wat er jugated polynmers with amoni umterm nal gro
|nve 0062k her relates to a method of determ ning the water- sd!5€rllé?*l ity
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precursor polynmers having 1 ha-term nal oups round of the

i nventi on Conjugated pol yr@ﬂr??mﬁf)@a@éﬁ%%%@% 95";]5? em tting and
hol e/ el ectron transporting materi al ng di odes I n many
applications, it is desirable that %n@ rﬂeb'gg cgﬂ%é éyrrer be capabl e of

di ssolution in commobn solvents. The solubility of conjugated polyners could
be greatly inproved by 15 attaching flexible side chains or |arge
substituents and, through the nodification of the pendant groups, the

physi cal , ndeghpicalfieldnd processing properties of the materials could be
t uned. Conj ugat ed pal yners which are soluble in organic solvents, such as

chlorofdtm tet rZh?dPYﬁQIIO&h"e@ﬁa tpegatienis waterisebiie ceome@&e pr’erfﬁéNlth
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deposited cdetepmining e wmiedsolubﬂjty bésam conpgatety polymdrs Wlbﬁrﬂmlm the
layers. It is essential to. desi yners w th high photol ym nescence (PL)
ef fi ci enci edeQise %Wf@ﬁﬁ%%grecybﬁqrmwm% '??VWQIFQ;’HH“%I HerRents. |t
is preferable, where the application permts, to use water in connection
with the manufacture, using and 25 processing of a conjugated polymer, in
order to avgid disadvantages involved in the use of organic solvents.

Conj ugat®d Backereundipfthe,mventioni | ity in water (or other polar sol vent s)
may of fer a nunber of new appl i cation ogpportunities. Potential applications

of “wat er - sol ubl eCeamg?@%ﬁerapw@pmrérayer Beendwidely ¥sed a%idight nemitting t and
layers in 304886 rbﬂa :rﬁét@ adiigd ﬁt érhrtf?hgﬁ o'd% ern Prié ng%éﬁﬁc:?trons

sel f -assenbl'y ‘approac a er nd rve
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great anount terest ecause of t otential appli ions I n
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in cases of multilayer position from solution, especially for those using
sel f - assenbapphqatlhnmpmsts thugel avateoim, cmrmecoﬁhdvlﬁbtmumreauslwaodl y

i nt er esid d d relat i O- ie u hese are
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anmoni umfumdusmgf@@mqngjwémgs has been reported. However, this was

limted to the polyp-phenyl ene)s (PPPs) which are associ at ed with small

nol ecul ar wei ght C@ﬁfbg@téd Iporynﬁeraura\fng"(%brmn@n@wwror Aihee, 5pd‘|érr sdvérﬁt%r ent

pur poses, different degrees of solubility of the polyners 2

desirabl e. M@y effersaanynaler ﬂBHGWa@D@madOﬁ(ﬂMU@'tm &ptamalaam@petroms)ose

modi {1 ed, agfgldistle ahiasatbd SAHER ircfiue R bohBRUARA 6F abfve ydRd fih Y
30 organic light-emitting diodes through layer-by-layer self-assembly approach, as

; 1"e3ed. . /| 1p 46h4T4c 1 Cationi c Water-Sol ubl e Conj ugat ed P
Ther r \R Technical field 5 The invention relates to H“mm@mlm

buffer layer and emissive layer materials in inkjet printing fabricated organic
LEDs, and as highly sensitive fluorescent sensory materials in living bodies.



polymer. A method for achieving this is also required. Accordingly, the
present invention is directed towards different kinds of conjugated
polymers, their cationic derivatives, and nethods for controlling the 30
wat er solubility of such polynmers and their cationic derivatives. 3
Sunmmary of the invention This is achieve@ by creating a new series of

G oups) whi ch. - uoale SonEarCeders (ST RsE T mae o b B bR,
water (or iof bbeﬁpolPidn@far‘&Dble%ﬂbﬁDcallﬂ' Retive RORjugBEE BREKIGHS) AIre gty
only permt the full structural characterization of the polyners in the

neutral stat® attrrgt a [gggatpEwUsE &fi interestebeerusenpf ithg netentigl annlisgtions in

cationic de | e 1. - det ' t he,so N f et e ing
ol yrer s i Al el devidts' SR B, RS Eabien o HEht Bttt
are subsg it biosdnsors] Tt adplsatiphe rgeneralyhiavor dhigle sholedularwsightef andiHighy! e
10 functionalized groups are incgrporated into the side chains of the.

conj ugat ed pbPipiMBeseenGe i(Ri-» RffigRNEIRS opRE sreanize yditfepanta ionig jt¥Res 1fdet & al
pol ynmers an el [Miall ' i A hi s

I nventi on, 9’ Ee‘%}?qigﬂg?%ﬂrﬁg%ega\i%hb%gagpgggfgiégg%m%%fét 861?@?%@:5“6#
Formul a 1 R8s Aveitdas byBp&iynfer@naldgouRdelctioris. R7 wherein: 20 R1 and R2 are
identical or different and are each H, a straight or branched al kyl,

al koxyl, ester gWhatpssolubilijic| of semigonetbiimg gronjugatealvi pglyfrepsn Wdso fiflsbut

22 carb atons. Preferably, Rl an re H or straight or branche | kyl
groups Hhvi A§mensiatad, jf ??@&F‘Ma‘%%@‘.‘om@spﬁ@ﬂe Qgeﬁleéﬁ?ﬂ‘gﬁg ey
al koxyl gro ' Fh%ﬁbé’é&ﬁ% 2 . ( he
t erm nal grggggé,rggbrh;e | er%?iqgm&%l)cgffer ent aﬂg g?'g(pefgﬁ’ﬁﬁ?’%”%& (gPF‘(}r
NR R' (but basedgolymers! | Wate-saublsi RPR' flefivativeh dhavet been investigated guite s.

Consequentlétthe recursor neutral polyners will contain one or nore NR R’
groups as t gepgiet: onal groups. These term nal groups are designed to

i ntroduce water soluhility. These polynmers | he directl ynt.hesi zed
usi ng mononer s oAt hWevam GG PLHRE 2VaRtle JanG: Eiineated RBHG Fre
gr oups ﬁSJChpégaﬁfon@rcdnt%iﬁd‘tWé kLiférenetoMbdoRafe firiktibAaMy! Reiseddgimble
groups. R and R' are independently selected
that cationic polymers be used, for instance in cases of multilayer deposition
from solution, especially for those using self-assembly techniques. In addition,
cationic polymers are particularly interesting for studying DNA and RNA related

bio-species, because these are negatively charged polynucleic acids.

20 Recently, the synthesis of certain ammonium-functionalized polymers has
been reported. However, this was limited to the poly(p-phenylene)s (PPPs)
which are associated with small molecular weight and difficult purification

processes.

Also, for different purposes, different degrees of solubility of the polymers
25 may be desirable. There is a need for cationic polymers which are adapted to
be modified, as desired, so as to control (or tune) the degree of solubility of the

polymer. A method for achieving this is also required.

Accordingly, the present invention is directed towards different kinds of
conjugated polymers, their cationic derivatives, and methods for controlling the

30 water solubility of such polymers and their cationic derivatives.



fromthe groups consisting of hydrogen) unbranched or branched al kyl or
al koxyl groups having 1 to about 12 carbon atoms, (C3 to Cl0) cycl oal kyl
groups. It is preferred that R and R' are Cl1 to C4 al kyl or al koxyl
groups. Preferably, A B, E 10 and F are independently selected from
hydrogen or NR R'(but not all hydrogen), 3wshere R and R' are as defined

above. C and D are iggﬁnti caIt gr different and are each H (but can not be
both H), O m ' INR, Si RR, wherein R and R' are as

defi ned above. R8 are.ident or.differe dae
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and which nay contain one or nore aromatic groups, substituted or
unsubst i t ut keddatoo patymeraovkicheare mualndlnmataere(qﬁrlef@thablpplmscdxemtshe'ﬁhe or

i ch ey cBRPaN e oGS BB AP SRl O] 2R0  &F

unsubstit ut g p@l&ﬁ%ts i el reduties st sutRhéeY alsaPrividBIne dodsibility af adjudting 2
al koxyl groups , R7 and R8 are preferably C1 to C8 |inear or

branched al Hh&atienishdeareenminish rimytussrdeiermisgs e ﬁ@w@"metcefrm desultingd
nore prefer U e C
typically Sgpl&}?{ergﬁtr@%anﬁossgf@g{}gtaﬁ@ewgfeguJsgrlt?é}};gﬁéélgﬂ apa lm&ie’}n%&ss are
\t,J\EdeL goi ng shlastnumﬁt ;im\it@at%d?r pblgmaips y:;l lemshh)adrdy;&ed gmmfntaoyl ?tmtabg?y

ic ntai n hal o oroni ¢ aci ronate radic Preferably, G
is hydpﬁ%’en unctighal m@uggqqnsu@@dmprgqmm nie égeaﬁ' GRgIns 9? QonHgatedh ot
contain the nentloned groups. x and y are |ndependent and each is a
nunber fronPg to about 100 and 30 preferably O to about 20 and nore
preferably from Ilihtsanabmlnn yohasahe useaotaadesiesi ofdegeral palyraas and theéis a
nunmber from.0 %3 ut 100 and preferably fromO to about 10. n will range
from1l to afyd rTé@ ﬁ preferably from1l to about 50. 5 The attachnent
of R3, R4, R5, , the fluorene rin n the
phenyl ene’ 11 ng, SRSV Hbird aeerdtigisdrvaith Bt ds PRueR Camfaated
facilitpgesy b?ﬁ]é}(b?'[th@%rml zation approach in tetrahydrofuran (THF) and
di ment hyl sul ide (DMSO). Preferably, R3, R4, R5, R6, R7 and R8 are
al koxyl 5 groups with 2 to about 10 carbon atons, since |onger aliphatic
chai ns may reducE hﬁ@iﬁﬁter-solubility of the resulting pol ymers.
Preferably, the p h nt of Cand D are on the 2 and 5 positions and the
| i nkage between fluorene and phenylene is on the 1 and 4 positions. In one
enbodi ment having liquid crystalline properties, the fluorene 10 portion of
Formula 1 is 9,9-di hexylfluorene, C and D are oxygyen atonsE and R6 and R7
are C2 to C12 al kyl groups, and the term nal gro%ﬁs E and are ethyl am no
groups. The correspondi ngwat er - sol ubl e pol yners, Rave al so"8hown |iquid
crystalline properties| _Ths 25
copolyners (such as 15

above by quaternizing i am no gr oupsDof the [o]1)} yrrer Tymi cal ly the
quaterni zation is effected bRstrBating t /pol ynmer ;W t h an al kyl broni de,
such as bronoet hane. 20 I n ope enbﬁdl ment|of this t hod, the polyner may
be treated with bronoet hane ‘by stifring the polymeF with the bronoethane in
di met hyl sul f oxi ggetdty5O and tetrahydrofuran (THF). The m x of DMSO and

THF solvents may be in a ratio of 1:4 and the stlrrlp'g may be effected at a

t enper aQire of aBe@ndRareddenticalor Hiftergst and agmeaek: m:aaiglmecmbr@nctmds

The ool yrmor 2l DT @R o B! o, &Rut (kS ety Grotp TR iRaPY 131 dddi "9
be effected2at ca’t’b@ﬁtatbﬁ@nprétm@b@'t LR@aﬁQrRélléﬁ’b'tH?dt b@aigﬁt of srapbieae eﬂWD
enbodi nents result in different quarterization degrees of the poly The

nmet hod may BlRUAsehavipgapt itecahold 1 sagbT ataps. Mﬁﬁgoﬁr&feraglw 4 aaﬁv%mage
alkoxyl groups with 1 to about 12 carbon atoms.
25 A, B, E and F (as the terminal groups), are identical or different and are

each H, Si RR” or NR'R” (but can not be all of H or SiR'R") for the cationic



precipitating the quaternized polyner; washing the polyner; and 6
drying the polyner. The polyner may be precipitated by addi ng acetone
foll owed by centrifugation. The washing may be effected with chol orof orm
and/ or acetone. According to a third aspect of this invention, there is
provi ded a nmethod of 5 formng a conj uga#ted cationic pol yner having a

conj ugat od HAVORL: GeheoBeliy 08 pkEhsor eitedHele S ckRlalf onertps 19,7

t he pol ynerNRIR* ?mugsmrmﬂunet‘rmalegrduﬂ@ Thest eeminahgrdupsrareadesigneatbto
groups of the po mer to an _extent necessary to increase the solubility of
the pol ymerintred H%W@é@'ﬁ%‘ép@dl ubility. Preferably, quaternization is

performed to an

term nal am no g%%;b%& eetrrggli ab b \eeﬁ'%?ggg?g{r’?e §%é%%@n%%°rrﬁ%zéaﬁngém

eL fected byamrr&agnougsldyﬁqmépgathemfuhctmmaabm#psmlahom Bs ocﬂm@mkbwdlrreat:hane.
This treatnmepnt can be ecte stirring,the n”ervmt t

and under tW&h %ﬂ'ﬂ?ttpoﬂe%md&@c VU}E/‘H gh_ t @d'r@ﬁpﬁﬁﬁjﬁ&f}@ Slectet

conj ugat ed @i fABIdrolod ¥oRisHRY of WdrB@én C&Hméhéﬁ‘ed B?bﬁérf%ﬁéd@‘lkyl%@alkoxyl

evaporating the so vents preci pitating the quaternized pol ymer; washing
t he pol ynergroaps haying mgotabeupmzmbon atmngr(&f:} o €40) epclaakky squpﬁg livisy be

Thi s i nent PEISTIRIEL R SMHTR, AiG 4o hek 5 SroirG Bk Toiefetable & BEE o o
pol ymer1y saasy FBérBQHde@;Sé’ﬁHérﬁy%@IectéH 8l droGBR FNR U@L roR B Hydragan)! ymer

(being any of the pol ynmers described above); 7 quaternizing termna
am no gr oup&here Rh@n n@reasplelinedahoye. and  synt hesi sing the cationic

Dot cal 1y of't oot GbD e dsiHiGRr SO Ber et G 88 FagiHABUP A BbI'BF 0Bt P 1 <
i s a Pd-cat@l gseD,aa06s ORRPNRIOSI RE! mr@atm Rhasy asrdbfivedabovée.c acid

derivative and an atonatic halide_to yield a correspondi ip hIS
et hod oy furt s R PR e, Rnangt Byard danbioa) ot HRET AN aes FERRORIGH | &y

of the tOé’#]é&eeoﬂré/rﬂ?ﬁne%?dorcﬁ‘ﬂa%hé&'d?gcylchéala%HFﬁte@f J”ﬁs}% tdf aMpR&tiE SOT' S

require orma cationic havi‘’ng the desire |ty
Al t er nat i vetnpjetiesewhiehhrody rmmtdmrctrimor murbdubietd&!om’seqnd)wmteh eayi nomtgln he

desired | ubi I i f th . d wher h
or oups ar e ok ars arorate S SuBSHIIR on AREWELE RrofetE delEy Ry "
polymer haviig Rf18rd §rbepsbig CCHITS lih¥ar L7 HieAeRe niphatie drafiid ahigepes) of

this inventi on, here 1Is pr ovi d a conj ugat ed cationic po ymar deri ved
fromthe pod:qniem ors or e heterpatorsaiandoaicbinay p@nmpnedmdmsﬁ atpmatic

repeatipg upld 508 bttt M ubbtithtdd Ardhatic RBidtes2fdta ptbRFSNY; Rs, and

R4, are C2-C12 alkoxyl groups. Rs, Rs, R7 and Rg are preferably C1 to C8 linear

or branched aliphatic chains which may contain one or more heteroatoms, and
more preferably, Rs, Rg R7; and Rg are C2-C12 alkoxyl groups.
G is typically selected from those reactive groups that are capable of
25 undergoing chain extension. Preferably, G is hydrogen, or an aryl moiety which
may contain halogen, boronic acid, or boronate radical. Preferably, G is
hydrogen or an unsubstituted or substituted aryl moiety which does not contain
the above mentioned groups.
x and y are independent and each is a number from O to about 100 and
30 preferably 0 to about 20 and more preferably from O to about 10. a and b are
also independent and each is a number from 0 to about 100, and preferably from
0 to about 10. n will range from 1 to about 1000 and preferably from 1 to about
50.



(a) Rl, R2, R3, R4, R5, R6, R7, R8, C, D, a, b, x and y are as defi ned
above; and (b) in at |least one of the repeating units, at |east one of A
B, Eand Fis NRR'R'"', wherein R, R' and R'"" are independently sel ected
30 fromthe group consisting of hydrogen, unbranched or branched K3 R4 R6
R8 ,~-B FF 8 alkyl or alkoxyl groups having 1 to about 12 carbon atons)

and (C3 to Coo) cl | 1 I eferre al, in at | east
one of the repeaﬁ%aﬁgéwgppé\fﬁﬁa@tﬁ%@' Ig? 3ﬁd ,e@['%rn%' E]q @u%rﬁﬁﬁrﬁqﬂr?r
Typical ly, éMithe renyien® wh?,l ehablesbgsst Sollbilitgrafi thednéutpan pélyhRRs whidhe
am no substituent of the polymer. It is further preferred tha in nore

t
than one offaciitatespthe inestpeivaerizatione appreagh dn fetrahydrofyran F(THFarafshi um

It is furth it hatsraf 0 theg. e j n ' nor e
than_one. of S SRk me D, PREErEERE R JRe IR R B " Se alkoht
this i n&entgroapstWith € ité gbouti te¢arbdd) atermg/Telrice bager ciiphatic idh@irgs eedy oni ¢
pol ynmer, being a cationic polynmer as described above. According to a
further asp@gtcsithe nyafer-selbbilinoef thentestlting Relyvete Preferablys the attpelymenbn
conpri sing ORI : [ . cat L oni 8Cl ove.
15 The-t unat & Af B bt M6 2;are s WelichR] o s RNAEE brfibciPierehElor 0
quat er ni zat plenybéne iseorathenbagd dugosjtionsgr oups) t hrough the

post - pol yneri zati on steps. These steps enable there to be sone control over
t he extent to whncbneaemboslimerst havingd liquid chystalliher propetrtiasy thes flubene
solubility of  the I rs .i rgani ¢ sol vent s wat er. A hi gher ree
of | quariOr ni DGIHIPB O RS 3 el X o i o 2D A1 PoYge e And e/
W th inprov 3 ' ItRa- F&\;\nget

guat er ni zedﬁgdoﬁ;argerggc O?@@%?ngggrgy hg‘rélg/]fjetﬁg tggﬁfngl&b I CE i@vg%étgyl nor e
car bon at onamino graupsheMneeserrespendieg hivatier-sbiuple potymetsahbieealse rshovwor .

Thi s gives It hi. Segﬁ%i of ol.é/mers potential application in polarized Iight
emtting di U nyl§ 3pr 5rUgS e guat er ni zed wat er 25 sol ubl e pol yners,
because of theircharqged nature d rel at ed ter-solubility, thes

mol ecul es are pot ¥htHOYMELS, fgyscler g %&?F\é\'ﬁﬂ@eﬁ &geg%Qyéprq Ré”ﬁblaescul ar
| evel by thr%n@éhf%ﬂﬂl}’méﬁiéﬁéliérﬁaﬂeW&fdené@?.er sequential adsorption
techni que, and serve as charge transporting layers. The sensitivity of

pol ycati ons uponadirdingite’arsédotid ddgeiet BRPIHEARVERSora tREresiB 4RYGidEl ISmthnd of
materials wth 30 potential application in biosensors. 9 Brief

descri pt i onofdncrelasingrth@isedibility, iprepiar solventshef theadymersdesaribed ahayvedy nor e

Fol Tow ng. draneitieng Redufal S hBiies' o 8 oNiac P olotiv el fRRflEIAL,  2°
of the pol yigesflectar by treatingthle polynterSeite asalkylaremidd, sstehbed brdrodthanee 2
is a g:@ph show ng %Ee representative UV and PL spectra of 3 of the neutral

pol ynerdd r elher@ngd 9Bbedimanyupt thisynrethed. ﬂ?ﬁua?%'ymeieﬂ"aé’alt?%;tr&@eﬁi wite 3
shows the LEromidtRad bl Wi irieApolpRler With #RAGOTBethaddith Binikthtt duRheys the
representative cyclic voltanmogram spectra for the polynmers referred to in
Schenme 1 (bEMSBP) abet tetrabydaddgrani (JiHN Bihe rhie of MBSO and TEHIF rsolveings may

i nvention, conjugated polyne arge characteri zed by unsaturated

or gani c- basst I ACRYGEarth 410 g Seigame dre. efiptieoial BaamPsitim ot akeHbni o
wat er - sol ubs@@RIrgHRUS 5'ERIVE! IThandiRsTerABOYIFRINE oMthi8 éthbahe pelpeier e}
groups attached at the polyner side chains, which are introduced to realize
wat er 28 ubsimply be 2@ater witsrbromesthansoby stifringathegpelymer with hronjagthans in

nodi ficati f ol fLer e _flesig Mo I

pol ymer i zengFnsbﬁ:SgPi nyrgﬁbfso%,ag:gt thgaﬁ@ﬁ'ﬁheﬂgé aﬁ)eer ni'za éldznéﬁﬁFBPHte PR nal
am no (NR Remmsratupe forpatedutrohoursl tTheabbyve buo entisodirheats st in different
"quaterni zation" neans, the formation of ammonium salts 25 between am no
groups and @YaHgrizstignidegrens efiPe PO or gani ¢ or inorganic acids. In this

i nvention, quaternization with alkyl brom de is particularly preferred. The
t erm "quat er ni zath®meleed may fughaeeometisathe stePg&fcent age of the anino

groups that have been quaterni zed.
30 o evaporating the solvents;

J precipitating the quaternized polymer;

. washing the polymer; and



10 The polynmers of the present invention, which may be honopol yners or
copol yners of pol yfluorene, have a conjugated backbone structure. The

functi onal

group of ammonium salt was introduced to the side chain to

realize the water-solubility. In applications requiring good
water-solubility, usually at 5 | east 60%60f the side chains are
functionallized wt h NN um(aal ts. The neutral polyners were synthesized

t hrough t he suzuki 'é’fﬂgoWefR

¥imehe correspondl ng nmononers. Through

AT e = A R R T

di fferent cationi
in respect @ént@mgeﬁmcIﬁhé:wagthmgﬁﬁawaé@ﬁebtw \ﬂ«@h ERoIBYBrm Qbrd/usaastohén
rs

nmet hods. The fi i s through post-pol ynerization steps based on the
pre-synthesi zed Agebidig féoémasd@?ﬂ'o?ﬂﬁsmgna%?@@ﬁrdvﬁjédh&n%tﬁé&bf
pol yneri zati on of quaterm zed nononer. The schenes are illustrated in
Schene 15 antormmg @pemugamq/ catioric spolymer i havingu e desired eopubilityed asgiven
fol |l ows. é&e{m CE{-IHS%BrZ|FeCJSaCI-BOOCH38r~~Br CH30 A OH
BBr 3/ CHZCI z en Salﬁ OMR¥DS03/ acet one Br ~ ~ Br CzHSBr/ acet onit
2(d|ethylamno) «— ethylchloride. chl o Br Br oD
11 wN,; ' gr 0°=- Pioviding &' P BEE polyfier™ sk {Rsoribpd aboy: (542 -
h- ~1 N o determining a desired solubility of the polymer in the given solvent;
and
10 o quaternizing terminal amino groups of the polymer to an extent

15

20

25

necessary to increase the solubility of the polymer to the desired
solubility.

Preferably, quaternization is performed to an extent so that between
about 30% and about 80% of the terminal amino groups undergo quaternization.

The quaternization may be effected by treating the polymer with an alkyl
halide, such as bromoethane. This treatment can be effected by stirring the

polymer with the solvents and under the conditions described above.

This method of forming a conjugated cationic polymer may further

comprise the steps of;

o evaporating the solvents;
o precipitating the quaternized polymer;
o washing the polymer; and

o drying the polymer.

The precipitation and washing may be effected in the manner described
above.

According to a fourth aspect of this invention, there is provided a method
of forming a conjugated cationic polymer, said method comprising:

o providing monomer precursors of a polymer (being any of the

polymers described above);

r .
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N /B

_ N

e



CHs~~" f,~~h N G X~ =1.~ x,~=1:2 X,~ = ~:1 pa coy KzCp3/toluene ~~N O
* 12 Schenre 2 ~B~ N~0Tr Br ~~Br + S ~~Br + ~~, B~~~\ |1, B
0, ,0J H1306 06H13 _~ ~ NN ~Br~ N~ N~ O O Pd(QAc) ~ NaHCO3/DMF 1 Schenme 1
ri 13L6 L6ri13 U ~N ril3L6 ~-6H13 U N J ~Br 5 2,5-D bronohydroqui none (B)
was obtained by the treatnent of 1, 4di brano-2,5-di met hoxybenzene (A) with
BBr3 in dry dichl orongt kt%ne .and therm}’ 4-di br ono- 20f5;[di net hoxgbenzene A)
was synt hesi zed fhrou%‘rlua HEZ'BQrt@E'p' NGt BRPS: dihﬁet’ﬂ%n)&m L PERHAYS, he
starting material. Cogmpund C, 2,5

bi s[ 3- (N, N-di et hyl am no) - 1- oxapropyl ) - 1, 4- di bronobenzene] was prepared by

10 reactions betyeen gmh&kisihgrmBYchtioAlE POMerBlor&id quaternized monomer
(di et hyl am no) et hyl chlori de hydrochloride in refluxing acetone in the

presence of excess anpiggutaggs,pot assi um carbonate for three days. After
twice recrystallization from methanol, Conpound C was obtained as col orless
needl es,5 whi ch ujpbis synthedisnip typicallp edfectachbythe Buagkitamipling Ireactionor Aeds a

vt er 15 5oLl 98 s PRI fsbotibing BEGRIPhcEn ASriRaHL ! "9

boronic acid derivative and an aromatic halide to yield a corresponding biphenyl.

This method may further include the steps of determining the desired

solubility of the cationic polymer and calculating the amount of monomer

10 precursors required to form a cationic polymer having the desired solubility.

Alternatively, the method may further include the step of determining the desired

solubility of the cationic polymer, and wherein the terminal amino groups are

quaternized to a degree sufficient to result in the cationic polymer having the
desired solubility.

15 According to a further aspect of this invention, there is provided a
conjugated cationic polymer, derived from the polymer described above, said

cationic polymer comprising repeating units of the formula:

20

25 wherein:

(a) R1, Ra, R, R4, R5, Re, R7, Rg, C, D, a, b, x and y are as defined
above; and

(b) in at least one of the repeating units, at least one of A, B, E and F
is NR'R"R"”, wherein R’, R” and R are independently selected
30 from the group consisting of hydrogen, unbranched or branched



13 was collected on a frit at reduced pressure and dried in vacuo for two
days before use. In step a of Schene 1, the thus obtained substituted
phenyl ene or fluorene are di hal ogenated, preferably brom nated or

i odi nated, and preferably at 5 2,7-position for fluorene unit or 2,5
position of phenylene unit, utilizing a &nmon hal ogenati on reagent, such

as brom ne and iodine.,lIn st of Schenme 1), the fuynctipnal .qgrou

directly introduced i?#%l ?’haéﬁ‘g’ﬁﬁgf%% 6?“89 g n@th%% h‘éﬂ@?@ﬁé&gﬁ’ %‘m%ne.

For the realization ofo CaYcpsloalkypgreupsol ubl e polyners, the functional

groups are aliphatic or aromatic anmne 10 groups, including those N

at om cont ai ni ng RIPERDI Srefdricdbthat U atasastydrelbnthe %b@afiuﬁ%ﬁwlt@,%' le 85106
as at a

coul d be introduced through different nethods, suc . a Br or | group
i s attachedot &, tBeEeanndoF ishammnaeniumor Typicallyk dkigl agmaeniumwilt have berm

Funct © ori - HRRES e it TegR B, i PR S Fle. PRI B, cp

e, the syntpeFege@fithathn RerertdbnRHey BEthel RiPeiting uritsSeh esast riesoPAS & Pn

t he Suzuki coupling reaction, (N. Myaura and A Suzuki, Chem cal Reviews,

Vol 95, 245and19ds)ammoniwpasdkis dwther preferred that,wso mass farepne of the

5 777,070), i carri ILAaapm {32 ] ol une) of toluene
rffUafia s Ciord Bhrothe bTAZBITEH £ i€ Anfnddiuis

and aqueous ssium tarbo utt oh ( ntaining 1 nol % Pd(PPh3)a

20 under vigorou [ t - 90, for ho 0. agl.Lr Qg :

at nosphere. A srré??éﬂgwgﬁ(? %ffu?rgter?a sﬁef?aorr@]r%?u%@m'dg}’i Ji(;&r\&ha'(s% Egodvé%e%sat he
phase ttanspelynericakylitt cdmprising os ecatiohicrgatgmenr baipigglat cafidnial palymeghas be
possi bl e that the paol yners were synthesized through a nickel - nedi at ed
coupl i ng red8esHed aRave- di br ononat ed nononers. (E. P. Wo, W R Shiang, M
| nbasekaran, G R 25 Roof, US Patent 5708130). In the step of either f or
g or h in SchemeAgSomging toeatfuiber asperd @f this ip¥eRtian: therenisgromsledmionie
different s s a Nt j t ctyl t r

quat or ni zat o PsTonc Bt L Qo Py ERC LRIy £ TRAIGRIE BolyB s

wat er - sol ubdésdribedfabidwe. r esul ti ng pol ynmers coul d be tuned. Fromthe post 30
pol yneri zation, polynmers with different anmount of quaternized salts can be
obt ai neth 14 Sthenmanabléowsyartsudghility b ltyergrotymetsh waisnreslized f thraag ho blad:

, the other method involves introducingt i intp th
21 Ge” chai n BRAGHERUAE oh P APRISG:oratP A6 GFe i) DI PARE POMPET BAGPY 2o
MONONer 5 t 5MsUNTRESE SepROLNABIE Ithéld fH‘beljéoin't\é BhEbELY the BRlent b SwHigh done

together w th other suitable nonomers, and is nore preferable that this
i s done wit hatigns arenforeredai wiich én rturraldetarimines) the so|ubildy mf dhiedeolpmieysrin s

with different quaterni zatjon, degrees. ln step i _of Schene 2. the polymer
Was. synt hes PRI S0 HENe WAl A 780Rer Ao 7 dhelmalen b s ]
of Scheze lbyWobhier steabilid iRMRURIr eblveves ewith Z #HpIklS chakgd Viegdnsporting
Consequently, the quaterni zation degree could be exactly determ ned,

however, t hBfaRsries: aBotheitmtnesitral rand,dhe navaternized qwdymets @€ fprene-ceet hod
f Sch 2 ; i h
o ostheDe Sanuphrt Sibis, OB SIHARERLAFRES ) atin e chsypRaees 1o

shoul d be 1 puri y washing w acetone in
appar at us f exhiBit ligoid snistalline behavior. This gives this series of polymers potential

application in polarized light emitting diodes (PLEDs). For the quaternized water-
25 soluble polymers, because of their charged nature and related water-solubility,

these molecules are potential candidates that could be processed at the

molecular level by the extremely versatile layer-by-layer sequential adsorption

technique, and serve as charge transporting layers. The sensitivity of polycations

upon the interaction with polyanions also endows this kind of materials with
30 potential application in biosensors.



remove ol igoners and catal yst residues. The purified polynmers should then
be dried under reduced pressure at roomtenperature. After purification and
drying, the neutral polynmers were obtained as white fibrous solids) while
the quaternized salts were pink. The neutral polymers that were prepared
had nol ecul ar wei ghts 20 ranging from ab®&ut 30,000 to about 70, 000.

However, it i.S, expect.ed at Poaners of the present invention will have a
nol ecul ar mgpﬁgiggﬁmiﬂg—ia#%gﬁg¥—9§on1about 20, 000 to about 50,000, wth

t he nunber of amjno fungtional groups being between about, 25 and, 50 in each
ol ecul o, Bot bt WeoraT, it “BRaptiserEnyaiph, o Bl siote clefy diderpiood.

term nal grprpsred fbﬁ*ﬁs Wﬂ"tli@'degehbfé@rvﬁtr?f’efléréhdedﬁﬂtﬁé‘qolmﬁﬁgbdﬂawlﬂ d th
synt hesi ze wat er-sol ubl e pol ynmers through the post polynerization approach

Conver si on Whidhhe neutral polyner F to the final water-soluble polymer G
was achieved by stirring the neutral polynmer w th bronoethane in dinethyl
sul foxi de ( DMSO) Fignte 1 et r aisyalgeefpl elmv(nmgrrtbre NMR)spectra@Ctihe polymirg Sormed
Fol |l owi ng the same 30 reaction cory IU%I ons fitaing th I ss reactlon time

af f orded anot her pol yner I—W\?qrﬂ'ng m?sz @&r ' about 60%
However, stirring. the.neutral pol F br ono THF at roo
temperature for PYUFRDArs a'rsf%QE?éHy %p)rﬁ%rrespn%tt '@V@g}gt §PgSld BE]
degree of about 30% The qgaéfethelﬁastrérrpdrméﬁserefe&édwa%qabur@aeé!nci kiei} t he
respective 1H NVR spectrum The NMR spectta of the polyners are also shown
in Figure 1. The obtained qwﬁenaze@ea@mers readily dissolve in common
organi c solvents, such as THF, chloroform toluene, and xylene, but they
are inst) ubl e | nFigUMBO, nehowsthe bEctalstefithe aputsal pRi¥ner kndar PbiM; ande
resulting polyners show different SO|UbI|Itr characteristics as conpared to
t he neutral pol yhigure for esmmwhearepm@wtatvn cyttie rvsltammognane ispectrai foh a
quat erni zati on degree of |s co 5Y0) le in nmet hanol , and
wat er, but insoluble in %{w@e fer §?§%}~E’%H%'Bﬁr1d(b§i{’5"¥ covered froma
wat er solution by 10 evaporation of the water. Interestingly, solubility is
al so found for the polymers with different quaternization degrees, such as

Hand I. WLh %?tetnlzat' n .degree of 30% polyner | has a reduced
solubility bﬁi%ﬁa—ﬁﬁﬁﬁgh@lQL§¥LP$%@¥¥b, and xylene as conpared to the
neutral Iyner i.t al so 0or sol ubi in.t ol ar ,so nts.
Gngol ng Bt | noletils iryaniane PSR Teh PONETRES Sre 1 A ALOLERE Y| PSPt e
pol yners i ”o@%ﬁi@iﬂlﬁaﬁécﬂﬁaé%oﬁ@s‘ﬁm éxt@ﬁ?.ﬁf@%é@l%c%h'o%‘ioda'ﬂﬁatﬁm ubility in
pol ar sol vent's, such as DVSO and mater i ncreased gradually. Wth the
i ncreased quat er t S ity
as conpared to t bﬁ@ﬁ¢oﬂﬁgﬁhrou ﬁ@h{qéerQEgﬁgﬁ%fgb |£%?|§ﬁhc§% t#ons,
Rol yrrgr s YM fUmcd?malegreups :Bjtaqhedaatrtheatjolymedggileemai?eewblefamreymtrbdececbfb
ccordingly, po ayi a desired solubility (in polar or non-polar
sol vent s) cgﬁﬁ fil EP@B& by controlllng t he degree of quaternlzatlon of

t he pol rs tions qf the neutral F and uaterni zed
pol yners’ i n mate#H P hBASTPR¥Merisal é%g RP&EEEHEOQB &t it up
to 15% 25 pé@h%r@@fﬂér 19desR@ateH ﬁmomersheer@%agmbﬁﬁe@erngms m)éntr@h nig
such solutions, uniform and trans ar ent nms can be cast on different
subst r at es, Me@os the %a&emlzaqgarqutﬁedermlnal amine (NBR dgrowpsi rrefatablyl witfer
substrates L&k”&bbﬂgé the neutral or the quaternized polyners. Miultiple

| ayers of slUC may be deposited on the rel evant substrate. Were it

i ssof vedy i n-ant g b YR AR A JRECorRRivgS bt A BRI R Sal”
di ssol vzgl pbetwen afiied rougs dndoalkie besrhigienbneshydel the brgaic agrhinevgariiti s.
The films nay be cast froma solution . 16 of the pol i n_the above

ment i oned s8FidEnt siNbfhigsiMygniag. uateraizationn Wit RHed g%"&'ﬁeaés tRasticWaY cast
t echni que. ﬁﬂﬁ offBai ned polymers are bl ue em ssion polners For the neutral
pol yners, as ' F, its filmexhibited the absorption maxi rumat 370.5 nm
Its 5 PL spectru (o h &N e
representative Lxhgﬁ%hﬁL peﬁﬁﬁg%gbem%%oﬁnlgn neérggéﬂgﬂgﬁﬁeﬁ%g ?Ltﬂ@
quat er ni zedashd gratipevthat specbeen ghbteenigbdft as conpared to the neutra

pol ymer, and hi gher quaternization degree al so i nduces spectral blue shift.
The representative UV and PL spectra are also shown in Figure 2. For the 10
pol ymers described in Scheme 1, both the neutral and the quaternized

pol yners are blue em ssion polyners, while if the fluorene nononer is

repl aced by the thiophene noieties, green emssion is realized. It was al so
found that for the polyners as described in Schene 1, both drop-cast filns
of the neutral and the quaterni zed polynmers have shown liquid 15
crystalline structures at roomtenperature. The LC state of one quaternized



pol ymer under PLM was shown in Figure 3. Liquid crystalline polyners have
technol ogi cal potential in areas ranging frommcroel ectronics to

bi ot echnol ogy. The polyners can be used to fabricate different types of
devi ces, including polarized light-emtting diodes. 20 In addition,

pol ynmers of the present invention offer #® specific advantage over

Take the neut r a1 THERORERES: o Tecetatent Tishliof MM, eboBS obaotuReE af o o
H for exanp¢gpolphbrd Mot Pbryﬂ@on@Heyn@é\fe hav@npiigatbar bakRY¥enan @trubivis eneTry

l evel s, estimated fromtheir cyclic voltambgrans. The representative
cyclic 25 viyinciomaggrane oframsianiumisalrwgarietradugesi {orvihes siget ¢hain dbirealizeand

ditabl e baltienbaiecao gl AR aRlcange aga S, BORL iReRRPRRTAY (a2

LEDs. BEgnpleast 60% IdfitRe isidecttidins avé funcienalizédeith depmbhiuedl shlits.r ef erence to

the followi ng exanples. These exanples are intended as an illustration of a
preferred form ofhé heutrlVpoiyhidis tdte tsyRihebzatothré@dts thd Buguld rebblidrfioan of
this invention. 17 Exanple 1 Preparation of

1, 4- di br onothe, scaffespoRdingbengepmery) Tnfough oadivsking t dhe f PaskreymepgatPwi t h
200t of TRk BtaRfRed el il IR RERGE Relgtoenire yriflsfiBeg. N
oty wed it h SEEIE AP RGP e LRBYSE G ot oG SR BE S 7

HBr gastOrasFemhlilact By using ol hedtRedaTie first INe Gitoagh igosepolyvestizafion steps
whi t e- col or ed prec}tﬁl tate was collected by filtration and 10 washed with

col d et hanoPasethan the presynthesized nquiral nslynagr. And the seransiaPiaok isithe,

Vi gor ous St jitri [ | u I I- EON

we separ at AP Hzatdlf of historBelEBRENED: Tk hemielr afpbshatelt v

(4di br onp- 288heinett frodk 2besspectivelpsT e synthetid Foutesl afe explaimed agfoiowanol . * H

NVR (300 MHz, CDC13, ppm 8 7.19 (s, 2H), 3.80 (s, 6H). C8H302Br2 Anal .

Calcd: C, 15 32.43; H 2.70; Br, 54.05. Found: C, 32.80; H, 2.85; Br,

53. 88. garrg;:ﬁ 2 P{eparati on of 1, 4-di bronohydroqui none (B) Into a 500 nL

r ound- b t onFREIE equi pped with a water condenser were added 20

1, 4-di brono- 2, 5- di net hoxybenzene (14.8 g, 50 mvl) and 150 nL of dry CH2C12

under argon. The m xture was stirred until all solids disappeared.

Dropwi se, into the solution was added 105 nL of 1.0 M boron tribrom de of

CH2CI 2. The reacti onO&dls refl uxed at 450CHfor 12 h and then cooHed to room

tenperature. The i rd stirred

vigorously for 3 3d By

filtration and wa , acid and

drying in vacuomat 60 C for 12 h @fborded pure 1, 4-di brompdydroqui none

(10.7 g, 79% as white crystals. ' HAM (300 Miz, CDC13, ppB): 8 7.28 (s,

2H), 4.95 (br, 2H). C6H402Br2 Anal. Calcd: C, 26.87; H, 1.35. Found: C

26.88; H 1.85. 30 18 Exanple 3 Preparation of

2, 5-bi s[ 3- (N, N-di et hyl am no) - 1- oxapropyl] 41, 4-di br onobenzene (C)—A\iﬁo L

round bottom flask with magnetic spin bar was charged with 5 anhydr ous

pot assi um carbonate (72.0 g, 521.0 mmol ),[ 2- (di et hyl am no) et hyl %L\I/o?\Lde

hydrochloride (22.6 g, 131.0 mmol ), andpx000 nlL of acetone. The rred

m xture was sparged with nitrogen fo 5 mn followed by the addition of

2, 5-di br onohydr d%{;i@z‘?éﬁ@le(;ls 0 g,Br56 DL,) . CoHraeectonBrilei np add

spar gi ng, 2-(diethylamino) "
ethylchloride hydrochloride

C

OC D

—~J
.



the reaction mxture was brought to reflux for 3 days. Acetone was renoved
and 10 the reaction mxture was diluted with 500 nL of water, dissolving
all salts. The product was extracted with ether, and the conbi ned organic

| ayer was washed with 10% NaOH (aqg.) (2x100 ni), water (2x200 nli), and
brine (1 x200 nmL). The solution was dried over MyS04, filtered, and

stri pped of solvent by vacuum evlporation to yield crude oily solids. The
crude solid was recrystallized from 15 MeOH H20 to afford Conpound C (12.5
g, 48.49% as white crystals. "H NWVR (300 WMHz, CDCI 3, ppm: 8 7.12 (s, 2H)
4.04-3.99 (t, 4H, J = 6.03 Hz), 2.92-2.88 (t, 4H, J = 6.22 Hz), 2.68-2.61
(g, 84 J = 7.09 Hx), 1.10-1.05 (t, 12 H J =7.21 FE) C18H30N202Br 2 Anal .
Calcd: C, 46.37; H, 49; N, 6.01; Br, 34.28. Found' 4@ﬂ&5 H 5.99; N
5.99; Br, 34.32. 20 ‘anple 4 Preparatlon/

2, 5- bIS[3 (N, N, N—trlethylannnnlun)/I\Qxaﬁrop/ngl 4\d|bh6%ﬁgenzene

d| bromde (D) A m ®ture of 0, I | Vo /'

2, 5- bi s[ 3- (N, N- di_et hyl am no)<1- @xabneﬁyLJ-l 4- dl%“bnobenzene 25 (4.66 g, 10
nnDI) and 20 m 9 Bhné?hane iin100Q qy’okéaeetonltrlle was heated at 40C
for 2 days, ¥ e white cetor pﬁ@élpﬁtate appeared, an additional 10 mi
of bronnethane @S added, and the m xture was kept stirring for another
five days at ro&mtenperature. The resulting precipitate was collected on a
frit at reduce@ pressure and dried in vacuo at 50 C for 24 h to afford
Conpound D-30 (5 45 g, 80% as finewhite crystals. My 255.0-256.8 C. 1H
NVR ( D20,” ~300¢ MHz, ppm) 8 7.77 (d, ZFR J = 7 55 Hz), 7.72 (s, 2H), 7.69 (d,
2H, J = 7.48 \Hz), 19 4.25-4.16 (t, = 5.36 Hz), 2.07(m 4H, J = 5.33
Hz), 1.98 (m , J = 4.09 Hz), 1.20 0\90 (n) 12H), 0.76 (t, 6H, J = 6.83
Hz). 0.56(m 4H). 13C NVR (CDCl 3, 75/’MHz, ppm) 8 151.17, 140.03, 139.18,
132. 44, 128.10, 123.53, 119.83, 109,94, SSC@gM 40.28, 31.53, 31.43, 30.82,
29. 62, 29.04, 28.71, 23 76 8 227483\ \M.3. 94, 8. Anal. Calcd for C3~
H44~4B2~ C, 74.13; M 4. 02f. 8.35. Exanple 5 Preparation
of 9, 9-di hexyl flug -thylene boronate) (E) 10 To a m xture
of 2, 7-di bronof | udl 86 Mol ) and a catal yst anount of

triethyl benzyl anmoni u @flirde i n 50 nL of DMBO and 12 niL of 50% aqueous
NaOH, 1-bronohexane (‘1 °74 g, 73;2 mol ) was added. The reactjon mxture
was cooled to roon1tenper9ture, nd stirred for 5 h. An exces¥ of et hyl
acetate was added to the reagtlon»ﬂ1xture and the NaCH precﬁpktate was
filtered off. 15 The organic |ayer was~washed with dilute HCL (200 nL) and
H20 (2 x 150 nL), and dried. The pure pr@dﬂct of

2, 7- di br ono- 9, 9- di hexyl f1 uorene was recrystallized fron1etha@p| and dried
under vacuum for further use. A solutionyof 2,7-di bronp-9, 9-di hexyl fl uorene
(16.3 g, 33 mml) in THF was added sl ow Wit h stlr}+ng t WIxture of
magnesi umturnings (1.9 g, 80 mml) and THF uﬁd@r 20 arg, ﬁr Gignard
reagent solution was slowy dropped i Stirg Ted\ spbut?ép;éf trimethyl
borate (38 ni, 330 mmol) in THE alty 18 CY gkh\gpd t hen at room
tenmperature for 2 days,fThérreactvon tte wa /poued i nto crushed ice
containing sulfuric ae#d\( ,ﬁﬁrle stirring. 3 nlxture was extracted
with ether and the conbi ned gxtyagts S\ere evaporated to_ giyve a white solid.
25 Recrystallization of tmékcru e "acid from hexane- acefon@ (1.2) afforded
pure 9,9 dihexyl fluorene-2,7-diboroni¢ acid (6.3 g, 44% g sWhi t e crystals.
The di boronic acid (6.3 g, 15 nnDI) s then refl uxed mnfh 1, 3- propandi ol

(2.0 g, 33 mol) in toluene for . After working up, the crude pr oduct
was recrystallized from hexane to ford npgﬂﬁﬁ\ (5.50 g, 73% as white
crystals. My 123.0-123.8 30 C. 1H NWR ( QQQ/L+E ppm b 7.77 (d, 2H,

J =7.55 Hz), 7.72 (s, 2H), 7.69 (d, 2H, Jtk i%) 4.25-4.16 (t, 8H, J
= 5.36 Hz), 2.07(m 4H, J = 5.33 Hz), 1.98 szIH 4.09 Hz), 1.20-0.90
(m 12H), 0.76 (t, 6H, J = 6.83 Hz) . 20 0 56(m 4H). 13C NWMR (CDC13, 75
MHz, ppm) 8 151.17, 140.03, 139.18, 132.44, 128.10, 123.53, 119.83, 109. 94,
55.09, 40.28, 31.53, 31.43, 30.82, 29.62, 29.04, 28.71, 23.76, 22.48,
13.94, 13.88. Anal. Calcd for C3~ H44~4B2 C, 74.13; H, 8.83. Found: C,
74.02; H 8.35. 5 Exanple 6 Preparation of

pol y{2, 5- bi s[ 3- (N, N-di net hyl am no) - 1- oxapropyl ] -1, 4- phenyl }-co



alt-2,7-(9,9-di hexyl fluorene) (F) To the m xture of
9, 9-di hexyl fluorene-2, 7-bis(triethylene boronate) (251 ng, 10 0.499 nmol),
2, 5-bi s[ 3-(N, N—dlethylanlno) 1- oxapropyl ]-1, 4-di bronobenzene (233 ng, 0.500
mrol ), tetrabutyl ammoni um chloride (80 ng) and tetrakis(triphenyl phosphi ne)
pal | adi um [ Pd(PPh3) 4] (12 nmg), was addedia degassed m xture of 3 nL of
t ol uene ([nnngﬂﬁ&%%: 0.25 M and 2 nL of 2 M potassi um carbonate aqgueous
sol ution. The ?3 was vigorously stirred at 15 75C for 48 h. After the
m xture was cooled down to roomtenperature, it was poured into 200 nL of
met hanol and dei oni zed water (10:1 ). A fibrous solid was obtained by
filtration. The solid was mashed wi th nethanol, water and then nethanol.
After washing for 24 h in oxhlet apparatus with acetone to renove the
ol i goners and the catalys + S|dues th resultlng polymer F (370 ng, 57.1
% 20 was obtained as an mhlte fi brous—solid. 'H NVR (300 MHz, CDC13,
ppn) 8 7.80-7.78 (br 60 (br 44y, 7.12 (s, 2H), 4.17 (br, 4H,
OCHZ) 2.92 (br, 2

8H, -NCHZCIW(\W, 4H)
1.12-0.78 (br, 34H) IR (KBr ¢ | 29622027,/ 285 %810, 1509, 1461,

1381, 1203 1132Br \ ,Brg®2, / 753B ~H20B :
Cal cd: C, 80.82; H 4 N, 4. 27 Found: \/079 68; B<9.79; Ny_4/35.
Exanpl e 7 Preparat IOOE% H;3¢ CeHs

pol y{2, 5- bi s[ 3-( et hyl - N- thyCam no) - 1- oxapropyl ]-1E4

phenyl}-co-alt\ ,7 (9, 9-dihexyl fluorene) dibromde (G 30 A 100 nL flask
Wi th a magnetig\spin bar Wachharged with the polynmer F (100 nyg) dissolwved
in 50 nL of THE. ~To this sol 4tion was added brom{th ne (1.09 g, 10.0 1)
and 12 m_ of DVSO. The sol ution was stirred at SONQ? 2 days, 2T a

anot her portion of bronoethane (0.54 g, 5.0 mol )y was added on the thi(rd\/
day. After the solution was stirred at 50 C for days, THF and extra

br onoet hane were evaporated. The polynmer was precipitated by the addityion
of about 100 nL of acetone to the flask, coI I ect@d by centrifugation, 0
washed with 5 ch%&bgf orm acet,l nex,_an

The desired pol b

powders. ' H NVRNESEY CD302="ppm=8

7.12 (s, 2H), 4.45i(br) 4H, 355 (br ./ 4H, (br’ 11
_NCH2CHB), 2.05 (br, 4H) 1. 12-%?3%( 4" 0 H ) CHﬁN?: R ( ?‘EB

2927, 2855, 2622, 2472, 1622, 1511, 10 146% 1394 1202, 1039, %9 771
Exanpl e 8 —

Pol y{2,5-bi s[3-(N, N, N-triethyl am no)-1- pPropyl]-1, 4-phenyl }-cdtalt-2,7-(9
, 9di hexyl fl uorene) dibromde (H) 15 According to theg procedure fB)\W/G after
100 ng of F was treated with bronoethane in DIVBO’THF (1:4) at room
tenperature for 2 days, the desired polyner H (54 ny, 46.2% was obtai ned
as Iight pi nk col or powders. 1 H NVR (300 MHz, CD30D, ppm 8 7.80-7.78 (br,
2H) , 60 (8merfitl, 7-12 (s, 2H), 4.45 (br, 4H, -OCH2), 3.55 (br, 4H,
-CHN) 3.20 (br, 10.4H, -NCH2CH3), 2.05 (br, 4H), 20 1.12-0.78 (br, 37H).
FT-1R ( Br cm 4 3 2,
1030 8*269 o SéExa Bﬁng@gﬁéggﬁgﬁa g@ﬂff‘as bbtdined 2y théféatmeits of 1£4:

pol y{ 2, 5- b|@p&mw%ﬂmeim«ylyemneom)lvmaaBBmpm pryt dmmmngethan@zmd the

lt-2,7-(9, i b d A th d f
3t or bR 2 BBk e Gel et SR Ted Lo R T
t enper at ur ebmmaﬂom of td\ﬂe befzéHY ¥EEhe! Stéﬁ%%at@r@alz%omrﬂptﬁlmsd as

off-white powders. 'H NVR (300 MHz, CDCl3, ppnm) 8 7.80-7.78 (br, , 7.60
(br, 4H) ThigfB-(N, N-Qlla)hylammp)(1b@xamﬂpyl)m-lgybromobgnzme] :masclwrep by 2. 66

b H, PCHR) , 2..05 1.12-0.78 (br. 36 IR (KB,
f:mrs) 1%’9 6rea§5 "')S(\)Nea%twef 57 (%el_%'ﬁi bromghydr %%15”61385') E‘1202 af 50. 887

822, 753. BxpstAViamifo)ethylchloride hydrochloride in refluxmg acetone in the presence of
Poly{2 5-bis[3-(N, N, N-triethyl am no)-1-oxaprop ¥ ]-1, 4-phenyl }-co-alt-2,7-(9
excess anhydrous potassium carbonate or three days. After twice

2H

recrystallization from methanol, Compound C was obtained as colorless
needles, which upon stirring with bromoethane in acetonitrile afforded a water-
15  soluble monomer, Compound D, as a white precipitate. The resulting precipitate



di hexyl fl uorene) dibromde (J) To the m xture of

9, 9-di hexyl fl uorene-2, 7-bi s(triethyl ene boronate) (504 ny, 1.01 nmol),
2,5-bi s[3-(N, N, N di et hyl ammoni un) - 1- oxapropyl ] -1, 4- di bronobenzene di brom de
(673 ng, 1.00 mmol ), Pd(OQAc)2 (20 ng) was added a degassed 10 m xture of 10
m DWMF and 4 nL of 2 M potassium car bonat3e aqueous solution. The m xture

was Vi goro d h I down
o room t ongay ElIbGed o, B 5 [elicell, resSlyish ot B, VoGuiR: 368’ it

sol vent washaford ysé.sed with a 5000 cut-off nenbrane. The sol ution was then
filtered through a nediumporosity sintered glass funnel to give a clear

sol ution. 15 ThGInS@ﬂebe@t ofeSchRyRe of  atd th@é%titéﬁﬂed%uﬁb!@ufé@s pHesyiedle Vit h
acetone After drying, polymer J 320 31.8% was obtained as dark gra

solid. 'H NuRrengeresihalagesatsd, mmerably mated ebiodimatpd, endpreferablyial) |

7.12 (sg 2H) o ( , , . 2H,
- NCH2CH3) | %76@’9’4@ ,%W?‘%ﬁ@t@%ﬂ °§ﬁ O%'g%‘?h%ﬁrgmﬁﬁﬁ%'ﬁg'a( ?‘Smﬂé’%ﬁ
2855, 2622,hélédé’naﬁtﬁﬂéagéﬁﬂbucﬁ@sﬂ@&jneléﬁdiodh’a?é).Z, 1039, 829, 771. It
shoul d be noted that the polyners, quaternized salts, nethods and routes

that have been shqwephﬁbﬁsahemexenmleafrmcﬂ@wtgmupmedcriactthmtrdme@almtm is
not limted to those. nment i gned above, vari ous ynmers can be prepared

25 as descrhsaﬁtwemhﬁlpaeqatedmegm@eml%?n%'f%rsthem@ah%atn@ ofgatignicc, p,
E, F, | f f

mave' been cAieF s§RUEE BhMdss e tuhtork) GrSt are diffiafic oF HhBiifPa® | .
scope dD t hgrsupsyviaoliding tholsb N atampantaihingaarohwatie rivigs| sacdh ias gymidiree. tTHeo

nvent on pé?:”t o GrbGi 2008 e iagieed TRoNORFUSiont riihodh iich SEtheta | s
wher ei n: dquap% Stthieat I dd o thb iRl or 6l alkoRyFéHeih, vhigh 94 ﬂf'érght

or branched al k al koxyl, "ester groups or cyclic crown ether groups
havi ng fromeacted stitbu anines dobfomattbersaming, gBoums. anHowexes prafetabbyl ther

SR By R R RuERTha dradhs el 'eté?%%%%g‘dt%%sc Wb 2L ens ot ng of
Y OT8E ot oma TR o &, Be SDAHIEE of e AeufalsBoNmet Sl Schatne LA o

di fferent ahukear 6n€tﬁéf61htdl@l¢bR9ﬁ|ﬁlg nehctimt, f(l\ﬂfr\/liyﬂufé an®, ASSUQQKI @P@mi@BR'
NR, SS RR', wherein "“are as defined above; R3, R6, R7

and R8 are Revdawscyol 86, 847 471 809); Mdinbasekai@sp M dWiL | . EeMéQ,Q e‘dsfpﬁiﬁﬂt
| i near or bé???'b% %C\kb&aé &% Wahed mxtﬂr%s§ Erﬁt\%qurﬂe Ef{)lhﬁngodrﬁit' res

whi ch may cadntain eteroat ons arn-one
nore ar orrataque;qrueupetassuuhstoarbmm:leosoluhimvloztMt) Ldomthiningat mol i BH{RPh3)s G i S
hydrogen hal ogen, boronj¢ acid borgnate radi cal, or an aryl noiety; a and

b are i 2Qde pEHIEE MIIARYS HEHNG 2t LGP &r TF 48 lrpurs i hitragen gimosehate. Rs-

A =B F F gmall amount of tetrabutylammonium chloride was added as the phase transfer
catalyst to improve the molecular weight. It also might be possible that the
polymers were synthesized through a nickel-mediated coupling reaction, with
dibromonated monomers. (E. P. Woo, W. R. Shiang, M. Inbasekaran, G. R.

25 Roof, US Patent 5708130).

In the step of either f or g or h in Scheme 1, by treating the neutral
polymer with bromoethane in different solvents, and by controlling the reaction
temperature, the quaternization degree could be adjusted, and consequently the
water-solubility of the resulting polymers could be tuned. From the post-

30 polymerization, polymers with different amount of quaternized salts can be

obtained.



24 x and y are al so independent and each is a nunber fromO to about 100;
and n is a nunber from1 to about 1000. 2. A polyner according to claiml1,
wherein the polynmers are honopol yners. 5 3. A polyner according to claim1,
wherein the polynmers are random copol yners. 4. A polyner according to claim
1, wherein the polyners are alternated cipol yners. 5. A polyner according
to any one é clains 1 to 4, wherein Rl and R2 10 are H or straight or
branched aI%t’—rﬁ'é-&Jps having from1 to about 12 carbon atons. 6. A pol yner

ding t f clai 1 to 4) wherei.n R d | |
nih from 10t o 2 asriHesiae ityriptsmaith, AREhGho| JAdbndf e, 1 ptaglh OoP®
clainms 1 tométhodheiwives aRtodlicing etha! lahmaRiudt GokipX ito IfHRU Rfidd adndig &F om 1

to 4 carbon atons. 8. A polyner according to any one of clains to 4,
wherein A "BONeMgry andapedesitash anoamt |6f el agaeniprofunefienalizad cronmner

110 4. Sundhefin CRIBgeEs fGtherzgton. 185 Bierstic a8 Bk 1o uBRY (OBRinR) il
havi ng frorothet sudalsigr onomicpsiBand dnisaimore prefepalsle that ehibeikedrfs with thed/ or
one or nore aromatic_groups. 10. A polynmer according to any one of clains 1

to 4, wher eNANEERNYitRAt{MENg) RHINP gidpss Raprejder eplymars witbudiffieredtar bon
atons. 11. F@aq&lny%mhna&érggég%ng to any one of clains 1 to 4, wherein R5, RS,
ror b

R7 and 25 are Tl nea ranched al i phatic chains, having from1l to
about 8 carbon 0, «C R 0 ,\t,]%l . :
according to anahoén%po'f 8@%3*%@%2{ gﬁﬁ?é%{g@gegi n %SIR%%I%9 éﬁ&é&é{ﬁ)g@ﬂ?f

al koxy10gr ccgrslitivasi ag desoribed ti td atdp 2o Schemeat owith 4 desikeddmoent of
according to any.one of claims, 1 to 4, wherejn x and.y are each 30 nunber
between 0 AHAOMIZEd 53ty Voesh) fsseaLERIuI g quRtEmAatondeqRe SAuid Beand y
are each a gyHERPIdCRATIRES, Royibrthe mdlechiRUWHTRE oPHROSSIHGS BreBiueinsy Of
claims 1 to 4, Wherein a and b are each a nunbér between 0 and 10. 5 I6. A
pol ynmer acaddsing the methodobSehaned@.ainms 1 to 4, wherein n is a nunber
between 1 and about 50. 17. A polynmer according to any one of clains 1 to
4, wherein G is Rneferably, the etugdequolyraers ohkfainsiddaethe taar approaakésisboulddeonat e

radi cal 18. ol yner ,accordi.ng to any one of. clains 1 t.o rein Gis
o oodn orcargidly ol 25 veshind witdiernd b 8 Sknt Baphraths for 24 PRGHDta ot
cont ai n hal Regfive @lfgdhﬁ'é@ a1 éal@lysb?éé?@@éﬁ !Tﬂ@i ;ﬁﬁlﬁedl&lyrﬁef)@bﬁﬁﬁlﬂ tAeaPedi Ng
to any one of clainms 1 to 4, wherein the |inkage between fluorene and

phenyl ene idiashunder reduped presssire abreom dempargidre, fifter fiisiicdiionyand dayipgone
of clai ms %h&%eﬁtra'i‘géﬁxﬂ%[ré‘v&é%%%?é]ﬁeqlﬁs%ﬂiérﬁb}bpg s§ﬁ&§%ﬂ%tﬁ ecg}’elt e s
I ng 0 4, a

21. A pol ynmer accor 0 any one of Claimns avi ng a backbone
conpri si ng saltsaneredpihk UuDie neutrali palym2ss that medrb quiepdredrtadccamieayldheeights

o oo a5 b aoE e 1TBO30 Wik 1S AT sl ©
y quaterni ' r 0 r. )
accor di ng tﬁbl?ﬂn@?érb?%wﬁ(yr@s;e‘?ﬁ ﬁn\@tﬂgwmtrﬁ\}% ﬁ%b%@uia’f \ﬁéigﬁttcg\eg]ebyarf%eeéf ng

the polynmer with an al rom de. 24. A nethod accordin al m=23
wher ei n t hefraikadoub26Q0eta about 50,000, with the number of amino functional groups

being between about 25 and 50 in each molecule. Both the neutral and

quaternized salts are air-stable. The terminal groups in the neutral polymers
25 provided the possibility to synthesize water-soluble polymers through the post-
polymerization approach.

Conversion of the neutral polymer F to the final water-soluble polymer G was
achieved by stirring the neutral polymer with bromoethane in dimethyl sulfoxide
(DMSO) and tetrahydrofuran (THF) (1:4) at 50°C for 5 days. Following the same

30 reaction conditions for G with less reaction time afforded another polymer H with
a quaternization degree of about 60%. However, stirring the neutral polymer F
with bromoethane in THF at room temperature for 24 hours afforded a new
polymer | with a quaternization degree of about 30%. The quaternization degree



br onoet hane. 25 25. A nethod according to claim 24, wherein the polymer is
treated with bronoethane by stirring the polynmer wth bornoethane in
di mret hyl sul foxi de (DVMBO) and tetrahydrofuran (THF). 26. A nmethod according
to claim?25, wherein the ratio of DMSO and THF is about 1:4, and the
stirring is effected at about 50C for abtut 5 days. 26 27. A nethod

according t lal: ' PO ' e ] by
atirring t gy afe, BT BTE esmeRure TR Sapdiffhr Spa RS SERRLBRRR
accordi ng tgolghargaid/alseboenintFiguretf.rring is effected at about room
tenperature for about 24 hours. 5 29. A nethod according to any one of

claims 25 to 28, TH&ralitamedd nelital Wolyraerss treagilyofdissevepiar @bhiton herganic
solvents; precipitating the quaternized polyner; washing the polyner; and

10 dryi ng sdieenis) surtyas 3biF, shiesefeon, teduenaliang xydens, huhthey ahinseluple ine

polymer g s @@lﬁé‘r%p}nte?ﬂ ol %ngg\%gi]e'?gAﬁ%FEqﬁQ?erﬁ&hlliﬁPé‘Fﬂngbg%s@gt@{%é&%ﬂﬁré%’hovégl' A

met hod accor to C erein € Was
chl or of or mdiffdremt sulabittye chafackeristids mas heamparedotar the aeatral pohineer. cBbi oni ¢

pol ynmer, having a desired solubility in a giyen solvent, said nethod

Compr i si ng: SXNRIGI ARG ORTS 1 a RGN G1 WilhaprAUGEEiZaSioN degieE: B ni ng
a desired sgigybiid | Sﬂétfe‘i)h%oﬁf?il TR 'DMB G, Nethaiil %gngafe'r, bt AhSSI0bR! [P
termi nal am no' groups of ‘the polymer to 'an extent necessary to I ncrease
t he sol ubi ICHEZlIpAandhéHbol RolgmeroGt beulde ber ratoyetadhiftam ya 88ter Asatetidro by

di t | ai m 32, .wh I n bet wey bout .30% and ab 80% of th
O O AR e I BBV RRlITG 1 b ERRU e et
claim 32, woeh Qiiffbréﬁ'lc %Hgt@F&&éﬂbﬁ Qfég%bé,ssﬁhf 85119 kP 1 oWit aa§iat@rdiRstion

| | de. 35. met hod accor di n% to claim34) wherein

pol ymer with an al ky al i or di
t he al kyl Hdggrae df 30% opelymesd has3s reducast Bolubility oy dHig chiprefasimmtaleene,

W th b omo el ReAUR o TSR 6t o M oL RALEE AR Fer VAl OF sl SRS PR
27 37. A neddiasiliganchdipudart soleérts NOBgoinghwitkeiincrebsingaguatenfizdiidnQiegrdes HF i s

about 1:4, and the stirring is effected at about 50C for about 5 da%/s. 38.
A net hd@ aé@@r%ﬂ'%"tﬂ@fcﬁhﬁi%'%?W\kﬁbﬁ@ﬂﬁ‘%@@@@!ﬁ/ﬁ@h’en@ decrgased whilgt the

br onpet han el irrd I i ' ygyian. 5
3. ot oA i SOlGomS, MR a¥OMISE! SRpSletEr inorRabe bRdliy gy
about roomtheripereased qubtarnizbiion dégreeo thies polgfher A5 as vettea o@berdsolgbitity sy
one of clains 36 to ?{ﬁ C rising the further steps of: evaporating the
sol vents; 1¥°MPBREditBi %tt‘?fﬂg-pt he quaterni zed pol yner; washing the polyner;
and drying the acc

ol r. 41. A metho rding to claim4o0, erein the

ot yrrer 1 o pr oci TTPHBBEORTONah i, CWelRrDie b1 RURSENSy BT s i tent
20 quaternization degree have been synthesized. Accordingly, polymers having a

desired solubility (in polar or non-polar solvents) can be synthesized by

controlling the degree of quaternization of the polymers.

Solutions of the neutral polymers in THF and the quaternized polymers in
water or methanol have been prepared with the concentration up to 15%,
25 preferably 10%, regardless of the molecular weight.

By using such solutions, uniform and transparent films can be cast on
different substrates, such as glass, quartz, or indium-tin oxide, and even polymer
substrates for either the neutral or the quaternized polymers. Multiple layers of
such films may be deposited on the relevant substrate. Where it is important

30 that a polymer in one layer does not get transported (or dissolved) in an adjacent
layer, appropriate selections of solvent and dissolved polymer (quaternized to
the determined degree) can achieve this. The films may be cast from a solution



15 42. A nethod according to claim40, wherein the washing is effected with
chl orof orm and/ or acetone. 43. A nethod of form ng a conjugated cationic
pol ymer, said nethod conprising: providing nonomer precursors of a polymner
of any one of clainms 1 20 to 21; quaternizing term nal am no groups of the
nononer precursors; and synthesizing the cationic polyner fromsaid

Whorei n a8 EyneRLCRFLUE: PBoyd dngios SRR ES A e R e Rt
met hod accomethtgis) such ab ithe Spinfedst feghnidgud.udi ng the steps of determn ning
the desired solubility of the cationic polynmer and cal cul ati ng the anount

of nonomer precurk®rsbtaped lp@inﬁé?sf ardn Flué abmsion NSVIERs. IFaYi the neetral
desired solubility. 28 46. met hod according to claim43, further

i ncl udi ng tPRIYREED BIchas By its film exhiniteddbe absosiomomeximursfat 3.8 am.dis ¢
pol ymer anIgLV\’QSéch}nitﬁg?I{]e% A4 W0 Wi ' Psmah SIS B 2858 trﬂnauﬂﬁ?ree

sufficient to resu e catironic polynmer havi ng e desired sol ity.

5 47. A conjeppederdatvas Uvrard PRlspettra aseshowd if Figuref®e pol ymer of any one of
clainms 1 to 21, said cationic polyner conprising repeating units of the

formula: E E | IN&mal, the Bdaterkizéd salts show a spéttral btu®shilt 36 cohpardbtdRg ~ ~
B F F 15 wherein: R7, RB C, D a x and y

aia) Rl, R2, R3, R4, R5, R6, . D, , b,

are as def i Wed'quirad palymer; and pighsr quaternizatign degree aisorinduses srastral biHg t s,
| H f i ! " H 1 . [ ]

at |east ong,f Tlﬁeé (g%%rg%@fégvg U\ ﬁNB'FFE Eisectrﬂ"ﬁF‘é 8isB éﬁoc\ﬁ @gggg%%; fbFthe

i ndependentl'y se romthe groups consisting
unbr andifed polytmess)dasctibmdkinl Sahenad Hokgth themmdrat andribe uateratzedt pdigmers bon
atons, and

C3, to Coo).cycl pal kyl . 48. A cationic pol di
b A RSSO BHTS b B e dCapsheconsti R BRea s B A
cationic pOﬂhYdEfen@QﬁQfeﬂbQ,ggrbgn@n%Qibﬂas raf)eeqgi n at | east one of A B, E and
0. A n [

F is ammoni um 50. catonic polyner, according to claim49, wherein the

amoni um has begp W&@b%p@é tﬁétomr%e!p:?gﬁhe@ﬁﬁs %&eﬁb%m&@%ﬁ% 10bolt

' e
pol ymer. 51. A cationic polymer accordi to claim49 erein, in nore than
one of the dopregstdimagpfthetnguttal andathe guateutized pelyntersntbve sbowmtigmidim

29 52. cat i oni.c pQ r according to claimBgl rei.n, in nore.than one
of the TepetivRReh P cins t That SbPardle The-Uor5fi8: of Bnfcifniieed" s
cationic poﬂ)myﬁfer@ﬁggf BLNDwAS shb@whih FigurBed.ei n bet ween about 30% and about
60% of the am no substituents in said polyner have been 5 quaternized to

amoni um  54. A |Gggidu ét%(ﬂirféabblgﬁie‘Fs el eEhhelbgrel pepitidi D akdast Rgimg hod
of any one of clains 43 to 46. gat ed cationic pol yner

: | 95. A conj .
subst ant i al frgmaicieelertipricste hieteshneleaywihe nodraewsnean e usad tntabsicatir e

of the exanglygs hihdifor dbuicle, irfcAibihd BolihizBaTRRl-BAMAG digddoni ¢ pol yrer

according to any o
20 In addition, polymers of the present invention offer a specific advantage

over conventional conjugated polymers for use as charge transporting materials.
Take the neutral polymer and the water-soluble polymers, such as F and G or H
for example, all the three polymers have similar HOMO and LUMO energy
levels, estimated from their cyclic voltammograms. The representative cyclic

25 voltammograms are shown in Figure 4. Polymers with similar band gap, while
with different cationic degree may provide more choices for a suitable balanced
charge transporting as in the fabrication of multilayer LEDs.

Examples

30 This invention will be further described by reference to the following
examples. These examples are intended as an illustration of a preferred form of
the invention and they do not constitute a limitation of this invention.



claims 47 to 55. 57. An ionic conposition conprising a cationic polyner
according to any one of clains 47 to 55. 58. A nethod of increasing the
solubility, in polar solvents, of a polynmer of 15 any one of clains 1 to
21, said nethod being substantially as hereinbefore described with
reference to any one or nore of the exanftes. 59. A nethod of formng a
conj ugated cationic polyner, having a desired solubility in a given

sol vent, said nethod being substantially as 20 herei nbefore described with
reference to any one or nore of the eXa WB 851
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ethylchloride hydrochloride (22.6 g, 131.0 mmol), and 1000 mL of acetone. The

stirred mixture was sparged with nitrogen for 15 min followed by the addition of

am

2,5-dibromohydroquinone (15.0 g, 56.0 mmol). After 15 min additional sparging,
the reaction mixture was brought to reflux for 3 days. Acetone was removed and

10  the reaction mixture was diluted with 500 mL of water, dissolving all salts. The
product was extracted with ether, and the combined organic layer was washed
with 10% NaOH (aq.) (2x100 mL), water (2x200 mL), and brine (1x200 mL). The
solution was dried over MgSO,, filtered, and stripped of solvent by vacuum
evaporation to yield crude oily solids. The crude solid was recrystallized from

15 MeOH/H.0 to afford Compound C (12.5 g, 48.4%) as white crystals. 'H NMR
(300 MHz, CDCl3, ppm): 8 7.12 (s, 2H), 4.04-3.99 (t, 4H, J = 6.03 Hz), 2.92-2.88
(t, 4H, J = 6.22 Hz), 2.68-2.61 (q, 8H, J = 7.09 Hz), 1.10-1.05 (t, 12 H, J = 7.21
Hz). C4sH30N202Br; Anal. Caled: C, 46.37; H, 6.49; N, 6.01; Br, 34.28. Found: C,
46.65; H, 5.99; N, 5.99; Br, 34.32.

20

Example 4
Preparation of 2,5-bis[3-(N, N, N-triethylammonium)-1-oxapropyl]-1,4-
dibromobenzene dibromide (D)

A  mixture of 2,5-bis[3-(N,N-diethylamino)-1-oxapropyl]-1,4-dibromobenzene
25 (4.66 g, 10 mmol) and 20 ml of bromoethane in100 ml of acetonitrile was heated
at 40°C for 2 days, when some white color precipitate appeared, an additional 10
ml of bromoethane was added, and the mixture was kept stirring for another five
days at room temperature. The resulting precipitate was collected on a frit at
reduced pressure and dried in vacuo at 50 °C for 24 h to afford Compound D
30 (5.45 g, 80%) as fine white crystals. Mp: 255.0-256.8 °C. '"H NMR (D,0, 300
MHz, ppm) 8 7.77 (d, 2H, J = 7.55 Hz), 7.72 (s, 2H), 7.69 (d, 2H, J = 7.48 Hz),
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5 22.48, 13.94, 13.88. Anal. Calcd for Ca;H4O4B,: C, 74.13; H, 8.83. Found: C,

74.02; H, 8.35.

Example 5

Preparation of 9,9-dihexylifluorene-2,7-bis(trimethylene boronate) (E)

10  To a mixture of 2,7-dibromofluorene (10 g, 30.86 mmol) and a catalyst amount of
triethylbenzylammonium chloride in 50 mL of DMSO and 12 mL of 50% aqueous
NaOH, 1-bromohexane (12.74 g, 77.2 mmol) was added. The reaction mixture
was cooled to room temperature and stirred for 5 h. An excess of ethyl acetate
was added to the reaction mixture, and the NaOH precipitate was filtered off.

15 The organic layer was washed with dilute HCI (200 mL) and H20 (2 x 150 mL),
and dried. The pure product of 2,7-dibromo-9,9-dihexylfluorene was
recrystallized from ethanol and dried under vacuum for further use. A solution of
2,7-dibromo-9,9-dihexylfluorene (16.3 g, 33 mmol) in THF was added slowly with
stirring to a mixture of magnesium turnings (1.9 g, 80 mmol) and THF under

20 argon. The Grignard reagent solution was slowly dropped into a stirred solution
of trimethyl borate (38 mL, 330 mmol) in THF at —78 °C for 2 h and then at room
temperature for 2 days. The reaction mixture was poured into crushed ice
containing sulfuric acid (5%) while stirring. The mixture was extracted with ether
and the combined extracts were evaporated to give a white solid.

25 Recrystallization of the crude acid from hexane-acetone (1:2) afforded pure 9,9-
dihexylifluorene-2,7-diboronic acid (6.3 g, 44%) as white crystals. The diboronic
acid (6.3 g, 15 mmol) was then refluxed with 1,3-propandiol (2.0 g, 33 mmol) in
toluene for 10 h. After working up, the crude product was recrystallized from
hexane to afford Compound E (5.50 g, 73%) as white crystals. Mp: 123.0-123.8

30 °C."H NMR (CDCls, 300 MHz, ppm) 8 7.77 (d, 2H, J = 7.55 Hz), 7.72 (s, 2H),
7.69 (d, 2H, J = 7.48 Hz), 4.25-4.16 (t, 8H, J = 5.36 Hz), 2.07(m, 4H, J = 5.33
Hz), 1.98 (m, 4H, J = 4.09 Hz), 1.20-0.90 (m, 12H), 0.76 (t, 6H, J = 6.83 Hz).
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28.71, 23.76, 22.48, 13.94, 13.88. nal Calcd for Ca1H4404B2: C, 74.13; H, 8.83.

Found: C, 74.02; H, 8.35.
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Example 6
Preparation of poly{2,5-bis[3-(N, N-dimethylamino)-1-oxapropyl]-1,4-phenyl}-co-
alt-2,7-(9,9-dihexylfluorene) (F)

To the mixture of 9,9-dihexylfluorene-2,7-bis(triethylene boronate) (251 mg,
10 0.499 mmol), 2,5-bis[3-(N,N-diethylamino)-1-oxapropyl]-1,4-dibromobenzene
(233 mg, 0.500 mmol), tetrabutylammonium chloride (80 mg) and
tetrakis(triphenylphosphine) palladium [Pd(PPhs)s] (12 mg), was added a
degassed mixture of 3 mL of toluene ([monomer] = 0.25 M) and 2 mL of 2 M
potassium carbonate aqueous solution. The mixture was vigorously stirred at
15  75°C for 48 h. After the mixture was cooled down to room temperature, it was
poured into 200 mL of methanol and deionized water (10:1). A fibrous solid was
obtained by filtration. The solid was washed with methanol, water and then
methanol. After washing for 24 h in a Soxhlet apparatus with acetone to remove
the oligomers and the catalyst residues, the resulting polymer F (370 mg, 57.1%)
20 was obtained as an off-white fibrous solid. '"H NMR (300 MHz, CDCls, ppm) &
7.80-7.78 (br, 2H), 7.60 (br, 4H), 7.12 (s, 2H), 4.17 (br, 4H, -OCH,), 2.92 (br,
4H, -CH2N), 2.66 (br, 8H, -NCH,CH3), 2.05 (br, 4H), 1.12-0.78 (br, 34H). FT-IR
(KBr, cm™): 2962, 2927, 2856, 2810, 1509, 1461, 1381, 1203, 1132, 1052, 1035,
888, 870, 822, 753. Ca3He2O2N2’H2O, Anal. Caled: C, 80.82; H, 9.84; N, 4.27.
25 Found: C, 79.68; H, 9.79; N, 4.35.

Example 7
Preparation of poly{2,5-bis[3-(N, N-diethyl-N-ethylamino)-1-oxapropyl]-1,4-
phenyl}-co-alt-2,7-(9,9-dihexylfluorene) dibromide (G)
30 A 100 mL flask with a magnetic spin bar was charged with the polymer F (100

mg) dissolved in 50 mL of THF. To this solution was added bromoethane (1.09
g, 10.0 mmol) and 12 mL of DMSO. The solution was stirred at 50 °C for 2 days,
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03108 ()8 100 b Bt GHLBTELGLR BRUE ol py cmtpston. washed wit
LT 5 P3hlbfofdffdlackidng,)and Aridd W¥Midht-in vacuo at 50 °C. The desired polymer
G (62mg, 50.1%) was obtained as light pink color powders. 'H NMR (300 MHz,
CD;OD, ppm) 6 7.80-7.78 (br, 2H), 7.60 (br, 4H), 7.12 (s, 2H), 4.45 (br, 4H, -
OCHy), 3.55 (br, 4H, -CH)N), 3.20 (br, 11.2H, -NCH.CH3;), 2.05 (br, 4H),
1.12-0.78 (br, 39H). FT-IR (KBr, cm™): 2927, 2855, 2622, 2472, 1622, 1511,
10 1462, 1394, 1202, 1039, 829, 771.

Example 8
Poly{2,5-bis[3-(N,N,N-triethylamino)-1-oxapropyl]-1,4-phenyl}-co-alt-2,7-(9,9-
dihexylfluorene) dibromide (H)

15 According to the procedure for G after 100 mg of F was treated with
bromoethane in DMSO/THF (1:4) at room temperature for 2 days, the desired
polymer H (54 mg, 46.2%) was obtained as light pink color powders. 'H NMR
(300 MHz, CD30D, ppm) & 7.80-7.78 (br, 2H), 7.60 (br, 4H), 7.12 (s, 2H), 4.45
(br, 4H, -OCHy,), 3.55 (br, 4H, -CH,N), 3.20 (br, 10.4H, -NCH,CHj3), 2.05 (br, 4H),

20 1.12-0.78 (br, 37H). FT-IR (KBr, cm™): 2925, 2855, 2629, 2475, 1622, 1511,
1462, 1393, 1202, 1030, 829, 754.

Example 9

Preparation of poly{2,5-bis[3-(N,N,N-triethylamino)-1-oxapropyl]-1,4-phenyl}-co-
25 alt-2,7-(9,9-dihexylfluorene) dibromide (1)

According to the procedure for G, after 100 mg of F was treated with

bromoethane in THF at room temperature for 24 h, the desired polymer | (72 mg,

66.2%) was obtained as off-white powders. 'H NMR (300 MHz, CDCls, ppm) &

7.80-7.78 (br, 2H), 7.60 (br, 4H), 7.12 (s, 2H), 4.17 (br, 4H, -OCHy), 2.92 (br,
30 4H, -CH;N), 2.66 (br, 9.2H, -NCH,CHj3), 2.05 (br, 4H), 1.12-0.78 (br, 36H). FT-
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|1?]Ic ?@Elg}/g%f‘w o tf%g /%ﬂgjl\g\ltﬂg%l q%g&la%rgql o é1q?9/§‘argl)obyﬁ/-!1%ﬁ%ﬁ%r&%})benzene
7o i )BTRS i i ¥
$109& ()0 M mixtorago{ 10 mi DMF and 4 mL of 2 M potassium carbonate aqueous solution.
The mixture was vigorously stirred at 80 °C for 48 h. After the mixture was
cooled down to room temperature, it was poured into 200 mL of deionized water.
The solvent was dialysised with a 5000 cut-off membrane. The solution was then
filtered through a medium-porosity sintered glass funnel to give a clear solution.
15  The solvent was evaporated, and the residue was washed with acetone. After
drying, polymer J (320 mg, 31.8%) was obtained as dark gray solid. '"H NMR
(300 MHz, CD30D, ppm) 6 7.80-7.78 (br, 2H), 7.60 (br, 4H), 7.12 (s, 2H), 4.45
(br, 4H, -OCHy), 3.55 (br, 4H, -CH;N), 3.20 (br, 11.2H, -NCH,CH3), 2.05 (br, 4H),
1.12-0.78 (br, 39H). FT-IR (KBr, cm™): 2927, 2855, 2622, 2472, 1622, 1511,
20 1462, 1394, 1202, 1039, 829, 771.

It should be noted that the polymers, quaternized salts, methods and
routes that have been shown here are exemplary and the score of the invention
is not limited to those. As mentioned above, various polymers can be prepared

25 as described by Formula 1. Changing the variables, R1to Rg, A, B, C, D, E, F, x
and y also contributes to the different kinds of materials that have been covered.
Other aspects, advantages and modifications within the scope of this invention
will be apparent to those skilled in the art to which the invention pertains.
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Ry
G
R3
A
5 wherein:
. R1 and R; are identical or different and are each H, a straight or

branched alkyl, alkoxyl, ester groups or cyclic crown ether groups

having from 1 to about 22 carbon atoms;

. A, B, E and F are identical or different and are each H, Si R'R” or

10 NR'R"(but can not all be H or SiR'R"); R’, and R” are independently
selected from the group consisting of hydrogen, unbranched or

branched alkyl or alkoxyl groups having 1 to about 12 carbon

atoms, (C3 to C10) cycloalkyl groups;

o C and D are identical or different and are each H (but can not both
15 be H), O, S, CO, COO, CRR’, NR', Si R'R"”, wherein R and R” are
as defined above;

L Rs, R4, Rs, Rs R7; and Rg are identical or different and are
independently selected from linear or branched or cyclical
saturated or unsaturated aliphatic moieties which may contain one

20 or more heteroatoms and which may contain one or more aromatic

groups, substituted or unsubstituted aromatic moieties;

o G is hydrogen, halogen, boronic acid, boronate radical or an aryl
moiety;
o a and b are independent and each is a number from 0 to about

25 100;
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5 3. A polymer according to claim 1, wherein the polymers are random
copolymers.

4, A polymer according to claim 1, wherein the polymers are alternated
copolymers.

5. A polymer according to any one of the claims 1 to 4, wherein Ry and Rz

10 are H or straight or branched alkyl groups having from 1 to about 12

carbon atoms.

6. A polymer according to any one of claims 1 to 4, wherein Ry and R, are
alkoxyl groups with from 1 to about 12 carbon atoms.

7. A polymer according to any one of claims 1 to 4, where R’ and R’ are alkyl
15 or alkoxyl groups having from 1 to 4 carbon atoms.
8. A polymer according to any one of claims to 4, wherein A, B, E and F are

independently selected from hydrogen or NR'R” (but not all can be
hydrogen).

9. A polymer according to any one of claims 1 to 4, wherein Rz and R4 are
20 linear or branched aliphatic chains, having from 1 to 4 carbon atoms,
containing one or more heteroatoms and/or one or more aromatic groups.

10. A polymer according to any one of claims 1 to 4, wherein R; and R4 are
alkoxyl groups having from 2 to about 12 carbon atoms.

11. A polymer according to any one of claims 1 to 4, wherein Rs, R, R7 and
25 Rs are linear or branched aliphatic chains, having from 1 to about 8

carbon atoms, containing one or more heteroatoms.

12. A polymer according to any one of claims 1 to 4, wherein Rs, Rs, R7 and
Rs are alkoxyl groups having from 2 to about 12 carbon atoms.

13. A polymer according to any one of claims 1 to 4, wherein x and y are each
30 a number between 0 and 20.
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5 16. A polymer according to any one of claims 1 to 4, wherein n is a nhumber

between 1 and about 50.

17. A polymer according to any one of claims 1 to 4, wherein G is an aryl

moiety containing halogen, boronic acid or boronate radical.

18. A polymer according to any one of claims 1 to 4, wherein G is hydrogen or
10 an unsubstituted or substituted aryl moiety which does not contain
halogen, boronic acid or boronate radical.

19. A polymer according to any one of claims 1 to 4, wherein the linkage
between fluorene and phenylene is on the 1 and 4 positions.

20. A polymer according to any one of claims 1 to 4, having a backbone
15 comprising extended phenylene units.

21. A polymer according to any one of claims 1 to 4, having a backbone

comprising extended fluorene units.

22. A method of increasing the solubility, in polar solvents, of the polymers of
any one of claims 1 to 21 by quaternizing terminal amino groups of the
20 polymer.

23. A method according to claim 22, wherein said quaternization is effected
by treating the polymer with an alkyl bromide.

24. A method according to claim 23, wherein the alkyl bromide is
bromoethane.

25 25. A method according to claim 24, wherein the polymer is treated with
bromoethane by stirring the polymer with bormoethane in dimethyl
sulfoxide (DMSQ) and tetrahydrofuran (THF).

26. A method according toclaim 25, wherein the ratio of DMSO and THF is
about 1:4, and the stirring is effected at about 50°C for about 5 days.
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room temperature for about 24 hours.

5 29. A method according to any one of claims 25 to 28, comprising the further

steps of:
. evaporating the solvents;
o precipitating the quaternized polymer;
o washing the polymer; and
10 o drying the polymer.

30. A method according to claim 29, wherein the polymer is precipitated by

adding acetone followed by centrifugation.

31. A method according to claim 29 wherein the washing is effected with

chloroform and/or acetone.

16 32. A method of forming a conjugated cationic polymer, having a desired
solubility in a given solvent, said method comprising:

. providing a polymer of any one of claims 1 to 21;
. determining a desired solubility of the polymer in the given solvent;
. quaternizing terminal amino groups of the polymer to an extent
20 necessary to increase the solubility of the polymer to the desired
solubility.

33. A method according to claim 32, wherein between about 30% and about

80% of the terminal amino groups undergo quaternization.

34. A method according to claim 32, wherein said quaternization is effected
25 by treating the polymer with an alkyl halide.

35. A method according to claim 34, wherein the alkyl halide is bromoethane.

36. A method according to claim 35, wherein the polymer is treated with
bromoethane by stirring the polymer with bromoethane in dimethyl
sulfoxide (DMSO) and tetrahydrofuran (THF).
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38. A method according to claim 35, wherein the polymer is treated with

bromoethane by stirring the polymer with bromoethane in tetrafurohydran.

5 39. A method according to claim 38, wherein the stirring is effected at about
room temperature for about 24 hours.

40. A method according to any one of claims 36 to 39, comprising the further

steps of;
. evaporating the solvents;

10 o precipitating the quaternized polymer;
. washing the polymer; and

. drying the polymer.

41. A method according to claim 40, wherein the polymer is precipitated by

adding acetone followed by centrifugation.

15 42. A method according to claim 40, wherein the washing is effected with

chloroform and/or acetone.

43. A method of forming a conjugated cationic polymer, said method

comprising:
o providing monomer precursors of a polymer of any one of claims 1
20 to 21;
o quaternizing terminal amino groups of the monomer precursors;
and
. synthesizing the cationic polymer from said quaternized monomer
precursors.

25 44. A method according to claim 43, wherein said synthesis is effected by the

Suzuki coupling reaction.

45. A method according to claim 43, further including the steps of determining
the desired solubility of the cationic polymer and calculating the amount of
monomer precursors required to form a cationic polymer having the

30 desired solubility.
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formula:
E E
10
e \
/a
A B F F
15 wherein:

(@) R4, Rz, Rs, R4, Rs, Rs, R7, Rg, C, D, a, b, x and y are as defined in

claim 1; and

(b) in at least one of the repeating units, at least one of A, B, E and F
is NR'R’R™, wherein R,R” and R are independently selected
20 from the groups consisting of hydrogen, unbranched or branched
alkyl or alkoxyl groups having 1 to about 12 carbon atoms, and (C;
to C1o) cycloalkyl groups.

48. A cationic polymer according to claim 47, wherein at least one of R, R”
and R is hydrogen.

25 49. A cationic polymer according to claim 48, wherein at least one of A, B, E

and F is ammonium.

50. A catonic polymer, according to claim 49, wherein the ammonium has

been quaternized from at least one amino substituent of the polymer.

51. A cationic polymer according to claim 49 wherein, in more than one of the
30 repeating units, at least one of A, B, E and F is ammonium.
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repeating units, more than one of A, B, E and F is ammonium.

A cationic polymer according to claim 50 wherein between about 30% and
about 60% of the amino substituents in said polymer have been

quaternized to ammonium.

A conjugated cationic polymer formed according to the method of any one
of claims 43 to 46.

A conjugated cationic polymer substantially as hereinbefore described
with reference to any one or more of the examples.

A salt comprising a conjugated cationic polymer according to any one of
claims 47 to 55.

An ionic composition comprising a cationic polymer according to any one
of claims 47 to 55.

A method of increasing the solubility, in polar solvents, of a polymer of
any one of claims 1 to 21, said method being substantially as
hereinbefore described with reference to any one or more of the

examples.

A method of forming a conjugated cationic polymer, having a desired
solubility in a given solvent, said method being substantially as
hereinbefore described with reference to any one or more of the
examples.



