁh‘é@ b Fa%ilNa:ée§E£19%¥$ ﬁﬁéﬁ?%@é hReRealyaies ARt 9. 60%

énsation of e inte
3, 5-dichl @%-. N -[4-(octyl oxy) benzoyl] benzohydrazide (16.0 g) with POC13 (83
nm.) gave the required 2-(3,5-dichlorophenyl)-5- 10
[ 4- (octyl oxy) phenyl]-1, 3, 4- oxadi azole (4) (11.16 g, 73%yield). Exanple 7
Synt hesi s (+3» 5- Di br omophenyl ) - 5-[ 4- (octyl oxy) phenyl ] -1, 3, 4- oxadi azol e
(5) Br é%b%ﬁkéiC8H17o 15 By the general nethod for the synthesis of
T 2-(2,%- di lsyatiesibhefd,7)Dibrdme-9(9ekit (Bl dig) giieeylyd-phényd)- Aumzwdi azole (1) in
Exanpl e 3, the reaction of 3,5-dibr no?en oyl.. .chloride (28.13 0. 06747
mol e) with 4- 0@i70R{BEHITY-DIRiP-a9xaexyLo-heny))-Huorene Nk synthepzed o
i nt er medi -} = N ) I ' 2.87 q,
36% yi of ot "B 2 A I e ORRERE AR AEE Qe ey ok
3, 5- di br ondesddbed #r Exaoiple Oxy) benzoyl ] 20 benzohydrazi de (12.17 g) with POC13
(63 nmL) gave the required 2-(3,5-di bronophenyl) -

5-[4- (octyl oxy) phenyl ]-1, 3, 4- oxadi azole (5) (6.12 g, 52%yvyield). -85
i0 End Capping Groups

( Example 11
Synthesis of N,N-diphenyl-4-(4,4,5,5-tetramethy!-1,3,2-dioxaborolan-2-yl)aniline

ate
FOE

15 n-Butyllithium was added dropwise via syringe to a -78 °C (acetone-dry ice
cooling bath) solution of 4-bromo-N,N-diphenylaniline (24 g, 0.074 mole) in 175 ml dry
THF. Stirring was continued at -78 °C for an hour and then at —50 °C for an hour. The
mixture was cooled to —78 °C and 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
(17.22 g, 0.0925 mole) added via syringe in one portion. The temperature was maintained

20 at -78 °C for three hours. The cooling bath was removed and the reaction left to warm to
room temperature while standing for 12 hours. The reaction mixture was poured into
saturated ammonium acetate and extracted with ether. The ether layer was dried over
magnesium sulfate and concentrated to give a viscous oil. Purification by column
chromatography (silica gel eluting with hexane:toluene mixtures of increasing gradient

25 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.

30
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23 Mar 2007 WD 2004/102615 PCT/ US2003/ 024911 Exanple 8 Synthesis of
3-(2,5-Di chl orophenyl ) -4- (4- met hoxyphenyl ) -5-[4- (octyl oxy) phepgi\Marddo7
1,2,4-trivggobBibsC C N NNMe O. 6 C8HL70 5 In§ A
round-bottomed flask fitted with a mechanical sti rrer, r&’?ﬁi‘ 3(':’(ﬂ)zrfgllelnser and
nitrogen inlet were introduced

2,5-dichloro-N -[4-(octyl oxy) benzoyl ] benzohydrazide (40 g, 0.09146 nole, 1

equi val er’E)Qam?% gi sidine (67.60 g, 0.5487 nole, 6 equivalents) and 300 ni
1, 2-di chl'orobenzene. Mechanical stirring resulted in partial solvation of

the sol iSimtheplsof BHO,Sdiockl THiddh 5. adetraneing-1g3, zfﬂlmaberqm &yD19-dliove-2nt ) was
added and iﬂg\}é? coglt eﬁfls of the flask heated at 180 C for 12 hrs. The

sol vent WRENNIMUPYANIPE (nder a Iight vacuum and the residue transferred
to a 2L flask with 1L of a 1:1 acetone/ heptane m xture. The solid materi al
was f||te d of f and di ssol veg~yn acetone. Enou hng@n was ed to

pr eci p|t a E) cpnlne col ored y sl udge. Hept ajxe.: of est sanpl e
of the a Iaye ed that—the~oily 4gS—Kad—keen

conpl etely pr CI e ) nmgtone/ hept ane | ayer was dec ed of f and
di luted further W|th a Iarge excess of heptane to precipitate & white
solid. This was filtered off, dissolved in acetone and re-precipitated wth

PR, o e APBRE 4 ot L s, 210t

[ 4- (oct ylwﬂ ph&fmhdmﬁffﬂz?dl&abbmgrpml) 9H-fihbreAR-gl)-B4 s neehtldthy2D3 Bxanpl e 9
Synt hesi -Di brono-9, 9- bi s(3, 6-di oxaheMﬁé( | Uor ene

Benzyl tr |@oxghommﬁ7ﬁﬁ1gsmz@ nnn@lc,(%eqmv)gAhmuat trigapyytylraefhylameoniym

aaeons I ER0 s M RaR AR wp A ol BBty e a0 (B0 o, 437

nnnol e,  Zmfhoks 25Bquitg wWer& iicadd 6d0 i, @ﬂ&iulen@ qfhlid RESpurkfEwithaGies ofas
stirred at roomtenperature for 2 hours before it was stopped and the

aquédus | miregenfas 2kout AQ etindUndear s relrogen putgee tet@bﬁfiﬂﬂb@)@ﬂ@éphm@)}@ilsdlm e
washed w (tOlj' (mtmg, J 40/t { Ilén\:')sOO%ne%ugs 'w%.g. adds Thlareag%don mlﬁure was then refluxed

for 16 hrs. The reaction was cooled to room temperature and water added. The organic

layer was separated and washed with water followed by brine. Drying of the organic layer
over Na,SO, and evaporation of the solvent gave a light yellow solid. This was suspended
15 in acetone and the mixture brought to reflux and then allowed to stand at room
temperature overnight. Filiration of the solid and concentration of the filtrate gave a solid
that was subjected to column chromatography (toluene:hexane 3:7) to give 4-[9,9-dioctyl-
7-(4,4,5,5-tetramethyl-1,3,2-diox aborolan—?.-yl)-9H—ﬂu0ren;2—y1] -N,N-diphenylaniline.

20 Example 13
Synthesis of 2-{7-[3,5-Bis(trifluoromethyl)phenyl]-9,9-dioctyl-9H-fluoren-2-yl}-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane and 2,7-Bis[3,5-bis(trifluoromethyl)phenyl]-9,9-dioctyl-

9H-fluorene

CF.
CeHy7 CaHyz 3
Q
D
o]
CF;
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organic |layer was filtered, evaporated to dryness, and the residual was
flash -86 23 Mar 2007 WO 2004/ 102615 PCT/ US2003/ 024911 chr opgt\agraphed on

a silica- to give 73 g of the pure conpound i 86%
8@520&?;/#&115 BF &b B

Example 1 i s of
2, 7- Di brono-9, 9- bi s(3, 6-di oxahexyl - 6- phenyl ) -fl uorene
2, 7-Di brono-9, 9-bi s(3, 6-di oxahexyl - 6- phenyl )-fl uorene was synt hesi zed from

PhO( CH2) 20( OH23 3 a&m&r&n&h%ﬁmﬁeﬁ%@e@z@pgl Piﬂnﬂﬂe,tl uP@%?@yrﬁoct L
essentially as escribed in anpl e Cappl ng ups 11

Synt hesi s 7d#,4,5,5-tetramethyl-1,3,2- d10xaborolan-2 yl) 9H ﬂuoren—Z-yl] 4.4,5,5-tetramethyl-

N, N-di phe 4,5 5-1 th I 0 I an-2-yl)aniline pa N 15
n-Butylli Ety'?ﬁ ai(\%g@o ralaped %&W&-P 4‘%5‘5’3{8&0%3% 78 C (acetone-dry ice
cool i ng bg&l%%prggﬂnsu oMrcﬁmdwo%@@%%bren@zs%ﬁhnald BQédiup! €) i n

175 m dr ring was continued at -78 C for an hour and then at -50
C fors an habonatdbaution thlﬁrmLy\&§ munolecZl5teq) wei® aBdethth 10 mL of toluene. This

2-i sopropoxy-4, 4, tetrane | -1,.3, i oxaborol ane , (17. , 0.0925 nol e)

atiod vi b Dt Wi RO %enﬁka%%ﬂe%@ PR A i PRieed 20 at |78 C

for three rga to warm
R P Pﬁ&?l%%hﬁ%tﬂén gl %gmﬁg Qﬂoﬁz"z‘ﬂxﬂo&go (128G fls héeh.

to roomtenperatu 12”hour's react| on m xture was
pour ed i ntlhe rmhmnanmjrmmhemmﬂauxai for d 64wl Bhetreantiondvasicbbledttvevom The et her

| ayer was dried over, nmgnes sul fate and concentrated to |ve a Vi scous
oi 1. Puri fFERRTFBHP 5§ e 3%&&4&6&%@%@35@?%@3 gL T e

hexafe: tolfawemxﬁ eeﬁmﬁﬁﬁb? %%Pﬂhqs%ﬁ aila%%éﬁe@&ﬁﬂﬁ%ﬁ@m&tm%

hexane) gave N, N-di , b-tetral nethy
di oxabor olgave thlht))aﬂDMsnhd a?hasnlni \Ivas(d‘igohfeg,ln é’theﬂ%lqla eindll powtioinai itskaswl y

(II:)E:}I/'/S bglzi)bgasglﬁg&?&a silica tlhgi I?iyer c ggrggtggraphy (TI?(;) p%ate Nﬁle %?, 7p1at\é\%a25% ul‘%édl V(\)U?ﬂ? 15

1:1 toluene:hexane to give three distinctive bands. The middle band was collected and
was determined to be 2-{7-[3,5-bis(trifluoromethyl)phenyl]-9,9-dioctyl-9H-fluoren-2-y1} -

15 4,4,5,5-tetramethyl-1,3,2-dioxaborolane obtained as a light yellow oil (28 mg). "H NMR:
8 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 (d, 1H), 7.72-7.80 (m, 2H), 7.80-7.88 (m, 3H), 8.05 (s, 2H). The band
having the greatest elution distance was collected and was determined to be the by-product
2,7-bis[3,5-bis(trifluoromethyDphenyl]-9,9-dioctyl-9H-fluorene obtained, as a light yellow

20 oil (8 mg). "H NMR: 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-Br0mo-9_.9-bis(3,6-dioxahexy1-6-pheny1)-ﬂuorene

25 2-Bromo-9,9-bis(3,6-dioxahexyl-6-phenyl)-fluorene was synthesized from
PhO(CH;»O(CHjy),1 and 2-bromofluorene following the procedure essentially as

described in Example 9.
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Exanmpl e 12 Synt hesis of

4-19,9-Dioctyl-7-(4,4,5,5-tetranet hyl -1, 3, 2- di oxabor ol an- 2- yl »3Qkrfoogpr en- 2-
yl]-N, N q{ ine Ca CeHh C Ca HL17 CeH C\ | [/-\ | &/ \' 5
4- Br onn-%ll\l?@ia%hgﬁil aniline (19.44 g, 60 mmole, 1 equi vg,ggg-g%ng%/gz-‘%]octyl -7-
(4,4,5,5-tetranet hyl -1, 3, 2-di oxaborol an-2-yl)-9Hfluoren-2-yl]-4,4,5,5-tetra
met hyl -1, 3, 2- di oxaborol ane (76.9 g, 120 mmole, 2 equiv), AliquatTM 336
(tricapryiahiped byl ammoni um chloride) (6g, 15 mmle, 0.25 equiv) and 2M

sodi um car bonat e sol ution %75 n., 150 nmple .5 equiv) were added to 600

I 2 i
mL of t ol Simthesis PR ickorophead)- i 3-methoxyplenot.3 feP¥ariarelgen for about 30
mn. Under a nitrogen purge, tetraki s(t,\q_ii\phenyl phosphi ne) palladium (0)

(348 ny, 0.30 nmole, 0.005 equiv) The reaction m xture was then
refluxed for 16 his. The reacti
.

ed
E .o@ to roomtenperature and water
added. The organic |ayer was seg ed angd Wwashed with water followed by
brine. Drying of the organic |ayer overydf2SO4 and evaporation of the
solvent gave a light yellow solid. This was suspended 15 in acetone and the
m Xt ure broughBy the geaédalimethnd forthe spithesivad 2t@, Stibnanaphengsf-[4- enper at ur e
overnight., Filtration of the solid and concentration of the filtrate gave a

sol id t Heetylpae)rhenylddi birorediazole iy e Exanmle Sgthegprction Of deohlorelsiged 3:7) to
ive 4-[9,9:dj : . :
9Ve. 4 & el o 0.247 moo) with methoxybengoy] hydgarids (41108, 0247 mele) i

| ani | i ne. gave heixtempediafN' Stahheshehizofl)-2-methoxybenzohydrazide
2-{7-[3,5-Bis(trifl|uoronethyl)phenyl]-9 9-di oct)él -9H-fl uoren-2-yl }-4,4,5, 5-
t et r amet h{3438 8, 2% yiskhbeydpemdensation of N'-(4-chlorobenzoyl)-2-

Gk an BEPOTER RIS bR ey OIS b 89400 So0ar 102615

PCTAQS200a1161388ehi)-5-(2-methoxyphenyl)-1,3.4-oxadiazole (23.44 g, 82% yield).

Electroactive Polymeric Arylenes

Example 16

15 Polymenzation and End Capping of 2-(2,5-Dichlorophenyl)-5-[4-(octyloxy)phenyl]-
1,3,4-oxadiazole

Into a flask fitted with a septum and nitrogen purge was introduced 4.10 g (9.77

mmol) of 2-(2,5-dichlorophenyl)-5-[4-(octyloxy)phenyl]-1,3,4-oxadiazole (2) from
Example 1, 2.85 g (10.89 mmol) of triphenylphosphine, and 0.31 g (1.421 mmol) of

20 anhydrous nickel (IT) bromide. To this was added 75 ml dry DMEF and 25 ml dry toluene,
This was azeotroped with the use of a Dean-Stark condenser followed by distilling off
much of the toluene. To the cooled reaction solution was added a further 0.31 g (1.421
mmol) of anhydrous nickel (II) bromide under a strong nitrogen purge. This was heated at
80°C for 30 minutes followed by the addition of 1.0 g chlorobenzene as end-capping

25 agent. The reaction was allowed to proceed for 8 hours at 80 °C. The cooled reaction
mixture was poured 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

30 collected, washed with methanol and dried to give 2.8 g of polymer, Gel permeation
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3,5-Bi strifluoronethyl bronobenzene (0.293 g, | mmle, 1 equiv), |
2-[9,9-dioctyl - 23 Mar 2007

7-(4, 4,5, yd aliae®mihy! -1, 3, 2-di oxaborol an-2-yl) - 9H-f | uorghs2s - , 5, 5-tet
ramet hyl - 1, 3, 2-di oxaborol ane (1.28 g, 2 nmole, 2 equi v)ﬁiﬁ%@l{?ﬁ#B%

(tricapryl yhnet hyl ammoni um chloride) (0.15 g, 0.375 mmle, 0.25 eq) and 2M
sodium 5 carbonate solution (1.25 nL, 2.5 mple, 2.5 eq) were added to 10 ni

of tol uengprodiickrapha&PRY HeRFuNbh thidpdimepmddn pHlimeseRadedh s@esting0 nin.
Under a nitrogen purge, = tetrakis(triphenyl phosphine) palladium (0) (14 ng,

0. 012 mmoEsamplepapfadlgyvswas added. The reaction mixture was then refl uxed
for 16 hrs. The reaction was cooled to room tenperature and water added.
The organi ¢ | a@@C ssaplswpap@padd aydhamidiizn ofi 0N mboEeral@rdfotandmed by bri ne.

@ 11 ght |y BPHBHEORY 5 O PG OB el I0H QWA SEHEMECATEFSTGHE | por ¢ on
o . L . T Th

TLC B at o hSROIISE G 2 i Pl o e R R AR 2 I ot e
bands. Th&eimatdLabdvatony, waa Axbbt, 8€1).eibOdvidroliters od eteesolritivedvasanjbeted into a
LS RS T L, o

. 1H NNVR; eoo : ) - 1.40
(5 121y Vers 156 chndmfbardh (§rdsys Cotl, Ko YpayericsbiEbpetieg o ™
2H) , 7. 80tcfnBBat(ry usiid)tetréhydoofimn a2 e elifdne, fhewidg ahavatagf .0 enlguieaClatgeel uti on

di stance was collected and was determ ned to pe the by-product
2, 7-¥ s[ 3 MECHACSHTHION RSP ﬁté?tﬁibyﬂﬁfelr?&r Santgmg] iséRgTvepdyy drlgciore TBot ai ned, as

5 0171 oY HPERAU, {GulfBine ity poRyifalion i Sty dRply o1 5
(d, 4H), $oBetytanes dpinginanglbelidvdgintivns 7S :010° to 580. The actual calculations
2. B ono- 9 TRl ANGACHTR SoBERYIIR PpliGE RebersuihHelsmseld - om
(00 2l ey BRI AR RS 2
ST SO TR A SR S 0 1Pt g o027
A MALDYV/TOF mass spectrum was obtained by using the PerSeptive Biosystems
DE-STR MALDI/TOF mass spectrometer (matrix ssisted laser desorption ionization time-
of-flight mass spectrometer) (available from PerSeptive Biosystems, Inc., Framingham,
MA) in both the linear and réflectron detection modes. The sample was prepared in
20 10mg/ml tetrahydrofuran solvent solution. Dithranol (1,8,9-anthracenetriol) was utilized
as the MALDI matrix. Approximately 40 microliters of matrix was mixed with 10
microliters of analyte solution. The positive-ion MALDI/TOF mass spectrum contained a
serics 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
25 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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Cl Z1 O MO By the general nmethod for the synthesis of
2- (2, 5-di bromophenyl )-5..[4 5 (octyl oxy) phenyl]-1, 3, 4- oxadi azekeidrbborn
Exanmpl e 3wd gy i@aet i on of 4-chlorobenzoyl chloride (4332800296 Mol e)
wi t h 2-nmet hoxybenzoyl hydrazide (41.10 g, 0.247 nole) gave't e I'ntermedi ate
N - (4-chl orobenzoyl) - 2- met hoxybenzohydrazi de (54.38 g, 72%yi el d).
Cycl ocondensati on of N - (4-chl orobenzoyl) 2- met hoxybenzohydrazi de (30.0 g,

L0

chl or ophe awol e (23.44 g, 82%yield).

El ect r oact ' - anpl ¢ 16\ 15 Pol yneri zati on and End
Cappi ng of 2-(2,5/D F¥-5-[4-(octy UNy)phenyI]- 1, 3, 4- oxadi azol e
Into a flask fittegMi it and nitro Nour ge was introduced 4.10 g
(9.77 nmmol) of
2-(2,5-dichlorop | oxy) phenyl ,3,4-oxad|azole (23 from

, 2. . tri phenyl pifosphi ne, and 0.31 g (1.421
mmol ) of 20 anleggioous ni ckelkgHAl ) brom dec#Hlo this was added 75 ml dry DWF
and 25 m dry toluene. This was azeotroped with the use of a Dean-Stark

condenser followgd by distillimg off nuch ofc the toluene. To the cool ed
reaction soI ution s added further 0. 3@ (1 42 mml) of anhédrous
ni ckel (1 eberfk;ﬁiil% dipder was e B RPsaive a8 GEROHER %Wﬁ&sﬂ?{é%% 80 C

for 30 m 04 §1§ hfgglieljncfé%f:{ﬁqyas a'Bfe t%%ﬂ‘sérb@ fh ?llfl%c;]m% c?stﬁﬁﬁtfbrnqp ?1 A 2 to

end- cappi ng e reaction was a rocee ours at 80
C. The cogped reaction mxture was poured into about 500 m acetone and
filtered. The solid cake was taken up in_rmnethylene chloride and IN HC
added and the #\bepisiog S@yﬁwéﬂwﬁb@w pAYmanat rugand omparet e thabalithe i ng

0l 1 ds et Bl b BLE oAbl bR S IALAOLIRISEALS 30k Lo SR0HRNELY

funnel . ani ¢ Poure an éxcess of
met hanol . i’ FE} 5‘50§hbdr thﬂsthaGxnmioheﬁ;é:@ﬂumwsﬁl&épblyméhaﬂmghﬁm%s sipifidaitBd to give
2.8 g of poly permeat,ion -90 23 Mar 2007 WD 2004/102615

PCT/ uszoom%éa@ﬁlel%wraé%ﬁtemlwl megiyunyakthe wpngmer g X768y ner and on

pol ynmers made in succeeding Exanples as follows.

10 Example 17
Polymerization and End Capping of 2-(2,5-Dibromophenyl)-5-[4-(octyloxy)phenyl]1,3,4-
oxadiazole
A 500 m! round bottomed flask fitted with a magnetic stir-bar and rubber septum
was put in a nitrogen filled glove box and was charged with 7.47 g (0.0272 mol) of
15 bis(1,5-cyclooctadiene)nickel(0) and 4.24 g (0.0272 mol) 2,2"-bipyridyl. The sealed flask
was then transferred to a fume hood and 26 ml of dry DMF and 65 ml toluene added via a
cannula. The flask was 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-(octyloxy)phenyl]-1,3,4-oxadiazole (1) from
Example 3 in about 15 ml toluene was added via a cannula. The sealed flask was heating
20 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
25 30 min. The content of the flask was then extracted with 2N HC! (2 x 200 mL). The

organic layer was washed with sodium carbonate solution and dried with magnesivm
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GPC sanple was prepared by the addition of 10.0 m of tetrahydrofuran to
approximately 25.0 ng of sanple. After shaking overni ght, theasqidstdoon was

filtered Svd AfeRFcEEC CR 25 nm pol y(tetrafl uoroethyl ene) ﬁ%\%’bwﬁ"ﬁi‘dﬂer W th

25 mcron pores, Gelman Laboratory, Ann Arbor, M). 150 croliters of the
solution was injected into a two colum set (m xed bed and 500A col umms,
Jordi Associates, Bellingham M\ by a Witers 150-C chromat ograph (Waters

Corp., M Ishmad, T Prodldd vad pRcfpiarariatoeskthinol ARHriddoTEVes. U ot fusitibus
tetrahydrofura?l {;g?rthe el ugnt%flowi ng at a rate of 1.0 mﬁﬁ%n Changes 10

in concentnodmen GRS analisiseafitheipdlymengavesovasly avarage malleouisr pegight (w)ediex

detector. Jhe. .yl ecul ar wei ght, cal cul-ati I ed 0 cal.l. bration
nmade of na?rrﬁ\)vodia SRR 3119}59‘3%‘%8 @tr(gﬁéioﬁg.oﬁf ﬁn)zl & dJua[D%cgy eéﬂ{y from7.5
x 106 to 589y .fResactual calculations were conpleted with CALIBER software
from Pol ynmer "Laboratories, Anmherst, MA. GPC anal ysis gave a wei ght average
mol ecul ar wei ght (Ma) of 2.49 x 104, a 15 nunber average nol ecul ar wei ght
(M) of 8.E40 x]1g§> and a pol ydi spersity (PD) of 2.97. A MALDI/TOF mass
spectrum ned by using the PerSeptive Biosystens DE-STR MALDI/TOF

nass spectpaBbSiatioNBhd Exd Eapsihedf b-asesr-Bas A Rhi/0I5- (200 HEalor6hehiINg;3,4-
of -flight nmass spectroneter) (available from PerSeptive Biosystens, Inc.,
Fram nghamxadig®lei n both the linear and reflection detection nodes. The

sanpl e was pre ed,I | Ono/ M tetrahydrof uran _solvent s [

ot b anot (1. o 9k r T oo eh S B ke 2 MR T2
Appr oxi matghis] Y 20U GER Bt BHIEendf)- 3781 3-tich HEh{ed, IM-bRadi&zoldiH HRhi ter s of
anal yte soluti'on. The positivée-ion MALDI / TOF nass spectrum contai ned a

series of Peakde 8h8k 868 nhnpol} aglomblenzens, 21712 W 103 mmadbefiriphenyipiosphinar

wei ght that [ nded ..t | yner .termpati o henyl .gr s, ,Cl ose
ex:ag‘i nat i ozﬂldo(?ﬂ %gls_ 1}18}}31)203 aﬁ’ﬁ% O?Sa?{&éel @Iﬁ@rph}ﬁ'es ﬁ%’v@& W%é‘dg‘?‘ﬁ%’ﬁ% gryof t wo
ot her ser i BMIOind@3akBdry6lkise TURR dsdizeotfdpiel 3G BB tiseddf 4 DeanPHranydondé@yp W t h

hydrogen. The follow ng products were found: -91 23 NMar 2007 WO

200- 4/ 1026PHowegtbydztiizpeiimugh of thejialugnenTo the come reagtinn epiNtion umBFH270 CBH, 70
CBHlZg) strong nitrogen purge was added a further 0.31 g (1.421 mmol) of anhydrous nickel (II)
bromide. This was heated at 80 °C for 12 hours. The cooled reaction mixture was diluted
with methylene chloride and filtered. The filtrate was stirred with 1N HCI 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

20 with methanol and dried to give the required product. GPC analysis gave a Mw of 1.70 x
104, a 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.

25 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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“ b

A B C The reflection detector was able to observe an oligonmer distribution
were n was up to 15, and the |linear detector was able to obsegwmr2007

ol i gorer dicsighl/AHEion were n was from2 to 22. 5 The erﬂéﬁi}@’doﬁ(g?ﬁﬁrum of

t he above polynmer was run and conpared to that of the corresponding
nmononer, 2-(phenyl)-5-[4-(octyl oxy)phenyl]-1, 3, 4-oxadi azole. The results in
FIG 5 show that the em ssion nmaxi mum of the polynmer at 419 nm was

signi ficamdl -shifted relative to the em ssion nmaxi num of the nononer
at 376 ru%ﬁrﬁgl—éggml e 17 Polynerization and End Cappi ng of

2- (2, 5- Di Polymxrizetiyn IndbERHCapming bHyJ,pA¥AlIbTophediks-(B.RadipetyofE-TAosH62m

round bott flagk fitted with a nmagnetic stir-bar and rubber septum was
put in a ﬁ*ﬁ))f SYFIEPIEY gl ove box and was charged with 7.47 g (0.0272 mol)
of 15 bi s(1, 5-cycl ooct adi ene) ni ckel (0) and 4.24 g (0.0272 nol)

2,2" -bipyridyl. The sealed flask was then transferred to a funme hood and 26
m of5 dry DVF and 65 nl tol uene added via a cannula. The flask was then
heated at 80 C for 30 min. in an oil bath. A solution of 6.0 g (0.0118 nol)
2- (2, 5-di bronophenyl )-5-[4-(octél Eenyl]- iljﬁB, 4- oxadi azole (1) from
Exanmple 3 in about 15 m toluen ded*Vi'&"a cannula. The seal ed fl ask
was heating 20 for five mnutes at 8Q.f followed by the addition of 1.74 ni
(1.53 g; density 0.882 g/m; 0.0142nn ) of 1,5-cyclooctadi ene. Heating was
continued at 80 C for 24 his. To the Jreaction flask was then added 1 nlL of
dry bronmpobenzene and heating contin at 80 C for 24 hrs. To the warni

m xtyse was added 150 ml of chl orof apgd; stirring continued for 25 30
mn. The content of the flask was th fracted with 2N HC1(2 x 200 m).
The organic |ayer was washed with s urﬁ“‘é‘érbonate solution and dried with
magnesi um -92 23 Mar 2007 WD 2004/1 5 PCT/ US2003/ 024911 sulfate. The
product was precipitated into nmethanol and dried to give 3.0 g of a fibrous
pol ymer. GPC anal ysis of the polymer gave a wei ght average nol ecul ar wei ght
(Myv) of 9.1 x 104, a nunber average nol ecul ar weight (M) of 1.02 x 104,
and a pol ydi spdn®ia 500 aPMlasbfva8 cB&ged 2-(2,5-dichlorophenyl)-5-(9,9-dioctyl-9H-

15 fluoren-2-yl)-1,3,4-oxadiazole (13) from Example 5, nickel (IT) 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 (I) 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

20 continued for two days. The cooled reaction mixture was diluted with methylene chloride
and filtered. The filtrate was stirred with IN 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.

25 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

it OO0
B-0-oX 5 000

o N

OC,H,,
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5 Exanpl e 18 Pol yneri zation and End Cappi ng of ’
2-(4-tent-Butyl phenyl)-5-(2,5-di chl orophenyl)-1, 3, 4- oxadi azobg Mdit2ooa fl ask
fitted w Jm and nitrogen purge was introduced v/ 10 mmol)
of 2-(4-té{1??(w3§€%(%nenyl )-5- (2, 5-di chl or ophenyl )-1, 3, 4- é(‘g‘g‘f%é‘gﬁ"’eﬁ%‘é) from
Exanmple 2, 0.81 g (7.2 mvol) chl orobenzene, 2.90 g (11.03 mml ) of

tri phenyl phosphine, and 0.31 g (1.421 mmol) of anhydrous nickel (I1)

brom de. To this was added 75 nil dry DWMF and 25 ml dry toluene. This was
azeotroped with the use of a Dean-Stark condenser followed by distilling
of f much of thd,.4-Bis(edd,5-Riraniethydd g, 2dioxekaroiani-gipphenyd (6.60ad8rmmold, st rong

it dd further .0.31 g.(1 421 | hyd i ckel
(11 *br orfied bypipasti el beeamt G gty BOmtR Bpel AP L el 1 emct ] on
m xture V‘%bl@%ﬂﬁ%h%@l)f—ﬂ[ﬂa fﬁéﬁyﬂ}%ﬂﬁlmtﬂ,@bkﬂﬂaﬁ[@@ (4.8 Ldsmifte)fidnt r at e was

C
stirred with or about "an hour and then fransferred to'a separatory
funnef . THexample? ateaypxed degsthee pathat leghat NS h & dticapiyl Hmatrytammeni umhehtorgtelr ed

i nt f , | i |l ected,. hed it th I
and i1 ed CaPg SR PO PEAOBFBuucy e s arperyol Boaia shath b5 7"
104, a M QhedusIPa,&OL OSlution dnPthRRiRfurdis Hen plbgedPREh hitv@eh & OMMLBITOF mass
spectrum obtai neci fromthis sanpl e showed an ol i goner distribution range

from n = 3Tetukis(tapBanylphospiride)paldmlivn (@)dAL326 b mmolans theniaddedindehe nar r ow
mass range_.showed,t hat .t he end- groups..inclpded, so ydr.ogen, as wel | as
henyl - ar cHpSEet e Steth s RA < LRitPFinoRf e a8 Emt P ROt anc
compaped t@dedatkd b réactidh kiR réPRXGARIr, 18 hours. After the reaction is cooled down, it

2- (phenyl)-5-[4-(octyl oxy) phenyl]-1, 3, 4- oxadi azole. The results in FIG 5

show t hat isieursdites §0GmInenethanod bnd wetep . {)nelthegrol v prerimiéatessiug s fubbenyt | y
red- shifted r.elative,to.the .em ssjo i.mum of the oner at 376.n -93
s v 20080 Stttelits A e SRl dls R g Tader sh Al ek §'redtésdied

Pol ymer i zag BbrfasinaRd pfaRMaf@ Bdm methanol. The precipitate is filtered and washed with
2- (2, 5-Di chl orophenyl ) - 5-_89, 9-di octyl -9H-fluoren-2- yl)-1, 3, 4-oxadi azole 5
RR R=H, Phmethanol to give a solid.- .

15

Example 21

Preparation of a Poly(carbazole-co-phenylene) Block-Copolymer
20

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
25 (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
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n-N 0 10 CBH 7 C8HL7 Into a 500 nL flask was charged .
2-(2,5-dichl orophenyl)-5-(9, 9-di octyl -9H 15 fluoren-2-yl)-1, 334149adyazol e

13 from Bxammlaomisni ckel (11) bromde (0.67 g, 3.05 napkRk2003/024011

tri phenyl phosphine 6.14 g, 23.4 mmole), dry toluene and DVF. This was heated
at 80 C under nitrogen for 30 mn. Zinc (6.19 g, 94.7 mvol e) and nickel (I1)
bromde (0.67 g, 3.05 mmle) were added under a nitrogen purge. Heating was
cont i nuedediRked I2-7Heisd 24sod é)-skyﬂ Ryl1(123, 0idio@srolalidqes asod4cappi ng

agent and heating 20 continued for two days. The cool ed reaction m xture was
di | uted wnels) mgwewn@n%s-mh@ ratg g8 tof I the tpRpcrafure P%l@%’ WBECsThared with

IN HO and the organic.|laye | t o et hanol gave
t he desi P[SIEI‘ 38 ?T%PS glglrgm?ﬂ?c!)r ougaémgérﬁgfoshgﬁ{sﬁd%% 1§/lsc? %n%aaq?gus 2 1.03
x 105, M%oﬁ;t%n%@ afmﬁ&ﬁumlﬁ&tatezg@g in 2F00ENBIRILE). 2®haa1[f,>a4swmé pE@eisepartd
1,4-Bis(4,4 5-tetrani et hyl - 2- di oxabor ol an- 2 he and 2-

(2,55Di br@dﬁmmmpysmm[saemquddwb pléyye-butyd] kntomé%lx aBamf) Bhe ppmpimed  ~f

e Vb PeSabipe A Bhace e washéh i Yihe 290 J00 D) ARE4iE0B04°

1, 4- Bi s( 4mégnesiant aﬁﬂfawwetohuém&n&a zn(ﬂxlecvfyémn@étm of1lyd PesllifR¥blid RoRhcetdbe

mml e), nmade by reaction of benzene- -bi s(boronic acid) wth pinacol, and
2-(2,5- dgaveowsghehsayl-38-biaietd §+t@ta‘<rgn)qménw]2 -dioxgbarcdaredivil, M eartezels. 8564,
18nmol e) y(%ﬁ]ﬁ Exanple 3 are m xed together with Aliquat TM 336

(tricapr et’hyl ammoni um chloride) (2.02 g, 5 nnnole) in 212 nL tol uene.
To ftibe repas Bi ng suspension is added 36 nmL of 2M aqueous Na2COB8 sol ution

and the mixture is then purged with nitrogen for one hour.
Preparation of Borolane Terminated Poly(9-phenylcarbazole) Pre-polymers

The reaction of PBTDC from Part A, 2M Na,COs (42.4 g), Aliquat™ 336

(tricaprylylmethylammonium chloride) (1.28 g) and 3,6-dibromo-9-phenylcarbazole
(DBPC) in 100 mL toluene under standard Suzuki conpling conditions using the amounts

15 of PBTDC and DBPC shown in Table 1 gave oligomers with 8.75 and 2.75 repeat units,
respectively, as determined by NMR spectroscopy. Standard Suzuki coupling conditions
and work-up included a nitrogen purge, addition of tetrakis(triphenylphosphine) palladium
(0) (0.06 g), refluxing for 12 hours, pouring the resulting cooled reaction mixture into
water, separa{mg and extracting the organic layer with methylene chloride, and pouring

20 the combined orgainic layers into about 500 mL of methanol to precipitate the solid
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 30 3:1 3,82 2.75

25 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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Tetraki s(tri phenyl phosphi ne) pal | adi um (0) (0.232g, 0.2 mmvle) is then added
under * nitrogen. The reaction is refluxed under nitrogen for 33qm¢o00% nL of
br onobenz ' added and the reaction further reflux hour s.

Af ter thee‘ggaz(b: {lé%lis cooled down, it is poured to 500 ﬁgT;gg£0r?%/?ﬁgir)llol and
water (9:1). The polymer precipitates out as rubbery glue-like sem solid.
The solid is filtered and dried under suction. The cake is redissolved in
chl or of or ) b I PR HARPL U IS GGG Brahiidld, Aliddaghed and
washed wi ﬁ%ﬂ%@ﬁ%ﬁ&:@%ﬁgﬁlgfé sgr"?a. 15qu§§arr%f?e€21 Pr eparoae?’l on&o a

Pol y( car ba¥36l aad caluerie it stivegd Bixrade-wee pot gedwvith z stneain Ihniogén f0r b haly' add OCBHN
20 Part A Synthesis, of . e . :
9- Phenyl - 3t]81@1 ré?ﬁ‘?‘ﬂ‘}@? Bt Q%%Q'&H’é]?mrmﬁf,g@? BUge RS HI GRS nsdPsPhEg) car bazol e

A 2L flas : ] . ,

5, b i br ol P g uGO) UF0 A L0, AR gl Wed sl Bhe omiegofthe sk wa refluxed g
with &n acker dharsdTie tadtedrtablionmBitirg wtas pbiredid wWat@8aml theorgeniz. 15Mrsadsut i on

i n hexanes, 0.34 nole) was, added drop-w se via syringe e reaction was
stirred fotepmotcdi Ht aeaiviopveres e | Wﬁ%gﬂ‘?gf’rﬂag@%%gi? TPBRas - 05 23
Mar 2007 - ; ;

21 sopr oposg g s webatbel R N e e P ol Fiis e

added vi a Sheredgff, wishsd elithanethim] asd thaedmigiteal .B1¢ bEthe depesdaialyreerbel ow - 60 C.

The tenperature was naintained at -78 C for two hours and then poured into
an aqueousParEBl ution of ammni um acetate (90 gin 2100 nL water). The | ayers

were jhase Sepafl SilyeCRin R ARUEHIHANAILEILTAGHFM Hobl I5ha, or - Duty

ket one (2 X e conbi ne organi ¢ phase”and extracts were washed
Wit h bri nebdrnix a2idQmidts) stankdrdf vzt coopting cagitesisyibnifgabhenédMcaptoat i on and
re-crystallization of the {lesul ting %%I id. from ac_etﬁne. )

sodium carbonate) and then an excess of bromobenzene with heating to provide the phenyl

capped polymer.

15 Example 22

Polymerization of 2-(2,5-Dibromophenyl)-5-{4-(octyloxy)phenyl]1,3,4-oxadiazole and
End Capping with Fluorene

OCqHy;

The polymerization is carried out as in Example 17. A 500 ml round bottomed
20 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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gave pure

9- phenyl - 3, 6-bis(4,4,5,5-tetranet hyl -1, 3, 2- di oxabor ol an- 2-yl ) 29i@0bazol e
(PBTDC) . W 28081102685 Preparati on of Borol ane Term nated US2003/024911

Pol y( 9- phenyl car bazol €) Pre-polynmers The reaction of PBII)'BE{ Tsr omPart A 2M
Na2CO3 (42.4 g), AliquatTM 336 (tricaprylyl nethyl amoni umchloride) (1.28
g) and 3, 6-di brono- 9- phenyl carbazole (DBPC) in 100 nL tol uene under

st andard ' | nd DBPC
honn | n (AP pROHELL 3 GERRLAAKTS gl Egnioes SR 35 19 Ghelil
respect i wid ycanaslad®he soul atefiashyis hédiing perdiveasinoy at & dndallowslisyiie coupl i ng

dit d k- | uded t di t f
et 1 aki o Gadiigneh )y padm s fopam CoPl s o Randeog] > sslaegietiger or 12
hours, ‘?Hérahﬂg stdaGtihs: 50R@ 509 Rd. T@&%H%yﬂoﬂhﬁl&fs‘%héﬁﬁd&ed‘%? pou §epar ating

and extracting the organic [ayer wth 'ene chl oride Ing 20 the
conti ned besrgaOrfi- (tlobm/fmosenermﬂ Imbtmg cabiued at@0 °6’Etbh2mbts to precipitate the

solid product, Table dig .UnCtI on, of Re ant
Anounts.  PBTDE bwerrpmiweﬁﬁs%ﬂw &ﬁﬂﬁr@ Forg and AR FOTBHEHEY -

nmol ar i 1 1 3 0
3:1 3. 82%’39%9‘)9@%%?}%“ {’:NE% Z]Sgé g%%“né o btgd fifh "[‘f Ié&biz x |2§) 03‘3”? Eégﬂg(]a"%'é’)
Bl ock- Cofayfey iewashadl evith spAlmmtarbbmsk sdhatidnehdwirtetl vathr b gmesivnosudfns &he ni t rogen

i nl et and rubber septum was added the pre-polymer of Part B (2.72 2.9
mol e, 3 PEREHCIS prg;sl]eliatgi Into mefhanol and dried to gll’?fe 30 0 g of polymer. GPC(ana1y51s of

o @”Dp‘*ﬁ%“’éﬁg Rie* BB NP IO b e R PRSP 810" cuh)  Soai um

car bonate (16.72 mL of a 2M aqueous solution, 33.4 movle), AliquatTM 336
and toluene. The stirred m xture was purged vvith a streamof nitrogen for an
hour and EX2B@le 23y 30 ni nutes at 50 T. Under a nitrogen purge,
tetraki s( Yl ) was
dded. Tt?eréﬁcag%ﬁﬁn f@ﬁt B ft}nﬁlﬁé}&a ﬂéla][q:&ﬁﬂl dn(n% 03481 Per&n? L BITERLS

Transport Oxadiazole

15

OCgHy;

2,7-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)- 9,9-dioctyl-fluorene (5.38 g,
20 8.37 mmole), 2,7-dibromo-9,9-dioctylfluorene (1.80 g, 3.28 mmole) and 2-(2,5-
dibromopheny!)-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;COj; solution, and the resulting mixture was then degassed with nitrogen

25 for 2 hours at room temperature and then at 50 °C for a further 2 hours.
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5 for 12 hrs. The cool ed reaction m xture was poured into water, and the
organi c |l ayer was separated. The aqueous | ayer was extract edowiMdr 2087 hyl ene
chl ori de. jned orgainic layers were poured int ﬁ%)%% ), of

met hanol %vygpgg%h ate a solid. This was filtered offf}’ Wwas g%‘%\%%tlﬂt

met hanol and dried to give 1.21g of the desired polynmer. Part D 10 The
polymer fromPart C is conbined successively wth an excess of phenyl

boroni c asi | ' b r i | uene/ 2M
aqueous _ SsHRHEhRL ARGkt F RRLODE, ¢ 0TS MR bR

t o provi deikfues. phienygbulticgppedrepodsiveted af feflox anpérau@dgdidby e howrat Aon of
2-(2,5-D bronmophenyl) -5-[ 4-é?ct yl oxy) pheny|] 1, 3, 4-oxadi azgle and End

Cappi ng WRHFPEER fBTEsd solotipp ofl mlihrer Fﬁzﬁn@rgﬂfufve wagadgsd iRlleyreHaya The

I . . . . ;. _ 4 20
Praok 11 ¢ ey obitef BLOLEE Xbuuinb IR uldpa il () o PHAGARIT™
nitrdgen hiikivesdwegs thed réficed et dnsthehas bed After theiedotion tiBnG2%2s aodlpd of
bi s(1, 5-cycl ooct adi ene) ni ckel (0). and 4.24 g (0.0272 nol) 2,2'-bipyridyl.
The seal edodm jERPSratute, divaspeuetdntoed methangl grd thequecipitee selleciad byt dry DIVF

d m vy f S - f
and 65 m gl pan ?h«%‘ﬂ%ﬁﬂmﬁegv(v)zﬁ LP%E%@H 'b? r%J'Egt%% dfsgélgng_blrg irl n@g@yﬁﬁétcﬁlﬂnﬁé aff C for

30 mn. in an Ol tion o

2- (2, 5- di hieapradipitation-ib nleflianoR 7T rdéuct 3QAO btaim@d 2004 d 0261 Eht powder. Gel
PCT/ US2003/ 024911 _(octyl oxy) phenyl ] -1, 3, 4- oxadi azol e_( 1) fr,om Exangl e 3in
about 15 PEIRGtgR shromategrapily anglysis o1 thenraduct 2avRe MagT &40 HskMng= hdaki ng f or

fiv i nuties _ @ nof %ﬁgiﬁ i g f { 4ol .density
0. 8§]Zdng/ mlﬁg ’&?‘ gf?z) gi%g) @5%18 , -cilﬁg}ﬂgbg%otlgg%estﬁgﬁ&%e%% F}ﬁ%&fgg con@?ﬁgrg at 80 C
for 24 hr gonfént ditke oeaiidzotercdutasikg nsonbhenu@dded | g of dry 2 5

brono-9, 9-di octyl fl uorene and heating continued at 80 C for 24 his. To the
warm ni xture | s'f/ oRraEde adewen melecylpy %¢lak@pﬁara¢f&h§?WCrVreiWPg§renﬁﬁfqdﬁefé%ptﬁhﬂt 30

Q'L;‘ut es. @ggoggf@ffﬁibiéei,ﬁst@w%%ym,3t,j1&iraxmaﬁﬁ.tz@ﬁ).@,é.ﬁio%wﬁor&% e 00
was increased to 5.85 g. The product, obtained as 4.8 g of powder, was analyzed by gel
15 permeation chromatography and differential scanning calorimetry (DSC), and the results

are given in Table 2.

Example 24
Preparation of a Green-Emitting Polymer Containing 10 Mole Percent of Electron
20 Transport Oxadiazole

CH,, CH., Oy
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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| ayer is washed with sodi um carbonate solution and dried w th nagnesi um

sul fate. The product is precipitated into nethanol and driedagqgione73.0 g
of polynqﬁozgﬁgogqaly5|s of 10 the polyner gives a wei gbranssB@e0qp! ecul ar
wei ght (Mw) of about 1 x 105. Exanple 23 Preparation of a Blue-Emtting

Pol yfl uorene Containing 30 Mol e Percent of Electron Transport Oxadi azole 15
C8H17 CSH17 C8H17 CBH17 NCHCH3n 4n NB 17 8 17 0 i N OCBH17

2, 7-Bi s( %l&oalo?hﬁl@ﬁj-gr[)uqbaylox})pﬁezzyl}iI1 gmbﬁdmzaw@? Fbir Efandp1dBqo s lg; f | uor ene
(5 38 g, di oct uorene (1. 80 g, 3.28

mol e)  anbi4®mmole) wekiehnisadistzethpt With Aliquait¥ 896 § %meﬂwqhy angnanisadi azol e

(D) from th AliquatTM
536 (11 TN R0 By T Rmnelahin Tonmay 1y B8 sTh B8 b G Rl an fafdehd5 ot
t ol uene. MNi}mg\é@mnaﬂdﬁﬁtﬁ@mﬁﬂm&fw@ﬁherﬁdﬂg@wéﬂ v Ihlaag‘éa%foa; olhabitsafrocand t he
resulting mxture was then degassed Wi th nitrogen 25 for hours™ at room

t enpér at utemparagire lad then a5 60 & ferra farther 2 hawrs. T qﬁr@lﬂsenphwhﬂmphm@p@l@dm VO

(0,04 o, O30T praB2 MRS i Tt RO DT AR RR B G i e

was heat egbafdd dt @tk fitroBbd fFRA6MohR!l AlRitlager purgdd sdliisP8ENmpHr ged
solution of 1 nL brommobenzene in toluene was added foll owed by a further

char ge of bonpbenzepe in @ﬁu@lﬁ“@@@dﬂqﬁk@ﬂWﬂhbﬁ@ﬁmﬁ@)phﬂgadfﬁﬁﬁ(@f and the
[ ti i xt. h | t 16, h h ti
i xtur e isBe ey B e Rt p ROLERE Pl S BB hanl and

the jgreci pidtairq 6094.| REkteHe li’é‘actn&! hfisftafel voab cob @ 8 réh RinbRirSuas wHdpohiicad by
repeat ed di ssolution in nethylene chloride and then precipitation in

met hanol . mithal predmhmot and heolosidiimgpicelpit@e avag collected hygfiliraionddhe pGeipitate
Eerz rrggt IXO\Dvag ]I;]llil‘? 1€ repgaﬂgd é" g&)'lt?(tlsolnsin%eﬂt]ﬁgnep crh?gr'i{fet ang%\ll'eec:ipilt\g’tvloﬁ uz 'nl?ff:(t)ha)r(loll04 Mh

The product was obtained as 3.95 g of a light yellow-green powder. Gel permeation
chromatography analysis of the product gave: Mw =2.19x 10*, Mn=7.49x 10°, PD =
15 2.93.

Example 25
Preparation of a Terpolymer Containing Hole and Electron Transport Functionality

OCgH47

20
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-flucrene (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)
25 were mixed together with Aliquat™ 336 (tricaprylylmethylammenium 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 NaCO; (62 mmole, 34 equiv) solution and the mixture then degassed with nitrogen
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10 104, and PD = 3.09. Proton NVR of the polyner supported the expected 30
ol e 'percent content of the oxadi azol e-contai ni ng nononer uni8.Mmaf@opyovi de
a | ower Bl fhepaei ght pol ymer the above was repeated B amount
of 2,7- blng)(oiﬁ4 /?Z(Sf/fetram et hyl -1, 3, 2- di oxabor ol an- 2-yl )P%)fﬁ% boslobh

9, 9- d| octyl -fluorene used was |ncreased to 5.85 g. The product, obtained as
4.8 g of powder, was analyzed by gel 15 perneation chromatography and

di ff er ent k2l (BCANBLRACEAL AR ted RID°C A7 fliReragikd s are given in Table
2. Exanple 24 Preparati a Geen-Emtting Polyner Containing 10 Ml e

Per cent oﬂ“etﬁllm{mphnnylﬁh)oﬁhmn)nahadm@(ahﬁ%ﬁog é. @Hm@&l)imvas Khed added 8'the 4n CBH17
CBH7/7] CH CH O/ B 7 1 H17

2, 7- Bi s( 4ATUXBICS 1i\lhgtria W? e ha?tf)(!(atbr HﬂdF’Z ng}?()genéorglqll?o&q y&-f1 uorene
(4 84 g, m?ro%élglﬁ?le&soﬁtlénS’Hl)mL%r&hng{z@ﬁ@rn?toﬂaeﬁe Redapiiraiiviaale (1. 74 g,
5.90 mmol Mar 2007 WO 20041102615 PCT/ US2003/ 024911

di br 6nophémthiey elfargeto{ ©03% oﬁ;e)rphe(rwlbl]enylphpmlm)@amlhdmhe(f)o,lemdfth@mmMpI e 3

0.75 g, 1.48 I d h Al tTM 3
(er1 capr v Ho Ghmipar f Anob ot Mo Afst the kg imiblus Was coples
toluene. ¥y fnfhetitsreaH 9Rd pdrelto Qltnfbﬂlaﬁgyﬁﬁ&'ﬁle p0ipieAEas 8@lleptci®y. and the

m xture was then degassed vmth ni trogen for hours at room 5 tenperature
and t hen ﬁﬂtr@(oncThgpr@;lmtgtetﬂviyp@ﬂqaddwgepeated dlssolutlonmmethylenc chloride and

Tet r aki s(trl hen hos al | agi um nnol was t hen
added to. PR Funetacl, A8 g irodust whondhiofar s EaC BRIk Under

ni t rggen Bgﬁdéﬁgﬁ)ng{;@h&r&gﬁae@w%@esol ution of 1 nL bronobenzene in
t ol uene was added followed by a further charge of 0.04 g of

tletraki s(tri phenyl phosphi ne) pal | adium (0), and the resulting m xture was
refluxed Baampl} 2not her 16 hrs. After the reaction m xture was cooled to
roomtenperature, it was ureg> lf|nto 2L met hanol ., and the resulting

P

preci pi t af &nAERIoB 6f P@é%@nwns silapress Conantps 42 Male BFréentwé@anf. ed by
r epeat ed q‘rzﬁﬁﬁ&t‘@xg@lak&le”m hyl ene chl oride and precipitation in nethanol.

OCgHy;

15

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

20 mmol, 1.024 equiv), 2-(2,5-dibromophenyl)-5-[4-(octyloxy)phenyi]-1,3,4-oxadiazole
(1.39 g, 2.735 mumol, 0.2 equiv), in toluene (112 ml) with and 2M NayCOs (27.35 mi, 54.7
mmol) and Aliquat™ 336 (tricaprylylmethylammonium chloride) for about 24 hours
gave, after phenyl-capping, a polymer for which gel penmeation chromatogaraphy gave:
Mw = 9.0 x 10°, Mn = 2.65 x 10*, and PD = 3.40.
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The product was obtained as 3.95 g of a |light yell owgreen powder. Gel |
permeati on chromatography analysis of the product gave: Mv =22)\Mf 200204, M

= 7.49 x PLgs 15 2.93. Exanple 25 Preparation of a~f&fdRe: %R
Cont ai ni n‘égégwellegr}a El ectron Transport Functionality Cgl—lv an %’-}n CeHn N

CeHv CeHn N ~ I N O OC8Hn 20 2,7-Di bronp-9,9-dioctylfluorene (1.00 g,
1.82 mole, 1 eq), 2,7-bis(4,4,5,5- tetranetliyl-1, 3, 2-di oxaborol an-2-yl)-
9,9-dioctyl-fluorene (5.98 g, 9.30 Hanle, 5.1 eq),

3, 6-di br ono- 9- phenyl carbazol e (1.46 g, 3.65 mmole, 2 equiv) and

2-(2,5-di Gom 1 18-(J14- (oct yl oxy) phenyl ]-1, 3, 4-oxadi azole ") from
Exanmple 3_(1 85 3.651 e, 2 re m ,together with AliquatTM
336 (trich t@ﬁ%ﬁ%&M?&&W%’%maéNf'géhti’g?xﬁ&%ﬁefg,sg '%?1 Yﬁh’ﬁﬁé‘? 1. 275 equi v)
in 150 m‘HBHl'O]H er 10 this was added 31.5 nL of an aqueous 2M Na2COB8 (62
mol e, 34 equ v§ solution and the m xture then degassed with nitrogen - 100

23 Mar 2007 WO m2éhvih idAedbar vREght ISP alisdtpFetche hboropalynres vais praparad by
tenperatuge and then at 50 C for a further 2 hours. N

Tet r aki s( 5%&@@%& BT IPARIE AP B 11praRrq erogaies eptbiaet infoChsmuSes: ¢ hen
added to 1 otk i ] I under

ni trogen (])fg"'l%gjF ’2}5’??591%3? ??%dﬁ'nﬁg% &gﬁﬂéﬁ?ﬁgggﬁeﬁﬁuﬁa@%}% enzene in
t ol uene whwmbeextné a$ imkiverdnly 23. &el permeatiorcdhaomgatogfap® o 8% wsudfing polymer

tetrakis(triphenyl ph hi ne) pal | adi um (Q and the r lting. mxture was
then ref | 8¥E0 MB RhoRGhan 187408, ﬁ%r—?ﬁﬁe @g%ﬂﬁé}ﬁe@ﬁ%ﬂ%@m1n&§8ﬁed to
rooqpt enperature, it was poured to 2L nethanol, and the precipitate was

coll'ected”by filtration. The precipitate was purified by repeated
di ssolution in nethylene chloride and precipitation in methanol. The

resul ting product was optajned as 5.2 g of a grayish 10 powder. GPC and DSC
data are M‘iﬁ%@ﬁ%ﬁﬁ Exanpl e 26 -
Synthesis of a High Molecular Weight Phenyl Capped 9,9°-Dioctyl{luorene Homopolymer
This polymer was prepared by Yammamoto coupling as follows, A 1L round

15 bottomed flask fitted with 2 magnetic stir-bar and rubber septum in a nitrogen glove box
was charged with 28.84 g (0.1048 mol} of bis(1,5-cyclooctadiene)nickel(0) and 16.37 g
(0.1484 mol) 2,2'-bipyridyl. The sealed flask was then transferred to a fume hood and 103
ml of dry DMF and 250 ml toluene added via a cannula, The flask was then heated at 80
°C for 30 min. in an oil bath. A solution of 25.0 g (0.04558 mol) 2,7-dibromo-9,9-

20 dioctylfluorene in about 40 ml toluene was added via a cannula. The sealed flask was
heating for five minutes at 80 °C followed by the addition of 6.7 ml (5.92 g; density 0.882
g/ml; 0.0186 mol) of 1,5-cyclooctadiene. Heating was continued at 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. ,

25 To the warm mixture was added 300 m! 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 =

30 127,000, and PD == 2.94. GPC and DSC data are given in Table 2.

-102 -



Preparation of a Blue-Emtting Pol yfluorene Containing 10 Mol e Percent of

El ectron Transport Oxadi azole CSH~~ CSH~r C8H17 C8HLl7 n 8n 20MdN2b67 OCsHL17
A bIue-enhk;hmguggpyfluorene contai ning 10 nol e percent pofr @Rk 7
transport oxadi azol e was prepared essentially as described 1 n Exanpl e 23.
Thus, the polynerization of the nmononers 2, 7-di brono-9, 9-di octyl fl uorene
(6.0 g, 10.94 mmol, 0.8 equiv), 9, 9-

S' oct Yt 2R rlljls;émid §ggquﬁtg?%;ﬁ%¥yﬂu%r§reg afll PHARAELD RIS dofolypiene (8. 83

2- (2, 5- di| Pobamgpheny! ) - M\L{M@%)t IMW&)W&MH’]DI 3% 0Znd{ 366G _ [T, 60)
2.735 mrLgl.,_.:Q_.’Z._enui\ Ln_tol (112 \Ad 27 12 m

54.7 mmlqonma@mﬂ:l'quctt@l\ﬂ 336 (t r1|7é’apryI_yI |¥E’i&1yl 2%bni ul/64l or i |[dE6-6 or| about

24 hours ave fter—phenyt=can o, a pokyet v t Hon

chr omat og ATIh P bd e AN X104, Mh=2. 625K04, o 9B T A 2007
WO 2004/ 1 gﬂ? 317 US04 02491JL3_§i0rrpar at|ihvay Exaggol e C: noxét helshspeof |a
Medi um ML ecul ar Vi gt Phenyl pped 9, 9'l-Di octlyl fl uor ¢ne HOHE!EJM yer 5 A

medi um rmlEa«auip&rZSV\el ght3098 9' - di qclthyd f | uor E‘IQEBS’IOHDW Yne| naas prepeeed by

+ or At

Suzuki coupH-Rg—R t..uc'= ccor-ehHRgteo—theHiteratiureprogedures—euttned in
J. Chem P}f m Qoin. 159751598 (1%5’7‘@r ol ym#P%as M8 capped

by reacti Wi Toht 30 ¥4 @% Exanpl e 23. Cel” perneati on
chr omat og%‘%px v&&; 1 %g oléé%%arr% b r gave: Mwv = 44,900, Mh = 17,400, and

PD = 2.58. ﬁ a are given in Table 10 2. Conparative Examlpe
C2 Sy theglfaé’f’y 15?5”?

%’w ecul ar Wi ght Phenyl Capped 9,9'-Dioctylfluorene

| ymele = SRS TaBS RS IREEYS epar ed by Yammamoto coupling as fol l ows. A

11_ round 15 eysdipaion tearitipn fereReratiteh a nmgnetic stir-bar and rubber septum
in a nitrdgenngitdrapsibiox temperature.

Table 2 shows Differential Scanning Calorimetry (DSC) and Gel Permeation

10 Chromatography (GPC) data for the two comparative 9,9°-dioctylfluorene homopolymers
of Comparative Examples C1 and C2, the 9,9’ -dioctylfluorene-phenyl oxadiazole
copolymers having 10% phenyl oxadiazole monomer units (Example 26) and having 30%
phenyl oxadiazole monomer units (Example 23), as well as the 9,9’-dioctylfluorene-
phenyl oxadiazole-phenyl carbazole terpolymer (Example 25).

15 The 9,9-dioctylfluorene homopolymers of Comparative Examples C1 and C2
exhibited glass transition temperatures of Ty = 59.2 and 75.6 °C, respectively. On heating
above the glass transition temperature, both polymers exhibit crystallization and melt
transitions, as shown in Table 2. These types of transitions indicated a thermal instability
of amorphous films of these polymers (i.e. a propensity to undergo formation of crystalline

20 domains that can lead to excimer formation and color shifting). Both of these polymers
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,

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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was charged with 28.84 g (0.1048 nol) ofbis(1,5-cycl ooctadi ene) ni ckel (0) and
16.37 g (0.1484 nol) 2,2 -bipyridyl. The seal ed fl ask was t hepmdrapsferred

to a fumgyhopd,angds 103 m of dry DMF and 250 m tol uenﬁcwﬂ@ggwiglp
cannul a. The flask was then heated at 80 C for 30 mn. in an oil bath.

solution of 25.0 g (0.04558 nol) 2,7-di bronmp-9,9 20 dioctylfluorene in about
40 mM toluene was added via a cannula. The sealed flask was heating for

five m n%ﬁﬁo@&el)?osuggéﬁé)cﬂ tﬁfﬁﬁiilc&ﬁoﬁaﬂ@n afigi bh@t’fyl QkadlazbldTtorhiSndiderGntodRNSI t Yy

0. 882 5-cycl ooct adi ene. Heati ng was continued at 80
C for 4 dwjluorene mhﬁmréh@npweatba@fﬁecvm measedmwﬂ@fhoa@ povinshdprthgene and

h f dded
300t ot 2rtanSuPheheep ety LBER ERsGr AR ALt el B "or L ne
flask ma%ﬁﬂa@ﬁlngwxgﬁdom °a) Al glitd (hat Mod@Rratioh ofimq)heﬁylg@mﬁoleayer was

washed wi th sodi um carbonate solution and dried with magnesium sulfate. The
prod¥ict v@mq@pmrmt@ﬂxeewlmerrm@mmlegammdera@d to give 15.8 g of phenyl

3747000, b = 4 B PR cn p i eea S 2RO pORNE Y T 1o

2. -102 Bxhniaes 2003, adQ2H0ikd 26yt itfaliben @ 8311 02A8lidns, beitiewere DSC and GPC

Data for Pol yfl uorenes and Fl uor ene- Oxadi azol e Copol ynmers. Polynmer M (x
10) M (x qlzsel)vemvrrlge @;25 dlpc()da)'luqrene hgraypolypens. h@@addhepherwlpxadnawlgs 59. 2
76.4 146 127 2h94aé5 6,90 flr " t eerB . 3.8.51
2.50 62 n%"%mh‘gg@o éi?ﬁ?f“ea"% “ERPrEhay ABOY Y8 gif’é% frejfigmehpeient, TR 26
90. 9026. Sardinflfrtas:: Bsddebs, B%Qalli}/‘éinccthéﬁéﬁﬂw pRBI @ﬁﬁhdﬁ@lee&jﬂtﬁfnn%b%ers MM =

nunber average nol ecul ar wei ght PD = po Iyd| spersity. 5 Tg = gl ass

transiti ofe n@wpmbatexcmlerfnmwgobplr shifting) during anssletdtehagingqredasomibed in T, || =
mel t tl’anﬁltl cin enperature. Table 2 shows Differential Scanning Calorinetry
(DsC) and P % meat i on

Example 27
15 Accelerated Aging Studies for Polyfluorene-Phenyl Oxadiazole Copolymers and
Comparison to Polyfluorene Homopolymers
Polyfluorene-phenyl oxadiazole copolymers of Examples 23, 25, and 26 were
separately dissolved in dry toluene to final concentrations of 1% by weight of the solution.
These solutions were spin coated onto separate 2 cm x 2 cm quarts slides at a spin rate of
20 2500 rpm. Photoluminescence spectra for each the thin films were measured in a front
face mode on a Spex Fluorolog fluorimeter (Spex Industries, Edison, NJ). Each slide was
then placed face up on a heating plate and covered with a nitrogen purged glass dome that
maintained a steady flow of nitrogen gas over the samples. The samples were heated
under nitrogen to 200 °C for 15 hours. The photoluminescence spectrum for each film was
25 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
30 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°-

- 104 -



ek

10 Chromatography (GPC) data for the two conparative 9,9 -dioctylfluorene
honmopol yners of Conparative Exanples O and C2, the 23 Mar 2007

9,9 -di ochyd EJoﬁ'ffﬁﬁ?se‘ phenyl oxadi azole copol yners havi %Wg/ﬁ’o@;’%g%ll

oxadi azol e nonofrer “units (Exanpl e 26) and having 30% phen Iazol e
mononer units (Exanple 23), as well as the 9,9 -dioctylfluorene- phenyl
oxadi azol e- phenyl carbazole terpolyner (Exanple 25). 15 The

9,9 -dioc ti .
i ot o A BEERE PR KPS e COTRA 1 Yo GER ol it

respect i vehiy filfs gheatisatp grabilyef dtvag grees entissamsienteoad 1tSRP anat Tiese rdsolth
polymers exhibit crystallijzation . and nelt transitions, a own in Table 2.
These typé%‘H‘Eﬁte Hépmoﬁ?niq{&]?ec%heégl agizolR SPUPRERSRio R@Y@ - anor phous

filnms of tdk&;gﬂgeﬂe}{ggfs&b Hze® thefp o RAS Mdthirdsplcbt toREBENPakiBh Eﬁ&/gp&cl%er

crystalline omal hs that can l'ead to excinmer formation and col or

shi f t3 ng) .folRattiono Thishie smpmodngepecialbxdor hilieungostable bhieflight gmittiogOhElE t o
green in both the photol um nescence and el ectrol um nescence spectrum upon
accel er at &§V€fermal aging of thin spin cast films of the polyners. Table 2
shows that the phenyl oxadi azole containing polyners of Exanples 23, 25, 25
and 26 have nol ecul ar wei ghts of Mv = 21, 300, Mwv = 30,900, Mwv = 90, 000,

respectiv and. | di spersities that_ar onpar ab t0 those obtained for
the o o - kPRt B LRt Oraand! EREopPARPLBeet o o and co.
The ghass transition tenperatures of the copolyners of Exanples 23 and 26
(Tg = 62 Gaphldkrs=aé8.3 C, -103 23 Mar 2007 WO 2004/ 102615

PCT/ US200 respectively) suggested that incorporation of the phenyl
oxadi azol eCaupsitoms and kiestallminepeny Deviossdasedp oh Phenyl fixddiamelegr eat | y af f ect
the Tg conpared wth those obtained for the 9,9 -dioctylfluorene

horopol ymer¥oR¥NEiSass transition tenperature for the terpol ymer

Exanpl e 25 (T9 FledQficky&ompatin Sdrd fiaparkd sOfoMBWa! TRE pOfynichCo MR

of
s _ Wles
carbazol e 5 conmononer into the polymer 1ncreased Tg considerably. Table 2
al so1§howsl6, hétanddfevert indepepleatly disexdael #e} st/motitinionicgomethaneostobiene

Exanpl es 2 ,_and 26 hi bi. t ed stal ljzation |t transi.tions,
whi ch wer ﬁmﬁwﬁ%gbtﬁwﬁgﬁ?@ @‘,ﬁ‘gmh '%EF%W_@HP@?F& ﬁ’gﬂo‘g&o POfIRgt ead, the
phenyl oxagdi.az@ien) CARIA IR TPRO NP CRH, ahRiTe e ARdRNAYSatPere the gl ass
transition tenperature. This is 10 an inportant discovery, especially since
t hese new pitgngHbAadi &2 pinsoomrrasdsiionfg 10dRwmiPd 8. Molecular emitters perylene,
TMC, Ir(ppy)s, (bthpy)sIr(acac), and Pt(OEP) were introduced in amounts of 0.01 - 0.5
20 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 pm polypropylene syringe filter
before application.
L 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

25 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
30 squares were then mounted into an aluminum frame, introduced into a vacuum deposition
chamber, and pumped to 10° torr for about 1 hour, Cathodes were applied by vapor

depositing about 10 A of LiF and about 2000 A of aluminum.
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do not exhibit excinmer em ssion (color shifting) during accel erated aging,
as described in Exanple 27. Exanple 27 15 Accel erated Agi ng Stugdrepof or
Ponquow@@%mgnﬁﬁyg Oxadi azol e Copol yners and Cbnparisg¢nhgﬂﬁgb¥@1porene
Honopol ynmer s Pol yf | uor ene- phenyl oxadi azol e copol ynmers of Exanpl es 23, 25,
and 26 were separately dissolved in dry toluene to final concentrations of
1% by wei ght of the solution. These solutions were spin coated onto
separate 2 CMppeZeiiiibhiic SlebQ6mmbtesdend naln{bsr\@ér@ ePiuALd ?&Q&vre@mtaoes

Phot ol um nescence spectra for each the thin | s were neasured |n a front
face rmd@mmx@n&d@mrosnmauumgefﬂcmcmﬁ%& E()slp@unasn@rwgtmﬁeemeﬂddéma anKJ) .

Each slide vvas

ni t r ogen TUHFHEGD
over the gagRl es.

hour s.

b 20 e RO AT o e T

The sanpl es were heated
The phot ol um nescence spectrum for each fil mwas

under

Bl ol 20 SRR Ay

nitrogen to 200 C for

with a

gas
15

25 then reneasur ed.

Fi gure 6 showdlables MMWthm@c@metlwommaﬁms and whulipefshe ragpective spi n

coat ed

thin fil
30 ol e H@IPBBHEP“

and afteras(tlﬁ‘erﬂlﬁl%e%fﬁ
at 200 C for

15 hours

ey

sane tests were run

fors Wb e S A B Ectnr £ ccpufoivteRt
Ptk adddast Tebo B

fluo

TEEGT,

e G Bt

ni ng
402)

DOME) DOHSD rBakidl the %ﬁn pur ge

Exanpl es @8tingwbhi#dn ukhé i preparsig the tampswavel engt h of the eni ssion

0 on the copolymers of

was

substanti the sanme before and aft nealin Is contrasts with the
bl ue to '@#h%% %%F%?ﬁgﬁ???FWB“%BE%?@J%mHgE tF@gﬁﬁﬂg?ng films of the phenyl
capH%d 9.9 -104 23 Mar 2007 WD 2 04/10961R PCT/ 1US2003/:024911
di oct yl f|| Erempie | pifobongiar apiVBAExanpEsyttef and| Electreluminesssreeplataater s,
anneal i g of t hitf0d p DGE ¢il08&pri splA0H mPEEt h pLO stA/omd gr een eni ssi or
centered at 520 (Polymbgse | DE3EI t s | (Bidittedt e t hhvoltapeol por at i caimo{ ALhe [phenyl
ox?diaz | e conohoner into|pEMA)9, 9| dioctylfluppenes) ggpbilized| .
olymersf AW tTh re T 4 4 ©XCl ToIgpat | isis
ngrtan%emige& g gy?z%): 1] @b89 h@aﬂs E? 1 QIIE StZI-||| 3?9 9\TlD
gSV|ce. Efect r ofd npost %Rﬁmﬁﬁganlc I"ect r 0l neStent vijces
30 10 (Ex.16) |3 (TPD) | 0.0%4 7.7 1.1 92 648
(Pt(OEP))
31 10 (Ex.16) |3 (CBP) |0.094 9.7 1.0 92 650
(Pt(OEP))
32 10 (Ex. 16) |3 (TPD) | 0.085 (Ir(ppy)s) | 7.4 2.0 1400 {513
33 10 (Ex. 16) |3 (CBP) | 0.085 (Ir{ppy)s) | 6.2 2.7 1900 | 513
34 10 (Ex.16) |3 HT 0.085 (Ir{ppy)s) | 8.3 1.42 11040 | 514
35 10 (Ex. 16) | 12 (CBP) | 0.085 (Ir(ppy)a} | 7.1 34 2300 | 513
36 10 (Ex. 16) | 18 (CBP) | 0.085 (Ir(ppy)s) | 8.1 5.3 3700 | 513
37 10 (Ex.16) |3 (CBP) | none 12.4 038 |73 444
38 10 (Ex.16) {6 (CBP) |none 8.8 0.26 |37 437
39 10 (Ex. 16) 112 (CBP) | none 5.5 011 7.3 414
40 10 (Ex. 16) {3 (CBP) | 0.033(TMC) 7.9 0.42 |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)z} | 9.1 039 1152 |515
45 10 (Ex.19) |3 (HT 0.085 (Ir(ppy)s) | 8.4 036 1207 |516
polymer)
46 10 (Ex. 19) | 3 (TPD) |0.085 (Ir(ppy)s) | 6.7 0.21 |[152 {513

(Ex. 18) means the polymer of Example 18.

(Ex. 16) means the polymer of Example 16.
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Exanpl es 28-46 Conpositions and El ectol um nescent Devi ces Based on Phenyl
Oxadi azol e Hom)pol ynmers El ectroactive conpositions were prepasesthr2907

fol |l ows: rs of Exanples 15 16, 18, and 19 werge | tly
di ssol vedxg(? @9\4)%\%7\/% % into dichl oroethane or toluene Eq:*ﬁg%%g%?@g%qobt ai ned
fromAl drich Chemcal, MIwaukee, W). A hole transporting agent (HTA)
sel ected from TPD, NPB, CBP, and HT were added in a ratio of polyner/HTA =

10: 3; in 18. Mol ecular emtters perylene, TMC
I r(ppy) 3, S‘Fﬂ%ﬁ?}%ﬁ %‘g@g’ﬁé}gﬁ? %ﬁ?@) were introduced in amunts of 0.01 -
0.5 20 wt/wt % ITheaekditt inWalot 3shedItha lighiiwdssobeérved fidnmddchelf did agargé t he

emtter in_dichlaroethane DCE Each_ c ol utj on was f||teredthrou h
a 0.45 nn %ﬁrymzp@ﬁpetéaeprdi(ewgeﬂ)qf E}&aewlesggf%?? gﬂﬂﬁfﬁﬁh Jéalcwﬁow ipdectyp °

et 5O mRERGE M IR fE B RO IPhIHAR A Ao e u&eaﬁlaﬁau 2

cmx 2 ¢ ited coating o gmtin OX|de
(1 TOS wer eyield&d sibé ainiseibnfin ol a]';hermelﬁfhdﬂeﬂemuttas(E@&nphe’ﬁm In€¥spsing e CHIO coat ed

sides were cleaned with e nol, treated wifh.an 02 sma etch_(4 mn at 50
W and 200 mﬁm afij %Oraelafeﬁa%s@greﬁxdﬁuasattanﬁ@ éewnr%ﬁﬁpmﬁﬂug@tu%%fﬁcmWan

aqueous s @S §4.3 B @ﬁgo@ﬁ{éﬁﬂﬂﬁ&/}f‘ﬁﬁ 14 RALUWAHGES Bk LASRRs ALY at

115 C. Nex e coat ofFutio prepare above were each spin coated on
top of a Hﬂéﬁﬁﬁd@e&ie&@l@uhsthomceum%ﬁ)OrMﬁDrghmblﬁé) emessjon. Dopinghwiths 30
squares were then nmounted.into_an, al um numfrane, duced into vacuum

deposi t i onT(PERA BB Sreehemssiope PWBEHEGER) ‘P‘b‘?“ﬂ&@i]l’y pITR680 Batekeodes wer e

05135 wiB0E OB aRPI8R{E s i Bk Rt e @églﬁ*??fr?gfﬁ%?@é%ﬂ”“m

el ectrol unwvaresacideted anps were evaluated for drive voltages ext er nal
percent quantum ffl ci encj es um ne ce intepnsi t| es cd/ n2), and
eni ssi on maxi ma en%\yls ‘Pg %Bwﬁegytg?%ﬁhemq%% BibcIegpiEs 8& hgg at 20
mA/ cn dri sitions
N@gyﬁﬂﬁ% Man ﬁ{i‘zii‘ﬁ e f?@?@ﬁ%ﬁ%ﬁd&g%o@%:ﬁ&H19afﬁfe W*B{ah

and results t|v anp ‘eval uat1 ons e materials in the
el ect r oact Lm&arepgsmtohng artkee electoradiiet patyiiedd &yRnead Ebchl[aerﬁbélBPpindpar ts

(P) bg wel Igr(rllatpy %ﬁg pE)lc))/mle(g%?Eggx%ﬁe I%Jiso gr? ef%)cient € eét?onntp?aﬁ%pérrt] (Ia)ols er thh a
LUMO level that matches up well with the LUMO for Ir(ppy);. Likewise, CBP is an
efficient hole transport agent with a HOMO that matches well with the HOMO of Ir(ppy);.
Finally, the polymer of Example 16 has such a deep HOMO at 6.3 eV that it cannot
readily transport holes or serve as a site for exciton formation. Energetically, CBP can

20 support exciton formation and emission, as seen in lamps having no dopant, but the strong
match of both the HOMO and LUMO levels of both CBP and It{ppy); allows efficient
{ formation or migration of excitons to Ir(ppy)s. Also, emission from CBP overlaps the
absorption band of Ir(ppy), leading to efficient energy transfer and reemission from
Ir(ppy)s.
25
Example 47
Composition and Electroluminescent Device Comprising Poly{2-(5-[4-(octyloxy)phenyl]-
1,3,4-0xadiazol-2-yl)phenyl-2,5-diyl}/TPD/Ir(ppy)s 10:3:0.085
A molecularly doped polymer composition (MDPC) comprising 1000 parts toluene
30 (HPLC grade obtained from Aldrich Chemical, Milwaukee, WI), 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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coating solution used in preparing the |lanps. Table 3. Electroactive
Conpositions and Lanp Eval uation Results 10 Exanple p Pol ynmeps vardbody p

Em tter/ vehealiPlsysni nescence data at 1000 p DCE 1000 ppdPRQdasE520 MYV cn
(Polynmer) DCE (Emtter) voltage % /M2 X,ax (HTA) VQE rim 28 10 (Ex. 18)
3 (TPD) 0.085 Ir( 3) 4.9 0.84 590 513 29 10 (Ex. 18) 3 (TPD) 0.094 5.1 0. 37
42 650 (Pt(CEP)) 30 10 (Ex. 16) 3 (TPD) 0.094 7.7 1 1 92 648 (Pt(CEP)) 31
10 (Ex. 9 3 16) 3 TPD
0.085 (|Es 61513%?5‘ (“g@%te%dg%uﬁ%é (o “}%{e@ﬁ? %Bﬁ%%rgégs% (Ir( )3) 6.2
2.7 1900@¢Bcat1311 10 (Ex. 16) 3 HT 0.085 (Ir( )3) 8 3 1.42 1040 514 35 10

Ex. 16) 12 CB 85 (| 4 2300.513. 36 1

(() 085 (?r(p y)3 0 E%g‘“é” : "ﬁwteg&"‘i‘cﬂ("& ‘i%‘j“ss""m%ﬁ&ﬁé‘z?c’éﬂ’ﬂlg 38 73
444 38 Hp (Tme glzoﬁ’stﬁl%n %QGOQS&TQ)/?QD@)TTWC@@/A@ (1% ladf edidb B Q none
5.5 0.11 7 3 A P40 0 (B 165 S (CBP) 0. 033 (TMD) 7.9 6. 43" 64 452 % 41 10

(Ex.516) @edrGR@jroliriles®nte Gni8eda M35m.( pba jHiene)rangf 20 mA/om( ke labg) 6

6.1 0. 43 RIER e ol gy ALAT Xcefes&el)% bl olief oéjféééﬁ DGR 11 ( 3

9.1 0.39 jARRAsAAT 1360 X Ex. 19) 3 (HT 0.085 (Ir(ppy)3) 8.4 0.30 207 516

Examples 48-74

10 Compositions and Electoluminescent Devices Based on Phenyl Oxadiazole — 9,9-Dioctyl
Fluorene Copolymers

Electroluminescent compositions were prepared as follows: The polymers of
Example 23 (30% oxadiazole monomer units, Mw = 21.3 x 10*) and Example 26 (10%
oxadiazole monomer units, Mw = 90 x 10%) were independently dissolved at 1 weight

15 percent in toluene (HPLC grade obtained from Aldrich Chemical, Milwaukee, WI). A
hole transporting agent (HTA) selected from TPD, CBP, PVK, HT, TPD-HT, and PS-
DPAS was added to some compositions in a ratio of polymer/HTA = 10:0.4, 10:0.8,
10:1.5, 10:3, 10:6, or 10:9. The electron transport agent (ETA), PBD, was added to some
compositions in a ratio of polymer/ETA = 10:3 or 10:6. Each coating solution was filtered

20 through a 0.45 pum polypropylene (PP) syringe filter before application. Specific
compositions are shown in Table 4.

Lamps 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

25 O9 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 10 torr for about 1

30 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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polyner) 46 10 (Ex. 19) 3 (TPD) 0.085 (Ir( 3) 6.7 0.21 152 513 (Ex. 18)
nmeans the polyner of Exanple 18. (Ex. 16) neans the pol yner ob3kxampbe 16.
-106 23 Mar. 2007 WD 2004/ 102615 PCT/ US2003/ 024911 (Exp }%mnﬁ) Lhe

pol ymer oO204HHI2&1519. The results in Table 3 show that FFi &8bser ved
fromeach of the organic electrolum nescent |anp devices of Exanples 28-46,
and each device provided di ode type behavior. The polynmer of Exanple 16 in

conj uncti N : por i l 3Sihon in the
absence Oféﬁéﬁé“&%@%ﬁs&lﬁbﬁa&? 8‘@?@?%8’%5??%& ﬁdgg%ggwcgn ‘é%t% IOI ead to a
| ar ger bagkgcabiadvetuifant and a decline in external quantum efficiency

(Exanpl es 37- 33) . Dopi ng of the pol yner/HJTA blends wi th various bl ue
emitters such dgblepdapd 8 sumaagzgihend exypositions aloag yatutharssHlts by gave bl ue

tiers SN _ LYo ! ! OEP
W th (bt BT eRlk otn bRk SR RIS SR SNl PRB Btk daa ™)
oper &t i ng el KREEExaflc 26 ¢ 8P aRhdaganibnemerini] MmcE= 90 x MEY. eTaths euses. Wi l e

not wi shing to be bound b theoré, t he hi %h quant um efficiencies of the
Ir(ppy) 3 taveperformescy BtaimstbesLED of Exampls 2843V @spdinadenionomer wiitsoMW he HOVD

and LUMO_ I n f.th i o] | | ene. of Exanpl e
1o, cop, arl etpIy Aoy ntt vl Gl R D R R ascl ot on
transport (BOAYaRIrestdridd i TabldY@ dnd\seds thédwaimipertof bass @i bweldighwiatiled tbe 00&MO f or
Ir(ppy)3. Likewise, CBP is an efficient haole transport agent with a HOMO
that nat chags (HOPP phiclenerie magrthespin soappg Jautionrysed in prepemas Ysllgmes: of

Exa e 16 has such a deep HOMO at 6.3 eV that it cannot readily transport
holes or serve as a site for exciton formation. Energetically, CBP can 20
support eXublean Elestracii onCampodlit:sndOLEDS Deeirkb Dat foa Neat ArMVBRAddAFiBepant ,
but the strong match of both the HOMO and LUMO | evel s of both CBP and
h(ppy) 3 alGosianiag thecCenpdymerg Faample Hr Palvdhuarans ity 1 0Ddele Reveent of Electspry ) 3.

Al so, em $9j I aps the absorption band of Ir 3 leading to
ém%ﬁmft cﬁ{l‘gﬁ?@e%ﬁ SL p p (ppy) g

efficient énergy Sterand reem ssion from fr(PPY)3 25
Example | p Polymer/ | p ETA/ | p HTA/ Electroluminescence data at
1000 p 1000p | 1000 p 20 mA/em®
Toluene Toluene | Toluene voltage | % cd/m® | A oM i
M Q.E.
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 3 TPD 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 0.13 (7.9 426, 447sh
DPAS |
54 10 none 3 PVK 5.31 0.04 | 2.6 423, 445sh
55 10 none 6 TPD 5.31 0.14 | 7.2 424, 448sh
56 10 none 9TPD 4.61 0.03 {1.2 424, 448sh
57 10 none 0.4TPD 1 7.83 0.29 |17 424, 448sh
58 10 none 0.8TPD |8.75 0.35 |23 424, 448sh
59 10 none 1.5TPD 7.34 045 |29 424, 448sh
1 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.

15 * HT was applied 1n 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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Exanpl e

47 Conposition and El ectrol um nescent Device Conprising Poly

{2-(5-[4-(octyl oxy) phenyl]- 1, 3, 4-oxadi azol - 2-yl ) phenyl - 2, 5- dpgI\ar 2007

[ TPD/ I r (
conpri si
Chem cal

32 0. 085 A nol ecularly doped pol yner co ki O
ﬁ’gé%®d’é9% rts toluene 30 (HPLC grade obtained ?@ﬁ’%&fﬂ"g?ﬁ‘éﬁw

, MI|waukee, W), 10 parts polyner of Exanple 16, 3 parts TPD, and

0.085 parts Ir(ppy)3 (all parts by weight) was prepared by conbining the

conponen
-107 23
t hr ough

t Lt L &t r l.ting
L A A S S L e

LontaisingtheoCoprypyl efifecagi) 2% (Rolylperére wigh 36 dMale RercappifiBletioon.  An

OLED | anp,, was st,ruc Jroma portion of this conposition as in Exanple
32. The%ﬁ?ﬁ%ﬁ&@iaﬂ@éﬂt@%{ﬁés: gl ass/ | TO' PEDOT/ MDPC/ Li F/ Al . The | anp

exhi bit
current
1.99 %
Exanpl e
Oxadi az

4 Am i;)g% B Gt BTA 1@%@@6 ERhRRnalce BT AL & arive
1

of 20 m the B‘@ e b&j%ed Q@n%kﬁFPaL qij‘a}ntum effiEL(Iency of

adrlveéo e df. 4. 7evort]3 arts g enstty o 1390—cdfn?

48-74 10° Prgosit enea hdOpRg ¢ ()Ivﬁrfﬁ}‘}g?escgrﬁ HS¢M e d Amsd® on Pheny!
s. ElEeRt4-0

conposi t

- 9. 9-Dioctyl | Fluorehe Copaol ¥} um_nescent
i@ns wer d0prepar ddome f ol mows:  Thé-8%ol yned-d4of 7 Exandi28 23 (300

oxadi azo

|& nonoif units,|ddre= 2133BD 103%.43nd Ex@eHl ¢226 (10 oxadi agol e

nononer

ugs t's; Mrp= 90 x |[Lidak wel @ Temlependdnt | y| glegsobyed dtqok aeisght | 15

per cent
W). A

Tgh [0l uéng (BPLC [O[AHE ODLafptsd 1109 Al Of 65 (RS c21|4,26|L\gl31\§ﬁukee,
L'%Aemt'qiﬂﬂﬂm“ Adome - I LSHATS™ S':u : 035152 ot 420, Jussh

TPD- HT,
pol ymer/
t ranspor

S o I o o oL+ ne~ 1 h
(oY \W | T J T\WJ VA O Ao T Ty | >3 AWV A H e ) T T T T T T A\Y A
A — 1018 410|008 1O3HE - (4544 15 F087, [54. o 8 4398 bn

t6%gent |AETA), PHMONgas a@dER 1o |Jctfe chPBdsi Spons |i425ad47shi o| of

pol ymer/

EFA = 10:18 or 10:|emongach|@ddti ng |$diut i on0.bds | #bl t er|e@72M8shr olgh a

0.45 mp
conposi t
squar es

i ndi um ti

ofypr opyliene (PP)| sytiei nge 3fCRP er |Isefgor e pppbi ¢ati on.| 438es4dFshe

Ipns ar ¢ ;ghown 1 N @l e 4.6 C@PPs |wegee cohglisucnad as 42al hOoMA: ass

32 CMYnZ chT ha -Jipgpon QP ST U8 _vapoo_ﬁie Q51 e &2‘6?&45@ 0

LT\

OO T e PR ST T O 780 ™ T 105 |89 | 420, 445h

10

15

sh = shoulder.

Tables 4 and 5 show that the neat copolymers of Examples 23 and 26 exhibit blue
electroluminescence (422 nm, 447 sh) (Examples 48 and 63, respectively). At an
operating current density of 20 mA/cm?, the external quantum efficiency for the
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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Devi ces (Anaheim CA). The I TO coated sides were cleaned with ethanol,
treatted with an 25 02 plasma etch (4 min at 50 Wand 200 nmlor p} Mm&PRop7 coat ed

(2500 rpmyf9e3R288C) W th an aqueous sol ution of PEDTHARSBs:@B&2854 ed 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 gl ass squares were then nmounted into an alum num frane,

I nt r oducegnd Mk efficistRtdsbrpadepatbh bifRombalie The d08 IDEME’@ fado 10the torr for
about 1 30 hour. Cathodes were aEgl i ed bg vapor gjpole ng, about 10 A of LiF
and about cZEREtRIGVI Hie sepalymer ohExamaale 26 (Bxpneplg 4R) eoregsaenided fumi nescent

I f , t
or 11 o one RSB e U Phailok bSadittd A RRorlthe o BT DIbRELEFAL A0an, A
2004/ 102615 PCTabJS2083%0 2D dlkctréieai¥Bort pAopertREos HediinRardréngrgo@xbynm for

bl ue, green, and red |anps operating at 20 mA/cn? drive current. TabI es 4
and § sunhienfing in h@tbélomwﬁeﬁoarﬁ@n@%ev\wmhqhécw@}zﬂm@rsofcﬁxampée”

Gata ror PaBplet PRARTH! MARISLGUE BRI AR 2 RORYS 4 BRuR “n@%%r_ﬂrggce
103) . Tablgd Gitish QRS draldD rmrtéwflmmsadatpal atiag vohezek BRI ofcrdaxsanp Iqeaxﬂl?em( 30%

oxadi azol e _nononer units, = 21.3 x 103). The yners, hole transport
agents (Wf@cleflﬁﬁﬂ“@%@?%hreﬁlﬂéﬂ’s‘ﬁéﬁs %@PH?@% OPE’TK?DQF Bl dewfded in Tabl es 4

d>5 h 1000
ol uene to makeuREraneh (i SR ARl Bt o Bae L oo Pl

Tabl & 4. Exmpre@&ntamae:m&@mehd@mn}amdo:ﬁhlﬁa@ewﬂlﬁee el éledtton thiggporand
Bl ended Filns Containjing the Copol ynmer of Exanple 26 (Polyfluorene with 10
Mol e Per c@gentquintagretfpiencipsivers spmpaativeiy gpitepegsi(fos cxamplgnpPed pitbdl yner/ p

E-(I)-ﬁjege igﬁﬁﬁgﬁ'ﬁhﬁuene Vgﬁeg g/éijgl ma r&&gg%gfnﬁgggwa%q%% tﬁ%ﬁﬁg%ﬁgﬁgﬂ none
4. 56 0. 03 Bampt2i @dd/to M@pm@réﬁ%ﬁeﬁt AGhOeHitiedby 24xcitdd Balombhfitidd none
3 HT 6.73 0. 84 42 424, 447sh
for the blended systems. This result revealed an important element of strategy, useful
15 when attempting to blend commercial LEPs with molecular hole and electron transport
materials. The molecular host materials may be effective at transporting carriers in a
blended film, )}et be ineffective at transferring these carners into the LEP. Our results
indicated that for polyfluorenes, incorporation of an electron transport agent as a
comonomer into the polymer so as to be conjugated with the LEP enhanced transfer of
20 electrons from the host onto the LEP, resulting in much mmproved quantum efficiencies for
blended systems.
{ Table 5 shows the results of an increase in oxadiazole content in the LEP. Blends
of the copolymer of Example 23 (30 mole percent oxadiazole units) with several hole
transport agents gave the same trends observed with the copolymer of Example 26 (10
25 mole percent oxadiazole units) in Table 4. In all cases, electroluminescence quantum
efficiencies improved on going from 10% to 30% oxadiazole comonomer units. Blends of
the copolymer of Example 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
30 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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51 10 none 3 TPD 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 0.13 7.9 426, 447sh DPAS,541kB00pne 3

PVK 5.31 0.04 2.6 423 445sh 55 10 none 6 TPD 5. 31 0. 48sh 56
1520 349

10 none &’%W’h“zé& 0.03 1.2 424, 448sh 57 10 none 0.4 ‘%ﬂb"%l %&6. 9 17 424,

448sh 58 10 none 0.8 TPD 8.75 0.35 23 424, 448sh 59 10 none 1.5 TPD 7.34

0.45 29 424 448sh 60 10 3 PBD 3 TPD 5.96 0.63 50 424, 450sh 61 10 3 PBD 3

HT 5.90 %r%ﬂof#?n l_é?aﬂtunf'éﬁﬁli'encgz F&Pefintp b:l%n'dg_ugthgﬁT% Qﬁtﬁjofﬁﬁ%/ﬁ%fd’ sh =

shoul der was a In a separate l'ayer on the PEDI/ PSS coat ed
subst r at €0y ampl@r%ﬁmplgs 68-76pareirsa tmquaI&mgfﬂefrencms@f GoQEE B§7,28) rpm

Th d I f Ex 6 th
appl i od B b&?ﬂ SO, AaBEy FARC R BUBa SO S s 0041 102615
PCTI USZOQ%&@& bmpiEalh €725, Fﬂaﬁgtmmtm&po&ﬁm@mﬂ 05 210:30 o levd ce Data

for Neat and B ended Filnms Containing the Copolyner of Exanple
(Pol%yf | uevembetter résuBO(Evahml&@d)c eilis smpExbibited aleall bhnespussiorOvelli azol e Units).

1000 p_ 2°Hariee PePhEnas thVR 1 2PONRERe: Yo PARE0% oM O nm M) OE

63 10 none nongeg @9l shdwhhddlendit s%sQerHQﬂé%f@ & @ecﬁro‘l‘éﬁnﬁm&%n?@eﬁgeﬂ aﬁé 10
none 6 TPD 5.31 0. 37 39 425, 447sh 10 none 9 TPD 5.59 0.25 35 426, 451sh

for laser induced thermal imaging of LEPs can be designed using the electroactive
polymeric arylenes of the present invention as hosts without ruining the quantum

10 efficiency. This strategy can now be achieved by incorporation of the electron transport
oxadiazole unit into and in conjugation with the conjugated backbone of the polymer to
enable charge balance and to shift the relative rates of intermolecular electron transport
governing non-radiative transport through the molecular host and radiative transport from
the host to the LEP.

15
Examples 75-83

Compositions and Electoluminescent Devices Based on Phenyl Oxadiazole — 9,9-Dioctyl
Fluorene — Phenylcarbazole Terpolymer
Electroluminescent compositions and devices were prepared from the phenyl
20 oxadiazole — 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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67 10 none 1.5 HT 6.65 0.39 32 420, 445sh 68 10 none 3 HT 5.44 0.87 54
416, 429sh 69 10 none 6 HT 5.46 0.82 53 425, 447sh 70 10 none3fdibo67 00
0.67 46 4%,1)2@5@95 71 10 none 3 CBP 5.98 0.25 16 425, 4448i%20056424041n0ne 6
CBP 6. 80 .4é’ 424, 447sh 73 10 3 PBD 3 TPD 5.96 0.71 95 420, 445sh 74
10 3 PBD 3 HT 7.80 1.03 89 420, 445sh sh = shoulder. 5 Tables 4 and 5 show
that the neat copolyners of Exanples 23 and 26 exhi bit bl ue

el ect r ol UMigHRH: EMiApdsttia MNMOKET DiRce(TtarRhest SBRACO]ImS PEpaetiie! v) . At
an operating current density of 20 mA cnR, the external quantum efficiency
for the &bpallyradiagsleaPpliectolernarsnenPherylogbagple Rerpolmistance was only 2.5
cd/ nms, and the 10 operating voltage was 4.6 volts. The copol yner of Exanple
23 exhibited simlar performance. These results are attributed to the
absence of a hplgndlE ag 0ne€. oko pof Ehar trahsport bal ance).
Tabl e 4 shows t1atIS bl nl?g?(?ggp ofre}ltmrllgzd c%po 1;—ﬁerogf E(gr?f‘ﬁiggl 26 fn a 10:3 ratio
with the hol e transppitlueagent sTatpge HT| ToluemPD- HI ( Exanpl e$ 49-5 1) led to
i mproved 15 quantum effi.ci enci whi |l e 1 Ssion renai ned blue. G een

exci mer was npt obser Qalymgxleneé?f‘er ex{ Eldbd opetation. Bl énding of the
copol ymer of Exanple Pjpyw th The,fol e Thapsport agentmsgBP] PVK  and

PS- DPAS (Exanples 52-b4) did not result]in significant _inptovenents to the
quantum ef fi c| 8hcy whetl conparjebnsi t h t h8 Hiat pol yd®r&iSsiTabl e 4 al so shows
that the quantum-effigi-ency drpopedoff—guicikly-astthe-TRD—20 content was

—y O T

L UATTT O T y T |~J A T T L~
i ncreased in thé anoupt® LEP/ TPBPRE 10: 3, Ol 6 : 1)4@‘4;465?1?/ersely, as the

TPD cont ent wasg UeCTE —betow L EP TPDTS &0 3 tHe [y vol tages began
torise - 113%’8 23 MarﬁggO? 04/ 10281? PCT/U%%E%%E’ZQM and the
efficiencies pggan tol ggop of f| seeewhat | ¢TEp 10: 3| ugP/4JiBELratio in the
conposition wth the ropolynert of Exanplle 26 _(Example 49) corresponded to

approxi matel y| 801: 3 ratfo of okaefieazol e | B i onal #2§ 448sholle transport

material. 1 10 none 6 TPD 423, 445sh
82 10 3 PBD none 422, 445sh
83 10 6 PBD none 425, 445sh
“Amax 15 the wavelength of maximum emission intensity.
5 “sh” means shoulder.

Example 84

Preparation of a Donor Sheet
A thermal transfer donor sheet was prepared in the following manner. An LTHC
10 . 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.

15
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Tabl e 4 shows that electron transport properties of the filns were inproved
by 5 blending in both hole and el ectron transport agents w thaghgrooppl yner

of Exanphgoggunbﬂu,Exanples 60 and 61, blending of the sepekYiBhH20i1 Exanple

26 with

a l:1 mxture of PBD and either TPD or

HT resulted i n decreased

operating voltages and increases in quantum efficiencies when conpared with
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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.

15
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drop off in quantum effici ency. For exanple, blends with HT in a ratio of
'LEP/ HT = 10: 10: 6, and 10:9 (Exanples 68-70) gave rise to ayayErwon7

ef ficienc = 0.87, 0.82, and 0.67, respectivel

effici encﬁ@z Og%{O{ﬂEI y i npr oved wi th increasing CBP contpgg{[@?%xﬁ??r{)mles
71-72). Finally, blends with both PBD and HT in a 10:3:3 ratio gave 5 even
better results (Exanple 74). This |anp exhibited clean blue em ssion with
performance nunbers as showTabRrtS. A8tefiiyed @atifg SBlutioht s 0. 97 %QE, 105 cd/ nR).
These results show t hat bl ended systens useful for electrol um nescent
devices and for {raser indu p Imaging ¢f CERRTGAY PE desi gned using
the el ectroactiveg polyneric arylenes of the present Invention as hosts

wi t hout ruining tlhe quantum 10 efficiency. This istra¥&jfgHdan npw be achi eved
by incorporation ofthe_-electron-transport—oxadiazele-—unit—info and in

conj ugati on wit h {t¥He3ebRPuGamehylohurpdizEylelte [pol ynd#-¥f0 enabl e charge
bal ance and to shidgsters#veilpldp o SartaamessExipn,i BAder ol ecul ar _el eciron transport
gover ni ng non-r adi BatvaeB{98ansport t hrough the mal ecul &%host ahd radi ati ve
transport from thpnbegs7to the LEP. 15 Exanpleg 75-83.fpnpositions and

El ect ol um nescent| TRy, FEFgBased on Phenyl Oxadi gzol'e -] B 9-Dioctyl

Fl uor ene- Phenyl ¢ Rl E1RIET POt YTTET —EfectTotum escento fg)npu&l i ons and

devi ces were prep}a;; Fortthe—pheryt—20—oxadtazote j" doetyl fluorene -
phenyl carbazol e t ﬁma%%@h—ef——éeamm 25 essentially 4800decce ! bed in
Exanpl es 48-74. Gal N"Ynnﬂ@ﬁﬁplj_arm eval uatiod resuf280are bunmarized in

Table 6. In all cases, blue el ectrol m nescence was observed. -112 23 WMar
2007 WO 2004/ I&Xﬁh&raﬁﬁf&t 14320034 22484 &n tiEdbiedagr oCtreplvmbt sleat. did t@oERr Devi ce

Data for Neat or .Blended Filns Prepare with Phen di zole - 9;9-D octyl
Pluorbne I uay AERFEASBIIE: dERBOIGheY SERERR ke BRERE TGB! 1000 b

'4'4'52?1 r gg c@ﬂhééﬁ!é&?ofﬁ@idﬂ%@ 42%{ é&ﬁﬁ?zﬁﬁj Y40 rphntor 50 Secords\(1daaRay Refarch!l 9.

spincoater) to yield a film thickness of approximately 50 nm.

\

Example 85
10 Laser Induced Thermal Imaging of Transfer Layer

Part A
Preparation of Receptor Substrates

PEDT (poly(3,4-ethylenedioxythiophene)) solution (Baytron P 4083 from Bayer
AG, Leverkusen, Germany) diluted 1:1 with deionized water) was filtered through a

15 WHATMAN PURADISC 0.45 pm polypropylene syringe filter.

Unpatterned ITO(indium tin oxide) glass (Delta Technologies, Stillwater, MN, less
than 100 (Y/square, 1.1 mm thick) was ultrasonically cleaned in a hot, 3% solution of
Deconex 12N8S detergent (Borer Chemie AG, Zuchwil, Switzerland). The substrates were

then placed in the Plasma Science plasma treater for surface treatment under the following

20 conditions:
Time: 2 minutes
Power: 500watt (165 W/cm®)
Oxygen Flow: 100 Torr
25 Immediately after plasma treatment, the PEDT solution was filtered and dispensed

through a WHATMAN PURADISC 0.45 pm polypropylene syringe filter onto the ITO
substrate. The substrate was then spun (Headway Research spincoater) at 2000 rpm for 30
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77 10 none 6 HT 424, 445sh 78 10 none 3 CBP 421, 445sh 79 10 none 6 CBP
424, 445sh 80 10 none 3 TPD 420, 445sh 81 10 none 6 TPD 4232344200782 10
3 PBD none, 45sh 83 10 6 PBD none 425, 445sh is gth of
maxi nmum engié%é’rzﬁl ntensity. 5 "sh" means shoul der. p% \9@? Er eparation
of a Donor Sheet A thermal transfer donor sheet was prepared in the

follow ng manner. An LTHC 10 solution, described in Table 7, was coated

onto a OgdeofMe &au @ptmtﬂm! tﬁfbﬁnés‘éro?l@@hﬁaAQItcﬁ‘thé Sraibi {v@}éﬁ&%&e@eg( 'V[ab

fromTeijin, aka,” Japan). Coating was performed using a Yasul Sei

Coat er, RﬁdaiSﬁAﬁitdsEﬁxdeumtmgera m crogravure roll with 150 helical cells per

I nch. The LTHC coating was in-line dried at 80C and cured under ultraviol et
P8 on. 15 -113 23 Mar 2007 WD 2004/ 102615 PCT/ US2003/ 024911

(W)

Tabl 7 ' by Wi ght b
bl ack p &h%%ﬁ@aéﬁﬁh%%ﬁgéﬂﬁéﬁ%@%ﬁ%%ﬁ SREDOREE SRR ) Bucvar 08 (2)
0. 6% acryl i cDogast shedignd Bxhmple §43yerd bﬂixchd:m&pmmanmtﬁlth@ﬁcbytbr aibkirgwe3. 0. 34

fluoro surfactant FC-430 (5) 0.01 . epoxy.novol ac .Xl ate Ebecryl 629 (6)
13.18  adoyhithe qaner pheets Merp taagegeing v ogingte-mode N “YAG Jasers. Scanning was

2- benzyl 'pgr'f&%eﬁ%tsméj aaﬁysféﬂ) of Tidedr gil(f%ﬁﬁ[c?s, 38t 68 boRbiRd laser beams focused

onto the image plane using an f-theta scan lens as part of a near-telecentric configuration.
The laser energy density was 0.4 to 0.8 J/em®. The laser spot size, measured at the 1/¢
10 intensity, was 30 micrometers by 350 micrometers. The linear laser spot velocity was
| adjustable between 10 and 30 meters per second, measured at the image plane. The laser
spot was dithered perpendicular to the major displacement direction with about a 100
micrometer amplitude. The transfer layers were transferred as lines onto the receptor
substrates, and the intended width of the lines was about 100 micrometers. Laser induced
15 thermal imaging was performed at a scan velocity from 11.4 to 20.0 m/s and the

conditions describe in Table 9 below.

Table 9. Laser Induced Thermal Imaging 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
20 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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“(nor phol i nyl phenyl) butanone 1-hydroxycycl ohexyl phenyl ketone Irgacure 184
(3) 0.1.3 2-butanone 43.75 1, 2-propanedi ol nononet hyl ether 2g¢gir@bge726. 25
_Col unbi an Chemcals Co., Atlanta, GA t2l1Solutia Inc., St. Louis, MO (3)S. C.
Johnson & Son, Inc. Racine, W 5 t4 Byk-Chem e USA, Wallingford, CT
(5)M nnesota M ning and Manufacturing Co., St. Paul, MN (6>UCB Radcure’
Inc., N. Augusta, SC (71Cl Acrylic&lAMS Menphis, TN t$' Ci ba-Geigi Corp.,
Tarrytown, NY 10 Next, an interlayer solution, given in Table 8, was coated
onto the cured LTHC |ayer by a rotogravure coating nmethod using the Yasui
Sei ki | ab coaf\Brelecpgdive eABIIBE, arylgna ¢pRPIIFing ogr avure rol | havi ng 180

oot ecuner | of ERlpbAERebS il B 80k "1 T S0S o, ©° © o
2004/ 102615 PghérdnAhe c@n&%&ﬁ@&ﬁlté}nﬂl rdglh Corprided tiget ayRbrd@glehe Gnif)kathi on
COMPONENT PARTS BY \EI SR 351 HP (trinethylol propane triacrylate 14.85

ester, avBiadasyiene pois Bung esralentipbooded tbAyo Bdiroent aplge wilsrigehcryl 67 2. 78
| rgacure 369 EL 2? lr. acyre 184, 0. 19 2-butanone 48. 00
adjacent arylene unit arid to an end capping group;
wherein one or more of the arylene units of the internal region have the structure of

Formula I

:r-—AI'l— *

&
I
wherein Ar' is a phenyléne or naphthylene group arylene that is unsubstituted or
substituted with one or more groups selected from alkyl, alkenyl, alkoxy, fluoro, aryl,
fluoroalkyl, heteroalkyl, heteroaryl, and hydrocarbyl containing one or more S, N, O, P, or
Si atorms; ‘
whereinais 1 or 2;

wherein each E, is independently selected from groups having the structures of

Formulas IT and 11T
(R2),
Yoo
At Ar?
1I I

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;

wherein Ar? is a carbocyclic aryl group that is unsubstituted or substituted with one

or more substituents selected from alkyl, alkenyl, alkoxy, fluoro, aryl, fluoroalkyl,
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“1-met hoxy-2- ro anol 32.00 Next, a transfer layer was formed on the
interlayer of the donor sheet. The transfer 5 |ayer was di speseshr@aot he
.donor sheet by spinning the nol ecularly doped pol ymer conposition of
Exanpl e 47 at about 2000-2500 rpm for 30 seconds (Headway Research

Spi ncoat @étkroalk Yih@ie‘i’oa&\wf hl'k?lokbdﬁiﬁ_]rﬁsﬁyﬁfxa@ﬁﬂﬂ?lxh Itﬁbzbiﬁoar@%azo@qml e 85 10
Laser Induced Thernmal 1nmagin ansfer Layer ar t repar ation of

Recept or hmgﬁrbﬂt@gtmmw moR, 3 Noh L endiditemsit hi ophene)) sol ution

Bayt P 40 B L
o oni sed vat S5 ube 2R ipmiE anb B S e ERITRR Rl B pdeoffit "
pol ypr opyhe Rty ir?!lngﬁﬂ ferfidre hronmiaamﬁcs m@ﬁ%ﬂo’dﬁl thatlard Bldctrocibxiicka)y sbdgs (Del ta
Technol ogi es, [water, M\, less than 100 @ square, 1.1 nun thlck) was

ul trasoni cal | yfhelre@w@h ehfl Capriing Srospdsewningsd t@fhe mapgated intersl watos; gent
(Borer Ch e AG Zuchwil, Switzerland). The substrates were then placed in
the Pl as Science plasnma treater for surface treatnent under the foll ow ng

20 condi ti onsiyhiteifeeach ol REEE: HOWE s ufsbstiaddd dr 5a6stiteaRjith dReygsiorE! ow 100
Torr 25 Innedlateh%ﬁafter pl asma treatnent, the PEDT solution was filtered

and dlspéﬁ§@85d6%¢ flaorslion fsteyprlipy heiereasisand ge

filter onto t | TO,. . sub s then spun (Headway
Researchrﬁ¥pﬁ°n LoF an%‘{)g‘tlgﬁrmﬁ‘? %ggﬁ%r %’1”3 ‘gg Mar 2007 WD 2004/ 102615
PCT/ US2003/ 024911 seconds yielding a PEDT filmthickness of 40 rim Al of

the substrates were heated to 200 C for 5 minutes under nitrogen. Part B
Laser | nduced Thﬁélﬁﬁmacrﬂmgpweﬁrp anylenesifetaimaly irther enmmising 2 SewgmsIHONOr

sheets of Exa r n 4 [ strates.
ext, the donoreiiiocel ¥ c2bHe Blonb it Rri AR i fobi bt GG Rl
Scanni Ng bwAded 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

R® R?®

ﬂ Rz Qs

(R},

XLIX (Ra)‘ R, ) Q'@

" Ll
s R R
P X " Si
* *RZ
¢ LIV
N, 5\©¥
N
RZ
LHi
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"performed using a systemof |inear gal vanoneters, wth the conbined | aser
beans focused onto the inage plane using an f-theta scan | ens3agrpant of a
- near-telecentric configuration. The |aser energy density was 0.4 to 0.8
J/cnm2 The | aser spot size, measured at the ‘1/e' 10 intensity, was 30

i croneters byhgef ®A i‘éﬁﬁ@éﬁeﬁtl¥ héachicR@AydrRA! CoRaAlkyY &t 96 hllkénhes; 50

adj ust abl e between 10 and 30 neters per second, neasured at the i nmage plane.
The | asearyl, §pod hatergamtil.tonén edhysepqaelnd covtpming enetdrenaraSoN, B BptaYafems;

direction with, about a 100 Leroneter .anpl i,t ude. The. transter,l rs were
ransferred anRenEpedrEers AEUERERS AT b iine St RHE TR e wi at
of the |iesdepasdeatlp uhsubStuBdoreimtitited witheaE o AYLEGduddRY her mal i magi ng was
performed at a scan velocity from11l.4 to 20.0 ms and the conditions
descri be in Tab¢reingRYis inslgpentsntle imeach gassrflyorel feied flwpreplkal, Giamgi ng Condi ti ons

i orons BitgRoRpiTh G aCaRy PRE Edih Koo MR Coms Piathah G RPER AR g %

pattern gigaifiii@\Whe bPmiok@S1¢s0, ROr Bi atvehs3C; Wik Botddtzalyg S, 500, are the
uni maged receptor surface, and the areas, 502, are the light emtting,

t r ansf er alpxediazalyb bobd alkylotarpbdiGizoaryltHazdlylof t he patents, patent
docunent s, andhgrubl%ca@i gnsrr%\c]:]%t,eddabove is hereby incorporated into this
document as il reproduced aPf%-116 23 mar 2007 CLAIMS 1. An

el ectroacti vewa@ﬂem’riscau@q,yjrﬂpﬁe@l@aﬁn,i(ﬁih@ggoa@k onjugated internal region,
and end cappi ng groups; wherein the conjugated internal region conprises
three or nore arylene units, each of said arylene units being covalently

bonded tg tvorgdiagentoal ¥hene ualise it 1Al AACARLALN SHHB and to

an end cappi hg group; one -or nore of e aryl ene uni
i nt er nal afvigie@a pelymet bEthsForatidne of Formula | "-Arl- (Ey)a
EC—H]‘%FEC
(Eyla
Vv

wherein each EC is an end capping group independently selected from carbocyclic aryl,
heteroaryl, and tertiary aromatic amino aryl groups that are electrochemically stable, and n

15 an integer n the range of 3 to 100,000.

5. The electroactive polymeric arylene of claim 4 wherein one or both of Ar* and EC
is substituted with 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.

6. 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-silaflucrenyl, dihydrophenathrenyi,
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,
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1 wherein Art is a phenyl ene or naphthyl ene group arylene that is
unsubstituted or substituted with one or nore groups sel ected3zfvpmoafkyl ,

. al kenyl, al koxy, fluoro, aryl, fluoroalkyl, heteroal kyl, heteroaryl, and
hydrocarbyl containing one or nore S, N, 0, P, or Si atons; wherein ais 1

h
o 2 ARG ERR R SBRRISRL B AR AL RRARY 10T |
wher ei n ﬁﬁrﬁmﬁmyﬁ,quﬁfohhlﬁl, Isoqtmtﬁb&njﬂf bensofalHyenzathidphelidliad g, yhrbafuyl,
het er oal kyl; wherein i s | hdependent | ){ al kyl .. al koxy, fluoro, aryl,

f1uor oam@woxaﬁ@lﬂf&ﬂvswq@lﬁzolmk bengamidagrlyly pinmoet émmaéo jinyloquinoxafipyl:  wher ei n

one  or HLHLEREH SngoiatleE 4R #@ﬁ%% R bR RbirS aahig 10 01 1
aryl, flmamgllkaddsﬂoﬂe@? 23 I\/ar 2007 het eroal kyl, heteroaryl,

aIkonxadlazo . aryl oxadi azol yl , aIkyItrlazonI aryltrlazolyl and
hydr ocar byl r@}mﬁhwﬂ&%a&m%r@@w eyl cappingrerefPsABeach wherein the end

cappi ng ﬁp%ﬁﬁ ity se ﬁ%ﬁ A GRAPIRIH: aYors Ei’&%g%dx%&l%kﬁ?( %}9%}’&}1&& anth&d -

het er oary lary aromati ¢ am no ar

el ect r ocdetaetedatdny dmrryslbmenes ngroerhazmﬁa,cﬂnylemﬁanﬂ@petr@rgemummes NN Ugat ed to
t he conj ug_at ed i nternal gN ere| n each end caé\g Q%Igro

unsubst i @eaylbrm%@eeg&,ﬂwﬂ% vﬁesqaardhé dophepplepedignpgndN.o6N afyl aI kyI

oy ot iR itorEy NN LREL AR heny PNV ERS e RERARRR MIN L,

hydr ocar con alnlng one‘or
el ect roamphuﬁlencﬁ Y|, NG-b(pHeanbedizidideal ph Bis(barbhavdyl)siplapyl,si ng a soft

segment; 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"-t1is(N—3-methylphenyl-N—phenylamino)triphenylamine; 1,3,5-Tris(4-
diphenylaminophenyl)benzenes, dendridic amines, and spiro amines; and

wherein the end capping groups are unsubstituted or substituted with one or more
groups selected from the group consisting of Cy.9 fluoroalkyl, Ci.5o perfluoroalkyl, C;.z9
alkyl, C,.50 alkenyl, Cq.9 aryl, Cs.30 heteroaryl, Cy.3p hydrocarbyl containing one or more
S, N, O, P, or Si atoms, C3_3p alkyloxadiazolyl, Cs.3p aryloxadiazolyl, Cs.30 alkyltnazolyl,
and Cj_3p aryltriazolyl.

7. The electroactive polymeric arylene of claim 1

wherein the structure of Formula I is selected from the divalent groups of Formulas
XI-XLIII
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‘wherei n each end capping group is conjugated to the conjugated internal
region or bonded to the soft segnent; and wherein the soft segmritt2008
-bonded to one or nore 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
cappi ng groupgy 3. The @lecfroagtiye polyneric arylene of cIa|n1 wher ein

each Are is ifhdependent sel ecyed b P & R3 R3
R3 R3 -CQ &@ER‘ [ XL\;WXLVI | R3 R3 (R%
(R3) </ \ \ | X L LI )4 - REy” L N 3 R3Ey =gy LIV X
KN, R= Lill_- 818 23 \hEy 206% erei X3 F's |ndé5p/e ht |y Xl each case
hydr ogen, aXko al kyl /*Cl - 30 al yl, C6-20 aryl 0 heteroaRyl, or Cl-30
hydr ocar byl cont aigi 0, P OP Sy at ons; Mier ei n one or
nore of tH ' XLI V- LIW( are

i ndependent |
wherei n REY1 s | ndep
perfluoroalkyIXV&I-ZO aEkyh“”CJ-ZO akbenyl " . R 39§I

[ s s M s &

20~f | uor oal kyl , CI-20
C3 %5'ﬁéteroaryl Cl

XXI| o & xxv
R%), & o (R )4
e i
Q“Q *
S o = XXVIII y Ry, XXX
XX ¢
Nathe Bataglin e
Ey
Ey Ry E Ry
Y XXXIV
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"containing one or nore S, N, O, P, or Si atons; C3.30 al kyl oxadi azol yl,
C3-30 aryl oxadi azolyl, C3.30 al kyltriazolyl, C3-30 aryltriazekywar 20bgrein

. Xis 0, S or NRL; and wherein R1 is al kyl, aryl, heteroaryl, or heteroal kyl.
4. The el ectroactive polynmeric arylene of claim| wherein the el ectroactive
polymeric arylene is a @olyner of the Fornuka V ECr+EC 1 (Ey)a V' wherein

in the/r§ o] 100 000.
_ , ¢ I" both of Are
and EC is substi ;ut gtb Wth one or rmwre gﬁou 5s selqg ed fron1hhu%¥o
fluoroal kyl, and™ pey{,l uoroal kyl, wi tkybkg proviso yhatxwuvm EC i s phenyl
the fluoro group i's not in the para position. 6. The electroactive

pol ymeric aryl ene_of cRaim 1 whereir,the -ocycllc aryd g cappi ng
groups are eacR i N 3
phenant hryl ,

t et rahydropyt,

eny Qi phenyl , @ d benzo[gy h, i ] peryl en ;V\:h in the

rubrenyl, chsy
het er oaryl & capplﬁﬁ 8f oups are e ndegeypdent |y sel®ct d f gnl furyl,
t hi ophenyl, pyPPefYIN, ~i ni dazol yI , §¢Qg%lyl triazolyl, tet ,
t hi azol yl, oxazolyl, -119 23 Nhr 2007 |soxazolyl oxadlazolyl
t hi adi azol yl ,_, |§9th|éQonI pyridinyl, p r|da2|nyIU@pyraZ|-yI pyrinidinyl,
qui nol i nyl, iNSodui nol i\n |, benzofRYyR® beqzp hi ophe /1, indg yI, car bazoyl,
benzoxazol y @o Vi i €i nng . pazol i nyl
qui noxal i n nyl , * yl, 7l , phena2|nyl
phenant hri di SI, acridi nyl , E 587 ad sitOhgs;, whEl the tertiary
aromatic am n&Yaryl cappi each 3

o f capp oo By sy O

wherein each of the groups of Formulas XI-XLIII is unsubstituted or
substituted on one or more of the aromatic rings with one or more groups (R”);

wherein R” is independently in each case fluoro, C;.39 fluoroalkyl, Cy.z0
perfluoroalkyl, Ci.z9 alkyl, Ci.20 alkenyl, Cga9 aryl, Cs_g0 heteroaryl, or Cy.a0
hydrocarbyl containing one or more S, N, O, P, or Si atoms;

wherein R? is independently in each case hydrogen, C;.30 alkyl, Cy.39
alkenyl, Ce.o9 aryl, Ci.20 heteroaryl, or Cy.3p hydrocarbyl containing one or more S,
N, O, P, or Si atoms;

wherein each Ar® is independently selected from groups of Formulas
XLIV-LIV
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‘i ndependent |y sel ected from nonoval ent aromatic ring radicals of tertiary
aromatic am nes selected fromdiarylanilines, alkylcarbazol e23 Mar 2007
-aryl carbazol e, tetraaryl ediamnes, N,N,N N - tetraaryl benzi di nes,
N,NNN,N -tetraaryl -1, 4- phenyl enedi am nes, N NN N - tetraryl-2,7-

di am nof |l uorenes, N, N -bi s(3-net hyRpRenyl)-N, N - bi s( phene(/al )Renzi di ne,

N, N - bi s( 3- ht ha ) N, N' -1 heny@di ne,
1, 4- bi s(car B¢l MRzp @ ani n ar bur ﬁ@@@ e
4,4, 4"-tri 9fNy N-di ar ydLami no) trip Y ani Res, xilyi3,M5- O R
trls(4 di aryl am nophenyl)bexm)gnes XLVIII R?
4, 4" 4" -tri i
4,4' | 4" - t=r+
di phenyl am no
wherein the en
more  groups, s¢ I“ect ed from e group consi sti 3
per fl uor oal k§‘|—‘ O'-20 al kyl, C-20 al keﬁ *20 aryl, 'C3-20 heteroaryl,
Cl - 30 hydr ocar byl |n| ng one or rmre S N, O, P, or Sili atons, C3-30
al I cyl oxadi azol yJN 3o Faryl oxade, azglyl, C3-30 al kyItri azolyl, and C3.30
aryltriazolyl. % [The el ectroactiwe-polyneric arylene of claim1 wherein the
structure of Formﬁa | is selectedkrom the dival ent groups of Fornul as
XI-XLhi -12 Mar 2007 Ry *R @ Ey Ey Xl Ey XIl Ey Ey XIIl XIV R
EY XV r XVI Ry Ry v Ry By / *|ERzEyYI*I**I*\/XVII
EYXVII| Ey XIX*zEy XX * XXI Ey RVW RrR Ry Ry Ey Ey / Ry XXIl Ey XXIIl Ey
Ey xxiv Ey XXV R3 (R3)4 (R3 )4

Rz

Lin
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, Cy.0 fluoroalkyl, C;.29
perfluoroalkyl, Cy.5 alkyl, Ci.z0 alkenyl, Ce.20 aryl, Cs.z0 heteroaryl, Cy.s0
hydrocarbyl containing one or more S, N, O, P, or Si atoms; C;.3 alkyloxadiazolyl,
Ci.30 aryloxadiazolyl, Cs.3p alkyltriazolyl, Cs3p aryltriazolyl;
wherein X is O, S, or NR:
wherein R! is alkyl, aryl, heteroaryl, or heteroalkyl;
wherein R® is independently in each case hydrogen, C;.39 alkyl, Cy.30
alkenyl, Cg.20 aryl, Cs.g0 heteroaryl, or Cy_3p hydrocarbyl containing one or more S,
N, O, P, or Si atoms;
wherein the carbocyclic aryl end capping groups are each independently selected
from phenyl, naphthyl, acenaphthyl, phenanthryl, anthracenyl, fluorenyl, 9-silafluorenyi,
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,
1soxazolyl, oxadiazolyl, thiadiazolyl, isothiazolyl, pyridinyl, pyridazinyl, pyrazinyl,
pyrimidinyl, quinolinyl, isoquinolinyl, benzofuryl, benzothiophenyl, indolyl, carbazoyl,

benzoxazolyl, benzothiazolyl, benzimidazolyl, cinnolinyl, quinazolinyl, quinoxalinyl,
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~
QD

(R3)a Ry Ry Ry Ey XXVII Ey XXVIII Ey Ey Ey XXX XXIX (R3 )a 3 R3 R3 3 R3
R3if Ey Ry By XXXIl Ry Ey Ry Ey Ey Ry’ XXXI XXXI | | XXXI Y3mak2bo23 Mar
07 RBRZIRY3RBEy Ry 33 YEy RBR3Ey RBR3 R3R3 XXXV XXXVI Ey XXXVI
RR3RYEy3RY33Ey*y EyEy XXM | | R3R3 XXXIX (R3)4 Ey XL (R3)4
R3 RS RY o RY, BndoRA koY Eerntles B3] S Bk o Ry Xl 3) 4
wherei n each of “the groups of Fornul as -XLITIT T's unsubstlfut ed
subst i t uinsdzelpl, endsidelessore of the aromatic rings with one or nore groups

RI); wh R dependent f Cl-20 fl | kyl,
G20 "per 1 UBPEER I SERD AP e S R B8 96 A1 | Co. 20

het er oar Ydepéddefly 38ectby H6RGAEIMalefPiYbRialt Fiflg P¥ecaly ofTBYar oﬁiah@aml?}es or Si
at ons; vvherel n R3 IS mdependentlg i n each case hydrog‘d CI-30 al k I, Cl-30
reipy

al keny! , s@scted)fraﬂydlary@ulms regkdeasbazple, arylcachazgly, teyrdary ihes; DWNAY M ng one

o oo . Seetodiirr o S R P EE S SRR 00! RaSTEEP el i s oot o

XLV XLV diédadhofitiofénds! NI R3s(Bmethylphenyl)-N,N'-bis(phenyl)benzidine, N,N'-bis(3-
naphthalen-2-yl)-N,N'-bis(phenyl}benzidine, 1,4-bis(carbazolyl)biphenyl,

Y

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

wherein the end capping groups are unsubstituted or substituted with one or more
groups selected from the group consisting of Cy.5¢ fluoroalkyl, Ci.50 perfluorcalkyl, Ci_20
alkyl, Cy0 alkenyl, Ce.29 aryl, Cs.29 heteroaryl, Ci.30 hydrocarbyl containing one or more
S, N, O, P, or Si atoms, Cs.39 alkyloxadiazolyl, Cs.3¢ aryloxadiazolyl, Cj.3 alkyltriazolyl,
and Ci.3 aryltriazolyl.

8. The electroactive polymeric arylene of claim 1 wherein the end capping groups are
each independently selected from the group of Formulas LXVII-LXXXVII
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"(RB )4 XIVIIl BRRRR3\/ \ Rz R RR Rz (R3)4 (R3)4 XLIXL LI (R4 R
LIl N'" R RRR3 4 NxS LIV x KN, / W LIl wherein one opnareopf the
-aromatic rings in the groups of Fornmulas XLIV- LIV are independently
unsubstituted or substituted with one or nore groups R wherein Rz is

i ndependently in each case fluoro, C _20 fl uor oaI kyl, d -2 5 rfI uor oal kyl ,
Cl-20 al k I -20* , 6 , C3.20 y hydr ocar byl
cont ai ni n}é n'm @@Si at onyg: ©3730 al R W azol yl ,

C3- 30 aryl OPf mazol YILXIS3. 30_al Kyt riazol yl, 0 aryltri aze ; wherein X
is O S, k\g ,ngher ein Bg kvl , aryl, hé{)@ff]oaryl or lL'PéXér oal kyl ;

wher ei n R3 |s kKnhdependen ] case h!]"& , -30 al kyl, C-30

al kenyl , @"@ , C8 @ ryl, or car byl contai ning one

or nore S, P, or ; Riher ein yclic aryl end capping

groups are eaar,_b(x“mdependentlg

phenant hryl, ant hracenyl

t et rahydropyreny peryl en?\: b| sflu 5enf_€% fl u,ﬂt henyl, pyrenyl,
rubrenyl, chrys , bi phB y;Rﬁ benzo[g | enyl ; wherein the

heteroaryl 4@& pp| ng g each | neeperte @ Nolected from furyl,
t hi ophenyl

ect ed from B@f\? , hapht hyl, acenapht hyl,
9-sil afl enyl di hydr ophenat hr enyl ,

razol ; yl etrazol yl,
t hi azol yl , oxaz , |soxazolyl adlazolyl ﬂdlazolyl, i sot hi azol yl,
pyridinyl, pyridazinyl, pyrlagX I pyri m di n;}'l i nolinyl, isoquinolinyl,
benzof uryl, t hi ophenyl i ndoI yl, car bah
ol 3R A
AT o G0 oD
X LXXX LXXXI
H,C CH, Ph Ph
% d PN /
q o/ O—\“O OJ-O R? g3 “Fs
ave S0 oo
GO SO
LXXXII LXK LXxxiv °
.
N
0
LXXXVIII LXXXVII

wherein R® is independently in each case hydrogen, Ci.30 alkyl, Cy.3p alkenyl, Ces.50 aryl,
Cs.0 heteroaryl, or Ci.3 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.z fluoroalkyl, C;.z perfluoroalkyl, Ci.z¢ alkyl, Cy.20 alkenyl,
Ce-20 aryl, Ci.39 heteroaryl, or Cy.3¢ hydrocarbyl containing one or more S, N, O, P, or Si

atoms.
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‘benzoxazol yl, benzot hi azolyl, benzimi dazolyl, cinnolinyl, quinazolinyl,
qui noxal i nyl, - 123 23 Mar 2007 phthal azi nyl, benzot hi adi azobglMar 2007
-benzotriazinyl, phenazinyl, phenanthridinyl, acridinyl, indazolyl, and
siloles; wherein the tertiary aromatic am no aryl end cappi ng groups are
each i ndependeitdiactnettbetpRiyhéarpRnovadient 1 #hefat ihe eldci@adtived ipeBhferiof
tertiary aromatic amnes selected fromdiarylanilines, alkylcarbazole,
aryl car b JFee 1SRCopakymeGedi ami nes, N, N, N N - tetraaryl benzi di nes,

N, NN ,N -tet i N L -
di ami nof | uo?e:@gewlkl hﬁéﬁﬁgfé;&ntggﬁ&ﬁ%%gﬁﬁfmﬁbﬁ'ﬁ BIPI gsnlgl%pélé%%ﬂ i ne,
N, N - bi s(s3tected fitvinh edrbocy2hy byylddeheteroatybine nyrd) teiazy ﬁbﬂﬁhc amino arylene;

1, 4- bi s(carbazaol yl) bi phenyl peraryltrjam nes sgarburst am nes,
4,4 4" tris( Nvln@rapéhmoaﬁﬁn@a)wpﬁwwpaﬁgﬁe@mth@ nd

tr| s(4 di aryl
4,47, 4" tris( W@H Qﬁeny a%ﬂﬁeg r? %rﬁ élrI]lSL}bStltuted or substituted with one or more

4,4 4" -tgroq(shh&preﬁddmyllymhlemﬂ{mnpmmyhl&tenylpz)lkdsxyplﬂamd ainyil,fjordalidyl,5- Tri s( 4-
dlphenylanlnophen I)benzenes dendrjdi c am nes, and Spiro am nes; and
wher ei n thsteresily g giproaryLqnd lydroseylispniaiang oge egmgre %’LMSQ#R §F SHRMEN one or
nore groups selected fromthe group consisting of Cl-20 fluoroal kyl, Cl-20
perfluoroal kyl, C-20 alkyl, O _20 al kenyl, C6_20 aryl, C3-20 heteroaryl
C1- 30 hydtOocar’mel elermmeu\mmwﬁm arrlyleﬁabéclaﬁ; 9 Mhefin Me emascu‘o‘actatem;meﬁ& 30
al kyl oxadi azolyl, C3 30 aryl oxadiazolyl, C3-30 alkyltriazolyl, and C3-30
aryltrlaﬁ%ywme1%?°°PH§“€F@E¥P%@@E|Je Ho?@“g¥|c aryl ene of claim| wherein the
end cappi ng groups are each independently selected fromthe group of
Formul as LXVI 1 -LXXXVI| - 124 ;Eza % 4}%{@ LXIX 3 LXX R3 R3 R3 R 3
LXXI - LXXI | R3R3R3R3LXXIII /7 R31\ RBRZI N N\ N\ 1\
LXXVI T LXXVI | |

ya

VI

EC+ Ari— Art ] Art ]m EC

E)e  (E)

VII
EC+ Ari— Tr‘HAr‘*—— Tr% EC
E,), (€,)s
VIII

wherein Ar’ and Ar* are comonomer units, each independently selected from Cg
carbocyclic arylenes, Cj.z heteroarylenes, and Cig.¢ 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
ormore S, N, O, P, or S1 atoms;

wherein m and n are integers in the range of 2 to 100,000;

wherein EC are end capping groups which are the same or different and which are
electrochemically stable carbocyclic aryl, heteroaryl, or tertiary aromatic amino aryl

groups; and
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LXXVI NN */ 1/ * Si LXXIX LXXX H3C CH3 Ph\ PhLXXXI 0-\-0 01-0 O-,\. -f
OCF3 OORZR3*\ / \ 1 LXXXIl CF3 -LXXXIll LXXXIV R3 R3 ug,\@'rpgobxxxv
24" 0 LXXXVI NPhNPh2 LXXXVI | | LXXXVII wherein R3 is independently in each
case hydrogen, C-30 alkyl, C-30 alkenyl, C6 20 aryl, C3-20 heteroaryl, or
Cl -30 hydr ocamhrﬁfeimdmt@pnlyng:rm:andomml‘enﬁﬁng\l, orO;,lodR,copblySier.at ons, and
wherein any of the aromatic or aliphatic rings can be independently
substituted one or nore tinmes with fluoro, Cl-20 fluoroal kyl, C-20

per f | uor qal kylphe €lec#Badtivi Yblyntekic4Pylghd G Ydim 10%11&%%&/ !:opo%(%(bohﬁh%soar y|

or Cl-30 hydrocarbyl containing one or nore S, P, Si  atons. -

23 Mar 2@G%ft segmee el ectroactive polyneric arylene of cIa|n11 wher ei n the

el ectroactive polynmeric arylene is a copolymner; wherein one or nore of the
arylene units are conmononer units independently selected from carbocyclic

aryl ene, jhet erpaky:8o5otive peiyntiic! ﬂEn@éfCHI'ﬁﬁi 0 RHEBR el 8Re of WPepei n the
cormnorrerm?nl ts are conj ugat'ed wt and wherein the conpnoner units are

unsubst i tArt,@addv” sietsebstitutied avithi anie opmero groups mdemnd@mf seméqdefmimﬂmbso,sel ect ed
from al k 0l 0 uor.9al k et,eroal k
het er oar T%hﬂ’?f%l&rpgﬁi ?/%ik}élc}’}’#h hﬁllpﬁﬂg}“%’ntg t‘?’hq?t)lf?@ SS}MERP’ ltg BOTOEIOW 1844 ong.
10. The Qlloeﬁltthggﬁtalp\égngﬁl ynmeric arylene of claim9 wherein the el ectroactive
polynmeric arylene is a copolyner of Fornmula VI, VII, or VIII

13.  The electroactive polymeric arylene of claim 10 wherein one or both of Ar’ and

Ar* are fluorenylene of Formula LXXXIX

3 RB

~ L
(RY), (R},
LXXXIX
wherein R? is independently in each case selected from hydrogen, C;.3 alkyl, Cy.30
alkenyl, Ce.20 aryl, Cs.»p heteroaryl, and C,.3p hydrocarby! containing one or more S, N, O,
P, or Si atoms;
wherein R” is independently in each case selected from fluoro, C.zo fluoroalkyl,
Ci20 perfluoroalkyl, Cy.29 alkyl, C).59 alkenyl, Cgzg aryl, Ci.20 heteroaryl, and Cy.3
hydrocarbyl containing one or more S, N, O, P, or Si atoms; and

whereinnis 0, 1, or 2.

14.  The electroactive polymeric arylene of claim 10 wherein the electroactive

polymeric arylene is an alternating or block copolymer.

15.  The electroactive polymeric arylene of claim 10 wherein Ar® and Ar* are

independently selected from phenylene group arylene and naphthalene group arylene;
wherein each phenylene group arylene and naphthalene group arylene is

independently unsubstituted or substituted with one or more substituents selected

independently in each case from fluoro, C; o fluoroalkyl, C,.,9 perfluoroalkyl, C,.z0 alkyl,
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EC+ A'Ar~EC m (EY)a M EC+ AmArt 1 [ArmEC n | (EY)a (EY)a VII EC+
Ar3- Art AAomAr EC | 1+ 1 +M (EY)a (Ey)a VII1I wherein Ara agfiréoar e
-comononer units, each independently selected from C6_20 carbocyclic

aryl enes, C3_20 heteroarylenes, and C18.60 tertiary aromati c am no aryl enes;
wher e Ar aCandryly Gs-aheteremsylband Eutodydipcabyleomtaining dnewt morm®, MrO,ioeSi

substi tuepts sel ected fromal kyl, fluoro, fluoroal kyl, aryl, heteroaryl,
and hydrocar%’yl containing one or nore S, N, 0, P, or Si atons; wherein m
and n are integers in the range of 2 to 100, 000; wherein EC are end cappi ng
groups which are the sane or different and which are gl ectroochem cally
stabl e calbocyths eledraactivepalpnegag giylens of elaim il @ whersin Mt and Afiaid ar vl

a1 tor nat | Rderepdafi el S0 Cond kB Pl; SRS B AR ) e of
cl ai m 10 sbeese amidearglepgl yner conprises a soft segnent. 12. The

el ectroactive polyneric arylene of claim10 wherein one or nore of Ar2, EC,
Ar3, and Ar4 avBersiyrach copdsgsstirobycyRlic avlcaphstegpaylsac, addpéatanemnitisel ect ed

fr om { | U0 in oAY Q3 doblnacAS REIHHHRNAA bhskintthd ich e BF BYHSGpbiatnathen EC
i s phenyl "the uoro group Is° not in the para position. . e
el ect r oacsdaceednndspreadentlyan ghen@se fronl @i malk@l, Whes aiyh) (hngheeroant, andfC; Ay a and

Ar4 are f)]uorenylene of Formula L )
'ydrocarbyl containing one or morew, 6, P, or Si atoms.

17.  The electroactive polymeric arylene of claim 1 wherein the electroactive polymeric

arylene remains amorphous at temperatures above its glass transition temperature.

18.  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.
19.  The electroactive polymeric arylene of claim 18 wherein the color 1s blue.

20. A monomer having the structure of Formula IV
o— Ar'—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),- is selected from Formulas CLXV and CLXVI

(R, (RY), /*
@ I
(Ey)a (Ey)a
CLXV CLXV

wherein
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‘'3 R3 1RYIn (RYIn LXXXIX wherein R3 is independently in each case sel ected
from hydrogen, C-30 alkyl, C&-30 alkenyl, C6-20 aryl, C3-2028@i£r087Y!,
-and Cl -30 hydrocar byl containing one or nore S, N, 0, P, or Si atons;
wherein 1? is |nde denjly jin each case_sel ecte uor o, 0

f 1 uor oal kyl péigden 31<1§1|°a°bc§fs‘?%“°o{Palé§ﬁrzo Eﬂma@l bk@ﬂi’? UO@G&EbCar yl,
C3- 20 heteroar S]aﬂéﬁ)]! # 1@,@;\0 , P,
or Si atons; %ﬁkﬁe@el n n |1s@%zfg a%’a%&@?tgm. ’ 9GI ct rcggg%g@a L?‘nceér}l c
aryl ene of cIamumfﬂbhﬁbPemﬂhmhmmglectroactive polynerlc arylene is an
alternating or block, co 15. The el ectroactive polyneric aryl ene of
claim 10 wherein AHHS§ ‘K 4a§ﬂé“% ndependent|y sel ected from phenyl ene
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 wth one or nore substituents selected independently in each
case fromfluoro, C _20 fluoroal kyl, Cl-20 perfluoroal kyl, C-20 al kyl, -
127 23 Mar 2007 C6.20 aryl, C3-20 heteroaryl, and Cl.30 hydrocar byl
containing one or nmore S, N, O, P, or Si atons. 16. The el ectroactive

pol ynmeric arylene of claim10 wherein Ara and Ar4 are independently

sel ected from condensed pol ycyclic arylene, heteroarylene, and tertiary
aromati c am no aryl ene; wherein each condensed pol ycyclic aryl ene,

het eroaryl ene, and tertiary aromatic amno arylene is independently
unsubstituted or SUQﬁkﬁ%HL ?Iﬂ‘th one or nore substituents selected

i ndependently in each case from Cl. 20 al kyl, C6-20 aryl, C3-20 heteroaryl,
and Cl-30 hydrocarbyl containing one* or nore S, N, O, P or Si atoms. 17.
The el ectroactive polyneric arylene g cu§1n11 wherein the el ectroactive

polymeric arylene remains anorphous n‘ber atures above its gl ass
transition tenperature. 18. The el ectr actl ve polymeric arylene of claiml
wherein the electroactive polyneric I ene is light emtting; and wherein

the color of the light emssion is sta?bdﬂe during

AT
where X is selected from -O-, -S-, and -NR')-

wherein R is alkyl, aryl, heteroaryl, or heteroalkyl;

wherein each R? is independently alkyl, alkenyl, alkoxy, fluoro, aryl,

fluoroalkyl, heteroalkyl, or heteroaryl;

wherein b is 0, 1, or 2;

wherein Ar? is a carbocyclic aryl group selected from phenyl,

biphenyl, naphthyl, anthracenyl, fluorenyl, 9silafluorenyl, 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 alky), alkenyl, alkoxy,
fluoro, aryl, fluoroalkyl, heteroalkyl, heteroaryl, alkyloxadiazolyl,
aryloxadiazolyl, alkyltriazolyl, aryltriazolyl, and hydrocarbylcontaining on

ormore S, N, O, P, or Si atoms.

21. A monomer of ¢laim 20

wherein -A'r](Ey)a- is selected from Formulas CXI-CXTII

- 129-



thermal aging. 19. The el ectroactive polyneric arylene of claim 18 wherein
the color is blue. 20. A nononer having the structure of Forpghgrl2dop Ar'
-D (Ey)a |V wherein each Dis a reactive group independently sel ected
fromchl orine, brom ne, iodine, boronic acid, and boronic ester; wherein

-Arl (By); is selected fro rrrulasCL and CLXVI(Rygng)n(RY)n (Ey)a (Ey)a
CLXV CLXVI wherein - 128 nI\/tar 2007t “i's i ndependently in each case
fluoro, Cl-20 fluoroal kyl -20 perfl oal k‘i/l , al kyl, Cl-20 al kenyl,
C6_20 aryl, C3.20 heteroa ’ byl gonfai ni ng one or nore S,
N, O, P, or Si atons; nisO, 3, or2;aislorz EylsFrrruIaIII 1] (R2)n XN N
Ar2 11l where X is select wherein Rl is al kyl,
aryl, heteroaayl, or heter |nd) pendently al kyl ,

al kenyl , al koxy, fluoro, aryl fluoroal kil , heteroal kyl, or heteroaryl;
wherein b is 0, 1, or 2; wheaféln Are' isk aNcar bocyglifc aryI group sel ected

from phenyl, biphenyl, napht , anthrac Vl fl uor Fn‘yl 9-sil af l uorenyl,
spi robi sfl uorenyl, 2:? ?:
CXI CXll CXIII

wherein X is selected from -O-, -S-, and -NR')-,

22. A monomer selected from the group consisting of Compounds 1, 2, and 4-14
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di hydr ophenant hrol i nyl, di hydropyrenyl, tetrahydropyrenyl, pyrenyl, and
perylenyl; and wherein Are is unsubstituted or substituted on29mgrepopore of
‘the aromatic rings with one or nore groups selected fromal kyl, al kenyl,

al koxy, fluoro, aryl, fluoroallcyl, heteroal kyl, heteroaryl

al kyl oxadi azol yl , yI oxadl azolyl, al kyIGlrl azol yI Braryl tri azol yl, and

hydr ocar byl cont &r Bn atom; 21. A nononer of
claim 20 wherein - ,@y) sel ec‘% rom For s CXI -CXI'rr - 129 23
Mar 2007 (RY)n(RY) ,N(RY) Nd (R2) xXiNx NNNTrNxN -~
Are Ar2 Are CXI ©XII CXI11 2wh &n Xx,is® ecte;,j -0-, -S, and

-N(R)-, 22. A nono sel ecte rom e oup con ¥ t| ng of Corrpounds 1, 2,
and 4-14 - 130 23 2007 r Br Br \ / N O NN2
C©) -NON5 ONCH el 6 C8H H170(§}3H 0oC\/ G a a a d
ooBaa 8 CHS 1579'

cI )C L )¢ C,QC; BrQBr C|~QC|
8 N =N =N

IRV XN o " o P
\ -N MeO —r
°¢ O F
F
F
é é C,H,,0 F
CafirO CaHy,0
Br‘QBr CIQC[
Br Br = N
\_/_\< 1 =N
] O_N 13 o N

S
ﬁ%}
Oy
O =
0=
oS
2P

23. A monomer having the structure of Formula IV
D— Ar' —p

(E)s
v
wherein each D is a reactive group independently selected from chlorine, bromine, iodine,
boronic acid, and boronic ester;
wherein -Ar'(Ey),- is selected from Formulas XIV-XLIII
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67 NN9SNI10 ooN NMOONNNFI F F C8HL70 C8HL70 F CBHnO C8H170
Br \~/ Br d C G/ A B \/ Br N\ / N12 O N 13 o N 14 23 arNodbiN A S. N
/' N ONNI C8H17 C8H170 F3C CF3 - 0 CBH17 C8H170 6 OC8H17 23. A nonormer
having the structure of Formula IV D Are -D (Ey), IV wherein each Dis a
reactive group independently sel ected from chI orine, brom ne, iodine,

bor oni c aC|d and boroni ¢ ester wher ei n (Ey)e ,ls selectgd from
For mul as 07,/ = #* Cl EY ~I * ~
X'V Ry E |

Xh/ R

XV ! Rv B v

Ev XX ¥ XXl Ey

Xxi = i
R By Ry
— D
Ch—
Ey
XXV

Xxin- EV XXIV

RY), R 3 T (R,
@ R .
XXVII xxvm Eym )I(Ey ¥ 9, XX
s R ” e
* *
o o R ® XXX
@‘0'@ |
@c»@ @'@@
xxxvm XXX R
R: R? R R OBy (R%),
Q.OQO Q‘OQ@ @“OQO
i R xur (R, (R3),

5 XLl
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"XIX Ey XX * XXI EY XXI| EY Ry Ry RY Ey Ey Ry Ey XXII1 Ey XXIV Ey XXV XXV

By R3)4 (R3)4 (R3)4 (R3)4 Ry Ry Ry - - Rv Ey XXVII Ey XXVII b3lyarBooky
- (R3) 4" XXX XXIX3R3R33R3R3R3{33XXEy EyXXXIIRyEyXXXIYI EY Ey

Ko 1 ke R perein caeh of thy Fegoylas RTHPXL in adagengingls sposbesketen.or IORSSHER B | 4
X Rabor dR B e B R o) By LT (R By XL (R0)4

XLl | erein each of the Fornmulas XIV-XLIII is

i ndependent I ywhfreintb&bh Rbiséaﬂﬂepdsnd&uh&‘elcbwﬂ Gomcftuord 0 ftuopaalleyl,al .6 he aromatic
rings with one or RY: wherein each RY is mdependentl | ected from

fluoro, bafgerorikib ol O Sesriaiserliest, Can’ heteroamkghd Can. 20
al kenyl, ggo%gbﬁggﬁn%re%@gﬂfl&éie’spﬁs ’S‘H%E 0}%g;.ryl and Cl-30 hydrocar byl

containiin

wherein each R? is independently selected from hydrogen, Cy_39 alkyl, Cy.39 allenyl, Cs2p
carbocyclic aryl, Cs.0 heteroaryl, or C,.30 hydrocarbyl containing one or more S, N, O, P, or Si
atoms;

wherein 1 or 2 Ey groups are present;

wherein each E, is independently selected from groups having the structures of Formulas

I and 11T
*
(R?),
*
& -
Ar? Ar?
I 1

wherein X is O, 8, or NR', where R! is alkyl, ary], heteroaryl, or heteroalkyl;

wherein each R? is independently selected from alkyl, alkenyl, alkoxy, flucro, aryl,
fluorcalkyl, heteroalky!, and heteroaryl;

whereinbis 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, flucroalkyl, heteroalkyl,
heteroaryl, alkyloxadiazolyl, aryloxadiazolyl, alkyltriazolyl, aryltriazolyl, and hydrocarbyl

containing one or more S, N, O, P, or Si atoms.

24, A monomer of claim 23 wherein the monomer is selected from Formulas CXVII,
CXVIII, and CXIX
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“wherein each R3 is independently selected fromhydrogen, Cl-30 alkyl, Cl-30
al kenyl, C6-20 carbocyclic aryl, C3.23 heteroaryl, or Cl-30 bgaifpeanpyl!
-containing one or nore S, N, O, P, or Si atoms; wherein 1 or 2 Fy groups
are present; wherein each E is independently sel ected from groups having the

structures of Forrmulas Il and I1li (R2)b XR@ rNTrN Are Are Il 111
wherein X is R}, R8, or NRI, WRLB R is aI yl het eroaryl, or

het er oal ; ‘ | n eagh &% depend ed from al kyl , al kenyl,
al koxy, y ,  fl u @ het er oa het eroaryl; wherein b
is 0, 1, or 2; V\,her ein Ar2 | a carbocyclic I group sel ected from phenyl,

bi phenyl naght hyl, anthracgnyl, fluorenyl, R-silafluorenyl,
spi r obi sf | uor)erg(yl di hydr op en nt hrel i nyl , NZII

t et rahydr opy¥ e pyrenyl , Bhyl ; amfw ihAre is unsubstituted
or substitut éﬁa@%or rmre romatic rifg M#h one or nore groups
sel ected from al , al kenyl, al kox fluoro, ar ﬂf uor oal kyl ,

het eroal kyl , @gvRroaryl, al KyX¥ithdi a

aryltriazol yI and hydrocarbyl containing one

lyl, arylé -@ yl, al kyI triazolyl,
atons. 24. A nononer of claim 23 wherein the Mf&noneXiXs sel ected from

SNOP,orSi

Fornmulas CXVII, CXVIIIl, and CXIX - 133 23 Mar 2007 R3 R3 R3 R3 DR3 R3 DD
D/ \/ \D/-~v&[he@1nQ~X ~X- NN R3N XRz
Q is phenylene or a bond,;

R*is present or not present; and

each R” is independently selected from fluoro, C)_5 fluoroalkyl, C;.20
perfluoroalkyl, C;0 alkyl, C .5 alkenyl, Cg.5p aryl, Cs.zo heteroaryl, C,.3p hydrocarbyl
containing one or more S, N, O, P, or Si atoms; Cs.30 alkyloxadiazolyl, Cs.0

aryloxadiazolyl, Cs.3p alkyltriazolyl, and Cj.4p aryltriazolyl.

25. A monomer of claim 23 wherein the monomer is Compound 15

26.  An electroactive composition comprising the electroactive polymeric arylene of

any one of claims 1 through 19.

27.  An organic electronic device comprising the electroactive polymeric arylene of any

one of claims 1 through 19.
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b

"NR3I N CXVII CXVIII R/ A\ / \' RZCXIX wherein Qis phenylene or a bond;
Rz is present or not present; and each Rz is independently sebgaifaobyom

- fluoro, Cl1-20 fluoroal kyl, Cl-20 perfluoroalkyl, C-20 al kyl, Cl-20

al kenyl, C6_20 aryl, C3-20 heteroaryl, Cl-30 hydrocarbyl containing one or
more S, RB. 0, ARjomk sifEet, aboipBising3-substailtd vllpka-kaaotortversich Bfer, and a

aryl oxadi azgl yl, C3-30, al kyltriazolyl, and C3-30 aryltriazolyl. 25. A
mononer 8@%Prdﬁﬁrﬁ%é%itgla ?lﬁ@r%%wn%ﬂ@aﬁ%alﬁﬁa %5 H-~B CHL7 O C

10N 6 CBH170 26. An el ectroactive conposition conprising the electroactive
polynmeric arylene of any one of clains 1 through 19. 27. An organic

el ectronic device conprising the el ectroactive polyneric arylene of any one
of claims 1 through 19. - 134 23 Mar 2007 28. A donor sheet, conprising a
substrate, a light-to-heat conversion |layer, and a transfer |ayer conprising
the el ectroactive conposition of claim?26. 135
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