WD 02/ 090415 PCT/ US02/ 14094 TI TLE ELECTROACTI VE FLUORENE COPCLYMERS AND
DEVI CES MADE W TH SUCH POLYMERS BACKGROUND OF THE I NVENTION 5 Field of the
| nvent i orwoOhievi4myenti on rel ates to el ectroactive fl uorenecaamsot/y4vess. The

i nvention further relates to electronic devices in which the active |ayer

I ncl udes such polyneric materials. Description of the Related Art 10
Organic el ectroni c devices such as devi Ethat enmit light, such as

|fght-emtting diodes tBRECTRGARTIVEFIIRENY EOBGEPHERE Many different
ki nds of electronic equéﬁman&. ln all suc Eew ces ah&ﬁéoactive | ayer is
sandwi ched bet ween two ANPCPEVIFSMAPE\WVITHRWGH REL Sone of the
el ectrical contact |ayers iBACKGROUNDSF THEWNVENT@ | i ght can pass
t hr ough 155t h Sl &5 rical contact Tayer. The photoactive |layer emts |ight
t hrough t he ﬁ%ﬁ%@%@%ﬂf—%— O 8 hg el ectrical contact layer upon application
of electricity acibisinvertien miatesdalelentrizative flay@ne cdgolyraenel Théknown to
use organic e : ] 0 n . _the activye conponent in
light-emtti ngﬁﬁ%ggég&@lim‘ %gieé%?%gﬁﬁ%ﬁoﬁ%ﬁg%ﬁe&m @U%ﬁ&%a tré{rég'ﬁyﬁ? acene,
t hi adi azol e d&ndluday sush pelymeciownaterialsder i vati ves are known to show
el ectrol um negégeﬁ@o@gf/%e@{ﬁgﬁs of lum nescent polyners have al so
been di scl osed: ] , . exanpl e, poly(1,4- phenylene vinylene)
and deriviives: pSlrgapicRipirrc deviges sHeh ps deyiges3habemitilight, spisbrass) :  and
pol y(p- pheny! #gietsemitthhd dlodeadna bk lupdfispps, | 38 preberd3 ' e have
al so been dis ?%sg)g, aé( I n US Pat ent B{:S 7%8,?%’30, nd 5, ng&%@ﬂ@ﬁgre Is a
conti nui ng neB{9f eﬁéf%?ﬂ‘&'@”@%p alisuei devigesi aphetrastivelavesisncy and
processes for sanéwizhed between tWEOIAGIRICADcoRtct 1d\erNT, Aﬂ&a%@oiﬂ?%}f Heesent
i nvention is dj I ri.sin east one fjrst
monomeri ¢ uni ? Ie%ﬁﬁéaifqo{‘%gg%?’gh%gg@i‘gﬁ%%tﬁH@%P?hﬂ#lfq%i CHARASE NG o
| east oneld i r the eleatiical contaat laybmsThe pbotoaictive Iayfeoemitsnighit duoeagh the and t he
at | east one RGQIORShIRIHIES | Eorh % i r@ﬁ li5, groups
havi-ng Formula” 11 shoan 1N Ilgiegigraleé%r?téc(‘ﬁ? @%ﬁ%ﬂ%g@gﬁgﬁﬁmﬁge h% eroaromatic
groups havi ngaﬁf&sﬁﬁh%eiqqtﬂ'caéﬁémﬁqt BYETgYure 6; (iii) 5- menbered-ring
het eroaromati c gr oltps wei\ino/nHerusd érghMic S88MBIuhiinescent compounds as
the active component in light-emitting diodes. Simple organic molecules
20 such as anthracene, thiadiazole derivatives, and coumarin derivatives are
known to show electroluminescence. Several classes of luminescent
polymers have also been disclosed. These include, for example, poly(1,4-
phenylene vinylene) and derivatives; polythiophenes, especially, poly(3-
alkylthiophenes); and poly(p-phenylenes). Alkyl and dialky! derivatives of
25  polyfluorene have also been disclosed, as in US Patents 5,708,130 and
5,900,327.
There is a continuing need for photoactive compounds having
improved efficiency and processes for preparing them.
SUMMARY OF THE INVENTION
30 The present invention is directed to copolymers comprising at least
one first monomeric unit and at least one second monomeric unit, wherein
the at least one first monomeric unit has a Formula | shown in Figure 1,
and the at least one second monomeric unit is selected from (i) aromatic
groups having Formula Il shown in Figure 2, (ii) 6-membered-ring
35  heteroaromatic groups having Formula Ill, shown in Figure 6; (jii) 5-
membered-ring heteroaromatic groups having Formula IV, shown in
Figure 7, (iv) aromatic groups having Formula V, shown in Figure 8, (v)
fused ring aromatic groups having Formula VI, shown in Figure 9, Formula
' 1




Figure 7; (iv) aromatic groups having Formula V, shown in Figure 8, (V)
fused ring aromatic groups having Formula VI, shown in Figure 9, Fornula 1
WO 02/ 090w 05280Hi3JS02/ 14094 VII, shown in Figure 10, andPE@rusot/ao | |
t hrough Formula XI, shown in Figure 11, and (vi) conbinations thereof,
where: in each of Forrrulae L, 111 IV V, VI VII, VIIl through XI: Ris a
substituent oY!ksbawpdn Fgwe Whiaod EmmuinaVilhthrsagheFormu!a)dli shewmin at each

occurrence anqth?reSﬂ' %HE(QI) cbﬁfﬂ:ﬁé‘tﬂfn@q r9Of; aryI heter oal kyl,

het eroaryl, F, - SRl -N(R1) 2,
_P(Rl)z _Sml _S "- {0 afl I-LILJ l
shovxg in Fi glér e 1R srwsakfsgftuérﬁtim?daﬁdw Stech \hﬁlc@%aﬁ‘@@fhde §é}ﬁ€1|é|ral f(“ : or
10 adj acen gr oups e n for re cl oa
aryl, or h§et eroaryl 'ﬁ%’e%&iﬁa&hQPCUfﬁanq%afﬁmﬁgaZ BMg 99881 er oat om
whi ch can be the sarrealbyl anl, fﬁaemaﬂkyathe&emlaryipﬁpr(}[encmhn@co tel ect ted f rorln
en
2nd’ 20, “and 0 and ket PhirgRbyteld FR MR P*%H?ZA?QQS‘% BRIl eer,
+ 1; (Equation Al);  -NOj @ndahﬂta@ncarbmmwss having, Fartuja XY, shewrvin, Fiute VI 1 |

dIX E be the £ djs a single
g(r)]nd or a{}f?gki (ra]g grﬁi@%%éggggéﬁ%n%m%muaggp ﬁ‘?ﬁﬁ@%?‘% ednre 25 in

Formula I¥W Ais ind %ﬁ{ﬁtﬁg“&tpsetégﬂth@é@amf@MQ & asB-meaeeredi s 0 or an

i nteger sel ected fronaykidilkyd, aigloh helbaMitiRgboth A are N, theny 'is 0;
or when one of Ais Nyﬁhg oﬁefg Ais prhe% y is 1; or when both A are

C, theny is 2; 30 Q§¥ or NRL where: Rl is a substituent on a
het er oat om whi ch can Réig beusﬁﬂitaenfon diHeteroatdmathicieln ®@eaHe saffeeoand i s

selected from alkyl, ar&lﬂererr\]teéteefaoﬁl kc,)éurrgﬁgle E%Ejefé gglre\t/:{ed %rom a?kyquér?/l v
15. heteroalkyl and heteroaryl; and

y is an integer between 1 and 20, and 6 and A are integers
satisfying Equation A1 below:

6+A=2y+1, (Equation A1);
.20
in each of Formulae 11, 1lI, IV, V, VI, VI, VI, and IX;
E can be the same or different at each occurrence and is a single
. bond or a linking group selected from arylene and
- heteroarylene; |
25 in Formula [V:

A'is independently at each occurrence C or N and y is 0 or an

integer selected from 1 or 2, such that when both A are N, then y

'is 0; or when one of A is N and one of A is C, then yis 1; or

when both A are C, then y is 2;

30 Qis O, S, SO9, or NR1 where:

R1is a substituent on a heteroatom which can be the same or
different at each occurrence and is selected from alkyl, aryl,
heteroalkyl and heteroaryl;

in Formula V:
35 Q7 is a carbonyl group, O, S, SO9, or NR1 where:

R1 is a substituent on a heteroatom which can be the same or

| different at each occurrence and is selected from alkyl, aryl,
heteroalkyl and heteroaryl;
2




35 Q is a carbonyl group, 0, S, SO, or NRL where: Rl is a substituent on
a heteroatom which can be the sane or different at each occurrence and is
sel ect ed Wooniosdkky| , aryl, heteroal kyl and heteroaryl; 2PADUGAZ/000415
PCT/ US02/ 14094 Wis H, alkyl or heteroal kyl; or both of Wtogether can
represent one single bond; in Formula VI: the two E's are in the 1,4-,
1,5-, 1,8-, 2,3-, ispHpalkyber heteraalkylzon bothof Mitegathéer camespresert s are in
the 1,4-, 1,5-, 1,8-, 2 S r 9,10- positions; in Formula VIII: a
first Eisinthe 1,_2 OﬁBS|r?g£EPP|8’on, a second Eis inthe 6, 7, or 8

, _or
position; 10 in Folﬂ@ﬂlﬁn—‘l‘—'ﬁ:jé first Eis inthe 2, 3, or 4 position; a
second E is in thethg twh E&rar inpesii4-om5-ang- inzFosmibapskitions2 1S sel ected
from hydr()jgen, al kilEoiﬁéla,j ZlE_eteroai kyl an 15 heteroaryl; S'is 0 or an
integer from1l to . Hrreention,is further directed to an organic
el ectroni ¢ devi ce theatwanl'saarelipdise 1ohet & 1,8, R84, 2y&, baPer0- positionsj ng t he
above copolyner. fspyssdaigein, the term™alkyl” is intended to nmean a

group 20 derived frD'_rTT'a'n_‘ajI‘l—ﬂhatic Prédrog:.ar bon, and includes, linear,
branched and cycl A8rgroin® ther, 2hondypaséionnasiesond i isdndhe SuBsoi 8ut ed. The
term "heteroal kyl" igpsitiyrended to mean a group derived froman aliphatic

hydr ocar b havi ng. 2 Iezst one heteroatomin the main chain, which group
may be unSubstit ut ituted. The term"aryl" is intended to 25 nean

a group derived frafirstE & iprthei2; 3npeaQoaftiana sdebad ERYN e 7uBSHbSti tut ed

or substituted. The term "heteroaryl” is intended to nean a group derived
froman aronmatic grmﬂ?s ma?'?d ng at | east one heteroatom which group may
be unsubstituted oin Subsilat{lted. The term "aryl ene" i i ntended to nean a

s
at tachment - whi ch e otseaed fortBEsEY el SV heehRLBRE " The term
"het eroary ene" is i heierdadylt o nean a group derived

5 is O or an integer from 1 to 12.
The invention is further directed to an organic electronic device
having at least one electroactive layer comprising the above copolymer.
As used herein, the term “alkyl” is intended to mean a group
20  derived from an aliphatic hydrocarbon, and includes, linear, branched and
cyclic groups, which may be unsubstituted or substituted. The term
“heteroalkyl” is intended to mean a group derived from an aliphatic
hydrocarbon having at least one heteroatom in the main chain, which
group may be unsubstituted or substituted. The term “aryl” is intended to
25 mean a group derived from an aromatic hydrocarbon, which may be
unsubstituted or substituted. The term “heteroaryl” is intended to mean a
group derived from an aromatic group containing at least one heteroatom,
which group may be unsubstituted or substituted. The term “arylene” is
intended to mean a group derived from an aromatic hydrocarbon having
30 two points of attachment, which group may be unsubstituted or
substituted. The term “heteroarylene” is intended to mean a group derived
from an aromatic group having at least one heteroatom and having two
points of attachment, which group may be unsubstituted or substituted.
The phrase “adjacent to,” when used to refer to layers in a device, does
35  not necessarily mean that one layer is immediately next to another layer.
On the other hand, the phrase “adjacent R groups,” is used to refer to R
groups that are next to each other in a chemical formula (i.e., R groups
that are on atoms joined by a bond). The term “photoactive” refers to any
3




froman aromatic group having at |east one heteroatom and having two

poi nts of attachnent, which group nay be unsubstituted or substituted. The
phrase " aapaeeni41i o, " when used to refer to layers in a decirasp2/dwes 35 not
necessarily nmean that one layer is immedi ately next to another layer. On

t he other hand, the E‘hrase "adj acent R groups,” is used to refer to R
groups that amatedxlthabextbits eleetroluinninascérma arad/of photokenditivily. , THe gr oups

that are on a w1 Qp Hy» ) P y ihve" refers to any 3
WO 02/ 090415 FD Hfl%%%ﬁ%&@% Perl;%;%ggiaar]y %ﬁg%r%g%alt%%ﬂébﬂgﬁ@gr ol um nescence
and/ or phot osEASPRPRMNIGCtioMmRropery nelestret tiedapertiriectiat praperty, any nateri al
that exhi bi t sefet@lurhin@8e®esd, dndl FPHRGSdHSRRAY T rheSeRht hrihomeric unit”

bhot osensi 11 vIT5S rE FERAGHBIIERg: PEVEIRT: I &1dHiATe e | GPAC Bbed®g unit i n
a pol yner. Insysid;[rt isarsedt theoUugioAE wh&fe&hémoupyﬁbﬂhé@éﬁﬁﬁc}ré?m’ét : Ou't,ht
wh h r n re rom.,l e orig

ne 1-18 (oRC HEhe oA BRI 5s Fas TRSEHa0daH B chrfiR =boo)

DESCRI PTI ON CPhysies RAENESN18060gure 1 shows Fornula | and Fornula I(a)
for the first nononeric “”bES@i@IWION’OPhﬁ-IiE_' %5 WINQS Fi gure 2 shows

Formula 1] for the _second invention. Figure 3
shows ForHll ae 11(B9Werlothpwsihpimuladang kereva lieo fortbeifiest menemericusef ul
i n the invent A usEfld iy theding8eisn, For nul ae 11(k) through 11(s) for a second

nmononeric unit useful i,n.the Lnvention. Figure shows Fornul ae 11(t)
through I'l(z) for '%%M%Eﬂw@@'?&mﬂeeg%q MOROMIRAG WYEkRaTYHN' 20
Fi gure 6 showtheHowventien.| 11 and Fornul ae 111(a) through 111(g) for a second

Formul ac 1 V(=) ¢ nr biie ARfes B tbieg il iblidh, AFiee Kra e raurneefSt ne
i nventi onl3 Fi yoit @sefud bt iRventiora vV and Fornul ae V(a) through V(e) forI a
7 and For mul ae. vi | SERe 1 sty Lol MRS e) R Reooh P iMBedler) °7
t he inventi onunitugefudimthesA¥eRtiarbr nul a Vi1 and Fornula VIl(a) for a second
Figure 5 shows Formulae lI(t) through lI(z) for a second monomeric
unit useful in the invention.
20 Figure 6 shows Formula Ill and Formulae Ili(a) through lil(g) for a
second monomeric unit useful in the invention.
Figure 7 shows Formula IV and Formulae 1V(a) through IV(h) for a
second monomeric unit useful in the invention.
Figure 8 shows Formula V and Formulae V(a) through V(e) for a
25 second monomeric unit useful in the invention.
Figure 9 shows Formulae VI and Formulae VI(a) through VI(d) for a
second monomeric unit useful in the invention.
Figure 10 shows Formula VIl and Formula Vli(a) for a second
monomeric unit useful in the invention.
30 Figure 11 shows Formulae VIil through Xl for a second monomeric
unit useful in the invention.
Figure 12 shows Formula XlI for a substitutent for a second
monomeric unit useful in the invention.
Figure 13 is a schematic diagram of an electronic device that can
35 incorporate the copolymer of the invention.



mononeric unit useful in the invention. 30 Figure 11 shows Fornulae VIII
through XI for a second nononeric unit useful in the invention. Figure 12
shows Forwoloa/0d04k5 f or a substitutent for a second nononerPCE/uUsn2/140a6eful in
the invention. Figure 13 is a schematic diagramof an electronic device

that can 35 incorporate the copolyner of the invention. 4 V\D 02/ 090415
PCT/ US02/ 14094 Q&%M@m QfeTHEFP REBFERRE
copol yners of the Fﬂh\é&iﬁﬁdl’yh"ré&r&féth@rrﬁienltréﬁ%bn%ﬁaﬁeafsh@ne'o’flﬁte noneri c

units and at | east one h n neric units descr above. 5 1In
a first pref em(m?"%‘?r%‘btlm%ﬁf‘ga?%@ EBB%IOWﬁS%‘ER%’ MePoMeEiCHdSa  vi nyl ene
mononeri ¢ uni destnibed akownd preferred enbodi nent, the cop](c)l yner consists
of option sui t abl Q one first nmononeric
uni tg hav?éng For wﬂia%n%%gﬁqkﬁggbogﬁ%e@e&@nﬁ’p 3%9?%”9HPF|”Q§I%N ed
from For mul a Vinylerer mehamieric, uritorima sedovd grefartechembodiménty thed a VI, Fornul a

U O Mol R i 0 et el

preferred enbo all,
Formula |11, PB?rfrmta{'nP'WOmﬁﬁﬁmmté mvmo‘?@rmldaVBndraédeaﬁt@nelsrecon@tor mila VII11,

Fornmul a | X, FaidRdniens uﬁr'ﬂgel’é@féwﬂré‘mﬁorhﬁnéw eekRdialINoFyy aWng@Lri‘la wher e

gllklyls a s[rab/st Vi Q%E%L&%Eﬁ%wf O%?&W'@ﬁﬁ c%ﬂrrﬁg\ltlxeFQHﬂ\é')aai adferent at

each occurrenfermakh Xk sel ected from al kyl, aryl, het er oal kyl and

T 2 R B B ARl PG Lo G 0
Formula I, Formuia I, Formula v, Formula V, Formula VI, Formula VI,
Formula VIII, Formula IX, Formula X, and Formula Xl is selected from:

15 hydrogen;

alkyl;

aryl;

heteroalkyl;

heteroaryl;

20 F;

-CN;

-P(R1)2.-SOR1, where R1 is a substituent on a heteroatom which
can be the same or different at each occurrence and is selected from alkyl,
aryl, heteroalky! and heteroaryl;

25 -NOz;

a beta-dicarbonyl having Formula Xl shown in Figure 12 and as
further described above;

-C\'VHQF;M

-OC\UHQFK,

30 -OR1, -cO5R1, -SR1, -N(R1)2 and -SO,R1 where R1 is a straight
chain or branched alkyl of between 1 and 20 carbons or a straight chain or
branched heteroalkyl; or
adjacent R groups together can form a 5- or 6-membered ring selected
from cycloalkyl rings, aryl rings and heteroaryl rings. In an embodiment

35 where adjacent R groups together form a 5- or 6-membered rings selected
from aryl rings and heteroaryl rings, the aryl rings and heteroaryl rings are
preferably unsubstituted.




- OOwHoFk; 30 -OR1, -CO02R1, -SR1, -N(R1)2, and -SO2R1 where R1 is a

strai ght chain or branched al kyl of between 1 and 20 carbons or a straight
chai n or wbroanetetl het eroal kyl ; or adjacent R groups togetrherusoamodorm a 5-
or 6-nmenbered ring selected fromcycloal kyl rings, aryl rings and
heteroaryl rings. In an enbodi mrent 35 where adjacent R groups together

forma 5- or &if G WRK selected from aryl rings and heteroaryl
rings, the aryl rimye RedmbAbRIARIUAL lé'arfgﬁ)ré‘ﬁ@b BEG LR tuted. 5
WD 02/ 090415 PCT/ US02/ 14094 Fi TSt TiroréfEae g LAl Mlvihg U EURALIIL! B

is a fluoreneSBAWBAN Figyrenay Thg Pt P’EF? SqupssﬁfBWW Araypsuhaving 11a80
Er 1(_'af err Fg R gcathon albmgalhbtéroekwmubﬁ%lavmd1-30 o%@oo@éfdhﬁ’é‘aﬁ& @ﬁétor t
et er oa o and er oat ons
of & N b SMBhetEbaind n2s, KE oF o At YRS Ralg ofFm BB oate
het eroaryl gr atqms rm/d hetefoaryl QErOUps MVm@rftmn Zaitoozmscarrhxd)ncatemswngmﬁ@ g
het t |
| goe[)aiiyf)m;pg%{ ﬁ‘]or&' hbe?e%rﬁg on%‘ﬁf’gaﬁz E SL‘-'i')'ﬁérﬁBIIe% dﬁ# tgb'lgﬁ chi:dp% ﬁﬁ%’ﬁ&d?ﬂ g
2- et hyl hexyl , nugnd fisehyty!, Renidadyath liaaar andbeanchiedh hexys watylsut 10 ol ef i ni ¢
unsat uration; lrie\,'ﬂﬁﬂbfé 2- étgylﬁgﬁ gp t%ﬁﬁﬁ%xﬁgeﬁhg%ﬁ ab%‘é”%g aﬂﬁqmtlft}'on of

gr oups erre on the car osi
the fl uo?ﬁL gr{?ﬁlar%vn%atwm%?napléew'ﬁémh@ﬁa ﬁaré?ﬁéﬂl@dathexy,tmesmemz al kyl s.
More pref erredyﬁcggmm Motdgr emaéwR gmug§oﬂfthé%rbéd HRMeRethewloneri ¢ unit
are H, C6C12alf Xy ﬁlé % &ﬁ ﬁ(ﬁg orc%@ An exanpl e
of a suitabl ePPFHEY %Eﬁ) Phe edﬂ?'ﬁomgr"éHB e {n r:@ncgg rmula 1(a).
Second anonethrougjmﬂmé"lkglssd‘domdprrMMleg?roupsbn(taédh@ leﬂmyst@rdhérom
Formul ae |1 d~bel w F rmul a second
monomeri ¢ uni ﬁa%%ﬁggﬁgg '%%”gg’gﬂ%ig& QprC 8 0% r ?l?ra@%hom in
Fi gure 2,1¥orpheayliar.cy@ne. R groups are preferabl y selected from 25
hydr.ogen al kyl . An example of a suitable first monomeric unit is shown in Figure 1

as Formula I(a).

Second Monomeric Unit

The second monomeric unit can be selected from Formulae II
20  through Xl as described below.
' Formula II:

The second monomeric unit can be an aromatic group having the
structure shown in Figure 2, Formula Il. The R groups are preferably
selected from:

25 hydrogen;

alkyl;

aryl,

heteroalkyl;

heteroaryl;

30 F;

-CN;

-NOy;

a beta-dicarbonyl havmg Formula Xll shown in Figure 12 and as
further described above;

35 -CyHoF,;

-OCWHQFK; and

-P(R1)2, -SOR1,-0R1, -CO9R1, -SR1, -N(R1)9, and -SO.R1
where R1is a straight chain or branched alkyl of from 1 to 20 carbons or a

6



aryl; heteroalkyl; heteroaryl; 30 F;, -CN, -NO2; a beta-dicarbonyl
having Formula XIl shown in Figure 12 and as further described above; 35

- CyHeFk; wo@@nalk; and -P(R1l)2, -SOR1, -OR1, -CO2R1, - SRPCTAINRIH024 and
-S02R1 where Rl is a straight chain or branched alkyl of from1l to 20
carbons or a 6 /090415 PCT/ US02/ 14094 straight chain or branched
het er oal kyl §Va$t§é€'ﬁt°@raﬁﬁh ’@@%’%Ih)é'r%an forma 5- or 6-nenbered ring

Z|e| ected flroau;apehoalgwsups lthfmhclaraéalwl form@s- l@ﬁétrhgm?éﬂéﬁ bhg éélé?ﬁao{l
ternatively n. For a re.se ed from 5 partially or
fully fluori nHPEhg\éﬁ§§fs‘y'd Qﬂfp? 5'\9%5’ r'lﬁﬁarf ¥carbon at ons,

especi al |y CF3; al ideynajivelypR drauipsdn Foomulb i are 8eleatadofnorat ons; esters

havi n from3 to 802R1
wher egRl |5s) an al ké?”@g%gﬁ%'ﬁﬁm@%a%&*kxwwg’;%'f‘i‘”’g’(%)" %;rb and
bet a- di car bon§lansLepegiatyrGhd:a X1 shown in Figure 12, V\/nere in Forrrul a
X1 Ris an akyl aiopyirdd Aghihg o 148 HoodkBbR A AEAReAMhG S O 1,

15 or 2. Exa Ies? %wtale sec MONOMEri C UNits Wt or mul are
shown in Fi gufed 3t lPlorS*""EP;‘EmForruI ae 11(a) through I1(z) where: |n

Forrrul ae 11(v) thrcgmh, :N(Rﬂ)) .R(Ré?fssmtr.ﬁb%(ﬁhgm@eliq:inlsﬁapé]kgf For mul ae
, V. V, . V. ornul a
AI ter nat i i/(?el yQWeh@QE%X&%%a@r% O'P, 'n be a divalent 6- nmenbered-ring

het er oaromati ¢ gr ou¥Ohaarichg t he str uct ure shown in Figure
beta-dicarbonyls having Formula Xl shown in Figure 12, where:
in Formuila XII:
R is an alkyl group having from 1 to 12 carbon atoms and § is 0, 1,

15 or2.
Examples of suitable second monomeric units with Formula 1l are
shown in Figures 3 through 5 as Fomulae li(a) through 1i(z) where:
in Formulae li(v) through li(y):
R is as described above for each of Formulae |, II, Ill, 1V, V, VI, VII,
20 Vi through XI.

Formula {il:
Alternatively, the second monomeric unit can be a divalent 6-
membered-ring heteroaromatic group having the structure shown in Figure

25 6, Formula lll. Preferred R groups are hydrogen, Cg-Cyzalkyl groups, Ce-
Co0 aryl groups, and C,-Cyp heteroaryl groups. Examples of suitable E
linking groups include pyridinediyl (-CsHsN-) and bipyridinediyl (-CsH4N-
CsHsN-).

Examples of suitable second monomeric units having Formula Il

30  are shown in Figure 6 as Formulae lli(a) through Ili(g).

Formula IV:

Alternatively, the second monomeric unit can be a 5-membered-
ring heteroaromatic group having the structure shown in Figure 7, Formula
IV. Preferred R groups are hydrogen, C;-C1, alkyl groups (alternatively,

35  C4-Csalkyl groups or Ce-C1z alkyl groups), Cs-Cao aryl groups, and C,-Cag
heteroaryl groups, more preferably Cs-C12 aryl groups. Examples of
suitable E linking groups include pyrrolediyl (-C4H3sN-) and thiophenediyl
(-C4H3S-).



25 6, Formula Ill. Preferred R groups are hydrogen, C6-Cl2alkyl groups, C6
C20 aryl groups, and C2-C20 heteroaryl groups. Exanples of suitable E

l'i nki ng gwouwpsoi4nt| ude pyridinediyl (-C5HAN-) and bi pyri dipo@disy?/1409L5HAN-
C5HAN-) . Exanpl es of suitable second nonomeric units having Formula Il 30
are shown in Figure 6 as Fornmulae 111(a) through 111(g). Fornula IV:

Al ternatively, theExasmies absitablé second moanntericauritsrwitto EoedulariVrare

het er oar omat i gh&k F*E\ﬁ' ﬁ(;]@w e 7, Formula 1V
Preferred R g?gupgqg b???)é gfﬁ@g‘"ﬁ%’if‘ y gréﬂ)pgvr%#t ernatively, 35
d-C5 al kyl groupslﬂab@—lél.y_?élkyl groups), ©6-C20 aryl groups, and C2-C20
het eroaryl groups, Rerss gésiridedibovefolddcolFoh@Hes. I Enamol\ﬁw of/|

sui tabl e | i nki ng gr i nc rrolediyl (-C4H3N-)' and 'thi ophened| yl
(- CAHBS-) 5000 03 SedllireRehisaRd 6 es Exanpl es of AR BRI gl

NONOIET | c uni ts wi ihFéonulal Y (R)YY are shown in Figure 7 as Fornul ae |V(a)

t hrough 1'V(h), whe MY/ above for each of
Forrrulgae I( )11 11 'F@S@t@g'ﬁ\%néﬂéger%ﬂpﬁ ?’ﬁ g‘uéqi{%&%ﬁﬂn?ﬁ) "For nul a
IV(h): Rl is a subst idiffeient sheacheceursencsnanhiscselectad iron atkyk g, or
different at each oc%té @ﬂg He?el%‘%h@(:t ed fromalkyl, aryl, heteroalkyl
and heterparyl. 10 Forrm Al'ternati'vely the second nononeric unit can

be an aroMhtic havi ng the structure shown in Fi gure 8, Formula V. The R
groups are prpbﬁnangl hydr ogen, Cl-Cl12 al kyl groups (alternatively, Cl-C4

ﬁla't(glr og; grp;r glrjps 1@%&%&%@%&89%@%%@@9 ?gnr %é@t%'%gﬁgl es
of suitabl e sthecstructoreosteovie inuRiguse 6f Fbﬂ‘m&lat\){’pﬂfhéﬂ%gtdmﬁﬁarle:or fem%l C(ea)
ooy oot RRUBHLACOYCT) ol b RN L PG ol e B €5 V%,
VI, Vi, 15v |alkylrgr@uga) Xis-Caonaatyl groups, and C,-Cyg heteroaryl groups.
Preferably the two W represent one single bond.
Examples of suitable second monomeric units of this type are those
having the structure of Formulae V(a) through Formula V(e) where:
in Formulae V(a), V(b):
20 R is as described above for each of Formulae |, Ii, llI, IV, V, VI, VII,
. Vil through XI; and
In Formula V(e):
R1is a substituent on a heteroatom which can be the same or
- different at each occurrence and is selected from alkyl, aryl,
25 heteroalkyl and heteroaryl.
Formulae VI through XI:
Alternatively the second monomeric unit can be a divalent fused
ring aromatic group having the structure shown in Figure 9, Formula VI,
Figure 10, Formula VI, and Figure 11, Formulae VIIl through XI. The R
30  groups are preferably hydrogen, Cs-C12 alkyl groups, Cg-Cyo aryl groups,
and C5-Cy heteroaryl groups.
In Formula VI, the E’s are preferably in the 1,4-, 1,5-, 1,8-, 2,3-, or
2,6- positions. Examples of suitable second monomeric units having
Formula VI are shown in Figure 9, Formulae VI(a) through VI(d).
35 In Formula VII, the E’s are preferably in the 1,4, 1,5-, 1,8-, 2,3,
2,6-, or 9,10- positions. An example of a suitable second monomeric unit
having Formula VII is shown in Figure 10, Formula Vii(a).




In Formula V(e): Rl is a substituent on a heteroatom which can be the sane
or different at each occurrence and is selected fromal kyl, aryl, 25
het er oal kD oangb4net er oaryl . Fornul ae VI through Xl : Alterrativset/yophe
second nmononeric unit can be a divalent fused ring aromatic group having
the structure shown in Figure 9, Fornmula VI, Figure 10, Formula VIIl, and
Figure 11, For nul adnthe copdiymeghoidhe iihentidn3 they Rogpspaaee pssdrdiatiplside

hydrogen, C6- %g‘nélﬁlhegéfﬂy@%nc%cﬁggn r’PﬂLﬁg'ﬁﬁyﬁﬁ?l Se?%%g%fﬁ%Rheteroaryl

groups. In Fornu era 1, 8-,
2,3-, or 2,69THHRS shesd ta@@ﬁ%a@@otﬂftﬂ@@r@léﬁ esessiderainsnoazplay iorthes

havi ng FOFTTUIp@obértnéé@fﬁ@Mmallﬁbl @N'T‘hege @ﬁéﬁb@ﬂwc\ﬁd@éle&ﬂbﬁkgh V'(d) 35

I n Formul a_ VI |

t h
2,6-, or 9 10P T?Rﬂf?? ﬁ%‘%'ﬁ\w 9598%'?@ %@C§S§'B%fya|5mé’e§t@§®ﬂﬁ"%wmiﬁérl c unit
havi ng For nul arapdrties, tetenlimnica dritg neducElintdronain livtekddtioa) to MdMee 02/ 090415

essent i al iy s qubllth B ofRR, emsta s YRR hHiet VR RBshly
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h I t f I gl roperties
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conpatlblllty I n nduce high dielectric
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constant so as to ﬂ?f’a?%m‘m&f o%’g\e 184 ”i‘Qfﬁl afope qfithe seeend | n
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substituents sel.ection n e
copol ynmer of eglﬁmg ﬂ?ogﬂgfﬂg @%pﬂﬁ}?r%ﬁgﬁé 5%‘ %?BHB%H C units
can be prla‘senmmmhemmenm is) san berfoone999:0rfl to1: 9191er 9@.5:0.5 e 10186 ar .
roportion of 4 K monomeri c
(i [ o) can_ b2 PIERVERTETE ) 20/, Gotiduter BtohBrply 887885050, Hhart i very
99: 1 to 20: 80iNcARRPREEPN RS theymanomars irthe @QmﬁtIOOOESU‘i%DOIYMGécahrha)rporat|on
of the mnoneréwddintdﬁ%oh%n@d're@umﬁ lirheo }/ { wh ?d?‘yﬁ@ludéaﬁﬁoépe at

B A 1 M L

20 copolymers.

Synthesis
The copolymers of the invention can generally be prepared by three

known synthetic routes. In the first synthetic method, as described in
Yamamoto, Progress in Polymer Science, Vol. 17, p 1153 (1992), the

25  dihalo derivatives of the monomeric.units are reacted with a stoichiometric
amount of a zerovalent nickel compound, such as bis(1,5-
cyclooctadiene)nickel(0). in the second method, as described in Colon et
al., Journal of Polymer Science, Part A, Polymer chemistry Edition, Vol.
28, p. 367 (1990). The dihalo derivatives of the monomeric units are

30  reacted with catalytic amounts of Ni(ll) compounds in the presence of
stoichiometric amounts of a material capable of reducing the divalent
nickel ion to zerovalent nickel. Suitable materials include zinc,
magnesium, calcium and lithium. In the third synthetic method, as
described in US Patent 5,962,631, and published PCT application WO

35  00/53565, a dihalo derivative of one monomeric unit is reacted with a
derivative of another monomeric unit having two reactive groups selected
from boronic acid, boronic acid esters, and boranes, in the presence of a
zerovalent palladium catalyst, such as tetrakis(triphenylphosphine)Pd.

9



20 copol yners. Synthesis The copolynmers of the invention can generally be
prepared by three known synthetic routes. In the first synthetic nethod, as
descri bedwpr2/0damanot o, Progress in Polymer Science, Vol. PCT/USP2/140%8
(1992), the 25 dihalo derivatives of the nmononmeric.units are reacted with a
stoichionetric amunt of a zeroval ent nickel conpound, such as bis(1, 5-
cycl ooct adi ene) ni ck@ISPOIE emhodimente obihe imveniien, the capslymeaseanibe Col on et

I ., I Vol .
25 p. 367 (1550 e oPEhR LeppirimouR|o vl AE Eabie ot bRTlp. 3o

g 3 vat | veg
ol ed u th lagkion feaclie BROSTOPAThS P53coRBIERATRGIN S asnesdic. o
st oi chi onet r i addeuddoaspreformeapaiyinat andmﬂb&h@bormamntré@ctwmafr et

manesi um' caPLRHERNE prkplf i deberdRy AnEoEHE arirRtnd i 5
described in _UESlghar@ﬂnvs 6D, Gﬂtbh aman puishatihsdg REVingEpsing ke hadidevo 35
00/53565, a dy JPRPBBIIOY]% 548 dife s%}egrﬁﬂgoﬁémé@bfs itabl eeéﬁéﬁgg%\g oot ed

derivative of NMONONEr | C r eac
f r om bor oni c §@f7'th0U16\6f5dﬂﬁ'@d%t@rbfoﬁlﬁa@ﬂyac@m ‘bbrczm@ﬁ,zﬂtme xyberzenes of a

zeroval ent paklig féﬁ@'u&ééberﬁéﬁ@ Bﬁorﬁ@éér?ﬂé‘n%(QrHﬁBH\%”glﬂBBFé?%b”ﬁhﬁd 9 WO
02/ 090415 CT/ US02/ 14094 di ments I nventi o

copol yrrer an PEBZeRERATERICAGI¢ gﬂe@r‘i’(ﬂi— -CAARIG §rsbhinaY isa Be dsrigacd tohe
reactive end gdddpncﬁmamyw@nche@wavge fads 60 gropeHiss andlceRPBhfEh¢ ofpound

is general ly ref e and ends the polymerization
reaction. Theniéwﬁlgor?gfﬁﬁ éeé; é (aneral ly an aromatic conpound
having a si nfdlec (anDlev&:eqroup, such as an aromatic ring having a single

halide group or b i table
end- cappi n corrpoﬁ%%? r‘éﬁ%ﬁt‘uﬂ\l&g cﬁ?%lﬁ%g%l? ﬁé;églg ﬁi(é‘l'érB rBiticYevitd
4- br ono- 112- drABisigRNgasicone nhmioanﬁ)@layﬂépwwmmmn tsconobenzene,

2- br ono- 9-f uetmcoﬁ% ﬂér-g(e?@gfg]rgcf}léhpémé & tﬁ@@e&%cﬁ@@ﬁ’éwswoup may

al so be desig suc e transport properties

ed to ti
and col or shit qﬁ‘? ﬂ%wcqatmc es‘@pé’f'%rﬁ@i of thedp\ardion. éggﬁh@mmotngurg Bt ronic
Devi ce The pr es¢pical dedes noo halsh éﬂdx% Byet 9108nal£E4theaeé JaydeMi508andl 5

cl oot cal coRlSRpaeli YRR 20147 apd bpliabal PR aBahobict e 1 ayers
of 20 and cathode 150. Adjacent to the anode is a hole injection/transport layer

120. Adjacent to the cathode is an optional layer 140 comprising an

electron injection/transport material. Between the hole injection/transport

layer 120 and the cathode (or optional electron transport layer) is the

photoactive layer 130. The copolymers of the invention can be useful in

25  the hole injection/transport layer 120 and/or in the photoactive layer 130

and/or the optional electron injection/transport layer 140.

The device generally also includes a support (not shown) which can
be adjacent to the anode or the cathode. Most frequently, the support is
adjacent the anode. The support can be flexible or rigid, organic or

30 inorganic. Generally, glass or flexible organic films are used as a support.
The anode 110 is an electrode that is particularly efficient for injecting or
collecting positive charge carriers. The anode is preferably made of
materials containing a metal, mixed metal, alloy, metal oxide or mixed-
metal oxide. Suitable metals include the Group 11 metals, the metals in

35 Groups 4, 5, and 6, and the Group 8-10 transition metals. If the anode is
to be light-transmitting, mixed-metal oxides of Groups 12, 13 and 14
metals, such as indium-tin-oxide, are generally used. The anode 110 may
also comprise an organic material such as polyaniline as described in

' 10




t he device includes the copol yner of the invention. As shown in Figure 13,
a typical device 100 has an anode | ayer 110 and a cat hode | ayer 150 and

el ect r oacwpwe/oday®ers 120, 130 and optionally 140 between Prhe/tsnpo®9Ld10 20
and cat hode 150. Adjacent to the anode is a hole injection/transport |ayer
120. Adj acent to the cathode is an optional |ayer 140 conprising an

el ectron i nj edtie¥hle lightsoitingwiodes madegisomesaiubla sonduetingpelymessi/ t r anspor t

|l ayer 120 andpig@eGail. rgy,i;egb 77Q@79 f‘ﬁJuﬁéQQQQPn transport layer) is the

phot oactive | ayer I nvention can be useful in 25
the hole injecti on%ﬁ? 8rlﬁy$rd§ér1oluf(9‘aﬂﬁép8“ed RY eHROYSicR ¥aReli ve | ayer 130

and/ or the opdepmihoneb&sders@mrlslpjrﬁcésmbbéwsvlﬁ?é terhﬁWysibé@vaJd]e devi ce
be .adj acent to the

| t
gﬁggreaoryt e ngﬁéﬁcgﬁerﬁ@%rﬁ HB%%’E@OS@% aQéEﬁ?&hPS Cé"”%%?%‘@ CHRe anode.
The support cﬂihu&efof Eraimples pdnysncagvaporafe@@sltmnanclaﬂess al) foam of Gemi‘r1 Sl ly,

I fl r e s an
ol eotrode t hatPrerBie GG i 8?%&%@&%@@ T QDR A fou S DGRREE i ng
positive char g@p@% @ eHieh agiee @amcwapgrqjmfanchtas;stamaeemaporaﬁom Aal s ;

oxi de.
contaLn ng 2 gl (GG vt odBirh 85581 R Kool ox o
and 6, an]cpthﬁp@%lﬂg 8-10 transition netals. If the anode is to be
light-transm ttingTheicepehyiRiralof e Reenfibn ﬂé%“ﬂ%cﬂé’n aé%of’é‘ﬁ‘aﬁép et al s,

|
conr ree an orGusaS iEer 120 SERELSattidfs Mo ey 6alEes hked  n 10 vio
02/ 090415 Pdmmahmmorf ﬁblﬂﬂtabllgl-bllmietnyemmtble@ ghlemgﬂj ém)e199[21;,1 o$1hsol ublde
€ anoaqde
fggg:}cf;n?_lgo% f]Yl;/‘laﬁ%@eD@lpaD %{%P@Eﬁ N/’Q)é‘g?mé t on process or
spi n- cast15proﬁ@ﬂ%ylpHWIl(émmthpWenylérheﬂm MPME’pomd hole"trareperts to vari ous
deposi ti on_apgEQARIESUERLS ﬁ@ymwag&et{@m%@y rRetngiaRe g Yo L !

vapor deposit | ncl u I'Ooh beam

sputtering, aeomﬁeéhylanedlpzsvthpnbenehﬁ Odapanrd Ppblﬁnél!]@h as e-beam

evaporati on afEAN 9 hysi cal vapor
p (RA Q%Iéét%WQn@%éwﬁﬁéwhlnﬁna?e?gﬂg%Htﬁ? fearglzrr%m '\ﬁe Sooal ynaps
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Qt her mat2dr i adsd Wolecthansporf proiperties, gubblae chiefdted bixinid camppOnds,isighude N,
N - di phenyl - Nyg ffig8! h%?’o%hﬂyolé)tgfé]ﬁ}n}n&r% (}j-xlq3)

The hole injection/transport layer 120 can be applied using any
conventional means, including spin-coating, casting, and printing, such as
gravure printing. The layer can also be applied by ink jet printing, thermal

25  patterning, or physical vapor deposition.

In general, the anode 110 and the hole injection/transport layer 120
is patterned. It is understood that the pattern may vary as desired. The
layers can be applied in a pattern by, for example, positioning a patterned
mask or photoresist on the first flexible composite barrier structure prior to

30  applying the first electrical contact layer material. Alternatively, the layers
can be applied as an overall layer and subsequently patterned using, for
example, a photoresist and wet chemical etching. The hole
injection/transport layer can also be applied in a pattern by ink jet printing,
lithography or thermal transfer patterning. Other processes for patterning

35 that are well known in the art can also be used.

' Depending upon the application of the device 100, the photoactive
layer 130 can be a light-emitting layer that is activated by an applied
voltage (such as in a light-emitting diode or light-emitting electrochemical
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bi phenyl]-4,4' -di am ne (TPD) and bis[4-(N, N-di et hyl am no)-2 15

nmet hyl phenyl ] (4- nmet hyl phenyl ) met hane (MPMP), and hol e transport polyners
such as pwbyiossitar bazol e (PVK), (phenyl nmethyl) pol ysil an®@CT/US02/14094

pol y(3, 4- et hyl enedi oxyt hi ophene) (PEDOT), and polyaniline (PAN);electron
and hole transporting materials such as 4,4'-N, N - dicarbazol e biphenyl
(BCP): or |iggel)enilayernef matesial thiad rQﬁndmdQGOdadzllaetem@gymdagmdnaies aransport
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overall |a er an su seque atter

and wet cHenithal tﬁ’mlﬁ@g atﬁé/eﬁaver 13Ghj @&ermlmmlttlmaterm al so be
applied in a paiddy smhay mcrrécwretméueharslsmhaé rhbee%@ehbred)r ¥Yed il ansf er
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et can ar'so 5870 TERRER ARG 420 VAT SRS BF Abadi haent AE3AENTotel 00, t he
phot oacti ve reiwntlo’iﬂtrmomhamarehrﬁccﬁnﬁeit?dtﬂﬂeréw@y referénds atct Ie \r%at te?lnby

[ 1N
Zlneglto Irmol:ﬁce]lm caité'?%%\\/\%%(é%@%ﬂ%”% ﬁ&ﬁﬁé&@?&'cqﬁ%@r'?% %lqhﬁ,’g{f]" o§f rrater?al
that respbndsdescried iarftriendeetl. AhS. GatesrtdR 247, a90)srl-tﬁe@emtah (0rSwi t hout an
appl i ed bi as pg etrﬂ‘%e%(ﬁésﬁ'ﬁ@)t "Nsaléaﬁo RN lp§ef’§fetn?‘ﬁ' Eifant

phot.odet ectors | nclu i've cel esr ors
phot oswi t chesPORHROS &f N‘ém@h §f%rn§0rmfatq@rmretml@3eBefe@mepﬂibedrgbt—emrttmgel s, 5

as these ter cl eoni cs
Di ctronary, ﬁ%@IQ@béﬂréﬁér%H@qﬁnﬁﬁeggrg% % re tﬁnﬁgﬂyr ce 100 is a

light-enittiny! B%% %@Zt'Y%N%HﬁBfQﬁ@h ly, form @ Javer edaneyi [ e agiive PIAGNIC when
suf fici et bi rayewgéne@mwhesepmrcr@résbm thera leecsrtao-sm nfPntact layers. The

copolyrers o The \guaBlhm e iEd 0,08 05 JLaBLs S A o
layer 130 responds to radiant energy and produces a signal either with or
without a biased voltage. Materials that respond to radiant energy and is
capable of generating a signal with a biased voltage (such as in the case

25  of a photoconductive cells, photoresistors, photoswitches,
phototransistors, phototubes) include, for example, many conjugated
polymers and electroluminescent materials. Materials that respond to
radiant energy and are capable of generating a signal without a biased
voltage (such as in the case of a photoconductive cell or a photovoltaic

30  cell) include materials that chemically react to light and thereby generate a
signal. Such light-sensitive chemically reactive materials include for
example, many conjugated polymers and electro- and photo-luminescent
materials. Specific examples include, but are not limited to, MEH-PPV
(“Optocoupler made from semiconducting polymers”, G. Yu, K. Pakbaz,

35 and A. J.-Heeger, Journal of Electronic Materials, Vol. 23, pp 925-928
(1994); and MEH-PPV Composites with CN-PPV (“Efficient Photodiodes
from Interpenetrating Polymer Networks”, J. J. M. Halls et al. (Cambridge
group) Nature Vol. 376, pp. 498-500, 1995).
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I nclude small nol ecule materials such as those described in, for exanple,
Tang, U.S. Patent 4, 356,429, Van Slyke et al., U S Patent 4,539,507, the
rel evant worozioonss of which are incorporated herein by ref @CE&use2/14094

Al ternatively, such materials can be polynmeric naterials such as those 15
described in Friend et al. (U S. Patent 5,247,6190), Heeger et al. (U S
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and also serve as a buffer layer or confinement layer to prevent quenching
reactions at layer interfaces. Preferably, this layer promotes electron
mobility and reduces quenching reactions. Examples of electron transport

25  materials for optional layer 140 include metal chelated oxinoid
compounds, such as tris(8-hydroxyquinolato)aluminum (Alq3);
phenanthroline-based compounds, such as 2,9-dimethyl—4,7-diphenyl-
1,10-phenanthroline (DDPA) or 4,7-diphenyl-1,10-phenanthroline (DPA),
and azole compounds such as 2-(4-biphenylyl)-5-(4-t-butylphenyl)-1,3,4-

30 oxadiazole (PBD) and 3-(4-biphenylyl)-4-phenyl-5-(4-t-butylphenyl)-1,2,4-
triazole (TAZ).

It is known to have other layers in organic electronic devices. For
example, there can be a layer (not shown) between the conductive
polymer layer 120 and the active layer 130 to facilitate positive charge

35 transport-and/or band-gap matching of the layers, or to function as a
protective layer. Similarly, there can be additional layers (not shown)
between the active layer 130 and the cathode layer 150 to facilitate
negative charge transport and/or band-gap matching between the layers,

13



injecting or collecting electrons or negative charge carriers. The cathode
can be any netal or nonnetal having a |ower work function than the first 10
el ectri cawoment@es | ayer (in this case, an anode). Materi &C3/Udsor140be second
el ectrical cont act layer can be selected fromalkalil netals of Goup 1
(e.g., Li, the G oup 2 ((al kal i ne earth) netals, the Goup 12 netal s,
the rare ear Qhﬁp funetion gstehprivteciive layer. tlrayess thatage knowntir tiedid canch as

al umi num i nﬁé%dc%@dﬁmggbﬁhg'émhé‘é'@o@aé'@&Hé@lagérl el %@ﬁ,a%%rm' nat i ons,

can be 15 usF he cat ho 'S usuah@fy a physi cal
vapor deposi MORT prsedayers; Aligthatively, spre eralhefdrorganis anpde layer pat t er ned,

asI di scijssedmbOt‘h@ donduefies patyméroayér?mlméeaémeelé érlﬁ)s@%doq%tt Hé&%lt ve

pol ymer ces echni ques, can used to pattern

t he cat hode I%’é?w@pme‘gﬁ’eﬂ gqrg%%tsrq%gdégmqrﬁ% '?ﬁfgﬁd“ﬁ'i”? {rangRar ¢ at e

el ectron tranefiisiency. dre cticice sémateriads fortrefcheof thagemponenbialersisent | ayer
to prevent qu r r his | ayer
pronot es el ec?%ﬁﬂﬂd%ﬁfﬁ] and6¥ B%'S"S?sf‘@(}ﬂ%y‘)% ngﬁf@‘é'gr'{@; %e@%?w es of

el ectron tran@&gbrqew%eﬁi&teé\cyal s for optional layer 140 include netal

chel at ed oxi noi d BRIl qj\chégg{ num
(Al ga); ﬁﬂenant hl’gﬁl ne- %ZLOﬁEgﬁbgm%ﬁé@gu MYQW a%%m&w di phenyl -

1, 10- phenkht hingividieal daygss onaa sijitanl laisphette ﬁubﬁtr@i%maﬁsfﬁsmwd( DPA) |
anddazolle c?gpolvmlc'srgml(s m_&}](Jée(%bllﬁmgmlgﬁgbsﬁqésénad@qgyﬂ)mltyah%lthel ? g 20
oxadi azol e - (.4- bi phen - 4-pheny! - -t - but -
triazole (TAZ)" qt?aqggng&ﬁﬁﬁaf Sr%%é”i&&%BO% Efe RWGVE5A 'é%ﬁséﬁ%%l c
devi ces. For firskapplyehetdaéhadectona bebstrataysed a(dwbﬂi*neébmvs)mbi@émsé he

ducti t at
posi t fvévﬁhafg'ledé?ér‘ paKEfal 1f ﬁ@?fe“pﬁ‘z@%[“%ﬁ‘d@ytﬁ% B8l ther's® or 1o
functi on Hinesses: mrgaw@ranogerﬂmoaﬁog Qﬂﬁeé,aoreﬁmablg HD-200hAL | ayers
(not _shown) e«sﬁcvmne rAéf laYr 1 20.50- éé@(/) éfe bxﬁbé%do%(ng%f’o to

facilitate ne ansport and et ween t he
| ayers, 13 WP i‘@@&@aﬁ&/bﬂ@pﬁ gleyp 'tVo1QQJ%QQ ﬁpﬁgnﬂqﬁfgf@btlve

Itf]tyerb LaygrStréh@ﬁor&fa@ekﬂ@@ﬂﬂ)ﬂot)b réfef@@m 200-80tRA: cétﬁoéé@llsb' 90p- any of
€ above- des e o0 V\D or m)re ayers
Al ternativel y%ém ﬁﬁ '36289%§r0§§

i c anode | ayer 110, the conductive
pol ymer [20yer 120, the active |ayer EXAMPRIDEScat hode
The following examples illustrate certain features and advantages
of the present invention. They are intended to be illustrative of the
invention, but not limiting. All percentages are by weight, unless otherwise
indicated. '
25 EXAMPLES 1-5 and EXAMPLES 1A-5A
Examples 1-5 illustrate the preparation of the copolymers of the
invention using dihalo monomers and zerovalent nickel. The copolymers
were characterized by Nuclear Magnetic Resonance (NMR) and the
number average molecular weights (Mp,) determined by Gel Permeation
30  Chromatography (GPC).

EXAMPLE 1

Under inert conditions, DMF (5 ml) was added to a 50 m! Schienck
tube equipped with a stirring bar and containing bis(1,5-
cyclooctadiene)nickel(0) (1.23 g, 4.48 mmol), 2,2"-bipyridyl (0.70 g, 4.48

35 mmol), and 1,5-cyclooctadiene (0.48 g, 4.48 mmol). The ensuing deep
blue/purple solution was stirred at 60 °C for 30 minutes, and then a
solution of a first monomer, 2,7-diiodo-9,9-bis(2-ethylhexyl)fluorene (1.08
g, 1.68 mmol) and a second monomer, 2,5-bis(p-bromophenyl)-N-(p-
14



5 layer 150, may be surface treated to increase charge carrier transport
efficiency. The choice of materials for each of the conponent |ayers is

pr ef er ablwodewsrms ned by bal anci ng the goal s of providi ngPaTadse/c®Iwi t h

hi gh device efficiency. The device 100 can be prepared by sequentially
depositing the 10 individual |ayers on a suitable substrate. Substrates
such as gl asshaxgdpheayhpysrale (6.30rgs Ockthmveolyineidluene (@0smi) veasesddédkbvianode i s

applied to thg rnﬁ?g@sﬂ'ﬁétr@a&% ﬁwﬁﬁur’eﬁ%@iﬁwﬁfﬁlr%ﬂ hit 78l pCfférO@‘dEggrﬁ\de However,

t o] bleto firs cat str
: ay:a?spl ?\SIt he MdEs was QS’P@%F to r%”@@i@?@]atur?r?é‘doﬁ”ﬁp@ﬂféfﬂd lln@/érs@luﬁﬁolnl thave
the fol | owi ngntetitgeolqfi00 oy, rARKERS BE mi) @fdg@mdén%%tﬁhﬁchléﬂ@'a@ﬂpo A,

O et e bl 15 Bobs BBhae st o el e B E3SaEee o

aoh«ﬁr%%w%m y
100- 800 A opwiasrthén elissoivenhin chieofgror, andaagain pretipitied R0 afsolati@f ef abl y

The fol | owi ngeaiand 3300 fity adltHe’ o B i dickptSkciiotieRgacd of c he
resent invenfd mi.) Aftes stirring fontldmiedtheombeurel wassfilteredy Einaily tires residesnt i on,

E t not [imt I

i cat e |25 "B AHEpRRRFER SEHRENEL et ey 248 BBMAENER A0 . | e

preparati h o¥aguR IB@@PQ‘%M'@T weighids givandniliable lubﬁlﬂy\l di hal o mononers and

zeroval ent nickel. The copolyrrers WMptp_gmt erized by Nucl ear Magnetic

Resonance (NWVR) an the nber € nol ecul ar  wei hts Vh) det erm ned
by Gel Perneation Gpdﬁ? r%? 8 S rePeRied. EXCep thq]gqqctlon

condltlong Diviixt(1Fe wiajs st;daa?tdESd G fora2HRous, ﬁetda@mwors Wegseqni gpgg Wi tz 28
ne)n )

oty 9, o pROGBA A gtk by AErR R B R SR S s 22, o

g, 4.48 nil )dlswaeénwhhxyoﬁmmmnobpmlmhatqﬂmmueunetb\anmbemrerthed at 60 C

2 7-di S‘dg”éeg‘;b‘?“s@%g%" Retoh st aig® g idiol RARTElRd mefhanol and (. ong

nononer 8 HlE@%pﬁﬁ?@ﬂtﬂlm'@%Sqme\/‘m@?ﬂ@@mmﬂ@sdzm Tahh1
hexyl phenyl ) ppeloat @efdPoBRited.0. 56 mMol ) in toluene (20 m) was added via

EXAMPLES 2-5

20 The procedure of Example 1 was repeated using 2,7-dibromo-9,9-
bis(2-ethylhexyl)fluorene as the first monomer and different second
monomers, and with the addition of iodobenzene as an endcapping group.
The reaction mixture without endcapper was heated with stirring for4 days,
the iodobenzene endcapper was added, and the mixture was stirred at

25  75°C for another day. The copolymers are summarized in Table 1 below.

EXAMPLES 2A-5A
The procedure of Examples 2-5 was repeated, except that

bromobenzene was added instead of iodobenzene as an endcapping
group. The reaction mixutre was heated with stirring for 24 hours instead

30  of 4 days before the bromozene endcapper was added, and the mixture
was stirred for another hour, instead of another day. The copolymers
obtained were similar to those summarized in Table 1 below.
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syringe.

The reaction mxture was then stirred at 75 C for 5 days.

The

m xture was cooled to roomtenperature and precipitated into a solution of
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and the m xtuyre was st irred at 25 75C for another day. The copql yners arze5
was repeqted) AR I AT HRIREREINL wne adddd’i ndDeht Tof i ddBbeMBohe as
an endcappi ng group.| OXagliazedeti on ni xutre was heated with stirring for 24
hours ingtead 30 of 4 days before the bronozene |endcapper was edded a1d
t he m xt yre—was—stirredfor—another—hour—instead—of—another—gay
copol ymer® oSHRIPAYY |wef «likioma-Brfluctenansse sunmari zedOitilfabl e é@ 15
WO 02/ 090415 PCT/ US0Z/ 14094  Tabl e 1. Fl uor ene Qopol ymers Ex 1St 2"d
onomer Ratt o *Watio s the t mél%[r ratlo 5{]tﬁe[s?ar[tin§ [r]#é'tg ials
5 EXAMPLES 6 and 6A
This example illustrates the preparation of fluorene copolymers
using a dihalo monomer, a diboronic acid ester monomer and a palladium
catalyst.
EXAMPLE 6
10 Under an argon atmosphere, toluene (10 ml) was added to a 50 mi
Schienck tube equipped with a stirring bar and containing 2,7-diiodo-9,9-
bis(2-ethylhexyl) fluorene (1.07 g,1.66 mmol) and 1,4-
benzenediboronicacid bis(neopentyl glycol) cylic ester (0.50 g, 1.66
mmol). Then fetrakis(triphenylphosphine)palladium(0) (19 mg, 0.0166
15 mmol) and a degassed aqueous potassium carbonate solution (2M, 7.0
ml) were added to the tube. The solution was heated in an oil bath at
100°C for 48 hours with vigorous stirring. The end-capper, 4-
methylbenzeneboronic acid (50 mg, 0.33 mmol), was added and the
mixture heated with stirring for an additional 12 hours. The mixture was
20

cooled to room temperature, and then precipitated into a solution of
methanol (100 mi), acetone (100 ml) and concentrated hydrochloric acid
(5 ml). After stirring for 2 hours, the mixture was filtered. The solid residue
was then dissolved in chloroform, and again precipitated into a solution of

16



1 diiodo 2,5-bis(p-bromophenyl)-N-(p- 3:1:0 47,200 hexyl phenyl)pyrrole 2
di brono net hyl - 3, 5- di br onobenzoate 10:1:1.1 68,700 3 dibrono

net hyl - 2, wodels@ndbenzoate 10:1:1.1 98,400 4 dibromo  PCT/US02/14094

2, 5- bi s(4-bronmophenyl) 10:1:1.1 67,300 oxadiazole 5 dibrono

2, 7-di bronp-9-fl uorenone 10:1:1.1 60,900 * Ratio is the nolar ratio of the
starting mat eMeinand (Eom), ESstonm 0antitang eonseptretad hydrockiodes aciee(5

reparation ofn| Mutér%ﬂﬁrrgomlmm Sthe%lxﬁgr A& figdred"P h (o oni ¢
gmg ester rmno);rer el;n l?}ﬁ)w E |tjm C est EXAI\/PL m%"% %fécf%r an argon

at nospher e, tWPﬁc?‘Hé’C?ﬁﬁv A et ?60 W@@Wﬁ” ethad _nd dsieddqui pped

with a stirrinacumiTrendsotingaiopongné; Radlainsslec@aPwely (M,gohgBbexy! )
fluorene (.07 g,1.66 mml) and 1, 4- benzenedi bor oni caci ¢ bls(neopentyl

glycol) cylic ester (0.50 g, 1.66 mmvol). Then
tetraki s(triphenyl phosphi ne) pal | adi un{ BEXAMPBLEGA 0. 0166 15 mmol) and a

|44 . ed to
the tube. Theosol uEToe araGah BB Bhidth (10 watadidd IS B0RRERC LV
vi gorous st i r PFRgNC febepauipapderith a stirisgrbarieaszeoniaioing2.-dicidd-9,90 ny,
0.33 mmol ), wag ;a@g}%éyw ﬂdlﬁenéﬂ(%bwgﬂ BG%%&‘%HJ‘H gtirring for an

addi tion 12 hours The 'm lSiitulPe was cool to roomtenperature, and

t hen preg]:()pl t%?'&?qeﬁ’ﬂtlpran§ép '§We8pen%9W§ﬁ cylia e8ter§.504: di@he (100 m )
and concentrartrmbmdeTe:mtelt,@Msvgtnpnedylphéspﬁme)péﬂé@mngc)) (1r9mg D@68 hours, the

d f
e, v ] 80 o Ak bl 8Bl hotactilin Shebrate s et kel SEbo) ooy
mat ha'rbm\](c)lt (10?miﬁ1vyerea?@dem’ea mé(mbeﬂ'hasdluuonmthr@at??l lmadrdugjlﬁrt]lglelt ; ?ﬁied (5
d .
re)5| due e\r/va: l%%(:@eg)glﬁrllawg%w \gbgﬁ) %ﬁ@ﬁgl W%ﬁet 6”2{1%9% Tanol “and dri ed
in vacuold Thléerﬁ@ﬂbarwyce@mbmmg A28 mmet), was| addedeanghthe( ibturef  8800. 5
EXAVPLE 6A Undgstedi sting'igPaiBatifionCl HBOP fHO sgtana*@ﬁd;ggs to a 50 m

Schienck t Ubebr% ué enzene (50 mg), V\}e{srelldoged and thedmfx?grteawgé P\eated and odo-9.9-
stirred for an additional hour. The mixture was then cooled to room
temperature, and then precipitated into a solution of methanol. The

20 mixture was filtered and the residue was washed with methanol and dried
in vacuum . The resulting copolymer had a molecular weight (My;) of 8800.
EXAMPLE 7-17

The copolymers of Examples 1-5 above were tested as light-

emitters in a light emitting diode having the layers illustrated in Figure 13,

25  with the modification of a substrate supporting the anode. The anode
used was indium tin oxide (ITO), supported by a glass substrate.. The
hole injection/transport layer was spin-coated onto the ITO on glass
substrate. The hole injection/transport layer was poly(3,4-
ethylenedioxythiophene), PEDOT, (Baytron® P from Bayer, Germany) at a

30  thickness of about 2000 A or a bilayer of PEDOT and polyvinylcarbazole,
PVK, at a total thickness of about 2000 A. The copolymer was dissolved
in toluene to form a 2.0% (w/v) solution, filtered through a 0.22 micron
filter, and spin-coated over the hole injection/transport layer. The target
thickness of the copolymer layer was 800 A, with actual thicknesses

35  typically in the range of 500 to 1000 A.

For the cathode, Ba and Al layers were sequentially vapor
deposited on top of the EL layers under a vacuum of 1 x 10-6 torr. The
final thickness of the Ba layer was 30 A; the thickness of the Al layer was

‘ 17




bi s(2-et hyl hexyl) fluorene (1.07 g,1.66 mol) and 1,4 10

benzenedi boroni caci d bi s(neopentyl glycol) cylic ester (0.50 g, 1.66

nmol ). Thwo oeeewaki s(tri phenyl phosphi ne) pal | adi un(0) (19 mgT/GID166¢ rmol)
and a degassed aqueous potassium carbonate solution (2M 7.0 m) were
added to the tube. The solution was heated in an oil bath at 100C for 48
hours with vig8dds Bevieepegormaace westtested-insigp erdry tHxaesiagaebor oni ¢ aci d
(50 nmg, O.33 pHMrated"® nd ' i i irring for an
addi tional 1 hour. Theﬁgﬁgﬁ%dghdmgg%ﬂ@gé%?%‘r’r%ﬁ@ﬁ%%@%E%Ia\tr”lhg), was added
and the m xture was heated and stirred for an additional hour. The m xture
was then cooled to room tenperaturggblarxd then precipitated into a solution
of nethanol. The 20 mixture was filtered and the residue was washed with
met hanol and—dred—+hr—vacum—-—The resulting copolyner had a nol ecul ar
wei ght (MhExam@g00. ELEXAMPLEHGIe 17 Théoltagpal Covk s of Cdstanp| €xi/d?5| abpvs
were tested lig |ttersin,ailight em tfing diode having.the e
illustrated ??1 Fi gﬁérgnﬁé; ggcvt\;om theggnodi fi LEltlti on(%]m’g) suK?‘E g/%t e (al‘ €7¥
supporting the anjode.l The al@nepeided aat00 ndi2%n tlin oxide |(1 TO, supported
by a glass substrjate.. The hole injegyjgh/trgRsport |ayer| was spjn-coated
onto the FTO DM gtrass —substrate—Thehoterinrecti-ontt+anspert—a
pol y( 3, 4- | et h§1 enledE¥x{t hi opd¥eY, PEDOT, (Baytrdn(r) P frlomBsQyel, 0.18
Germany) at a 30 |t hi ckness of about {2000 Ajor a hilayer of E a?qiz V)
pol yvi nyl ¢arbazote;, - PVK| &t tgt at—thickness—of—about—2000—A—"—The

copol yner | wa<® di slsoF¥eli iP(rt[t)észféUWé to forma 2.0% (W v) sol 66Pon, @illlt ered
through a/0.22 micron filter, and gpin-coated over the hal g14Vv) | (14 V)
i njection tragpsport [ayer. Igﬂl%arg Tt hi ¢kness [of the copolyier| T ayet S
800 A, with actual ?1 kmesses' '35 typically in the range of ® to 980 A
For the cathode, Ba and Al | ayers were sequential|ly vapor Q1a4:)v;i tetq @y ftop

of the EL|laygrs junder,a Ted XgkO- 6 1T final thi ckness of
t he Ba Ia/er}f%as BOE%;zthﬁ%ljmfés o?'JGt he Qlofqreye%\ﬁgs 17 WO 02/ 090415
PCT/ US02/ 14094 3000 A. Device perfarmance|was tegst(@4dnmApijde a drly box

using a cal whratlede=Si» phot ogi\gde. Thepresul re g Ifn Tabl' e 2 Dbelow,
Table 2. |5 Eianpl E% | e Vﬁ ag CII[AG' /A @ﬁﬁ q%%eé]
(

-

S

IQy A\VValad
CT VVCKT

-
T

55 mA)
12 Ex. 3 | PEDOT/PVK 9.1 1.19 1.22
| (35 mA)
13 Ex. 3 PVK 6.9 0.2 0.22
(20 mA)
14 © Ex.4 | PEDOT/PVK | =10 0.68 0.87
(3 mA)
15 Ex.4 | PVK 9.1 0.46 0.50
(50 mA)
16 Ex.5 | PEDOT/PVK| >10 1.14 3.74
(0.04 mA)
17 Ex. 5 PVK >10 1.2 1.5
(8 mA)

While this invention has been described with respect to what is at
present considered to be the preferred embodiments, it is to be
understood that the invention is not limited to the disclosed embodiments.
To the contrary, the invention is intended to cover various modifications

10 and equivalent arrangements included within the spirit and scope of the
appended claims. The scope of the following claims is to be accorded the
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e Polynme Injection/ e at (at mA) at V) (at V) r Transport at 100 25 Cd/n?
mA 7 Ex. | PEDOT 849 0.18 (12 V) (12 V) 8 Ex.1 PEDOI/PVK 669 0.11 (14 V)
(14 V) 9wWB02@9RWK 3970 0.62 (14 V) (14 V) 10 Ex. 2 PEDETTR$K2/81084 0. 76
0.86 (34 m\) 11 Ex.2 PVK 6.6 0.06 0.068 (55 mA) 12 Ex. 3 PEDOT/PVK 9.1
1.19 1.22 (35 m\) 13 Ex. 3 PVK 6.9 0.2 0.22 (20 mA) 14 Ex. 4 PEDOI/ PVK
>10 0. 68 0. 87 breagiestinterratationmaaptolencompassal sygomadjficatisnEand PEDOT/ PVK
>10 1.14 3. 74 ebfliveferifbrmdiétibis andrlivcibls1- 2 1.5 (8 my) Wiile this

i nvention has been described with respect to what is at present considered
to be the preferred enbodinents, it is to be understood that the invention
is not limted to the disclosed enbodi nents. To the contrary, the
invention is intended to cover various nodifications 10 and equi val ent
arrangenments included within the spirit and scope of the appended clains.
The scope of the following clains is to be accorded the 18 WO 02/090415
PCT/ US02/ 14094 broadest interpretation so as to enconpass all such

nodi fications and equivalent fornulations and functions. 19 WO 02/ 090415
PCT/ US02/ 14094
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What is claimed is: 1. A copolyner conprising at |east one first nononeric
unit and at |east one second nononeric unit, wherein the at |east one
first norwoeeiogo41d unit has a Formula | shown in Figure 1pcarsor/nmoat | east
one second nononeric unit is selected from (i) aromatic groups having
Formula Il shown in Figure 2, (ii) 6-nmenbered-ring heteroaromatic groups
havi ng~ For nuVdhat is,claimaghisi n Figure 6; (iii) 5-nmenbered-ring

het eroaromatic groups having Fornula IV, shovvn in Figure 7; (iv) aromatic
groups having 10 Formula V, shown in Figure 8, f) fused ring aromatic
groups having For nii & &eROlWRGHACMATISING atdeast onerfiral monpmerishimiranchatri gur e

10, and For meast¥nk séd@h@qﬁbn&ﬁéﬂyhﬁltmheféﬁ’% hﬂegéﬂé'r’i@flﬂé WWH&{/)

conbi nati ons t hereof, wher in each of Formu
VIT, VITI Thr Huﬁm%é@w 3 Isshown indkiguts fca'&Lt@ %al%%frpnﬁ%?ﬁqmﬁ ch can be

tIhE isarre olr didiienerit uait isaslbcleddtomel) eeomatic igsogsy ﬁ@\il@@ Forratndhydr ogen,
t

oo 0ROl o G o R

bet a- d| car bonylosmiiay [lh ghpenrinlFRigute! 6; Stiip BrmembErep:ring 2@tdrdaromatics f urt her

descri bed bel g%%ﬁéw Och‘S'Mlnﬂa)fY'?hov?ﬁ inf P@u?é? {l@%@%ﬂrqrbﬂgghgsﬁgcan

forma 5-_ or ere cycl such™t hat :
Rl is a slibst Feresia HnS'éP\M@ﬂTeFW%ﬁi mlf@wéang@éomﬁacgmﬁnawr% di ff erent

at each occur F@ﬁﬂglaavﬂ shewreheg@e g, rFHﬂTﬁJIéﬂU'II sA6Yh in F §r1gabhglr eapgt egers

het er oaryl ; nt.eqger bet 20,

sati sfying qugf%m? WIF@@?W Eggn@la P‘OVZW” %lwre@éqamﬁ(w}, Al); in each
of Fornul ae Ibomblntatldn‘éthdredﬂwhéﬂel VI I'l, and I Xt E can be the sane or
different at each > |

sel ected fromaryler 8-

in Formul&I1v: AiR isrmepbstdeamﬂcm atcaebmhatmmwhrcénm bbcblne Bbmecbry is 0 or

an integer selected §f8mnt #kalh cobGiehdhndEle RO f?brﬁrrﬁ/d%gérhen y
' alkyl, aryl, .heteroalkyl, heteroaryl, F, -CN, -OR1, -COoR1,
CyHgF, -OCyHgF), -SR1, -N(RT)2, -P(R1)2, -SOR1, -SO,R1,
-NO,, and beta-dicarbonyls having Formula XII shown in Figure
20 12 and as further described below under “Formula XI1”; or
~adjacent R groups together can form a 5- or 6-membered
cycloalkyl, aryl, or heteroaryl ring,
such that:
-R1is a substituent on a heteroatom which can be the same or
25 different at each occurrence and is selected from alkyl, aryl,
heteroalkyl and heteroaryl; and
y is an integer between 1 and 20, and 6 and A are integers
satisfying Equation A1 below:

30 O+i=2y+1, (Equation A1);
in each of Formulae II, Ili, IV, V, VI, VI, VIII, and IX:
E can be the same or different at each occurrence and is a single
35 - bond or a linking group selected from arylene and
heteroarylene;
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Is 0; or when one of Ais Nand one of Ais C, theny is 1; or 5 when both
Aare C, thenyis 2; Qis 0, S SO, or NRL where: Rl is a substituent on
a het er oaworeiiachh can be the sane or different at each @crursoEnwes and i s

selected fromal kyl, aryl, heteroal kyl and heteroaryl; 10 in Fornula V. QL
is a carbonyl group, 0, S SO2, or NRL where: Rl is a substituent on a
het er oat om whi ch célhEEéiﬂﬂlﬂeﬂ/s'arre or different at each occurrence and is

sel ected from al kyla isﬁh&lé\a}gend&?ﬁlﬁ%?%'a&ﬁ'oc@ﬂﬁeﬁ@é €' AMdnd 18 i gn 1 al kyl or

het er oal kyl
Formul a VI ;
posi tions;

2,3-, 2,6-4

or 3 position, a secon

25 a first

: bot h | t nt one single bond; in
the two ENLegRrSefketeq o 4 or 2 S5l thatsnenbeth A are B, fien ¥
in For gul 8 OYldr wih oreeof Ads B andi{)/lﬁle ilolﬂNiB]@,Jthfn Eis}ﬂﬁqr’ t1h8 L
9, 10- : . cafirs IS in e 1, ,
o3 o0, ekt Rprelcs GERTW

8 . position; in Formula I X
Eis inQlse02S, SOxor NRbwherain: a second Eis inthe 7, 8, or 9

2. The

position; and in Fornghag glslub[s{_ﬁ%ghlfgﬁgl @%Eg%t%%igm%ﬁ%%‘t[‘ef#%w aryl,

het er oal kyl

and 30 heteroary I nteger

copol ymer of O aim 1, wedfeseht & egadbugreliriensaangris metasted fromhalkgl andast one
first monomeric unit ar@etdidaRgnaisdhbiergsiypct ed fromal kyl 35 groups

havi ng |
and one oi(?

30 carbop atomg: heéeteroal kyl groups having 1-30 carbon atons
nor e he@E@EﬂB&of S, N, or 0; aryl groups having from6 to 20

carbon atons, and Iget Braaamongl grens, 026, SIS IRNRT Wwherg0 carbon atons and

one or nore

02/ 090415 Us02/ 14094 3.

h togs . of S, N o2 PCT,
The copol yrreret)?rglaaﬁg?ig?ﬁéﬂps 88{18@@ ﬁ?r%t?mlvéméhﬁﬁﬁch?eémcsamﬁlpfs.
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20
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30

35

different at each occurrence and is selected from alkyl, aryl,
heteroalkyl and heteroaryi;
. Wis H, alkyl or heteroalkyl; or both of W together can represent

one single bond;

in Formula VI;

the two E's are in the 1,4-, 1,5-, 1,8, 2,3-, or 2,6- positions;

in Formula VIi:

the two E's are in the 1,4-, 1,5-, 1,8-, 2,3-, 2,6-, or 9,10- positions;

in Formula VI |

afirst Eis inthe 1, 2, or 3 position, a second E is inthe 6, 7, or 8

. position;
in Formulia IX:
a first E is in the 2, 3, or 4 position; a second E isinthe 7, 8, or 9
position; and
in Formula XlI:

R2 is selected from hydrogen, alkyl, aryl, heteroalkyl and
heteroaryl;
& is 0 or an integer from 1 to 12.

2. The copolymer of Claim 1, wherein R groups in one or more of
the at least one first monomeric unit are independently selected from alkyl
groups having 1 to 30 carbon atoms; heteroalkyi groups having 1-30
carbon atoms and one or more heteroatoms of S, N, or O; aryl groups
having from 6 to 20 carbon atoms, and heteroaryl groups having from 2 to
20 carbon atoms and one or more heteroatoms of S, N, or O.
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5 4. The copolyner of Claim1l wherein each R group in each of Formula I,
Formula Il, Formula Ill, Formula IV, Formula V, Formula VI, Fornula VII,
For mul a WDIlo2/o%ansrul a 1 X, Formula X, and Fornula Xl is seCgasSedi4opom 10
hydrogen; alkyl; aryl; heteroalkyl; heteroaryl; 15 F, -CN, P(Rl)2 and
-SOR1, where Rl is a substituent on a heteroatom which can be the sane or
different at each occurrence and is selected fromalkyl, aryl, heteroalkyl
and heteroaryl; 20 -NO2; a beta-dicar bonyI having Forrmula XI1 shown in
Figure 12; - CWHOFX; OOWHOEX; g? 2R1, -SR1, -N(Rl1)2, and -S02R1
where Rl is a strai ghThe 9ePUWHER O P'%mahm?é@xahuréﬁe@vwmﬂw MENOMENiGr bons
or a straightuahain or branched heteroal kyl. 5. The copol yner of Caiml
wherein thg at | east one of the R groups in one or nore of the at |east
one first mononeric unit is 30 independently selected fromlinear and
branched n-butyl gdolps; cdpblwmrofﬁidinmﬂammrem each BWrplpdm egels of | | near and

o] afened bent ForduRtPForhaih, FERMIBM, R ALV FARRIRY, HoliyRng, o nou!

ol efi ni c unsaturati oh; ene e groups,
al koxy groups] Fopnelao)l), @rmdpéll nlaor@ydacngF@rmmﬂa X3mnel Farneula oPhad yrrer  of

G aim 1 wherekgjepted #8f: one of the R groups in one or nore of the at

| east oneHLl rst m)CE %?I’I C, unit are independently selected fromH, C6-Cl2
al koxy, noxy, yerogex; kyl, phenyl and cyano. 22 WD 02/ 090415

PCT/ USOZ/ 14094 7. alkye copolyrrer of Claim1l wherein one or nore of the at
| east one second ITDanITEI’I c unit is selected from Fornul ae 11(a) through

11 (z),
heteroalkyl;

heteroaryl;
15 F;

-CN;

-P(R1)2 and -SOR', where R1 is a substituent on a heteroatom
which can be the same or different at each occurrence and is selected
from alkyl, aryl, heteroalkyl and heteroaryi;

20 -NOQ;

a beta-dicarbonyl having Formula XII shown in Figure 12;

-CWHQFK;

-OCWHQF;\;

-OR1, -CO2R1, -SRT, -N(R1)5, and -SO,R1 where R is a straight
25 chain or branched alkyl of more than 20 carbons or a straight chain or
branched heteroalkyl,

5. The copolymer of Claim 1 wherein the at least one of the R
groups in one or more of the at least one first monomeric unit is
30 independently selected from linear and branched n-butyl groups; linear
and branched iso-butyl groups; linear and branched pentyl groups; hexy!
groups, and octyl groups with and without olefinic unsaturation; phenyl
groups, thiophene groups, carbazole groups, alkoxy groups, phenoxy
groups and cyano groups.
35
6. The copolymer of Claim 1 wherein at least one of the R groups in
one or more of the at least one first monomeric unit are independently
selected from H, Cs-C12 alkoxy, phenoxy, Cs-C+2 alkyl, phenyl and cyano.
22



111(a) through 111(g), IV(a) through IV(h), V(a) through V(e), VI(a)
through 5 VI(d), and VIl(a) where: in Formulae I1(v) through 11(y), IV(a)
V(a), andwu(bp94Es i s as descri bed above for each of Fornulpeg/usp2/14094 111,
IV, V, VI, VII, VIl through XI; in Formula IV(h): 10 Rl is a substituent
on a heteroatom which can be the same or different at each occurrence and
Is selected from al kyl, aryl het er oal kyI and heteroaryl; and in Forrml a

V(e): Rl is a substyt q@@t I
different at each occurre %eéﬂ&% @%ﬂeﬁoﬁ@%r%qr%%tﬁ?%le% er oaI kyl
and het er oar yPNe$eCPRd r’&%‘ﬁﬁﬂ‘?ﬂ%#’“@ﬂs @lgpﬁ@dlfrommmwa&m@)dhrthél(a)r the at
| east one sedc(agitm’on e gy, | thP@fq | a) throligh ©4(8), Bi(=) tRush! ed from
20 hydroge SMM 2 Y(lg(}‘ m)teroal e\f(eroar gﬁ @5 a§ u@
bet a-di , carbo ’h%q%?)oww Fa X1 shovvn in Figure 12; QNH(r)FX 30
_ COWHBFX; and - P( Rin Borm@ardi(v) tBrRiugh TRARV.(a), SRa), anlti(%)):Z, and - SO2R1
where R1 is a strai | 0 r\oens or a
strai ght chaip or bfﬂg%gﬁrb?sﬁn ée? gg?ﬂ%ﬁﬁd@h@? Eﬂ%@bﬂ%epg}l[}ll[]iﬁvgg/, gﬁ’a?ﬁﬂ 1,
wher ei n one oVllikireugh Xlhe at |east ~one second mononeric unit has Fornul a
Il wherein R is sekpebgfufk - 23 WD 02/ 090415 PCT/ US02/ 14094 partially
or fully uor i nateE,TTk_Tj!ﬁoups having froml| to 12 carbon atons; al koxy
groups hati ng from t'%aﬁybéamahoatadmteroaé@méwbmh@anr@ thessarge 06 15 car bon
at ons; different at each occurrence and is selected from alkyl, aryl, heteroalky!
and heteroaryl; and
in Formula V(e):
R1is a substituent on a heteroatom which can be the same or
15 different at each occurrence and is selected from alkyl, aryl,
heteroalkyl and heteroaryl.

8. The copolymer of Claim 1, wherein one or more of the at least
one second monomeric unit has Formula Il wherein R is selected from:
20 hydrogen;
alkyl;
aryl;
heteroalkyl;
heteroaryi;
25 F:
-CN;
-NO,;
a beta-dicarbony! having Formula Xll shown in Figure 12;
-CyHeF.;
30 -OCyHgFy,; and
-P(R1)9, -SOR1, -0R1, -CO5R1, -SR1, -N(R1)5, and -SO,R1
where R1 is a straight chain or branched alkyl of from 1 to 20 carbons or a
straight chain or branched heteroalkyl.

35 9. The copolymer of Claim 1, wherein one or more of the at least
one second monomeric unit has Formula Il wherein R is selected from:
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5 -SR1, -N(R1)2, -P(R1)2, -SOR1l, -SO02R1, where Rl is an al kyl group having
from1l to 12 carbon atons; -NO2; and beta-dicarbonyls having Formla X |
shown i n Wogew412, where: in Fornula XliI: 10 R is an_ al yiragenupshavi ng
from1l to 12 carbon atons and 8 is 0, 1, or 2. 10. An electronic device
conprising at |east one electroactive layer (120, 130, 140) conprising the
copol ymer of any opertiailyreifellyofludineited alkyl grotips Havindnfreinetto d2icarkievi ce
conprising at glHast one hole injection/transport |ayer, wherein one or
nore of said at Ieast one hole injection/transport |ayer conprises the
copol yner of any oAlkoxYy grevies Baving drooe 4itasl 21caybon atoma; el ect roni ¢ devi ce

conprising at Ieasbs@aghal/m tff@ﬁsﬂoM@ééﬂb%Wétbﬁfésport layer, wherein one or

nor e of sal i d at nsport ayer corrprlses t he
copol yner of any O?lél& 3201&;(&2%2 Cgé?ei%s %r&@ 13 efﬁéa c§) gk of any

one or nore ogrcﬂpalnamngfr@m fltotiRezarbowesrngj ng end- cappi ng groups
conprising an aro up. 30 14. The device of Caim 10, wherein the
device is selected r6m t(ﬁ group consisting of a light-emtting device, a
phot odet ect or, andbata-gicattmnyls baving éwrmela X4 shown in Figure 12, where:

in Formula Xil:

10  Ris an alkyl group having from 1 to 12 carbon atoms and &
is 0,1, or2.

10. An electronic device comprising at least one electroactive layer
(120, 130, 140) comprising the copolymer of any one or more of Claims
15 1-9.

11. An electronic device comprising at least one hole
injection/transport layer, wherein one or more of said at least one hole

injection/transport layer comprises the copolymer of any one or more of
20  Claims 1-9.

12. An electronic device comprising at least one electron
injection/transport layer, wherein one or more of said at least one electron

injection transport layer comprises the copolymer of any one or more of
25 Claims 1-9.

13. The copolymer of any one or more of Claims 1-9, further
comprising end-capping groups comprising an aromatic group.

30 14. The device of Claim 10, wherein the device is selected from the

group consisting of a light-emitting device, a photodetector, and a
photovoltaic device.
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