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sPO_YI\/ERS This invention relates to processes for reacting diboronic acids,
di boroni e a%g 5?2% &rs, s to 15 20 and/or diboranes with aromatic dihalides
to form conj uggt 8"pol yners. A conjugated pol yner is one whi BRI/HS¥E8WSes a
del ocal i zed pi-electron system al ong the backbone as descri bed for
exanple, by D. J. Sandman in Trends m Pol yner Science, Vol. p. 44
(1994). One route t&@RPeBeSFHR/RBEEARNG A TR P@‘t"%ﬁ%ﬁt Pd- cat al yzed
cross-coupling reaction (commonly referred to as the "Suzuki reaction")
bet ween an ar difiistihention triates Woprdcesees (pareacdnanpomnaavdnditordrat ade estersyi el d
the corr J r in Synthetic
Contruni C%ﬁ?@ﬁgfbg% ?‘L' R}i&ﬁ%}’ étegj,'ﬁdggé%stfégﬁgéﬁgggxq'ﬁg@%ggsct| on requires a
sol ubl e Pd conpound either in the formof Pd (11) salts or Pd (0)
conpl exes. PdACan)umatecipoymesns drar yhiphpegdeisaes & dglanalizad ¢i-Bld (tRihvBR)stem alohbe
range of e t t4 ea nts re the
comonl ytp‘? e?Ck%rgreedaggéscnggJ %rne&?ﬁ‘g% gégnJoggna s%mtﬁeﬁg? res yl%s[ C'egaﬁeous
al kal i ne virhpnéet € 964). bbreambenatticesegiongndries traset qprteé efficedt Pd\lcktenyéd and

al kynyl derivatives t, ronmati G

M ygu?/a afh%P' EOU@@JE?%%&R%WIEg%y:@gVF%% as\}%f5 E,é%ﬁ‘( ?acﬁéﬂ%)?be(tg’gg%?? ar‘\%@ﬁt‘lcow
and Novalpordn@sci@tiéapie 4 stehiofeatit hen@ptblywwnremdtetspmg‘wh f estiigdg this
reaction, (Journal of OrrJ%n c Chem str g f ound

t hat *AquéBRRItedAYbrHKidn St Wéﬁ@?mﬁ’iugfﬂf%/'@ é{e‘ ﬂbrﬁi a?p 8 tse?tgggy)dﬂa\‘ed?ﬁﬁ‘o@ave

the best gQftktSsoMbid Bd BOMPAIAT cithel MaRd formSi1Fhy (Apsdielderao) &rveskst he
reaction markedly. Attenpts to accelerate the reaction in nonpol ar solvents

by) use ofpdéﬁé%wt”i‘ atpany 958%95!'%"[%”9\@% PRERN. QL imtreangoeih- @ hid aimele.  The
Suzuki  cyipddniBade@amith® BrdisticPeSRa AP Rl 1BE cbﬁn{dﬂt‘ﬁf ﬁé%%ﬁ% D Qs er%‘l ugat ed
25 aromatic polyners as depicted in Equation + Br-Ar2 Br Pd ~~
~z Base rfegcteng rzwse@pﬁmyeegsfelsawwmwnow\meareowte being g mostr e

ar omgti ¢ gy (h@@' Rikenlyl bfd élk?ﬁ’gﬂ%l@h\%n@&é naggen@é@n%ueoé @f@lh&atomaw%mpt?gmﬂf

and Mul | en ( Makr onolecul are Chem str Conmuni cat 1 ons

489 (1994N) Mivagea andl Al Jyzulst @(ilemlcatfﬁnéﬁyq 96 98 PO (899 dWalgw And Novak
2', 5" - di by omRudmpl € \erifle m(aﬂogt Kthb&Jﬁé%béQ@%ﬁ@&lﬁ%%@‘?@adn@n ?B ) | ABrganic
toI uenel agueous potassium carbonate solution w th between

per cent dfhémv@nwp) 591 pr5084 (HP4Araurshihal moueIcetbpvete;annmtmmcunllear 30

bol yot yr aieoreapg IOk, LAAThE Rl ady MR 5 RER( FhuBr S 6HyER: K

PCT/ us98/@®v@ﬂhetmgm de)kedwbrﬁétenmntacyelvm thekieactivd iKaenpofarmiven®dlyy mer ,
Vol . ( Aromatic polyners

pr epar ed ngy o}éﬁ%stel tra]n%gezggtg %’g?”ng“é*ﬁzgﬁfé""ﬁs'i‘ﬁb%or onate with a variety of
aromatic di bromdes with the same Pd catal yst in refluxing tol uene-aqueous
sodi um car bonathe $wukizpuplingrreactipRdagbeet aprlicdie thfnrrepaitierhel qeolugateds

obt ai ned MUY 1 from 4000 to 45,000 grans/nol e.
Silnce thegr%%gggtfgge&v&ga]?kt a%‘%@"@gr | argely determnes its properties,
for exanple, thermal transitions, nechanical integrity) filmformng
ability, and s§) on, clearly there |1sda nee for an i iproved process that
will conles—t—eﬂrr—t—waelRf ght, apdudifogfierably
one that requires a shorter react| g@setl me. jto In one aspect tth S invention
is a process for preparing a conjugated polyner whi ch®conprises contacting
(i) nmononers having two reactive groups selected fromboronic acid, C -C6

3_0[] olrtisg awhéte @5t &1d ACarePoragicvatica i€o BbioRRtd N6r BIeH RO Fadickll.t Py omati ¢
I hal | de

Schert and Mullen (Makromoleculare Chemistry, Rapid Communications, Vol. 12, p. 489
(1992)) reacted alkylated 1,4-phenylene diboronic acids with 2',5'-dibromo-4-alkyl-4'-(4-
alkylbenzoyl)benzophenones in refiuxing toluene/aqueous potassium carbonate solution with
between 1 to 2 mole percent of Pd(Ph,P), for 1 day and obtained relatively low molecular

30  weight polymers, M, ranging from 600 to 15,100 grams/mole (relative to polystyrene
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functional nonomers or (ii) nmononers having one reactive boronic acigl? AFR 2002
boronic acid ester, or borane group and one reactive halide-functional
group) wi.ith each other; 1 s wherein the nononers are selected so that the
pol yneri zat VWA 9%2Mé1 i on products of such have conjugated unsZCEHASRIEEP706
internal groups; in a reaction m xture which contains: (a) an organic
solvent in which the polyner forns at |least a 1 percent solution; (b) an
aqueous sfdndard). Mord@recently Pariigaki Bas Kabaydnng(Rolpier, Vol. B8e. napge gef))from 9
to 20 13, said solution having a concentration of at least 0.1 N 8c a

cat al yt i CCBPRAFARN %Fe”aesp%{lai'%?‘?ﬁﬁoéms@i‘?paé%b)( thachpg ?éﬂ?"ﬁﬁpﬁ’iber%%e'iréf cent
of a phasgydrbrdts ivh sorfr@bysitarorhaaedlb @middrowinting &anf PdTBAtEFstoh rdhakiagi ¢ aci d,
boric acid ester, and borane grouPs in the reaction m xture; under reaction

condi t i ori8lUSRE-PAYSAIGISOENT eaThPnate I dierheyFonthengoleswpuyaigllg ohBieyrebmerss | t
has been 4 WG REAGSS Bof4 i ' y produces
rel at ?veliytﬂﬁ%ﬁ#ﬁ% é%%?’;dre ){;vei“ghrg;ﬁ%l gﬁerdgbﬁ%\%ig’ggagwﬁ%vwg%?%ﬂegg%si ty index
in a rel andleedlyr weighttof arpmiymerddroelyrdetermingsdtsipsdnestiesd forsixamplet thermandi ng t o
be bound ehy, : S [ acLljt fer
of the bo PR michRhicaFcBEC Rk RRDNGlash) RhYSD ohRbbar' BT b RBed EH
wher ei n tim@rovedprocess et wibconsistenttp y@ithp@dyraerd df highhradlecéarpadigracarin 3 o
conpl ex prese t herein proce idly, |leading to polynmer formation.
These anaDrS%Hagjlt]y 3’21%/‘5'3% Eeé‘ggg%?gﬁi%err?%ég'r?%it@r?'vvi || be apparent fromthe
description which follows. 2 Z z A~~ 2cc2 WD 991 20675 PCT/ US98109706 The
proceass of thdnione@spednthistapvdntion sea ptasegloy peepareg babhiuddte@Bolgmer vBich ype

ronoer s S0 KIBELSaLA T it 0 A4 BB0d ARG TODBIEL 20 dldd IR i,

Poi yrer i z@t€ omsonit atidest, CyPebdrame amerconmbinialipngmigrdas, withireMend @Halkiy-
Equation 11; M3 ~ ---~ Pﬁ.. ~- - Ecgua%i an 111 n &0 zs 20 vaerein M, M, and
MB are molMBEPASMRIRITHG A A RUPHEE "PAPR PRI LBY OImASEdPPA 2P el
reactive @y gblRahedné eetive RdlideFus@ichainyradm With(daeh efleter ,

col l ectively, "nmononer '571925‘ M rmnogirs haye reactive groups selected from
bor orliSc aci d [¥ITRIIPE MESPBIGILATESelaCtg ghGRalvanepzationceagtion QUG A by f
or the tvwudR HakeYpFusRBAaRtAdrags inferndPglouplZ- and [ - CHZ- CH2CHz-] or bor ane
[BR2j group, wherein R2 is C -Czo hydrocarbyl (hereafter, collectively,
"boron deri vat'MAdEaGUONRIWRWRICHISONIANS: f unct i onal " as used herein refers to

nononer s havi n@y bR dFdankSsdiedt PSwisieh el gy rhéraomm ki85t abr Tt solafish; trifl ate

(CF3803-), and conbinations thereof. In the above Equation II, M nononers
are di hal i de- f gnehiagiedusaitilition veah Wor@iniS bade 1 pKAVB tHD RIER Iof froM 9 to
Equation I11 have one halide-functional gr o%p and one boronderivative
group?® p' 13,ps8id sghiophayigg &congentratiop oL pyiEaY Yot My, M2) and MB,

respectively, remaini n_g after reaction of their reactive groups in the
pol yner i zat i onl® @&k 2mavst 8fgt BT SPTRIEXFGups i n the above nonomers
are preferably boronic acid or boronat % ?r oups, and are nost preferably
bdronate group¥) aigastxPl gelq RETEET ShAIPNEPD Y ferrataestfsee ORdiORERRE S e
pr ef er abl yoRisAbERNR adid Bofl§ acid BEteMDEHd Hr@ieegralby inkh& FaaBon mixture;

under reaction conditions sufficient to form the corresponding conjugated polymer.

25 It has been discovered that the process of the invention unexpectedly produces
relatively high molecular weight polymers having a low polydispersity index in a relatively
short amount of time. It is believed, without intending to be bound thereby, that the phase-
transfer catalyst facilitates the transfer of the boronate anion form the aqueous solution into
the organic layer, wherein the reaction between the boronate and the halide-palladium

30 complex present therein proceeds rapidly, leading to polymer formation. These and other

advantages of the invention will be apparent from the description which follows.
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Preferably, about 50 nole percent of the reactive groups present int
vpol yneri zation reaction m xture are boron derivative groups; and the
remai ni ng . groups are selected fromthe halide- func ups.
"Conj ugat e g%%%%ﬁ%ated groups” refers to internal groups h% E@&H@;
bonds, triple bonds and/or aromatic rings in conjugation, and ' conjugated
polyners" refer to ner.s nt ai ni su roups | bcor por.ati on of
such groups i M%PPR Ssp%ltwyerﬂe{) By Q‘g&ae‘{cgp%ﬁf” ?@OM%EQEHY% ¥Bf pti on,
i oni zat | EBnEAbRNFdImeraBurerof el AN BB ypemopembisas) Mby bbeeedentsibyf or a
particul ar appllcatlon 3 2 2 A~~ 2CC WD 99/ 20675 PCT/ US98I 09706
Preferab??“apﬂé nononmers contain internal groups selected from et hyl ene,
acetyl ene, C6-Czo nononuclear%polynuclear aromati ¢ hydrocarbons, Cz-C, o0
mononucl ear / pof ypucl ear \heter dycl es terﬁhaﬂy aryl anmes. Exanpl es of
nDnonucIear/polynuclearhéronatlc ﬁydroQg bon i‘nt grnal grigupeniThel ude
phenyl ene, napht hyl ene, f 1 uoriéass, acenapht hene, prnanthrene ant hr acene,
fl uorant hene, pyrene, perylene, rubrene and chrysene. Exanpl es of
nononuci nber ed
ot or boy EPUERHABHE LPRE ALBE RrMiorhers B Hhle SbRYERey B ENBINIETT e

t hi azol e, isothiazol e, |n1dazole oxad~azol e5, thladlazole and pyrazol es;
6- menber ed het er ocycl 5 such as pyri dine; yr|da2|gﬂ% gﬁb dine pyrazi ne
triazmes, and tetraz " benzo- f us dF?l SO syst as benzoxazol e,
benzot hi azol e, ben2|n1dazole qui nol i ne, |squ|noI|ne) ci nnol i ne,

qui nazol i ne, quinoxaline, pht hal azi ne, benzot hi adi azol e, and

benzot ri aheresy’, aﬁdammMQamnheacMemhdenged&nwa@dBMeUEMQmsuahwa&mmheoambne,
phenanthrld ne, acri nbaz Ie ene,.o0 S

Parttar yreaeprssrofs aidshie 8L RTS8 Frmefitngs HbesteR R e e mar AR ol

N, N - di phenghed, HbvphemWegeﬁ:pamme@rfcbm bsrodicpoehB(QERH bbwhereswr [B(OR),

general, ol efini Ianln romatj ¢ and heterag c cl

cont &f ni Wg [?p&‘fs 53%?"@@{%8 3’ tg 8’@’ HJ?rOfJB‘Cr‘ CoHEC é'?lt('c'?ﬂ&s'g?o%d F?He&#may be
sugst it ute} ep!bcbrlanaldw] goup, vieeeiarR, @C?@OU%tchﬂx?nmrecazﬁxraWIﬁeﬁveQ{ l;boron

su st|tuents i NG a cal s 0 i 0) al koxy

o el o opanay.  THesFa TRt Ral s uESHhG nTtets o P b e ot

a: torx(/cafémnveli ?roGpT @@cgam ylomybmaé Eﬁ?Bdee aed y(ﬂatelegﬁequac? ccﬁﬁ&r&é&loﬁs

a ar sul fon radical s substitue e selected to inprove

PheY so Lbidaly e bR Edurian dh i Tttt PO BRIdEUnGIaN I RER Pey e RS b o e,

t he wbStgrdugbenw Inﬁbn@rrei@.haﬂauﬁn@elmﬁ:é\ecbﬁerrmnu@-lfdmhenaabm ¥hd BA ¥abky| eneoxy,
and cyano) and is nDsL‘?referebgy koxy, ﬁrogess of the invention may

al so ut i APEVAING BEWPKh &Y i wend § pieterde ‘W%‘@SQHS%@ edbr pM  KORERERY: The

process 'rémalhﬁ\ﬁ aaepuleheml & ther BBelivePGoled MR paiFneaRTioM&IcBbN THEbotEN-
nononers each have one boron derivative group and one hal ogen group (M

nononer s AeryYFive gEquUPa i thg abgrR MeRETEshATe p&?‘)‘?fabl'i’at?qr%c 8Fid &F HPropye §rPatPE may be

used as @nghad mosxedre@ermworbﬁmélg%udsea%wem&e fdﬁﬁh&rﬂll ¥loups inagelbboven the
f@rmat|on of a term nal ary group. Pr ef er ab y, t he nobnonmers contain

i nt e2fal MengBIEEharegrefardly iremigs @dogide and e mesterablydiremige.
9, 9-di al kyl -2, 7-fl uorenedi boronates and 9,9-diaryl 3 0

2, 7-fluor enedi,:lpge%@t §§out'§l§¢ﬁmé Pérdéfnt Whé“?é&ﬂ'@é §roh6§bl‘ég@nt in the
9, 9-di substituted-di- br onof | uor enes and

4, 7-di br (ﬂﬁ)’ﬂ?flla@ndéﬁ‘"it@f‘m"é@f%é@l@rorEQarr'ﬁﬂ"é% geuPNRNgdhRIRERnIngERElYe
4- br omobepERREPOEABALS BRANS nSidH-RHERa! Hichfs 2 ARk s HarfReheLanat es. 4

refers to internal groups having double bonds, triple bonds and/or aromatic rings in

25  conjugation, and “conjugated polymers” refer to polymers containing such groups. The
incorporation of such groups into the polymer may be used to optimize the light absorption,

ionization potential, and/or electronic properties of the polymer for a particular application.



2 Z.At 'R 2C2 WD 99/20675 PCT/ U598/ 09706 If M and Mz nononers are useg,ztA‘lrf:‘r,R 203;
.ol ar ratio of nononers having two boron derivative groups to nononers

havi ng two halide-functional groups is preferably at |east 0.98:1.00, nore

preferably WO PRYF 1:1, nost preferably at |east 1.02: 1. 00:PCB(HSIPRI706

preferably no greater than 1.1:1. 0, nore preferably no greater than

1.06:1.00. s Organic solvents suitable for use in the process of the

i nventi on i nclPuieferabhb e mapanere contad igieal piayrs seleped diver ethyiene asetylgneon .

concentrat | zt{}ﬂ%orﬁfc\llelgﬁﬁél&ngcl%? %lc HYRFRaRoRE & 28! %oﬁ&nuc‘f’@a‘?‘@ @nﬁ)&'&frent

Pr ef er ably, omat I'C group®contal nin ound, and
nore pr eheread)ﬁyycleesarbbnezt@rmearytamnmmeﬁxanwle;mé mcmOhyd:lbeVmé,nmpleae:srpmhene

e e R W S e e L o

effics entphémamm@neaamt&newrw mUmamﬂdnatpyreﬁfel, pxry@se] fuereneaarid Myerén)ét ure

becones increasi Vi s, due to ecul I ght.
This s GaREPEn Y HAoRSFaRR s haton i Prina el brics & MRSy am of
pol yner, hpteeb&icrizlsuchbetirad,Qhibbheife, bRtIeRatas, iQEXaY0l8! (AR OIE, IDOhMEBE
Exanpl es  of &ueous I norgani ¢ bases useful in the process of the invention

i ncl ude B'IBER'EI Pxagazales chieHBRaf e NI TS %Saﬁm?%gd hptesrcyFigh pych 3he

aqueous Wﬁ&nésp)@idﬁﬁhé'tdyﬂﬁnd?rﬂe quraam@e@.uﬁmaé kAbitetrBeAbs; %hb@ﬂ@wnn&uch as 1
Mto 2 MSodium'or potassium cafbonate. The exact ratio of base to monomer

i s nap sisypiPMscEash agdenzrgzels, hengothisrale, kensimidazme. suiwlins dwadinolnte nol ar
amount  of ol PR R a%lﬁifeea@l%»énné W, Eer(%éﬂLQﬁ}{Q%Iénaﬂa bBARHMziddd: AAE

range of 1 to es of "base to each nol e functional nohoner. 2o
Pal | adi umomyclbér candensessrimResygien)s sigh e§ phenazinepahemntiyising, esisine, Pd acet at e

is the pr d P r. Pd (0)

conpl ex. enEE’ Eéj?%h%ays'aaﬁ&ﬁ'as@u%ef% cm)’épr)la véﬁ%@ﬁgg{]ﬁ%‘%&ﬁg d to the
react i on triphenylagnize, thoN4dipgrytbeaziding alN dtrdiphery! {1v4- p?fr&mgelnphemp‘rel ard ( PhSP) per
nol e of Pd s . t ti : - P

pact 3¢ praty by B IR " eteraboleint rauahg’ aERc B0 pe o ERBP ey ¢ ne
2s range goburs oonleﬁhmgmbeo 8@ cdrbrnd 82 Lmaiuhfomtheﬁdeém pegoke. m'ﬁha/ mﬁy benoner,

mor e pref ehgﬂl %d% ?%q Iérwétblgooln%ftr%o%%)s(ugsqaeﬂ% eExi\m)E) Rl fortﬁsg"f‘%en(tﬁ mgad? gr Ceach

nonomner,

nol e of myUmmrbyI Pém:alseCrFC p(hms)elkbx;anadrﬁ:els CaCaltyisidtylawy radiedishefaas Miuseans
quat er nar n and hos Bl um sa thers pt ands, as wel |
as "tri pf%’é%%a#a%‘&%ca Yy g plabr%oéyacﬁrsos? S(I:II\félc\?lyn ﬁyﬁﬂ@%&e@(ﬁ'}ga gani c
Chemizst 1 yalkyl(arfBdulforypradda®: Fiizh cl88R)entney be ablbyted t@rmmb\aéstﬁetsbmbmfyefr
catalyst is a tetr

sul fat e, RJPCEESHS Chffaftﬁ}&lsagg%%)%mggﬂggyt ect:artsae% thg gg‘-t)uenlflls pr fera%gyen

selected from alkyl, alkoxy, polyalkyleneoxy, and cyano, and is most preferably alkoxy. The
process of the invention may also utilize more than two types of the above-described
) monomers. The process is also applicable to AB-type polymerizations wherein the
25  monomers each have one boron derivative group and one halogen group (M® monomers). If
desired, a monofunctional aryl halide or aryl boronate may be used as a chain-terminator in
such reactions, which will resuit in the formation of a terminal aryl group. Preferably, the

monomers contain internal fluorene groups.

Examples of M' monomers include 9,9-dialkyl-2,7-fluorenediboronates and 9,9-diaryi-
30 2,7-fluorenediboronates. Examples of M* monomers include 9,9-disubstituted-di-2,7-
bromofluorenes and 4,7-dibromo-2,1,3-benzothiadiazole. Examples of M® monomers include

4-bromobenzeneboronate and 9,9-disubstituted-2-bromo-7-fluoreneboronates.



PCT/ US98l 09706 t et r aal kyf anmoni um hydr oxi de. Preferably, the four al ky? AFR 2002
groups of such catal ysts have a conbined total of 16 to 120 carbon atons.
Exanpl es of wigpshoddsef erred phase transfer catal ysts are PCT/US98/09706
tetra-n-butyl ammoni um hal i de, benzyl t net hyl ammoni um hal i de, and

tricaprylyl met hyi ammoni um chl ori de (avail able as Aliquat0 336 from Aldrich

Chemi cal Pret & b I
e eel ) 5o LR prbB B Uoed 2t B MR BBy 0
pr ef er ablagriadtivk @m.tpsﬁo @rﬁomsmees hdowrtig moeiadalnhr)cnnmal greeqt mpréﬁeaabl)OatSeamnl e,

ronct | on TEBEVAOTIF PG TH-HoN g "Bot RSRY RErivk Gt HPSH iSrP e A ur o

consi st i @ (Péatar hiah ut1 o.n, ebreTaEs B nb Arddie 1049a064a.000l vent and aqueous
base. Zo In general, it is preferred to limt the reaction tenperature to

bel ow_150C, ferabl | ow 130C, and f er abl | ow 120C. Th
Ceact Fon. pr oc YR EPVENS UIPY [ 68 8 008y PUERES OB KPR el ot |

bui | d up dapatsieendigédi@ng thd MoRorhens a sBIUBBR beideRdlatictast ot RAst 1 f@cdri, hslween
10 to 50 hours, a nost preferred reaction:tine is |ess than 24 hours. The

pol yrrer s ReiEfeRiveR] 8Pt 2erqanb ceeleraply ¢ the SPentis 8 S iCorATBMaiegraBpP-yoHa B ga

degree ofcomawn@rdnaaﬁér@rpréfa%nmaeﬁrfén)e luchb, iﬁé%ﬁt ethibeiRNE, MESHRLHEDI Y at
| east 50, nost prefera east 100: and a pol ydi Spersity of no greater

than 6, rassle;PER éwamas}e%@naj%&w@éqottmmowenahamm mpstarefered. y Throvaireat er
th P
an,4. cff%!%rﬂl?ﬂ\ )ﬁe rIeQ@nd?\OéhY)marb% ﬁfcﬁ%t?egzc@ﬁ % 532}%@6\@5&&@3? 'reQIYJE%E' on

contain units of fornul ae: 20 cnor
Ht' 1t Letiltre\agl@gmmw@emwwtﬁa@@myenmes digtabuilg-up afpolveer obleaulal east

20; Ar %é’??rﬁo '?Hégéggﬁier‘ég&ﬁﬁttﬁ’é Pénﬁg oI5 QMPso AN s solx'f%n\ tc@é\%ﬁaﬁ{ 8 D%EI{Y%?;; i ned

bel ow. To prepare s hal i de correspon
For nul a (Wéf)%rawa@um’lﬁm@”@ihem&e@fr evenygrdve of palgmen vmth an equi mol ar anount
of diboronic acid or diboronate corresponding to Fornmulas (I11), (V)) or a

MXturetherR\e/\g n;y]éjse fﬁ i Bk ki j ' )a Z
xarELess Had 1) 1%&@3 Rk ftion iidR2
R~ R~ ~Z X g R(% ???'%% (g)éé)c 2 éz%?ug e r%rel)ﬁ 'S |'°ndepen§ently
i n edash @l@m@ab@rt@ﬂaﬁmn@mmbmaﬁq& Bnefe@ablﬁztbe agueous base is a solution of an
aqueous alkali metal carbonate, such as 1 M to 2 M sodium or potassium carbonate. The
exact ratio of base to monomer is not significant as long as the molar amount of base

exceeds the molar amount of monomer. Preferably, the base is employed in an amount in

the range of 1 to 3 moles of base to each mole of halide-functional monomer.

20 Pailadium may be added as Pd (ll) salts or as Pd (0) complexes. Pd acetate is the
preterred Pd (II) salt while Pd(Ph_P), is the preferred Pd (0) compiex. When a Pd (ll) salt is
used, it is advantageous to add to the reaction mixture 2 to 4 molar equivalents of
triphenylphosphine (Ph,P) per mole of Pd salt. Alternatively, a Pd (11)-Ph,P complex, for
example, PdCL(Ph,P), may be used. The amount of Pd to monomer is preferably in the

25  range of 1 x 10°mole to 1 x 10 mole of Pd for each mole of monomer, more preferably
1 x 10° mole to 1 x 10 mole of Pd for each mole of monomer, and most preferably 1 x 10

mole to 1 x 10° mole of Pd for each mole of monomer.

The term “phase transfer catalyst” as used herein means quaternary ammonium and
phosphonium salts, crown ethers, cryptands, as well as “triphase” catalysts, as described in
30  March, Advanced Organic Chemistry, 3" Ed., pp. 320-322 (1992). Preferably, the phase

transfer catalyst is a tetraalkylammonium halide, tetraalkylammonium hydrogen sulfate, or a



10 hydrocarbyl containing one or nore S) N) O) P or Si atons, C,-C,52 2 ATR 20M2
.hydrocar byl carbonyl oxy, C4-C s aryl(trialkylsiloxy) or both, R may form
with the 9-e@ydpseen the fluorene ring a CS Czo ring struct Lp&ngggsﬁg{gﬁ C2o0
ring structure containing one or nore heteroatons of S, N or O

i ndependently in each occurrence a C -C20 hydrocarbyl, C -Czo

hydr ocar h ano;
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hydr ocar epmbindagbtat ut‘sﬁjtovmzohamo@(atemoﬁka«yplpam most p@fe(m@ phyadar arestdy | oxy or
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hal i de- fun@éprpmtetrg/tmmomamcthmdz a\&namdemn@lm@lssaelfmwmhcm%mr@nce a
boron derivative grou Onc}émsrs gr epared by the process of the invention

my be udsEiipieni R Phies Belersaian 1a enarRgy el Gsed W
LT ght - emdgbdig 1 el RicAbARY, Ynor@l:b?é?erfab‘y@ 1636£0.65 mole ‘but preferhbly WO

99/ 20675 PC'I'y / US98/ 09706 used as emtting é@rs or charge carver %/ransport

| ayers. THeaer Hrp §eheels. aweppr@t%@vgowt%nt ®& m@ed as protective
coatings for electronic devices and as fluorescent coatings. The thickness
of the coatin r | NS1984ctidh a8 | uch
t hi ckness canth-)Hezé R‘r%fgrrn@g ugﬁgrq% rr?tcr gcﬂgﬁ ke ké@%ﬁ%@%&%ﬁ%@@%ﬂb?he
coating ||lgul§*sfét2ittt§%Cfanﬂtﬂm@loéé@@'Htmfb@fdﬂ@merﬁ ﬁbth@@saanrrgecd)\fent RNArBgURQsIR PasE. |s
from50 t I \$N!

el cct'Poni'D Sor bt BRfere ol S R R ook e e b R L R A B aS, £°1
20 m cr ormlow n3®°|€atanénmsdpnemnablyvhelpw theC.coati ngs are used ~n a polyneric
liyght-em tting diode, the thickness of the layer formed is 0.02 to 2

m crons. The { | nh and
Qefect free fﬁﬂegr%gé O%HJQ{) ﬁ%%mﬁ&li aRl i) MSm cﬁ¥§§%d (gé}\cfs%t MR fLI 3}883 &% he
art incl ug sgespaftercomt2 ngyrs. sarpaeyfetredttaangon tﬂn@lscnmmwgﬂhmbcr knd>drera moattl ng.

Such coat i n S a co t| on
to a subdt'Fy rggé?ta 'gﬁgom nbeggﬁh%n%ﬁoﬁ%% @g‘% % g)n&fape%%%gt pr8?te that
a filwni s‘nt/emnanbrefadaelyd'mndlatdegr& cvaotyma‘rmatmna(pén rhomaheqre ntatuax zohmore

application, techni er .t rs cont in reactive rQups.
e b P LAL g A ot b ron] QBT PR AN ek T b et g
conpr i sesmbieepraferatdy as greater sheysy, iahdtnesbt pteferasip@ogréayanrars 40r pol yners

di ssolved in a common organi c sol vent. Preferabl y the solution contains

Loarl ngs. | Dy et 0, RERSERErHrahliEn B uBORBES s tRONVEFR e s b g

percent biprmelaght of the oligoners or polyners This conposition is then
applied to the appropriate substrate by the desired nethod and the ao
solvent is allowed to evaporate. ,Residual solvent nay be renoved by vacuum
and/or by heat. If the sol ven (R3] ow boi | | 't Yaen\ | ow sol ution
concentrations, for exanple, (0. ' : are desired. If the solvent
i'$ high boiling, then high cag exanpl e, 3 to 10 percent,
are desired. After renova ' hre coéflng i s @hen exposed to
t he necessary conditions to cure the fi if needed, to prepare a film
havi ng hi gh solvent and 2 s h&at resistGHRe. The fifns are preferably
substantially uniformin thickness and substantially free of; pi nhol es.
Preferably, the filnms are dried when exposed to tenperatures of 50C or
greater, nore preferably 100C or greater and nost preferably 150C or
greater. Preferably, (R%a (R?),
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the.filnms cure at a tenperature of 300C or |ess. Yet another aspect of the
.invention relates to organic electrolum nescent (EL) 3 o devices conprising
a filmof t rs prepared by the process of this invention /$?
organi ¢ EL gﬁblce ?@plcally consi sts of an organic fllnlsangwh%ﬁgﬁo 8 ween
an anode and a cathode such that when a positive bias is applied to the
devi ce, holes are injected into the organic filmfromthe anode, and

el ect r on¥NgFad N i 2 BiEgST Fits laab2 %A i EOYYRS vasRyrated grounyand RUFR 9% wo
99/ 20675 gP4rE/ 4430388 PERWC Atd1Esare Ehen s@vmeeaé h8ieorRshsohABEARuR! (BAL I on
may give rise to an exciton which rmay undergo radi ative decay to the gr ound
state byFPIrpéRAYH ey aamphoe diereadfnmpy Be feacied Wieamepiraolns a@ewihsh Idjposons xed
oxi de of b, itfhrd s UERdobRAing & Fortia0l el ix@RCrlet RS RRYFEY - The
ITOis dzeaplosirt[ebgron a trasrﬁ)spalpént srubstgaﬁeWZuoc alé g?ass o?pgleggtl C SO
t hat % hechlaytic aetidnt ofet:s by the organic fil mnmay be observed. The organic
filmmy be the conposite of several individual |ayers each designed for a
di stinct fun on. Since h are injectegs.romthe ano t he | ayer next
to the anodem , O(lifz functional i ja q§r2 hol es.
Simlarly, th ® the c ode n€ functio |ty of
transporting any i nglﬁfgnces ctron) rha\,)
transportigg | ayér aksSo acts & the em tXing n Sgnme instances,
one | ayer can perRormtRhe corbi ned functions oR' oI eRhnd el ectron transport
and light em ssion. The individual layers of the organic filmmy be all
polynmeric in nature or conbinations of filnms of polyners and filns of small
nol ecul es deposited by thermal evaporation. It is preferred that the total

i ckness of the organic filmbe |less than 1000 nanoneters (nm. It is nore
preferred thag2the total t(ﬁlz)(a:kness be | ess t(En 500 nm It b s is nost

preferred th e tot aI i'Ckness be | ess thg n énbodi ment  of
the instant ifen devi ceg . whose or gaRi¢TTi RPri ses at \}qeast
one of the o@ tions of this inye ‘ Oglass(\/\h
serves as e suis anode may e at’l nggafter the
usual cleaning with organi ¢ sol vents and ozone treatnent. It

my 2 o also be firsCH®3at ed with a thin | ayer of adHRducting substance to
facilitate hole injection. Such substances include copper phthal ocyani ne,
pol yani | i ne and pol y(,3, 4- et hyl enedi oxy t hi ophene PE the last two in
t hei r conduct iW¥"¢'8 CRFSIPRY iieaf! gcTe ‘H?g8 %3 &Hﬁ’ré’ %(é}”d”cf&zo exanpl e,

pol yﬁstyn@aﬂﬁuiﬁwmrﬂa@mg%e oHnokéSpNed)eP bedi dtb@k, @te h rﬁ&l?Sﬁ%aﬂﬂconW%b(ﬁ
| ayer be 200 nm IS, nDreHRreferred that °t t hi ckness be

nm or CQ%MW‘"‘!'W@"%Y% 8§b‘9me’? dnay g &vithas, €581en 08 “I"%lﬁ‘é‘?’en%”rﬂn% e&s CEzhe

pol ymer| Qm@@lﬂu@f@r@éﬁa @e@orrln@%ﬂubtﬂr&oﬁtasﬁ 8Ré 0PRBld KatdroBidmaelt ISaIN Moo
081 606, 180, filed on Fébfuary 23, 199fi; U.S. Patent application Serial No.

08/ 696, 280, f'ﬂkzﬁglr@éré’ﬁtﬁ%ﬂ? inlehch b@&ﬁrer@@@ ¢J S, hytré@ifby, T, 7@8hﬂﬁﬂé®arﬁﬁb§x e
C

used. O her_known hol e-conducting pol yners, such as poi yvi'n arbazol'e, may
so be Usdek thiefhereti- Qtoé‘ﬁ@@céﬂbypﬁ'@”}“%&’e‘?r ¥8Ar osi on by the sol ution 30 of
%e copolymer fjlmwhich is to be applied next is obviously critical to the

succé§sf ul f aﬂ?l'ﬁﬁtqe%“%“"mﬂ gach I°§9‘€fer\§§\ﬂ Geele, NyEOqaRRY! é’bﬁoéyﬁ‘é?’@céﬁbﬂ hi s

i nventi ony AkRuRRkitedl(@c Xalky®amidd, ct- @'ﬂﬁﬂ?ocﬁ%kb%(*}@ﬁ@;—c RGarBeAByiidran@nes ti ng
| ayer neecff l)t(') be insol'uble’in thesé &ol'vents e 9" %
alkyl)siloxy;

a is independently in each occurrence 0 or 1;
X is independently in each occurrence a halide-functional group; and
20 Z is independently in each occurrence a boron derivative group.

Polymers prepared by the process of the invention may be used to prepare films

thereof. Such films may be used in polymeric light-emitting diodes. Preferably, such films are

7



2 2.AE ~ 2C2 WD 99/ 20675 PCT/ US98/ 09706 t hi ckness of this |ayer may bk ‘500?0'}2
.nmor less, preferably 200 nmor less, nost preferably 100 nmor less. In

the case w2865l ect r on- transporting layer is used, it nBGT/HEIBHIHII ed
either by thermal evaporation of |ow nolecular weight nmaterials or by
solution coating of a polynmer s with a solvent that would not cause

si gni f i osetl adamﬂg’eg tayeﬁsh& chargercayriendranspart |aBrarrﬂ'hese Qifgohwm and pgdyhers wei ght

materi al s i det I, No sde cribed b
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met a: i cn%hqnmk@ee&f e c:b@tuhg/drrmmybee,zggd‘e)nqupcsgrgihemﬂm(age Zd@segh@eni/l byctHamada
et al. m Chemni str etters, - oxalazo es (a
descri béa'cb@ﬁsﬁ Canﬁsh@aao af ‘%1580 MEresst d@l*é%tter"b‘%d@éem Whe(sin: the coaiing is “(5 d
Technol ogj £fdordent doatiR®, th@@oﬁﬁug(olgiﬁr?)t‘)leknbs§as4rdnﬁ BBEPLEPmicAsnsdas efdtbed by
Kido et al. in Chemstry Letters, pp. 47-48 (1996)), and di carboxi m des of

peryl eneem%@dlra@gcwh%ﬂ\ewawraaﬁ@@ ag electranig pratediye faypes, e thiskpesso! theo|
69, pp. Jo%ﬂn%é& bd-R98)9 10 2'8%&5&9%%' o %@@ﬁb@@.ﬂ&%ﬁ&%é BShtiBE &Fd el 125

exenplified 4- oxadi azol e ss contai‘nin mers (as described by Li
et al. mplsawrcd@ht @mlttmgeciw%earthesmkeegﬁ ofpbe lazzrlprmq@ 0(%@52) micsers. ByneYang

and Pel digor B SHdlonAlordBPhb eﬁhcyrﬂo@ gold] 1nh?>ge)egﬂgy ofiB0ife e4ﬁﬁn%.et S

1, 3,4-triazol e-cont’al ni ng pol ymers Cri t r uke
Sci ence, cavidie, pra@ared pp mebd s Yell §7Fow rows jart ingjuding gpihicnetingo apral woatinge dipy ner s

d ' ' Vol .
555 op. SastRS pBYeolBTRERNG. Bl boatins APARpARKAH prBLeckBBNGREnDRYBY B a 70
ppI éog ddhﬁbc(sih@%:) )summtmg?lgez@@m%ggs adwsagl:_i[]aohﬁbsnbzn \eaoneitioat sadh thata Th| n
Sal i I e I ckness,. o
od 500 rifios 1a/Red. T sobiand i ot Bgirhicsbete [Tt BaBicrliot lFRapihar
| esz Th@?fméxahé powmtdmﬂmémcbe? d?pmubtedlrea bhearrrdmyenﬁmﬁimmotowap?r at1 :) 0800

Spu erin ess. 0 e nm.m.1oO

o e P P 0B ok e Comnt e e g i e s MR O R BV TR ang
al uni NuNdr ;All;}mxys dizkolvéemen tarhmbs orgiicadoh@nbePtes@dbly Ahd eyIBticr carltalng form
cont ai ni n

er cent |ithiumand allo f neS|umc nt aj ni ng at
enst a00d e Siga MaslapBers wrivBers Fietn CRad0ss Set Brepracnat
i nvent i ofhergByhpesititn torgdihs HOMID.5 U5 .0 ¢leRsbnt By a/a»gap@ﬂ th@dll@éﬁﬂéf@@ﬁp@lilmEQ Viplst or
|l ess with | um nance effICIenCX as high as 6 Cdl A 30 10
composition is then applied to the appropriate substrate by the desired method and the
20  solventis allowed to evaporate. Residuai solvent may be removed by vacuum and/or by
heat. |f the solvent is low boiling, then low solution concentrations, for example, 0.1 to
2 percent, are desired. If the solvent is high boiling, then high concentrations, for example, 3
to 10 percent, are desired. After removal of the solvent, the coating is then exposed to the
necessary conditions to cure the fiim, if needed, to prepare a film having high solvent and
25  heat resistance. The films are preferably substantially uniform in thickness and substantially
free of pinholes. Preferably, the films are dried when exposed to temperatures of 50°C or
greater, more preferably 100°C or greater and most preferably 150°C or greater. Preferably,

the films cure at a temperature of 300°C or less.

Yet another aspect of the invention relates to organic electroluminescent (EL)
30 devices comprising a ﬁlh of the polymers prepared by the process of this invention. An
organic EL device typically consists of an organic film sandwiched between an anode and a
cathode such that when a positive bias is applied to the device, holes are injected into the

organic film from the anode, and electrons are injected into the organic film from the



2 2 A~ ~t 2C2 WD 99/ 20675 PCT/ US98/ 09706 In a preferred enbodi rrentz IWREQBOZ
‘devr ce corrprr ses at | east one hole-transporting polyner filmand a

light - emi tt MR8 Fmer film conprised of the polymer of the RGRAEHBOHING
arranged between an anode material and a cathode material such that under

an applied voltage, holes are infected fromthe anode material into the

hol e- t r anstfmrdel Ahepompiration ot arhedﬁ@rréila@w?@m raﬁt&egivwie@tcne@ ¢xcoon whieh cwyhode

mat eri al dr{ate?qot ,Ja&ah\,@{]'écaﬁ%me Jui? Lt%l{ﬁgtgr% [ "%};ﬁ%t&ber actr )}Ig?s ar];c?JﬁV}@r d

bi ased, resu t em sr on
anot her proerﬁmonrlyeel nenéxb@budmnfttrn a\rai;n‘edlsrrro(ﬂ(h)oﬂoens cmpmrmyrang trpotgamrcs ahe

arranged at th Iayer cl os 0, t he,_anaode has,t dat

ot ant s al TQIF ERPosEd ga i EinsPe AL Sl inatf 2 G e Binbl 50 RRbheSheamiked on
pot entsi al tsy thB)brgjdh&Sfﬂmrfﬁé)f'ﬂ@éiSbsdﬂed:ieT/rheC@rgarlﬂaWilnmgwaW@eahe v&hpodite ohséJJ@rérl ght

out put per unit volta re ar ed grm "hol e-transporting

pol ymer f'PP'P‘Hd”é'éaXfé%l ‘?%'Qﬁ‘efl‘é 'Sf"ﬂft&”]‘%l%r gFe Boles Brf ‘BFC'ﬁdﬁ)’@FW?ér whi ch
when di spasRd PEUNRE Reki R H{Jde0Reas tPhaMai tad fubclibrliig) éf&raﬁ@;rarr.@%@m hol es

are injected fromthe anode, permts adequate transport of holés into the
eni tti ng PoiABhe layeranaxt %9@?%% nseqiwefraéreﬁ%ﬁuearqrsa“%oétrereﬁmrtrnged of
triaryla TECEIRY AP ma gﬁqsra%g}, uhé e&te reréctr%rq rrérréaenmahé/marsa'akrg*asf%ﬁe Hr%ﬁﬂw

her ei n re ers to a | ayer of a polyner whose excited states c
rel axta o leyer. dn seme instances, baneémetrtcan@eﬁﬁ@r Becomirngceiuagsiops @Hr\qr@emmldctr@ to

wavel engt r'?éné anans lrﬁl’rtsén%ﬁorf &ﬁgeemd.tra%ar 18)&Ps oarrrec!ﬁ oS Al ’?“L"Y b8 pﬁﬁgegﬁf n

refers to a spar ent transparent, cond fict I ng
function rtmuwaﬁrmombﬁlaebmﬁc@frfdms MQ'W@@\@HC’&{MS st gnalinoExuapHepositedbyxi des

and m Xedthgﬁhg%%a&{{ah&d'lpgl &grr&# mat%dto%?\rﬁ?kﬁ\g&fe?flztﬁne\t’fg{a@c f?rﬁtbh? tha

mat eri al " as use erern r ers 0 a conduc a Work-Tunction
bet ween 21@0Naranctets thra)V. It Examrplpesfeae@thait the oty thieknesaupg lermgrae SO0 mM. 1t

i ndiu silver f th abo The .fol | owi ng
exarpt 2s riSgpud e M B BR R Mo B P 3o et afP@ Rt e

i nt er pr et iagtaasinléntiohiinBL tevices whysevarganithfilne semsrises ed Iermt—:.rmre\mfsraa payrhenrart s
and percent ages. are,z5 qiv en by weight. Al inherent viscosity neasurenents
gi ven bel & ‘5’”885@‘&?%%“ 8- 25Ccin 0.5 gl dL THF sol utions. The formnul as
of the nmononers used are given below. 1.1 Z 2 A~'~ 2¢32 WD 99/ 20675

PCT/ US98/ 09706T(ndeCBgla‘s§)Whlc8/sesres(a5)th®:‘-®maar argl the Bnod@naiRbe Rs@&t forbbatingO

pr opar at | S1ET0C Ko aLHoRAg SR doterat gBame sebntk el Hofibects TR oy

9, 9- dz6 n- alsd Yeffirat coated with & tHin(lagenyof @rwebdualing sef)stdmaeto ailitdté hple,injbctibb.
Such substances include copper phthalocyanine, polyaniline and poly(3,4-ethylenedioxy-
thiophene) (PEDT); the last two in their conductive forms by doping with a strong organic
acid, for example, poly(styrenesulfonic acid). It is preferred that the thickness of this layer be

) 200 nm or less; it is more preferred that the thickness be 100 nm or less.

25 In the cases where a hole-transporting layer is used, the polymeric arylamines
described in U.S. Patent application Serial No. 08/606,180, filed on February 23, 1996; U.S.
Patent application Serial No. 08/696,280, filed on August 13, 1996; and U.S. Patent
5,728,801, may be used. Other known hole-conducting polymers, such as
polyvinylcarbazole, may also be used. The resistance of this layer to erosion by the solution

30 of the copolymer film which is to be applied next is obviously critical to the successful
fabrication of multi-layer devices. As the copolymers of this invention are applied as xylene

or toluene solutions, the hole-transporting layer needs to be insoluble in these solvents. The
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= n-octyl, 15.8 g, 29.49 mmol), 2, 7-dibronp-9, 9-di-n-octyFft ade
\(16 18 g, 29.49 mml (mononer (2)), R = n-octyl) in toluene (130 nL) under
ni trogen wiO XWPEH Al i quato 336 (1.5 g, 3.7 mol), PCT/US98/09706
tetraki s(triphenyl phosphi ne) pal | adium (0.18 g, 0.15 nmol), and 2 M aqueous
sodi um car bonate (50 nL, 100 nmmol). The m xture was stirred vigorously and
heat ed athiakpesd &f thieflayex nfagroe500oum or (wserprefetablyc2ldsnm ealess, omoshpseferablywas
observed q& ggl tSI onal 50 nL of toluene was added and the reaction
conti nuehlO other 15 hours. Si xty nmL of toluene was then added to the
very viscous reaction mxture and the heating and stirring were continued
for 9 nore holrtee cAse WherealdelecftrcxnhﬁranspethMyet Isenspdzllyne,rbmamheampmm
addi ng 2 hen boronate f ol for, 15 hours, and
A g e e S e T R T
was opol ﬁdhb@owléﬁuﬁwaﬁﬂﬁjlalndt vRse anpddant amagettotie Widenyisgfisol ution of 3 L
of nethanol and 300 nlL of deionized water. The fibrous pol yner was
collected by filtrati ed successivel ith t hanqgl (500 nL),
ot ont zed vt EXTBES o by M AL REAGN=BHES s ol oS n o vacuum
oven at @@@dfo&pq@ﬂolh@qwdesﬂﬁee@aymﬁbwgvet ghndc\pbzecgpﬁﬂs% Lléﬂé@e%l gael d). The
i nherent vi scosi té_% mer was Mol ecul ar, wei

e anE e e 72D (Sehb el SR Do ST e BY EERESEEe ol o
and a_ M-1iainadd B0 LB} 2eted, dh ARSI B 09/5205:35oBT LSAOTRFy

relative to pol ystyrene standards. The tral characteristics of

pol yher Hamaga et pkireRptagiectionpe- Bevices andel eqrelogies Moy 17, pp 8393 %%ﬁr at i ve

Exa"p' € 1 34-Fl86RE PAd c%e@bmmeré%vrmbn%s%(geﬁérsrb Of+.4b {144@1)e85y W t hout
)phase transfer catalyst (not an exa e ~nv ng ~on) The experi nment

Exanpﬁ@amoadee@fdméwetaSMécmbﬂdm Yasbidgehple inodnpliad ths litiecrualiob 336.
The pol ygg |7§QI7%GE(119 er 60 hours of reflex had an inherent viscosity of
0. 22 dUg 'Mﬂecu | ar vvel 1t neasurenment by gel perneation chromatography
showed a MV of about 13,000 g/ rmole, M- of about 9,000 g/noble relative to
poI ystyrene s Palmarigelectrop: teRapAstirg Materiplsasa exemriied by & 3copdiazele- of

, 9- n e
gl - cBﬁEM}rH pEARES (Qﬁges%n%ec?‘ﬂ%Fene m%{}rﬁgl%lf héRicdl ﬂcre% ‘b§3 %?Ifj -2212

, 9-di - n-oct uor ene- oronate) (nononer n-octyl,
5 77 g, (%7 andriayl YanganpRE by dersngl, oiAaplwéfr&wm. .7 oPre 48972609 (19950, 87

336 11 2‘*@”‘5"&%"@3"“?%’""‘%%“'2&? s BB Sk QRET, AEnAL VBE 26 % O
0. 045 mMmP§Y-1a72 (1O9RN) aqwmnegdmtumrmaomaie(mdasmb‘bdrm Ya@rrmtole) al. mhe
m xture Y)@Ear?ﬂg%rhgl%fw ?ﬁefd)# csa\'?Sl d&"fﬁ%eé%ﬁ | 40 5@& fc% u%r‘?ef;%;@fs rﬁetn% .

end- capping w hen oro I ono en
i sol abed Awafsr\/@h?fi wol 11 9168 b1r9@a)§ ancacyane P R\G(a3 dg$cnbe®prawavt etyal.gh din The
pol yrer r&pg f t I stl cs
of the pt)%ao%rjre%pmis’;\b@ony gkge&f% ﬁ\?sﬁhﬁﬁ@ﬁ‘g} u?gf ME @%??n &% I &lﬁ% EE )
~ n 20 Copngiarahtyi 309 ritm anfeke, riost pRefediyatioomm of less.copol yner of

49 di -n-octyl fluorene and 2, 1, 3benzot hi adi azol e wi t hout phase transfer
c

tal yst (nol 148 ARl enale kG o PUBBLISNI IS, RXRET bIBMaRh JFEPTPL @ 2 vas

repeated wtho rqua uct erent vi scosi ty of
0.14 dug spflﬂenng~ 'Fheﬂhmknéé@eithﬁ@%d&()ﬁiﬁbmmUSQ&th@?I(DG)OmerpTiee Breferred

Pr epar ati Or{al% aré'c& anOl ¥naghesqzlm9m?h yﬂer%?utnY Iafnldlé Unting. aﬂ oys%Pmegg Ime &1
may also be used. Alloys of aluminum containing 1 to 5 percent of lithium and alloys of

magnesium containing at least 80 percent of magnesium are preferred.

The EL devices of this invention may emit light when subjected to an applied voltage

of 50 volt or less with luminance efficiency as high as 6 Cd/A.

30
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To a m xture of 9,9-di-n-octylfluorene-2,7-di (ethyl eneboronate) (m%c?nﬁFR(lﬂﬂz
)), R=n-octyl) (3.20 g, 6.03 mml), 1, 4-di brononapht hal ene (nononer (4),
1.725 g, 6.99%3847F in toluene (40 nlL) under nitrogen was adcdadiss/09706

t etraki s(t nphenyl phosphine) s palladium (0.12 g, 0.1 mml), and 2 M aqueous
sodi um carbonate (12 nmL, 24 mmol ). The m xture was stirred vigorously and

heated at reflipx Jr@rrerré@eh@uaﬁnenﬁnh@ELmote(canﬁﬁs@ét |8 o RN B nsHdRtirRdded
to 10 nL of nethanol fibrous pol yrrerlc preca'ptltate was observed To the

react i on PRYENETHIER aagéé@htlernltt@wgoqolwc;rdugtcog@gs% Peeoly @8 efithe nKaRiosk i rr ed
and heat e Jh9Eq BBQAIRRankABHe rfile Bl hAYAlalMRse MBS SudNHatheB! &d ayfiRgadded

to nmethanol as Zo before, an off-white fibrous polyner precipitated. After
an addi t ivetage, tolescue fyectartirers tymanodrdBateyintoder hlewaasnasingndlymmerifim

met hagol (ﬁﬁée]rﬁ(ﬁron}gpe Rk fe‘?ﬂL or ! &}hod-ghﬁa@ﬂ%%‘fﬁrthf@lgqqn @m.gq]&n@@érf\(ﬂn cosity

of 0. aracteristics o nsi s ent
with t he vatianutbt deece is torwarg biased EE&NMQ&JMJQM @megam érpmdhe oghtanctopolayaerinof

9, 9-di - n- I f I f
0" o di - n-PerYr preiEr e oI mint BORT Gelss Parfenlhif bih e arapged po that e
n-octyl, 18yed@iqgesthd itk mnde)hasﬁhélom@r bxndamnancﬁémial mmommece(nm@@r@favﬁw@) )

4. 00 12.0 t ol uene mL nder N tro

Lot aki s (T oBRBNEY BisvephAln patsrdaeu by LEEEmghots. Eacieifies g reniue 3as
(1.019}, ragwlight Mugau itSeHagmaabb @raiated0 (24 n1_ 48 mmol ). The mixture
was stirred vigorously and heated at reflux for 24 hours. The highly

Vi scous reactign m xture was oure into aceto eci pi _ti a
highly fi brous.Ph W'BFAP%%WH%’? '”FH%O ﬁ@ a@vﬁiec@bﬁ(r?'Ed?fg[f)thq?Yq'tofétt'F gnd
washed wigd Bolg@eewhich wdRe dispdsets badeemwao vlactistissay @ficaty fRGs @psﬁlreral @lathoneEhe
pol ymer had an inherent VI$COSIt of 1.84 ect ral aract eristics

are consi¥edHEctqs trAMthe 2ae %(PPUP' - aggauaty. tE?é‘LLSJgP” Q{thﬁ? inipghe e?'tE” YME&.z wo

99i zo~~s ¥ afdinEpdting PsiIgRaralpiedllyaire dothbtisddesiariArpamind di6upE0 PPl &MY “light-
PCT/ US98/ 09706 To a g%nﬁ)xf@rﬁre gﬂ) y b Ebﬁ Gours X

9, 9- di5- n-@seitinorRaser il 22sussd harei) refsys edRw'@f 2 (il AbaRPIYNEr Whoserexsited
n-octyl, égteé%ag felg’;@toglh@'@m&wd s%té'bg@hﬁtﬂn@bﬁ@@ﬁ@%bﬂabh‘ rrefidndmgas bomet hoxy

phenyl )ben2| i ne (mononer ( {2 in toluene (225 nl)
under ni tVeRiendhsiadhavsiele r@@s@a hesterpi ﬁ’P@r?y"F%‘ﬁB%'pﬁ*? HegdRarein deiainte @.589% g,
0.03 m'r}ansﬁhréwaﬁ%ﬁs"‘:&rérﬂ Sorflictird Wimavid 2A8ROURCIDAWetiBcha DoRat s (e ML,

120 mmol ). The m xture was stirred Vi gorously and heated at reflux for 24

hour s. h@VQ@Uéﬁ 56| E’Eﬁfﬁ‘ﬁeiﬁ?&@Wﬂs@r@e{v'ée%%?%wnw’ﬁra@dé'"p%ﬂ%%fﬂ Weh an
i ”herz%“t MR Geshdde ﬂBteiha\“Qs Akl hédeih RS I RborRIRFHIRNiIB A FSrkahftiBRNSI St ent

with the structure:
between 2.5 eV and 4.5 eV. Exampies are lithium, calcium, magnesium, indium, silver,

aluminum, or blends and alloys of the above.

) The following examples are given to illustrate the invention and should not be
interpreted as limiting it in any way. Unless stated otherwise, all parts and percentages are

25  given by weight.

All inherent viscosity measurements given below were conducted at 25°C in 0.5 g/dL

THF solutions. The formulas of the monomers used are given below.

11



R =.n-octyl Exanple 6 - Preparation of a high nolecul ar wei ght honopgl gngrn 72092
of 9 9-dioctylfluorene To a stirred m xture of

9, 9-di oct yl W, 9B2p4760r enedi boronate (27.42 g, 51.2 muol), 2, PCT/US98/09706

di brono-9, 9-di octyl fl uorene (27.43 g, 50 nmmol) in toluene (450 nli) under
nitrogen were i s added sequenti ally the phase transfer catal yst, AliquatO

336 (1. 4 g, 3. rakl s(triphenyl - phosph§ne) adi um (38 ng, 0.032
ol ), E;E% (gl carbonate (80 Bt @F The nisxture was
stirred a d UT ntle reflux for 20h en a viscous reaction
m xture was obseRveB. One gram of bronobenzene was ) added and stirring and
heating continued for 5 hours. The reaction m xture was cooled to 20 about
50C, added slowy to a vigorously stirred m xture of 3.5 L of methanol and
200 nmL of 1 N el HCl. The polyner fibers were collected by filtration,
washed succmg Prmet h@hol (1 L), deionized water (500 ni), and

nmet hanol (1 L), %Rdri ed in a vacuum oven at 60C for_16 hours The pol yner
wei ghed 39 g (100 percent yield). ei? ?ol yner was
found to be 1.65 dUy (THF, 25C, 0.5 gf'dL s |1Bed25
further by passipg.a toluene solution of th Iyrrer th @u a col Uén of
silica gel arff @\ Btipitati@ from4 L of M'e The @fMeed pol ymer
wei ghed 37 g (95/perctent yield). 15 2 2 AF~t CZV\099/20

PCT/ US98/ 0970G E‘ﬂcg ple 7 - Preparation of a copol ynmer of

9,9-di-n-octyl fluorene and 9, 9-di - (4net hoxyphenyl )fl uorene To a m xture of
9,9-di -n-octyliluorene-2,7-di (et hyl eneborate (nononer (1)), R = n-octyl,

’)

3.26 g, 6.15 2, 7- di br oro- 9, 9-di (4- met hoxyphenyl)fl uorene 5 (nononer

(3)), R= 4 ﬁényl, 3.2 g, 6.00 nmol) in toluene (60 nL) was added

Al'i quat 0 336 (O. ), tetrakls(trlphenylphosphlne)palladlun1(13 8 ng, 0.012
nmmol, 0.2 nmol p nt) and 2 M aqueous sodi um carbonate (14 nL, 28 nmmol).

The m xture was stirred vigorously and heated at gentle reflux for 22 hours

when a vi scous reaction m re was obs e end of this period
the po ypélf—ig%%— foeioey 4 t%bopffvgﬂefp?é ﬂr%ﬁ%?ﬁ@g‘%%ene fol mggdpbyd :
eatin or our s reaction,m xtu ool e 0 ou and was
naded ol ooty t B A it g R e 2 - SR TRtk AmoBom e 1By

dei oniszedrwai-sttyl, 758 d, E@HQWﬂ@WZYﬂBbrdmgtggdhlrﬁﬁdtﬁﬂdené {let 1ead, lzgmgaﬁﬂhomas
washed succe55| veI hanol , deioni zed wat er(éiloo , and

met hanol 3/szﬁtl “t‘??gf?}) 'Ht“?'\é‘ﬂ“ﬁ 63001%808‘?1'1 RRgeNAYassrrger dYiaya s. The
pol yner V‘ﬁ'ﬂ?&ﬂ74\@0l9 xét%ﬂ.saﬁ;smfytphzzss@hr@ palﬁbmmlms?ﬂtewmmw a6@sinyy of the

pol ymer was ectral characteristics mer were
consi st enaugioLs S?‘I’i\émsqaftt&’@? r(§0 mig 100 mynal). Afhegmixgye @assgqrﬁgwggroug}y@ngcess

for prepagpédigd 8t b VaRKk9sH PROWEIRheMBividRo GO PRIC S ERixeB hWasldoaeved) ART omat i ¢,
boron-derivative nononers having two reactive groups selected from boronic

aci d, 1, - eaditipsnebpd LA tuene s aqgedendtsm easstionyerntinurebion apethers! & M eof |
with ar Orfgfxltﬁge' 'oh@hdeﬂ@ Wadhiedd airb twwmy slseéus(rbaetlomrﬁ&@r@amur@amwmer s

havi ng one ctive boronic acid orpnic acid ester, borane group and
one react strdnthweregeomtiniead fohBmage glpf)s Wit the enslcd this peviod, the polymer was capped

by adding 2 g of phenyl! ethyleneboronate followed by heating for 15 hours, and 1 g of
bromobenzene followed by heating for 5 hours. The reaction mixture was cooled to about
15  60°C and was added slowly to a stirred solution of 3 L of methanol and 300 mL of deionized
water. The fibrous polymer was collected by filtration and was washed successively with
methanol (500 mL), deionized water (200 mL), and methanol (800 mL), and then dried in a
vacuum oven at 60°C for 10 hours. The polymer weighed 23 g (100 percent yield). The
inherent viscosity of the polymer was 1.50 dL/g. Molecular weight measurement by gel

20  permeation chromatography showed a M_ of 148,00 g/mole, and a M_of 47,980 g/mole
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wherein the mononers are sel ected so that the pol ynerization react2 dnAR 2002
products of such have conjugated unsaturated internal groups; in a reaction
m xture whi W0 29R66% ns: (a) an organi c solvent in which the polwysesITEr M
at least a 1 percent solution; (b) an aqueous solution of an inorganic base
having a pKa in the range of from9 to 13, said solution having a

concent ratrélgtrl/ 3%) p@Fys {stdhahrdd, T(r@s @ct‘?:ﬂtcﬂéﬁétcle‘ﬁs e SiyrfleRAb l:@r@%ré{ght
conpl ex (3 east 0.01 nol percent of a phase transfer cat al yst
based on w&etmmﬁwuréf nol s of boronic acid) boric acid ester, and borane
groups in the reaction m xture; under reaction conditions sui fi clent to
formthe correspondi ng cong ugated polkynmer. 2. The process of claim1l
wherein the aromatic, boro F\Vile nmononer conprises a fluorene group.
3, The process of claim aromat i c,R bat-oatydri vative nononer is

selected from9, 9-di al kyl - oreneboronates. 4. The procss of claim?2
wherein the aronmati c) boron dé¥i vt i vlennononer corresponds to Fornula |11,
Formula V, or a mxture thereof (RZ)a (122)a ~,~ ~ ~z R Rl (R2)a CR2)a (r~
z ~~z ~3 (~ _17 Z z ar ~ zc~2 wherein'R is independently in each

occur r enc €aMpaf@etixdmpient b teparation oC2 bompdelymar tiya,9-demalyliLognemithout mor e
S, N) & P or Si atons, Cg-Qnasetyahstesaataist gt boeydnoly of 184 1@ eBtion)

aryl (trial kyl siloxy) or both) R may formw th the 9-carbon on the fluorene
ring a CS Czo rThn@xsetrruemtmf Exanplg 1CvaCEEeated gt sne-thirt! theescadmib@iwithagt one or
nor e het erg

C -Co hy(f‘ car b"g/e?%f 1(%,' @%?{qé?’g‘fgr%*ef 89%88%%?@t3¥?%@aﬁ?%h e &%E{fﬁg%? :
hydr ocar byd.zadlbgniotecylan wecgy)anmasﬁemlest byr‘gbpemd@nbrh yhnomaaapéprq(smuwed adé¢, a
0 o B W g G LB BB m BSOS . o
al kyl )siloxy; a is independently in each occurrence O or 1; and Z is
i ndepanderiExamnpien? e Bodpacationrof e mopolgmbrost @B-dien-butglflusreng aodip,1,3-benzothiadiazole
To a mixture of 9,9-di-n-octylfluorene-2,7-di(ethyleneboronate) (monomer (1)),
R = n-octyl, 5.77 g, 10.87 mmol), 4,7-dibromo-2,1,3-benzothiadiazole (3.20 g, 10.87 mmol)
(monomer (3)) in toluene (50 mL) under nitrogen was added Aliquat® 336 (1.1 g, 2.7 mmol),
tetrakis(triphenylphosphine)palladium (0.056 g, 0.045 mmol), and 2 M aqueous sodium
15  carbonate (17 mL, 34 mmol). The mixture was stirred vigorously and heated at reflux for
16 hours. After end-capping with phenylboronate and then bromobenzene, the copolymer
was isolated as bright yellow fibrous granules (5.7 g, 100 percent yield). The polymer had
an inherent viscosity of 0.94 dL/g. The spectral characteristics of the polymer is consistent

with the structure:

R = n-octyl

20

Comparative Example 2 - Preparation of a copolymer of 9,9-di-n-octyifluorene and 2,1,3-
benzothiadiazole without phase transfer catalyst (not an example
of the invention)

The experiment of Example 2 was repeated without Aliquat® 336. The product had
25 aninherent viscosity of 0.14 dL/g.
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5. The process of any one of claims 2 to 4 wherein the aronatic, bofoh AP R 2092
derivative nononer is contact wwth an aromatic di halide functional nonone

sel ected fr¥AWEAPHSunds of formulas (2) through ~(6) Br ~ / RI/UHRSPBY B Br
(2) RB~~1Br (3) h(,SNBr Br ~ (4) Br-~N-'~ N ~-Br (6) ~CO-Me CO2Me 18

Z z a~~ zc~2 6. The process of any of the preceding clains wherein the

mol ar rat Irzf?arﬂéle ar. Qirebér%)mfb&@ébpgﬁmev%t b e MO R rerkd ﬂnchﬁé@h%léﬁ’@ groups

sel ected oronie acid boronic acid ester, borane) and
combi nations t I | east
conbl naty ons " Regcflyd 8 ALAMRLLGIOEAL LEONOE . ARRl o RORRRFBrico B | oas
conpri se B #m@oﬂy&m%2@rgoﬁ1@3 ngnolFHeA-gibcreeapbihatang (oweomer (4, bk edi ng cl ai s
wherein t

met 1 y1 end oo ah I Sgent §Y qf RurER ARG b HBREG | R oncRl R S AS

sol verd i paltagiune(@e12 §,00.1 Wineolprod 899 aqtﬁecaxsysodmlem odrbotege p‘r&méd&%gmuﬂ alee

The. pr ocedutip vane e vap ok SRR AAThE ChalSi AR KPS % ase

is enpl oymilnwa;dalndamwto S(Mifr\i.lottm[YiartoD 06 ﬁmmode palymetiapreciitate Wwds saee/cdo
hal i de-functi onal nono 4} east J;‘E\ process of any one of
t he preceaPrV@f CRSIMEWah F‘Elaﬂd? boﬁa?fl‘%ﬂﬂf’?f@%?ﬁﬁf ergacé'ﬁ‘bl‘”@flé&"? anth anount
suf fici enpekigd ir@hbiRr Aol alifaét waserRabd Al Wieh & WHRNQIIRE 1d Melifafior &nge of
fromO0.001:1 to 0.05:1. 13. The process of any one of the preceding clains

wher et théfofiﬁn@§é’ﬁt‘4"awsffbé‘i’”50%3ﬂ3&m%fﬂe‘?'@ta@j Cﬂéﬁrtaé‘tqdéﬂﬁlloﬂi‘l'ﬂérﬁﬁyfﬁ {8 PR e,

14. The ppag t@é b)aabéce)n@ndaf.nH%a?foeeaeﬂgnmdzéabsm YRE! §hE pB@ﬁ'\ephgégn
transfer catalyst Is in an anount sufficiént to provide a nolar
rafio of mpearygfscwymf)ﬁ@ﬁé#L/gofT'@tsneéaé'tchermer@hcw thaaelypeoeieongfteahy one
of’ the premsaddg ln%ms wherein the polynmer reaches a degree of

pol ynmeri zati on of least 20 in less than 24 hours. 76. The process of any
one of the precedi ng claims wherein the pol yner contains at |east 20 groups
of the fornmula: 19

R = n-octyl

15 Example 4 - Preparation of a copolymer of 9,9-di-n-octylfluorene and bithiophene

To a mixture of 9,9-di-n-octylfluorene-2,7-di(ethyleneboronate) (monomer (1)),
R = n-octyl, 6.40 g, 12.0 mmol), 5,5'-dibromo-2,2"-bithiophene (monomer (5)), (4.00 g,
12.0 mmol) in toluene (80 mL) under nitrogen was added tetrakis(triphenylphosphine)-
palladium (0.18 g, 0.156 mmol), Aliquat® 336 (1.0 g), and 2 M aqueous sodium carbonate

20 (24 mL, 48 mmol). The mixture was stirred vigorously and heated at reflux for 24 hours.

The highly viscous reaction mixture was poured into acetone (500 mL), precipitating a highly
fibrous yellow polymer. The polymer was collected by filtration and washed with more
acetone and dried in a vacuum oven at 60°C overnight. The polymer had an inherent

viscosity of 1.84 dL/g. Its spectral characteristics are consistent with the structure:

R n

14
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2 2 AE ~ 2CC2 ~ RO 1 wherein Ar I's a conjugated unsaturated group; ardZrATR 2092
i's independently in each occurrence C,-C20 hydrocarbyl or C -C~ hydrocarbyl

cont ai ni ng re S N O Por Si atonms) Ca C,e hydro

car bonyl oxym% &Jgoar yl (trial kylsiloxy) or both) R may fo?%ﬁmﬁ%gﬁm?-’ﬁg

9-carbon on the fluorene ring a Cs Coo ring structure or a C, Cso ring
structure containing one or nore heteroatons of S) Nor O 17. The process

of clai mBmtebeifiepgraiion derioraneinaiglieccopemerhe process of claim 18

where Ar is a noiety containing tertiary aromatic am ne. 19. The process of
clai mt wher ei Fo aenixtuteofighdnepstyliagtieng: 2t7<néi(&tbﬂemah@eor@rtejmmgnomhe(meacti ve

groups arg_s { c _and

conbi nat i %nsﬂ)ﬁ@r Z§f1g gb@%qrﬂgl ﬁ%@e@% brtg nﬁfﬂ%g;g:&?}% ﬁ]%tﬂﬁ%( nonomner s
havi ng onmerg&b&nmm@hor@e‘femm:)n i(BBaD ggB@Omradqimanleab@tms nelgnirgiennirggen

I e N O AP E RSBl saiidi b3 B0 BE S, R Sate 43T R O™ ©
4?5%;\' Y. & AR adiféod8s A0 im AarbdhkteABo AL, AszQnrﬁ&@ Afndnixfurébas Altred\Oio dusIHS @BX
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10 bromobenzene followed by heating for 5 hours. The reaction mixture was cooled to about
60°C and was added slowly to a stirred solution of 2 L of methanol and 200 mL of deionized
water. The fibrous polymer was collected by filtration and was washed successively with
methanol (200 mL), deionized water (100 mL), and methanol (200 rr-lL), and then dried in a
vacuum oven at 60°C for 10 hours. The polymer weighed 4.1 g (99 percent yield). The
15 inherent viscosity of the polymer was 1.2 dL/g. The spectral characteristics of the polymer

were consistent with the structure:
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to 1(:2, SZId solution h)aving g)concentration of a% least(3.1 N;

(c) a catalytic amount of a palladium complex; and

(d) at least 0.01 mole percent of a phase transfer catalyst, based on the number
of moles of boronic acid, boric acid ester, and borane groups in the reaction mixture;

under reaction conditions sufficlent to form the corresponding conjugated
polymer.

2. The process of claim 1 wherein the aromatic, boron-derivative monomer
comprises a fluorene group.

3, The process of claim 2 wherein the aromatic, boron-derivative monomer is
selecied from 9,9-dialkyl-2,7-fluoreneboronates.

4. The process of claim 2 wherein the aromatic, boron-derivative monomer
corresponds 1o Formula Ill, Formula V, or a mixture thereof

(RYa

R,
(Rz)a (Rz)a
V)
R R! z HR3
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9. The process of claim 8 wherein the organic solvent is toluene.

10. The process of any one of the preceding claims wherein the inorganic base
is sodium carbonate or potassium carbonate,

11. The process of any one of the preceding claims wherein the inorganic base
is employed in an amount sufficient to provide a molar ratio of base to halide-functional
monomer of at least 2:1,

12. The process of any one of the preceding claims wherein the palladium
complex is employed in an amount sufficient to provide a molar ratio or palladium to
monomer in the range of from 0.001:1 to 0.05:1.

13. The process of any one of the preceding claims wherein the phase transfer
catalyst is C -C,, tetraalkylammonium halide.

14. The process of any one of the preceding claims wherein the phase transfer
catalyst is employed in an amount sufficient to provide a molar ratio of catalyst to
monomer of at least 0.01:1.

15. The process of any one of the preceding claims wherein the polymer
reaches a degree of polymerization of at least 20 in less than 24 hours.

16. The process of any one of the preceding claims wherein the polymer
contains at least 20 groups of the formula:
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wherein Ar Is a conjugated unsaturated group; and R' is independently in each
occurrence C.-C,, hydrocarbyl or C,-C,, hydrocarbyl containing one or more S, N, O, P or
Si atoms, C,-C,, hydrocarbyl carbonyloxy, C,-C,, aryl(trialkylsiloxy) or both, R* may form
with the 8-carbon on the fluorene ring a C-C,, ring structure or a C,-C,, ring structure
containing one or more heteroatoms of S, N or O.

17. The process of claim 16 wherein Ar is benzothiadiazole.

18. The process of claim 16 where Ar is a moiety containing tertiary aromatic
amine.

19. The process of claim 1 wherein for the monomers having two reactive
groups, the reactive groups are selected from boronic acid, C,-C, boronic acid esters
and combinations thereof.

20. The process of claim 1 wherein for the monomers having one reactive
halide-functional group and one boron containing reactive group the boron containing
active groups are selected from boronic acid and boronic acid esters.
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