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evefrfl@jmsﬁlaladﬂ[ o ér@)«huh@@é(éf themt hle field. fI t vvldl | be
.appreci at ed t ar preferre rocess
wifhe BrhE pyerion. PeaguptRufEdh aRHRUENY BreBisd fov e
Betaseas tiod ?]K)&)atdh&mt)sof th@ k%e&mt)s thEDDI%SéIW ;ﬁ'Sce@trefe)rs &, et least 3
Y ot ocess conditions can
moffin Gt SRV AN o B BT hiAcERa T AT SR i igtrate of
foraa (¥atoybevtibbintiee tp @i ¢cmtelsa¢snd‘mgacdrﬁqmmdmf faouieaR).
used, but such conditions can be determ ned by one
skilled in the art by routine optim zation procedures.
Those skilled in the art of organic synthesis wll
recogni ze that the nature and order of the synthetic
steps presented can be varied for the purpose of
optim zing the formati on ofsthe pol yners descri bed
herein. [0108] The processes descri bed herein can be
nonit ored according to any suitable nethod known in
the art. For exanple product fornatlon can be

M 1 o o o s o



herein can be enbodied wi thin various organic

el ectronic, optical, and optoel ectronic devices such
wa@gooonggasé ¢ thin filmtransistors (OTFTs), PCT/EP2009/051747

specifically, organic field effect transistors

(OFETs), as well as sensors, capacitors, unipolar

ircuits,. | ementary circuits .g., nverte .
Prefpiabl ooy iR SRR TR T g s AoeRt & i ot sibsiaig i be
emf@fogé@ €0 maesr&néqdiw@rhiram?pétlwlgah ]gfenﬁ maysahoremorf:1 toh3:1 or, even

abricat i an qrganic fi ct transistor that
MO S e 5 41981 e SHANETSFPONER Er IS0t t he- pr esent

teachi ngs. The seni conductor materials of the present

t eachi ngs .can beused to fabricate yarious. types of
The,ABAHF 6&%“8? F et %P“{ \”athgi%?st?lnﬁe ioﬁéi‘ PEAY %{‘ﬂ}ﬁ’ﬁ’a‘?r@ferab'y a
polbO@edIon Brotic SAparislot astfotiablahes, acepitdal Bwer alcohols C4-C4 and

_bottom cqontact capacitor structures, bottomgate

mi %'§g5ﬂ?§ct capacitor structures, and bottomgate
Pref@ubgmitep ptdebs dQ aeiddobus i 4 preencd G A8lveFa@uhéls Avherein

il urst rates the four, coomon types of OFET structures:
mekﬂagﬁ Ip &V MOB PR GSt e t op- contact structure, (top
Hydiogltoh olné d1esrt gaé te maidnii sty viefsan 5 rdtihty 6, w4tBatfboimstance

eft) top-gate bottom contact structure, and (bottom
walef o ey Bes P SEIORL BUb b1 £ 0l BB aney 3T JRtg et Content,

for Fris¢amice of 1 :ansr@ﬁETbéDQ:@fdrﬁtgli/ 'adﬂd@j.'dlil electric layer

To |(tr§§ ggfepih%mc@%mhgg ’gg?el’g.ti?gn gne?regqgv%(lf))es?eg?)%igf%tep? r(a) from

mowbiblllaaqbdiﬁ@,. @ther%ltﬁwh orasgdiber hMih ,an&@hitaﬁl@do%i@é,"t}le p’riesendce of
substrate .9., shown gs 12, .12', 12", a 12' "), an

amgy et B B 18 sehivghy i s on@omagun, 0pesrs o

nedgatively 4ffedt’'the facti@noutdome.. [ 0123] hi certain

s FEECHERTy S hT 328 S0 RSl oo
as PeRepqa} bithdiped@sk| istariidd bopwitothedgiverg@atet: rdl@hol Imixture,

e SRR e B U PN B0s

t eachi ngs can be deposited at roomtenperature or at

s St eJB SafiPe e dmen s cprostheah st s ais ayiaansgn the
chalte optleystirendbystbe Peatr et €ahd Ngshceanarymgagmbured obwater

spi n- coat or printing as described herein. For
maV%ﬁﬁH%ﬁ%ﬁﬁgﬂgvkggg metal lic contacts can be

Tymedilyepoladandyof ptiofsolviaatsf duchmasisdenghiBiadevemasdttols and water
d%Oﬁ&{% I n ?erta%n enpodi nents, OIFT devices can be
adpiXir e REEPTIPPHPE ABPIY&Lent pol ymers on plastic foils,
Amida eenp.ahathets-wasertrhigtuebsedre @lrticalarly preferpedyat e

bottom contact geonetries. In particular enbodinents,

the active sem conducting | ayer which incorporates at
Thé aastiorampaiuytne usedilytkept travssvidic pdaich ibe@ T amnrobgh acid addition,

d i ted at ter ture or at | eyat ed :
or SR B ef ) BT B i ¥ R B Bereraby, o i
ket ®BtwepndUaid Aand, ayen mdie pleferabiof saveéres and 2| east a

ol r of the esent teachi ngs can applied b ,
AnGRVER, afie i) e BE PRpropC TR BEer B PBR someatiospijable
to Satintsie/ cmaliusti cionivitb irstheadledieol prclee bf arfith et ssd faettab Bbove

or conducting polyners and deposited by
PUPEHor - deposi ti on and/or printing. [0125] As
denonstrated in the exanpl es herei nbel ow, devices
fabricated fromthe present polyners have shown an
unexpect ed conbi nation of desirable properties. In
addition to the processi ng advant ages descri bed above,
OTFTs based on the present polyners have shown
el ectron nobilities up to about 0.85 cm/Vs and I On-h
n > 10under anbient conditieons. To the inventors'
know edge, these characteristics, and especially, the
conbi nati on of these characteristics, have not been
achi eved by any nchannel pol yneric sem conduct or

o, o s a o, PNA NS



NDI | V\HBr 2 (above, 151 ng, 0.24 nmol),

5,5 -bis(trinethylstannyl)-2,2'-bithiophene (120 ny,
wWQ@2@4/108%06 ), and Pd(PPh3)2C 2 (6.5 ng, 0.009 np@i/EP1009/051747

anhydrous toluene (12 nL) was stirred at 90 OC for 24

hours. Brompbenzene (0.2 nL) was then added and the

reacti on Xture was, nai a eda 9Q0C for an
For i ¢iPgmaeisa ar i nah ORGP FeRR Poilgeaasress the
eletii®idsand) boBplicd] su &s watsavadmeshodk @otentibiFromebbautdl to(@0ut 3 V

nL the resultin I Xture was, stirred, at room
verba S ERtlE PO Eolotneh e Sdd e e ae e G
Prdfé)’ebl@cﬂh@deébﬂoﬁ iid éarra%dh@urt vfhhgad/\@rﬁidi_ t@gmmhrilnhl d%ﬁid?i@@?)ggm'#{t?ut 1.2
was en taken w chl or of orm
to %)r%l't igvﬁ%%é#dfor 5 mins. A solution of potassium
Altérhumremeth(e%léc)trdlﬁuo\/\pﬁo@éss( Scodriinga® & eebseanthviehtion may be
e was Vvigoropusly stirred a room t enper at
oty AHENA GRS TRde:  Red YA R ARG BrgHen the
sol(tidWdutiny theapid caéss fse thstdrice cortesondibgQo Msod)mAThE.
organi c | ayer was concentrated on rotary evaporator.
The residue was taken with chloroform (30 niL),
Thé edrhsuredrdyumnihegirbcsfiokest donstint, T lﬁst@hafé bE®vesAsi5°C and

25 ) ek Bt o GBS b, 53050 o BleP peppraco

dutvasthebro¢dss nmmt leaaod a parhl _df/a;ﬁﬁamdh & mla@ugﬁnst( pédicomrly when
vol ve

ld 94 ¢ Furt f t hl] et
emBl o rer Dol savansTEe R e Bad BT ARl () Fheh spivent
maly e it 8@ O bs fDRD] stdddyNdih (e%zﬁure@ﬁl ddzht valume.

Thﬁ?ﬁgs(?l]tgig?%olétl%c?q:%mgp ?I'ﬁ_bod tsFi; sge&:})e 3 ’eB?c'o(rS]4 (tbé With the
aroﬁiaamshl&stllalfe (1Br (ﬁémas‘lﬂtbbllegogjftlon Itherelzofdras fogmerly indiﬁatled.

oct odecyl ) - , - napht hal gne .
TyRERI: d PBRaRYT I progTBeNt bagdit IheidRRAIATRRERE aromatic
sutfsﬂéfﬂ]bf&@ﬁ‘tu'l'é‘r]‘l) i§ ©4rbed oﬁ’fflﬁraaere@taram reictor, wherein both the iodinating

t dec 13(2 t hi en ht hal .
solftonrgmestn G et Suveae) I Risfdr s pof ohshfkine argofied in a
selactadoledt,odbr Nm&rncﬁjdlligaﬁ@é@ préviodshp . ildivated Oar%8properly
mgl ), 2-trinethyl stannylthi ophene (400.0 ng, 1.6
COTHA nL?%-, Pd(PPh3)2C 2 (28.0 ng, 0.04 nmmol) in anhydrous
Prelf@datw]ea §2IQtibALYf thessuidstrateedh)ain 90I0Mer faicohd?, like bidtanol, is
oling to roomtenperature, the reaction mxture was
emaféw%ﬁ ‘ed with chloroform(100 nL), and the resulting

Sum@qnumammajw@fsheebamtubh vk ey m(a@Q)eﬁhéri)acc@ﬁﬂ)l&;ded\aebordmg to

BT OO I I
combwmaifﬂgmwﬂ&)on silica gel with a m xture of

As P sraBoBo el SenBa S i TS s5Gertrale  boasBrmmling Snd B tne
reaBbo Wy ekOdIgf (1) VR, c&IIb &8y Veimpved acébrdirg (t6 ,coRtdntional

meéjo%% b@%dd%]q):s,u?tg_g@;!zrw?n?% of 4 ufg’rg hqﬁa% Iﬁ‘]fl)ir’?s?i:al_r_?%'_%r(, ﬁ%%ﬁﬁ? form I
and, .tAéh, 40, (amplbX.,LikeWibe, eRodss- cﬂé(gcﬂrée( U?-%%Bbﬂalsﬁgﬁlf%@through the
addiggs of Sofiy W%@?g‘?w*@zvp ko A3 arioyiof T Fepgticy gl

Thé320rihp0l31lis7of fa@thuls (139s Staryj Bate?iQlsof tﬁ?@pﬁ»peﬁﬂof&he #vebtion are

knchrNahgI gvg‘f %%ﬁvga%%lg/c?/\f%llagreegars%t( @o%r o%BII Qrepared according to
kndwh eBthloisapht hal ene-1, 4, 5, 8- bi s(di car boxi m de)
(NDKOD- Br Tl ) . Under argon, a mxture of NDI 20D T1
(200.0 ng, 0.20 mmol) and NBS (125.0 ng, 0.70 mmol) in
DMF (20 nmL) was stirred at 80 OC for 25 h. Upon
cooling to roomtenperature, the reaction m xture was
poured into water (100 nL), and the resulting m xture
was extracted with chloroform (100 nL). The organic
| ayer was separated, washed with water (100 nix2),
dried over anhydrous Na2SO4, and concentrated on
rotary evaporator. The reS| due was subJ ect to col umm

e o o




CHA 3 and ot her chlorinated hydrocarbons (CHCs) was
found to be as high as 60 g/L. Differential scanning
W@ 200010366 ry (DSC) of P(NDI 20D- T2) exhi bits noP€TIEP2089/051747
transitions up to -300 OC. [0171] To investigate the
r edox propertles of the nem1po|yners cyclic

Fon}é%l,égl% renE;% e_T%ﬁm%lg)rjre] g()%\lffﬁ -i-gb see, for instance, the
afoFé(nl‘}\llgltugaEé; Y_Iﬁldtr) 88/@93@ WME70BD97 gﬁ&m@@@z& and

LikEY SR, B Eb LT endlsy aoaR! DOa FEplaYEd g iAgiant process i
kndWregid @deaily Sialilyse. as t he pseudo reference el ect rode

Degﬂ ferrocene 0.54 V the interna

A E R F’WF tEPé%Y‘?rbtb(@q RES rec%%t%% Nl fflowing
expgdiimenpn| seatdn forl thebyeclrozperat Ildﬁjgwa?ﬁoﬁlhm $59ubbiitared phenols

The ¢ ic Vv ns, are shown re -3, and
o 1o PrRBL PO, WA (o A PeSHoBi EOPUE bToWabt o0
la and I b. Table la Table Ib[0172] For all polyners,
An%%ﬁﬁggdotrhg\égéezl k%crﬁ {ecflqzs::érgggﬁe put, 2o Rgbggtcr&%ly\ﬁer put on a
mabﬁétl’d didrie€ Qﬂ/dtymnA(ﬁmmb}r&qnoﬁéaé }Hiﬁn%u@f)ertdé@ dmal glagdepetween the
gnt aI evca % *t i Jipor t ce of na B]thal en% L de]c th
pOPH?] it Gonsi b ag i'8R PoFommer 1951 Pgt%’ék% § ner bottom ot the
crysmfigérat | ng the reduction behavior, hence the LUMO
i es t .and seco tlon otential s of
ASPH%@ awugh%fe@ %{P%qllgéglyﬁ t?tﬂe %ge\(}l(&q{a SOYree. forexamplea
soluBspert Ilr\/@ie}lhanbnd§pelm@6nhto(1ﬁe chstdWlizdr lsylthat its volume is such to

o R, SR B B TR o Lo e R 350 s men
addel. Wﬁ[l&bleaﬁpbmﬁ@ﬂbﬁ@,lcdh@fweﬁe&mv)kt&re it higsre podres tirito migd meltlng

pot o B Sdoina 2 s r euGiorat yhfds rgent S ippod
intd thansdisé afcotolitedoldtivhi el’gfrarﬂm@djathddﬁs‘bs intrddd&dd ihtoothe enelting pot

and B Sy lEEnah HegsBE coirise Sl Efnerdst B ical PafES Falitainea,
theﬁlﬁyaidd)gﬁintcﬁmefattﬂikec@ﬁheﬁerahdﬂhb yoaRh s soIEﬂdjn RI-ANDIb2&dx @Y ellow-

orahle Pl Pt nl b TauT 0 Brgh B R Py ohaerionise

to tﬁstahl‘m'b@:dmbéﬂmhf@) @@@Qidmﬂéhbme&QWEmri and foakee@pedggmanent

coriseelis s HaP KGopo B0 mler <01 teynant R Sfeh.

Aftéhe sanatsiesipes) donigselcy B rabosit treb@hovsd, ynd asigior [95g:Ilow-pale.

Thi, SiRGls RUgT s SuoriRe B it ingAl aretuEohan S SR er is
tragéterret emto doneheki2dsk. aﬁceelmétﬂé(dﬁﬂbl)ntlmtth& &elzlcted compound of

P(N fabri cat
forg (L ST M OB Moisios e OB T Er & hch @0piobufy and the
mixteaci’i H@gse Iveihe e exsdlunar ieel rdzdibttdh&stm@mwréﬂdfy TLC and heating is
oo P HE SRR IS e SRt e ThaGrgER it BB W6l cooing

to robinaemedraturem BASF (l\/hnnhel m Ger many) under tradenane

Sepl olid(t eIe terial ,
%ﬁn\yleﬁ&ésts f I-blang%dn Ee /@\hwn@ ?{{mwﬁéuaﬁq% solutions of Ki
and bt abaachtéd Sdtutiel ofeN=s Codepmey dtded uip(tSliekdleurishtipn. ™el solvent is

oSl S LR A B A, SRt 500 o
acdtéte. Thd solbaeid dvied} filergabhydrevapscdied RQ@S'BZl)a T muldaﬁs purlfled

oy Bt ShiHreRnG g Prleor i oM e dicanbomeRnd BiiropResie Boerc

solvent may vary. All device fabricati on processes,
except netal evaporation and the filmdrying steps (<
110 0C), were perforned under anbient conditions.
Tabl e 2 sunmarizes the structure, the material for the
di fferent conponents, and the nethod of fabrication of
the various devices nmade. Tabl e 2Exanpl e 3A.

Fabrl cat| on of bottom ate top-contact transistors
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appreci able fraction of the device resistance. This
effect is present for the spin-coated devices, but the

waledobaomnce between /4(sat) and /4(lin) is m nPEEEP2009/051747
(-5% over the range of conductivities tested. This
result coupled wth the Iack of significant

second-order curyature in the |.OMVSD reqgion of the ,
resHLEaNIn i i Bllis M vRIds s eimunaeretnsels 3y e with o
suitab@heoieal, ifbryingthn deeetamit &cdiste tHdproagodti | ity vari ati ons

Onfle pPialeed. g Borep ST T B BEULETUHeRPiTed into the

corlésBENdin@ X &4y yoritlsCdgem&dIGRBE4E haVing fotfiBla (BYB®e.t
thenselves in the electrical characteristics as higher

contact resistances. [0188] TGBC TFTs al so were
Hehedlitii€ atfgrthel wbjebeofahd picséntntydnfiod Hoprdodss For HkeBplepeation of the

entry 9_in TablLe and inkjet printing (0. 1-0.2% wW w
compsat PG e M Tkt BBt o duct or | ayer.
Theelkt®odhemidany gendriling IMeatdmelf@@y a e¥ifibi fodineBouk| &id

the circular patterns of the flex ringin | at e
ShiFodivefine A FoseB e heos Pt ) thel rateria o e above
qui t'eatisris sfrstepa@yl only slightly | ess smooth than the
spi n-coated/ gravure-printed filnms (rnms roughness = 4-6
nm Fig. 1Ib), thus affording good device yields (>
709 . InkJet-printing using our unoptimnm zdd printer
results in rougher and far |ess unifonm norphoj ogies
with only pa uni f orm coNer age of the chahnel
region (rms ness = 8-9 nm. *Both fl
i nkj et - phb f
nmobilities > 0.1 cnR/Vs and accept abl e devi ce
characteristics ﬁFigure lla). [0189] E IIprrinted (or
all-printed) devices, where both the m conduct or and
the dielectric |ayers are gravure-printed, were al so
fabricat and tested. The transfer plot, of a
whergh E?@Hﬁgtha\\/‘é thfreaginps a ﬂWpPHe%i%. § tojQbtaipthe fompounds
of fafmwe (2)4' s as high as ~ 0.65 cn2/Vs (average ~ 0.2
(c) %gﬂ%/tl\glg eéqur’?éq?glg{cé ?%&u%&ggel %g%g I{sﬁ% c:)l'rzwr?enrgin]tge |h)r/]droxy group
on #ld baHzave hiag N preiest feMksIEs AKSi-@sthsinatal salgwithneecompound of
‘ stg-coated TFTs and exhi bit negligible gate | eakage
ormulag3h ) and I-V hysteresis (< 5%, confirming the
excel | ent i nterfacr'WN@=0)gHRYREEN (3)he two

ravure-printed filns (Figure 12). [0190] P-channel .

whSiei RS R fice her 4 reiSian’ Pt ok SCTpGPAg! & Straight or
brapehyd 8+-Ca eyl ighd gbstisall BabBNtus hynendet fore hydroxy or C4-Cs

trans ort%¥g.senicondu tor and q§é@ﬁtivlnkgtn) D2200 . .
alkgyy 9REPT Bt 44 7 GRIGOBR A19TE OhRYeTYBPE leapa royRiTR0 as to obtain a
corBpdlinai df férelues @pbi lities of ~ 0.01- 0.08 cnWs, / on:

of = 102-103, and VOn = -20 ~ -5 V. Conpl enentary

i nverters having P3HT (p-channel) and P(NDI 20D T2)

(n-channel) transistors werf® also fabricated foll ow ng

two procedures, one in which both the p-/n-channe

semi conductor and di &, ec ayers were spin-coated

and the second i, whilch a ayers were

gravureprint edr; O DOIGT” dBy 1 C & I nverter response can

be clearly observed for switching between |ogic "1"

(10-40 V) and Iogi9 "0" (O (Fi gures 142 and c). A

inverters show small hysteresis. The voltage gains for

t he %rayugelprgnted gFigure 13b) and spi ncoat ed
wherging3r R - R3gfyd Belavedhe apevagpgriehmganinavyaie/ dvi N( max) >

25 and 45, respectively), inplying that these devices

coul d be used to switch subsequent stages in nore

conplex logic circuits. Exanple 5: Fabrication of

addi tional devices [0191] TGBC TFTs were fabricated

with P(NDI 20D- TZ2) by spin-coating (in DCB, 7 ng/nmnL)

on gl ass substrate. Electron-nobilities were

determned to be up to 0.01 cnR2/Vs, with W~2xl O 5.
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can exhi bit properties such as excellent charge
transport characteristics in anbient conditions,

W@ b@aiiembo st abi lity, | owtenperature processabPCT/ER2009/051747
| arge solubility in common sol vents, and processing
versatility (e.g., printability). As a result, field

ef f ect vi ces su as thin fiLlmtransi stors, that

(@) RHeEF o Bt OB oL BTl i Sl B ge AL g e arespace o

baste[s ¢ antlsHtgin theaften coapodformud @ per f or mance in
anbi ent conditions, for exanple, denpnstrating one or
nore of large electron nobjlities, |ow threshold
vol t ages, and hi gh gurlre bff ratios. Simlarly,
ot her organi c sem cgnduc pased devi ces such as
OPVs, OLETs, ando can be fabricated efficiently
using the polynmerjc miterifls Bescribed herein. [0006]
Ceneral ly, the prrsengR,teachings provi ¢gs pol yners that
can be represented by the fornmula: -(-M1- M wherein
ML is an optionally substituted naphthal ene i m de

AcESl iR qd tFE%Pes%ﬁE?éc@ssf %F‘“br{%gérgr{ge\‘;\%g}/eifc{r?ﬂ%& L@eﬂ@, the

I nteger greater than or equa
eleggochrMicap iolinafipn ofzsteps (ariand dipids warrigd @uhss thememeeported whilst
rey [ san j L V] ;
stopg (£ 400 4P EomeIArBNE b RAERlaN 4BnaliaR BRS iferal variants
theraof caredinownag thelart agsrepartedufor mtqmgj ini thaxaforementioned patent
[ ' [ e the polyners
ap@ﬁg seAQ?%%%%%?%Sﬁﬁ%ggg?gpgkgﬂggﬁﬁggi Eérein. [ 0008]
Prefgrably owiditjo thegcamponadis offernatlaés), £ éma brosynapuchienngriteyes
t ' L | etk - ;
vl SO RRIFARP b T Bt oy . SR 0 OprdBRg ety
knayyraixiigy cBnirast doestsr likst loppamidoD(weraigs r¢speodiely, tR simduRdboth
er d e Wi [
rerp e L VA CH IO ARS8 pBRGE 28 £ AL see The
MerakcladearXIllyEd. 02@QlalNo. SR Bhoke ipprepsel Swhersdr, agspechedingR and R

I o~y Ustyr &ty i Ned Rk t ; .
b O R g alE B Samehy R T E ogen:
see ClpMersk Indrx, pHeE@n20QleNonPBgls. i n any way. [0010]

Figure 1 shows cyclic vol tamograns for two

enbodi nents of the present polyners, nanely,
Therefime 2103 appddition| obiast P{ iEI indention) progess mthe piaparation of
ioptaliflrﬁdgl%ymeéjr‘épe :siﬁn gr?ﬂQhé'cmégﬁ%t&rfoE%g@QIégw (2b),

el ectrode wth silver e counter electr
respEFIVEBAPRGsaid eempalndseof dermuld Ga) and &by dbging eljained threfigh the
= . : i i g | t
el Y gl PP REE Bl oo R R T SRR SRHE () anc
(b) @btheanipengs fhthefioventiod enbodi nents of the present
pol yners, nanely, P(NDI 2EH T2) (top) and P(NDI 2EH T1)
(bottom), with the polyner deposited on a 0.4-nmm
di aneter Pt working electrode with silver as the
counter electrode in a TFH TBAPF6 el ectrol yte sol ution
at a scanning rate of v = 80 nvs 1 with ferrocene as
the internal standard (0.54V vs SCE). [0012] Figure 3
shows cyclic voltamogranms for two enbodi nents of the
present polyners, nanely, P(ND 20D TZ2) (top) and
P(NDI 20D- T4) (botton), with thepol yner deposited on a
0.4-mm di aneter Pt working electrode with silver as
the counter electrode in a TFH TBAPF6 el ectrol yte
solution at a scanning rate of v = 80 nvs 1 with
ferrocene as the internal standard (0.54V vs SCE)
[0013] Figure 4 shows the UV-vis spectra of two
enbodi ments of the present polyners, nanely,
P(NDI 20D-T2) (top) and P(NDI 1MH T2) (botton), in
solution (CHO 3). [0014] Figure 5 shows the UV-vis
spectra of two enbodi nentsi1ef the present polyners,
nanely, P(NDI 2EH T2) (top) and P(NDI 2EH T1) (bottom,
in solution (CHC 3). [0015] Figure 6 shows the UV-vis
spectra of two enbodi nents of the present polyners,
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other ring that can be aromatic or non-aromatic, and

carbocyclic or heterocyclic. These polycyclic ring
warmbaawecan be hi ghly p-conjugated and can i neCT/ER2009/051747

pol ycyclic aromatic hydrocarbons such as rylenes (or

anal ogs thereof containing one or nore heteroatons)

havi ng t he fornula where a0 can be an integgp in the
range of Hcoronenes (or anal ogs t her epf contalnlng
N ofiti\a: where b0

beger in the range of 0-B; an Phear

s (or anal ogs thereef—ew®nt di @ or nore
t ons) ioHg t he fornul a: cO can e %Uin
I NNl range of 0-4. The fus gHIQI ety can
Hobe opt i opfal | y tltuted as d&88crib Hr ei n. ﬁ;;ﬁsg]

As used gerein, an or "hal ogen" refebns to fl uoro,

chl oro, bronpb, and iodo.[0040] As used herein, "oxo"

refers to a (dimubl e- bonded oxygen (i.egq2a) =0). [0041] As

used herein, "alkyl" refers to a straight-chain or

branched saturated hydrocarbon group. Exanpl eg, of

al kyl gmeups igacl ude net hyl (Me), ethyl t),/ propyl

(e.g., n-propyl and wo-propyl), butyl (gsgff/n-butyl,

i s-butyl, /sec-butyl, rt-butyl), pes{ oups (e.g.,
ey é -pentyl, mepentyt®, hexyl {groups, and the

I n var'ous quodinents, a | groufPcan RHve

1 0 carBo ms (i.e., Cl-4C38 group) r

e, 1-20 arbon atons (i.e., group) m
[ SOTE oifQodiNtent s, an al kyl grdiy caff havge 1 to 6
carbon a|ons and can be referred tq as & "l ower al kyl
group.” bxanples of |ower al kyl groups include nethyl,
et hyl , propyl1ge g., n-propyl and /sC)propygb and
butyl groups (e g., "-butyl, is-butyl sec tyl,
tert-butyl). In some enbodi mrents, al kyl groups can be

substituted as descri bed herein. An alkyl group is
AC%W@Q&PI%P additignpkasrentad the imvepiignndhe éﬂ%?ﬂt Ejrr%’@ﬁs Mgy be

coﬂeh%ﬂw erﬂE@F}@d aldb f@ﬂhé Wétl(&r&%ﬂrtaﬂlfgéﬁtltuﬁd HRiffes bearing
her ei n, " ers to an al roup havi ng

9ivem @rQPXWrC@”PFa‘%ﬁ@hQFQHB%tSPPﬂé"httaﬁY a?xﬁeVQ il QB'QW

Heﬁé@%@b(ﬁf@%&o af dRltioAbikerhbiRER & b RJYRioh, ft & K e Rk Bﬁ’ﬂlded
atons (i. C  4ohal oal ky for e

1t
a pgqp%grfgb}peapr@ﬁgra(tlpné)f 3 E@lg@@%%@ﬁéﬁ@]m%a&pes of formula (7),
Wh%ﬁgﬂp@g§cgﬁmmﬁsoalkyl groups include CF , C2F , CHF2,
, and the Ijke.

P8} ﬁ'&Pt&%ﬂhﬁm'CaﬂY Sﬁ'b%rat'ﬁg Ie Cat'oé‘lslfﬂﬂm g ebiiahie iRdiBeSorIce: id

t(B)e.oBm@@%gsrfs &éw@ﬁtu@erdearﬂﬁi@lsaﬁ eshmd () it h@q&es@fcerw the above

(e F F ), are included within the

def ,ﬁ:ﬁ{l@r&pf@fep (ﬁél oal kyl ." For exanple, a Cl-40

hal oal kyl group can have the fornmula - CzH2z+1-t X0 t,

where X0, at each occurrence, is F, d, Br,or I, zis

an integer in®he range of 1 to 40, and t §'s an

integer in thelrange of 1 to +81, provild It is
| ess than orI to 2z+l . HaI o3l kyl that are
not perhal og groups can be substit ytle
descri bégNfierern. R0043] As used heHfNn, ™al kdXy"
refers to -O al kyl group. Exanples of alkqu gr oups
include, but are@pot linmted to, nethgxy, ethoxy,
propoxy (e.g., n-propoxy and isopropoxy), -butoxy,
pent oxyl, hexoxyl groups, and the like. The al kyl
wh8fepup in the -O al kyl group can be substituted as
descri bed herein. [0044] As used herein, "al kylthio"
refers to an -S-al kyl group (which, in some cases, can
be expressed as -S(O wal kyl, wherein wis 0).
Exanpl es of al kyl thi o groupsi nclude, but are not
limted to, nethylthio, ethylthio, propylthio (e.g.,
n- propyl thio and i sopropylthio), t-butylthio,
pentyl thio, hexylthio groups, and the Iike. The alkyl
group |n the -S—alkyl ‘group can be substituted as




position of the one or nore heteroaton(s) in the ring.
See Katritzky, A R and Lagowski, J.M, Heterocyclic
w@b@naiietessy (John Wley & Sons, New York, 1960)PCT/0R%89/051747
At various places in the present specification,
substituents of nononers A and B are dlsclosed in

,ar S or in,ranges .S S cific i ntended t
R g S et er s, bt OB S eoat plheksas vidy ~GOOH or
carsum@malgf@tp ODOOR't WRedRRE[Sa @;frai‘?ght? br luraaumd @m@e alkyl group

whigRaS Spfertaly TR RG Lo 6 Griapte G8uPS STBE LA fGEE yoRgamino,

sulfiBydr@4 CCR, alkbxy 6dcé&oxfladdor §3tidehlly tetriptddlbdne or more

A W=R N Y

—(CANPIl-esSOan >, e@fipsi N the range of 0 to 40 is
specifically intended to individually disclose 0, 1,
2, 3, 4, 5 6, 7, 8 9, 10, 11, 12, 13, 14, 15, 16,
In %13 pr%ﬁent;Jf%scraﬁlonZﬁnIeQQothéalvlsé‘brovﬂﬁad HxﬁthanfB(rjm%g (6,°-di (7) the
\ : an and an
definifong oF i ﬂ”‘ﬂ% alnanrﬂfé‘CSfOf%t 6reébo§espr§¥;'8k£‘?'¥ [PLrEY-
intended to individually disclose 1, 2, 3, 4, 5, 6, 7,

10, . 2, 13, 14, 15, 16, , 18, 19, d 20. ,
Prokéiaby; Wﬂ%‘f‘]‘é?(é‘g?ﬁYeequCﬁﬁﬁ t?dé)r‘%rr?ékngttﬁ% CBH‘P%’&"% ofBmia (7). R
and Bptirea $ame ub@bbﬂhub@@s@mttdﬁgrbuﬁ —SIPBH iok UEMR" Witerein R is a

S eci E)i cabI% [ E?Ied to individually disclose a
stralgh " PEANCYP b ¥8W-include 0, 1, 2, 3, 4, 5, 0-5,
0-4, 0-3, 0-2, 0-1, 1-5, 1-4, 1-3, 12 2-5, 24 2- 3,

3- 3-4, and 4-5 s tuents
Th%l@é@fel HECPSRdT 8?FH6%8H t%yoH?tag‘ar?eém'”Egm{”F?’égé?%ﬁ? “@sdgrmerly
redoeﬂ‘eﬂrthed |r&iSuBse§dljernalsteiﬁ(mi) ezﬁl)ov@eﬂﬂqrSmmomfpldthen@dmaound@‘ the
cont ai or rmrg asymetric atons or centers,
e

a“\mﬂ“&ﬁ'”%é[h '%M\A%@F\VQ 'Y to optical isomers
Als(oeiﬁan“@@rsrer&be ﬁﬁdlr@l rasteeraesoﬁ‘ﬁffo!ﬁm@@e(@l)%"ré kﬁowrsmea)be eaS|Iy

The $reseﬁé chlngs |ne{ ch o 3 | 3& Q
PrefRid BFEYRade ”r%’l e En (?r '”? 85p% %5\9 apé( %%e”a ing or
anyevi et gdimy th@adohxés@fndmgaﬂtr@léegﬁmﬁdlic(a@ld Ypihatly teisreutsequently

funffiotiized bebipbit BhHTRA R aRrob I darvBrieT Staspacy to

carbot)edicagicRipeoners. I n sone enbodi ments, opti cal

T SRR Py e S e 2 ey B i

of Xy d:cﬁﬂ}rasiﬂagege; ambng Whiahharé ﬂ(dl Md%mé‘nﬂbn@xlaﬂfhiﬂol atv ibadeprol,
separ ation, dj ast onmer salt formation, kinetic

by PRI RGBT eBoTa Ry SRS The pr esent
teachlngs al so enconpass cis- and trans-isoners of

I ni al ken ties . g., al kenes,. :

wifi g S B eter Bt s eRtu B B anpfiisner TR ton o 1,
thetfoiowind smfideDbretrdosy givesent teachi ngs enconpass al |

possi bl e regioi somers in pure formand m xtures

thereof. In some embodinents, the preparationof the

present pol ymers can i ncExahapleeipar ati ng such i soners

u5| Ea s{tﬁn?l,arg separation procedures known to those

t, for exanple, by using one or nore
A snéckcsdluumgn shivdinatio gl (0.55 mA,Iﬂyth) Mganmm@e@mhﬁ, 100 mL
i mul.a ovi ng- bed. chr.omat ogr.aphy. o

veceg By PR BER T ge ) AR Gl BB 2 o iihef=50x A porous

cruaibid (6 @8 pote tiagicders ormrar=ly filed wstdnsthamdl d2 InyL )t watenés mL)

and' 35% fisse 0 tbd s BPonbse e Hpker brionud) SR8 anode was

skilled artisan. [0060] It is specifically

contenpl ated that the depiction of one regioi soner

i ncl udes any other regioisoners and any regi oi soneric
m xtures unl ess specifical iy stated ot herw se. [0061]
As used herein, a "leaving group"” ("LG') refers to a
charged or uncharged atom (or group of atons) that can
be dlsplaced as a stable speC|es as a result of for

1. a2 " a4 a4 = .



V) -C(ONH 2, W) -C(ONHC 1-20 alkyl, x) -C(ONC

1-20 alkyl)2, y) -C(ONHC 6-14 aryl, z) -C(ONG -20
W@LW9I1d3665 6 14 aryl, aa) -C(O N(C 6-14 aryl) 2, PEYEP2009/051747

-C(S)NH 2, ac) -C(S)NHC 1-20 alkyl, ad) -C(S)N(C 1-20

al kyl)2, ae) -C(S)N(C 6-14 aryl)2, af) -C(S)N(C 1-20

ins%lml%!ir? :tjnce:) gé%@%&%@@hﬁé%ﬁwg \/g/:asgj_lr) r%_d%%%g |qﬁ2¥:ﬁr:u§|g%) The

eledtrdydis 2vasals@riored) inWybl(sosiaticamptie , (280)mAGED) uMiN(t6&-aHdIyte
disgélé%/qldzotg) %ggt;y]éj]igfa\‘l{_'%%’é 98@%e§%&aﬂp\é\ﬁsa§%sle%§a¥%éﬁ_tl%g)subsequent

iodmiakon deachshs. - Si (C 1-20 al kyl )3, ar) a Cl1-20 al kyl
group, as) a C2-20 al kenyl group, at) a C2-20 al kynyl
group, au) a Cl-20 al koxy group, av) a Cl-20 alkylthio
group, aw) a Cl-20 hal oatxagmhplgroup, ax) a C3-10
. (e

group, or bb) :315-14 menber ed heteroaryl group; and w
is O 1, or 2. [0077] For exggple, p-2 can have a
pl anar and hi ghly conjugdt edjcycljc core which can be
optionally substitut eé i:r\sh')s\ol/?yed herein. In various
enbodi nents, p-2 can_haye a reduction potenti al
(versus an SCE el ectr andynme&Sured in, for
i nstance, a THF so i gri ®an (i.e., nore
positive than) about -3l0 In certain enbodi ments,
p-2 can have a reducti oh p9t ential greater than or
equal to about -2.2 V. hi particular enbodi nents, p-2
: r i on _pofentd al gr er t 0 | .
358 ep P kAR BB D nent Fredhay EFF o MigyfdBhcded
a rourel hotemegdtask abetamingihe T saetive, (obineddeneorkipgrasatesnehed in
l.e p e, cor.agne f4, 1o i nd
e o PP B R Do T Peacl RS v gpurea for
1 heval Agsadditiovsl @maurg afr 3 /eig(2Sadibydroxipoopylanasinodagbonyl)-phenol
repl a ' ter oat.o ' Ny Of
(oegs Ror .32 bl as R SR S0 SHE Solfion dar tefBeg 7 o fr K i
ponbine oé!C‘E5:—b'rs(ﬁ;34dihyhnw<amppyjarg'rrmuqirbomﬂpﬁr&}ndI wasefinadly radded (56.5
mge{m9%rﬂglﬂgﬁdt “ iR 'a'gcrleﬁ{%dtu\mlbc%rmﬁg%org\?ergorl whs Sbserved.
fUsed rings ere eachrrng can beée rve-, SIx-, ofr
Aftsrecoalingrefii2s 2 chgr i1 15§ ropbl) waal ddgded abd ta sadwrettdvadulrods Sol&R@n of
rein . .Re i S [ rej r exanpl e,
N OB o RE T HR e o BB e ebl Re™Can be
Methanel wes$ remewsidt inttteawedigred rpyessusalahd dise géllivo gesitue-v@dg purified
. . b - up,, . - | [t hi
oS8 T g3 1690 AL AL A PR Y B B vere
corapibat)i rreoved afe thearwithevatetiadedaeB/2 €109).mLE, C, Br, or
1) and Cl-6 al koxy group, -OCF 3, or -CF 3. In
Y'e!)d)argf)?(r:na’\lgg%énbodi ments, Re can be =0 - CN, =C(CN) 2,
F, d, Br, or I. [0079] In sone enbodinments, p-2 can
| necl a nonocyclic ring (e.g., a 1, 3-di oxol ane group
&%M%éri vative thereof including optional
TH-BIMRS (D00 800 MHmMA@BSK) ri ng het er oat ons) coval ently
ed to a nocyclic ring or a polycyclic
40@3/)@ emvia aﬁ%@ﬁ@%ﬁﬁgm (e.g., a spiro carbon atom.
3.7A@p80] | n sond[2bddF ntltlz Jp=23Fdte be sel ected from

ein: k, k! d_1. qindepen y can be sel ected

36??%% -CR 2=, %@fm,_}&(gdf)@,‘béng%%ch 2)-: p, p,
3.56-33fpprh | ndepeident |y can be sel ected from-CR 2=,

=CR2- ’ 'C(O)" 'C(C(CN) 2)' ’ 'O" 'S', -I\IZ! :N'a

-N(R 2)-, -SIiR 2=, =SiIR2- , and -SiIR 2R2- ; r and s

i ndependently can be -CR 2R2- or -C(C(CN) 2)-; u, u',

v and v' independently can be selected from-CR 2=,

=CR2- ’ 'C(O)" 'C(C(CN) 2)' ’ 'S'_’ 'S(O)" 'S(O) 2- )

-O -Ns, =N, -SiR 2=, =SiR2- , -SIR2R2- , -CR 2R2-CR

2R2- , and -CR 2=CR2- ; andR , at each occurrence,

i ndependently can be H or Re, wherein Re is as defined

herein. [0081] In certain enbodi nents, p-2 can be

o o - —~N




pol yners can be prepared fromcomercially avail able
starting materials, conpoundsknown in the literature,
W@r009183666 her readi ly prepared internedi ates, BYI/EP2009/051747
enpl oyi ng standard synthetic nethods and procedures
known to those skilled in the art. Standard synthetic
13-et hods C res for the preparation of organic
CﬁgMEégﬁggﬂgﬁEhghﬁg&<%nal group transfornmati ons and
17n8pppul aigjons can be readily obtained fromthe
15({@Ievant C|entific literature or from standard
PPBookSlin the field. It will be appreciated that
148'\bepm tygjcal or preferred process conditions (i.e
reaction ﬁenperatures, tinmes, nole ratios of
85p8 Hlant@z sol vents, pressures, etc.) are given, other
78 pppaess [@ndi tions can al so be used unl ess ot herw se
70gtated i mumreaction conditions can vary with the
1 cul reactants or solvent used, but such
64.2Qpei t i o)cH,Fan be determ ned by one skilled in the art
425y routi@§+gptinization procedures. Those skilled in
TREMar t 2prgani ¢ synthesis will recognize that the
nature and order of the synthetic steps presented can
be varied for the purpozgxoflogiinizing the formation
of the polyners describ &*h. [0108] The processes
SyritResls bh®E-Di1-aidroraneth@-J¥BVirb /e antieedadbargl )2, any
triisgltablle nmet hod known in the art. For exanple, product
on can be nonitored by spectroscopi c neans,
such as nucl ear nmagneti c resonance spectroscopy (NVR
e.g., 1Hor 13Q), infrargd gpectroscopy (IR),
spectrophotonetry (e.g.,[ UVfvisible), mass
spectronetry (M), or by r omat ogr aphy such as high
pressure |iquid chromegogigpy (HPLC), gas
chr omat ogr aphy (GO), per meati on chronat ogr aphy
(GPO), or thin layer | pt ogr aphy (TLC). [0109] The
reacti ons or the proceg descri bed herein can be
carried out in suitpgb Hch can be readily
sel ected by one skilled jn ghe @rt of organic
synthesis. Suitable solvents typOthally are
substantially nonreactive with the reactants,
i ntermedi ates, and/or products at the tenperatures at

3.50fpip d HhydFR Y eyt 2 Bidroxyedhylaminogerberi)-phene! (56.5 mg, 0.17 mmol)

wab 8088 RlaHofsd bBﬁém@@ﬂa%@ﬁﬂﬁal |ﬁ§’metlh§olﬁﬁ3nvq%5falr%d by working as
freeZ|g§ tenperature to the solvent's i ng

descahpd inde@mple A g dboramet e gRd 8AMLHMeR i ed out in

Thé’Fh%cﬁéH Mﬁ&i‘ire%as@emx)éﬁ%rq RburNRA 8dditiéHal Q%Uﬁ@f\ﬂ%‘ébove phenol
en |n on the particul ar reaction Ste@HHSUIt

dorBN TS 1 Ol I e B GO 8 SoLkian s refioxed for 1
hodehapi& ortlbg%*%e %é\f&%ﬂen\M §@r'|\)319vé Wa§3|naﬂ3r8@d&y(5@r5/mﬁeo 17

partlcu ar theory i's believed that ners of
mni ednchih et%)élttmnnygs trﬂféﬂxeﬁémél @m@@ie&%‘gms&iﬂ pas yvegived. After

coding KRB Ay, [ sl nirRolninglResddsal sfdbasatiRicdnNb§uedds ®iRion of
p- conj ugat ed structure and, consequently bet ter char ge

Naﬁ%@%@qdeéfqr@w&entééhe sQtion hergme PalerveliPpar i ng t he

MefH=@8ERhs ROhYVERY Snddr h@dl%@%ﬁ@ésukeﬁﬁ@'tmg%lw résﬂﬁlbqﬁ@s purified
isolating g ﬁ rticular average nol ecul ar

with @gcAMerite dPOR AeluEm Myceldirn With waderdd pﬂﬁmnm Bilts were
corh @BEHE RV BAS BRAINAILDE IBRADDY W ADp
dlcarbOX|n1de) as enriched or pure
Yiedd: 80Qimg B8Yeeoi soners. Because the isol ation of 2,6-
di br ononapht hal ene-1|, 4, 5, 8- bi s(di carboxi m de) fromthe
i soneric mxture can be carried out easily and
efficiently, the present polyners include those having

the Formulae F, Il 1, 11l 1, IV, VvV, V', VIl'",
Vi, 11X, X, XT, Xil", X¥ll', XIV', XV, or XVI': r
(1 11V VI 11X XEP XL XIV XWwherein X is a rea

nunber and 0.5 < x <1, and Rl, R5, R6, R7, p-2, Ar,
Z, m n, and n1 are as deflned her ei n. In vari ous

Y T L o, oy 1 . ~ o~ r



[0125] As denonstrated in the exanpl es herei nbel ow,
devi ces fabricated fromthe present polyners have
WG b@anozne unexpect ed conbi nati on of desirabl e PCTI/EP2009/051747
properties. In addition to the processi ng advant ages
descri bed above, OTFTs based on the present polyners
have shown el ectron nobilities up to about 0.85 cm/Vs
§9§¥@£ﬂ@ﬁ-h n > 10under anbi ent conditions. To the
"H-NMFe[D,0, SDO Hkesie, these characteristics, and
specially, the i na f these characteristics,
4jﬁ&@€‘not beed“&g&ﬁﬁe ‘L 8%dgfznchannel pol yneric
3gsennrgmductormﬁﬁQer|aIs to date. [0126] CQther articles
of manufacture in which polynmers of the present
teachi ngs are useful are photovoltaics or solar cells.
BCROMRNEELS, 76.4 M, pogisent teachi ngs can exhibit broad
17£ﬁ)tical @ﬁsorption and/or a tuned redox properties and
uPRMcarller nobilities, making them desirable for
1560@pmapplojcati ons. Accordingly, the polyners described
14£§re|n can be used as an acceptor (n-type)
P%%nd &tor or a donor (p-type) sem conductor
gs.depeandi ngjon the nature of the M2 unit in a
2hotovo|@ﬁic desi gn, which includes an adjacent r-type
ALt ypelseni conductor material, respectively, that
GODQmﬁs a JeH3] j unction. The polynmers can be in the form
532f a th|@¥{|lnlsen1conductor whi ch can be deposited
6PY sublitfate to forma conposite. Exploitation of
pol yners of the present teachings in such devices is
wi thin the know edge of skilled artisan. [0127]
Accor di ngly, another asplg’fﬂ Be 4 he present teachi ngs
Syiiteégi$ 653.6®idiebhstigcadboryiid 4 6atibdgbh@Rolor gani c
light-emtting transistor, an organic light-emtting
di ode (OLED), or an organic photovoltaic device that
i ncorporates one or nore se cqndzftor materi al s of

the present teachings. Flgure | ustrates a

representative structure /g a bul k- het eroj unction

or gani ¢ phot ovol taic VQ al so known as sol ar cell)

whi ch can incorporate ong of nore\pol yners of the

present teachings as thel dogorQand/ or accept or

materials. As shown, a repr@sentative solar cel

general ly includes a substrate 20 (e.g., glass), an

anode 22 ca ho 6 (e, g., alumniumor
In & fieftomgi s, b (e i debigistit by oTRRG a8 danrived
in EBXEengiat hee 08 Biind! ANan 8O FLOVIBDE!),08)8-bd(n-BUToRy d2RboHyBphenol

of th esent teac as the el ectron donor
(25<(Lm@h§&% Fmalh e Sede Ao Theso iR Red Was Haftaryor 1 hour. An
addraéedl iaad it 6f ¢ sboh@ ;bHdn@saérataﬂﬁeavdseweasame@t(Qs@ mg 0.085

g e ST Eet S0 E R A BB Sh S e HooTe HRenol

der@la@ioé ﬂv@@ﬂhél@l&mdt(ﬁﬂg nad\ ). 085 mPﬁcﬁ)dedeth@I%quﬂbn was refluxed 7 h,
ransportin tertals. As shown, an OLED

hol e-
“”tﬂ;@ﬂ'@Pltﬁfq PRSI UIEL PSEMSt rate 30 (not shown), a
Aftérramw@ner(uzaﬁ@de 782nhel) Qvas ddliel ana aCstlrattd aHdebes Solution of

and r I an|c Ia rs whi ch can
NStk A5 BPeecbia Bie biien BoigRepaledbToRe 1r coont
Metr%a@hwagasemvéwb et réFRaArgresdiré Ang BN PEllow §di@yeT sBéotained

wag RUSRAdMh FERe Bos ERar o Seh B Gl BT Al SrodErhage was

drié® osdroNe S, BndBdvapaeaté @ uh oy reguexdpiels eSreal Be PraeXirdsidue was
toillustrate further and to facilitate the

under st andi ng of the present teachings and are not in
any way intended to limt the invention. [0129] All
reagents were purchased from comercial sources and
used without further purifiigati on unl ess otherw se

not ed. Specifically, dioxane, dichlorobenzene (DCB),
chlorof orm (CHO 3), and ot her chlorinated hydrocarbons
(CHCs) used for dlelectrlc and sen1conductor




29.7, 29.6, 29.5, 26.6, 22.9, 14.4, 14.3. [0152]
Preparati on of

WORMYAM6sE 2- oct yl dodecyl ) - 2, 6- bi S(5-brono-2-  PCT/EP2009/051747
t hi enyl ) napht hal ene-1, 4, 5, 8- bi s(di car boxi nm de)
(NDKOD-BrTl'). Under argon, a m xture of NDI 2(]} T1

' 200. 0 , 0.2 NBS (125. mol
pule b Bo s ST Epbu o BEP0ES FUTH: (¢ PLRIRUM Stnor 0.5
lsoﬁr@gbrhdlgo 5@AcOE®M t enperature, the reaction nixture was

g{@ gg? water (100 nL), and the resulting m xture
%ed with chloroform (100 nL). The organic

Iayer was separated, washed with water (100 nLx2),

dr.i Ea over anhydrous Na2SO4, and concentrated on
S fa devaporator. The residue was subject to col um
"H-6IMP (T O 30NYHLR9BK) i ca gel with a m xture of

hl or of or exane (2:3, v/v, slowy up to 1:1) as
6'2§Ipl9€ht, %@af]ng to a red solid as the product (145.0
436mmn0 13mﬁﬂol 62.5%6.41@453] 1U NMR (CDO 3, 500 MHz):

71 = 4.0 Hz, 2H), 7.09 (d, J
178 0p1 PR, 2ﬁs4j'”t[4z2{'w08 b %]('927 5 He, 4H) 1.H293-1. 98 Em
1.42kdpm 1. 2€xdi4np (brd=m4 l@ziH) 0.83- 0.89 (m 12H).

| enent a| alysis, ( C, 64.79; H, 7.72; N, 2.44):
0-956’8% c I %ﬁnw H, 7997‘4 ZN, 2.49. [0154] Preparation
of copol ynmer P(NDI 20D-T4). Under argon, a m xture of

“CQ%%D?%J??%@@%%F&%&%P? ?,Tg! Ybi thi ophene (39.4 ny,

16708©§mmmﬂc)] and Pd(PPh 3)2C 2 (2.8 ng, 0.004 mmol) in
154@2 ﬁdroumol uene (5 nmL) was stirred at 90 OC for 4
Br benzene (0.3 nL) was then added and the
1479$>pint| N@Im xture was stirred for an additional 12
808ours ﬁ{g er cooling to roomtenperature, a solution
PBbt as'Stlum fluoride ( 1 g) in water (2 nmL) was
76.a¢ped. Tio]s mi xture was stirred and shaken at room
66% er at for 1 hour, before it was diluted with
of 0 150 m.). The resulting m xture was washed
30.8ipph vvat[e)HIlOO m.x3), dried over anhydrous Na2SX4,
19?nd conCﬁHLat ed on rotary evaporator. The residue was
' i Th2chl oroform (30 nlL) and precipitated in
13.mpphanol [OHRP nL). This procedure was repeated using
chl orof orm and acetone, |leading to a dark blue solid
as crude product. This crude product was purified by
Soxhl et extraction wth acetone for 48 hours. The
i solated solid was dissaolved in chloroform (50 nL) and
then heated to boil. Aft @%‘8% ng to room
Syiiteegie bEs, 8bis(mbthexgdaiasngf) o416 $bddghenowas passed
through a syringe filter (5 gn, 5and the filtrate was
precipitated i n nmethanol (50 ¥ The precipitates
were collected by filtrati washed wi th net hanol,
and dried in vacuum Iﬁ' ja dark blue solid
(87.0 ng, 94.1% . [0155] v R (CDC 2CDA 2, 500 MHz):
d: 8.70-8.81 (m br, 2H), , 640 (m br, 84 , 4.10
(br, 4H), 1.99 (s, br, 2H), & 1071.45 (m br, 64H) ,
0.86 (m br, 12H). GPC. M = 67.4K Da, Mwv = 170. 3K Da,
PDI = 2.5. Elenental Analysis (calc. C 72.87; H,
In Brdddhd Bettomhed sk E:@rualdln@ the 2. £litiohl, (oBta®ed by, watkifld as described

F. t .
o S e B B yoors sunaptoneaiens
0@83 rmd) Wals -addbd 5THS sdidiod olvhihéd azelrefidxed for 1 hour. An

ad%ﬁ’&m SOV} e kAP HISROhOCR A5 LR RSPIGES 20, 0.085

(Exanple I'A, 235 ng, 0.239 mmol),

5,5 -bis(trinmethylstannyl)-2,2"-bithiazole (118 ny,
0.239 mmol ), and Pd(PPh3)2@2 (7.0 ng, 0.010 mmol) in
anhydrous toluene (12 nL) was stirred at 90 OC for 3
days. Bronpbenzene (0.3 nL) was then added and the
resultlng n1xture was stlrred for an addltlonal 12

AL + o o oy o D 1




Ger many) under tradenanme Sepiolid(tm P 100. The
dielectric materials Activlink(tn) D 100 and
WOH00AbIokG t ) D2200 wer e obt ai ned from Pol yer aPCT/EP2009/051747
Corporation (Skokie, IL). Al solutions were filtered
through a 0.2 mm size syringe filter before use. The

cedure re ortede0W|s or the TFTs, bas on th
e DRSS o1 1, Ol BBl PRI Bay e Hhok phenol
solfifgn w&eﬂ@éllyesrdd@ol(mrnsg al.0dometoltdnel the gbriaosl wekaefluxed 10 h,

un@&g %} en concentration and the solvent may vary. All

G CHVESAN W S658%Sses, except netal evaporation

Atténsbolihg, Kli(l2e ehgy 0176 rﬁr‘h@p&va@%dﬂé@ abBf)a, satratedrrjubond®slution of
nmari zes the

e 2 s
Nog e aPo et Aol N b e 62 G v @ ant - component s.
Me&ia@ol Wes m@hbest ofddrabdiczatgrossudé ahb ehe/ féliodusolGifdH §e6btained

wag G e 10 Dov=(Br ARG PEFREs BAB AP (BRI L biPe) TBnpsRase was

dri@0bieMN 3R e;rﬂge\i‘am@?ﬂgﬁ uﬁB@T@)jgbde ﬁrbefssur@fl ﬂ'h@bﬁcﬁh@éiaue was
re fabrjcat n++- Si strates with a |
P i TG s ARe SR s Bt MCaMSA TS 1 G fpnzinel 0.5

isop@ypericl/ ThesoEsubstrates were treated with
decylfrichlorosilane (OIS, 10 mM solution in
mecﬁtgﬁ % %‘hueous contact angle - 95) overnight before
seni conduct or deposition. Bottom gate top-contact
S dgvi aes of entry 2 (Table 2) were fabricated on n++-Si
tes (Montco Silicon Tech) functioning as the
"H-§iMRR (CIACIL,i 300rMKi2,P98k100 di oxane sol utions were

pi n-co (concentration ~ 80-1 10 ng/nL in di oxane,
62%@@5‘ 20’8}3}5%JI on these substrates to afford ~ 700-800

3.98ppkhi cks[gdl e dielectric layer. These filns were then
crosslinked with W light (I= 300 nm and dried in a
vacuum oven ( 110 OC, 10 min) to afford a robust,
"*Caompl (€DEly 75 AMHuIdoeKdi el ectric layer. The film
162%1:,(3' ectr constant (e) is - 3.3-3.5. Al BGIC devices
PR con@ eted with P(NDI 20D-T2) | ayer deposition by
154@ippmcoadlng (concentration - 5-10 ng/nL in DCB- CHCs
14_}11(xt ure, CngSOO- 2000 rpm filmdried in a vacuum oven
PPy 1BC for Ih, filmthickness = 40-80 nny
81f|<piphovved[dyy Au source and drain contact (30 nmthick)
76. ep05|t| usi ng a shadow nmask. Channel | engths and
Pf'hs ar@ 25-75 nmand 0.5-1.5 nm respectively, to
53.8fppar d V[t_‘il.—E]ZO. Exanpl e 3B. Fabrication of top-sate
bott om contact transistors based on P(ND 20D~ 221
[0176] Top-gate bottom contact (TGBC) TFTs were
fabricated on gl assCompargivesExanspld 1PET ( DuPont or

IdOt er Provi ers) substrates. Depending on the
—Q?B%-’i—ila@?—&’-go NQburce, they were used as received or first
In @Ir@nﬂrbczt@dweldwadﬁmosﬁatninfggtha I~ sl Osimtobluirdt IAGXNavipnkK { tiiim 0.78

mich &t Py S AF 20 e B PR e g reaction

mmlni*etvmg:rig)‘lux&hme rﬁmt cadlRg), Kﬁ(1€310ﬁ@,t037.19 winh ) W(bfé added and a
eni conduct or, site spi n-coating (for

e TP S SeofHo8 eSS aBPuBh o orinti g

Me(remioCwas Farhovisdl undbr Zedeced \pré 93 ubXCBn £hes yatiowt $U1Let10nas§ti blstdined

force =.50-100 N, pri t|n S
was g arhapaien anp eReactys M RSE P gL gt R ehage wes
driddCovee qab3@f iar&ﬂevapbr&e@/mwew rédudeBrésslee aridxhd beywraiisldas was
force = 100-150 N, printing force = 30-100 N, printing
speed 0.2 nm's, anilox cylinder 402. 110 IGT printer),
and inkjet printing (concentration ~ 0.1-0.2 %wWw in
DCB- CHCs m xture, droplet size =5 pL, Dinmatix 2800
series printer). Typical sem conductor film
t hi cknesses are 40- 120 nmi7For the gravure printing
experinments, different sem conductor printing passes
(from1l to 3) were tested affording various
sem conductor f| I mth| cknesses (from 80 to -200 nm

. 1. a . o s



between logic "1" (10-40 V) and logic "0" (0 V)
(Figures 13a and c). Al inverters show small
wWhy®vaemss s. The vol tage gains for the gravur ePQI/EP10621051747
(Figure 13b) and spincoated (Figure 13d) devices are
very large (dVout/dVi N(max) > 25 and 45,
respectiyely), inplyi that these device ul d be
chiGeiong G dioughebeiheoldn gos e E S sRpblekm trgrine 1
AcOEf.cuits. Exanple 5: Fabrication of additional devices
vi Lg%gl”&%gt C TFTs were fabricated with P(NDI 20D- TZ2) by
1€ g (in DCB, 7 ng/nL) on glass substrate.
Sp&dtectst@n- nobilities were determned to be up to 0.01
cn2/Vs, with W~2xI O 5. Exenplary transfer and out put
plots are shown in Figure 14. [0192] Transfer and
obHput plots of simlar TAC TFTs fabricated with
( I20DTlI) are shown in Figure 15.
tron-nobilities were determned to be up to 0.015
N Vs, with W-~2xl 5. [0193] Simlar TGBC TFTs were
bri cat ed vvith P(NDI 20D- TVT) . Transfer and out put
., blots are shown in Figure 16. The el ectron
H-pAR (D éDt%éQQrMHZf%Sm bet ween about 0.295 cn®/ Vs
80@%,7{;1bouts{2(p+ 1338 cn2/Vs, and the on/off ratio was
measured to be about 3 x 103.[0194] The present
t eachi ngs enconpass enbodi nents in other specific
BchpuREDMSaMD, Bepgutming, JosRin the spirit or essential
characteristics tnereof. The foregoing enbodi nents are
153.88pP&f or &% 0 be considered in all respects
148 Blopst rateiye rather than limting on the present
teachi ngs described herein. Scope of the present
88.bpPeht i ofCli s thus indicated by the appended clai ns
85.08pRer thgn by the foregoing description, and all
changes that conme within the neani ng and range of
equi val ency of the clains are intended to be enbraced
ESI—K)’I@r(ﬁbé‘at%%d\ﬁ)l A polymer of the formula: -(-M1- M
an optionally substituted naphthal ene
Caknﬁ"ﬁ@ﬁ'ﬁéﬂ%éﬂé&‘f%ﬁn wherein: Rl, at each occurrence,
Foliri:; |4‘7'¢QRP?IQ¢*G§"¥§64V4 g\mwt@q}&from H a Cl-40 al kyl group,
a C2 40 al kenyl group, 1- 40 hal oal kyl group, and
1-4 cyclic noieties, wherein: each of the Cl-40 al kyl
In &F%éﬁueﬁhﬁa%rﬁonﬂirg%‘ﬂr tgfp%’tﬁljct@%ré Q%II&%‘teﬂoamonﬁ which 2-
hal oal kyl group can be optionally substituted wit
iodebydnoquitesei andendivdphigbendhdent | y sel ected from a
hal ogen, -CN, NO2, OH, -NH2 -NH(ClZO al kyl), -NC
1-20 alkyl)2, -S(O _20H, - O) C 1-20 al kyl,
(O OH, -C(O - mlcgmparaswe xaemby H 2, -C(ONHC
lodkrz86h 8 BrbaaliolC( O N(C 1. 20 alkyl)2, -OC 1-20 alkyl
-SIH(C 1-20 al % -SH2(C120aIkyI)
In aSPU(r@ ttht@(DnQﬂ ﬂ%k)@”t%ﬁ'é‘ﬁt ¢ I't sRution. (gbtainadas tj‘r@ﬁ?d“p'ﬁrﬂefrom
0. 7@2m{’nQ>| k@b @L%H?ngy%bml&%é@n@a{i Q@'rﬂﬁﬁbl)wa%%o%@n The

be coval ently bonded i mde nitrogen atom

reagien whdre IVYaﬁKéfrluxeﬁrﬁQf LhcMiescopiig. Kl 413d yeg.ik’ %l"@ﬂ)i"é%\s atded

an§@Ratfed ilfhe‘é@érﬁlaggogdécflﬁt%h% -adddd dRspuiseval ent 'y bonded
to each her or the imde nitrogen via an optio

MefiA0RLNES ETHONSSLE" GRBH B9 SP UL H68 LY Vs GHIOTL 8 obtained
Wa§ 'éih§t"ebtvﬂm§tek Bﬁ’@@ﬁﬂﬂé’(ﬁé‘& lAMhSA@JCﬁﬁt 8sd h@@ﬁé@b@ﬂl@%ase was

- NH 2 1-20 al k é>
dr'eN@@nN%@wnq fvaoget?ﬁ Qr@hr reguggd D@(ﬁ@»r@The@f@m ographic
1-20 alkyl, -C(OQ-0C 1-20 alkyl, - C(ONH, -C(ONHC

1-20 al kyl, -C(ONC 1-20 al kyl )2, -SiH 3, -SiHC 1-20
al kyl)2, -SiH 2(C1-20 alkyl), -Si(C 1-20 alkyl)3, -0-C
1-20 al kyl, -0-C 1-20 al kenyl, -0-C 1-20 hal oal kyl, a
Cl1- 20 al kyl group, a Cl1-20 al kenyl group, and a Cl-20
hal oal kyl group; R5 is defitsed as Rl; R and R,

i ndependently are selected fromH, an

el ectron-w t hdrawi ng group, and a Cl1-40 al kyl group
opt| onal I y substltuted W|th 1 5 el ectron vvlthdravvl ng

. o



an on/off current ratio of > 104 in vacuum See, e.g.,
Zhan, X. et al., . Arer. Chem Soc. 129:7246-7247

W@ 209/1)366¢ 0006] In addition to the scarcity of PCFEREI/051747
sem conductor materials, OFET electron transport is
frequently depressed, or even conpletely quenched,

an T oh P SHn B SRS AL okt b ASmBles SpA SRR arable mixure
of dhidizddkend. |oc'fhat%d$>w@ut1¢tw ty to anbient conditions

severely hinders the ability to operate these devices

W t hout proper encapsul ati on. [0007] Another inportant

class of organi c secbmpatatBicExdrnsied devi ces where

el ectraon- transoort ng (n- =ter|als are needed is
Elegtro sl ‘0‘ C I oh ) .‘ a1 ‘JO ar cel |) I n

Thé bl@@t@od@m@mmﬁah@n Qﬂb'dibﬂnébblﬁmsté(ﬂ ofd c€l &shpazad danor

Zn o eets rompeaibat B8 A oBiauR, aodpale 5 o) and & Magnetic
met si@ned bad, er ene [ 6, 6] - phenyl -butyrlc aci d met hyl

ester (P rk tagether to it t citon
Chof G2B0ge EoBRIRen Wi Sanisse sl Aipo B A SR and

Th& BEEHHSarPs weld sdparad@sby apbrut lyiss BatEvdrige pore size 6 um).
el ectron-donor sem conductor and the el ectron-accepto

In 1§ e aermPmeydswaspigcest 8 Qdl Soliscldipn ghYakpt indﬂeteanolfwater
(50V8RUOtrReYar’Yriedinl l(Bed ﬁga@%ﬁﬁ&?:ﬂ@s AHE& He@éﬂﬁ mftw\;go dr&es stlrrlng
a

sol ar spectrum as. possi bl e or exanp a dr ack of

Owiredi the, lawrsglukility QBI@glnﬁdﬁ theyaixtuse.|3 I@fﬂe qo[qthrh@‘ it was still present,
as ‘é'pﬁé@blﬁﬂ@%’iﬁhé Boﬁ’@}ﬁtof &fe éﬁtﬁjes&fh%drﬂmnt (RO G&kturthénowed a pale

synt hesi s of ge nunb ectron-acce
Ora(‘ﬁe ae'eérppb'rvyasc%q%?ﬁﬂq T QY P%‘ﬁ%lal @e/ﬁa%tl'qog'élsﬁliug‘ffh%fn'é%':‘*

In YRS chBCEdY k¥ nffRsehieRedit angk prds 8 .18 Mhévlution of NaBF, in
nmol ecul ar/solid-state properties of the correspondi ng

meljapolwalgh@0(0ui e Mdnd parent unsubsti t ut ed

A cBhétaRt duir@RNEIBS. mAAGE a@blidd) AREr S34v$ BO iRk, the current began to
olig othlqphenes exhi bits high cheni cal / t her ma

depags Pnd giteraabrui 40 Midss g Cé‘lﬁrﬁf‘b@'iO@P?%fq c&0 ”’sAt ff‘totH% Msxgnum

powét @f;w Rftdhaor B 6T\ﬁCItHeC§d>‘ﬁJt|oﬂWa§ PNolda tﬂ@@ﬁé}bﬁ}%rtlon of the
Furt hernore, carbonyl functionalization of th

staginageding dfssettid FHS?%“V%@ET bR PBtr}?aW'ﬁes‘i(’@PﬁW meiiht The solid

iodIn@RAsE! reBdV r b efilBalidro Washed Withrwvaie? Wha drlé@@velghmg 678 mg (89%
sem conducting properties of the resulting fil s,

receysry gbyireadediadineduch systens as the active |ayer were
denonstrated to operate in the n-type accunul ation
node, indicating facile electron injection into the
sem conductor nmaterial. See, e.g., U S. Patent Nos.
6, 585, 914, 6, 608, 323, 6,991, 749, and U.S. Patent
Application Publication Nos. 2006/ 0124909 and
2006/ 0186401, the entire disclosure of each of which
is incorporated by reference herein. [0009] A separate
cl ass of el ectron-acceptor-functionalized (e.g
cyano-substituted) rylene im de-based senm conductors
was shown to exhibit excellent stable operation in
air. Data fromrel evant studi es suggest that el ectron
transport in these nolecules is possible in air if the
el ectron affinity (EA) or the first reduction
potential (the equivalent solution state paraneter) of
the nolecule is sufficiently increased or sufficiently
negative, respectively. Although it is difficult to
pi npoi nt the exact EA required for the onset of such
stability, it appears that for ryl ene-containing
nol ecul es it occurs in the range of about -3.9 eV to
about -4.4 eV versus vacuum See, e.g., U S. Patent
Application Publication No. 2005/0176970, the entire
di scl osure of which is incagporated by reference
herein. [0010] Li addition to the various deficiencies
descri bed above, nol ecul ar sem conductors generally
have |imted processability. Hi gh-perfornmance

g, ~ A



where cO can be an integer in the range of 0-4. The
fused ring noiety can be optionally substituted as
waele®endsed herein. [0038] As used herein, "halRCT/BP2009/051747
“hal ogen" refers to fluoro, chloro, brono, and i odo.
[0039] As used herein, "oxo" refers to a doubl e-bonded
oxygen (i.e., =0 . [0040] &gl ed herein, "al kyl"
refers to a strai ght-chaicﬂ- ranched sat urat ed
hydrocarbon group. Exanpl es of al kyl groups include
nmet h (M), ethyl (Et), propyl (e.g rq?Y
1) /s- 'ﬁr @Wp?S fguttpg @r@p@ratlom, ofu t(iy@dlspgsdmggq-gw ruodophenols of
forr%@l% (Q}JWhhoh d’rocé%gtcﬁhﬁ)ns&emw groups (e.g., n-pentyl,
pentyl, neopentyl exyl groups, and the l'ike. In
(a)var ?'6@@@%&3’?%%@3“% shtiaps f@ﬁb@ﬁ“'@é’l‘? iRgipe seurce; any!
(b)Carlgeﬂaﬁﬁg)% &éub%tltuteqlprfbgo@dﬁérg{u@é"ﬁ)) in fh%rprgé%ﬁ\r@f@'o?the above
1-20 carbon atonms (i.e., Cl-20 alkyl group). In sone
I” catignsch $am @) an al kyl group can have 1 to 6 carbon
atons, and can be referred to as a "l ower al kyl
group. " Exanples of |ower al kyl groups |nc§I ude net hyl,
ethyl, propyl Re.g., n-propyl and /so- proyl) and

butyl groups n- butyl,+-butyl sec-
-butyl). In

g.,
embodi mentdl, alkyl gro an be
substituted las described herein. An al grqup is
gener al | pofiot ~subsrituted with anot ™ al Ryl dfoup, an
al kenyl group, or an al kynyl group. [0041]; As used
herein, "hal oal kh" refers to an al kylz)group having

one or nore hal ogen substituents. At various
whemirodi ment s, a haI oal kyl group can have 1 to 40 carbon

R %%Jo B %%rﬁg% ?A'aQnQ%l oo%he!f% fﬂcgrﬁ L{a%)c[g ({tﬁ’%rr %X@%% eS'ele]ctedofrom

carawv@caﬁH marlbmdyeabkﬁO@Rbalmcarh@tamdéo 3N HE;2€ONI-(EHI%2

-C Igf gﬂei’elp %Qangﬁ?% rescgawlgktﬁ? sgr[ﬁg 3 e érh‘?ron? Fach other, a

gt oups, roups Wher e
stralgm dt)kntarm@ed th(amalkﬂrgfowpep/hh;bésj omlcuriallhaljbsgwedubgme or more

grogg? ?sre]zlletclfégjﬁfro dhﬁg (})ala](n?l 8 %Lﬂ%ﬁ)}@ﬁa%ld héll?o%hg 8arboxy and/or

optlmbtbyalnlqrwupgﬁddnypom ma‘eeil\taimntgmtmlsalecte@zfrdmmHPXtQ— >C=0,

e rr S , S
_(dMl"qﬁl nt eg |)r_1 ?@1'2(%2 @Q%?NHG 71%6 o%gof glrogjlbgn 2

i nt eger |n t he range of 1 to 81, provided that t is

l esﬁﬁ)‘é@tﬁé@ﬁ Fﬁr%?‘had tolFaift?T Whe %LH;%(I f}eg{ dlg%tf f&thtula (1)

not grotups can
andl ¥R aI@ldRh@pmsnnt tx0d@he As dﬂ@eemtrﬁ@neeaph bfabkwgrbup selected

frorlh%faFJ z%t 8%09’ %J&S Oﬁ%’f 9“800’%2‘%’58'05?0 ?%mﬂ)loke(ﬁm-%k%ﬁHw or

mted to
—C@N(Eﬁt’iﬁ?(\pvhelejrgR1 R%-apd@i’@(q tb@aamsopdrﬁ‘pcmy‘jrpm -dagh @ﬂyar a straight

or &Sﬂér@% Q%ﬁ@é g%&)??ﬁeﬁll'y s%BgtltltJljag k?g olﬁg ‘or F?)t > dééf)gsgroups.

group can subs
descrlbed her ei n. [0043] As used herei n, "al kyl thio"
r ef
ﬁ ?éeegge co%r?ds%lalg{? t[e}uréltr!]b (?ncgﬂﬁo%%%%‘cf forfitla (1)

ancEkZa)nBIM Rfreptdsght, Nne)sajna@psilﬁem@itddrm el othee angrbup selected
himted to, nethylthio, ethylthio, propylthio (e.g.
n- propyl thio and i sopropylthio), ?-butylthio,
-C@@thlthio, hexyl thi o groups, and the |like. The al kyl
in the -S-al kyl group can be substituted as
desc I bed herein. [0044] As used herein, "arylal kyl"
-CO@f@tgs-€ds,an - al kyl -aryl group, where the aryl al kyl
_caNauP is covalently linked to the defined chem cal
strtcture via the al kyl group. Anarylalkyl group is
within the definition of a -Y-C 6-14 aryl group, where
Y is as defined herein. An exanple of an aryl al kyl
group is a benzyl group (-@H 2- C6H ). An aryl al kyl
group can be optionally substituted, i.e., the aryl
group and/or the al kyl group, can be substituted as
di scl osed hereln [0045] As used herein, "al kenyl"

Y a o .



and the like), spray coating, electrospray coating,
drop casting, dip coating, and bl ade coating. [0061]
wabeomgdeeut the specification, structures may BCT/RB3009/051747
not be presented with chem cal names. Were any
question ari ses as to nonencl ature, the structure
c ﬁ ﬁé [ 0062] The present teachings provide
'(5% é rs that can be represented by the fornul a:
-CONECEL-CHWH)-€HOpt i onal 'y substituted aromatic

i.S a repeating unit that includes one or
4X#g?gﬁé t90nal |y substituted polycyclic noieties, and n

is an integer greater than or equal to 2. [0063] For
exapple, ML c ve t he f r mul
) { or RarCesa ReCTBROND GROTP EEHARS M ribepUPeIEE: s cptions I
areafishepatf®Gh smgbﬁi a: suﬁ%ﬂ? |dUnepsc_)Lﬂrceanﬂ:Ilﬂrn]g mb?c@l@r l,, so?}rum or
tion substi t ut us r noi ety; p- at eac
oo e Ia e YR BHYGRE | onal |y subst i £ ut o
pol ycyclic noiety; Z, at each occurrence, is
i ndependent | I|ne .~ conjugated. I inker: .and L
5) each RORGESH AEHRENGI 8 aladh BHEGH Py nePiersl e ghfieates in sit
ﬁoﬁ&ndébméMyl group, a C2-40 al kenyl group, a Cl 40
hal oal kyl group, and 1-4 cyclic noieties, wherein:
each of the Cl1-40 al kyl group, the C2-40 al kenyl
6) ar gmmromddd@eroﬁﬁmg #0clBiah gadalmyéd gmtduph%@resk@gce@r QA ghd/or
ubst it ut stjtuents In ndently
probg PP RO Tel s Georeehor NBS (AT IR 5 - N C
1-20 alkyl), -N(G -20 alkyl)2, -S(O 20H, CHO

g))qg&e%s %gaaréjj‘ﬁré @a% gdv%%re(lp' e g(&ﬂthég g c tompartment
for&héﬁle)o?rochéﬁrc@ @@n@ialﬁyh ,oH derhéhs aSigdrGtep 24), a$ kgleclad from

-SiH 2(C1-20 al k 0 al kyl ) 3: h of

acqt il o 2fe P K sins ML RSSO0 kol By bun and
the G -40 hal oal kyl group can be covalently bonded to

) ech PRrceen acar g T ol hih Bt e RaheRes e ar”

dlfferent can be covalently bonded to each other or

|n1de nitrogen via an op nal |ink nd  can
9 opt AGHELRY SUBETTBulcednii o S 8o PP el 3 wrreh,"or the
elebﬂ?&ﬁrgmgéhya&ﬁi &fat egtidnsemtiae éﬁ:‘dd@gﬁ@tem()éﬂ an-4el¥de okantial of
T e R LN

C(O) OC 1-20 alkyl, - C(ONH, -C(O NH C 1-20 al kyl ,

)N(C 1-20 alkyl)2, -SiH 3, -SiHC 1-20 alkyl)2,
101 o fpBicss 2gceig 19 P tersls giepris poientglis Bomb 2 o 1.6 v
veralkgCE. -0-C -20 al kenyl, -0-C 1-20 hal oal kyl, a C1-20
al kyl group, a G -20 al kenyl group, and a Ci1-20
hal oal kyl group. [0064] In sonme enbodi nents, each of
11)p 1AEde@ssl aGbal‘drriigE ta hogad rdfrtgafmise’t'@(mon)ttbO&aMeyrern the

cloSRPETSH BotTalPy oh be undF ) Tt a8 B S5 TRk iF pierout in o
galg&mpﬂlc mbes edyn pafing at cessténtoaatynt esfc €500 A/cm? through the
ndependently a) halogen, b) -CN, c) -NO 2, d) oxo, e)
olugn. =C(Rb)2, g) a Cl-40 alkyl group, h) a C2-40
alkenyl group, i) a C2-40al kynyl group, j ) a C1 4

12§ B oS gfsuiho iy vong B g o d T Rinere Sisg BRF carec

out-iVaGeparhte @aytor.group, 0) a -Y-C 6 14 hal oaryl group,
p) a-Y-3-12 nenbered cycl ohet eroal kyl group, or Q)
a- Y-5-14 nenbered heteroaryl group, wherein each of
the C1-40 al kyl group, the C2-40 al kenyl group, the
C2-40 al kynyl group, the C -10 cycl oal kyl group, the
C6- 14 aryl group, the C6-14 hal oaryl group, the 3-12
nmenber ed cycl ohet eroal kyl gtoup, and the 5-14 nenbered
het eroaryl group is optionally substituted with 1-4 Rb
groups; Rb, at each occurrence, is independently a)
halogen b) CN c) NO 2, d) 0Xo, e) -CH, f) -NH 2,

W~ oA ~ N o N o



substituted with 1-6 Ra groups, and where Ra is as
defi ned herein. For exanple, in the various

weriodiisent s descri bed above, Ra can be an PCT/EP2009/051747
el ectron-w t hdrawi ng group. For exanple, Ra can be a
halogen, -CN, oxo, =C(Rb)2, a Cl1-20 al koxy group, a

13 er Rpratamsapiuf & Sags 2 ivsssis s fayitng S0ighe of dep (@) s

trafiferr@d inl 9 sepadNe raadtdr éndaddt@ate @ikl fhe cddifoudd d¥fornfdfa BI) or a
In particular enbodi nents, Ra can be =0, -CN, =C(CN) 2,
solgtiordnere or |. [0084] In sone enbodi ments, M2 can be
selected fron1mherein Rd is as defined herein. For
an be s | ected from
14)gr og%rocgsﬁ% eaﬁ’rEB?(S? {ﬁ)corawng ‘éior%'il%éb)lﬁ’g|cl§fpmpr'ses
(a)gr oelpctrddBB®idally fertdrb@ig & ohtiatis MRRT § suitdbiecciatinB 3vercbghd

formyl a; where p-2 and e rein.
(0)ex e o sUC ErTsaP R im0 i fecresnca st e sbove
I* cabdysugatepdapystem by itself (e.g., including two or
nore double or triple bonds) or can form a conjugated
systemw th its nei ghboring conponents. For exanpl e,
in enbodi nentkwhere Zis a linear |inkerR Z can be a
di val ent ethenyl group (i.e., having ¢ne doubl g bond),
a dival ent Aynyl group (i.@., having gre I pe
bond), a C4- kenyl or—atkyny® group i ncl udes
two or nRpEe TR gpt ed doubl e or triw€ bsnds ror sone
ot her non-cyclic conjugated systens that can i ncl ude
het er oat ons such Sas Si, N, P, and the_|ike. For
exanpl e, Z can bl selected from wher®n R4 is as
wheid Refq el e wtheI He&ﬁﬁ%@?éboﬁ@‘@@%lﬂﬁm Sso 4s ALtAR a compound
sel ected from particular enbodi ments, M
of fermulaél)s el ect ed from , and [0087] For the various
(c) pol MIRfiSg HRSE&Sh RS Fh PHTYAnuIl (Q)'irélthgr é’é‘guéﬂ Slg\ﬁﬁer‘eﬂ'n hB&ydroxy
ange of” 2-5,000. For exanple, n can
QFOEDSQfﬂ)th@bﬂOl)ener'BQOS poesentzz0alkph of @lkadi- ?\aré'hﬁtﬁjﬁh%ﬂt gwith a

cofipSuHd (p?%r%ujlao I n sone enbodi nents, n can be an
I'nteger between 3 apd 1,000. |n certain enmbodinents, n

can be 4-1,000, 5-RIO¥E=BCH®VS, 7{3), 000, 8- 1,000,
Whgreiln IQ‘OQnd R? ar%ofh% s%% orF d?ﬁer@?fﬁﬂ}?ﬁ @acﬁ‘otﬁ@nn hp&o?eﬁgpa straight or
8- 300, . I'n certain enbodi rent's, n can
bre@éh@i Co6s e[lb(bsasqun @ptgmdv Gubglityiedeyserpar Meag hygrexy or Ci-Ce
aIkQ)E)ﬁgcT%Uﬁs hspghd Qg§lo%@|’f' afoREbHalg %B%‘I@a\ﬁfﬁg’@@hm% ®fobtain a
mpounds within the genus of conmpounds of fornula
COfU@@&\dlcﬁé@”&'!?o(\% I n sone enbodi nents, the present
t eachi ngs can exclude certain polyners of formula I
where p-2 is an unsubstituted polycyclic noiety. As
anot her exanpl e, certain enpodi nents of the present
t eachi ngs can excl ude pig of formula | where p-2
is an electron-rich i et} g., a noiety with high
el ectron densityNnRecause _Q he aromaticity of the
core itself anfd/ orfbecduse Yhe Bore is substituted
with one or nore epectron-dpnating grou . As a
further exanple, certain enbodi nents of the present
teachi ngs can excl ude polyners of fornula | where M
wnBh &11¢. RO RanaIARBIbold BBt FillhaS IR TEnt s,
olymers of t resent te s do not have a
(d)rselpi@att'rigrtge QﬁmpOldﬁd efHernfuba tﬁ)lttaSWdle’[sm@@J(ﬁngmnbmahey presence of

cl ude: PROCESS FOR
baé% (F%D&)I\ﬁ{r? ﬁ)\l% Wa?%&%%ﬁﬁn%%% The present
invention relates to a process for the preparation of
i odi nated aromati c conmpounds. In particular, it
relates to a process including the electrochem ca
i odi nati on of 3,5-disubstituted phenols to the
correspondi ng 3, 5-di substi tated-2,4,6- triiodophenol s,
whi ch are useful internediates for the synthesis of
X-ray contrast nedia, and to the preparation of the
cont r ast nedla thenselves Background Iodlnated

T T o o




The reaction nmediumis usually kept to an acidic pH
i.e. below 7, through acid addition, for instance of
w@oeames@t ed nitric or sulfuric acid, e.g. 97P6aHREX009/051747
.Preferably, pHis kept between 0 and 4 and, even nore
preferably, between 1 and 2. Alternatively, step (a)
may be performed in the prgsence of known conpounds
suitable to naintain conductivity within the
el ectrolytic cell, and ¢d for the above
pur pose. For the el egtroc al generation of |+
cations at the @O0 . age across the el ectrodes
may be applied, s asﬁko have Bn anode potential from
about 1 to about B,V wersus SCE (Saturaed Cal one
El ectrode as the reference el ectrode). Preferably, the
reaction is carried out wwth an anode potentia
15)C°”R|rp'r(§c%gs %FQ&H%E%’EP% 3 4L heBRWyitHin %evcéfﬁpodﬁgg'of formula (3),
Alternatively, the electrolytic process according to
Z ig ;bramies enehlorinesatomon may be performed in a
gal vanostatic node, i.e. a constant current is passed
t hrough the solution during the process, for instance
16)c or A axpeasdiacgordingliostwmemaicon1S Ttidhe erraraticore adeemprynd of
' n ol e €
for {1 L RAE, b3 £ PRy B AR A Gy oY SR g REp R refogen
anhBf IsguethyTypi cal |y, as the heat generated during the
process may lead to a partial evaporation of the
sol vent, particularly when enpl oying | ower boiling
17)ks 0l &eniecespidegondimghtaraidims aldden 1% fril theupprneratiopfoffar eghpound of

\Y ; stea 4
B G R R v I
is reefhyl@indiRigs bydsogerdi nati ng specie i s then contacted

wWth the aromatic substrate ( 1) , or a suitable

solution thereof, as formerly indicated. Typically, as
18) epbmireckssifor Hee preperdtipamfdappaaisiol ohioménsol kidbteatinmiiom the

r T [ ;

corfspbRanGLORE IS P20Ind BRI fondr el FaliEl Etbrai
to thelpradesmof ¢dlagm bt ep (a) and the substrate ( 1) , either

as such or suitable dissolved in a selected sol vent,

for instance including those previously indicated, are
19)or op@roogss tnfthe predarappr pe3d.atslisubstitutedtdd . bdmoddanilings of formula

<R a | ower al cohol, Iike nethanol, is

”°§ﬁ@?%§§%§3%ﬁ%@%§33nt wor k-up of the reaction m xture
(a) mayelpetirachemically. eensratitedd calinns Mo stitabisoindieaspwival and

t echni ; i . i . t i
() OO A SRR o for Bl T o B TR ¥ o above
I" cefiengifeteniaen usi ng nol ecul ar i odine to generate ( |+)

cations, at the end of the reaction any excess of (

I+) or 12 could be easily renoved according to

conventi onal rgthods by addi ng suitable afounts of

al kali iodidelfor instance KI, so asi

then, Kl 3 cofpl eéx. Likewi se,l excess of e could be
al so renoved pugh the addition of saod ulfite or
bi sul fitey~up~0 drscol ourati on of t Cti o
medi um The conpounds of fornula ( 1) as starting
mat erial s of thegprocess of the invengion are known
and, if not comercially avail able per se, nay be al
prepared according to known mnet hods. For a genera
whi&ference to t he conpounds of forrmula ( 1 ) see, for
Irnstance, the aforenenti oned WO 88/ 09328, WO 97/ 05097
and WD 00/ 32561 . Likew se, any other reactant and/or
sol vent being enployed in the instant process is known
and readily available. Details concerning the process
of the invention are reported in the foll ow ng
experinental section for th& el ectrochem ca
i odi nati on of 3,5-disubstituted phenols according to
the present invention, which is however shortly
reported below. A nelting pot, otherwise referred to

o ' N Y | T B 1 - o,



addi ti onal anount of the above phenol derivative was
then added (25.0 ng, 0.085 nmol) and the sol uti on was
WO 2ovas3see for 1 hour. A third portion of the abOWEP2009/051747
phenol derivative was finally added (25.0 ng, 0.085
mmol ) and the solution was refluxed 7 h, until
,complete conyersion was served. After, cooling, Kl
R ERGER isorBonh hRotam s SRRERCH: Tl SRS SIS of GATAHGROH or
carb@kyétste@@r@fp NoQSE8, waéreﬁf RppRedl straight of b@nﬁlﬁ%dJCh-@@ alky! group
qw,  Met hanol was renpve er
whighaS SRR sUBsH L oV cieas TP aaTo LSS SUEdP I WAl ORY: Brmino,

sulphydufle @ \Bst Skavgt 61 camdxgxaridaet sgtionaiy ieiipsted Hy26nhe or more

T L Nl LYo e Bl gef(eyda|foRivial o) SR VTR o)t

—(CaEpNHIL, $80brbBd,lgasipschr omat ogr aphy onto silica ge
(eluent: 9 petroleumether/ 0.5 isopropanol/ 0.5
AcCEt). Yield: 100 ng, 58% Spectral data 1H NWR

20X CDQIp'Boce%@QcMerng?cS%l’a)mGI 928hgram, hﬁihﬂa thﬂ; cémﬁﬁurl&ﬁl’@ftf{)rﬂrhﬂla (6)

= 6,6 m qui nt 1.47
and 73 Ringn R ey Mg s snandiborasgntyd oo o Be-RaeH o
carp6)ekBr gliup4-0OGBR' VA&KIN R'GE a&trapyimt bBraddived C PO alkEroup.
147.9 ppm[C] 80.8 ppm|[C] 76.4 ppm[C] 66.8 ppm [ CH2]
30.3 ppm [CH2] 19.3 ppm [CH2] 13.7 ppm [CH3] Exanple 5
21)Sy nh Ilpes¢essabr the preparation of |opam|dol or iomeprol by startlng from the

nmet hoxycar hon 4, 6-trjiodpphenol
corSRRAYB O EREH T3 SIaRTAAI: e eSS PRSE g arBRprod according
to thebtctebedf dyimeoiokir2g. as described in Exanple 1, from
0.78 nmmol 12 and 50 m. MeOH),
3, 5- bi s( et hoxycar bonyl ) - phenol (53.0 ng, 0.085 mmol)
was added. The sol ution obtained was refluxed for 1
hour. An additional anmount of the above pheno
derivative was then added (53.0 ng, 0.085mmol) and the
solution was refluxed for 1 hour. A third portion of
t he above phenol solution was finally added (53.0 ny,
0.085 mmol ) and the solution was refluxed 10 h, until
conpl ete conversi on was observed. After cooling, K
(125 ng, 0.76 mml) was added and a saturated aqueous
sol ution of Na2SO3 was dropped until the solution
becane pale yell ow. Methanol was renoved under reduced
pressure and the yell ow solution so obtained was
diluted with water and extracted with AcOEt (3x20
m _). The organi c phase was dried over Na2SO4 and
evapor at ed under reduced pressure. The bl ack residue
was purified with flash chronat ography onto silica ge
(eluent: 9 petrol eum benzine/ 0.5 isopropanol/ 0.5
AcCEt). Yield: 90 ng, 60% Spectral data 1H NWMR
(CDCI 3, 300 MHz, 298K) 6.23 ppmbs[1 H 3.95 ppm s[6H]
13C-NWR (CDCI 3, 75.4 MHz, 298K) 168.1 ppm[C] 154.8
ppm[C] 147.7 ppm[C 8 1. 1 ppm[C] 76.4 ppm[C] 53.6
ppm [ CH3] Conparative Exanple 1 | odination of pheno
In a round bottoned flask containing the I+ solution
(obtained in Exanple 1 fromO0.78 nmol 12 and 50 m .
MeOH), phenol (24.4 ng, 0.26 mmol) was added. The
reaction mxture was refluxed for 5 h. After cooling,
KI (131 ng, 0.79 mmol) was added and a satured aqueous
Na2SO3 sol uti on was added dropw se. Met hanol was
renoved under reduced pressure and the yellow sol ution
so obtained was diluted with water and extracted wth
AcOEt (3x20 ml ). The organi c phase was dried over
Na2SO4 and evaporated under reduced pressure and the
brown resi due wascharged on a flash chromat ography
colum and eluted with 9 petrol eum benzine/ 1 AcCEt.
Yield: 25 ng, 21% Spectrak4data 1H NVR ( DMSO- df i +DpQ
300 MHz, 298K) 8.01 ppm s[2H 13C NWVR (DMSO- dfi +DpQ
75.4 VHz, 298K) 155.8 ppm[C] 145.8 ppm [CH 88.5 ppm
[C] 85.0 ppm[C] ESI-MS (negative node) Calc. for



