WO 03/ 042276 PCT/ US02/ 35782 Tl TLE PROCESS FOR PREPARI NG AROVATI C POLYMERS
BACKGROUND OF THE I NVENTION Field of the Invention 5 This invention rel ates
to a procwelshe7ereparing aronmatic polyners. More parti eararshy3i7s2rel at es
to a process for preparing conj ugat ed arorratic pol ymers and el ectronic
devi ces made wth such pol yners. ytion of the Related Art Organic

el ectronic deV|ces e 10 electronic
equi pnrent. In all é&% @kpmﬁéé@fbﬁmlﬁ(ﬁ&zbﬂg@ sandwi ched
bet ween two el ectri eal CBW(H@RWND&)FE)HEY]N\GENWQNF gani C eI ect r_oni c
devi ces i ncI} Y Ces it hat emt light, such as light-emtting diodes

(LEDs) that st. In LEDs, at |east one of the electrical
cont act 5l ayer s iBhisiinyention aelates to aprooess liat prepgling acomats polymarsagh 15 t he

el eotri cal B4 BeiiclNgcroBles & MMbGethl KieokHG oo lidatod silthatigy oush, L he

light-trans contac pon¥appti electricity
across the RQM@@I’S ard elestrontsdeviges madetwithssugsl polymewh to use organic

el ectrol um mESGHRH ,bnqﬁmpg@qigqe@%n the active conponent in light-emtting
di odes. Sinplre 8(5 ani c ecul es. 20 such as anthr ?A;E h| adi azol e

derivatives, e ﬁﬁ raRicideyiGagareprasent i manyAi 'n s of
el ectr qbuméleemmcequm»@ftalln @II%@&hﬁleceéoém ufgﬁmiaétrmyemsl um nescent

D O 6L sl SR I e SE MR 21 o12,.
pol yt hi ophee1eet;ome|devlcas Ilnclucﬂmdgz(neegmailelnylt hghtpﬂlténas)lghna@h;t(rpg phenyl enes) ;
2, 7-poly(9, cﬁo&é@LL@’[bér;EtHQf k& &Fﬂlay@pﬂi_%ﬁ@r A& G e method of

preparing t artrcu

ené  vin ﬁene polymers, is
to form so|ajeqztélc@kf&ﬂtﬁ@cbayq;re|l§/mtstrams(nwtttngesq%at ljght, casi mss taEugty groups.

Heat traeat rfﬁ@telé&ﬁéﬁltc%ntdbt *Péye"r“ &kl stGafic dcfife ié%@Y'eﬂﬂtsﬁ%kﬂ&%Q@ht Ot ‘;]Ce)r m the

conj ugat ed ol to these po a
Pd- cat al yzd é'\égggaﬁﬁﬂ%l"i‘ Ie,c&y@f FRRtag %Eﬁp%a@?%‘f’n@ ei?ﬁt'&?l Ye acid
deribyati\t/)e aiirdsameaélectabalccdlﬁéd;tdeyemn the presence oftan aq]theou;s car botnafje
or bicarbonate i . r irst reporte
by Susuki i Syt RevEEndiin 85 ASE cfadit Siistronthsedri oS sy’ {567
and is comtba|aptivet:empeuenbindight-lemittis.zii&deswe&huﬂe orgawionaeculesi s

d . Al'so,
Pontroflor et 42 ?@bﬁ%@P“’eﬂﬁé‘?{%@dﬁ?f%ﬁa %”%S%??f” B R 1y o
poor. A rmdir\qwih ﬁeﬁﬁf)h{ﬁ@in%%em@p gwafalsjasses ofconjugae

aromatic luminescent polymers have also been dlsclosed These include,
for example, arylene vinylene polymers, such as poly(1,4-phenylene
vinylene) and derivatives; polythiophenes, especially, poly(3-

25  alkylthiophenes); poly(p-phenylenes); 2,7-poly(9,9-dialkylfluorenes); and
copolymers thereof.

One method of preparing these polymers, particularly the arylene
vinylene polymers, is to form soluble precursor polymers with thermally
labile leaving groups. Heat treatment results in elimination of the leaving

30 groups to form the conjugated polymer. Another route to these polymers
is based on the Pd-catalyzed cross-coupling reacting between an aromatic
boronic acid derivative and an aromatic halide, in the presence of an
aqueous carbonate or bicarbonate base and an organic solvent. This
route was first reported by Suzuki in Synthetic Communications, Vol. 11,

35 No.7,p. 513 (1981), and is commonly referred to as the “Suzuki method”.
However, this procedure requires long reaction times in an oxygen-free
atmosphere. Also, control of the molecular weight is difficult and thus
reproducibility is poor. A modified Suzuki method was reported by
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1 WD 03/042276 PCT/ US02/ 35782 |nbasekaran et al. in U S. Patent 5,777,070,
I n which a phase transfer catalyst was added to facilitate the reaction of
t he boromaDe3ami2oen Wi th the Pd-aromatic halide conpl ex. RoEaser/3578eact i on
times were still long. A second nodified nmethod was reported by Towns et

2011 gun Dub! rblaSgiclich & R 3Lty W06 PRIE Bidea WilaGR AL O ©

hal i de was react oup in the
presence of GAtAYstwesagdged ttafaclldateoﬂ\@aﬁactlmag%themmanMn withfthei ent to

Cencti on al tocomatit RERdPoeo0 Mol reichbd itk RIS <l (GBS A 100

at nosphere. ¥ ﬂiemg '?ggg‘égﬁal"‘fﬂﬁ rﬁﬁoﬁgé@yfﬁwn%ﬁfr%vé'@lpybbﬁ@ﬁ%@ﬁor
prepa[l ng aappmah?n M)OMC’«B5$UWH]!%Y1 ﬁa?&ﬂﬁaﬂld\wﬁfﬂg%'@&wﬂ%@gﬁrn whi ch
i nvention is or aring_ aro s whi

i ncl udes the skrgagﬁo %%ﬁgwﬂ@cﬁgﬁglag’rpp ﬂ? @ggncqggagdr%?&gl\)é (a) a
monomer ni xtandag erganietiase onan emomtfsuﬁsjenrmouwertﬂhébkbrencormrl sing a
Penst ons scunbtio®dSoiifito |B00L AR CLIR iR Ao ABhtlh 13 norer has
at 20 | east repertedlydastes siilliroauirasoan oxygen-free aimpspheriea (1) bel ow  X-Arl

-X (1 1oherein gN no, i odo,
25 (ol "y O RS IR B et o sl

trlfluororretqw @S and Art is an aromatic noiety; and wherein the

second aronatic nononer hasSEMMARY!OFWHE $RVENGIORACt i ve groups and has a
1S the second reactive

Formula (I1) bel Y..
gr oup sel( ec% ed f ro @’%%Bfax?%“é{bﬁs)od"%ﬁ%%f%ﬂ.PEOCe‘%é‘ﬁé?r B%®aENgor ane, and 35
Are is an araspmatic pobineers witieh incudestheastepliof providing Brresctisn migufer mul a

(1); angs(iigy ,%%%nd nmononmer m xture conprising a plurality of at |east
one thi rd aror@olc noner and at | east one fourth aronnatic
(a) a monomer mixture selected from:

(i) a first monomer mixture comprising a plurality of at least one
first aromatic monomer and a plurality of at least one second
aromatic monomer, wherein the first aromatic monomer has at

20 least two first reactive groups and has a Formula (1) below:
X-Ar1-X ()]
wherein:
X is the first reactive group selected from bromo, iodo,
25 chloro, p-toluenesulfonate, methylsulfonate, and

trifluoromethylsulfonate, and
Arl is an aromatic moiety:
and wherein the second aromatic monomer has at least two
second reactive groups and has a Formula (ll) below:
30
Y-Ar2-Y (i)
wherein:
Y is the second reactive group selected from a
boronic acid, a boronic ester and a borane, and
35 Ar2 is an aromatic moiety that is same or different
from Ar? in Formula (1); and
(ii) a second monomer mixture comprising a plurality of at least
one third aromatic monomer and at least one fourth aromatic
2



2 WD 03/042276 PCT/US02/ 35782 nononer, wherein the at |east one third
aromati ¢ nononer has at |east one first reactive group and at | east one
second rwaaBiw27group and having Formula (I11) below 5 RCAUB0Y357811)
wherein: X and Y are as defined in Formula (I) and (I1l) respectively, and

Ar3 is an aromatic noiety that is t ) r different 10 fromArt in
Formula (1) and Are ir{n%%(?rﬂﬁf’é@’rﬁr‘?'}’!}ﬁﬁﬁg%PB?HI"F&@"Q{MUQ&'&@HOW fourth
aromatic nononer has dtas dtdeast onadirsi reattives grilipEndiaieasdie %cdrﬁ?sb) one
second reactive grou ' w, 15 X-Ar4-Y (I
wherein: X and Y are ggggglﬁr@'égﬂ%@g&%ﬁg&%mgﬁb%ﬂqw. respectively, and

Ard is an aromatic noiety that is the sane or different 20 fromArt in
Formula £1), Are in Fornmula (11) andxfg3.yn Formula (II1); (ml a catalytic
anount of a catalyst coppri.sing a phosphine oxide transition rr?stal conpl ex
di mer conprising two tWEEEﬁ”ﬂ:i on netal atons bonded to at |east one

phosphi ne oxide |igand eaclX a,%yvgrgrggidbf@@ghntpr@ﬁﬁ,jé“pgndrm)al I s bonded to
said ligands via netal - ph?é&;{‘%\l}% bo&gs, and wherein the two transition
i

netal atons are bridged vi n atons, (c) a base, and (d) an
organi ¢ solvent. 30 The i nvehis amaremaficmoibty ¢deatds theos@ame @raiffdrent! ect roni ¢

mmde by he Cabove process PRLALLD hfll FF BRHAT B ELIBURIALT. ' £ oPor 2T
both horopol yners — an@ndygareindhe atfeast oeerfourtio poomatic monemertrascatd to nmean
a polymer of 35 two @iasiehe fiektfréséw@gﬁaa%mrétqeé%‘t'cg;r%ésr$gr§§gterm

art angenent of car bon A OTOUMARGLBING, “STHIR AN) SIS, or Criple carbon
to carbon bonds and/or by ether |inkages, and substituted accordingly with
hydr ogepy at oms. Such 3 X-Ard-Y (v)
wherein:

Xand Y are as defined in Formula (1) and (il)

respectively, and

Art is an aromatic moiety that is the same or different

20 from Ar! in Formula (1), Ar2 in Formula (1) and Ar3 in

Formula (1l1);

(b) a catalytic amount of a catalyst comprising a phosphine oxide
transition metal complex dimer comprising two transition metal
atoms bonded to at least one phosphine oxide ligand each,

25 wherein each transition metal is bonded to said ligands via
metal-phosphorus bonds, and wherein the two transition metal
atoms are bridged via two halogen atoms,

(c) a base, and

(d) an organic solvent.

30 The invention is also directed to an organic electronic device having
at least one active layer comprising the aromatic polymer made by the
above process.

As used herein, the term “polymer” refers to both homopolymers

and copolymers. The term “copolymer” is intended to mean a polymer of

35 two or more different monomeric units. The term “hydrocarbyl” is intended
to mean a straight chain, branched or cyclic arrangement of carbon atoms
connected by single, double, or triple carbon to carbon bonds and/or by
ether linkages, and substituted accordingly with hydrogen atoms. Such
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WO 03/ 042276 PCT/ US02/ 35782 hydrocarbyl groups nmay be aliphatic and/or

aromatic. The term "heterocyclic" is intended to nean a carbocyclic group
havi ng a wongloe22ré ng, nultiple rings, or nultiple conden®ed/usonssss: n whi ch
at least one ring contains a heteroatom sel ected fromthe group consisting

of nitroge 50 en and su| fur.., Such heterocygli oups may be

al i phat ig QMrBFa@?SdeT‘aW @qhﬁeaﬂce?ﬂq'Oéﬁmzﬁ"lsﬂi‘%ieéﬁged tg nmean a
grouphdgri vitetéroeycliv is mtentealt toambsid aczzabocytlic gnoup ha\Hng@ssingIErrm, . ]
ranched a . r . . stituted. The
term "het e%gﬁﬁ% 'Ir'ﬁgg’ %ﬁ@ﬁ@‘é@rﬁ%ngéﬁﬁgsgﬁm%égI%%&Jr%% rc')ﬁ#an al i phatic
hydr ocar boncdrialnsga heteroatoansrleciad from éhe grap ¢onsistiagraiinifregel,n, whi ch

rou b, ' r | h nd/op | Nt ended t
group mey &W@ﬁggmﬁ@%wﬁ h&awbﬁ&%;méps?hs%gﬁrdﬁphéﬁdénd/bs i ntended to

mean a group rom an aromljc ocar , _Whi.ch

] r o] | be

unsubst i t ut d@neatics Jinerthejersy ‘alkyeis intendedHaraeanaarouy gepyﬁr@ﬁe@da@ 0 nean a
\?v[] QUE deri V@Iibﬁd“t%fﬁwgo@érbﬁﬁ,ta;[rﬁ{ int@rugrea, Mréibl!‘a;[ﬂatﬂeg'fan_l'ii_ﬁ)%tic greaipset Fr oat om

I ch group e uns ed .or. suls ed., e rsm "arylene" iIs
i nt ended tOwﬁ%r{ngxJbeaqrgﬁu%aﬁtgtpﬁﬂ%wq%ﬁ%g. ﬁ&eﬁggnopetg{qﬂgﬂ%nt in the
pol ynmer chaintendetkta rean a'dgretip desived énoa'i ahaliphatnbygdfocarbosdravinghat er oar yl
group vin i : N : I | : hr ase
T ncely ¢ Bast Bpg feldatoR itk AR =i IAER S ARG il ahchbelilfcd
necessar i | yoneubstituted. die teayéanilsis intengdesieimaas 3 giuprderbresfetMer | ayer .
On the ot hegn BRgihatit RgaRiaRsh, WiitRARITbEuME RIHited oF sUbStuted. MFAET Lo R

groups that are next each other in a chem,cal Formula (i.e., R groups
that are ont%'ffbrh?t?"@?ﬂédlsb@teade‘g%a)e.arﬂﬁgrqlépr%“'Wﬁ%&q %né)meﬁ‘g.f ersgt 0 gny
tmat erial t hg,tql @qlgb ngtanmz%gﬂ I@?ét@id;l%t@ﬁiﬂi@ﬁﬁ?ﬂ%ﬁgwumhw beensi ti vi t?/. The
erm"” oner | nit" ef.ers a, repeat,..nag., I . n
addi ti om, tH%SL?Q#A‘éeHW&F’P%{e%y %Fﬁrﬁg %%'Sagt #g%{%ﬂ%ﬂ?° Wﬁt he groups
from t he Peaiybdrauprhaviag &ve pomisroéatiaciment indhe polymeérgiaimsThe tni CRC
Handbook of . ) ' a%ﬁle?‘ LE | ON OF THE
DRAW NGS 30 f%?g@raﬁlffxgﬁ%\?\gteﬁg¥%‘? g anheﬁéi?%%@"ﬁ%q?%@“%@@“ﬁi usef ul
inthe pr o@ﬁa@tgafzhmelh’@nith@éﬁhlmﬂiﬁhﬁifgJ—l*@ phragewadjpernhira whan usefl For nul a

111(a) for ﬁi‘re?épfm’é'}/érs iR ddwice! ResIndt Meb8Es 4P ARSP thht dheldyay RNt i on.
Figure 3 shows Fornu

1%t s Y ot o SHBRL bR B kD R e s o oS
aromat i ¢ nofifjycentRbrdugsh, it segtoeeestoR drbaps thatriré next # each
other in a chemical Formula (i.e., R groups that are on atoms joined by a
bond). The term “photoactive” refers to any material that exhibits
electroluminescence and/or photosensitivity. The term “monomeric unit”
25 refers to a repeating unit in a polymer. In addition, the [IUPAC numbering
system is used throughout, where the groups from the Periodic Table are
numbered from left to right as 1-18 (CRC Handbook of Chemistry and
Physics, 81st Edition, 2000).
DESCRIPTION OF THE DRAWINGS
30 " Figure 1 shows Formula | and Formula Il for a catalyst useful in the
process of the invention.
Figure 2 shows Formula lll and Formula lli(a) for an aromatic
moiety useful in the process of the invention.
Figure 3 shows Formula IV for an aromatic moiety useful in the
35 process of the invention.
Figure 4 shows Formulae IV(a) through IV (j) for an aromatic moiety
useful in the process of the invention.
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WO 03/ 042276 PCT/ US02/ 35782 Figure 5 shows Fornmul ae |1V(k) through 1V(s)
for an aromatic noiety wuseful in the process of the invention. Figure 6
shows Forwoloa®422%(t) through 1V(z) for an aronatic noi ety PCHASHuBS7BN t he
process of the invention. 5 Figure 7 shows Fornula V and Formul ae V(a)

| nventi on. “Fi gurigonreBengvrgorirsa /@ stan BGERORR TR NG () for

an ar omat iBeiwi inttle peedask of thd inveptiotess of the invention. Figure 9 shows

F la VI d

Corm V151 EgL kS5l U o Brofghe SN, 1 ety
For mul ae VIUsIe@‘al)lntthe@ngies‘dldfltmmmveﬂb@n an aromatic noiety useful in the
processsof the ig V%ﬁo\i\g'ﬁwh%lal%’ﬁW‘?rnE&é@W(ﬁFthk@%ﬁVng)%ﬁénfOr an

aromat i c noi ety In th rocess he i nvent I on Figure 12 shows
For mul ae xarﬁmajwmerty useful 'Qrthﬁrpé%ﬁﬁsco rVB?éQ‘S‘?n '8eful in the process of

the invention. FF@UF@S%%O&BWnﬂH Wbﬁ@ Périviutde Yighthrdlgh Uihpfdrsn t ut ent s
for an aromatic he prf(rqiéess nélgFlhe i nvention. Figure 14

n
is a scherreﬁ‘rPH‘%ﬂCdEP!%W H?e@ W tBﬁ ‘éQﬁstst‘? A LED). 20 DETAILED
DESCRI PTI ON OF TH@uF&E%EBWEEF&NBl@W@WOmMapMEa)stW@jgh WH(g)doent i on may

b t f t Co t
n hondfer 3 plyPate By dRERI P Rb8ER ol RPN © LN LS. RO b e
of aromatic rmnBlgurs10(sdeOW§d7tqrm|5}e Vilhand Fermatilae Vb ribraghs¥ilii@) i n t he
reaction nﬁoi“aWé‘rE)Hi?t%hﬁmb Sl uIQH thé ?oééé‘é df!ﬁ@ﬁv@htléﬁ‘a(?t ive groups: first

reactive gr oups

,_chloro
p-t ol uenesul f onafFigure ﬂétﬂﬁ‘?}"’&ﬁqir%‘é@%] g?jﬂﬁ)?‘i’%q ﬁm?ﬂﬁ T9&Y%nat e; and
second reacydefal mrmgqﬁoa&s(of\(hé m@naohed froma boronic acid, a boronic
ester and a borape p tion
mi xtur el t he resEth“lr‘?\g3 %8?"?%”@@%6 %‘%5&%@' fH%@ a%rg%ng ating
copol yner, gsefal pitheiprocess of thejroleption.  (**good upgrade**) I n the first

mononer m xture FW%E}?:C%\{‘I%}NS Foridudisd XWB%?E%h‘?ﬂﬂ%l‘ %Bﬂltutéﬁts%r ahomatic

noi ety having Fo bove I's Teac a second nonomner
conpri si ng ammnaticeciety usekd in thewragesoehiiednyenticnabove. Where the

aromatic noieti eFrng t1hﬁsfa'srcﬁbmm|6 ra?rﬂdféh@hﬁ@mﬂmb d6ViBe(EEDHr € the sanme
(Al =22 e ED DESbRRHEN o tiE BREFERRED EMBODIMENTS

The process of the invention may be used to form polymers
comprising aromatic monomeric units.

Components

A. Monomer Mixtures
25 The polymers are formed from a reaction of a mixture of aromatic
monomers. Collectively, the aromatic monomers useful in the reaction
mixture of the invention have two types of reactive groups: first reactive
groups (“X”) selected from bromo, iodo, chloro, p-toluenesulfonate,
methylsulfonate, and trifluoromethylsulfonate; and second reactive groups
30  (“Y”) selected from a boronic acid, a boronic ester and a borane.
Depending upon the composition of the reaction mixture, the resulting
polymer can be a homopolymer, an alternating copolymer, or a statistical
copolymer. (** good upgrade**)
In the first monomer mixture ((i) above), a first monomer comprising
35  an aromatic moiety having Formula (I) above is reacted with a second
monomer comprising an aromatic moiety having Formula (I) above.
Where the aromatic moieties of the first monomer and the second
monomer are the same (Ar1 = Ar2), the resulting polymer will be a
5




5 WD 03/042276 PCT/US02/35782 honopol yner. Where the aromatic noieties of
the first nononer and the second nononer are different, the resulting

pol ynmer wwblodloe2ah al ternating copol ymer havi ng alt ernat iPog/tAed3s8 Ar e
nononeric units. Alternatively, the first nonomer m xture may conprise nore

than 5 one first nono I n mat i.c..noi el e hat are different f
each ot herh?mepog’i‘?ﬁfpr@?‘e %ﬁ a&g ﬁf’tm%?t'e%ﬁﬁ ﬁfﬁ@?‘&"?ﬁ%‘?ﬁ a(glﬂethgecond e
rmnorrFr hiv%ept\g)rmrmmbmerrmeeiﬁeeenttMreesummy: ;idlwmenwnrbeﬁan@dtepaimer (for
exanpl e, Ar r u i ave alternating Art
and Art rmn%%c? 'g’ rtf%'?%'g %d%hé@ Aht%'ﬁ@'ﬁoﬁgﬁ{rl bur{'tlson of ArlA and %0 Art
B and/ or Ar2A anAItarmvetynﬂ’lﬁaﬂtrstmmDmr nixtura enayeeemgrise e than xt ure ((ii)
above), ol éflg%”ﬁfﬁ%b%hb haiAg af g?‘hdi\éﬁéé fhat Qféélff@ﬂiiﬂ'ﬁ%rm ggemrising an

aromati ¢ nol avi ng e and a fourth noner conprising

an aromat i coné eXﬁﬁ\ﬂ'%QL\fE}SlaﬁﬂlAd1 dvere Wér%‘eti’r?é?% omatic noieties
of the thi rﬁmohém@ﬂmg artﬁnéttmbmmehhhmrmﬁer@hefrbheemheA(far- Ard);

the resultin Y, W, | ol V\her noi eti es
of the thi rﬁ)9 ’HBF% @Aéﬂg Arﬁg fﬁlﬁ‘ [q.?uﬁg\gg%qolsgpgrw %eﬂ{e? resul ting
pol ymer wi | Ar1 !andd\rﬁtmbnmhenaUnrts;pmtryastattszmamsmbatlanndf Arld anghoner i ¢
units | 28 nore nononers of this type,
X- Ar 4A—i§ é &PZ‘%S@I %Rr'%c- ‘@f?&ﬁ%‘h?ﬁ@ﬁpﬁie to formother statistical
copol yners. In all1 thef secandanpaemaeRtiEUre () abeNe) hPAMEEFigalian ishe react i on

should - be Laea é&tﬁtws@ﬁlrdﬂﬁfoﬁbmcohfpr%rr@beanta@omwmtymm the number
nol es o ITst reactive nggqlfs be essenti all ﬁual to t he

nunber of RBImadlapfllsakeyean Ufﬁgcqmpraﬁ"a%ﬁn% et MYHYnol ecul ar
wei ght 25 pﬁéVﬁngorrﬁM@fOI ta@bvén VVindreithe anomatis nidietiesasftthetisirdir e not used,

l o no) ecul ar we t abl
ar\(ljvnnt i ml;mr\ &I ﬁ‘t?e‘%&gﬁ ﬁ?@ﬁpﬁ%%ga%%%nuc g[r} (%%@'Pﬁé surtable
hydr ocar bonpolyBRerigill hmhnmolpebjmqrol\&lheta ’dsmrammaéncdnqletles of thedthirdr t i ary

aryl am nes. | @ar bfyniBrdgigcar bon
groups i ncl Hg%% %enngene nap ? |§ﬁé{80@rf Fé‘ﬁn@% rgglé'ﬁg%? IrTYene "
phenant hr enbg a atatlah@aiméolyman@aymrér @nchAFRENORENGIURIS. r ubr ene, and

chrysene. Ryagpds oﬁlblﬁqa?@é&|tﬁ%@mhﬁfélﬁioﬁémé?§beﬂﬁ§mbl xgﬁétms i ncl ude
5-nmenber heter

o) es t hi,ophene, rrol e,
35 oxazdfl e, Xr@g%y ér@% t\z ARG @%l‘k‘? §8th“&93¥% St?tl'ﬁt'ﬁﬁE%ﬂpé’lly'ﬁ§r§dl az 8?/es
thi adi azol e, and |fpyilat theeambodimerites theesteichiopwtesofiheredctidd stwuld, such as

pyridine, pyridazi 0c, QUSRS InDHIEA B m YRR the AlOEFLS azenes;
moles of first reactive groups should be essentially equal to the number of
moles of second reactive groups, in order to get high molecular weight
25  polymers. When stoichiometric amounts of reactants are not used, low
molecular weight oligomers are generally formed.

Examples of suitable aromatic moieties include Cg_ng
mononuclear/polynuclear aromatic hydrocarbons, Co_1g
mononuclear/polynuclear heterocycles, and tertiary arylamines. Examples

30 of mononuclear/polynuclear aromatic hydrocarbon groups include
phenylene, naphthylene, fluorene, acenaphthene, phenanthrene,
anthracene, fluoranthene, pyrene, perylene, rubrene, and chrysene.
Examples of mononuclear/polynuclear heterocyclic groups include
5-member heterocycles with O, S, or N, such as furan, thiophene, pyrrole,

35  oxazole, isooxazole, thiazole, isothiazole, imidazole, oxadiazoles,
thiadiazole, and pyrazoles; 6-member heterocycles with O, S, or N, such
as pyridine, pyridazine, pyrimidine, pyrazine, triazines, and tefrazenes;
benzo-fused ring systems such as benzoxazole, benzothiazole,

6



benzo-fused ring systens such as benzoxazol e, benzothiazole, 6 WO 03/042276
PCT/ US02/ 35782 benzi m dazol e, quinoline, isoquinoline, ci n1nol I ne,

qui nazol iwe,03quiznoxal i ne,  pht hal azi ne, benzot hi adi azol e, Pamass02/35782
benzotri azi nes; and pol ynucl ear condensed ring systens such as phenazi ne,

Portiary aramiRazsidinalie, Soadoons gafy e SR el fPbensi di ne
NN - ?! Ehemmwaﬁn@g@m}zbmmﬂ' ttazoke nend benzatiiaziees ansopolpyiicleame.  The ’
Ic grou ma e ' | ] ;
substi tue_nt%o. '8¢ %@%@%%ﬁ%ﬁ%‘g%’nggc eué@%&?@&ﬁ%?%@? ’§I radi cal s,
fc:|1;J ggo(t mh Fc)axba%f, Eadiobwhenyhm}(mdQ.t kxanples ofidgriaiy ppaainecgioiesS 10
g(r)loﬁl(o ag f}c/:oreﬁlgggg)g 0 @g;%@bywmmep X%ﬂ%@é'g‘f’m@@ﬂ?w? gt reactive
_ : A reactive group is

E(r) fl(‘) ﬁirgblegt 'celr Clﬁ’?hfégrg@laﬁcggc?]@sqﬁapf,_rs@%@tiaﬁéﬁbpﬁmm witit ehepabl y a Cl-6

_ ) ro i.C.Oroup. hav ' fi
reactive grQse §H§StétHeQ*%@?W?egsrgpﬁ'wgﬁ%ﬁg@c&dﬁgeé%%ég%ﬁ)lga%r@aclt |r\S/te group
{rﬁg ]lc)gruste?rﬁﬁ%aflg,de?@?pﬁhmamowmlid:ais,s@q:_lbo (thi) aryboxy, radisals leyano result in

na t ' I

use end* _capﬁlilw& Eﬁ%ﬁ’u 30 %@S{%é(ﬁrﬁ&ﬁﬂggﬁz@ed_ or%ésﬂ,)&w?rm%i cﬁr g;grer ?ﬂet >
pol ymer is polyélegeneoxdrandaalkyl(anyhsuliony! ragicadhd- cappi ng 20 conpounds. The
substituents on ihg RSEBLHS GHofiphs pRéfefdlly BROAGRE i6d6! The seednd cappi ng

group can be selected to np Ee hysi cal . ctronic properties

_ dior el
of the resureaqiyegspypms preferapla Las RMPRIG 85 8F°§f‘$%§?édn?rﬁcl ude
sol ubility, p%f@f?gbm{_é byranicoestet.i Prefefdblynrdroaminmgicngrope hiaving, a 25

i nterchain I nt . tibi i in.d '

di'el et 11 o SR Rt esatvE b ah s et PGS helhd 4 PRbieetREI S

li ke. Exan})rmtigé group ahdyebe used B @ndecapping greupsiy sugk reagtionsr eact i ve
groups incly , i ' i -2 7.hr: . - i
B bens oo B Ll RnRgnch ofa feninaPayt GroEP st S Eartieafly T 0707
two second peafetreddogiseans-¢anpingieompouads fonhath reagtivg reWR%iiMor onat es  and

9,9-diaryl - ?vihTéH E4Ss ﬁ@@&l?%@%@&ted Req0Bheallyakitts te ©IY endicappingc  nononer s

havi ng one rst reactive group and one second reactive grou '

_ _ p include
4- br omoBnz EABHOUSESt e and 9, 9-d i substi t ut ed- 2- bromp- 7- 1 uor enebor onat es.
35 Preferably, thhestinents ohite aromatic groups af dhe memomers aindihe mononer s

comprising %E%@édpclngngiroel}pi & BELERLRD &' RBUf thd PRGN SndfdruPs
electronic properties of the resulting polymer. Properties which may be
affected include solubility, processibility properties, film-forming properties,

25  interchain interaction, compatibility in blends with host polymers, dielectric
constant, electron mobility, ionic mobility, color and the like.

Examples of suitable aromatic monomers having two first reactive
groups include 9 9-disubstituted-di-2,7-bromofluorenes and 4. 7-dibromo-
2.1,3-benzothiadiazole. Examples of suitable aromatic monomers having

30  two second reactive groups include 9,9-dialkyl-2,7-fluorenediboronates
and 9,9-diaryl-2,7-fluorenediboronates. Examples of suitable aromatic
monomers having one first reactive group and one second reactive group
include 4-bromobenzeneboronate and 9,9-disubstituted-2-bromo-7-
fluoreneboronates.

35 Preferably, the process of the invention is carried out with
monomers comprising aromatic moieties selected from (i) fluorene groups
having Formula 1ll shown in Figure 2, (ii) aromatic groups having
Formula IV shown in Figure 3, (iii) 6-membered heteroaromatic groups
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having Formula Il shown in Figure 2, (ii) aromatic groups having Formul a
IV shown in Figure 3, (iii) 6-nenbered heteroaromatic groups 7 WO

03/ 042276wB@3h302/ 35782 having Fornula V, shown in Fi guPe€TS0%/837%2
5-nmenbered heteroaromatic groups having Formula VI, shown in Figure 8; (v)
aromati ¢ groups havin Formula Vi1 ho in Figur vi) . fused ring
aromatic giaYHY ﬁﬁWH@ v, ig Rigyre ngm'mﬁm%ﬁq 56%59&@8‘1% a | X, shown
in Figure YrougHabingdFartiuda X, tghooumgh Figunens;qvatomatichgrenps hakingure 12, and

i) conbi ner eof. . - of | - ,

W 15Tt Y, SRORR i FIUEE 8, i uRRE el aroftelis dBuds hatidg, 0 Nieh can
be tlhE samd armulalMif ehewn iaFiM?HOQEounularil(eShﬂwnil@F@Ir@dtgggggrom hydr;)(gen,
10 , | i y - ,  CQWHOFX,
o horn, Fghuia' g ERADA ¥ oy ol in (gurehe, apd®: CG

bet a- di car Hyiysambinatians tharael, WhRre/ shown in Figure 13 and as further

described bel ow jqraph offrmula M| M, \rviagliaventiXxRaad Xhpget her can
forma 5- or 6-nEnbere cl pal kyl, ar or. . heteraq |lring, such that:
RO |5 a subst it URHE AcHOSTRERERD GahOhPIAM Wyicth Ay hE g 5SSt 47 erent at

each occurrence andiffeteseatatchdbdcurened land is selgcied f2aMHydeoged, kyl and

het eroaryl; and w i ¥y t 2R _ d_@;gﬁba, are integers
sati sf |0ng Equatioﬁﬁ%ﬁrbt;gll’ h%%%aIEﬁOMQt%gowﬂﬁTd ?@du%!?i ’o?ﬁ ); 25 in each of
Formulae 1V, V VI OyHeR( 11, 1X, X, and XI: E can be the same or different
at each occurrence_ L E. . SRNINERS)YOIFIRSY, aSORKLE0,BP oD sedmct ed from
aryl ene and heterogr@&Heeﬁé”f S;})’i ne?zg ’IFfta . A]%i S i néepen?g%t Idy at each
occurrence C or N ®eia-giGasbenyls haying Fomayia XBEshowr i FIOYRE 13879AS sych t hat
when both A are N, {8y describe®beldw uhder ‘Foemafa X\"sohadinderttii® of A is C,

then y 1i5S Loor Wh?gugso %org];et &' &nForrh 368 3 d-Frembeted BykRatkyl, JryiS6R: or NR9

wher e: 9
heteroaryl ring,

such that:
R9 is a substituent on a heteroatom which can be the same or

different at each occurrence and is selected from alkyl, aryl,

20 heteroalkyl and heteroaryl; and
v is an integer between 1 and 20, and 6 and A are integers

satisfying Equation A1 below:

O+A=2y +1; (Equation A1);
25
in each of Formulae IV, V, VI, VII, VIIl, IX, X, and X
E can be the same or different at each occurrence and is a single
bond or a linking group selected from arylene and
heteroarylene;
30 in Formula VI

A is independently at each occurrence C or N and v is Ooran

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 Ais C, theny is 1; or

when both A are C, then y is 2;

35 Qis O, S, SOy, or NR® where:

R 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;

8



RO is a substituent on a heteroatom which can be the sane or different at
each occurrence and is selected fromal kyl, aryl, heteroal kyl and

het er oar yWp 08/0M@703/ 042276 PCT/ US02/ 35782 in Formul a VI PCQUSOE3STar bonyl
group, 0, S, SO2, or NRO where: RI9 is a substituent on a heteroat om which
can be the sane or diff rent at each occurrence and is selected from

al kyl, aryl, 5 I = and heteroaryl; Wis H alkyl or heteroalkyl;
or both of Wtoga1hera cabonyd greags @, S,os@2somh§IR§vthmd in Formula Vi II the

two E's are in the
10 2,4-, 2,5-, 2, 6-'319@565&[}&“ erit ‘h%rqéte?oato# glh’lcfhlc%g) %I?]gs?méc% S are | n
the 1,2-, 1,4-, 1 10- dlffBrent at:eash ocguBencqaad is selgcted fpoma@lkyloaml, 2 6.

2, 7- or59 10- pomhgggeroém I':é?{d%t%rc?érylf’ a flrst Eis in the 1 2 or 3
p03|t|on a second Eis In % i n For nmul a first

Eisinthe 2, 3Wig H43HfM‘s¢rthQ$ﬂr°3él%étrd?ﬂih E’?Vit 'ﬂ‘Pfecaf' repregsan 9 p05| tion;
and 20 in Formula X VonBXthdlsbeatiected fromal kyl, aryl, heteroal kyl and

heteroaryl; b is g or IaE ,!“nt eger from1l to 12. FI uor ene- based Aromati c
Mbi eti es” One pre tic noiety is a fluorene-based unit having a
25 Formula Il skevwo E'Sagunehe1,2Fhe,3pr lert,Bd 189l @aps, 7ar k38134, groups

havi ng to 30 car B, » N Hoal Kyl groups having 1-30 carbon atons
and one or nore het da%gmze 8F8§70%O§MBBQ aryl groups having from 6 to 18

carbon atons, anm_Mdel groups having from2 to 18 carbon atons and

one or nore heteﬂﬁ@hﬁgﬁlé)éresm tih\éwz— P4-Exaopl€s., qf6$l1ﬂ6-abbe 80- R groups
I ncl ude n- and i so-but nty 3 hégg |ne. r_and branched, hexyls
p e g

octyls, including Zzéphﬂ ﬁ'e RO# Q%ecyl s and above, with and
wi t hout ol efi ni cijPBAhUBRAI on phenyl t hi ophene, carbazole, al koxy,

phenoy, and cyang feppise o MTE PRSI L AR 8 e oo bp tom im
position;
in Formula XI:
a first E is in the 2, 3, or 4 position; a second Eisinthe 7, 8, or 9
position; and
20 in Formula XIV:
R10 is selected from alkyl, aryl, heteroalkyl and heteroaryl;
d is 0 or an integer from 1 to 12.
Fluorene-based Aromatic Moieties
One preferred aromatic moiety is a fluorene-based unit having a
25  Formula Il shown in Figure 2. The preferred R groups are alkyl groups
having 1 to 30 carbon atoms, heteroalkyl groups having 1-30 carbon
atoms and one or more heteroatoms of S, N, or O, aryl groups having from
6 to 18 carbon atoms, and heteroaryl groups having from 2 to 18 carbon
atoms and one or more heteroatoms of S, N, or O. Examples of suitable
30 R groups include n- and iso-butyl, pentyls, both linear and branched,
hexyls, octyls, including 2-ethylhexyl, up through hexadecyls and above,
with and without olefinic unsaturation; phenyl, thiophene, carbazole,
alkoxy, phenoxy and cyano groups. More preferred R groups on the
carbon atom in the 9-position of the fluorene aromatic moiety are linear
35  and branched Cg through C4q alkyls. More preferred R groups on the
phenyl rings of the fluorene aromatic moiety are H, C1-C4 alkoxy,
phenoxy, C4-C4 alkyl, phenyl or cyano.
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35 and branched C6 through C10 al kyls. Mdre preferred R groups on the
phenyl rings of the fluorene aromatic noiety are H, Cl-C4 al koxy, phenoxy,
Cl-C4 al kyb,03pk2ney| or cyano. 9 WO 03/042276 PCT/ US02/ 357@2T/UAn2/evsnpl e of
a suitable first aromatic noiety is shown in Figure 2 as Fornmula 111(a).

Additional Aro | Leti n_.0f C.oul LV, .V, VMV .Vl ,VIII, |I'X
X and X, wher %h%xgﬁb% ‘é“e%?{'ﬁ%tﬁé?@?‘ %"F\%ﬂg}ﬂ‘hﬁ&dr‘ﬁﬁbe‘”&r'a Fé%‘i"?c% ed from
het er oar yl easekormatlariifede het ereoaryl enes can be sel ected from groups

havi ng For i i in Figure 13, where: in Formula XV: Ris
as describ diforsf H]at' OIéQII IV, V, VI, VI, VIIl, IX, 10 X through
XI11: El is a silpgashggk@muiae b6 MnNlaVib VI, i aX@nd 4 wheee aB¥ @nebed above

for each oforlrhbre bMe Iini\r}éﬂgroMbé are d&lbtted! ffom Netdtbabhed, khen fHed 15 El is a
single bongq.ﬁt Formula |V: slterlélcﬁtl eH, t he aro%wlw can be an

aromatic h ﬁ@qqgnﬂengq PR PESeRgiedfroMhIraupshaveg fg AWANYhe R groups
are prefer aWysheenh acFigdrd 1®mwhareti al |y or fully fluorinated al kyl groups
having from1 tql; F20 'E&‘é gg,r bon atons, especially CF3, al koxy groups having

froml to 12 car _ esters having from3 to 15 carbon atons, -NOZ,
-SR9, -N(R9)2, -P(RRH as derajbedsabre: foreack oRll,ilY, Wr ¥1.a/bBINY, BG al ky!

group {paving froml to kzthQ@ugé}?R jptons, and bet a-di carbonyls having
Forrmul a XI'V shown incg{gure 13, V\Ae’re R10 is preferably an al kyl group 25

having froml| to 12 BhsiglRoNtid S is preferably 0, 1, or 2. Exanples
of suitabl e secdnForrmmeKyve nmoieties with Fornmula IV are shown in Figures

Chrough IV(v): R 15 d2 W8St o e caseeed BPORER rnid fdvadl VY v w1,
VI, VIIl, 30 IX XViH byghthxough Xidrand a V: Alternatively, the aromatic

noi ety ;gcan be a dival a - ring heteroaromatic group having the
struct l}(l’ée shown in Fi%ﬂirsea%'m[%éﬁl a V. Preferred R groups are hydrogen,
Cl- G5 al kylFoymuladV: C6- C20

Alternatively, the aromatic moiety can be an aromatic having the
structure shown in Figure 3, Formula IV. The R groups are preferably
selected from partially or fully fluorinated alkyl groups having from 1 to

20 12 carbon atoms, especially CF3, alkoxy groups having from 1 to
12 carbon atoms, esters having from 3 to 15 carbon atoms, -NO,, -SR?,
-N(R9),, -P(R9),, -SORY, -SO,R9, where R? is preferably an alkyl group
having from 1 to 12 carbon atoms, and beta-dicarbonyls having
Formula XIV shown in Figure 13, where R0 is preferably an alkyl group
25 having from 1 to 12 carbon atoms and § is preferably 0, 1, or 2.

Examples of suitable second aromatic moieties with Formula IV are
shown in Figures 4 through 6 as Formulae IV(a) through 1V(z) where:

in Formulae 1V(v) through IV(y):

R is as described above for each of Formulae lll, IV, V, VI, VII, VilI,

30 IX, X through XIII;
Formula V:

Alternatively, the aromatic moiety can be a divalent 6-membered-
ring heteroaromatic group having the structure shown in Figure 7,
Formula V. Preferred R groups are hydrogen, C4-C5 alkyl groups, Cg-Cog

35 aryl groups, and C4-Coq heteroaryl groups. Examples of suitable E linking
groups include pyridinediyl (-C5H4N-) and bipyridinediyl (-C5H4N-
CsHaN-).
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35 aryl groups, and C4-C20 heteroaryl groups. Exanples of suitable E

| inking groups include pyridinediyl (-CoHAN-) and bipyridinediyl (-C5HAN-
CoHAN-) . WO 09236 042276 PCT/ US02/ 35782 Exanpl es of suit 0TAISaz/aaTst i C

noi eties having Fornula V are shown in Figure 7 as Fornul ae V(a) t hr ough

Vi . F |
(9) oot 2 \ixarflibe oPakatb brohfic MAERIY Kot ERMMERNV BF2

5- menbered-ring et eroaraomat |
8, For mul as{;lpwn 'PrFéQ‘éﬁeﬁeaSIﬁogﬁb'lﬂﬁvé?r)éh'lqllgttl (9?5 aI kyl groups, and C6-C20
aryl groupFormiis ¥i: pref erably C6-Cl2 aryl groups. Exanples of suitable E

l'i nki | edi yl (- CAH3N- t hi ophenedi yl CAH3S-
Exanpl 05 of st AIBTRAENIES Brcile it thod Bumamyeraidrgnon. 10 1n
glegg: ?bgda%mgyeq. édoor;:;%goégmbp h%%ﬁa?i?g sﬁmv})g rein Flgul?/jfgﬂb%?&lila(\ﬂ) I XR |Xs as
through X I''s ar v i\ Y4122 YR IRSa het er oat
ergﬁgcan lﬁ@onaweﬁﬁbly&glédgfam@ﬂup&t EéamplasaﬂmunthbeEénngs sel 2c'?<ragaf ?(r)nm
al kyl, aryly rouﬁ@?n%ﬁ.@%' W}olﬁ&gl gt ﬂa)réﬂ h\fﬁ%bayg F‘ll_ﬁbt)er natively the

aromatic m)letyg ure 9, Formula VII.
The R groups ar &¥AR @$95§9't4b|6610@§§0m%9ﬁes wighs Fonmular V) argrshown

al kyl - sgbstin Figiee %S’Fonﬂﬂ@@\’l@i)&hﬂi%}ﬂ? Whetdte R groups are H Cl-C4
al kyl or pherf‘q Pi ef e& 224%3 the two elgﬂrv)lesent one single bond. Exanples
of suitable sec noi eties of this type are 25 those having the
structure of ForRrid asedsddriceld abioveuighe&ch ofiFarnviilaéd, MuveNd; VIINVEr mul ae

ViI(a), VII(b): R Hﬁ@fﬁr e bove for each of Formulae 111, 1V, V,
Vi, ViI, VI, IX,IXXR?nro gXIQI‘%F;a and 30 In Formula VI1(e): RO is a

substituent on dniefmuiga¥Vidhi whi ch can be the same or different at each

occurrence and iR9 gg Qﬂ&&iﬁjérﬁ%‘ @hkidroaidhy which @b @ teyamang heteroaryl.
Formulae VITI thr OHlWe]rent at each occurrence and is selected from alkyl, aryl,
heteroalkyl and heteroaryl.
Formula VII:
Alternatively the aromatic moiety can have the structure shown in

20  Figure 9, Formula VII. The R groups are preferably H, C4-C45 alkyl,
Cg-C1g aryl or alkyl-substituted aryl. Even more preferably, the R groups
are H, C4-C4 alkyl or phenyl. Preferably the two W represent one single
bond.

Examples of suitable second aromatic moieties of this type are

25  those having the structure of Formulae Vli(a) through Formula Vlii(e)
where:

in Formulae Vli(a), Vii(b):
R is as described above for each of Formulae i, IV, V, VI, VI, VIII,
IX, X through Xill;_and

30 In Formula Vli(e):

"RY 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.

Formulae VIII through XIII:

35 Alternatively the aromatic moiety can be a divalent fused ring
aromatic group having the structure shown in Figure 10, Formula VIII,
Figure 11, Formula X, and Figure 12, Formulae X through XIIl. The R
groups are preferably H, C4-Coq alkyl or Cg-Cyp aryl.
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35 Alternatively the aromatic noiety can be a divalent fused ring aromatic
group having the structure shown in Figure 10, Fornula VI11l, Figure 11,
Formul a 1Wp oatne2Fé gure 12, Formul ae X through Xl 11. The RPCIrusop3s7sr e
preferably H C1-C20 al kyl or C6-C20 aryl. 11 WD 03/042276 PCT/ US02/ 35782

In Formula Vill, ' r f ' q -4 &, 5a 5 8-~-2, 3-, or
2, 6-posi tians. I%‘(_ggpﬁpggs\(l)l?’ gqlﬁoggb%a&géﬁcé(g% ytg?@neé% ’iac’ t‘ﬁ%i’gt’ls é_sé’:ﬁas{ ng

Formul a VI 12.6-Regitignswhxpmplesyef sUitehle $e5aRG aiematicineiptiesnavige Vi 11 (d). In
Ssor1 (r)rul Solsxil:'dé'ﬁflﬁﬁl g@esrw\mﬂgrﬁghbseﬂ?, Ff)clhguﬂaé’fvul &) througdh 8A1i(d¥. ?-,hor_ 5

, 10- iti . X , ui second ar e aving .
Formula I X is sﬁ%\ﬁﬁme%g%ﬁ?%Eﬁ?feﬂ%P pBly R .'%h‘gggoﬂ'g‘wg) & Pbr med f?om
t he iar ofrat i9¢1 Grypusitions. qﬁrslemptde ?fed)smmmaseMd;@ﬂnmlmmiety ha{/ihfgr nalti ng
copol yners, | . ifferent types of polyners
can be exe#&?{npf%@éfgi%g@ﬁp&lﬁ@% 3@“‘;1%%‘1%?@%& can be fo)r”rored by Itohey
reacti on of the Thealymersdiermedtfione thg aratid monviers discBsged e 5 (i n which
the two si ﬂb@ﬁ'ﬁ | ; i boroni c acid
derivati ve%gb QE%% ﬂu(ﬁ%aﬁqr@?%?%%g\@ﬁégt%g%tﬁ{@on@ Canerg}"’?&?%aglgﬁgﬁmd by the
pol ymer i zatPBAlYBIershdhase diffeseriypas AbPBYMSHS carbeexgaplifigdiage of For nul a
1 V(k). 105 #bllowsanineeiapolyrier SArPbemEmss by eid iactbn betBbiBronok) can be

d with the d d ' la V(1) . ,in Fi 5,
form an ol Corvafvag RmBlg A2 T Ry Bl inGhihe pBisthal DRSS Frémnoner te
unit al t er mdiaehedvid bramihes)wiihitbeydiboroniznasid derivative ¢fl Rermmaa iV).y, the
mono- br Mo NTRGRBA AR ¢aACch HE RO S 1 poiftheROLtb A fhdikbngan be react ed

wi th the nono-Dbr no- boronic_aci d Fmula Tv(l) to form
a stati sti ®sPMedpeng-heronis apidderivative of EermulaiI¥tk)i but i on of

oct af | yor o- bi Phaenaiil INOURRIABIerVBRRIB Fomita o Rehdirat i vel y, the

IV(1 ) can: BRPGtEd MBINRHEPTORE 25 SPOvRIvE.R omsth U0 RIOWE SioFor mula
LT o e ST e b s o
E:Ilr Ist r :Jgut {T@hﬂﬁéltegrﬁg%wﬁfﬁfaoﬁmrgnﬁﬁﬁy rﬂﬂ@%?ﬂ%%g‘hehyl nononmeric units. In
the pol yners naddefnativetyh themonoebronusioniorhargniclesidiereativerafmat i c _
moeeboll, FRTNARRETYS ERASFUR b FufaRiR Mok boing agee” Pol v ©
account t héeriyative aldarmyyla éViniai feam mestaiistiopl cabalwaep nithea siadistical t he fi nal
pol ymer. ThpsgbiisPer ddtafudrbdiptishyt bAd fluBfdpheRyPRBhbhRFic htsubi I ity
properties, ProgGad)dively theaRRSmb ditvalive OF FSMBIVA) Phe/he®s: 1o enhance
dibromo derivative of Formula IV(l) can be reacted with the diboronic acid
25  derivative of Formula 1V(q), in Figure 5. This will result in a copolymer in
which a trifluoromethyl-phenyl monomeric unit alternates with a statistical
distribution of octafluoro-biphenyl and fluorophenyl monomeric units.
In the polymers made from the monomers containing the above
aromatic moieties, the R groups are essentially side chains off of the
30  polymeric backbone. Thus, the final selection of the R groups should take
into account the role these side chains may play in the properties of the
final polymer. These properties include electronic properties, solubility
properties, processibility properties, film-forming properties, to enhance or
to reduce interchain interaction, to induce solubility in organic solvents, to
35  induce compatibility in blends with host polymers, to induce high dielectric
constant so as to solvate ions, to enhance ionic mobility, etc. In addition,
where the R groups are substituted, steric effects of such substituents
should be considered in substituent selection.
12



to reduce interchain interaction, to induce solubility in organic solvents,
to 35 induce conpatibility in blends with host polyners, to induce high

di el ectriwo osomer@nt so as to solvate ions, to enhance i omCE/usobsi7B1y, etc.
I n addition, where the R groups are substituted, steric effects of such
substituents %E e considered in u tltuent ection.

03/ 042276 PCT/ US S} epBF?f?fQP"!Q Be PIecRRS AT efrB’ePHB“pﬁ‘%ess of the
i nventi on, l@@mﬁﬂ@eﬁwﬁsﬁ&necwmmpeﬁmﬁdamytgroppsfdylimamagkhé potyongrs by

t ti t ] i h

Dol uodon Wit A PET T cbhie bt TR ﬂ%@%ﬁ‘ﬁﬁ GorpI ietpifilr e S L )
pﬁrf I ugr oal arpnsaticdngts) of thel polBnencBuitrble eerfluarpaliylaling mateaelg especial ly
t f

o hent oy (e g?’?ai?&*@é#&r@%%es %QQFQQW {feio8lde8>and B.‘*ﬁ"?ﬁ@é'ﬁf'ﬁggisoof "t he
i nvention ¢ W eBlogides ds e meseaeﬁe ruthgsium o Gataly$t: conpl ex di ner

conpri si ng BWrHd gagdlydton metal 10 atons banded to at |east one phosphine

oxi de |igand eac wher.ei n ach transj,tion netal is d | d
via net aIg phosphgh§§aﬁﬂ¥ﬂén %B@C\ﬁﬁ%rogih? WN@“?%C‘P'PBH?%] ?e oﬁglf"igl atolrrgagrz

br It dlged Vi ?oiidg_tf@isﬁﬂﬁﬂﬂem @Gmlplé% m?m‘r&lmln)prlsnﬁgr’?/{uhtmmum ntalde t r1 ani |5 tion
metal c ex di per s _Fornu

wher ei nﬁﬂlp gfc()gnst E‘éﬂg?q ?%ﬁﬁ taqnaeséll-'(g{qhé@é 5}%,8%"'93@%%]% \@ngéﬁlggéght hr ough
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| sobutyl , -W&Ccyc %Eer@’dsf)gﬁcﬁéﬁ%'y e‘fé& Hffrcog’/%?r% I’r?tu{/)Q&J Y E%g cl opentyl
cycl ohexyl peioearh yI ﬁSﬂC)’CUﬁ tasggnometa) ’p tolyl,
Ey![ yl, vi ny![ hsﬁzk |@R4 PRBRﬁ')’énd NRGR@hﬁ,lhgfyléﬁ Ryckﬁ)qzz? €R7y|antth?’afe)OCt adi enyI
utynyl , ne oxy, u chl or oben or oet hy
CH3- SsHAd ei?-el'?g?ﬂ %F@NTO'¥6 Z%SQ’ f du ' pyri ni di nyl ,
IOYFFO: yl, I PHya@aybyl, Msﬁlmte&hydlp?darmdzhywmamymwlalkcbxy,aanyAbxy, -
qui nol i ny 1 3 optionally be
substi t ut edaﬂﬁﬁ%l%e@%géﬁyﬁgpgggﬁﬁguyo!\'}era %qu?( Péﬁfyoi\ehmpﬁﬁxa;ﬁﬁy ower
al kyl t hi o, M is preferably a Group 10 metal; most preferably Pd or N
Examples of suitable R and R2 groups are methyl, ethyl, propyl,
25  isopropyl, butyl, isobutyl, t-butyl, cyclopropyl, cyclobutyl, cyclopentyl,
methylcyclopentyl, cyclohexyl, methylcyclohexyl, benzyl, phenyl, o-tolyl,
m-tolyl, p-tolyl, xylyl, vinyl, allyl, butenyl, cyclohexenyl, cyclooctenyl,
cyclooctadienyl, butynyl, methoxy, phenoxy, toluyl, chlorobenzyl,
fluoroethyl, p-CH3-S-CgHs, 2-methoxy-propyl, (CH3)3SiCH,, pyridyl,
30  pyrimidinyl, pyrrolyl, pyrazolyl, pyrazinyl, pyridazinyl, oxazolyl, furanyl,
quinolinyl, isoquinolinyl, thiazolyl, and thienyl, which can optionally be
substituted with, e.g., halogen, lower alkyl, lower alkoxy, lower alkylthio,
trifluoromethyl, lower acyloxy, aryl, heteroaryl, and hydroxy. R1and R2 are
preferably selected from C4-Coq hydrocarbyl and C4-Coq heterocyclic;
35 most preferably C4-C12 hydrocarbyl.
The catalysts can generally be prepared by mixing the phosphine
oxide ligands with simple metal salts in an appropriate solvent. The
phosphine oxide ligands can be added separately or prepared in situ by
13




trifluoronethyl, |ower acyloxy, aryl, heteroaryl, and hydroxy. Rl and R2
are preferably selected from Cl-C20 hydrocarbyl and C4-C20 heterocyclic;
35 nost pwefoaataley Cl- C12 hydrocarbyl. The catal ysts can @emarsat/byrsbhe
prepared by m xi ng the phosphine oxide |ligands with sinple netal salts in

i at I . Th h ' j i d be ,added
Separ at ol y -GPBTBEEBIPrPANGR a0k U o H T Pt B2k 5
, c?)nbi ni nlg qidtalrﬁtmiaplmidadxadid& agd acBiER2S- Wetavednplereswith Sort abl e nFt al
alts inclu 0 : xanpl e,
iycl ooct adi gﬁ%&%ééa%@l°§°§?ao°i&ﬁés§§ﬁ%&%%?§? g @&?ﬁg&%mnﬁ ggﬁﬁulgfle ?gr med
when t he nolee farmecdbwben thessiarmationf gbosphinetoxide to metabisi2 te1Cat al ysts
havi ng For mglag,| étsq{é?/ciﬁ FHﬁHul‘éﬂP&eﬁﬁﬁn%ﬁQﬁ*{eﬂeﬁﬁ%@o@ ratid B flto 1.The phosphi ne

oxi des can be prepare _any neth for hosphi ne

oxi des with di ver%@%%%&fﬁs?xmi%s Gan besepared ta«a@bmmﬂ@% fol ds as
deﬁcri bed i ﬂ]éih'@djitozMih@bﬁbf@@iih@@&Idte_@aﬁi&nbliveﬁwRigmmﬂ)@,ﬁsV@tﬂ@{L%b?GS:. fThi S
schene conprise e s of ,contact.in a_phos sel ected from
The or oup. COhEPTMHEHORR 44 dseSPbaEin Blolshed bt BAEE ' P2l 56 ' e
R2, wher ei n A¢pliGatieamVED0LZE63s Tdas soeemeaooywisesithé steps) ofcondadtihgs uppor t
resul ti i t | erey trﬂ@&e badipechl y or
directl gégt ola? agHs%%?\h]eg%;%@repquﬂ%ég I%g@héndgﬁ'les@gval en 1Rbb)r$5§,q_t)§and (rii)
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or chiral. The caéal /St 1S preétg,nt lhn an .anmpunt, sufficient to a%l w t he
pol yrer i zat PHAChed Mdirgetly or girectiyete. thesolid supporta ppe of mpre CNRIENLer cent
based on t hgohas aandriliesepiicingomerer aoreof Riraritl R2 atithl eamsother Riravide 20

per cent C5-Bases or.gani | ed in the process
of the 1? nv512t %medf’r?}%()\f%emh%gﬁ%@%&é@%ﬁﬁﬁﬂgég%o@cg% of hydroxyl
i ons and Lewnsnéisisesnsyroietrio; eachiral. sour ce of hydroxyl ions in conbination

wih 25 water.  Thhd CighsOR dbsditin %ﬂ_s@?b&ntgs%fﬁrﬁgﬂﬁataubmhéecond reactive

groups, Y, to the reactive's es, OH) 3. nost, sultabl e base w ||
depend on tPeYMEHzAtONJEACHRN %d?f@ﬁé?@- Srenesaliyy @hleas) OrlemoleRenesNbs of

i nor gani ¢ baesd wiehe! totdl nid\es 6F PeABMes; praferabiyeintéaxt 0.3 pndieide al kal i
netal carbonates and bicarbonates. It can be convenient to 30 add the base

as a sob¥d 6988 reaction mixture, in the presence of a trace amount of
water. In pracBages a few drops of water can be added to the

Inorganic and organic bases may be used in the process of the
invention. The term “organic base” includes sources of hydroxyl ions and
Lewis bases which create a source of hydroxyl ions in combination with

25 water. The function of the base is to convert the second reactive groups,
Y, to the reactive species, -B(OH)3;. The most suitable base will depend
on the nature of the monomers and solvent system.

Examples of inorganic bases useful in the process of the invention
include alkali metal carbonates and bicarbonates. It can be convenient to

30 add the base as a solid to the reaction mixture, in the presence of a trace
amount of water. In practice, a few drops of water can be added to the
reaction mixture with the base. Alternatively, the inorganic base can be
added as a solution of an aqueous alkali metal carbonate or bicarbonate,
such as 1-2M sodium or potassium carbonate. Examples of organic

35 bases useful in the process of the invention include triethylamine and
sodium t-butoxide. The amount of base present should be at least one
mole per mole of second reactive group, i.e., boronic acid, boronic ester,
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m xi ng can alned at reflux as reaction m xture becones

I ncreasingly viscous due to buil d- uyﬂ&E_ﬁﬁl ynmer nolecular weight. This is
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10 e reaction
time catd beCPMPONENISIR 'WS@PE“CP%@ qrﬁ\seﬁﬁ @Qgt %{3}2\9@ i R‘r%&ségngge i sol at ed
from the reafikivea igtist vtombirednuitit thevssivéermtnand the cata wrt.:esd bageiadgled
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The reaction is generally carried out at a temperature above 50°C,
preferably at about 100°C. The total volume of solvent in the reaction
25  should be such that efficient mixing can be maintained at reflux as the
reaction mixture becomes increasingly viscous due to build-up of polymer
molecular weight. This is generally in the range of 5-20 mL of solvent to
every gram of polymer, preferably about 10 mL of toluene for every gram
of polymer. The reaction time can be from a few hours to a few days. The
30 polymer can be isolated from the reaction mixture using conventional
techniques, such as evaporation or precipitation with a second solvent
followed by filtration.
The process of the invention does not require an oxygen-free
atmosphere, although one can be used. Thus the reaction can be carried
35  out under reflux in an open system. This allows for more flexibility and
lower coast than with previous processes which required an oxygen-free
atmosphere.
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followed by filtration. The process of the invention does not require an
oxygen-free atnosphere, although one can be used. Thus the reaction can be
carried Wbosws22oander reflux in an open system This all oRETUS02/B08E
flexibility and | ower coast than with previous processes which required an

oxygen-free atnosphere. 15 WO @5&4&%7'325&!/ US02/ 35782 El ectroni c Device
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the hol e i ninetionftransposjayer 128y shdjacentdadhe cathedetria@angiptiopablayele | ayer 130
and/ or .t he i l. el e LA) L QA P 140. The device
generallltoy af&cgﬁ‘grlaggsﬁaéfséggb@#rt%ﬁ hgi'? rﬁs'i{;c%g\%% tlwce%a tg]%h%{?e adj acent to the
anode or t hinjectiohftenspopidayegrr the cqthgdg(@'pqpttonﬁge egliPAcent the anode.

The suppor ttr&ﬁ%&?ld{y‘eiﬁé%@pﬁétoéb&iéjlayéf @30 Thercopoly@i€refthe General |y,
glass or flexible org e _use

nic fil a d.as,a su re. ode 110 is
an el ect r od&VERHEEN £3N rb&r'-ﬂﬁe(f,‘éjl'gﬁ?%ﬁ%l?fm]@%?l@/trﬂa?p&ﬁfaé@f iﬁ@ aﬁa%'ﬂ@l | ecting
posi tive chgegshstantigs lyeB0 andide thesopticriat eleutpninjgetion/tranapest i al s
cont ai nj ng gé{rre;lgh m xed nmetal, alloy, netal oxide or m xed- netal oxide.
Sui t abl’® nmet®P§ '"Hel ude the Group 11 netals, the metals in Groups 4, 5,
and 6, and the GThepe¥ick0genesaly alsoinghedes a support aotaheud) whichcap pe

such as 1 nPaR S A o e 2l 00
conpri se anadiegant theranads. aTh%ﬁdﬂP%Ci%Wzlﬁ?(M%@r HAdg@LANYGRY in "Flexible
|1 ght - ent Lt iragashhiedesormey s rclenible orgundo fivimgrapndehas a'supbiattur e vol .
by pig canensie THaan setods el AR HR e PB4t TED,
"physi cal vaplécting 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
Groups 4, 5, and 6, and the Group 8-10 transition metals. If the anode is
25  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
“Flexible light-emitting diodes made from soluble conducting polymer,”
Nature vol. 357, pp 477-479 (11 June 1992).
30 The anode layer is 110 usually applied by a physical vapor
deposition process or spin-cast process. The term “physical vapor
depossition” refers to various deposition approaches carried out in vacuo.
Thus, for example, physical vapor deposition includes all forms of
sputtering, including ion beam sputtering, as well as all forms of vapor
35  deposition such as e-beam evaporation and resistance evaporation. A
specific form of physical vapor deposition which is useful is rf magnetron

sputtering.
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deposition” refers to various deposition approaches carried out in vacuo.
Thus, for exanple, physical vapor deposition includes all forns of
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deposi tion such as e-beam evaporation and resistance evaporation. A
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injection/transport layer can also be applied in a pattern by ink jet printing,
lithography or thermal transfer patterning. Other processes for patterning
25  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
cell), a layer of material that responds to radiant energy and generates a

30  signal with or without an applied bias voltage (such as in a photodetector).
Examples of photodetectors include photoconductive cells, photoresistors,
photoswitches, phototransistors, and phototubes, and photovoltaic cells,
as these terms are describe in Markus, John, Electronics and Nucleonics
Dictionary, 470 and 476 (McGraw-Hill, Inc. 1966).

35 Where the device 100 is a light-emitting device, the photoactive -
layer 130 will emit light when sufficient bias voltage is applied to the
electrical contact layers. The copolymers of the invention may be used in

the light-emitting active layer 130. Other known light-emitting materials
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de f J. He
gguanalr om S\E{Hagén@ﬁﬁﬁ Ia%a?@? ??é 5§/a Pﬁo%:éﬁndifctl\}aé‘i:%@r a éfiz/l%ogltﬁc o Ff%g{/
Corrp05|20es el Hﬂ({mﬂ@mt()ﬂ@ﬁfth%ﬁ W'WJM@@PE ightgngihe qgé‘ﬁé@at?aﬁl ng

Pol ymer Net yga4s "Such i ht—d@nsﬁtﬁb'dﬁeﬁﬁcéﬂy reé&@\f@Mad@%lsmde@foNature Vol .
376, pp. 495-500, 18!

actlve I r 130, ¢ I N, active
organi ¢ nat@famaple, g a‘FPrB'ég%Fgg H‘qr?(ﬁﬂ %%gtlr? oHY B t:? @%‘f?ﬂfl onal
means, i ncl watgHals.pSpecific examples include, but are not limited to, MEH PPV

(“Optocoupler made from semiconducting polymers”, G. Yu, K. Pakbaz,

25 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).

The photoactive layer 130 containing the active organic material

30 can be applied from solutions by any conventional means, including spin-
coating, casting, and printing. The active organic materials can be applied
directly by vapor deposition processes, depending upon the nature of the
materials. It is also possible to apply an active polymer precursor and
then convert to the polymer, typically by heating.

35 The cathode 150 is an electrode that is particularly efficient for
injecting or collecting electrons or negative charge carriers. The cathode
can be any metal or nonmetal having a lower work function than the first
electrical contact layer (in this case, an anode). Materials for the second
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coating, casting, and printing. The active organic materials can be applied
directly by vapor deposition processes, dependi ng upon the nature of the
mat er i al swoloB/o#R7@l so possible to apply an active pol yner Pordsor/382 and

then convert to the polyner, typically by heating. 35 The cathode 150 is an
el ectrode th

t.1s,particularl fficient .for .ipiegtin r |l ectin
el ectrons o?laeﬁgtfé‘f BQBtta&ﬁ &éc%%ﬁeisgfesc?e(%-ﬁgn]:gl{(ﬁﬁhéeqta%éﬂ C%guéﬁkldené.t al gor
nonnet al hai, 03) atheoBroup® (ddkdlineceart) meétals, tihe Group t12 reétats, the edrecont act
| ayer (in thj , e ' 03/ 042276
PCT/ US02/ 35%%@*'&’2@%&?'3‘.'“@@{3’%&%?%@@ ?cg[lyr@ééséa@%lgéé sseﬁggl?g% a#u}'?)ir% alkali netals
of Group | ingiym, calcium,tgriun,andansgpesiuiaargavelhas sambinations.«fah be he G oup
12 et al§|, Lb&qrare Sart hs, ]the I an'ltohani des, and the acti nides. I :\/ateri al s
such as alumnu indium calcium barium a magnesi ym as we as
conbi nations, ca hﬁéaih%@yeﬁ'ﬁ@gtsa‘t'?rﬂﬁ% a%&%&%@gﬁﬁlﬁé’ﬁm applied by a
ph%/tsi cal dvaaépo%iﬁ@mméé%ssn blﬁrg@ﬂ_e%,-th]?rcwﬁmﬁ llyer iilEbe pattoried| ayer Ovm' | 11 be
patterned, 3s i scussed. abave in.reference 0 an
conducti ve 3‘§8p§§pé:faﬁg\}%}n %(eng?mﬁh@a'&?@%@&grﬁgsﬁﬁh&?‘&hﬁ%an be used to
pattern 1Opblymerdayerdt20.a@emilar Prodassig feahpiques Candre fisedcioi patiesot h t o

facilitate FHeeEétF\Bpetlé sport, and also serve as a buffer |ayer or
confi nenment "[rayer 10 event quenching reactions at |ayer interfaces.

Preferably, thisQOpiipmal layerdd@saeferationpaiane faaitaterlesten BaBsRRIbnehi ng
reactions. Eﬁat@i&icﬁ%%é’sl§‘bhff_@ﬂla§ré|a@r5é&{ﬁnenié:ntf@}e?rtb@révérﬁhuéﬁbhiﬁgw | ayer
a

140 include ne chel at ed oxi noi corH‘I)OL% d such a§

tris(8-hydr BB3GRNEAL stﬁfam?ﬁ)f;ﬁ%% ﬁﬁ%?} , 6‘ﬁjﬁ¥ﬂtmpmq eeFsel conpounds,
Z Ug hdas 2, 9|n€5b‘ﬂﬁ$' iyl fdﬂcdé‘t, ﬁbenlir_;Hing redctionph Exanmpgles bf elec‘(rﬁ)ﬁ)ﬁg)\sport )

, 7-di nyl-1, . - aan ine . ; a ounds such as
2-(4- b!o e%m%}?s@g?gﬁp&? Iﬁ‘%ﬁé%@l'é%@%%@gﬂﬂeﬁ%g%azo e (PBD) and

3- (4- bi phengbyrippundpheush as irisfs-hydmxynpinetaio)aluminum (Algglkzol e (TAZ). It is
known t o haéﬁeﬂ%%rrolli -BééecL@onﬂ 8@58& stcR G Poldimda-acadiphehyl- exanpl e,
there can be a Tayer (not shown et ween t «? C’g&dHCtlvﬁ rool r..layer 120
and the act ivi0-phgpanthagine(DRRA) ¢4y liplrnyl Ty E0-pRgRgR %n?r(é%ort and/ or
band- gap nmagghi e tokipeuhdy elsh asR-MobipHesylyiE-@st-butyiphenplytli 3,d- | ayer .

Cayer 139 andietREo R RCaRd A BRe ey B ER 2 40 Y
transport amddzole (BAZ).gap mat chi ng between the |ayers, or to function as a
protective layer . Layels i vetheKBYYR hbrhificHidctidHic 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
25  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,
or to function as a protective layer. Layers that are known in the art can
30 be used. In addition, any of the above-described layers can be made of
two or more layers. Alternatively, some or all of inorganic anode layer
110, the conductive polymer layer 120, the active layer 130, and cathode
layer 150, may be surface treated to increase charge carrier transport
efficiency. The choice of materials for each of the component layers is
35 preferably determined by balancing the goals of providing a device with
high device efficiency.
The device 100 can be prepared by sequentially depositing the
individual layers on a suitable substrate. Substrates such as glass and
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30 be used. In addition, any of the above-described | ayers can be nmade of
two or nore |layers. Alternatively, sone or all of inorganic anode |ayer
110, the wondue2rese pol yner |ayer 120, the active | ayer 120T/tmn2i33781 hode
| ayer 150, nmay be surface treated to increase charge carrier transport

efficiency. The chaqice of nmaterjals for each of the c ayers is 35
pr ef er abl § B@V@ﬁﬂcﬁwsﬁan%ﬂ lé?f‘di'a n?q'?g Cg5%t Eheorfm %\?@3%5838@%‘%” %:/e with
gi gh devi ceSlﬁis‘tiaife@!mdxheryelrslaré beiltipOfromrthbee. pewaver ity pessjblentoi al | y )
epositing &% | [ \AS | G trates suc
as glass an SF?BP&%%;?%@%SE}@ ﬁ%@ﬁggﬁ%gllﬁgmﬁ*fﬁ@%n be used.
In nost casemlerhdn geoetaltbe siffareatiayers: wi hay@ﬂb@ﬁ%lwl%@ﬁgﬁaoﬂ ayers are
bui I't ups f rmﬁd&ﬁgs: Wrﬁé anblie 130086615000 A refdralsiy 1@OPL20C0AR; cat hode to
a substrate and add the Tayers méhgﬁ ers ag{ddgé I@ %E.ebgl, t he
different |egrauctiyenolymetiayde14( 9% (ﬁé BH‘%@r y 50QR0PRAEAIGBE ' i nor gani ¢
figgdeSélgéoé@ﬁto " iﬁg%xe%mr, ebernabol A, %;@fwaiagomoosoo At;)?p‘limtél\edaequlr%ger 1:)a)1/8(r)0

: - refer = ' 2 : -
A pr of er abignanst By 44025 BAG ardleraf 2o SRLALAFPAEABD, 357 50”1000 A
preferably 200190004, prefenaloly 30865600A0- 10000 A, preferably 300-5000 A 10

EXAMPL The foll ow ng exanpl es i certain features and advant ages
of the esent invention. They ar etw%% to be illustrative of the

i nvention, but ndhelfolewinggxamplesdpsisateapsainfaatres RadAgvaniagess s

otherw se e8Ent ilPe e PHReylaE ihferficandl e llstiiveasfake t he preparation
of a catal yst havi For.my I%ﬁhown

| a n Fiqure 1,. .
[bis-(di-t- wwtlaﬂggl&m%w'%i Pe%“k%ﬂﬁﬁ%e hVgioht &nieshptherwise
{[(t-Bu)2P(AdidaBdC ]}2 Method A. In the dry box, a solution of 1.608 g
(8.90 ) of 20 (t-Bu)2P-ClI in 11,4-di oxane and 160.0 ng (8.90
nmmol ) ot H2O was stirred at room re for 10 min, and 1.0 g (4.45
mol ) of Pd( OAc)Thisvexargpladilustiajesithecprepatation & axeatalyshbayiBgul ting m xture
was then r i i 41 'SH(%Ob h BRadibgsphor us- 31
NVR spectruﬁ%ﬁﬁlfémiw@ﬂﬁﬁ i’%}%&gtt'b?mls p itﬁf&ugﬁaod\;\'%)é-ﬁt he 8 = 125.5 25
(- 5%, 123. shicridesbimer {88 POy dCdinnances, and no unchanged

(t-Bu)2PCl and (tdubdR O I thf d§rboal dongtidroot DE08 GgBI8Y mimoleof he  ni xture
i G D T e S
was stirred at room temperature for 10 min, and 1.0 g (4.45 mmol) of
Pd(OAc), was gradually added within 5 min. The resulting mixture was
then removed from the dry box and refluxed for 5 h. The phosphorus-31
NMR spectrum of the reaction mixture at this point showed the 3 = 125.5
25  (~5%),123.5 (~ 45%), 123.3 (~ 45%) resonances, and no unchanged
(t-Bu)oPCl and (Bu),P(O)H. After cooling to room temperature the
mixture was concentrated by rotary evaporation to afford 1.85 g (89 %
yield) of [Bis-(di-t-butylphosphinous acid)]palladium (I) chloride dimer. 1H
NMR (300 MHz, CDCl3): & = 1.37 (d, J = 14.57 Hz) ppm. 13C NMR (76
30 MHz, CDCl3): 8 =41.9 (t, J = 14.41 Hz), 29.48 (s) ppm. 31P NMR (121
MHz, CDCls): & = 124.0 ppm. 'H-coupled 31P NMR (121 MHz, CDCl3): 8
124.9 (s) ppm. Anal. Calcd for C3pH7604P4Pd2: C, 41.21; H, 8.21; P,
13.28: Cl, 7.60. Found: C, 41.21; H, 8.66; P, 13.28; Cl, 7.54. The
crystallographic sample was obtained by slow recrystallization from a
35  mixture of dichloromethane and hexane.

Method B. A 500 mL of round-bottomed flask equipped with
magnetic stir bar was charged with 1.469 g (8.90 mm) of (&-Bu),PH(O)
which was generated from (&-Bu)o,PCl and HoO in CH,Clp, 1.0 g (4.45 mm)
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NVR (300 MHz, CDCI3): 8 = 1.37 (d, J = 14.57 Hz) ppm 13C NMR (76 30 MHz,
CDCI3): 8 =41.9 (t, J = 14.41 Hz), 29.48 (s) ppm 31 P NWMR (121 MHz,
CDC13): 8we 03842206 ppm 11-1-coupled 31P NVR (121 MHz, CDCP8Y/US82/351821.9 (S)
ppm Anal. Calcd for C32H764d4P4Pd2: C, 41.21; H, 8.21; P, 13.28; d, 7.60.

Found: C, 4 Ay 8 ; 1 LA : : [ I

was obt ai ne%’f@(gﬁg\)ﬁ ?@@?9@%’% ﬁf %’g'tcl"é;r(]a?%o_mﬁ% r%%ﬁtmgﬁrﬁ)?tg?éoi{vgg {t@ﬁ?gfos&:?ﬁaﬁe

and hexane. hegtenhto @gentlsoefluxungeropendorit eanditon faidl Rqlihpped with

agnetic sti ho??ﬁo -3gn)ﬂgl=ggﬁe&fngh of 11 RedttioR -mMRktUFEkheived!th88) 2PH(O)  whi ch
d Trom(t-Bu)2PCl an 2Cl 2 0

was gener at 20 WO

Oin CHC 2, 1. .
03/ 042276 PENR8SpEr 38a@nd W-%f(@&%z@lﬁa@mqmlaﬂﬁ rtls’fgﬁc%égéﬁéianmg The

resul ting m(tcsu%zep . tATR cobheg esirdom terapsetdiererthé Isolutiondeas open-t o- ai r
condition for 2

P.{@ hosph - 31, NVR f : ' '

O *ne! Sondalail s aRARo Tt 1R PR AL B At b PR 1
(t-Bu) t2PH§ OX10 4 180 ndgolTheg:ti@ctowere eombined, dded nadepvacuuwn towas
concentrate I t : ' yth h
(10°x 100 ool BEEXLUe YRR drIBIok SRIGES I e e By Ehatly " Pe iR
%igONﬁ/R (szzfémm. 8P NAMR ¢$2 5 Mz £DCla) s 24509ppk e by 1H and 31P NMR

: : : - f
o Dbk 7 a1 1
: : , . (%3 an
gk oftTHF_- 082 195@.50’ @mdt)'l%ﬁ%dcelg anais100heil dfEEd The rasgiting neixtueé } uxhunder

en-to-air congdition - . t

reaction m ﬂ%ﬁ&‘e%%@ﬁﬂ%@ 9§an rgﬁ%ﬁ@é’%p%%-%%gmﬁﬁgéo ﬁﬁ?egon;nges,
anld no unchdargephogphdBug-2PINMIR speictram cbibleiregctian moduie: srgeectther @ t he
sol uti ogzwas. ERbM\a ' d 1.80 87 %
yi el d) g? (ditﬁ?@gu?/é)p?]g%gﬁh%szé?%@?ggﬁ’?&dﬁm ?'ﬁ)%@:: oride di ?re§ Met hod
D. In the dK&BumEH&g)so‘hftﬂriC@ﬁh% tarqprg temperataie thediojution wa® (t-Bu)2P-Cl in
135 nL of TiongBrtral BProtery <vhpBratioh t@faﬂd?@ww? (sw'%gi@qh)aif (dicem

e ot e RS BSgilag 1 ARGPIB R by i iRl
bpxt apg rtef ![ lﬁxed N‘/IiethoZHD.h. Iglﬂee rjky)ls@?(ﬂ selufidn EleO?@pge(rﬂZ.i%ﬁrrmholl) (I?é reaction
A e L N T G
by rotary esdipradsati ronnt iemyferatuge fior3® mir,emd2.0yg €188 gxmol) of PACI,
(di -t-butyl RRos BRIIRNG aa8kdWRdin 8 thiHMTHe resllg! HRktHE Wris then
removed from the dry box and refluxed for 24 h. The phosphorus-31 NMR
spectrum of the reaction mixture at this point showed the § =123.5 (~5%),
25 122.7 (~ 80%) as major resonances. After cooling to room temperature
the mixture was concentrated by rotary evaporation to afford 4.30 g (82 %
yield) of (di-t-butylphosphinous acid)palladium (I) chloride dimer.
The X-ray crystal analysis confirmed the dimer structure.
EXAMPLE 2
30 This example illustrates the preparation of a catalyst having
Formula Il shown in Figure 1, (di-t-butylphosphinous acid)palladium
dichloride dimer
[(£Bu)o,P(OH) PdCly]»
Method A. A 500 mL of round-bottomed flask equipped with
35  magnetic stir bar was charged with 1.160 g (7.15 mm) of (£-Bu),PH(O),
1.242 g (7.00 mm) of PdCly and 100 mL of THF. The resulting mixture
was then heated to a gentle reflux under open-to-air condition for 20 h.
The phosphorus-31 NMR spectrum of the reaction mixture showed the &
21



The X-ray crystal analysis confirmed the dimer structure. EXAVPLE 2 30
This exanple illustrates the preparation of a catalyst having Formula Il
shown i n Wogawne21 (di-t-butyl phosphi nous acid) pal | adi um Pdiraisbpsizeée di ner
[(t-Bu) 2P(OH) PdC1212 Method A. A 500 mL of round-bottomed flask equipped

\(N!t : gu) ggH??)gmgtglﬁc@sﬁgllﬁ b%rqﬁ%;aiﬂ?@g?gﬁd@w%n%alég) %_éog}ah?‘ﬁggqcﬁe resul ting

m xture wasnthemgdweiBig,Pid(@). ghfter eoaliapltaxoamdempepainre, dhaiselutiondi t i on f or

20 h. h

20 b b &@%%2”%8%@@%?@%?8@3?@%ewé?fa%ﬁ% Sy o g shove e ©
(singlet, cdichisrp(didduidphesphineus aeid)paiadiufyeh df meBJﬁzN R(50¢ t er cool i ng
to roomj enquat(??gm ?g §3) Mt qggl 1 WQS(dU Etﬁ@ﬂzamgH gpﬁﬁn‘t?rcamm by rotary

t f )
o e Y TR B
25 4 H) | §:Bc'3m“”m i 5 426.0\pfn. (A=, %'Cd fePChghl 3PS OW P, CJ p- C =

for Cl6H38PZERL: %ﬁglgoun‘y{%&%éﬂéﬂ?Ftﬁ%érys%n%é@apg%@B@mp@]% Cal cd

cryst al | ogr aptained byslav vecsystallizaiiorefrotya sivture ef:dngzbloamnneﬂrmneoand rom a

Struct ot tekdng SFELRIRI AlicHled fidkiher SR, ys's o P D 2 and
1.16 g (7.03 molMetbpd@.- Bex)sqwcmomom ﬂQnamoliQﬁ QQS&FOD% boi | ed

under reflu ¢ I
31P NVR at ﬁm@bé(zldrﬁmﬁhyﬁf'lmu IPHOY el DR G A mdkbhéﬁvdSdellécboup ed

| et 8147..6
removed fr odNEer fetxdorty Ka %ﬁ%ftbég?gﬁlﬁm lHPé%ﬂ@é?&“P%déaga \évas o
Evapor at i on 30p NMIR 4t thtsrrﬁim revesiedwnly Acingleeat 3147 @ ppitnal Solvent was f r om a

t CH2Cl 2/

ar k or b fmongs o0 Bials B vt ST S\l Ry BisSoflell i BHLEH, 0 0L,
I(—I)d , % 43 (dfglu;pzr?g)breo%e /Sltm nmg%mpt;l%a®r:‘mq0%%gg%m@%mf?m 83 )4§f00— 42.2
Vet hod C. 1 frRjite of DHAChMekd ( R0l ga 4 % yiek b
in 180 m. ofdaﬂHEr@M@[(i'@ﬂ Z%(sg)%&lg]nm W‘%{%ﬁ%&@%t@%) 8a't5 t BU)ZP °

gggggr 3; ;J[“e rgﬁpr1H'1)01 rm%q(g gadl 6.3 =0 18%1) Gpni 03¢ NMRRAZS MidasCREIHr azsdual ly
box and2Pef I'ui%? @or’ ﬁﬁﬁ%%gﬁﬁggm@@% WQHZSI 3 the dry
=145.0 ppm.
Method C. In the dry box, a solution of 1.019 g (5.64 mmol) of
(t-Bu)oP-Cl in 100 mL of THF and 102 mg (5.64 mmol) of H,O was stirred
at room temperature for 10 min, and 1.0 g (5.64 mmol) of PdCl, was
25  gradually added within 5 min. The resulting mixture was then removed
from the dry box and refluxed for 6 h. The phosphorus-31 NMR spectrum
of the reaction mixture at this point showed the § =146.6 (singlet, ca. 70%)
and 122.7 (singlet, ca. 30%) resonances. After the resulting mixture was
refluxed for another 18 h, the crude product was shown by its phosphorus-
30 31 NMR spectrum to be a mixture of the title complex 2 and di-t-
butylphosphinechloride palladium chloride dimer with a phosphorus-31
NMR spectrum of & = 164.7 (singlet) as major components in
approximately equal amounts.
EXAMPLE 3
35 This example illustrates the preparation of a polyfluorene
copolymer, which is an alternating copolymer, using the process of the
invention.

KD
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of the reaction mxture at this point showed the 8 =146.6 (singlet, ca.
7099 and 122.7 (singlet, ca. 30% resonances. After the resulting m xture
was ref |wwoadoinzre anot her 18 h, the crude product was shoRGTHIS02/85582
phosphorus- 30 31 NMR spectrumto be a mxture of the title conplex 2 and

di -t butyl phosphi r hor us- 31
NVR spectrum of 8 = 5 ents Xi mately
e of 6 oqgU i POra B B PEl S Ta B0 Y SilgRac

eqlua:c I anounttébe Expipped vatieg S’ﬂfﬂﬂg oataand eontalrmg 2 dtdiodon? Ophis(far at i OE of a

0 uoren ng the

Br o)éess of t%ﬁgﬂﬁ?g%gﬂﬁrgﬁwgw\&ﬁ%/m%ﬁ% /W}?HHEB "?o\éfgege (10 m)
and DVF (2 rig(ngepentybelyech syelicsstar (OSQQlBeﬂl@I@ mned. dhanihegatalyst a stirring
bar and sontfeimiEa@mbld 11 68§ G 096683k g a@id%dtﬁ@wﬁn)ca‘rb@%tqu golg07 9,1.66

T00kh o o 7 B0 Y R 2Tl g e ettt f s Sgb625 51 €
mml ) and pdDaé;&humﬂcwgbmtaiﬁlr(lﬁgOO'hg mlxm;tew\?asnnﬁledmﬂmmdded The

sol uti on V\/astell?ﬁ%rr%ﬂré %nﬁr’tth glré’%ﬁilf‘at%[:l |rjrt80é:§ol[|f?6n 6€niétl¥5ﬁcﬁ é’({)@ﬂ{lf)us

stirring. Th ure
preci pi t at ed@cetane éﬂogwhﬁr@mmenﬁamwdrpgmormwd (5408t d¥iter stiong ) and

concent figt eq‘om ! ﬂ@hﬂ&m‘é \ﬁéé ﬁltén%dm The é‘éﬁcﬁfesﬁider \leé‘ﬂler Qélv@d i the

t | t hl f
TSt AT 800 CReD B PO Tt Sl R SOoH 100 ot cne. (10
n) and concgetdris @@ohvigram@rdorrdentramoﬂ d)(cﬁoﬁfhlbrlc atidgs rab) Wﬁerrl@tnrrfr@r 1h, the
met hanol - wdvel Mo At WRY SR TORAI 2B e R e s
anal yzed by washedTihenethabei; mmt@rmgbmﬁbhmmllaad driedghtvacuas Tdet er mi ned by gel
CA B naoaie) s 3aZL8 it Phe St Selite MIdCEn BRI ) o s, e
process con#As detegmined bt agl Rﬁ%@ﬂ(ﬁhf@natqgé%ﬂm f@rb@ﬁ%@@rre conprising: 5

(a) a nononmer m xture selected from (i) a first nononmer m xture conprising
a plurality of at |east one first aromatic nononer and a plurality of at
| east one second aromatic nononer, wherein the first aromatic
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nmononmer has at |least two first reactive groups and has a 10 Formula (1)
below. X-Arl-X (I) wherein: Xis the first reactive group selected from
brono, i oa0,03/0437€hl or o, p-tol uenesul fonate, methyl sul f on&C&/USan35782
trifluoronmethylsulfonate, and Art is an aromatic noiety; and wherein the
second aromati c nonomer has at IeastC Ssecond reactive groups and has a
Formula (I1) below. 20 Y-Ar2-Y (I I) ein: Y is the second reactive
group sel ectWhatiseiaimedddr oni ¢ acid, a boronic ester and a borane, and 25
A2 is an aromitie mygeel WimbkindWEmalic folhRiErhe/dramRAr L 1 Forma
(I'); and (ii) a second nononer m xture conprising a plurality of at | east
one third arcomprisingigotiep ofRioiding@areactnR MigUre ROMEFiSNG! i ¢ nononer,

vvhertei n she at Iegs(a}[)olng mBho e iR gelé@tgmﬁe_ er has at Iﬁasft onle: fi rlst
reactive group and a St .. ne second. reactlve. grou ng.. nayl ng rormul a
Ty Dot ow P sy (9 firs i 9t R ol Eafiliy BEaE P Por mut
(1) and (I1) respecti vidast cardirgtra@omatiermanamat aind agiledalityt dfzdt Ieastt he sane
or different fromArt i\n.Far . i . L) WO

03/ 042276 PCT/ US02/ 3578?Heas%ﬁmmeel“‘rréé';"‘)r’n‘t'gE@@tr_“?‘freg@gp%ﬁgﬂ‘%ﬁértt oméfie 1 ¢
nmonomer has at | east oforamerhasatiersiiwg iabreastivegrounssandhas gecond

reactivgogroup and havi ggrharay) Belol) below 5 X-Ar4-Y (1V) wherein: X
and Y are as defined in Fornula (1) and (I1) respectively, and Ar4 is an

aromatic noiety that is the same or different 10 fromArt in Formula (I);

Are in Formula (11) and Ara in X-Ar1-X ()
wherein:
X is the first reactive group selected from bromo, iodo,
15 chloro, p-toluenesulfonate, methylsulfonate, and

trifluoromethylsulfonate, and
Arlis an aromatic moiety;
and wherein the second aromatic monomer has at least two
second reactive groups and has a Formula (I} below:
20
Y-Ar2-Y (1)
wherein:
Y is the second reactive group selected from a
boronic acid, a boronic ester and a borane, and
25 Ar2 is an aromatic moiety that is same or different
from Ar? in Formula (l); and
(i) a second monomer mixture comprising a plurality of at
least one third aromatic monomer and at least one fourth
aromatic monomer, wherein the at least one third aromatic
30 monomer has at least one first reactive group and at least
one second reactive group and having Formula (lll) below:

X-Ar3-Y (nn
wherein:
35 X and Y are as defined in Formula (1) and (Il)
respectively, and
Ar3 is an aromatic moiety that is the same or different
from Ar1 in Formula (I) and Ar2 in Formula (1I);
24



Formula (111); (b) a catalytic amunt of a catalyst conprising a phosphine
oxide transition netal conplex diner conprising two transition netal atons
bonded t ovetoloeasé one phosphine 15 oxide ligand each, wheceiusizavh2
transition metal is bonded to said ligands via metal-phosphorus bonds, and
wherein the two transid ABrdIR 4 aflcaBBofs Rt sermhiicrohumehhbogen  at ons,
(c) a base, and 20 ( an organi c solvent. 2. e process of Caiml,
wherein the mxture i|§a§tr@¥ﬁgr§8r%QtW8tﬂrouQ ﬁ@d@ggaéfoﬁﬁ $500&n-f r ee

environnent. 3. The peaefsgffupChtd Mading\Woemelan(iVhbelowxt ure is provided
under oxygen-free atnosphere. 25 4. The process of Claim1l, wherein the
base is an inorganic material. 5. The process of Claim1l, wherein the base
is an orgganic material. 6. The procé ¥f daiml, wherein thé) mixture is
a single phase 30 syﬁgﬁ%. 7. The process of Caim1, wherein the m xture
Is a nmulti-phase syst B An aromatic pol ynmer conposition nmade by the
process of any one or norX¥ and Case as defined g5Formug ( I%\ﬁ("gni c device

conpri _si ng at | east one acjfdg gcﬂi@é{ﬁranoconpri sing an ar omat | c pol ymer
composition mede by the er?‘* igsanogroérlr?ggcic n(%gieetyo{ham)srt%eogam% %'r gﬁfe%ér?t‘ 25
10 from Ar? in Formula (I); Ar2 in Formula (I) and Ar3 in
Formula (l11);
(b) a catalytic amount of a catalyst comprising a phosphine
oxide transition metal complex dimer comprising two
transition metal atoms bonded to at least one phosphine
15 oxide ligand each, wherein each transition metal is bonded
to said ligands via metal-phosphorus bonds, and wherein

the two transition metal atoms are bridged via two halogen

atoms,
(¢) abase, and
20 (d) an organic solvent.

2. The process of Claim 1, wherein the mixture is provided without
the use of an oxygen-free environment.

3. The process of Claim 1, wherein the mixture is provided under
oxygen-free atmosphere.

25 4. The process of Claim 1, wherein the base is an inorganic -
material.
5. The process of Claim 1, wherein the base is an organic
material.
6. The process of Claim 1, wherein the mixture is a single phase
30 system.
7. The process of Claim 1, wherein the mixture is a multi-phase
system.

8. An aromatic polymer composition made by the process of any
one or more of Claims 1-7.
35 9. An electronic device comprising at least one active layer
comprising an aromatic polymer compbsition made by the process of any
one or more of Claims 1-7.
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