13 February 2007 1 TRI CYCLI C ARYLAM NE MONOVER AND
PCLYMERS AND DEVI CES THEREOF This inventi ongjg %" 2007
to a tricyclic arylam ne nonormer and pol yner uary
conpositions made therefrom and el ectronic devices

that include filnms of such polynmers and conpositions

P oAl s ey Drachosnoor

denonstrated blue [ight em ssion fromfluorene

h?g}a %Nem&ﬁ&ela@é to £YAFBliCaryArMhe Sionomer Ehd})élyrrﬁrsazﬂdey,
Ber ni us; | nbasekaran, W W, E.P.

compcfémah:s mz&if:ttherl:ﬁeﬁn, anflz]ecitonivalenigenihat clude |f11m§ of AW polymers
Prep. 81, 3294 (1997). Attenpts have been made to
and Cqmmsﬂf,ﬂnﬁ{ uorene containing polynmers to increase device
effl ciency. Attenpts have al so been nmade to control an
eSI [ 10k ¥hldeRicabRichAS R Etes.
i Vot el Ay P 35 bR 1 131 SploeRicOfc phoye
Severﬁl féorlssha% GrefiRRRededblub 11@111@?1&&@&11 fromefisgrend hargopolymers for
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alteration of the electronic properties of the

p%t{e&x@f@ﬁﬂé%e@ﬁ Iyt o HRIATy Fhtche coit@inied polgnees talincrease device

at approaches that include chem cal noieties
efficibmg O rAMRnEite Haverdlm bdee npaleyté Fandrod an undésived ed #hifin epdssion of
copol ynerjzation wth other nononers inevitably
polyfinemne\pagedsdayicesy properties of the main chain: U.S.
Patent No. 5,874,179 (Kreuder et al) teaches

p?‘/@e(#qlz %ﬁnA 12| éérﬁeﬂlftzrgﬁsjﬁ)@y'rﬁ& that is end-capped with a charge
enevi nyl ene wi th "nitrogen cont ai ni ng
trans ﬁﬁ@ ae3cHc afflithin 0 Thbt rgferdice stdtes thdt gndcapping ttheat least one
hat fl uorene coul d be part of f use roge
chargeg SRR HAG DEHASS GRS Ths BEPBHER I GROACR icki higher
efficiR gy g b)é’:'??&bm Y i bffhidior tﬁe &E@u&ﬁé fdgeitRRot the

contal nl ng repeat uni tS 0]

polyﬂﬁdr@ﬂé%dlfm@f Mhighahs THei reference also statas thﬂmppmaCWéh&tenc]udc
or are arranged in a bis structure on
chemical moieties incorporated into the polyfluorene main chain or the copolymenzatlon

with other monomers inevitably modify essential propertles of the main chain.

U.S. Patent No. 5,874,179 (Kteuder et al ) teaches optoelectronic polymers based on
polyphenylenevinylene with nitrogen containing comonomers. Additionally, Kreuder
further teaches that fluorene could be part of a fused nitrogen containing ring structure ina

polyphenylenevinylene based polymer.

U.S. Patent No. 5,879,821 (Hsieh) teaches polymers containing repeat units of two
tricyclic arylamines which are either bonded together or are arranged in a bis structure on
either side of a divalent atom or moiety “G”. G canbe O, S, N-Pheny], vinylene, acetylene,

p-phenylene, m-phenylene, o-phenylene, or —CH=CH-Phenyl-CH=CH-.



either side of a divalent atomor noiety "G'. G can be
0, S, N-Phenyl, vinylene, acetylene, p-phe ne
m phenyl ene, o-phenyl ene, ok - CH=CH Phenyl - ?{lﬁz%wuaﬁy 2007
13 February 2007 A need renains for optoel ectronic
mat eri al s and devi ces that exhibit good conductivity,
iAnmaed wem a s fforcoprod gtromic materiglmnd dyvioés that exhitit poght
and have high brightness at |ow drive voltages, .
conduckyity, tnprowgdieificipreyp pmitanvarien efifolred Haltand hize highdyightness
hat j nclusion of a tricyclic arylamne in the
at low ‘#&,%n"oi‘ﬁg?% of a fluorene based optoel ectronic pol yner
provi des inmproved conductivity at |ow voltages as
Watdrisailyitge gfeséiﬁ\ﬂ_l\%tcﬁ'ﬁ hivkd BSoYee8TRA TRIinkcRision of a tricyclic
polyf | uor'ene havi ng ot her charge transporting groups
arylamime din thesmaiayohbinof tarflwrstechasexbsptocietsoni¢ polgnfer psivides improved
enpodi nent, the invention is a polyner conprising
conductigite aft lowiyaltages as well aglnigher deyice pificiency compared tr pRlyflyorenes

e rmul a. | erej | _i.Selndependently, in each
baving gélg b %aéﬁ‘ggraﬂ%ﬁo%}qgﬁyﬂ WO%“%E% 5‘§Y|%118 :ﬂn@ﬁ %% dr ocar byl
containing one or nore S, N, O, P or Si atons, or both
Thusiin a TSt dbeiodivhbt, thaGneentivh KODpolQther EMARpHsiHE FeRt units of
forms a Cs20 ring structure containing one or nore S,
Formulpl. or 0 atoms; R2 is independently in each occurrence
C, _20 hydrocarbyl, Cl1.20 hydrocarbyl oxy, thioether,
Cl.2. hydyocarbyl oxycarbonyl, C 20
R )l |
B\ S,
b

| kyl, or a
(B to C24 aryl
t oRC24 ar al kyl

Formula I

wherein R'is independently, in each occurrence H, C, ,, hydrocarbyl or C,_, hydrocarbyl
containing one or more S, N, O, P or Si atoms, or both of R! together with the 9-carbon on

the fluorene forms a C,,, ring structure containing one or more S, N, or O atoms;

R? is independently in each occurrence C, ,, hydrocarbyl, C, 5, hydrocarbyloxy, thioether,
C, .0 hydrocarbyloxycarbonyl, C, ,, hydrocarbylcarbonyloxy, or cyano;

a is independently, in each occurrence 0 or 1;

X is 0, S, SO,, C(R%),, N-R?, Si(R%), wherein R® is a substituted or unsubstituted C; to C,,

aryl, C,to C,, aralkyl, or a C, to C,, alkyl. Preferably R® is a C;to C,,aryl group, more
preferably R? is a C4to C,, aralkyl group.



3 13 February 2007 Ar is a substituted or

unsubstituted C6 to C40 aryl or heteroaryl gqr
preferably C6 C24, and nosg preferably C6- %ﬁ%&{uaryZOO?

“anot her aspect, the invention is an el ectrol um nescent
device conprising a filmof the polyner of the
9 ' | | o lge! 1RGPS oRp!
R Bt RER b BRunEh QR o L RS (OB EroRR prpterably
CG-C24,%th§os‘fbﬁéf&'aﬁly'(tégﬂﬁ. which is transmtted through a
transparent exterior portion of the device. In another
aspect, the invention is a device conprising the,
dolapetber aspecththegreantinn is angleciraleningsaspbdayireseongprising a film of
sem cponductor Jayer for a field effect,transigtor. l.n
the poljpt FlbteaspseRLinVeon; (i5Rtied bRovee an Aods g & caficgl spefbthat

0@%}&' : il e m7 @R BBELECR i trdnivedihrough
under%( anoké%gﬁl,e gﬁ%ﬁ%iiﬁ%l rein R%% 'S Isnubest [ trut°eda
transpa2ént WRterids bbitlshed thdfevie. C40 aryl, C6 to C24-aral kyl,
or Cl1 to C24-alkyl; and Ar is substituted or
unsubstituted C6 to CO aryl or heteroaryl; and I—Aal IS
Hn another agpert, theriayentionliya diyise comprisinghe pplymes of the present

. f. bly, Br.. |l f [ A h
tnvensP upore 4 1 iy Riep IHFir AfefL R Balipol 7y o
Formula I: 2) 12)a 2)a 2)a RL RL RL Rl Ar Fornmula I

Rl ahotHad 84R00 g inVeritidng 8§ Bo@psiisiestibe formula:
Cl- 40hydrocarbyl or C 3.40 hydrocarbyl containing one

or nore heteroatons of S, N, 0, P or Si.

Al ternatively, b&ldhof Rl 1¥gether -Hith the 9-carbon
on the fluorene nay f a C5 al i phatic or aronmatic
ring structure or a N

l
Ar

wherein X is O, S, SO,, C(R®),, N-R?, or Si(R%), wherein R is substituted or unsubstituted
C, to C,, aryl, C4to Cy-aralkyl, or C, to C,,-alkyl; and Ar is substituted or unsubstituted Cg
to C,, aryl or heteroaryl; and Hal is Br, Cl, or I. Preferably, Hal is Cl, or Br, more
preferably, Br.

In a preferred embodiment, the invention is a polymer comprising a repeat unit of

Formula I:

Formula I

R!is independently in each occurrence H, C, 4, hydrocarbyl or C 5, hydrocarbyl
containing one or more heteroatoms of S, N, O, P or Si. Alternatively, both of R! together

with the 9-carbon on the fluorene may form a Cs.y, aliphatic or aromatic ring structure or a



4 13 February 2007 420 aliphatic or aromatic ring
structure which nmay contain one or nore heterorg orrB OEOOT
S, N or 0. Preferably Rl s Cl-12 al kyl, s b

C6. 40 hydrocar byl oxyaryl or al kyl -substitut ed aryl

CA. 16 hydrocar byl carboxylate or C9.16 aryl

Caz aﬁﬁﬂaﬁb Iy b 40 inEtRichire WRICR Iﬁﬂﬁ cﬁ{ﬁ;ﬁﬁ lo¥fe oFmokSheteroatoms of S,
hexyl, n-octyl, n-hexyl oxyphen

N, or (Zl ErdfmblgtR‘?axy']@ nemﬂyyl CplheryjllCsﬂydb(bdﬁi‘lgﬂmyaryluﬁtalkyl-substltuted
Cgr eferably R is n-hexyl, n-oct n- hexyl oxyphen

aryl, }x@%fhe&iglm@@iﬁg 16 ATHL tm&yémﬁmm Mmp@rttfg@bly, R'is

RSN A e
preferdbl freriaR héx @ Cﬁg ﬁh@fﬂ@%ﬁ)t o1, & @Qﬁ‘leﬁ?ﬁtﬁbﬂgﬁewl

structure or a 0 stra - ot branc
structure containing one or nore heteroatoms of S, N
oin the embedinment whereahe tab RY famGhrid@staldtyreatittcther9-carbon atom of

aromatic rl)gl% or a C410 _aliphatic or aromatic rlr;%p
the flugtshe &ing; thy TBRSUBFtuFRfosmEd IsPreferably aReofgighresthsanghed-ring

al k cont ai ni_n
structl 583 & o B0 B BEGRbFES BE S e B B o Shope
heterohmﬂfs% 8 [ydr O;@ver thdtY PEFSABIN Y] OX¥phalid or al%%atlc ring ora C,,
t hi oet her, C1.20 hydr ocar by oxyca onyl, C1-
allphatw@ur aromabq ring nbmtamgnmr nged S dRD;iand qwsda pmfaﬂab}y aCsy
12 _al k 10 ar or al kyl -substituted aryl,
cycloadigh §r Geypic ﬁs&y 51 cmidfpne e e aryl oxy, Cl-12
al koxycar bonyl , C6. 10 ar | oxycar bonyl or

Kol t ro
o nspmity g i S oS, S tlonyion, .

" thxoahéayQ 5 lipdtocuiblylecyearpbryly Gpp ity drsgarbylgabonglox Tor Ey'hno R%is

Ithio, "a" is independently in _each _occurrenc

prefergh 0 iyl ﬁs@%fi ef %Hsvf])subanﬁuge 431y o BEYIAFY of alkyl-substituted
dr

aryloxgr%%?&ﬁwl A |6d° §l%r Eﬁé{f%uﬁsﬁt@o%g&gér’@c%%ﬁmyl C.

12 alkogp @y nalkilearbolglogpf C 13<aty$caﬂf(ﬁ§rm|@r YIk§1-s¥bstitited
i ( ? . R3 is a substituted or

arylcarm@m@myan@af@sma&y@m aryl, C6 to C24 aralkyl, or a
Cl to C24 alkyl. Preferably R3 is a C6 to C24 aryl

QUP; e I
oo b ndBiGReRA  LEHER belfent® B b B FREGEBE- 8550 oo
aryl or heteroaryl group. Exanples of suitable Ar
gl"hmml“ﬂjidlmdﬁbfb iagised tekdil ket t6 A @matlovalent aromatic, aliphatic,

9, 9-di al kyl -2-fluorenyl, anthryl,
or cycloaliphatic group or any combmatzon thereof.

X is preferably O, S, SO,, C(R®),, N-R?, Si(R?),.

R® is a substituted or unsubstituted C, to C,y aryl, Cto C,, aralkyl, or a C,to C,,
alkyl. Preferably R’ is a C4to C,, aryl group, more preferably R is a Cgto C,, aralkyl group.

Ar is a substituted or unsubstituted C, to C,, aryl or heteroaryl group Examples of
suitable Ar groups include phenyl, alkylated phenyl, 9,9-dialkyl-2-fluorenyl, anthryl,
phenanthryl, pyrenyl, pyridinyl, isoquinolinyl, quinolinyl, triazinyl, tnazolyl benzotriazolyl,
or phenanthridinyl.



phenant hryl, pyrenyl, pyridinyl, isoquinolinyl,
qui nolinyl, triazinyl, triazolyl, benzotriazqlyl or
phenanthridinyl. 5 13 Februgry 2007 In a prégﬁqtgaaryZOW
enbodi nent, additional conjugated units including hole
transporting noieties, electron transporting ,
NI £ bieferre AEAbOdineint) ddRIFhALR doRgh ¥R el i RSinghu@i -
.. The additional uni tgs are usedg%gg&lopt ilmﬁgehgﬁggég%}l%pomng
moietied, el¢ntronoirdnsporipz mbistigs andjoedigho mmittingr @eictits ars peként. The

..elgctrolunigﬁsceht devi ce efficien%y and lifetinme.
additiongymits,rs usemhio @ptimize @ge or more of the fallowing: rhargy injection, charge
transpd?, TEBOHR e &RBY delec e flcieRy dndriteride S AldRichal units inctude:
)
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CN :x:xx 9 13 February 2007 wherein the conjugated

unit may bear substituents, such substituent i n

i ndependently in each occurrence Cl-20 hde§%€§HV%D’ZOO7
C, _20 hydrocarboxyl oxy, Cl- 20 thioether, O _20

hydr ocar boxycar boxyly, C, _20 hydrocar byl carbonyl oxy,

cyano or fluoro grgam X, i/5~Q or $ Qis Ror Ar; R
is C to CO0; R4 ‘ @ occurrence
H, C, .40 hydrocarb AG" hyglr ocaf byl cont ai ni ng

one or nore S, N, O, P, or Si atonms or both R4
together with carbon to which both R4 are bonded nay
forma CS-20 ritrH(:_t@M@;ggy‘g_i_n one or
more S, N, or O ons S penae y C1 20
hydr ocar byl’, C, 20 hy@rocarblyoxy, @ 20 thioether,

C 20 hydrocarbl yoxycarbonyl, C, _20

hydrocarbylcarbonyloxy/= cyang=xJThe polynmers of the
i nvention preferabl yver age nol ecul ar
wei ght of 10,000 Dal t 0ss/orjgrefer, nore preferably

20,000 Daltons or greater, even nore preferably

50, 000 Daltons or greater; preferably 1,000,000

Dal tons or |ess, nore~preker®d 00, 000 Daltons or

| ess, and nost preferab Dal t ons. Mbl ecul ar
wei ghts are determ ned per neation

chr onot ogr aphy usi ng pol ystysene as an interna
standard. Preferably, the polyners denonstrate a

pol ydi spersity (Mwv M) of 10 or less, nore preferably
5 or less, even nore pr 4 or | ess and nost
preferably 3 or less. T s and copol yner

bl ends of the inventiondeApns&Late strong

phot ol uni nescence in diluteolutions or in the solid
state. Wien such nmaterials &e exposed to a light of
a wavel ength of 360-500 nanonmeters (nm, the materials

emt light of wavelengths jn the region of 400-700
nm More preferably, such_SEi}fLals absorb |ight of

wavel engt hs of from 380-45 and emt |ight of
wavel engt hs 420-680 nm N/ N
X
7\ S
s7 "/
N
N.




The polyners of this invention may be assenbl ed by any
known coupling reaction for making aronmati

conpounds. Preferably, the guzuki coupling ﬁéa%?‘?%ﬁ%%om
used. The Suzuki reaction couples aromatic conpounds
using a di boronated aromatic noiety and a

di hal ogenat ed opatic noi ety.n-pe reaction allows for

the creation ofy I'gng chgj 1ohy10 February 2007
mol ecul ar weightypotyner AddId’l o , by
controlling the sequence of addition, either random

or bl ock copol yners may be produced. Preferably, the
Suzuki reaction starts/wmRf h #@=N boronated fl uorene
nmononer or di borona -@\/ ‘@Z- fl uorene nonomer
and a di hal ogenat ed confugat€d nononer having the
formula: Hal / X\ Hal \qI"d / N | Ar \Were Xis
0, S, S@, C(R3),, NR3, Si(R3)" preferably 0 or S; Ar
is as previously defined and is preferably

4- al kyl phenyl , 4-al koxy 4- am nophenyl. More
preferred Ar is 4-n- S }
(9, 9-di butyl)-2-fl uorenyT g€t hoxyphenyl ,

et hoxyphenyl, or 4- ditolgl aw nophenyl. Optionally,
addi ti onal di haogenat ed conj ugated nononmers nmay be
used. The polyner structure will haye the structure
f 1 uor ene- conj ug eI,
nononer, etc.

phenyl enedi ani ng==¢ ut ‘ @' am ne,
benzi di ne, subs etk begnzi di 2f yl am ne,
substituted triaryl benzothi adi azol e, thi ophene,

bi s-t hi ophene- benzot hi adi azol e, di cyanovi nyl enepyr an
or thiopyran nmay al so be us§d4g

R
®) N
X
/ e \ |—5 (Rs)a
R R




The Suzuki process is taught in U S. Patent No.

5,777,070, which is expressly incorporated herein by

reference. Toluene or xylengs are the pr ef erhdfgebruary 2007

solvents for the Suzuki reaction to prepare the

pol ymers of the instant invention. Sodium carbonate in .
whered@ Rl confudaft WHiEHEY b&H sBSifhents, such substituents being independently in

tetraki s(tri phenyl’phosphi ne) paf ladiumis the preferred
each matakyst C, ,ahydracpbyls €, 4, hadwtaboxdosy, G, thiedfesr@phy a

quarternary anmmoniumsalt is used to speed up the
hydroearhexY b aRyLY. Lehi mr?@rhﬁl@ﬁbowiqxacaraap gF 8TOHPa

short period of time. 13 February 2007 11 Tricyclic

.. A res unsubstituted on the nitrogen atom are

X, @&Rﬁerci ally available frommany commercial vendors

i ncluding Aldrich Chem cal Conpany. Aryl substituted
QisHbtAYclic amines are produced through the reaction of

a N-unsubstituted prescursor with a brom nated or

i odinated aryl or substituted aryl conpound. The ratio
Ris Gfto fharyl amine to bronparyl or iodoaryl or

substituted bromo or iodo aryl is 1 to 1.2-2. The

. terialsg are reacted | h resence Qf at a S
R¢is Pdependapty I fach'ERfksige H CoouPioiaifeCee By ERl Y lontaining
. h . . : .

ome o S, N Oh P g PO Rs gt RE Fielter R b0yttt Beh e o
bondedeiby ferth & @, , ringsimciirathRA-nidyOcofitim onodumore. S, her O atoms. R®

.. solution jis cooled. Tricyclic_amne is_jsolated and
is indepandeBHY GnahYSERBEP R G1ho AFRY 9% Cu-eéh’ﬁF@ﬁ%ﬁhm own

t ' dJn. .t . referred
hydrds R el Cof By Rhdbon idRy BEGHaB! 1 21O, e
such as DMF, nethylene chloride, etc. Another aspect
of THelpdlymersaftthomvestiongirafe @bl kavp alwoight avexagel solddudar weight of
bl ends conprise a polyner_containing repeat units of
10,006dPakans or gerateromarn preferakht2Q-00hDplions or greatadetl e mere preferably

s g1 o PANMES OB TR o sl 66 48504 500000

Daltd?8 6K k8.candfmet prdfarbly g0 000 Diaioha | BloleColaj wehihtslare determined
pol ynmers that may be wused in the blends include

usinggsll peimeationshromepgrapky, nurERelisy R 33 ansimterpdlstapdades

pol yi ndenof | uorenes and pol yt hi ophenes, including
h PR e%. Jrth8 pofsind?é GG el polydispersity (Mw/Mn) of 10 or less, more

preferably 5 or léss, even more preferably 4 ot less and most preferably 3 or less.

The polymers and copolymer blends of the invention demonstrate strong
photoluminescence in dilute solutions or in the solid state. When such materials are
exposed to a light of a wavelength of 360-500 nanometers (nm), the materials emit light of
wavelengths in the region of 400-700 nm. More preferably, such materials absorb light of
wavelengths of from 380-450 nm and emit light of wavelengths 420-680 nx.

The polymers of this invention may be assembled by any known coupling reaction
for making aromatic compounds. Preferably, the Suzuki coupling reaction is used. The
Suzuki reaction couples aromatic compounds using a diboronated aromatic moiety and a

dihalogenated aromatic moiety. The reaction allows for the creation of long chain, high



substituted honopol yners and/ or copol yners of any of

t hese conjugated polyners. Preferably the pqlyner

blend is conposed of at |easy 10 percent of qé #;%r%ngOO?
containing units of Fornmula I' or Fornula |and Fornul a

Il and 90 percent of another conjugated pol yner.

molechiaf (;v%\fé{t’ b%ﬂﬂg%?s bﬁtﬂﬂggﬁzﬁlyg é{) Egﬁrdgfgﬁ% ﬁ%ﬁ&%@%ﬁgg IB% ?%cgtij)ﬁ either

narro t he band
randorirvr bfodkfcop6lyMtkamby B pfodused.a | and Fornmula H. The

nost preferred pol ymer bl ends have high

phot ol um nescent and el ectrol um nescent efficiency.

CPtederablgdthe iSyaeki seastion stavis sithsd diporemdiefl iflogsne monomer or

. anti.oxj dants _and coating inprqyers may optionally be .
diborogasdubsteities FRLRY {POnGRIER aRY bihalggentied eatgugaly monomer having
the fO‘Sﬁ‘P%{:di spersity polynmers of simlar conpositions but
Ifferent nolecular weight can al so be fornmul at ed.
Anot her aspect of this invention is the filns forned
fromthe polymers oHathe ~nveqti oR h filnms can be

used in polyneric |ight @ ‘ phot ovol tai c
0,

cells and field effect Preferably such
filnme are used as emttiny | apers 8r charge carrier 12
13 February 2007 transport |agyers. The filnms may al so
be used as protective coatings for electronic devices
and as fluorescent coatings. The thickness of the film

WhereoX i OafS $Q,,iG(RYe prRierfi(Rippprefirably Ceor Seweis ak pyevieushhdefined

and 5 BB B L PR sl demiine b R Mot Bt A 47
i i ' 00y, k4 . th

butylpBbnyt (90 b RS Hotchyl Thophén HndbBhaRE or 10N 110

ditolylahiisdpheagl. of the coating can be from5 to 20 microns.
When the coatings are used in a polyneric

light-emtting diode, the thickness of the |ayer

t BPHeRellYs a‘éf]{itré@lyl gihaggenatad Gagipgatefirponameirmay bsfusedelhe
w0 UG R R  lhoL 58, D

ne are rea or me
conjugatstpmendémeetcr om anot her enbodi nent of this invention
in which the conposition conprises the polynmer and at
| east one organic solvent. Preferred solvents are

aPprpeallyc a soringaied gidalogeratedmoiely surh as dihalegenaisd yersions of

e e, B AR L R i,
triarylu@lel SebsirufediriafyldRing Y bdiebethedazole, tidophefte, [i-tRAFAY]

benzene,
benzothiadiazole, dicyanovinylenepyran or thiopyran may also be used.

The Suzuki process is taught in U.S. Patent No. 5,777,070, which is expressly

incorporated herein by reference.

Toluene or xylenes are the preferred solvents for the Suzuki reaction to prepare the
polymers of the instant invention. Sodium carbonate in water is the preferred base,
tetrakis(triphenylphosphine)palladium is the preferred catalyst, and a phase transfer catalyst
preferably a quarternary ammonium salt is used to speed up the reaction for achieving high

molecular weight in a short period of time.




pentyl benzene, nesityl ene, cunene, cynene,

cycl ohexyl benzene, diethyl benzene, tetralin cal
2, 6-1utidine, 2-f|uoro-n}xqune, 3-f|uoro-oj§ Fgﬁﬂ?nf5007
2-chl orobenzotrifluoride, Jinethylfornanide,

2-chl oro-6-fl uorotol uene, 2-fluoroanisole, anisole,

2, Bicydiieaibek Ryifubstifited dhr the nitfapen el &re commercially available
3-fl doroanisole, 3-trifluoro-nethylanisole, 2- i
from memlyybamiesciplevendnesrincloding AlduicthGhemisildbampany. Aryl substituted
tricyq%_cgg{ig | ag Ig?ﬂ%lpst;q c%gci %&%sﬁ; %/alr Rll’nguﬁ)lsﬁtutezd_ prescursor with a

> 6-di wet. , ) 1 ) .

o RN A% b Ry PERIERRL' L i mtamine

brom3ar9yt 64 i@ﬂbzﬁ%l SdubstitatedBrdino d BRIbRAYY1a01 kd 1,2, €Ty aterials are
benzoate, 1-fluoro-3,5-dinethoxybenzene,

reactdd imethé preserhiofi alcatalyst. NPrefesatily, thy eatalystds Bellagium acetate and tri-o-
-fl benzatrifl.uoride, benzotriflueri :

olyehps PREAR o st R AR s 8 i D ppaterals are

et RIS AR 10 T ey e fion 8ot Tricyl

aming i istlafedtanll fertieor biorhiardait Wopheniph techhizys kedwuetg those
ridine, 4-fluorotoluene,

skilleal ig th 4tt.uThomebimaterred brompinating agegs is Nrbrosprsueepimide in a solvent
fl uarapyr.i di ne.. 3-.chl orof | uor obenzene,
ﬂwh§§gﬁ@%ﬁ%ﬂ#ﬂ%?%ﬁ@ﬂ?éﬁé@i-chIoro-2,5-
di f1 uor obenzene, 4- chl or of | uor obenzene, chl or obenzene, o-

di ARbBECRBEGIEhIS inveRtion RitbldRE 6P polFaREblepd YTl llends comprise a
m Xyl ene, "0-xyl ene or m xture of o-, m

, and p- .
polyingoenmtaining trepeiat upitsedfdtompnla Loy Formule A asd Founela El)Iwblveded with at
relatively |low palarity. H.,gh boilers and.sol.ven "
teastgps ool GNP LB L er o pitd Hoeth i fefm Pony R E By means
' Lot i { &5 Yha? B¢ b
= polpfiet S8 S BAER of B SRl SRALIS Coblhol SOTRHTHAS XistHAT be
usedah tiee Maldsirdudopglyflsurenesapelp@edtenevitylensj, polphenylands,
and/ or a repeat unit of ForpuJa | and. _a repeat .unit of

polyingemaflugrenes apd ppkytiiopheses, PRPEROPONETSHS, SREPPLYRITEH

sy AR i GRE o 98A mcrs
printing, screen printing, stanp- coating or
doBted¢rabigdhapolyiner blepd é&f ampededofiz tiastel percang of a polymer

contpiaiugFan's B Enermuh 1 0 BoTRIB KR AT d01 90 RetcBhp Amptier
coni§i o RS L 59 Pty s e
the ¥an@ By bPSAHRRE containing units of Formula I or Formula I and Formula II. The
most preferred polymer blends have high photoluminescent and electroluminescent
efficiency. Other additives such as viscosity modifiers, antioxidants and coating improvers
may optionally be added. Additionally, blends of two or more low polydispersity polymers

of similar compositions but different molecular weight can also be formulated.

Another aspect of this invention is the films formed from the polymers of the
invention. Such films can be used in polymeric light emitting diodes, photovoltaic cells and

field effect transistors. Preferably such films are used as emitting layers or charge carrier



et hyl benzene or benzene derivatives or higher
substitute level. Preferably, the solution t ai ns
fromo0.1 to 10 weight percegb of the corrposi13i()"'[]o‘-?9ruﬁﬁ’r2007
thin coatings, it is preferred that the conposition
contains fromO0.5 to 5.0 percent by weight of the
transpdiOPOS] Tihemilms ey (A Rosdet ia Protectiap pbatings for dié@ronic devices
appropriate substrate by the desired nethod and the
and as §obresennt ceatings] Fhe thicknessyofpibe film or Redfingis depasdentitpordlie use.
be renoved by vacuum heat and/or sweeping with an

be ! by .
et SORED 08 sl iy gacing
used aﬁghsieg&nﬁ eoatﬂlgg Ql WAL SSGRhickb is ABRL 1Pl ARRER oM

I'nventi on ates t organic el ectrol um nescent

When {helehatieis £€ gsdiioasi eletirdnid protecivalayas, e thicknesd ofithe soating can
this invention. EL devices based on the _poilggrers .of
be from ite 20muismuisoWhkmihp seatings aransed e pelymesicdighlemitting diode,

NI UL LR b (e
i EL devi f this i ti
fom 430 Pipoly SETABL R EL v cos o Ll [nuent o

preferably 20 volts or |ess, preferably 10 volts or
| Blesfilmnoare pesiily fomhet béoatifig dol fodymer doagwsitin foomy andther
EL device typically consists of an organi¢ film
emmbodiaARhALHE AITSBAR i WIC the GRIBDGSHPTCORATRER the mhbeﬂeréﬂd at least
DOS, {1 bi ] ' t ' 0 .
one o K24 BUGLE R IR MO SRonb it

hydro@kiffils £0Mmafit Aydocabbay] keldbhes, elierseindanixturéd fhetebf.oAdditienal
cat hode. The conbi nation of a hole and an el ectron ma

Yy
solvengs whichicae be osesringiude 1 3x-trimethythonzenede Rgot-fetamethy) denzene,
ecay to th round state b i,berating a,. on, | .
pentyihte.ciesio oo ittee, SGhmin o8 et b8 pepp erratin,
decalift e 1t Hisd 2L Bl orb int-xyeABBIALSNLA-KyiRNEl 2LiieoBaiR R uoritee
Mixed oxide (1 TO 15 deposited on a transparent 14 13
dimethiydformanmydel @achlorsfafitoratoduenec flnsroghiasls, aisqle,é534 ¢ so

. that the |ight emtt by the orgapic filmmay be
dimethslawazing, +-#Heroarigels; f-%ﬂpf/qua&% %—Zﬂfﬁw-&% Yetiselecy-

\/ - i -
methy LI PR AT 1My Gk 2 FRAMIAERIG M tharb Pty sl 2
fluorobérdgitriteh 2-fludy@rerdteolf 2,6 airhbihylaaisolde3-sluordbeniomiteile, [265-

functionality of transporting holes. Simlarl t he
dimethydgnipolped#-digethylanisole, benzonitrile, 3,5-dimethylanisole, N,N-

dimethylaniline, ethyl benzoate, 1-fluoro-3,5-dimethoxybenzene, 1-methylnaphthalene, N-

methylpyrrolidinone, 3-fluorobenzotriftuoride, benzotrifluoride, benzotrifluoride, diosane,
trifluoromethoxybenzene, 4-fluorobenzotrifluoride, 3-flucropyridine, toluene, 2-
fluorotoluene, 2-fluorobenzotrifiuoride, 3-fluorotoluene, 4-isopropylbiphenyl, phenyl ether,
pyridine, 4-ﬂuorotoluené, 2,5-difluorotoluene, 1-chloro-2,4-difluorobenzene, 2-
fluoropyridine, 3-chlorofluorobenzene, 3-chlorofluorobenzene, 1-chloro-2,5-
difluorobenzene, 4-chlorofluorobenzene, chlorobenzene, o-dichlorobenzene, 2-
_chlorofluorobenzene, p-xylene, m-xylene, o-xylene or mixture of o-, m-, and p- isomers. If

is preferable that such solvents have relatively low polarity. High boilers and solvent

mixtures are better for ink jetting, but xylenes and toluene are best for spin coating.




cat hode shoul d have the functionality of transporting
el ectrons. In many instances, the electron 3 Qfle 2007
transporting |ayer may also1gct as the emit fiPAEOUY2
In sone instances, a single |layer may performthe
conbi ned functions of hole and el ectron transport and :
Preferablyaié sol@tfbs sbitBins frden 1ed Q?Eﬂcﬁtmta@%ﬁ&%n@ﬁsﬂlgm%:&& @nit of
ei ther by thermal evaporation or sputtering
Formula Riaotioe 8 sepsht tiicotBormdae] amd/a tgpea‘trmthof Formule IO, 00 nm
- The preferred netals are calcium magnesium indium

um num and barium At er (1-10 ) of, an,

?Flpa%ﬂ GEDGE PAFRALY ‘Pﬁémﬁ%‘%sa‘f’ghg‘i‘q thé) art%r?ﬁép%splmop,atmg, spray-
coatingglaﬁﬁ%ogﬁﬁg%ll:%ﬁg nﬁ?%ﬁﬁ?ttprn jmﬁo ﬂ?fﬁft égrﬁﬁ ?%lgé%, stamp-
coatingCot| dolctdibladli@gi UM or  nagnesi um AI | oys of these net al s

may al so be used. Alloys of alum numcontaining 1 to

5 percent of lithiumand alloys of nmagnesium
do mpa&fmrqtrl;embocﬂmt, tisoinpentioaris 2 gomposjhers camprisimga polymer or

polyme3Fise o i myguthuin RAGUeBE SOfIT SBehsen peysd ignude e
xylene, 'd"ﬂnﬁ&ﬁfe'}ﬁ A M{%F—lsfoh‘le@ <§tp ﬁ% 1fnl=:§1 & eoflmgfﬁm&@e and a

ght-emtting polymer conpri sed of “the

ethylbemcrmmlienmneafentrhmms vy aivheosubstitated agsd 0P o ferabde tha@golution
anode material, and a cathode material such that_ under

contamérﬁr% Brl; tad Oywpighicpercembpicibe gomposifien oy thinseatings, Hispreferred

R AR AR A N
composifibR & fbliba wﬂliefhg})@hbﬁ(%ﬁbﬁﬁtﬁﬂy fie desited thétBiod and the solvent is

_ light-emttin mer filmwhen the device is
allowed &0 ¢aparats. a%@&:lduai e@uentumgy berrempyed by waawying hedt aodior be

em t yer. ln another preferred
sweeplggr%rd@xl &gﬁgf}’éﬁ&sﬂf“%?‘e transporting polyners are
arranged so that the layer closest to the anode has
IR JoRyRsrs of Miifl Bive Aol @inSdtistrat strvhd Blebthumeties&RBlin addition to

| ayers having progressively higher oxidation
photolynmesanica Thuppnothesaspedsof dmgpveeitmtmlaﬂes; ta orgamient

electroggti\)ljpc 22 tr@\f Iﬁln\%ﬁsgﬁg% Ve ﬁgﬁqrs 8? &{i%glgieﬁtion

EL dev*xéBé%&é {* %mmheﬁioh%e% oeaﬁe@eleﬂw 8ver
of

po y e I nvention ereln he pol yner’s
devxceamav}mch ﬁnmletamlmnmgbm palyeer filth @deesomot@entain a repeat unit

| tiple-|ayer fil whose_conbi ned f hickness is -
comprllsmﬁg aftp l y e b1 H%Erq fapBL dgvices of thlSanen{:llon emit hght when

subjected to an apphed voltage of preferably 20 volts or less, preferably 10 volts or less and

most preferably 6 volts or less,

An organic EL device typically consists of an organic film sandwiched between an
anode and a cathode. When a positive bias is applied to the device, holes are injected info
the organic film from the anode, and electrons are injected into the organic film from the
cathode. The combination of a hole and an electron may give rise to an exciton that may

undergo radiative decay to the ground state by liberating a photon.

In practice, the anode is commonly a mixed oxide of tin and indium for its

conductivity and transparency. The mixed oxide (ITO) is deposited on a transparent




15 13 February 2007 preferably in the range of 25 run

to 500 nm nost preferably in the range of 50 run to

300 nm Wien two or nore pghyrrers are used,13tFRRIUARK2007

be deposited separately as di'stinct |ayers or

deposited as one layer froma solution containing a
substra¥! 888l adglabd s plsicise dhache/ Hglitemitidd iy the rdamic filkanmyde

cl ass of optoel ectronic devices that can convert
observada dildengari¢ flm mayrhsrthy compositsl dd severdandigidapblayers each designed

.Exampl es of _photogcells are tovgl t ai evj ces | ar
for a digiieF SnciiphoBBAAISHBSIES AdepRBH Gk Derapde B¢ kst e

I ' 08 S~ Hal t

suode AFIGRLs YeREBIIARY. & HGPIRAE Sifes Sinlly i IAAKER e
cathode'sHoald/iERE thd fuictisnalifess trirpoRBgeMctohd) Elnfrhdr8t instances, the

el ectrode that is, in turn, coated by a second
electroxbelile trdaspokting lapertmay gleo acttasdhesernittingilay¢rr dogome hestances, a

. substrate_and_ the fjrst electrode is,converted by the
single 13yarypas, Perfarm the Ferabised Futshions Aagole 3R Qi rasect apd ght
emissio% ectrons and hol es under the appropriate

cl'rcunstances, thus generating an electric current.

Anot her enbodi nment of the invention relates to

rithe ahetallia ¢hthbds mag e depebitet @ithdribgl tHermed beaploration or by

transistors conpri si ng one or_nore of the polyners of
sputteringe Thavligkness ofthic cathode wmayds from & am ol rmn J he preferred

e S, Ak 5B, B S B 0 o

an alkalint? alkafidb &le@il hhBYE For sxafiplE 1FE,INAFS TsFiod RBFahY be hd /G
afirst side and a second side. ihe second el enent is
buffering ytebetFhen thatight emittingpelytrer awd the cathode, salciupndariga, or

s TR
5 perc B SRR A Ao T G S B AR B BEITRA

are prefegred. tricyclic arylam ne which is then bonded to a
fluorene or substituted fluorene which is then bonded

to a conjugated noiety. The seni conquctor |ayer S a
1P agretortbd Smbrodaigh dhe ¢ aEToly IR driice arpPross 8l gt one
] . ¢ . .
e offag G A PEDUT, o 02 ABIIRRAALCL A bR R i
comprik®ofibk Yombotition ephieiikwation] airaaped berwked ar andile medteridlinad a

polymers are present as single-layer filng or as _
cathodermatgrisl sughsthatunder ansapplisd soliages holes ateriniertad Som thejanode -

'materiélgﬁtaéﬁcgﬁgléqggq tho s tgrnﬁg %@qﬂ-ﬁéﬁ%ﬁé@ﬁ)ﬁer'ﬂiﬁ 418 electrons

are injected from the cathode material into the light-emitting polymer film when the device

is forward biased, resulting in light emission from the light-emitting layer. In another
preferred embodiment, layers of hole-transporting polymers are arranged so that the layer
closest to the anode has the lowest oxidation potential, with the adjacent layers having
progressively higher oxidation potentials. By these methods, electroluminescent devices

having relatively high light output per unit voltage may be prepared.

Another embodiment of the invention relates to photocells comprising one or more
of the polymers of the invention wherein the polymers are present as single-layer films or as

multiple-layer films, whose combined thickness is in the range of 10 nm to 1000 nm,
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The third element is a semiconductor layer. The semiconductor layer comprises a

polymer comprising a repeat unit of fluorene or substituted fluorene bonded to a tricyclic
arylamine which is then bonded to a ﬂuoren;e or substituted fluorene which is then bonded
to a conjugated moiety. The semiconductor layer has a first side, a second side, a first end
and a second end, the second side of the semiconductor layer being adjacent fo the second
side of the insulator layer. The polymer is deposited onto an insulator wherein the polymers
are present as single-layer films or as multiple-layer films whose combined thickness is in
the range of 10 nm to 1000 nm, preferably in the range of 25 nm to 500 nm, most preferably

in the range of 50 nm to 300 nm.

The fourth element of a field effect transistor is a source. The source is an electrical
conductor. The source is in electrical contact with the first end of the semiconductor layer.

The fifth element is a drain. The drain is an electrical conductor. The drain is in electrical



Exanple 1 Synthesis of Dibronotricylic Arylam nes

Schene 1. Synthesis of N (4-butyl phenyl)phe hazin

and phenoxazi ne conmpounds g Br X 1 ~ Br ligtfheknéryezow
n-CAH9 n-C4AH9 n-C4H9 1: X=S g: X=S 2:X=0 4: X=0 a)

Pd( OCOCH3) 2, tri-o-tolyl phosphine, t-BuONa+, toluene,

| . \ . )
contact (B s Bkpliclh OPHS et GEE) B s i aplpd o
the gatel USSR thOtdr@atibh afX helswonedion dhanesl & the aeémidontiticor, layer
reflux condensor and a nitrogen |ine was charged wth
connectingohe sgurcd (@the duinl A positieediiahapplied 4o thegatt @ueesthgformation
(8.746 ) tri-q-taolyl phosphi ne.and 50 m tol uene.
of an dqfﬁ@nﬁ‘i’q;!’lrggg‘éx%ﬁgangﬁil}l %@%Geg‘Pcﬁﬁﬁ‘F@ﬁllayef'enper ature for 20
mnutes until an orange-read solution was formed. At
Aot SERrARESEH SS, BE RoS i g Bompsig e semigprducto
layer m&PBé Efniedbylsdlefebist@ prdcegsing GRhiignty sueh angpinicobtind) G6ller-

. nmtoluene were added. The reaction was placed in an
coatingpdip-doatihg,spriyiesating anddpaer-blrdingrand nkjet prnting. SWhem Bwo or
s taken for, HPLC show n hat all starti nmat eri al.
more pofgnersGsh B e BRY BRoSHPCtec PP B ALK R RO dgpOsited as
' bidHe oFPhd ddsRBd PR mferO! €d. 15 i
onelaygroﬁa%rg‘ﬁﬁégttﬁgg‘@%aﬁﬁggg added. Thse S Iﬁti on was stirred
for an additional hour. Then the solution was passed

Thocalegtraales (seutceand draim) are attathedo {ie5emigondTttmgqwilymer and a

third 1400 BRIPLUP PeAERRBIERISFact B JedhEHIAo; o P deEDr ot

oy e PR OYA g A s
negativy tﬂ)ﬂ: gol\t@ to O gatPelecesde indes 38 heddthiidfdon JINEMs 1itadthe2

, 3H, 1.36 (m 2H), 1.62 (m 2H, 2.73 .
polymer-insulator interface, creating a conduction channel through which electric current

can flow between the source and the drain. The transistor is in the “on” state. Reversing the
gate voltage causes a depletion of holes in the accumulation zone and cessation of current.

The transistor is in the “off” state.

Examples

The following examples are included for illustrative purposes only and do not limit

the scope of the claims.



(t, 2H, 6.13 (d, 2H), 6.87(m 4H), 7.05 (d, 2H), 7.30
(d, 2H), 7.47 (d, 2H). 18 13 February 2007

N- (4- n- Butyl phenyl ) phenoxazjpe (2: X=0 Thi§333ﬂ5%@mk?007
was prepared essentially according to the above
procedure for preparation of 1. The crude product was
recrystalized fromtoluene/ MeOCH and 8.1 g shiny white
solid was obtained with -100 percent purity. The yield
was 51. 24 percent.

3, 7- Di br ono- N- (4-n- butyl ph I not hi azi ne (3: X=5)
A 500 nmL 3 neck round bottg#égpgg; equi pped with
overhead stirrer, reflux condensor and a nitrogen

Synthbdi§ 6f DRtSroRitfieelic ArvRAming 1 9, 27.5 mol) and 140 nL
methyl'ene  chloride. The solution was kept in an ice
bath. To the stirring mxture, a solution of N

br¥shemak SypthesisgEN-(HontyirheryDpig rotigezipgd)phengxagine gprapounds
di mret hyl foram de ("DVF') was_added in dro]?s thro%gh B
a syringe oveg.,a 10 m nuts q0 The react™g r
rr'gxture was brjought to .t efperiat ure and [ ved
for urs. A sanpl eNwvas®t aken for HPL N
ha al | rtimg nhteri ghh(8.6 mMnute) were
ﬁﬁﬁ a“maj or pdak with the reion time of 10.3
utes was sheuHy The react g m xture was washe
three tinmes with 2N HC1200 ni,} .{hen washed with 20 )CH,
nm. water twi ce until the water ?‘a‘;’/er turned to *
neutral. The organic portiofpxag dried with Na2SHx=s
Na2SO4 was filtered out, and2t%ef the sol ution wasX=0
passed thr neut ral .al um lunn, The col um
was rins eg P \ mmﬁl&%’ﬁﬁgﬁ@dﬁ %ggfjfg ‘é@‘@a W%Hél 1 %IE% ved
using a rotary evapor at or %S yi'eld a light yellow
solid with a purity of 96.7 percent. After three
recrystallizations fromhexanes, 5.6 g (41.2 percent)
(4-Pf ' Stbihiazitay1: RRSpi ned with a purity of 99.5
N(4g3l§g];ljt#%ﬁk/%?ﬁ487. s TONVBO - 80,95 (t 3K 1.36 (m
2H), 1.62 (m 2H), 2.75 (t, 2H), 5.97 (d, 2H), 7.08
( dd2 LAHpeckzonad bottarniflaskyeqripped wigh-pverhead stirrets Beflig Gondensor

2007 3, 7-Di br omo- N-{, 4- n- bu en e azi 4
and a gitpgeen 116 V05 FokBRa M0 AR L 2fb BR PIRAEele i 2.647 &
: 89 RHASEMHSpiAE ARl SPAI W1hGHR. THe mixtulé!@a§ Etiighed at ambient
@ 74%%u2t was recrgt af flﬁed from t ol uene/ met hanol, and
temperathregfon 20whinties shiilan orange-read solution was formed. At that time,
phenothiazine (19.93 g, 100 mmol), 1-brorrio~4-buty1 benzene (23.6 g, 110 mmol) and

sodium t-butoxide (10.71 g, 100 mmol) along with 1000 mLfoluene were added. The

reaction was placed in an oil bath and heated to refiux for 15 hours. A sample was taken for
HPLC showing that all starting material were gone. A major peak with the retention time
of 8.6 minutes was seen. The solution was cooled. 15 mL concentrated HCI were added.
The solution was stirred for an additional hour. Then the solution was passed through a
neutral alumina column (750 g). The column was rinsed with toluene. The solvent was

removed using a rotary evaporator to yield a yellow solid. The solid was recrystallized from

toluene/MeOH. 19.6 g of white solid was obtained with 99 percent purity. The yield was
60.6 percent. MS: 331. *H NMR (DMSO) 6 0.92 (t, 3H), 1.36 (m, 2H), 1.62 (m, 2H), 2.73
(t, 2H), 6.13 (d, 2H), 6.87(m, 4H), 7.05 (d, 2H), 7.30 (d, 2H), 7.47 (4, 2H).




solid with a purity of 99.8 percent was obtai ned. The

yield was 85 percent. Exanple 2 Schene 2. t hesi s
phenot hi azi ne and phenoxaziyg conmpounds W tsﬁg e%ruarng007

fluorene unit as a pendant group X Br 0/ + Pd Cat.,
Toluene H X=S5,0 X NBS, THF/DMF Br X Br '"r-~ | RN =

N-(4-nBdtyiphe diokagineq22XXL0: X=0
( N-(g,lgl- B@ﬁl}butyl fl Sorene phenot hi azine (5: X=S) A
m xture of palladiumacetate (180 ng, 0.81 mmol),

s o s et anbl ot L ameraturs far 20 o
prepargiioapids Thstcrydegpro merigstalized SRy istumedyie@hiand 8.1 g shiny
wite 1 T BB Ao 4 SR 5 rce

2-brono-9, 9-di butyffluorene (7.85 g, 22 nml), sodium
3,7-Difryrﬁ!;1ﬁ%ﬁl(@%llf§a§ylﬁ§eﬁﬁ)%eg@ﬁmi_ﬁﬂﬁbXS:@(WS)”DV e toluene (175

ere added to t m xture. The reaction vessel
was placed into an oil-bath and heated to refl ux
A 5001igh8 neck-Pnml bisaw dlask aquippes wish ovérbeadisrer, reflux

condensPEAA RUGEEHUIS HES SRIGE VOO AT Roal:s PR PA A0 fmethylene
chlorid®! ¥h¥'sE¥B vJa?fkl:ﬁP‘iﬁ‘Qufi&r b P tsﬁﬂﬂ@ mixture, a solution of N-
bromosuccinimide (10.26 g, 57.0 mmol) in 26 mL dimethyl foramide (“DME”) was added
in drops through a syringe over a 10 minute period. The reaction mixture was brought to
room temperature and allowed to stir for 2 hours. A sample was taken for HPLC showing
all starting material (8.6 minute) were gone and a major peak with the retention time of 10.3
minutes was shown. The reaction mixture was washed three times with 2N HCl 200 mL,
then washed with 200 mL water twice until the water layer turned to neutral. The organic
portion was dried with Na,SO,. Na,SO, was filtered out, and then the éolution was passed
through a neutral alumina column. The column was rinsed with toluene. The solvent was
removed using a rotary evaporator to yield a light yellow solid with a purity of 96.7 percent.
After three recrystallizations from hexanes, 5.6 g (41.2 percent) of a final product was
obtained with a purity of 99.5 percent. MS: 487. "H NMR (DMSO): 8 0.95 (t, 3H), 1.36 (m,
2H), 1.62 (m, 2H), 2.75 (t, 2H), 5.97 (d, 2H), 7.08 (dd, 2H), 7.26 (m 4H), 7.48 (d, 2H).




6 hours. The m xture was then cool ed to anbi ent

tenperature, treated with hydrochloric aC| (F]‘gi H%ﬁ
passed through a colum of Reutral Al um na (groc 2007

Activity 1) and eluted with toluene. The sol vent was
renoved on a rotary evaporator under reduced

3,7-DibressasNe(d-A+hatypheyllphedosazinaé: X=Pyst al | i zed from
tol uene/ethanol. Finally, 4.75 g (50 percent) of

pr duct was obt ai ned. HPLC naI i ndi cated the
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N-(9 9 D| n- butyl f1 uor ene) phenoxazi ne (6: X=0) The
conpound was prepared esExamplldy according to the
procedure for synthesis of 5. Phenoxazi ne vvas used in

sence oS iAp %r“l'ar?ré'r%e%rw%fr SRR B o e

%h 98 percent p was consi stent vvlth t he
[ﬁ i H NWR

00 (d, 1H), 7.82 (m 1H),
10(m 4I—|) . 6F(m 10H)

6H), 6. Bdcd.mondtd , 2. 07 (m
3 7IE)|brorm N-(9, 9-di utyIquorene)phenothl a2|ne
(7: X=S) 4.28 g (9
of Xte&t oahydr of uran (" THF") vvere charged to a 500 nL
flask equi pped Wth a stirring bar. The m xture was

Y n|tro en Tothls mxture 3. 20

@x Bﬂ‘?‘r %dde o T.
em‘l_VEd to oom tle=n'prture
and stirred for 6 hours. 20 tOH (1:1 3
added to reaction m xture. V\hlteI§oI|d was
pregipitated. The resulting i was filtered. The
sol iﬁjdfmés washed with hot iso- pzc%a and CH3CN. The
crude product was recrystallized tw ce from

Cl 2/ CH3CN. (35 percent product was
N'(9s€ﬂ?'aFM1§§°F‘r@Pﬂqley@ﬂPBﬂn§Z£ %=§HPLC anal ysi s
i ndi cated the product was in 99 percent purity. 'HNMR

oL R SRRy NS (O, I61 Rl MBS Binki(520 me,

1.74 &ikigl) and tbRicpen(124d]) was dtrrédrat addiient Gerifergtnre for 30 mmutes until a

homogenous yellow solution was formed. The reaction mixture was covered under

nitrogen. Phenothiazine (3.99 g, 20 mmol), 2-bromoe-9,9-dibutylfluorene (7.85 g, 22 mmol),
sodium zert-butoxide (2.88 g, 30 mmol) and more toluene (175 mL) where added to this
mixture. The reaction vessel was placed into an oil-bath and heated to reflux overnight.
HPLC showed that the reaction was incomplete. An additional 800 mg of 2-bromo-9,9-
dibutyfluorene was added to the reaction flask. The mixture was refluxed for an additional
6 hours. The mixture was then cooled to ambient temperature, treated with hydrochloric
acid (10 mL), passed through a column of neutral Alumina (Brockman Activity I) and
eluted with toluene. The solvent was removed on a rotary evaporator under reduced
pressure. The crude product was recrystallized from toluene/ethanol. Finally, 4.75 g (50

percent) of product was obtained. HPLC analysis indicated the product was in 98 percent




2H), 2.07 (m 4H), 1.12 (m 4H), 0.69 (m 10H).

3,7-Di brono-N-(9, 9-di -n-butyl fl uorene) phenox

X=0) This conpound was prepsied essential ly] g?@gpﬂé"ﬁ&ow

to the procedure described for 7. Phenoxazi ne was

used in place of phenothiazine. 12.2 g (66 percent) of -
purity. ﬁtw%nsﬁ{%gg\kﬁﬁ?’he fokfardng N’ﬁl‘l@ '83902@1 1), 7.82 (m,

product” Was percent purity. N mass = spec
1H 75@@ Iﬁ St% h6. 7 Mmyﬁtﬁﬂ(m,zmm(l(nﬂ-ﬂ), 1812 (m, 4H),
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D69(m(,r.’rﬂl-ﬂl—l) 6 75 (m 2I—I) 5.90 (d, 2H), 2.06 (m 4H),1.12
(m 4H) 0.69 (m 10H). 21 13 February 2007 Exanple

t|on of Blue,Li ttlng Pol yrmer 1
N-(9 9‘%‘71‘ “%wzelﬂb&%\’fﬁﬁ‘b‘? &’hs‘?’ 9- di hexyl fl uor ene

(3. 554 g 7.4857 mol ), 2,7-
|
o s PSS 0 Ty s o

5. Phefoxa2in366% usslin plads of phichothinzire, 94.8ighi6p percgiit) lofi pr0dnet 6 was
(0.231 g, 0.3669 mmpl ) and

obtamens], WIPIE epalysis indigatachthe produst was #y 98 pereent purity. NMR was

consisggh R e RbBLRPS pHICUR (0RO (G 200 87 o By 27 5 o, ),

6.62(11{%}9?5'()@( 'zﬁjeﬂweﬁ%gjgurl@)(aawr%dmey(ﬁllm ®).ng), and

tol'uéne ‘wer e dto a t hree necked
round bottom fl ask equi pped with a stir shaft, glass
3,7-Diktoap@d¥-(9,9+di-n-bitylnorene phennthiazine GoXed) was al | oned
to dissolve in toluene then 15.5 nL of a 2M Na2CGC3

SO 5t AR TR ORETF B 458 wer

chargeg 't('ri] g %@g %1'5 Pﬁﬁ&éc{%‘i{gifég I%vxil'f‘z?st{rﬁﬁ b Bir. CORABREERE will cobétd vith

nitrogen was over the solution
mtrogetnh rTuidiomixttfee3 20 gd18 mma:iﬁ of NBSriedOtmbof DMF was siogdy added at
went into the solution in 4 hours and 5 m,n te

0 °C. o piveinre,ues Blowed v W@rrﬁalartg 10 tommperalh A SHTEd fpyfbours.
o0 05 5 SR g0 s,
resultih® hﬁﬁﬁﬁe Wéé fiRéredVv Thersa)id wad washied gvitht hat @ib—pipparh:é and CH,CN.

reacti on vessel was cooled to 84 C
The crudeprogdngt was igexysislized taice &O%QFWJQ%E‘?‘{ r4 g&g Byeenf et
product was obtained as light yellow solid. HPLC analysis indicated the product was in

99 percent purity. 'HNMR and mass spec were consistent with the structure. 'H NMR
(THF) 6 8.02 (d, 1H), 7.84 (m, 1H), 7.5-7.3 (m, 6H), 7.18 (m, 2H), 6.74 (m, 2H), 6.10 (m,
2H), 2.07 (m, 4H), 1.12 (m, 4H), 0.69 (m, 10H). ‘

3,7-Dibromo-N-(9,9-di-n-butylfluorene)phenoxazine (8: X=0)

This compound was prepared essentially according to the procedure described for 7.
Phenoxazine was used in place of phenothiazine. 12.2 g (66 percent) of product was
obtained. HPLC analysis indicated the product was in 99 percent purity. NMR and mass
spec were consistent with the structure. ‘H NMR (THF) & 8.02 (d, 1H), 7.83 (m, 1H), 7.5-
7.3 (m, 6H), 6.88 (m, 1H), 6.75 (m, 2H), 5.90 (d, 2H), 2.06 (m, 4H), 1.12 (m, 4H), 0.69 (m,
10H). -



added directly to the polynmer solution foll owed by 30
m. of water. The reaction was allowed to stir_for
hours and then was taken oupqof the oil batH aﬁﬁpruary2007
cool ed. The polynmer solution was transferred to a 2 L
separatory funnel and allowed to sit for 15 m nutes.
Examfple®r the water |ayer was separated fromthe pol yner
sol ution, the polyner solution was washed twice with
erc t|c acj d 0Q nL) and twice with water
Prepa(rgg ﬁ‘fe_?I“e%{'fSﬁb F'WFE?gP%‘d{&!ffllon was t hen passed
through a colum of celite, silica gel, basic alum na,
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Preparation of Blue Li mtting Polyner 2

addedgo 9250 m&ghwq mmk@dw@ugd Homdiask savigped w;th 815U gfiafi; glass stopper

andt vty Bt THRGORT Rk pllov e iobtioficos oW hem 5.5 by g 2
Nan('g\f soﬁltﬂoywﬁrﬁ'ahéd %é\{otal%ﬁﬁﬁe' S¢1BE kARG AED.5 mL. TheSenm'e

bi s(4- bronbphenyl ) - 1, 4- phenyl enedi am ne (-98
systeqn &Iag emmected @8 mt{:ggeﬂ lize iBhrrmgii fhe reflux condenser so that a dynamic

N- - n- f [ u h hi
blank?t oégltﬁgeg g\foﬁg ov gglu Qn W egl_e tl%n% ante gcgczzt{orﬁe All solids

UL /i A e ——
mmut&hﬁ&@ﬂf C.aTké macR@grewas édpl:ed) dfi¢r, polyhétizatdon by addmg 0.202 g phenyl-

tetrakis(tri phenyl phosphi ne) pal ladium (0) (7.
boronge agisiAoliaied by 26 ank; iluenge Hifer evsaright sterns a0’ Céggwa@wn

v 88 Py o R e s

addedSHRERMOES polyaite dolutibA followeddH B0 thil®f WardrUTEe Wastion was
gently refluxed overnight. A viscous m xture was

alloweshtoestiv &t Sdtoutmmcbthen vhs talken opmfyheml baﬂn aud cogled. The polymer
termt} msrl bar gni c

solutiggr Y FRac v el 31 2B S TPb o BHEes. Alter
the wB lﬁyé}% @epaﬁ‘ﬂ@d o 118 %I)}n‘?é? soRSioR) thO PENmieP sG1811bA W€ washed

twice with 2 percent of acetic acid (100 mL) and twice with water (100 mL). The polymer

solution was then passed through a column of celite, silica gel, basic alumina, and celite.
The column was then eluted with warm toluene (2X volume of polymer solution). The
isolated polymer was placed in a vacuum oven at 55°C to dry overnight. The crude polymer
was re-dissolved in toluene (3 peréent wt/vol solution) and re-precipitated from excess
methanol. The polymer was collected by filtration and dried in a vacuum oven at 55°C

| overnight. Total polymer collected was: 3.95 g; N, = 2.07 dL/g (THF, 25°C, 0.5 g/dL); Mw:
234,723; PDI (poly-dispersity indx): 3.182.



for 8 nore hours. After cooling, the m xture was

diluted with toluene and transferred to a at or

funnel . The aqueous phase wgs renoved and tag&aﬁﬁéﬁﬂ’?om

phase was washed with water. The tol uene | ayer was

then transferred to a 500 nL three-necked flask, and

an aqueous solution of sodi umdiethyldithiocarbanate

trihydrate (DDC, 3g in 30 water) was added. The

m xture was stirred at -88C overnight. The aqueous
Prepanagipg of flue Light\Famitting Eolsgnefdi ¢ phase was washed with

2 percent A6CH and water, then passed through a col umm
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net hanol / wat er and dr er vacuum at
bis(4-nItheylbencdee aNIN/ Ars(4kasmophalysh# \phenylenddidmiee &~94.8 percent,
heating and__then precjipitated from nethanol. The

0.251 g G13p3anmahls 3. rdibramedN A ¢ - Hers Rty lifgorene)phenathinzine (xPP percent,
. . 76
0233 ORI AN 5 ASEANIARIAN - 130B0cf fog o 036
mmol){tbidene @50:%8]_?,- AligH6836 gﬂse prhse! S5enf(1.8Y %?2.600 Aimol),
g Po :

Emttin ymer 3 9,9-Dioctyl fluorene-2Z, 7-boronicacid
tetrakisftrippeeylpbogphine)palisdivm (O3 (D6 ;g 0.0073w861)nandl 2M aqueous sodium

e TR R S SRR 0,585 o
e T BTG b i P v

gently tefluted evevaight.adddstohomaxtifeOwad otisbrved atthe lead of thend

bottom flask , quipped with a stiri ng shaft, glass._, _,
polymesizgHipe Tg ¢ the pobrraesizeipn, Orh g of BpRagngharoaiq anid (dissglved

in 2 mf 1359248 50t 8t WRRBe e L sRLE rebbOR e HIS Lo heimue
for 8 ndcfe Boure, AdtcPB&Ring Bk mintite a6 QiluRd Skifti toRRHe Whd tradsferrdtto a
of toluene. Next, the whole systemwas connected to a

separaiory fusgeh Thernguednsphgse wasremsived and therdganiephase wah avashed with

nam c bl anket of nitrogen was.,over. the solution
water. {3 igknelsIpriges Hen Rerdsfial oot ke diaskind a3,
aqueod¥@d1utioR ot 86k dkthyldithfbearBiateQrih{\@aRYDBCS hgr iA30 water) was
stirring was not snooth and solid was splashed all
added.oVke midtterefwasstirred lae~88°Crovientdghito Theagueaus pdyac eds rénoned. The

.,of the solid was gushed down and stirred at 640 RPM at .
organiq phase waswashed,wijth 2 percent ACOH and water, then passed through a column of

celite, silica gel and basic alumina, and eluted with toluene. The eluates were concentrated

with a rotary evaporator. The polymer was first precipitated from methanol/water and dried
under vacuum at 45°C. The crude polymer was re-dissolved in toluene with heating and
then precipitated from methanol. The polymer was filtered and washed with methanol.
After drying under vacuum at 45°C overnight, 3.8 g (76 percent) of polymer was obtained:
M = 2.93 dL/g (THF, 25°C, 0.5 g/dL).

Preparation of Biue Light Emitting Polymer 3

9,9-Dioctylfluorene-2,7-boronicacid ethylene glycol ester (3.089 g, 5.8186 mmol),
3,7-dibromo-N-(4-n-butylphenyl)phenoxazine (0.545 g, 4.6088 mmol), 2,7-dibromo-9,9-



hours and fifty m nutes, sone solid was refluxed down

to the solution. A spatula was used to push ne nor
solid down. 35 ng of 23 13 Februaty 2007
9, 9-di octyl fluorene-2,7-boroni cacid ethylene glycol
-ester and 2 ng of
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replaced.e Boig lof thesolid was @@shed dofvn andistized atf@) RPMed 110PE. After four
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all'owed to sit niit es. er a water [ayer S

glycobeyaal 2dng bbl&trhh@(tﬁpﬂe)iglpgospmﬂeyﬁdlﬁﬂiuni fiel 1OMY "Ftoluene were

sol uti on was washed w t ercent acetic acid (4 X
then agded. rThe miggurewas shiried abHOREMakt) Ch emftesithictyninaasqthe reaction
seves P G R e Bl B L e otowea
by 25$hE SiphetRGnid 3010 THF. ThE UEIBE i trdia $$Ren id16108.0The Réketién was

al um num oxide (3 inch)-silica gel (3 inch) colum
then sgittied ac3IHURAMAA$0C ther dvernight. The nextohoming, thef reaetion was sampled

o o, oy BT b oy
acid f60&%¢d Wﬁ@ﬁﬂ%ﬁéttaﬁ{fdﬁ%}aﬁp ThéFeaBRSK wad theBtd E{Bd(}o RPM.

redi ssolved 1nto I50 nL toluene and precipitated a
After dAikrscoftstinting att1052C 2hé reattioretdssed otas chbled to 849G dndE gdf
February 2007 _polynmer was dried in an oven

oty oA Aok seiuR el T ol T 3prAGHec GFocie 1o e pedymar. 40 L
of walts yaf el hoFed THE sbtdlob Wk Gt o Yy Bty W 108 5050

toluer®d Wi ddded)ithdreattidnWasiaketdit ofthe oil bath and cooled (the whole organic
volume is 200 mL). The polymer solution was then transferred to a 2 L separatory funnel

and allowed to sit for 15 minutes. After a water layer was separated from the polymer
solution, the polymer solution was washed with 2 percent acetic acid (4 X 250 mL), water
(4 x 250 mL) and then precipitated into 2.5 L of methanol. A fiber-like polymer was filtered
out and dried overnight. The polymer was dissolved in 150 mL toluene then passed through
basic aluminum oxide (3 inch)-silica gel (3 inch) column (The column was rinsed with 1 L
toluene before using.). The column was rinsed with 1.5 L toluene. The polymer precipitate
was collected and dried on a rotor evaporator at 60°C for an hour. It was then redissolved

into 150 mL toluene and precipitated a third time into 2.5 L of methanol. The fiber-like



A 500 nL, three-necked, round bottom flask, equi pped
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, 4- di brono- 2, 5-di f| uorobenzene
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reagent (1.5 g) and toluene (125 nL). The m xture was

stirred until a honobgenous solution was observed. To
Preparation efBlneldghtEmiting Bdamerftcar bonate (2 M 30 nL) was
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toluene, and 1.0 of phenyl borgni [ L. ssol in
dibrome8,Shaihoy e s ek SO ol B 46 50 225 B ot
. 0 i.ght .. The nj ' 4 R 3
amom53 S0k e S 1 31 2y A 40 g osen
(15g) ggid ?ﬂﬁn\]ﬁ%ﬁ2§ /Iyt T8 ndkturélivas betrel drhil admidvgeneusasnlution was

t trichydrate (15 g/ 300 ni) at 80C for 24
observedo (Tosthe Sblatiom aqueous sddiymcarhesate M,a'zoéﬁL)aWGS fifded and the

systm sSSP 8 Pongeq Wb BB N0 i, S BB Aph ik

pauadi%;g ﬁg@@g@gyea@ﬁ RE&H) Whd AR ahidl BB reARIOAIRAR!stitBdAnd heated in

ITtration, and washed with et hanol . The
an oil-HatDESP CviBs6 houra Bashltingdd atveryvidcdusryeliowt nhiture.nThe sukinre was

diluted wOt0p b SIRERE sndh o B o] phenTLHOTORLE 86 ol g s L. 8t
f I R . i .
THF w% 2 eg Iu ea %g:ag exiu?r??a)% %gn%%'ég&g%g?c‘f‘ﬂ% HiFade! v?ﬁlkt (!)l(lYUSthg%hﬁ 850

mL of @®Néne [1ERREGreditd B 1L bk, apdpirted ﬁh&iﬂ ;Jr;ng;]m;ais salatibaibhi ng
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vacuum on a rotary evaporator. The solid was dissolved in 800 mL of toluene and passed
through a column tightly packed with silica gel (4 x 8 cm), basic alumina (1 x 8 cm) and
topped with filter paper. The polymer containing fractions were collected and the volume
was reduced to ~ 400 mL. The polymer was precipitated from methanol and washed with
methanol. The dissolving, precipitation process was performed one more time and the
polymer was dried in a vacuum oven overnight to yield 6.3 g (79 percent) of a light yellow
fibrous material. n,_, = 2. 15 dL/g (THF, 25°C, 0.5 g/dL), Mw 250,900, Mn 92,800, PDI

(polydispersity index): 2.7; Tg = 117.64°C.
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ont aining fractions were collected and the
dlemwmthrmls @idt sodiunmsedt tubmhatet (6 @emgn POmEHatd27C for 18 hours.

evaporation to -100 nL. The nmer was
Iter mEn B ARG BRSPS pAB Y Rt latey Hel Fhlied wit
A6 watdt {85200 VEHe gAY RiyeAvas passed
2per‘%b@f%ﬁ9£hﬁgl@}r§gpo\;\igg 2 géa és]‘(c)(?ved P?]B)t ol uengh?lghg ) P .\
througtsl tipht®C pavke & teldminrod me]mtet(h’é)miﬁm.(nﬁ, Hza)s:c (IHe-silisa (ggh@f’)-m]gte 1
col  ected, washed w th_nethanal eﬁnfl ed .overnj gl 11%
elutedwith éoluenco (ERe gelumphad been eluted with T L to uene before usthg.) The'
polymer containing fractions were collected and the volume of solution was concentrated by
rotary evaporation to ~100 mL. The polymer was precipitated from methanol/water
(2 L/100 mL), collected by filtration and dried for 4 hours in a vacuum oven at 55°C. The
polymer was redissolved in toluene (150 mL) and precipitated from methanol (2 L). The
product was collected, washed with methanol and dried overnight in a vacuum oven at 55°C
to yield an orange-yellow fibrous material. 3.2 g (80 percent) of polymer was obtained:
M= 1.31 dL/g (THF, 25°C, 0.5g/dL); Mw: 143,000; PDI (poly-dispersity index): 2; DSC

measurements revealed a Tg of 129°C.




to yield an orange-yellow fibrous material. 3.2 g (80

percent) of polyner was obtained: rli,,,=
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(pol y-di spersity index): 2; DSC neasurenents reveal ed

a Tg of 129C. 13 February 2007 26 Preparation of Red
Preparatiohtof Bed Light ERdttigEPolymér 850 L, three-necked, round

bottom fl ask equi pped with an overhead stirrer and a

refl ux condenser connected to a nitrogen |ine was

Zh35Qed., Wiregrngckedyioypd battgm (jlag]g aHppasawith an overhead stirrer and a

9, 9-di Qg Eﬁ/lfluore
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benzot@Qg%E%k f(%g ?;g{:c%{‘ 0.2852868041, 6211 £RAGARNS s8hiubieedfBdnate (2 M,
14mL), 'equcp;lai 346® phiseydnsfehrimpicagsnp & {radtimark oﬁHah}ydt 0.65 gAAldrich),
10 nol percent, Strem ,and taol uene

tetrakige ruwegy m@:ﬁm&dmmn@tah@aa £ & field) @P‘iPP’fCéHt gﬁam) and toluene
(0 mEy B0 . G, 0 88l e AR €2 gy b o

102°C ¥&Y 19Rows divid Al tohiRHé wanddded dnd the ¥actidmbéated fofan additional
red- orange vi scous sol ution was observed. At this

hour and featy fiyerminptdso oredeoramgevig@us golytionwas Phservash dAtiths time,

phenylhpontincid T} Eciohuan e 20 ) Sed Bl e s Vs

contmw%é@fo? hy Qﬂﬁlﬁoﬁzﬁﬁq{oul‘!@a? 938€P AR Bb1A1R00\WBE ﬂlé/\érgﬁhxwﬁy@f was

he sol ufion was then stirred w
separatedaad msh@d wtth mtemf(z oti 160 mylL )il i Thei sobutiolmawdscther stitresostithy an

aqueo%%bﬁ@o%ﬁ%ﬁg e barhirack iR Sk Bl (LBl L) o
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was wishgd Rith 2 pe}teéntwﬁodm&ﬁtﬁmﬂﬂngb) and wgm @/X 260 kedd). The

colum of celite (1")-al um na silica -
orgame bayper wes paseseq through a @h}ly\maphed @;rlmﬁ@f Cfelxtﬁ £l aoqlwahgwc (1)

-silica gele&”fc 1te ?1 We{utedl with toluene. (The column had been eluted with 1 L

toluene before using.) The polymer containing fractions were collected and the volume of

solution was concentrated by rotary evaporation to approximately 150 mL. The polymer
was precipitated from methanol/water (2 L / 100 mL), collected by filtration and dried for 4
hours in a vacuum oven at 55°C. The polymer was redissolved in toluene (150 mL) and

precipitated from methanol (2 L). The product was collected, washed with methanol and

dried overnight in a vacuum aven at 55°C fo yield an orange-red fibrous material. 3.31 g
(83 percent) of polymer was obtained; 1y, = 2.35 dL/g (THF, 25 °C, 0.5g/dL); Mw:
333,000; PDI (poly-dispersity index): 2.58; DSC measurements revealed a Tg of 106°C.




t ol uene before using.) The pol yner containing
fractions were collected and the vol une of gc?_J tion
was concentrated by rotary eyaporation to 1 February2007

approxi mately 150 nL. The polynmer was precipitated
from nmet hanol /water (2 L / 100 nL), collected by

fill.trati-on i ed.fo rs in a vacuum oven at
Prepaggkt_)n?hte}(g'ﬁe&w%?@‘@gtlp%gpés \%d in toluene (150 nl)
and precipitated fromnethanol (2 L). The product was
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ina vacuum oven at 55C to yi el d an orange red fibrous
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an over head Stirrer and refl ux condenser
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11.73 & 61), 4nd. I@-(Mb)ltyl;ﬂdenﬂl)ﬂw aibﬁcﬁméphenhmiﬂiﬁer(aﬂngeBrGSrlgmol), aqueous

sodm;:gq%rgt;ga@((@ Mpﬁém Mbmmg%mmmﬁpmwgaywnh@5 2hand
v 3o P Bl 108 it was

auowé@{o%hqar HRSure BSEE V&Y vischas fafsdai ﬁﬁs M@s@n@h ABgGslobédzbne (0.32 g)
-bis(1, 3, 2-di oxaborl oan- 2-yl)-9, 9-di hexyl fl uorene

and tqlﬁemxsg ml)5vete added) Stizrivz WB$Jchmu@d £or di Howsey IBhenpiberanic acid

(1.2 SW’E : &%Pffl%"flfje;ﬁﬁi ‘Fm?‘??ma s SABtEe doranothen 44 poursg After cooling, the
mixife 3 BFRL w6006 et iRaTARREARA fiud § 2, thide- ko round bottom

phase-trans I ng reagent (2.5 g), and
flask.tFieraghéqusiayiep van yéparﬂterkartd the preshicddyearwa Mnsfgx)redamja 3-necked

t ol uene (100 ni The reactjon was allowed to ruyun for
roundebatiomt Saskn o b SoRHign Wes SisAStEH SThA AECUS|SOLOnPT

dlemgg%&%ﬁﬁﬁ%c{dosoﬁ?un% t 9d§8 Ig#gé}‘éez{tg%eny?.)o&%"oecqﬁ{d%: After

g was contl nue oroni ¢ acid

coolifg tHagiizonsishabd@ts sepdacbdamt the@rgunic solutpnwees veashed mathowater (3 x
for another 14 hours. After cooling, the mxture was -

300 i), theaavith 1p¢r¢e@r obAeOHABx 399)m1a)a dI‘her wifet iefidug wag agpofroped by
rotarx,\g/gﬁrge 8{1] Z eav i ndtuﬁ e o v??s‘%/ u-gt]e% t@%#& %H'??‘%r e go ymer was
premﬁta%e@ﬁ&lﬁ%ﬂethanol (3L) and collected by filtration. The crude polymer was dissolved
in toluene (500 mL) with gentle heating. The solution was then passed through a silicon gel
column eluted with toluene. The polymer containing fractions were collected, the volume of
the solution was concentrated to 350 mL. The polymer was precipitated from methanol (3 L)
and collected by filtration. The polymer was redissolved in toluene (300 mL) and precipitated
again from methanol (3 L). The product was washed with methanol and dried in a vacuum
oven at 60°C overnight to give a yellow fibrous material, 11.88 g (99 percent). Inherent
viscosity 1, = 3.52 dL/g (THF, 25°C, 0.5 g/dL), Tg = 120.30°C.




round bottom flask. The solution was then stirred wth
an aqueous solution of diethyldithiocarbamg.acid
sodiumsalt trihydate (5 peggent, 250 ni) arﬂ§§8%ufa5¥2807
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=10.37 g (56.1 percent) M, = 167,000; M,/M, = 2.4

Preparation of White Light Emitting Polymer 9

To a 1-liter, 3-neck round bottom flask equiped with reflux condenser and an
averhead stirrer, the following monomers were added: 9,9-dioctylfluorene-2,7 -boronicacid
ethylene glycol ester (3.541 g, 6.677 mmol), 2,7-dibromo-9,9-dioctylfluorene (2.7786 g,
5.066 mmol), 3,7-dibromo-N-(4-n-butylphenyl)-phenothiazine (0.6969 g, 1.473 mmol), 4,7-
bis(5-bromo-2-thienyl)-2,1,3-benzothiadiazole (3.0 mg, 0.007 mmol). A 0.74M solution of
Aliquat 336® phase transfer reagent in toluene (2.9 mL) was added, followed by 100 mL of
toluene. After addition of the PA(PPh,), catalyst (7.6 mg), the mixture was stirred for fifteen




until all of the nononmer was di ssol ved. An aqueous
sol ution of sodium carbonate (2.0 M 48 nl) adde
and the reaction was stirreggin an oil bath@%aﬁy 007
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under%ﬁ&%lﬁfdn % g@élgvﬂ 51d6| ocf7l W ZCPr écr?gt)( %”77%06445 M%sz 4

mol ), 3, 7-di brono-N-(4-ii-butyl phenyl }phenot hi azi ne
Prepdrdtio @2 Blue ng!ft’ Eniittihg Poﬁmﬂer 10

bi s(5- br ono- thlenyl) , 1, 3-benzot hi adi azole (3.0 ng

0..007 ’PL A 0.74M soI ution of Alj quat 336(r) é)
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16 hougy éin a@%umhﬁtdnwftshdlum dlethyldxthtocarbamate tnhydrate (DDC, 35 gin
35 mL of water) was added. The mixture was stirred under nitrogen at ~84°C for 5 hours.
The mixture was transferred to a separatory funnel and the aqueous layer was removed. The
organic phase was washed twice with 2 percent acetic acid (aq) and three times with warm
distilled water, passed through a column of Celite (~1*), silica gel (~3”) and basic alumina
{(~1"), and eluted with toluene. The diluted polymer solution was concentrated on a rotary
evaporator to a ~2 percent by weight solution. The polymer was precipitated from
methanol/water and dried under vacuum at 55°C. The crude polymer was re-dissolved in

toluene (CMOS grade) with heating and precipitated a second time from methanol (CMOS
grade). The polymer was filtered, washed with methanol (CMOS grade) and dried in a
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As a convention, the polymers depicted in Tables 3, 4, 5 and 6 show a fluorene unit
bonded to another conjugated moiety. This convention should be taken to mean that a
fluorene based moiety is present on both sides of any conjugated moiety shown as part of a

repeat unit.
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Polymer 8
(White)
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4.21
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0.56

Polymer 10*
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Pol ymer 1 9.67 33.80 2.98 (Blue) Polyner 2 9.50 32.65
3 7.07 67.04 1.53

3.01

(Bl ue) Pol yner

4 8.22 93.50 1.09

(Yellow) Polynmer 6 8.75 199
4.51 38.61 2.59

(Bl ue) Pg%yrrer 5 7.97 2183Feprugy 2007
. (Red) Polymer 7
(Green) Polynmer 8 8.15 23.78 4.21

Table VWi te) Polymer 9 9.8 176 0.56

0. 50

(White) Polyner

7.27 20.72 4.83 (Blue) *Device data using Ba/Al

cathode |1 32 13 Fehruary 2007 Tahle 2 Polyners Max
Polym&sf i ci ehcy Qdsr Cobr diBiciescy Br i ght féber Cavidinaies 200

CE (1931

( )Brightness (Cd/A @ 200 CIE (1931)
(Cd/m?) Cdjm?) X, Y)
Polymer 1 9,179 3.11 0.18, 0.34
Polymer 2 9,952 3.00 0.17,0.31
Polymer 3 8,909 0.96 0.15, 0.21
Polymer 4 5,916 0.68 0.15,0.18
Polymer 5 1,445 0.47 0.54, 0.46
Polymer 6 1,580 0.68 0.67,0.33
Polymer 7 12,957 219 042,056
Polymer 8 15,600 3.9 0.26, 0.36
Polymer 9 2,400 0.38 0.31,0.38
Polymer 10* 4,143 @ 5.28 0.15, 0.24
102 mA/em®

*Device data using Ba/Al as cathode

(Bl ue)_ Pol yner




(Cd/nm2) Cd/nR2) NY) Polymer 1 9,179 3.11 0.18, 0.34

Pol ymer 2 9,952 3.00 0.17, 0.31 Polyner

0.15, 0.21 Polymer 4 5,9163§.68 0.15, 0. 18§3%%?\]W6?é)07
1,445 0.47 054, 0.46 Polyner 6 1,580 0.68 0.67, 0.33
Polyner 7 12,957 2.19 0.42, 0.56 Polyner 8 15,600 3.9

TableG 26, 0. 36 PoI ymer 9 2, 400 0.38 0.31, 0.38 Polyner
10* 4 143 @5.28 0.15, 0.24 102 mANcnP *Device data

using Ba/ Al as cdloljpaers33 13 February 2007 | Cutseet B:Current
Pol ymers Current Current Density Density glcnﬁ )
ma/cn2 @8V @10V 29.8 104.1 R 18 | a 1 |RPeRsiFapdPensity

n-CgHg n-CgHg R = Hexyl or Bi phenyl 8.0 4 m§/cm2 ma/cm?

@ 8V @ 10V
29.8 104.1
OOHG N—é}*@ms@)}
R] R, <) @ ! a
H-C4H9 II-C4H9
n-C4H9
R1 = Hexyl or Biphenyl
8.0 44,3

R{ R

HOEOENOL 0L Ol

H-C4H9 H'C4Hg

R1 = Hexyl or Biphenyl




R R IS ~C02C2H5 CO, C, H5 n-CA YCA Rl= Hexyl or

Bi phenyl
Current Current

Density

CH

34 13 February 2007 Table 4: Polyners
ty ma/cn2 ma/dfebrgam2007

@10V 27.6 91.0 ~- - - C-o1RL381NIn R
n-CgH9 n-CgHg n-CgH9. Rl = Cctyl 2.3 11.8 ~N 19 1
Rl g1 n-CgHg n 4H9 Rl1= Cctyl 35 13 February 2007
Table 5. Polymers Current Current Density Density
Table 4:
Polymers Current | Current
Density | Density
ma/cm?2 | ma/cm2
@8V |@10V
27.6 91.0
OO OO oo
R} R, 38 Q Q 1 N 1 n
!l-C4Hg iI-C4Hg ¢
n-C4H9.
R1 = Octyl
2.3 11.8

KR ¥
n-CHy
R1 = Octyl

II-C4H9

éln




ma/cn2 ma/cn2 @8V @10V 68.7 194.9 te%o&3Lxcr3 B
n-CaHqg CA CaHg Rl = Cctyl or Phenyl 47.0 e% 8 °
~~1nRLRLNCHN-Cn-C4 9 4HY 4HO R1-Tokeprugy 2007
Phenyl 13 February 2007 36 Table 6: Polynmers Current
Current Density Density ma/cn2 ma/cn2 @V @O0V

TableE?4.9 332.0 RLR 9 N1n1li n-H 49 Rl = Cctyl

46.0 131.7

Polymers Current | Current
Density | Density

ma/cm?2 | ma/cm?2

@ 8V @ 10V
'68.7 194.9
MO, 5@%@1 O
R} Ry !
n-C4Hg CsHy
C4Hy
R1 = Octyl or Phenyl
47.0 126.0

1 By é;
n-C4Hy n-CyHy »-CyHg

R1 = Octyl or Phenyl




Table 672) 2 (R)a (I 2)a (R2)a

N~RLRL8 (yam~ I1""~" 1n
Rl= Cctyl or Phenyl 8.0 44.3 Ris 11,

~2CSHs n-C4H9 -CAH9 Rl1= Hexyl or Bi phenyl
February 2007 WHAT IS CLAIMED IS: 1. A pol

Yn- g0 n- CgHa n- CgHy

Eg f-rﬁbruaryFEOOT

yner

conprising a backbone with repeat units of Formula I:

X R Rl NRR Ar  wherein

i s independently, in each occurrence H C 4o
hydrocarbyl or CBoHfherfiydr ocarbyl contai ni ngCeftento Current
more S, N, O, Por Si atoms, or both of R |togethel
wth the 9-carbon on the fluorene forns a CBDQESIW pdPensity
structure containing one or nore S, N, or } R2
i s independently in each occurrence Cl.20 hy‘ﬂi‘l‘ﬂ1 bpypa/cm2
Cl. 20 hydrocarbyl oxy, thioether, Cl.20 @ 10V
hydr ocar byl oxycar bonyl, Cl-20 hydrocar byl car b@nyl oxXy,
or cyano; a IS Independently, 1 n each occurrgaoe 332.0
1, Xis 0, S, S@, C(R3)2, NR3, Si(R3)2 wherein|R3
is a subst nsubstjtuted C6 to Cgo aryl, {a
C6 to C24-F ¥ C24 alkyl; ard Ar isl|a
substi tut ed® org™<, N

181 n
n-C4Hy
R1 = Octyl
46.0 131.7
ROHOOHOFO On
n—C41-l9 n-C4Hg H-Cqu
R1 = Octyl or Phenyl
R{ Ry
CO;C;Hs COzCaHs
n-C4H9 II-C4H9
R1 = Hexyl or Biphenyl




unsubstituted C6 to Coo aryl or heteroar

The pol yner of Caim1l V\,he%/ei nais O, aRyI i group. 2

i ndependently in each occurgence n- hexyl, as&e{bwaryZOOT

n- hexyl oxyphenyl, 4-et hoxye?ﬁoxyphenyl, phenyl or,

bi phenyl, X is S or 0, and Ar is 4-alkyl phenyi
WHEAT KoL) piRmP [S:or  4- ani nophenyl. 3. The pol yme;r of

either of ains 1 or 2 which further includes repeat

units of the .follow
1 & prleentoriprpiy s BkPhe Glfkida hictrPonidll, B s

:j'efﬁat units of benzot hi adi azol e,
i t hi ophgy hi adi azol e, or both. 213 Fe r
2007 5° yner of any of Cl ai ms Qpi\)l 4 I|{ d

Cl ai s 3 ' W
(9, 9-di buk R2 fl uorenyl lﬁ‘et hox

yphen
et hoxyphenyl, or 4-ditol yI anthnophenyl )7R A

' COfT'pOSI ti on corrprl Si ng t
t ovltereia R d v’éﬁmenldéiiﬂlt’ wzeeacg '% ng%céﬁ’}@ 0%3 =

eﬁg%l{rq qu oL %18 i %?dyg%g Hd Spﬁl Wror S?atoﬁi@ or both of Rl together

evice conprising a film of t he

POk ¥ Ble REarBOY o theGludirérie formd mcgzmmﬂlrgmml@ﬁlga}pe or
anode and a cat hode such that under an applied

vainbmg&N ari6eatbmsim enits visible |ight which is

psm ted,t ro
Bpdspenacgl 3 Bk e bAERE T AP hy @XCABICE fhaidcatyiix,

fhgét%éit rcan 20 F@S ?fg’f%i’%@? banyhdlich bydrbeareylcarbenylgxy, o Cyano;
Co
X &lid indgpend¢nt]y, in each occurrence n80und of the formula: Hal

X is O, S, SO, C(R*)., N-R?, Si(R%), wherein R® is a substituted or unsubstituted
Cg to Cap aryl, a Cgto Caq aralkyl, or a C,to Cp4 alkyl; and Aris a substituted or

unsubstituted Cg to Cap aryl or heteroaryl group.

2. The polymer of Claim 1 wherein ais 0; R! is independently in each occurrence n-
hexyl, n-octyl, n-hexyloxyphenyl, 4-ethoxyethoxyphenyl, phenyl, or biphenyl, X is
S or O, and Ar is 4-alkylphenyl, 4-alkoxyphenyl, or 4-aminophenyl.

3. The polymer of either of Claims 1 or 2 which further includes repeat units of the

following formula:
—< >—-N—< >—N—< >—-

n.-C4H9 n-C4H9

4. The polymer of any of Claims 1 to 3 which further includes repeat units of

benzothiadiazole, dithiophenebenzothiadiazole, or both.



Ar wherein Xis 0, S, SO, C(R3)2, NR3, or Si(R3)2

wherein R3 is substituted or unsubstituted C6 to

aryl, C8 to C24 aralkyl, orggd to C24 alkyl 13d:rﬁpr54@ry%007

substituted or unsubstituted C6 to C40, substituted
5.0Tht pslyask iof uiiyeof Glaires bar 4 whidr furtheninduﬂe‘«d epeat yhits of a

al koxyphenyl or. _am nophen and Hal i
triary aﬁnne 3f the following structgre | s Br, G, orl.

nvsela

CH,

6. The polymer of any of Claims 1 to 5 wherein Ar is 4-n-butylphenyl, (9,9-dibutyl)-
2-fluorenyl, methoxyphenyl, ethoxyphenyl, or 4-ditolylaminophenyl.

" 7. A composition comprising the polymer of any of Claims 1 to 7, a solvent for the

polymer, and optionally at least one other conjugated polymer.

8. An electroluminescent device comprising a film of the polymer of any of Claims 1
to 8 disposed between an anode and a cathode such that under an applied voltage,
the film emits visible light which is transmitted through a transparent exterior

portion of the device.

9. A device comprising the polymer of any of Claims 1 to 7 as a semiconductor layer

for a field effect transistor.
10. A compound of the formula:
Hal X Hal
O
Ar

wherein X is O, S, SO,, C(R?),, N-R?, or Si(R%), wherein R? is substituted or
unsubstituted Cg to Cap aryl, Cgto Caq aralkyl, or C; to Cas alkyl; and Ar is substituted

or unsubstituted Cg to C4g, substituted or unsubstituted heterocaryl, or

4-n-butylphenyl, or alkoxyphenyl or aminmophenyl; and Hal is Br Cl, or I.




