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[0003] The simplest and most common OFET device configuration is that of an
organic thin-film transistor (OTFT), in which a thin film of the organic semiconductor is

deposited on top of a dielectric with an underlying gate (G) electrode. Charge-injecting
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contacts, hence the film should have a single crystal-like morphology.

[0005] Among the organic semiconductors used in OFETsS, oligothiophenes,

polythiophenes, acenes, rylenes, and phthalocyanenes are the most investigated. For



pol yt hi ophenes, acenes, rylenes, and phthal ocyanenes
are the nost investigated. For -2 WO 2009/098254
weEanbaM2809/ 051315 instance, the first reportPONER2009/051315
pol yhet er ocycl e- based FET was on pol yt hi ophene. In
addi tion, pol y(3-hexyl)thiophene and
. - 0 r st
1nstaﬁic 1 tﬁé ?l’s}f ¥<Jg1%)%tl noglré} gdlgl?é?&gﬁfblé/—\@{sgd EF?‘ VI/AS 0% E}hgllaehefne In
addi@éﬁ rpdli(e heg i hiophBRSArial, wdf@]ﬂiﬁoh@ﬁﬁﬂdpﬁénd@fwdr@&ﬁeirst high-
conpounds, 1ncluding variations in ring-to-ring
molnbtm@btmqnapgi seal modedylasi tespeactrelpaver the Yh%a%,é:hﬁ@scal t ed
[
moc‘_gca%oﬁg 0f fhg%eehc%%g%uﬂéﬂéﬁ%[eu)glg e%\?zirlgtﬁéﬁs 1ani1tg t¥§ %Bctoﬁﬁécﬁlvﬁy and
subdiibiitesn pakisrng heveresutiee irs & thadegibid aurmber@fieleexc-aptiveanatesals.
an al ternating copol yner of perylene diimde and
HowgvehivatoYery &phexreptiens als olheramiigdals atsdt tveg sepicRadngtors.
On RGP T Bhorhd B gP e P DYy enc g ahd BB Bphene
umte vsguch wWizasporied tethawd electtbn rAomlities@seiigh asS0% X 10% cm®V's™ and
129; 7246- 7247 (20Q7). [0006] In addit | on to the
an og/off eyrept gtioppf ey JE 12 ¥AFUEB g6t %0s- ARaTerS &1 &, J - Chem.
e gﬂﬁ@ort is frequently depressed, or even
SOCCL%?%‘?Z%&(Suen hed, when the devices are operated in

the presence of anbient species (e.g. oxygen, water,
[00@61d loaddition ¢d t}wisdm;ity oflintypesemsionflwdtonymatoriastPIFIAL electron

condi t.i ons severe hi nders t operate
wangigcls oo B PR Hoh SR SEP Raste et R BB s are
opeRQt iR ee pERALE BNAmBieASHe@bs @RV gens Gliet, ANd UEHOHA dRsRI

devi ces where electron-transporting (n-type)
Thigrgeneitiviy £ aipbiepiceoadifions sayareky Wades d) lttvm]omrate these

cell). In these devices, the

(EVP %%ﬁﬁ&h;@%&xgﬁ&ﬁmﬁ? ‘ron donor sem conductor (e.g.

poly(3 hexyl t hi ophene (P3HT)) and an el ectron acceptor
[006"H M Anvibktdtrportie. cgass of vaghiiarehicbhdrceorebafdl ddviqek ewhyfe

-butyric aci met h ester rk t et her
clecgigfans st ag  HaR F s Bleateefah %&iﬁ) cfesp i giovoltaic
(or &dl&mell? bﬁﬂh&‘e'd&@ce@ﬁ% QMR P AMBlectrod Hordo? s&ﬁ%bﬁ(ﬁf&cﬁ'

) hat both the el ectron-donor sem conductor and the
(e. gelpet,}t(B«hnX)ddnmhew (P33HED) mm@t@mnmsmsseaumndwor (e.g.,

o g A At B BB RS

splied@RREfon @oRANdE haRffofiddM /poﬁ lighh@sodptiofoaRl %gﬁérate pOWer.
absorb light in the visible/near IR part of t

It issjseicable hat pasb 0ls] elauionsdpnpneenpigonsiucier ra%# te elpghpepcesptor

t
s G RRRESH e RGBRRR B PBR b rejosbioa
muéidight @ﬂﬂiﬁﬁﬂﬁdol‘aﬁ s;tdﬁ&umrm Ipessulblar Foidxiathphd, atdmwdraob ef PCBM is

of the correspondln g al kyl-substituted and parent
that it does not absorb light in the visible/near IR part of the spectrum.

[0008] The synthesis of a large number of electron-acceptor (t-acceptor) carbonyl-
functionalized oligothiophenes was recently described and compared to the
molecular/solid-state properties of the corresponding alkyl-substituted and parent
unsubstituted oligothiophenes. Each of these substituted oligothiophenes exhibits high

chemical/thermal stability, similar packing characteristics, strong 7-7 intermolecular



unsubstituted oligothi ophenes. Each of these
substituted oligothi ophenes exhibits high
waebmoiogsab4 t hermal stability, simlar packing PCT/EP2009/051315
characteristics, strong It-7t internolecular -3 WO
2009/ 098254 PCT/ EP2009/ 051315 interactions, and | ow
e e 0 t
mte}afE’iY@h 0 ]]%kv E{gﬁfd‘é%e'?gle Coﬁ%he\%gé& AN (ﬁ# ﬁfq%h&fﬂaﬁ‘ S 51Hhe

oligsih@iphénccainé wasfamtl to havelyesi @lificdnt Qﬁp&l of ieBlecdioitt Him
and sem conducting properties of the resulting filns

growithejangrspnyerRndugiing propertierdf ths euliins Aidme.rad & desicenyéh
suc sfenfi%g‘i?ﬁ@éc"u% ef Qze Qﬁﬁﬂ)ﬁ?trit?% thtﬁ;efbnf MiRfie n-type

accunul ati on node, |cat|ng ectron
accumqllemxtn mnde, iddicdting f&&lmedmtrdmm enuonanterthmermccﬁfelactoe mgtenal

Sees & USa AR Rop e RIS ot b di0asd U 3o rspbgion

PubfBiod QKR! BddkdD909 ARl BvleI0186401S @ﬁe%%ﬁ[‘é?dl@(flo?ﬁ@@f &kh of

which i's incorporated by reference herein
whigleisancoreorated by refereatehdreion- accept or - f unct i onal i zed
(e.g., cyano- substltuted) rylene imde- based

[Oﬁ(ﬁﬁer Y e!b%]a% A5 c}’f%%ec%a? dcge &)901’%11 1on§311%e)((ig§ By o%‘ﬁ%%tﬁtied)

ron 1n om re evan S sugges

rylehd Bhidebegidrsemidonda P8 asishow i esexhibit @ull&@s stable operation in
possible in air if the electron affinity (EA) or the

air. fl?aﬁ%fromerslmméwdgfétse&qufaqhaf(tﬂWér%cﬂﬁnmrbw esgnqlequdss is
poss%l@tn? aiP Jﬁg@l‘é@&% ffﬁ”lnftﬂ ﬁﬂp&ﬁﬁé‘ ifst 'réiuéﬁ'&{% lér?(% Qﬁe}:{ equivalent

increased or sufticle negative, res
soluAbn kategiararheter of tlfefm«):lad:lﬂe tscsuﬁidmm]ynncrbdmed ex adficiedtly

uired for t nset uch,stabilit e
etk Feh VY o ALTEBI A5 iR TS BBy et sepfed f the
onsétHn gﬁch‘%ftalﬁ'l U ap}%al% tBM fbpry?&ﬁ%ntaﬁlm %ﬁl%lééﬁfeﬁ HSock@s Withe

See, at ent [ication Publication No.

ran@@d@b@ﬁ?@ 9‘.607 totdheuteritd ¢\e V@B@c‘raggume Sed, evml @R Pgent

A B RERLR AN oSl TRET 0k ol s U bl et

incdrpoThed by uefende Basd@r al |y have linmted processablllty
H gh- perf or mance p-channel polynmers with hole

b|||t|es of about 0.1 cnRV-1ls 1 have been reported,

[001]; In.ad¢ifinn & the yarigusedediciepeictrieserbechaheye aneleeylas
I I n
o LI 2 R WAL AL By
pommsawmthrmlwmommmm@em bEmpyl’ ;/hhm& beew iepgrted, but n-channel
sem ¢co Vit desired in.the
pol R R AFHETS (51aB b uffel i REGR ProRaRE PP e ghgpie
elecRbOf nidbAkled vilier a%fﬂ?érﬁ%ncﬁﬁ&i’s‘ tions, and/or can be
processed in sol ution-phase (e.g., via printing,

casti ng, sprayln% or spin-coating).
[0011] Accordingly, new classes of polymers having semlconductlng activity are

desired in the art, especially those with n-type semiconducting activity, are stable at
ambient conditions, and/or can be processed in solution-phase (e.g., via printing,

casting, spraying, or spin-coating).

SUMMARY

[0012] Inlight of the foregoing, the present teachings provide semiconducting

polymers that can address various deficiencies and shortcomings of the prior art,
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M; can have a formula selected from:
2> —7C w2 >z— w2 >2E w2 >
s ,and ;and

n can be an integer between 2 and 5,000;

where n-1 and m-1' can be an optionally substituted fused ring moiety, ©-2 can be an
optionally substituted polycyclic moiety, Z can be a conjugated linear linker, and R' is

as defined herein.
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[0020] Figure 4 shows a UV-vis spectrum of a representative polymer of the present

teachings (P(ND2OD-TT)).

[0021] Figure 5 illustrates different configurations of thin film transistors.

[0022] Figure 6 shows exemplary transfer (top) and output (bottom) plots measured
under ambient conditions of representative transistors based on a polymer of the present

teachings (P(PDIMP-DTCO)).

[0023] Figure 7 shows exemplary transfer (top) and output (bottom) plots of
representative top-gate bottom-contact (TGBC) transistors based on a polymer of the

present teachings (P(ND2OD-TT)).
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[002'§3i eAéc%?dingly, one aspect of the present teachings provides polymers having

semiconducting activity and semiconductor materials prepared from these polymers.
More specifically, the polymers can be A-B copolymers comprising a first repeating
unit (repeating unit A or M;) that includes an aromatic (e.g., rylene) imide, and a second
repeating unit (repeating unit B or M) that includes one or more polycyclic moieties.

In various embodiments, both repeating unit A and repeating unit B can include an
aromatic or otherwise highly conjugated cyclic (carbocyclic or heterocyclic) moieties,

where such cyclic moieties can be optionally substituted or functionalized with one or
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including, or comprising specific components, or where processes are described as
having, including, or comprising specific process steps, it is contemplated that
compositions of the present teachings also consist essentially of, or consist of, the
recited components, and that the processes of the present teachings also consist

essentially of, or consist of, the recited process steps.
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by covalent chemical bonds. A polymer can be represented by the general formula:

o

wherein M is the repeating unit or monomer, and n is the number of M’s in the polymer.
For example, if n is 3, the polymer shown above is understood to be:

M—M—M |
The polymer or polymeric compound can have only one type of repeating unit as well
as two or more types of different repeating units. In the former case,‘ the polymer can be

referred to as a homopolymer. In the latter case, the term “copolymer” or “copolymeric
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[0037] As used herein, a “fused ring” or a “fused ring moiety” refers to a polycyclic
ring system having at least two rings where at least one of the rings is aromatic and such
aromatic ring (carbocyclic or heterocyclic) has a bond in common with at least one
other ring that can be aromatic or non-aromatic, and carbocyclic or heterocyclic. These
polycyclic ring systems can be highly n-conjugated and can include polycyclic aromatic
hydrocarbons such as rylenes (or analogs thereof containing one or more heteroatoms)

having the formula:
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other ring that can be aromatic or non-aromatic, and
carbocyclic or heterocyclic. These polycyclic ring

waeymbeyescan be highly 7c-conjugated and can i PCT/BEE09/051315

pol ycyclic aromatic hydrocarbons such as ryl enes (or

anal ogs thereof containing one or nore heteroatons)

having the formula: -10 . M0D,2009/ 098254

PCT/ EP2009/ 051315 AAA~_R_ \MWere a can be an integer

in the range of 0-3; c( $ (or anal ogs thereof

contai ning one or nor oatons) havi ng t he
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0-3; and linear acenes o' ¥l ogs thereof containing

one or nore heteroatons aving the fornula: At~ A AP
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The fused ring noiety cah be optionally substituted

i " .

whel 41188 56 S B 1 N0 0 O 3 SR fREES PARATEs (1 T lning
one[of:)&ﬁn&]he%&oamﬁﬂ) hanmgthpfbmﬂé refers to a doubl e- bonded

oxygen (i.e., =0). [0040] As used herein, "al kyl"
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@l)

n-pentyl, iso-pentyl b° &Ryl groups, and
the like. In various erspodi#ents, an al kyl group can
have 1 to 40 carbon atoffg (fve., Cl1 40 alkyl -11 WD
2009/ 098254 PCT/ EP2009/ 051315 group) for exanpl e,
1-20 carbon atons (i.e., ClL 20 alkyl group). In sone
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ethyl, propyl (e.g., n-pkopyl and iso-propyl), and
butyl groups (e.g., n-bu I so-butyl, sec-butyl,
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substituted as describedyhefein. An alkyl group is
general |y not substitut é‘hbt ocanot her al kyl group, an
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where ¢° can be an integer in the range of 0-4. The fused ring moiety can be optionally

substituted as described herein.
[0038] As used herein, “halo” or “halogen” refers to fluoro, chloro, bromo, and iodo.
[0039] As used herein, “oxo” refers to a double-bonded oxygen (i.e., =O).

[0040] As used herein, “alkyl” refers to a straight-chain or branched saturated
hydrocarbon group. Examples of alkyl groups include methyl (Me), ethyl (Et), propyl
(e.g., n-propyl and iso-propyl), butyl (e.g., n-butyl, iso-butyl, sec-butyl, tert-butyl),
pentyl groups (e.g., n-pentyl, iso-pentyl, neopentyl), hexyl groups, and the like. In

various embodiments, an alkyl group can have 1 to 40 carbon atoms (i.e., Ci.40 alkyl
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O-alkyl group can be substituted as described herein.

[0043] As used herein, “alkylthio” refers to an —S—alkyl group (which, in some cases,
can be expressed as —S(O)p—alkyl, wherein m is 0). Examples of alkylthio groups
include, but are not limited to, methylthio, ethylthio, propylthio (e.g., n-propylthio and
1sopropylthio), -butylthio, pentylthio, hexylthio groups, and the like. The alkyl group
in the —S—alkyl group can be substituted as described herein.

[0044] As used herein, “arylalkyl” refers to an —alkyl-aryl group, Where the arylalkyl
group is covalently linked to the defined chemical structure via the alkyl group. An

-12 -



havi ng one or nore carbon-carbon doubl e bonds.
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enbodi nent s, cl oal k groups can be substituted as
inclyding eydhiged h]égyJe pﬁ@nyl an alkynyl groups. In various embodiments, a

cycloalkyl group can have 3 to 22 carbon atoms, for example, 3 to 20 carbon atoms

(e.g., Cs.14 cycloalkyl group). A cycloalkyl group can be monocyclic (e.g., cyclohexyl)
or polycyclic (e.g., containing fused, bridged, and/or spiro ring systems), where the
carbon atoms are located inside or outside of the ring system. Any suitable ring position
of the cycloalkyl group can be covalently linked to the defined chemical structure.
Examples of cycloalkyl groups include cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cyclobeptyl, cyclopentenyl, cyclohexenyl, cyclohexadienyl,
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[0048] As used herein, "heteroatont refers to an atom
of any el enent other than carbon or hydrogen and
wo pmboekess for exanple, nitrogen, oxygen, siliPBONEP2009/051315
sul fur, phosphorus, and sel enium [0049] As used
her ei n, cycloheteroalkyl" refers to a non-aromatic

t.ain ast rd
eve SRR n iR, o R BB R BBany
grots, asSyelbascthdl} hobidgs) ﬂidnmglah& tie0likeai I S0108 embHdifiRh S,
doubl e or triple bonds. A cycloheteroalkyl group can
cyclpgiyl gougs can bPls%th&%t@fh@S depgjiibedyigigite, 3 to 20 ring
atons (e.g., 3-14 nenbered cycl oheteroal kyl group).
[oo4gre &r use® hére “ﬁ)etergatoﬁ{” rofe sat'i)%ﬁ%t(grﬁ ofany elQnQr{t ottler tfnd
cycl oheteroal kyl ring may Be oxi di zed a?
carbopophpdiogen ddaréldéss, farlekamplephigbgene osygml Sihcon sulfur,
h thlonngﬁp %Pne S, S-dioxide). In some enbodi nents,
Phosphofusoaiel SelMWR s phor us at oms of cycl ohet er oal kyl
groups can bear a substituent, for exanple, a

[0049] drR0&8d AERM, “eytlcHelerbal By10 vi¥ers 8 a AbR@fonsdHe Tt IOLIRIE Sroup
as descri bed hereln Cycl ohet er oal kyl groggf can a so

that conteis gt lsa ope rinp heteragng pelepied framd® aSeoNoBi andSi &g, O

s, aﬁ&&?ﬁé&%{l{%ﬂy Cf%}m& nogl% 'a'ﬁﬁla?f g&fbl@l‘jtn% Jebonds. A

cyclojiettohkiyegoap kit haredup2iriig] diskas, fa:rmcramgm, Bao 20 ring atoms
mar phol i nyl , thi onor phol i nyl,

(e-gj» it HaBePpeied) wclolileﬁ%ra%lhsh grﬂ%) Cgs@&z &hqrgiNa P S or Se atoms (e.g.,
r i nyl,

N o AL S on Y A B Wl @l hihotine KR!

thiopiopgodine Sydx,ldaattﬂomb@holimek%,s -dioxide)nmdn eorbe einbeditrents, nitrogen

cl ohet er oal kyl ou an be s bst tyted a
or DR atpy e B Y ERUPY PR aytritued frexample, a
hydfd2b£ b®nt, @n %[kyﬂ?ﬂ)ﬁﬁt drothRREENBldnts RHREQHRA BeRid. | NY
systen1or a ycyclic ring systemin which two or

Cycm@r@llqﬂmmms ﬁyldal@@ a<pr5@n onp AYBLOrERPRe gravesd sydh. as oxopiperidyl,

oxog)])iaavzlof1 ?ledlp))?r(g glo}lél;{‘;’ pc\’/l‘l r " aoa %tlﬁgl%tyngyl dftﬁt% gléea xam O0Es of

cycl@hetﬁ@h&yl: gﬂupﬁinkyﬂde aamdngrotﬁat@ e phelirid| thipmorptiolgsl, pﬁﬁny]
aryl group, can have 6 _to 24 carbon atons in its ring

imidazob iRyl gmgazolw onazelidinyl, pyeazphidingl, PEW@&WMHYE‘PH@P@ﬂ
ey B M b AGR ST ARG Dipgi e

hkeAmly s d:mbd)chmenﬂsgcyphﬁliete'r(mﬂqdfgr(tdpe car bd supsiuEdeadesdoibed
covalently linked to the defined chem cal structure.
%&anples of aryl groups having only aronatic
car bocyclic ring(s) include phenyl, 1-naphthyl

[0030}i CAEhded heredr, F@gh t R¥drs tolsh éf@ng@@ﬂoﬁ&%%ﬁé hydrocarbon ring
PCT/ EP2009/ 05131 (bicyclic), anthracenyl

systemyqr @w@lycaythc presustenhinetlich (we priers aymaiiehydiecatyan rings

are fu%g&] E ac ¥1% n%)a 'bond in common with) together or at least one aromatic

monocyclic hydrocarbon ring is fused to one or more cycloalkyl and/or cycloheteroalkyl
rings. An aryl group can have 6 to 24 carbon atoms in its ring system (e.g., Cs.20 aryl
group), which can include multiple fused rings. In some embodiments, a polycyclic aryl
group can have 8 to 24 carbon atoms. Any suitable ring position of the aryl group can
be covalently linked to the defined chemical structure. Examples of aryl groups having

only aromatic carbocyclic ring(s) include phenyl, 1-naphthyl (bicyclic), 2-naphthyl

- 14 -



and |i ke groups. Exanples of polycyclic ring systens
in which at | east one aromatic carbocyclic ring is

wo ewedo264 one or nore cycl oal kyl and/ or PCT/EP2009/051315
cycl ohet eroal kyl rings include, anong ot hers, benzo
der| vatives of cyclopentane (i.e., an indanyl group,

(bic ﬁharx})[ﬂrg gﬁ)ﬁ ﬁ 18n)\é B%én%nﬁ%é:dg?a 1%%@1{02 )Pg{r;%%éa érll] eﬂﬁlcychc)

and glke lgmupthﬁhanSS of golgeyblicying syastaumlno:ethktyht/ leds00m®d aromatic
ng, syst.em i m dazol i ne (i a benzj m dazol i nyl
carbg)pbcﬂ}ﬁ ring{s gﬁeqi £0 gnexprangyp @szf)lgyl and/or cycloheteroalkyl rings

incl??e.(,: g@%ﬁ% sfhlgﬁl o Qi'éﬁ@?cfv’eg OW&W%M%‘? e; a% qula:% up, which

, ronenyl group,
is a Oybehioyndic @ycdahlkyl/dramatimting systeng), sydolenxpne @Qehar ex an‘pl es

gy iy P SRR 6 AL L3 ERLES g RnE S )

imi®ZBRH %rgn%enﬁﬁ]ydazeﬁm RRoUpAWhRE iSHBILhibyied as

described herein. In sonme enbodi ments,” an aryl group
cyclobetetoalkyl/aomatie rimg spstérm), @gfé pyalfist.i 2 chepmenylenehipe whichds a

6 6hRyEd G REnE R sy B R ouler OB e I VR,

1nc1ﬁ@$e%@@cﬁomdyh bt g1 t&ﬂ&né@l,@indoln@ﬁ?@ ps,ahe the like. In
i ncluded within the finition of oaryl . "

somgEFbaiimests a6 SEMPS campbe wbgtituted gy ﬂescglbg%@ﬂnt de é@mw th

emt%ﬁﬁhéh“t‘sr aﬁ'ra}’}ll g&f(@%gg %Qx‘?'e @%@g%@éar y%ér?g}bgfgtu?ﬁ %gﬁ'cﬁﬁ ¥é

refehhé t(aatsyd “Igulcmugds ghaupt m’erﬂalcaryll grapoLipe. cayl dreusudstid Allidetle
as disclosed herein 0051] As used, here

hydrqgep aiogisraye replased il paloger logthe o %@5@% fricludel gthin the

deﬁﬁifﬁh%@*‘haﬁ@ﬁ&?"’ Hh B&tﬁﬁ eﬂnﬁé&]’rneﬁ&ear[ 515}9%\1:)8615 ?srs;ﬁfﬁﬁt?ﬂﬂe? §v)1th

sel ected from oxygen (0), t rogen
anothef anybgrogsiaig C@mbt stereeditoas 4 Barylgrouw (pgl,y€sal arglCsmpryl
syste | east .one of the rin esent. i.n t.he
arorif B8 4G AT e B 8 Dl vt e b PR B sedBsdong
herdigt eroatom  Pol ycyclic heteroaryl groups include
t hose having two or nore heteroaryl rings fused
together, as well as those having at |east one
[0051n s eserd éleWélt eh@ﬁriowyl r Tefeys fQayomatio pongeycligpipg system
| r | VAN
con B b e R Bl o IO R0 € SRRy fifor

(S), hsﬂioen QSID )dndgeleumm @) ar al\mlbreychc amglgstem wWhere sleaspbme offhe
.ri.ng.atons and conta| 1-5. rlng} het er oat ons

rlng(s Ipreéent ig ﬂf@%@?’e’a aﬁgle%l{cdag FPniging gplcast opp ging heteroatom.
Polﬂ%ﬁ:ﬁé RAEMhrIERIBs fRMAREhAE thﬁ?lhg b Or Ilake lgﬁérbﬁl?ﬁrm s fused

chem cal structure at any het éroat om or carbdn a
togathext asrveedLidst thoserhaxingtad bdast anermuartogydic I@mmmal fing fused to one or

o R Pl PR BB e B aromati

cycldBEefoalyy tinSy. OAl BeeAArf§rélp, 8 Z @foleCefh havB Yot Q)ldﬁﬁ)le 5t0 24
N- oxi de, thiophene S-oxide, thi ophene -15

ring atoms and contain 1-5 ring heteroatoms (i.e., 5-20 membered heteroaryl group).

The heteroaryl group can be attached to the defined chemical structure at any

heteroatom or carbon atom that results in a stable structure. Generally, heteroaryl rings

do not contain O-0O, S-S, or S-O bonds. However, one or more N or S atoms in a

heteroaryl group can be oxidized (e.g., pyridine N-oxide, thiophene S-oxide, thiophene
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WO 2009/ 098254 PCT/ EP2009/ 051315 S, S-di oxi de).
Exanpl es of heteroaryl groups include, for exanple,

wo bwos9s2e¢ 6 nenbered nonocyclic and 5-6 bi cycPCTEPI00g051315

systens shown below. UN\\\ ("N //N/ -N\\\ NN T/
TNTUN,NNT,N " T~-NT TT\V nt NNII N N\\ N

5.5 fgRiap)- ERAbS Gt gyt o el tor Ratnply, o - Qi Ny
menbered thordoctlidand F-6 bidychix 2ing Bystenihshionbelav:0, S, NH,

N-al kyl, N-aryl, N-(arylalkyl) (e.g., N-benzyl), SiH2,
Si H(aIkyI) Sl(alkyl)2 Si H(arylalkyl)

SN B, NN (S o

th| enyI r| dyI r| Tni | daZ| aZ| nyl ,
trlazoly etrao y\r\ zo ; EF (;
i sot hi az thN I yI 0INg| = | snx ol yl,

oxazol yl, xad| azdﬁl yI [ H‘dol yI Ni'soi n

Z0O | oY) yI
is: o imiiuilies, #@“
ben m (Tazol enz |aTzoI Enzi ot Aitazoly
ben2|soxazolyl benzoxadlazolyl benzoxazolyl

cimg n oI yE£
IS |zo uyI ri |n I
pt er d| ﬁyl ri rTyI xazol op r| dTn

t hi azol opyridin m da | di ,\f ur opyri di nyI
t hi enopyri di nymdo yri m gyrl dopyr azi nyI
pyri dopyri dazi trhi e azol N Thi enoxazol yl ,

t hi enoi mi dazolyl groups, and the like. Further

wheex EripOe8, NH, Nealksylo dr-pityl.g¥-darytalkyly (agleN4beaizgl), SiH,, SiH(alkyl),
Sl AU Sl SSES U, syt o
heter iyl rirdes - 1ndlﬁﬂe§;§¥?ﬁ>lﬁnﬁﬁﬁl {HRdHyS ,pyhaylepﬁ@myl PyAEHEnE AN

be substitut as described here
pyrazinyl, triazolyl, tetrazolyl, pyrazolyl, 1rmdazoly1 1soth1azolyl thiazolyl,
thiadiazolyl, isoxazolyl, oxazolyl, oxadiazolyl, indolyl, isoindolyl, benzofuryl,
benzothienyl, quinolyl, 2-methylquinolyl, isoquinolyl, quinoxalyl, quinazolyl,
- benzotriazolyl, benzimidazolyl, benzothiazolyl, benzisothiazolyl, benzisoxazolyl,
benzoxadiazolyl, benzoxazolyl, cinnolinyl, 1H-indazolyl, 2H-indazolyl, indolizinyl,
isobenzofuyl, naphthyridinyl, phthalazinyl, pteridinyl, purinyl, oxazolopyridinyl,
thiazolopyridinyl, imidazopyridinyl, furopyridinyl, thienopyridinyl, pyridopyrimidinyl,
pyridopyrazinyl, pyridopyridazinyl, thienothiazolyl, thienoxazolyl, thienoimidazolyl
groups, and the like. Further examples of heteroaryl groups include 4,5,6,7-
tetrahydroindolyl, tetrahydroquinolinyl, benzothienopyridinyl, benzofuropyridinyl
groups, and the like. In some embodiments, heteroaryl groups can be substituted as

described herein.

[0052] Polymers of the present teachings can include a “divalent group” defined
herein as a linking group capable of forming a covalent bond with two other moieties.
For example, polymers of the present teachings can include a divalent C;_5o alkyl group

(e.g., a methylene group), a divalent C, 5 alkenyl group (e.g., a vinylyl group), a
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[0052] Pol ynmers of the present teachings can include a

"di val ent group” defined herein as a |inking group
waeapabdesof form ng a coval ent bond with two OPCEEP2009/051315

noi eties. For exanple, polynmers of the present

teachi ngs can include a divalent Cl1_20 al kyl group

dlva(le%t% o aﬁkﬁﬁﬁ E%Gu@ I’y'i? 8@1}%18 QJOM&' 78 ﬂgﬁ%@g"ﬂa@%@f (e-g.,

a phB@]&Eg?a@@%ﬂﬁzh&hm 1dinvahteméd &ldﬁte@d)dik/}mgkoqpr(elgp a(e.g.,
ynyI yl grqup).. a divalent C6 14 aryl group
Pyrreﬂd @rfﬁv%l?ntar Mymb%reg hetarashtl exoupege pibicayy!
c d
gm@ﬁﬁ?‘”féﬁff el (B e Bsp BRG] (e iler B
mclumomniythq two bomdsbeforGembafidrithe graughemni cal group (e.g.,
-) Is understood to be divalent by the inclusion

["0‘3& ﬁ@?@efa SBRPBR RSk BORaR eyt OB ik et as a

chiralt fitef)andGofR it Eietbniouds dallichataint®dt @ mors Asynsas®ic @foms or
t he COﬂ"pOUI’]dS can contain two or nbre asymetric atomns

centgys, wBightcan shus\givedtsedaaptidal sogietsecnantiomers) gpd Higgiereomers
a ic
i S R
diasteseomdrs, in¢ldding ltlasﬁzegmeﬁﬁrmsolvmd:nadumgeﬁdaﬁyror respective
di resol ved enant.i oneri cal Igg di astereonerjcally pure

diasfegenppirically pyre,isqmars g8-( ¢ 0§£ - PEEOLOSE)) ang theit 1eerpic
mixhREE R Fell T Sthkf ﬁ%@ltur@§ ofBk lenﬁﬁm%e?seé{ndrﬁlﬁéfﬁﬁﬁ J‘é’f I Q)‘f'ne

enanti oners and di astereoners. In sone I ments,
embodimans, oplsm‘rmwxemanﬂae obbtizidrie dnmmomwnalil;omrchenhbﬂ gure

e G Prosi ALl o R Sl nc G A o

examble! lirab SRR Aoh OiastéteabSE QMM &tich2kineli@Fd¥BlutiOR and
kinetic resol ution, and asynmetric synt hesi s. fhe

asypregrynthesie! hThg Broggns éeachio gy se encpmpassagigt and trans-isomers of

pol§m§‘9 %oﬂtaciﬁﬂgrﬁke%yla%lgle i&d n%r S,naﬁ g? Ia%,tn ﬁlg%ne g% qu% gl&ou?é be

undblzfsdﬁd slia0 dieb pdl@hers BE tHePraseBt Baddindskec@ngse all pbeaddi ngs
enconpass al| possible regioisoners in Cﬁure form and
regigisQmgisds PricPEB ANd MHXtEsHEheprio df PRIPR SMbeGimepts dha PrEPRGHON

of tl?é rEgl:ﬁt ﬁ(glgﬁl%&tcaﬁ %%gﬁr?e ds%gﬁg{héaﬁl%h %%&?Eﬁﬁﬁtg&ﬁ&cf %&Hratlon

Brer's I'ng sta eparation proce
prod:ddosae ksbwh Itcetlhosmslmlltasel iarthe arf, dor exearpp, by ubing vaé ngmoresofor

T e N T
chr@fslogtastty, RRA B&'hfﬁ%%ﬁnﬁﬂcgqi %cﬁdi')!'r&ﬁﬁbgﬁf)ﬁf’ hifowE Qe Bures of

m xtures of regioi somers can be uséd simlarly to the
regigisemersfcap e msadﬂmmw the ggisoif sarheindigiduaheegioiosee of the

prengﬁ% élgggg gsa(lzﬁ%cé hebrgl% ar1]1 or lknov%rrl] %él %rskljfleg \Q\AIJUSQX a

[0054] It is specifically contemplated that the depiction of one regioisomer includes
any other regioisomers and any regioisomeric mixtures unless specifically stated

otherwise.

[0055] As used herein, a “leaving group” (“LG”) refers to a charged or uncharged

atom

(or group of atoms) that can be displaced as a stable species as a result of, for example,
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[0054] It is specifically contenplated that the
depi ction of one regioisoner includes any other
wo egpoiener s and any regi oi someri c m xtures upPdBEEB2009/051315
specifically stated otherw se. [0055] As used herein,
a "leaving group"” ("LG') refers to a charged or

. Qro .
o IR ES b (O b M8, P PRk B ARG ot v
limiexdanhabogen-(d.g., 0N B0 DQ4H@85S, tRIGEYmR08EN) iGd $NO8), cyanate
substitution or elimnation reaction. Exanpl es of

(CN) eWitendlgh paonia sNHalk andyglfogaie greps (¢-8 ~Rowherein R
| . , ' ' ]
can BRLSHST L o By Ll o4O o061

grogsrindependentg seleciadi froml f Cnatatkyl poupsind en glectr@BG2h&awing
wherein R b CL 10 | 14 |
o S SIS COBIATToRAY Y e IE R suigigts DM

brodyH€ RERRTbENzca8luEBhAE OBOMGylale {40niabdHze AP A DNYY,

el ectron-wi thdrawing group) Such as tosylate
and (i date Enduotoimntkanesulionate, OhBsy| at e ( net hanesul f onat e,
brosyl at e (p-bronobenzenesul fonate, OBs),

OMVs) _ .
(0ogti YA RiEa sl 5h BIEN RIS R e bk 1 e |
senﬁ@h&h@or”&efe@-tbmenﬁ@ﬁﬂm%ﬁﬂ HaRin@Ho#ds as The rAajoftytGup@nt

sem conductor” refers to a sem conductor material
carTegy i goms|cabodingnte whap airiype sqmicaiuctos maigrial is deppsited ona

subStRR® iR %%\gg@é Role ‘ﬁ’ib%@it? iReA bR FSBHBRCRIPIAAGL. mﬁf&is@ bt
I's deposited on a substrate, It can provide a hole
fieldroffedtideyicesy apxtgps sentfominotor cdr0alSo extihivs curkrent bhleffoate of

of field-effect devices, a p-type sem conductor can
greaé‘?rstBa"eﬁ)ﬁ’l“b?' a current on/off ratio of greater than
about 10. [0057] As used herein, an "n-type

[005A M AORRH Befin, MBI senBEondlctoPmbipal” oy aRgeypuct or ™
refers to a sem conductor material having el ectrons as

semiqpaduiproppfers to@pemégondecier ategal hayingiestrepdhadherermi @ity
e Nyt ] r ter] | sited. on

L R R R S

depesied 98 aclibsthoe)tit chA-pPovidd @ dlectrdnnmbbiiktyciasecs$ of about 107
field-effect (F;J,evi ces, ~an n-type sem conductor can al so
cm’ iV, Igjthe case of Heldrpffegideyiges rann-type sergicaadustorcam alsg sEhipit a

curreft o/ P 2o réh?&q!hﬁef{b%'thﬁlo."fi eld effect mobility"

refers to a measure o e velocity with which charge

carriers, for exanple, holes (or units of positive
[003%]ar geyseil meteiis “Geldeffstt molpility”yplerston maasdwatf dhie velocity with
whigggﬁa&%%l%?ﬁ%{;‘rgrf%k gygatrﬁp &holes (E)rhl?nit%ao %os%véj1 crha?get) YPfhe case of a p-
type semiconductor material and electrons in the case of an n-type semiconductor

material, move through the material under the influence of an electric field.

[0059] As used herein, a compound can be considered “ambient stable” or “stable at
ambient conditions” when the carrier mobility or the reduction-potential of the
compound is maintained at about its initial measurement when the compound is exposed
to ambient conditions, for example, air, ambient temperature, and humidity, over a
period of time. For example, a compound can be described as ambiént stable if its

carrier mobility or reduction potential does not vary more than 20% or more than 10%
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mat eri al, nove through the material under the

i nfluence of an electric field. [0059] As used herein,
wa2omengesd can be consi dered "anbi ent stabl e"POI/EP2009/051315

"stable at anbient conditions" when the carrier

nmobility or the reduction-potential of the conpound

. : . Cte it Lal _ :
fron s TR VIR He g BB b Abich bl iop SRS R SR, mIERy and
tempetanup, eyerad 3 dayaSlllagnir 10elapeeasdire, and hum dity, over

a period of tinme. For exanple, a conpound can be

00 e PSPt i S b,
mat?@il@, of B&ipdiirs ll@at% BOORG9 9226 sREIMiBRAANY Hock3dkr

- romits initial value after exposure to anbient
incledinglppin-enating, pohting (eg., inkjet priniimgdsarsengmihting qrag eriatiog.e,

over .a 3 da 5 da or 1Q.da eri.qd. 060] ..As used
ortsflaFinefe bra it prafioR nothardelyf Bin i LACerE PR AR RS
prinfifig Bad thB Yik¥JIBpRY coatiiil Settedspray@oatsBTHRSH dak@i}s dip@atif@RAnd

be used in various solution-pzase processes i ncluding
bladgspgfingoat i ng, printing (e.g., inkjet printing, screen

printing, pad printing, offset printing, gravure

Eip . ha 1 .
100613, ¥biGbhol B QR i Rt Bl drp i ARL oncad with
chemalcathanees p Velere aay qurgtionl aidyes aa st nanggncthityre,abastruvgyre precrails.
bl ade coating. [0061] Throughout the specification,
rugtures may or may .not be presented with em ca
10062 o e Rt has e fopo Bine BaBR 580 BE efsemer BY theo
formihlg® Structure prevails. [0062] The present teachings
provi de polyners that can be represented by the
formula: -(- ML-M2 /n peim.yﬂ.is an optionally
substituted aromatic inm de, Nﬁ”is a repeating unit
t hat = .includes_one or re optional .subst it uted
wheggip Mhyig pp opfigaly Seksttueiasgmatc gﬁl@e% &3 PGS B4 an
inclf@dies%‘ﬁk’ 3t ndofe %tgxl%@%%&)fﬁﬁ%deﬁ@im OH%NE% mi¥ffet®@MnBASar Heger

ormula: Rl
greater than or equal to 2.

[0063] For example, M; can have the formula:

R1

— R1
—%t -1 I
O. N O
' 5

R or —C

M, can have a formula selected from:

n can be an integer between 2 and 5,000;

wherein:

each of -1 and ®-1' is an optionally substituted fused ring moiety;
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ONORL or M can have a formula selected from n-2

-Z ~Z ,and and n can be an integer between 2 and
w®20009828herei n:  each of n-1 and it-1'" is an PCT/EP2009/051315

optionally substituted fused ring noiety; -19 WO

2009/ 098254 PCT/ EP2009/ 051315 it-2, at each

11:—2,%1? %éé'hr ence, ity klﬂi%;e) dcn }D zta.rll éé[htlon ﬁ gub%{] f%lltel:dypoi)lflc%%fié: }n%ge%g,

yCyclT C nol e occurrence,

in endently a I|n copjugated |inker; and R1l, at
7, R ORGP A Bcpeds kye@pﬂ#agmwgaé BdMrom H 2
Cl 40 al kyl groug a C240 al kenyl_group, .a Cl 4o
R', ¥ SBe/npaeyTrenscolsin %’ﬁ@ldefﬂlx selpetpd Eofptler Cew,alkyh 8FBIPRa C2.40

alkeﬁ?ic%foﬂf ald18 9%19%%12%5 afli QUP ych@ faciied0 al kenyl

aloalky group can be
3&; aljlly substituted with 1-10 substituents
ependently sel ected froma hal ogen -CN, N2, OH,

¥ A 0L e R M Gokihy

- &g@%hl%n be 'o?{x@dmy"sgﬂsﬁ%&le@ binl1-10 ﬂb@htﬁé&@uﬁﬁg@d&ﬁﬂ
0 alk

-s|Hc3120a|Nﬁ{/(3 &05120
aI Ls9159ted émma@lpg@n 20NaNRy! OF; “WHeh-N(Chealicdl), 40N(E) oy |

) Ig% 0 al kenyl group, and the Cl1_40
haI %’yl oup can be covalently bonded to the imde

Ni HOBIER-GLOPAT Vs alk i) —Cp0jAIAlC(O) -0k g5 aligd-GeaskiHef t he
1-4 cyclic noieties can be the sane or different, can

be €60 Ent1-3p Al PN 1eaaikybs, erCIGv alkHe—Sifsde

al LSi
opt IR oy ARy BE - SPGB M RL SR ARINES
B L AL O il

al leydypanbS(cOydédtly bdﬁtﬁl to thé @hide, mtr(ﬁgeﬁ))atdﬁl vidGnadpliyhal

C(IO OCl 20 al kyl,
1INKer, and”

each of the 1-4 cyclic moieties can be the same or different, can be covalently
bonded to each other or the imide nitrogen via an optional linker, and can be
optionally substituted with 1-5 substituents independently selected from a
halogen, oxo, —CN, NO,, OH, =C(CN),, —-NH,, -NH(C;.5o alkyl), —-N(Cj.50
alkyl),, —-S(0),OH, -CHO, —C(O)OH, —C(0)-C;_» alkyl, —C(0)-OC, 5 alkyl, -
C(O)NH_, —C(O)NH-C.2 alkyl, —C(O)N(C,.q0 alkyl);, —SiH3, —SiH(Cj.20
alkyl),

—SiH,(Cj2 alkyl), —Si(Ci-20 alkyl)s, —O—Cj50 alkyl, —O—-Cj.59 alkenyl, -O—-Cj 5
haloalkyl, a C;.5 alkyl group, a C;.» alkenyl group, and a C 5 haloalkyl group.

[0064] In some embodiments, each of -1 and ©t-1' can be a fused ring moiety
optionally substituted with 1-6 R* groups, and 7t-2 can be a polycyclic moiety optionally

substituted with 1-6 R* groups, wherein:

R? at each occurrence, is independently a) halogen, b) —CN, ¢) —-NO,, d) oxo,
e) —-OH, 1) =C(Rb)2, g) a C;.4 alkyl group, h) a Ca.49 alkenyl group, i) a Cp.40
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C(ONH2, -C(ONHCLl 20 alkyl, -C(ONC1_20 al kyl) 2,
-SiH3, -SIHCO 20 alkyl)2, -SiH2(C1_20 alkyl),
WO 800018220 al kyl )3, -O Cl1_20 al kyl, -O Cl.20 ab&ERP10p9/051315
-0 Cl-20 haloalkyl, a C1_20 al kyI group, a C1_20
aI kenyl group, and a Cl1_20 hal oal kyI group. [0064] In

7oAl AL SR Dol KL B e BR0R e e,

9 I GuldslkyRgxdup,'mPa CENCHR cgclpmkylog,rohp @) mYeQ; 143413'1! gna@ ly
substituted with 1-6 Ra g roug wher ei n: ):él
oc OUR r¥nke; s haloarylgapighacar Yy 4P %P%%Cycmhetemlk Broup;

gr ou 8) fhyex qé?ﬁ%)berﬁ['éeﬁ{, ??af&’% b %Vg&%m%agﬁlgf"tﬁe @E %yl
?:(1)@?1@9?‘5@2 PR ER00% ﬂﬁg%%alkahﬁxgn@ttp gy cydouy
C1 5P, 1hS Gt gvfg&uau% ?}ﬂ hﬂggac?% efe 2

gr Q QohdWrodlkyl'g %d@l‘ieyﬁ 19 h%eré@he@ero%y@oﬁ is optionally
hal aryl group a -Y-3-12 nenbered cycl ohet eroal kyl

gr culpstituted wifh 1a4 goupst nmenber ed heteroaryl group,
wherei n each of the Cl-40 al kyl group, the C2_40
al REnytleacis ottorrendee 1sGﬁde¥ﬁndﬂnklymy halggeny p) -€ENec)GNQY) d) oxo,

A et S i
gr gy I@HCN aﬁ%/l%f' kgfﬁﬁf@%ﬁdl) ﬁSS@)’ 0@, Y] alig %P—S@)zoﬂ
optio ed Wt gr oups:

e aai) -5 @MFO@mc(fﬁlk)ﬂ,SO)l M@b‘eﬁ&nh yl, ) —ﬁhﬂcb ge I‘TC((B))‘C—I gralkyl,

o) QryTonF et Tl 95 O) O b ey e

ar W ~0<<)n>iNH£ Gg@toammczm ARy! - O TN () alR§1), §) ALCQ@NH-
n (I:lZOaIkI, 0) -S(Om
oc&mar @)N(@H@allaol) @)rylc&é)z@(QDlﬁ 6;14 21y,

%@fs%@ga%‘%'-c@?“ﬂ e B CE et
Z'r o ‘E%S)N‘C‘o‘?ﬁ“%’%&;@ﬁmm sy ClGHAFSE) CBETAT-C
Cleyinitbe STy 73 —Ss@)mﬁ‘&fsmlérﬂ) W S B Gty

o S CONHEPAN A RORINUG - FRY-CLoWML0 4

C(a@r))NPS(OEmM(AEe 1aaryl)z, aah%SxHS(a@) ﬁﬁﬂﬂclm 3lkylB¢ O) miNH( C1_20
oy sl b e B L SR B
als(keﬁllé?lg'( SoupAatpd 7L )o%lkyd grodp,H%) a@Q) alkby Qbu@ Qv) aCra0
alkylthlo group, aw) a C;o haloalkyl group, ax) a Cs_io cycloalkyl group,
ay) a Cg_14 aryl group, az) a C.14 haloaryl group, ba) a 3-12 membered

cycloheteroalkyl group, or bb) a 5-14 membered heteroaryl group;

Y, at each occurrence, is independently a divalent C,.o alkyl group, a divalent

C1.20 haloalkyl group, or a covalent bond; and

m, at each occurrence, is independently O, 1, or 2.

[0065] In some embodiments, R!, at each occurrence, can be independently selected

from H, a C;.40 alkyl group, a C, 49 alkenyl group, a Cj.4 haloalkyl group, —L—Arl,
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ap) -SiH2(C1_20 alkyl), aq) -Si(Cl-20 alkyl)3, ar) a

ClL 20 al kyl group, as) a C2-20 al kenyl group, at) a
w@&200209825kynyl group, au) a Cl-20 al koxy gr oupPCHEP2089/051315

G -20 alkylthio group, aw) a Cl_20 hal oal kyl group,

ax) a C3_10 cycl oal kyl group, ay) a C6-14 aryl group,

al I 1 a 2 eped g2
cyc ohg?'ér oa Lﬁ%oﬁ%{w Iﬁt??é %—ﬁ}l & rfbnz“r g R’ and
—L—ﬁgi—eﬂy&@l{&l group; Y, at each occurrence, is
i ndependently a dival ent C1-20 al kyl group, a divalent

01.vwAerdi@l oal kyl group, or a coval ent bond; and m at
each occurrence, is independently 0, 1, or 2. [0065]

| N 1S QIBicR BRARABL) t1§mdgﬂend@ﬁt1 R AGEH LYNOEY-CaP_[8P0), ]
i ndependenty sel’ecte fromH a Cl1_40 al kyl group, a

C2-¥%0 al kenyl group, a Cl1_40 hal oal kyl group, -L-Arli,

21,0900 092 T SPEORRUOR RIS, AR A s v,

- L-a@ialdRt C 3 slkyl- drodp), 'a-divalenRe; ,yMIRERA Bioupla d1&hleﬁt8@1hzo

occurrence, Is I ndependently selected from-Y-O Y-
-thalsetb)vhzmumand ~ecggleptbands - V- [ NRC(O)] - V- |

-Y-[C(ONR]-, -Y-NR-, -Y-[SIRC2]-Y-, a di val ent Cl_20
al kylwgq:reimp, a divalent C-20 al k~eny| group, a

di val ent Cl.20 hal oal kyl group, and a coval ent bond;
wher eRf:at edeh catureamct io odaperdantty Hi s Cipdigbgrdeptdry N—(3.14
Cl 6 al té‘lro g_roup, or a -Y-C6-14 aryl group; Art, at
each Y&c&PFence, is i ndependently a nonoval ent or

di val ent CG 14 aryl_ _group or a 5-14 nenbered

hetAdr o £39h GGewipnce ¢is didepprdeain pIEngysRt ar G valenh Ce v afyls

g R T 8 O D

gr cupstinzmtioinddpefidémlycalektel fomoa palogerd ~-CN, PXat=@EN),, a C6
occ ryence, S |ﬁ(d endent | Y nltﬁa[fo al ent or ddi val ent
| S} 651 R PIKORY BP0 Qe gFoup: an

cy cI qQhet er oal kyl group, each optionally substituted
Wi tCFV qatsach pecpiTeREntsIndspeRiraty @rpprpvalsntern vrleH Smig

G G S oK 9:1476B G ot Hucoiro . 84 opfonally

“substituted with 1-5 substituents independently selected from a halogen, ~CN,
ox0, =C(CN),, a Cy¢ alkyl group, a C; alkoxy group, and a C;.¢ haloalkyl
group;
R? at each occurrence, is independently selected from a Cy_4 alkyl group, a Co.49
alkenyl group, a C;_49 haloalkyl group, a C;.4 alkoxy group, -L-Ar?, -L-Ar*-Ar?, -L'—
Ar-R’
—L-Ar’-Ar*-R3, -L'-Cy?, -L-Cy*-Cy?, -L'-Cy*—R’ ~L'-Cy*~Cy*-R?,

wherein:

L', at each occurrence, is independently selected from —Y-O-Y—,
~Y-[S(O)m]-Y-, -Y-C(O)-Y—, -Y-[NR°C(0)]-Y—, ~Y-[C(O)NR‘]-, - Y-
NR -, =Y-[SiR%]-Y—, a divalent C;_, alkyl group, a divalent C;.5 alkenyl
group, a divalent Cy.5o haloalkyl group, and a covalent bond;
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group; R2 at each occurrence, is independently

selected froma Cl1 40 al kyl group, a C2.40 al kenyl
w@emap9s2sd C1_ 40 hal oal kyl group, a Cl_40 al koXxRCTEP2P9/051315

-L'-Ar2, -L'-Are-Ar2, -L'- Ar2-R3, -L'-Are-Are-R3,

-L'-Cy2, -L -Cy2-Cy2, -L'-Cy2-R3,-L'-Cy2-Cy2-R3;

KR 5B R8BS By d ARG (s

- Y-gr 0WRr@) 3-1 ¥ memb¥éredEetdr ddiry - group!eadtiReptionally Etﬂilsﬁiﬁﬂd with 1-5
a divalent Cl1 20 al kyl group, a divalent Cl 20 al ker&y

gr SUpSHtuenEs %ﬂzsﬁtia@y sgbctﬁg om halpeegy 8% ~Chd&
C%ﬁiﬁglougoxﬁ@l_s al%éx,v\g} Oﬁldod%?,éﬁ%(? 1??’0%809/ 051315

occurre I'S 1 ndepen y a nonoval ent

val 4.3 % r
R L L
su hgtlbhlkghgmup bolgpardagihbered eyobsteatodlk vl rg\rdsu;i egroptionaly
-CN, =C(CN)2, a Cl 6 alkyl group, a Cl1 al koxy
gr SUpstingad withdrS subigtfusals R@flepel?%’fa y seigesed” %r?meaalalpgen 0x0,
ocge t
o 1@4N ejct;(g )% ﬁ&lg%&gﬁﬁg M:l al‘IEBJ%Qnél%FuE 3%"&&1%?63&18&
cycratpet er oal kyl group, each optionally substituted
with 1-5 substituents independently selected froma

halRgareaclwscsurren&\is #CLLMIRI geouGla 6, al Anybgou,a @ .40
Cl 6 al koxy group, and a Cl_6 hal oal kyl group; R3, at

eadRlgikyl BFURCY 2 Cuoalkexy U R34 group, a C2. 40
aI kenyl group, a Cl1-40 hal oal kyl group, or a C1_40
al Koy graseps defigd ey in are as defined herein.
[ 0066] The present teachings, therefore, provide A-B
[00efd poTlgtrrEf:S;nt lwhcdﬁ@sr épwﬁ@ﬂen}govidn iA-BaopolyMets, mlncteudwtiag
TL-1 or & r a - core and repeat.in [
unit Ay Y aTudh -t or SHE PR e CBpRtipR Bt vy Roptffa 2
coré’fTHeerP‘F%fer& th@htl'fbré%?‘ e?@% n%t&%&t -5 QBRYf atmg
unit B are typical on to each er via carbon

unitdd arerypif410600ndéd unsadh ngieymaaaarttoalammbodl ments of the
present polyners can have formula | or fornmula I': Rl

[0067] Accordingly, certain embodiments of the present polymers can have formula I

or formula I':

[
N

wherein -1, T-1', T2, R', and n are as defined herein.

[0068] In various embodiments, 1-1 can be an aromatic hydrocarbon (e.g., benzene,
naphthalene, anthracene, tetracene, pentacene, perylene, pyrene, coronene) that is
tetravalent and can form covalent bonds with two dicarboxylic imide groups, and can be

optionally substituted with 1-4 R* groups, where R? is as defined herein. In some
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| ONORL CC2C1~0ONO2nCONOGCGC!t5 R n
nl or if whereinit-I, 7t-1', 7t-2, RL, and n are as
waledovnestsher ein. [0068] I n various enbodi ment SPCT/EP09/051315
can be an aromati c hydrocarbon (e.g., benzene,
napht hal ene, anthracene, tetracene, pentacene

e B e B FBE £ SRR o ot EAUAL Dl s

can Qe oefidced arith lterbstomogdth andi, Ny os Rfisd. J ﬁemstreaiyw Tihsding! Ra
groups, where Ra is as defined herein. In some -23 WD
enﬁwégywwg825qmﬁ@mﬁkpgédgmm51315 embodi ments, one or
nore (e.g., 1-4) carbon ring atonms of the aromatic
hydagqagbons can be.replaced with a heteroatom such
N . heteroaryl) In sone

Si

enbagdi nts,
(e.d., benzéne,

g
nﬁ(m , and

where a, b, d, e, f, g, and h independently are CH, CR?, SiH, SiR? N, or P, and R* is as

defined herein.

[0069] In various embodiments, -1’ can be an aromatic hydrocarbon (e.g., benzene,
naphthalene, anthracene, tetracene, pentacene, perylene, pyrene, coronene) that is )
bivalent and can form covalent bonds with one dicarboxylic imide group, and can be
optionally substituted with 1-4 R* groups, where R* is as defined herein. In some
embodiments, one or more (e.g., 1-4) carbon ring atoms of the aromatic hydrocarbons
can be replaced with a heteroatom such as Si, N, or P (i.e., heteroaryl). In some
embodiments, each 1-1' in the compound of formula I' can be different. For example,

1t-1', at each occurrence, can be selected from:
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napht hal ene, anthracene, tetracene, pentacene,
peryl ene, pyrene, coronene) that is bivalent and can

wo eooaeg2sal ent bonds with one di carboxylic i m Ber/grPmopos131s
and can be optionally substituted with 1-4 Ra groups,
where Ra is as defined herein. In some enbodinents,
ong,or.snore (e.g.,, 1lr4) carbon ring atoms of the

can be replaced with a

YA N, or Padf . het er oa :

%IS 1 4 npou Xq

ferent 0 e, s i , _
aThe sel %F;Ee ] -2; J'/m%

2@09L098¢54 PCTY EB200g/ 051315 ad ad ,,,b,,. b a\ \
a \I\di7i 9T gam ~~f OM\\di d f 9~~f -1
, and where’a, b, d, e, f; g, h, i, and’j ’
i ndependently are CH Cka, .S H SiRa, N or P, and Ra

is as Egﬂiﬁed her ei n. \\O Q], To enhance the physica
and/ or e%&rochenyca@ bpeities of the pol ymer, one

or nore ctron-wt 0laps can be substituted
ont o % 7c- ores. Accordingly, in
certain ments, a7 B 8, f, g, h, i, and j

i ndependen®y y can be %?j/‘ . [0071] In particul ar
enbodi megtg, 7c-1 can bé sel’'ected from xuv~,,,VV

and where each '8t hese groups can’be optionally
substituted with 1-4 Ra, and Ra is as defined herein.
wheRog, bedagvl & h, Ftand | talapindently ye 648 QRY, §iH, SiRE W, enB, and R™ is

as defalri)e thré?elﬁne) core that can be optionally substituted
escribed herein. -25

[0070] To enhance the physical and/or electrochemical properties of the polymer, one
or more electron-withdrawing groups can be substituted onto the ©t-1, ©-1', and ®-2
cores. Accordingly, in certain embodiments, a, b, d, e, f, g, h, i, and j independently can

be CH or CR?.

[0071] In particular embodiments, ®t-1 can be selected from:

e a
o y A ’
NoSsNeoN
T ,and B

where each of these groups can be optionally substituted with 1-4 R?, and R* is as
defined herein. For example, -1 can be a rylene (e.g., perylene or naphthalene) core

that can be optionally substituted as described herein.
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WO 2009/ 098254 PCT/ EP2009/ 051315 [0072] In certain

enbodi nents, 7t-1', at each occurrence, can be
waedoeoresd from and where each of these gr oupBCT/EPR200®051315

optionally substituted with 1-4 Ra, and Ra is as

defined herein. For exanple, it-1" can be a ryl ene
r

e T S R Y s

var i dus~&hbodi nent s,

be selected fromA.RL.RL O
N O RLRL "zZzZ O ONO ONOONMNQ®QRL RL
R1 9 wherein R gefl ned herein
Acco ~ pol yrrerszé sent teaching
haye la Il or formul © -26 WD 2008 -4
PG P 051315 R NO 0 GC-~Cx O

N O~QOAN R R Il Rl

MO OO0
A AN
| MY , and | MY ;
where each of these groups can be optionally substituted with 1-4 R?, and R? is as

defined herein. For example, ©t-1' can be a rylene (e.g., perylene or naphthalene) core

that can be optionally substituted as described herein.

[0073] In various embodiments, M; can be selected from:

R! R
') I‘L! 0 o I’ll o}
! i
Os_N__O Os_N__0O
v
O co A L
07 N" 0 O0“ "N" 0
07 "N" 0 07 "N" 0 | |
R Rt R! R!
9 b 2 9

wherein R’ is as defined herein. Accordingly, polymers of the present teachings can

have formula IT or formula III:

-26 -



XNO1xn @NO1I R IIl wherein x is a real

nunber and 0 < x < 1; and it-2, R and n are as
waledovnestsherein. [0074] In some enbodi ments, PCT/EP2009/051315

substitution of alkyl chains (and sim |l ar groups such

as hal oal kyl groups, arylal kyl groups,

het eroaryl al kyl groups and so f@rth) on one or both

i mde nltroge|n atorrs can i nprove solubility of the

pol ymer j rPsg Qani ¢ sol venPx-NAgBordingly, in
certainje ouolu'nts, R1 can bela li near or \branched
C3. 40 al gir ollp, —exanp ech/mckuean

n- hexyl |droyp A xnEEhd priopyf uroups 1eihy! but y|
group, a\l- -!ﬂ | pentyl gfoup & met hyi hexyl{ group,
a l-eth Igroup, a/l- =® tyl grou a

1- 3, di net hyibowrgl  group, " And af2>pct yl dode y1rX §r oup.
In cert ai erbqdi ments, Rl gaR bs.a |inear or
branched it al kenyl group. In,particul ar

enbodi nents, Rl can be a branched C3_20 al kyl group or
a branched C3_20 al kenyl gdbup. For exanple, R1l, at
each occurrence, independently can be selected from
the follow ng: -27 WO 2009/ 098254 PCT/ EP2009/ 051315
[0075] In cert&in enbodi nents at each occurrence,
can be a linear or branched G 48 al kyl or al kenyl

O3

group, an ary ?/ group_ opt if y substitpted with
a linear hed.-c6-40 roup, an
aryl group '.‘@’5 m with a

i near or d C6_40 g kenyl ggowp, or a

bi aryl grou
substituted mn;h a linear or branched Cb _40 al kyl or
al kenyl group, R wherein each of these groups
optionally can be substituted wwth 1-5 hal o groups
(e.g., F). In some enbodi fdnts, Rl can be a biaryl
group wherein the two arygpgrou are covalently

thr?lﬁR‘elél ayah ngmpergnd 0 € K % Xarpfl & arg #redefingd é?re@an

be a divalent C1 _6 al kyl group or a carbonyl group.

001) P e ARG BB BRI, MR s o
haleadkyl gragp 2 lalBiBgroups, heteroarylalkyl groups and so forth) on one or both
imide nitrogen atoms can improve solubility of the polymer in an organic solvent.
Accordingly, in certain embodiments, R' can be a linear or branched Cs.40 alkyl group,
examples of which include an n-hexyl group, a 1-methylpropyl group, a 1-methylbutyl
group, a 1-methylpentyl group, a 1-methylhexyl group, a 1-ethylpropyl group, a 1-
ethylbutyl group, a 1-3,dimethylbutyl group, and a 2-octyldodecyl group. In certain
embodiments, R' can be a linear or branched Cs._4 alkenyl group. In particular

embodiments, R' can be a branched Cs 5 alkyl group or a branched Cj;_5 alkenyl group.

For example, R', at each occurrence, independently can be selected from the following:

-27-



H3C \ | H3C\ F3C -28 WO 2009/ 098254 PCT/ EP2009/ 051315

\ / C6H13 ~ \ / Cl2H25 \ / \ \ / OC12H25 ~\ [/ \ /
weadypoes& F F F\/ C8HL7 F F F F F F C8HL7 Qed1/BP20p9/651315

x\ [/ sec-CAHQ \ / C(O \ / and ~\ / C2H4 \ / [0076]

In sone enbodi nents, Rl can be an optionally

substituted C6_14 cycloalkyl group. For exanple, R1,

at each occurrence, |ndependently can be selfcted

from v and [ 00 In some enbydi nent s, can have
he for ~C-2 mhere it-2 is/as defined herein.
n cert |n enbodlne ts, it-2 can ave a pl angr_jand
ghly nj ugated c lic core. Exdnpl es of L tabl e
cycllc corés incl ude naphthalene ant hracene, A
tetracene, pentacene, perylene, ene, coronene, ’
fl uorene, indacene, |ndenofluorene ’and
tet rapkenyl eng, as well as their analpgs in which one
replacedw th a
can a polycyglic
2, 3,
opt iyonal
groups
. enbodi nment s
2009/ 098254 PCT/EP2009/0513L5 i ncl
el ectrontw t hdrawi ng groups, independently sel ected

froma hhl o, group, a carbonyl group, &, ,cyano gﬁwup,AWm
and a di cyanovi nyl i denyl group.
[0075] In certain embodiments, Rl, at each occurrence, can be a linear or branched Cg.
40 alkyl or alkenyl group, an arylalkyl group optionally substituted with a linear or
branched Cq.40 alkyl or alkenyl group, an aryl group (e.g., a phenyl group) substituted
with a linear or branched Cg.49 alkyl or alkenyl group, or a biaryl group (e.g., a biphenyl
group) optionally substituted with a linear or branched Cs.49 alkyl or alkenyl group,
wherein each of these groups optionally can be substituted with 1-5 halo groups (e.g.,
F). In some embodiments, R can be a biaryl group wherein the two aryl groups are
covalently linked via a linker (L"). For example, the linker can be a divalent Cy ¢ alkyl

group or a carbonyl group. In particular embodiments, R', at each occurrence,

independently can be selected from:

—CeHys. “ﬁ/\/\ | ';\(\/\

}{Y CgHy7 —E\(\/\ s ‘W

CioHar ’ ’

CHs
HaC. /( j
FaC ’ HSCj/©/
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[0079] In various enbodinments, it-2 can have a
reduction potential greater than (i.e., nore positive

wo banposabout -2.6 V. In certain enbodi nents, 7PCRERHNY/051315

have a reduction potential greater than or equal to
about -2.2 V. In particular enbodi nents, rL-2 can have

a red {on potential gres er than or equ t o about
-1. 2% Cqﬁhﬂicular‘g i c- 'nlue
at | east one e1 ectron-wt dr aw ng group. 080]

ts, 7t-2 ¢ be pol ycy %
i ng}é‘f@'ggm ocycl i c‘%&Dg_@ % arfe'’”

group or a deri’vative thereof i nél ud| ng opti onal
substltuents and/ or ring hgtefoatons) coval gntFy

a second mnog: i g=king or a pe ac\l
; @ A irO-Ci
[0081] In certain errbodl nment.s
from _ ~U,,- V- Kk, kr W&, v~I- U r-5 1-4, k-P
vPFpOprp, Vvuu Ra UUU Ra ONOOONOa O

g 1) N Ul VVONO ONO, . -1 Ra
vitie Q QgHand 1' inﬂ'@p@ztly can be~gel eot,sd
from d=, =CrRd-, -(O - (Q(CN) 2) - p'.’ q
mdependently can be selected from - CRd—

—CRd- C( O-, - C(é%g@ - 0- - S— - N:, =\
|-ndep ehtSTG)F/mS;ﬂ be - Rd- C(G(CI\I) @O;—O@
+0ronO) o)

[0076] In some embodiments, R! can be an optionally substituted Cq.14 cycloalkyl

group. For example, R!, at each occurrence, independently can be selected from:

00 Y QD

[0077] In some embodiments, M, can have the formula:

o

b

where 7t-2 is as defined herein. In certain embodiments, -2 can have a planar and
highly conjugated cyclic core. Examples of suitable cyclic cores include naphthalene,
anthracene, tetracene, pentacene, perylene, pyrene, coronene, fluorene, indacene,
indenofluorene, and tetraphenylene, as well as their analogs in which one or more

carbon atoms can be replaced with a heteroatom such as O, S, Si, Se, N, or P.

[0078] In certain embodiments, -2 can be a polycyclic moiety having two or more
(e.g., 2, 3, or 4) five-, six-, and/or seven-membered rings, each optionally substituted

with 1-6 R® groups, where R? is as defined herein. In some embodiments, T-2 can
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i ndependently can be selected from-CRd=, =CRd-,

WO B(09p9g254 C(C(CN) 2) -S-, -S(O-, -S(O 2-, -0-,PeMEP2009/051315
=N-, -SiRd=, =SiRd_, -SiRdRd-, -CRdRd-CRdRd-, and
- CRd=CRd-; Rd, at each occurrence, independently can

el e o e B By 0B

group; achrbonyl(group;a cganpgrgup-and a dicyanoﬁ’nyl(ﬁenfl group.U 0 OO
1-4 ' 0O0-~16 PgpPg OO OOr-s NCCNr-s CN
%CCN Pgp.g NCCNNCCNCNNCNCCNNCCN NC C}l}l

[00 ]O In lemnb@unem@)@Z yarchave alggh@@og Poten@al grea@rﬁ H G.e.,

morlé—pBBtil&h% e%%ut 99 V. 3[1’1 certain embodiments, -2 can have a reduction

potential greater than or equal to about -2.2 V. In particular embodiments, -2 can have

a reduction potential greater than or equal to about -1.2 V. In particular embodiments,

7-2 can include at least one electron-withdrawing group.

[0080] In some embodiments, T-2 can be a polycyclic moiety including a monocyclic
ring (e.g., a 1,3-dioxolane group or a derivative thereof including optional substituents
and/or ring heteroatoms) covalently bonded to a second monocyclic ring or a polycyclic

system via a spiroatom (e.g., a spiro carbon atom).

[0081] In certain embodiments, -2 can be selected from:

R2 u/uh' Fl{a
N~g© OOt oMo i
§ $ v O N0
)u\\\ /J\ Vs — : : H
't ! ¢ ’ © zﬁ © 07N\ -0 ,and % kC—Dl é,
Ra

where:
k, k', 1 and 1' independently can be selected from —CR%=, =CR%-, —C(O)-, and
—C(C(CN)2)—;

P> P> q and q' independently can be selected from ~CRd=, =CRd—, —C(0)—, -C(C(CN),)-
,—O—, =S—, -N=, =N—, -N(R%-, -SiR%=, =SiR%-, and -SiR‘R%~;

r and s independently can be -CR'R®- or —-C(C(CN)»)—;
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UPDP.: PP g. 11 NCpgCN Ug-g, RI NOOR
woI@o/omRd ONOP - gl - O ONOCD-" _ / PCI/EP0%/051315
P NOpNO pgP q RIRIand where k, 1, p, p',
", r, s and Rd are as defined herein. In sone

a q,
u, ueU‘B&i’lﬂg%'i@%ndééﬁgr&Qn Be s dél@cgiecgf&ﬂe IRy fﬁé‘ﬁ‘j be, J CERECNY,)-

~Si- n@oan dS(0),Y, -an) D, SBI-pcSiRA- f4SiRT -, OSiR R$—, ,—CRRRR@Rd =
, =N-, -CRd=, and =CRd-; u and v i ndependent|y can
andbe selected from-CRd=, =CRd-, -C(O-, -C(C(CN)?2)-
_CR%CRL;-0-, -N=, =N, - CRdRd- CRde-, and -CRd:CRd-;
where’'Rd is as defi ned herein. For exanple, Rd, at

d n nt an _he selected fromH,
R’gtae%&f&cgl%ﬁc @ePén%%%Pf%?‘%&%?srg’%T?ZO al kyl group,

& 3. 20. hal oal kyl group, where Rc is as defined
l%%sr(tl—ﬁ’ﬂ B¥EW-of r and s can be CH2. [0083] In certain
enbodi nents, M2 can have a polycyclic core (?L-2) that

[0082!]C|IH§§§1cﬁlaﬁem96dlﬁiéﬁ@ DI AAYE sQbctBABt groups, where
each of these groups can be optionally substituted
with 1-6 Ra groups, and where Ra is as defldned her ei n.
For exanple |nthe QLIS iYe

oXy grpup, a Cl 20 kylthlo
Cl_ 790 hal oal kyé gcoup
q'gen (e.q. F, ,
up, - @
nts Ra q ? d).
5[0084] In £ M@)

O h
/ /
from S,S S S g/ S, S W\ ORd\/

NC CN
g TR D ol
Nc| cN Ne— N-eN NG CN

CNNC :
D \|/§ g s @ i 3 @ )
o b S
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ppdSi\ ~~-/ , RRNCCNOONCCNNCCNNCOCN \I
wo ed09/098254 | S \I I/- -\1 IS -fir I, O p | | /PCBENGD$I315
NCCNNCCNSS\S \S sN \SNs/ sN S S ~rss Rd Rd
Rd Rd Rd Rd, Rd Rd Rd Rd NC NC Rd Rd Rd NC NC CN F
F- FRAESr\ rr~rr\ rr\' r CNi~ CNRd FRRd 2-4 NG
RO CNNCON, FF, RAROARDK RSI ~"x SSRIiSN
Y N/ N dio- - S Rd YQLON _ Rd Rd 45 p M
$2aks Ca o' ol L e g
Y , k\ - I/I k\ @,l / P Y
p\‘a/p , q—q' , p q ’ p' q' , NC CN

Rd
] oMo
Rd g_prd éz.—g Rd
R Og N0 _ -5 = o N_o
N
l}—-z/;j‘% | 3 L'p. Ny /I(Zg [ O Ed O,and_ -

~ RY

k

2

where k, 1, p,p', q,q', 1, s and RY are as defined herein. In some embodiments, k and 1
independently can be selected from —CR%=, =CR’-, and —C(O); p, p', q, and q'
independently can be selected from —O—, —S—, —~N(Rd)—, —N=, =N-, -CRd=, and =CRd—;
u and v independently can be selected from —CR%, =CR%-, -C(0)-, ~C(C(CN),)—, -S—,
O, ~N=, =N—, —CRde—CRde-, and —CRd=CRd—; where RY is as defined herein. For
example, RY, at each occurrence, independently can be selected from H, a halogen, —
CN, —OR®, -N(R),, a C1.99 alkyl group, and a C.5 haloalkyl group, where R° is as

defined herein. Each of r and s can be CH,.

[0083] In certain embodiments, M, can have a polycyclic core (7-2) that includes one
or more thienyl or phenyl groups, where each of these groups can be optionally
substituted with 1-6 R* groups, and where R® is as defined herein. For example, in the
various embodiments described above, R* can be an electron-withdrawing group. For
example, R* can be a halogen, —-CN, oxo, =C(Rb)2, a Cy_p9 alkoxy group, a C;.o9 alkylthio
group, or a Cy.oo haloalkyl group. In certain embodiments, R* can be a halogen (e.g., F,
Cl, Br, or I), -CN, a Cy 4 alkoxy group, ~OCF3, or —CFs. In particular embodiments, R?
can be =0, -CN, =C(CN),, F, Cl, Br, or L.

[0084] In some embodiments, M, can be selected from:

f S S % f S S % f S S 5 f S S % g \S S] g
A /q\ )i \ /Q\ g ) q /?\ I 7\
o o A | 7\
o} , \__/ s pd R , , NC CN ,

NC™ CN
CNNC
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NNONOPpPNINOIS M NN-. FE.~c I SSIT I\ r il
\ OO SSONOand Rd Rd , Rd wherein Rd is as
waledovnestsher ei n. For exanpl e, Rd can be sel ectedri/fErPmn/ 051315
H, a Cl_20 alkyl group, a Cl_20 al koxy group, and a
Cl - 20 hal oal kyl group. [0085] In other enbodi nents, M
ve theforaula: @ 3 WO 20Q9/ 098254 »
Q0 nd»4 aj S deflned:
R o s LA
Z carfbg a conju ét‘e@ syst em b

i ncluding two or noré doubl e or tri pWCe C'lbonds) or can
forma conjugated systemvvlth its nei
cogponents. Fob exanple enbodlnﬂ
d. ¢ |inkes an be sa
U o havihgl orle Sdoubié
gryup (i.e., hivihg one tr
or %al kynyl grofp that ingstd
doubl e or triple bonds, or sone other non-cyclic ’
edssyst e hat\ hat{ er ot Qs
;,S e I‘f F;T(Tey QL‘n lgs\ /
se&r;ctedfrom 4 RS SR = al}
\Mwerm,ﬂl n R4 |sR stefl ned

in. In cerf R
enbodi nent s, can be selected from %:N %N N CN N-
and = [0086] In partécul ar en’q_Lodl ment spe M@ can be g

SR

., NC CN

d

wherein RY is as defined herein. For example, RY can be selected from H, a C; alkyl

group, a C; alkoxy group, and a C;. haloalkyl group.

[0085] In other embodiments, M, can have the formula:

N e

2
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N~SNN N~.S\N N\ / N --b N, and [0087] For the
wo 200009254901 ynmers descri bed above, n can be anPCTIERDE9/051315
in the range of 2-5,000. For exanple, n can be
2-1,000, 2-500, 2-400, 2-300, or 2-200. In certain
. 2- S . .
wRSRTEIS y B50SBEE A o o BIPSHAER, e incer
Z carteadionfighed spste@byligeld (elg. 0Rludnglin@QR mdre doddEor triple
7-1,000, 8- -34 WD 2009/098254 PCT/ EP2009/ 051315
bonds) gpean fprm anenjugaied systam §vith itssighboERG FempPeneaisn Hggexample,

in 8 entyARTe 75 FMier Bt oo BB YiR0! Shih grop G-
havingcdee dowde bodib; a diveleptraksernyl gtonpdihe. Ngyingeonearipd biatel), a Ca.a0
certain nbodi ment s of conpounds w thin the genus of
etk e Bo0P HPRIIIes e or B oniserst doytle oBpIS bonds, o
somBPARE hRBQic doRfighiks %fﬁémé BREENNEANESR G HoHE SudLisi S N, P,
pol ynmers of fornmula 1 where it-2 is an unsubstituted
and thel Igkey dor examaplet4; canfee glesteddronexanpl e, certain
enbodi mengs of the present teachings can excl ude
pol yners pf fornula | whereN{t-2 is an electron-rich
noi ety (?g\?_, a npiety wth m?h—el ectron density
because of Lt he arduati city of lfthe core itself and/or
because thé*cere is Substituteld wtamdone oF monre
Whe‘leéiﬁ " ﬁsoié'%glﬂ%i hdgi grlgﬁgrf%n ef%%oﬁnfeﬁ{sf ?%arm ﬁé( &'fpclteed’ from:
certain enbodl ments o e presen eachi ngs can
excl ude pol yneeé of fornmula | where M2 has the

formula: S [008Yy I n particul ar enbodi nments,
pol yners of the sent teachiNgs do not have a
repeatiNg_unit ON t,hé—&l.ul‘l;ﬂ a: C land-E328#25—O N O

[0086] In particular embodiments, M, can be selected from:

/S\
LS. N N S
N N \ /) N’ \N
—N \ /] \
W N\\
N N\\ N
N— and .

[0087] For the various polymers described above, n can be an integer in the range of

2-5,000. For example, n can be 2-1,000, 2-500, 2-400, 2-300, or 2-200. In certain

embodiments, n can be 2-100. In some embodiments, n can be an integer between 3

and 1,000. In certain embodiments, n can be 4-1,000, 5-1,000, 6-1,000, 7-1,000, 8-
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SS ONOCI2H25) C10H21 [0090] Exenpl ary pol yners
of the present teachings include: -35 WO 2009/098254
weEFanhaM2809/ 051315 RL RL ONOONOS S\ \ BBEPH0Y/B1315
NOONORLRL R RLOI OONOSS S S 0O0Op
I p~JOi On RRRLRLRLrOl OONOSS /Sid s

1,000, 9-1900, & 18-NoBo. ForexafdpieRt cBLo&8-500, 8-400, 8-300, or 8-200. In

certain embodiments, n can be 8-100.

[0088] It should be understood that the present teachings can exclude certain
embodiments of compounds within the genus of compounds of formula I described
above. In some embodiments, the present teachings can exclude certain polymers of
formula I where -2 is an unsubstituted polycyclic moiety. As another example, certain
embodiments of the present teachings can exclude polymers of formula I where 7t-2 is
an electron-rich moiety (e.g., a moiety with high electron density because of the
aromaticity of the core itself and/or because the core is substituted with one or more
electron-donating groups). As a further example, certain embodiments of the present

teachings can exclude polymers of formula I where M, has the formula:

2.8 S 3
;\/,\/3‘
S

[0089] In particular embodiments, polymers of the present teachings do not have a

repeating unit of the formula:

[009¢] Exemplary polymers of the present teachings include:
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2009/ 098254 PCT/ EP2009/051315 RL RL ONOONOSs s s
wWO609598254 s nNn ONON RL RL RL Rl ON O OPMNTEPDN051315

~y - \ANKklIll~ ONOONO Rl and RL where Rl and n

are as defined herein. [0091] Polyners of the present
teachings can be prepared in accordange with the

procgdqge%)outlined Ln Schene 1 below ﬁron1conpounds
prepawedyaccording tg procedures awalgous to those
descrihg g US. Proyvi

Appl j- 61/ 026, 311 ne
Sem i Bt hods of

t her-¢0f [ I bruary 5, Iy
avpi Rak at eri al s, knowR in tlhe

gr ngdi at es, by
enpl 8yi%hg Standard synthetic net hods Mn@ procedures
known t® those skilled in the art. $andard synthetic
met hods and procedures for the preparation of organic
mol ecukes and functional group transffrmations and_

naﬁipu|ations can bg readily off%inéd fromthe
rel eyant_scientific|literature gr "RgOMm
te ld. It -
1 A
o? N0 \/ 0” “N"Yo
L | dn L l Jda
R1 R1
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wi |l be appreciated that where typical or preferred
process conditions (i.e., reaction tenperatures,

WO 2owem9s26ml e rati os of reactants, solvents, prESEEP®S9/051315
etc.) are given, other process conditions can also be
used unl ess otherw se stated. Optinmumreaction
conditigns can vary with the particul ag reactants or

sol vent Jused, but such conditions can |be_ determn fed
by orfe §'-?Ied in thejart by routi ' [

pr ocedtk Those sk lled in the

synt njize that the of
t he 254 PCT/ EP2009/ He
st-@ .nted/%an be varied for :
opti mziNagr t he formatign of the cd mdg’ descri bedn

nDnlﬁbréd @ccording to any suitabl e9 n#t fdd known in
the art® For exanple, product formatioff can be )
nonitored by spectroscopic neans, such as nucl ear

magneti c reﬁ%nance spect r oscopy (NNPB e.g., 1H or
130, i d copy (IR) ,é dnetry
(e.qg., S spectnonefr r by
chr omat hi gh pressy -

chr omat gas chromat ST oIn

gel - per| gr aphy (@GP yn | ayer
chr omat 0093] The t he
process i ri bed heré?n can be ' im

sui tabl e g3@Fwgnts whi ch can be reg&djty,sel ected by
one skilledgn the art of q&ganlc syﬁthe5|s SU|tabIe
solvents typically are substantially nonreactive wth

why@ﬁ?&%? Q%%an%ﬂﬁ Hedlates and/ or products at the
enpera ures a the reactions are carried out,

i.e., tenperatures that can range fromthe solvent's
[0091]e edingers efifieratsenechchiigieas bk pesphred in bajokdange with the
erat ur glven reactlon can be carried out in

Proe?ﬁgpeé SPiiaRd impchemg; Lhelow. f5pm cappaunds RECRSFRS ACEPT(imgito
roc%ﬁl%g gheﬁg%&ﬂ 16 BfsP aés‘éf15éﬁ Alcol e[ﬁ:‘ﬁ gQﬂS.Sf’l%pzsw?Hl pAadle

solvents Tor a particular n step can be
Apisheqt Satial NeOOWP26:31 Iy(mnder‘fPeﬁyipnm&;anilchcmchs and Methods of

e T L PRSI a0 B RS EA
starfhgNfatefial¥, cdrhpound k¥ B thBliteRitureQ1QPebdify Plepdred intermediates,
by employing standard synthetic methods and procedures known to those skilled in the
art. Standard synthetic methods and procedures for the preparation of organic
molecules and functional group transformations and manipulations can be readily
obtained from the relevant scientific literature or from standard textbooks in the field. It
will be appreciated that where typical or preferred process conditions (i.e., reaction
temperatures, times, mole ratios of reactants, solvents, pressures, etc.) are given, other
process conditions can also be used unless otherwise stated. Optimum reaction
conditions can vary with the particular reactants or solvent used, but such conditions can
be determined by one skilled in the art by routine optimization procedures. Those

skilled in the art of organic synthesis will recognize that the nature and order of the
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-38 WD 2009/ 098254 PCT/ EP2009/051315 _ T? - -1r? ON
OONOS SHO \SY S ONONORNDN [0095] As shown
w0 no0Soveeae 1, PCT/EP2009/051315
1, 7-di bronoperyl ene- 3, 4: 9, 10- bi s(tetracarboxylic

di anhydride) (PDA-Br2) can be reacted with

s AR Cuth TR o & e e fompsions
thedohmbdﬁdsdﬁaaﬂkﬁ%ﬁmiﬁ The other building block
spiro[ 4H cycl opent a[ 2, 1-b: 3, 4-b’ ]dlthiophene 4,2

, 3] di I 2, 6-Db t but t
10052 B RESSRIEE BN SRPDYOP YRR R b B ebl
mettid KB HAOR W, Bl R EUAHRe; prbthd Milaiaf dathd inbsitGiouBY | N9

reaction of PDIMP-Br2 W th DID ox-Sn can provide the
specttpmoplcan@mprautb o matlgoimageeticRgRDiange- spETRIses))y. (NMR, e.g.,

or "Bt siyeperopy (40, SReGr Rl Gl sidhhathss
spec%fn@ﬁ"gt i ) G byR@rdtsR6gragiiesueR by Alth é)Pf(sEiﬂb Mﬁuﬁmmﬁagtapy

ned by hydrolysis of the oxol ane ot ecting
(HPHED gps eromaiopyaphy [fﬁso,cg@} pevinestion clepmaerpb(GRe), or thin
yips of the resulting polyners, for
laye@ﬁaﬁr%%f‘tg’gﬁ’gﬂ%ﬁ%? -SnBu3 in P(PDI MP-DTDi 0x) and
P(PDI MP-DTCO), can be displaced with Ra, where Ra is
[00933 d&t ireredoieorahiprob@8&G]eshetidiereis ndinlo caprddsout in suitable

di scl osed her ei n be. stable |en condi ti
801V%ntaﬂﬁf03rﬂan§>ea%ﬂd§yfgsﬁa§ E&Pml%ll?ﬁmé %f@ﬁ%ﬁ}{%tﬁe%
Su1téﬂ§1§ dorbafeet 1caﬁyﬁﬁ:| sYlﬁ?cﬁntPaﬁ’l? n%ﬁrea&?&%%ﬂ?fh%%a%’tﬁ@st rically

i ent Stable" or "stable at anbi ent conditions"

mtemxnim@mtetsh ald/maprpdlmts atohe temp;zramres atewlnénjumtrcao;nomﬁre nanrlad out,

f th t t
e RmpetiuR A i e R B Rarerts Beghk smRa b kfpsotvencs
bo11ﬁ1grﬂ@lh§)ér9tﬁ§e A QiveB X@ITHbE can B darri@®ite@mbnd SIRDE alt zklfrﬁxture of
mdity, over a period of time. For exanp

morg, éhay naéf: solxesoMPpRlingOR e Derticylasreackion Ffpmg%ut@:dﬁ S@éents fora
paﬂgﬁggk%ggglg%%%gﬁgﬁgg eHable if its carrier nobility

S not vary nore than 20% or nore
t han 10@6fron1its initial value after exposure to
[00%hiPehtmae nflifdrinalad, (eignH(RDIMB; D EDiox) hudP@DIYIPADA'CO)) can -

beP&agﬁgrahggﬁya§¥yﬁggutgﬂ9§@ q@gp% or 10 day period. In

Scheme 1

1

Oy 00 W/H 9N Bussn—S—-snBus
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WD 2009/ 098254 PCT/ EP2009/ 051315 consi dered anbi ent
stable if the optical absorption of the correspondi ng

wo pdosmogkaes not  vary nore than 20% ( pref er abl ypCTHBE®09/051315
not vary nore than 10% fromits initial value after
exposure to anbient conditions, including air,

hum dity and; tenperature, over a 3 day; 5 day, or 10
day perig%J;{OO97] Wt hout wi shing to bound by any

parti cul heory, is believedt channe
transpo tgjs desired| the strong E rQn- depl et ed

el ectrjo STtructure enabled by lymerized with
a strong depl eted M2 repg oget her
with th&Areyi (U hi GAly a- cp Pri c
backbo Wesent -pelyers

present u@ jfent-stable n

sem condyctlor s without dqui i ng addi i ona

n-cor e PuMctPonal i zatjion (i.e., c-@ehédbstltutl
t he ar'emgfi I mde-+miety) with r n
el ectropcw t hdrawi ng functionaliti : If large |ight

absorptton (extinction coefficient desired t he
resent polyners can be provided wt

[009§] g AsshowednjSebeme d, bad;hfempnerbl&@%ﬁdn%l%h@(tbtyaww
T N e L Dl

methﬂ’pér[tsbﬂ]6[7—ﬂrbk()tﬁq56rj'16nej@&19 HHb1s¢dﬁXfarlﬁ)X&l’ﬂﬂe)?(HDﬂVIP -Br,). The
|ight-emtting transistor appl]cations, present

othes bilhing dlocknspirl/B-5YFHPRIal 24 - lb%ﬁ[‘lﬂ&&?’é’eh%r‘%er i c
[1,32@8%&% zC@HRph%i BityRanfi gb’l’ﬁﬁfx- @Bﬁtaﬁﬁd by

ect r on- neut or e n donatlng electron rlch)
stanMQlatmm of the [ceﬁeﬁ)]ond}ﬁg"psecbase dPd>patallyecdo$ té fervpling seawtian of

RO SRt Shich B e ialRhs BRLe R R RPBIMP-
DTﬁIEﬁTSF&%s@ﬁl RN a palddidh Ra@RROMHVIFR the f&fnu‘l:ﬁ?d(l)ﬂfisﬁﬁére Lisa

ol ynmers can nalntaln sati'sfactory device perfornmance

sultabie hggm yudhyasiBd(Rhs)srcen e nsed. Cfémtp&lym@r%BlaMEfEEC@} can be
Obt%l rxral?eys {)‘lg%ls BP {h\é r(rleo 2 aarllgspcr)otacgfﬁlg %{P gﬁ%@g ]S'Plt)lox) with a

. CHCI%WQ@DHIH(EBthLRB oEﬁ& gfdu@s 6f dle\réseﬁﬁlgqﬁinyms Fﬁ)ﬁd:)ﬁtmple Br
sati sfactor wer conversion efficiencies over a
andiog - SARingdF PEIPGRTRIGRs and BESYMPTRE S saschecligpacerarich R,
whﬂéﬁ?%@&d%ﬁﬁ&ﬁh#&ﬁ can have good solubilities in one or
nore common solvents. As used herein, a conpound can
be considered soluble in a sol vent mhen at least 0.1
[0096G] dﬂerteﬁmembaliwms ddmlosmahdbismah beditable it ambieof cardgions

... Splven of commD an c sal vents include
oot BRanuE s eorbiPE srveh Sars i ety o iR oo
con§idéied @RcRRABE NEnbibA U, orX‘){ﬂaEIE Qt aBRN®AIONSWhen the

ket ones such” as acetone, and nethyl ethyl ketone;

carrgqr eqbility g hlmgdmétonalmﬂ@k efrthmpolyimex isneaintgingd at about its

initial measurement when the polymer is exposed to ambient conditions, for example,

air, ambient temperature, and humidity, over a period of time. For example, a polymer
according to the present teachings can be described as ambient stable if its carrier
mobility or redox potential does not vary more than 20% or more than 10% from its
initial value after exposure to ambient conditions, including, air, hurrﬁdity and

temperature, over a 3 day, 5 day, or 10 day period. In addition, a polymer can be
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met hoxyet hyl ) ether, diethyl ether, di-isopropyl

ether, and t-butyl nethyl ether; alcohols -40 WO
wWQeM90he28L54 PCT/ EP2009/ 051315 such as net hanedT/EP2009/051315

et hanol , butanol, and isopropyl alcohol; aliphatic

hydr ocar bons such as hexanes; esters such as nethyl

I

conﬁ&&g&:%lg)b/ efit QXl{le ?"‘tﬁé g‘%tgmlbu By 1g8 é)? [l'{éactoﬁ‘e rﬁ%ggi)sﬁ Sfﬁ cﬂ)gg frot
varydinortthytl 20% ifpuetedsbl priddes abtvathinbosctham mﬂ)%yifromtsfmﬁmﬂaﬂue

such as di net hyl sul f oxi de;  hal ogenated al i phatic and
aﬁela?mwéo ApBIeBtsangBions-dndidiag aig; Pghop e AR4 feherature, over a 3
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[0099] The polymers of the present teachings can have good solubilities in one or
more common solvents. As used herein, a compound can be considered soluble in a
solvent when at least 0.1 mg of the compound can be dissolved in 1 mL of the solvent.
Examples of common organic solvents include petroleum ethers; acetonitrile; aromatic
hydrocarbons such as benzene, toluene, xylene, and mesitylene; ketones such as
acetone, and methyl ethyl ketone; ethers such as tetrahydrofuran, dioxane, bis(2-
methoxyethyl) ether, diethyl ether, di-isopropyl ether, and t-butyl methyl ether; alcohols
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sem conductor) that includes a polyner disclosed
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1nclﬁh&rb%e%g rr?o?@{)gl‘;m%ﬁ dIsclosed herein dissolved or dispersed in a liquid

medium such as a solvent or a mixture of solvents, depositing the composition on a
substrate to provide a semiconductor material precursor, and processing (e.g., heating)
the semiconductor precursor to provide a semiconductor material (e.g., a thin film
semiconductor) that includes a polymer disclosed herein. In various embodiments, the
liquid medium can be an organic solvent, an inorganic solvent such as water, or

combinations thereof. In some embodiments, the composition can further include one
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pol ymer or other substrate, a doped pol ythi ophene, and
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structures, bottomgate top-contact capacitor
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coatedfpobydmidecdr oflidr plisti¢se alufdinyin bt giméx) mbmtst akmfgﬁtceated ona
bott om cont act structure, (bottom]| eftl( ﬁ
polymer or other substrate, a doped polythiophene, and the like. The dielectric
component can be prepared from inorganic dielectric materials such as various oxides
(e.g., SiOy, Al,O3, HfO,), organic dielectric materials such as various polymeric

materials (e.g., polycarbonate, polyester, polystyrene, polyhaloethylene, polyacrylate),
and self-assembled superlattice/self-assembled nanodielectric (SAS/SAND) materials
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gate bottom contact structure, and (bottomright)

top-gate top-contact structure. As shown in Figure 5,
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shotviah Fig@fd®, ad OFET can include a dielectric layer (e.g., shown as 8, 8', 8", and

8'"), a semiconductor layer (e.g., shown as 6, 6', 6", and 6'"), a gate contact (e.g., shown

as 10, 10, 10", and 10™), a substrate (e.g., shown as 12, 12', 12", and 12""), and source
and drain contacts (e.g., shown as 2, 2', 2", 2", 4, 4', 4", and 4"").

[0106] In certain embodiments, OTFT devices can be fabricated with the present

polymers on doped silicon substrates, using SiO; as the dielectric, in top-contact
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p-n junction. The polynmers can be in the formof a

thin filmsem conductor, which can be deposited on a
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pol yners of the present teachings in such devices is

wi thin the know edge of a skilled artisan. [0109]
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[0109] Accordingly, another aspect of the present teachings relates to methods of
fabricating an organic light-emitting transistor, an organic light-emitting diode (OLED),
or an organic photovoltaic device that incorporates one or more semiconductor
materials of the present teachings. Figure 9 illustrates a representative structure of a
bulk-heterojunction organic photovoltaic device (also known as solar cell) which can

incorporate one or more polymers of the present teachings as the donor and/or acceptor
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|st|IIat on, leavi of .a.d olid. This
anafyisf; S Hpp TGP Hse B Py i i IS Rt icr 3 e
spettRBcyu Q‘IMH e&*ré’ﬁeﬁeh@cdi’&lécﬁon @V@ﬂMUnlﬁ\lﬁ/gﬁls 1560 s Wdgieter
(400 ng, .0 EYI el d 55.8%. 500
("H, 500 MHz; "*C, 125 MHz) ectrospray mass spectrometry was performed with a

Thermo Finnegan model LCQ Advantage mass spectrometer.

Example 1: Synthesis of spiro[4H-cyclopenta[2,1-b:3.4-b']ldithiophene-4,2'-

[1,3]dioxolane]-2,6-bis(tri-n-butylstannyl)

[0112] Spiro[4H-cyclopenta[2,1-b:3,4-b']dithiophene-4,2'-[1,3]dioxolane]
(Brzezinski, J. Z. et al.; Synthesis, 8: 1053 (2002)) (1.71 g, 7.35 mmol) was dissolved in
dry THF (20 mL.) under nitrogen and cooled to -78°C. Two equivalents of n-BuLi (5.92
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MHz): 8 9.50 (d, 2H, J = 8.0 Hz), 8.92 (s, 2H), 8.70

(d, 2H, J = 8.0 Hz), 5.31-5.26 (m 2H), 2.27-2.22 (m
W@bk)09/098296- 1. 89 (m 2H), 1.60 (d, 6H, J = 7.0 P&I/EP2009/051315

1.40-1.30 (m 6H), 1.28-1.20 (m 2H), 0.88 (t, 6H, J

= 7.0 Hz); Elemental Analysis (EA): calc. C 60.35; H,

mL éﬁ% TJINDQ%V%% a?% dd (gpvs%]se 891 t%% reaction m%?tureNvas%ufliZd for 30
min{iths. Nl“hd)ﬂcﬁt(tilonrmisl‘thétpﬁfdw%)te aém o 1ddbnp emypeenediahdsiikeedlfor an

addiéipwl]LSathur% @pilhg f%#t@gélpielﬁém“a{ yispengion waspoplgd agaip e

St bt ST 142 Pt sy T g vor o

stirr¢Ex@OPmac@per@tudOfog 4 10. Tk rmbh was Quérahédiwith 100 mL HyO and
cycl opental 2, 1-b: 3, 4-b"' ] di t hi ophene:

extractey] with kexangeThe omapicdayer was Waghed \gtﬂaHnW& X J0mnbhidgdried
oveI}TI,\[T/Ig%)A' 2A9t8r Bltn?i 1ngexa%r§tgoq1 ﬁnﬂglg ggggni’ fz? lé OQI g %ey\évhich

was@hroidto grérmdd)arshlcﬁgbmgl@hea@ﬁe aothe enhehto(an@ amhed with EtzN)
tenperature -46 WO 2009/ 098254 PCT/ EP2009/ 051315 and
to giys Wepre ﬁquluﬁrelmq (6% vield. W I}BM&(QD@@) 6% &, 31k ABd (s

i3 RSP, LS L0, 4 DhE Bk o . T .8 HS, HRMS

(ACPD| CHjCY) mv& d@ﬁ%ﬁ*)@)aloﬂrfomgsﬁgose@gsmmf@ fouhda 81581t er
filtration of the mxture over Celite , the organic

bls(@iEm%Bﬁnﬁ@é)v(pﬁmﬁﬁﬁg) rrg) was di ssol ved in CHC13 (10

The solution was filtered and precipitated with

O 03 P 40 B

and Q%ﬁﬁ@hexﬁn@(m by 2 40 ilﬂhi)l) 1r8t.r1é’41y(dnb ,glycBD(&i)netﬁyl 8@ef BrmL)
was sg@j;;a in eg_stugg u}(nq@;{r mtrqgfg |a'}1d stlrrngat 1§’|5°C §UI-]|)h &ftgrz:opépg the

olvégérﬁ S rém%zeé @%V?&l?}l—‘p d1st1lﬂt1§r? lég)’mg Mg oF% AR €d dolid. This

esl| s

solifl MaNchibia{dkraphtd ph kiiea pyil using, GG, b6 thpasiydne negive thegmrel
PYO%%_CW% a rgApopAler (40P g Qé@a‘{l@oh Yislg538%)] NYIRSERE R 208n

w8111 L PUPRAVE GED) ey YR o

2H)AZ.OHAR (m,)zmnmsmma 249, 1260@), 6Hel e 7a0iHe) 1a19dl.30\ém, 6H),

12 36 ootk ¢ Jsl iy PR Setamen et (A pilpi S0 3s: 1

45(53}\5% 99 oun¥ids 6@@'2l fched. Ny3 &yl tration. The solid was
i ssolved in CHCIZ3 (5 nl) and the solution was

filtered and preC| pltated by addltlon of I\/EO—| (3 X 10
Example 3:Hyathesis 1 Y pentyingé enyleegiliigy

d1vlz.—gl)?—9 gp?r'oﬂﬂ Sc%logenta[&q- agat-boﬁethlop ene- lg Q.Yﬁ 3]31%91anecl 2, (15 divD}

[P(PDIMP-DTDiox)]

[0114] A mixture of PDIMP-Br,; (Example 2, 0.39 g, 0.54 mmol), spiro[4H-
cyclopenta[2,1-b:3,4-b'ldithiophene-4,2'-[1,3]dioxolane]-2,6-bis(tri-n-butylstannyl)
(Example 1, 0.42 g, 0.54 mmol) and Pd(PPhs), (29 mg, 0.025 mmol) in dry toluene (20

mL) was stirred for 2 days at 90°C. The dark solution was cooled to room temperature
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and CHC13 to give 110 ng of product (68%yield). 1H
NVR (500 MHz, CDC13): 6 8.72 (br, -.12H), 8.46 (br,
WO 2@bip9s234 53 (br, -10H), 5.32 (br, -10H), 2.26PCDEP2009/051315
-10H), 1.90 (br, 10H) 1.60 (br, 30H), 1.32 (br,
30H), 1.27 (br, |1 , 0.89 (br, 30H). [0116] When 1H
NM | P |
and g0t PG MO <§£ﬂ§ Mo Rfpp B e s Rfhed B
filtratidny(~e100 mpg)o t'ICh@SoHdl “’48 38sqiped indTHER I2RmE) and stivfadrwiting

onsS b SR B s e

Celftd™, e sE 'vJag'éol\I@cEe% waar!witPHRS ?ﬁﬁ@%llf Y, &l dﬁ&‘ie '"I“he

corresp nd| sol utions. The average nolecular wei ght
crudeqroljsztrrobﬁmhqdﬁftes evgeratipn ed tlersol vean(350 Og) ks dlirdolaed in

crGh IRy THRcPISPPRAS CHIES ol DREIPTERA PRI RSBl t
affoewemﬁg@fgwduegassaymh 8fks sola@ov ek m'MEgSUO’M‘Hz' |
wth Br on the ML side) and SnBu

CDQB) %sglﬁﬁb@br TRE) &84 Oir, ollir 7r3§dg@ml@,H) éaioa(bystléﬂ) 438 (br,
20ff1% 2 L E2GOT 9B RNT 5 B Yo BF 20! PEHLA! 10w,

o,sgngLmE{) [ ncI ud| ng Br and 47 WD 2009/ 098254

PCT/ EP2009/ 051315 SnBu3, can be di spl aced with H,
aClloaIkI ... a methy

[01?%] 3‘@%&’“‘%%{) %*ﬁﬁ&l?ﬁf %ﬁ%lﬁ@ %‘5%@31?@&’% Imbfefichy

AcOBEES hiln)@ad 3TRHCDE DmlyBicrd sidedahy Ehe&ez(c'ﬁﬁé\)mﬁmmg\esﬁ ledted
excel l ent thernmal stability with an onset

at 8 ee fnrpdsi Aftefrooling Yle@HH&S uﬂdéffaswﬂti¢do@7@ﬁh%pr691p4@f@¢1 60 mg)

Waﬁ%?%écf?f 2‘}‘@‘?@&0 ap%'tsﬁaﬂ][ \g%se&%o\{'\{ed[lﬁldﬁCh kﬁsﬁuz_,) Q&d the solution

wagfiltepddindrécigitated byhddiorbeft MeOHO(33 1 L. h'i[‘m)feetlﬂﬁhg solid

(13&@ gl %95 %ggcg%@[n%laﬁé(])x Q%St;‘par oa)rc]:etoge gr 2 &j ays, MeOH for 1 day,
21

andl@ﬁé% &d;rgr’%& hyo %r?&y%%%‘ﬁﬁ gﬂ)sgp Cg{eﬁi) ﬁ]NMRQBB@Nﬁ{A @ﬁ‘)cﬁi)ﬂs

0. 14 (5.0 0. 007 Mol
8.72ftmy-elh2b0)s8 146 (bren20H)B 798 brad0H), 5126t a1 0B, 26ofbr 3~ 10FD),

o Bkziiopft R 40054 HPr oot L rofRu7 o tihsom.

addi tional 12 hours. Upon cooling to roomtenperature,

[0186]S OWlER O NNIRD ?&@&%fWDfMPQDTDﬁ)xﬁ AndP(PDIMIDFCH) 2n
n.) was added. This mi xture was stirred and shaken at

CDEborere cmpedtitie@ld be seen fen thedhyere protops st 438 nped
s P Wb e L B v
solu¥d@iost @nghnic solvents, and corresponding films were readily processed from
their corresponding solutions. The average molecular weight for both polymers was
greater than 5000 kD and as high as 50000 kD as estimated by GPC (polystyrene
standard) and '"H NMR. The polymer end groups were not quenched during synthesis
and the polymer chain will likely end with Br (on the M; side) and SnBus (on the M,
side). The use of other reagents, catalysts, and/or reaction conditioné can modify the

molecular weight as well as the end groups. For example, end groups, including Br and
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concentrated on a rotary evaporator. The residue was

taken up with chloroform (30 nl) and precipitated in
woredobaysab4 (100 nmL). This procedure was repeat eBCT/EP20g9/051315

chl orof orm and acetone, |eading to a deep blue solid

as the crude product. The obtained blue solid was

sorFAASE (BYELLY Gyt SOSD) B S5 5 R G5E 1By

groupedn sthgl gedp, apropylredp) & mulyd @rdliip) arﬁil’tﬂe tike), oresQ} 1siang group
m xt ur was heated to boil lgé ollngto room

(e-gt @B A EreuP; a pAphthl iy PHh1iks)- ﬁq IRFE, other sypthgtic routes

i

o ) bRl L AP BE DT g Witniichd S3pEobe

presmtrteaahmgse dheondgyavinttricanilysis (Waah euggmstbh exezllhatrtbérmal

stabglflg v withe s s | 8d Qt(df\é(gr%ﬁgs%%l Ehgen rﬁ%l&r ol € 436 @ as
(CDC12CDC12, 500 MHz): S 8.62-9.00 (m br, 2H),

Exafphbs. 7P1%Barﬁm>n Bfmolv’l{FﬂN Nélbl&Q dl:tﬁ&ode(:m 1015 8 AhihAe R

(br, 2H), 50 (br, 64H) 0.80-0.95 (br, 12H).
MMSm@of —bNhh&Dhe&ebﬂ’?NEIZ@ WD = 2.09.

El emental Analysis (calc. C 74.80; H, 9. 00; N, 2.91):
[01Fdurdnder afponB2miryref SDI2AD-Bro345.1 482, ‘00420019131)%254

blS(F }{m{%ﬁ ggx? i 1%1%' 3,2; ﬁ@&%ﬁj eg(6§ %ﬁggﬁ{ﬁg’ B atdd(bPhy),Cl,
(5.00th,10.6tg- xisnféi)dh yshﬂxy@bﬁs t51,u5ne (83mB) weld sRtdayt Qo?cffdiz Beaags

- bi t hi ophene) NDI 20D-SL) | [0118] Under argon,
Bromo}@grme@e 3 ;@pz)@ga el z(nﬂzbe npaﬁtgon mixfyrg Weyntamed at 90°C for

I 5(
on adfiopdh AN, Vponcogling o popm FRpPIEs 2 s1sionf pRtsivg
fluogid¢ 102) if wager Q.rdI2Bw asaddpd. ahnd nnﬁ’dlt@%s’%étﬁféﬂ&naéhaacerrgt room
0.006 nmol) in anhi/dr ous tol uene was_ stirred at

temgeratufgior 1410859%f0res W%ﬁ@ﬁ%w&hfblo@fﬁ{f? (W&m{u}] ehhegeidtng
nnxg.g s szﬁﬁlfe%%lﬁftwvgtef'téﬁkyfﬁ%) ec?S H/errr ﬁgy(fr&fs 1@512804, and

a ours Ccoo

contmma&ﬂamwmtary beapoesat iThe re@mmelma taleeh upawlidie dhidrofgim 3O
thanol (35 m), and the resulting mxture was

ngfm preqipiigied wth%&%h -eThig proped i wiap gepeatpd ysing
: chld%&ﬁﬁh%& %E&%Wa@m%c_lb h%@%ﬁﬁm@xoﬁd i tﬁé‘ExgﬁE‘ chfdﬁgﬂ Sﬁe'o\seﬁned

In chloroform precipitate hanol
blug gBidrds. ﬁlfﬂmgaupﬁed: bp }Sbahletnxtqactauewlmh ecetamgsfor %th(aursadThe

| d 45 , .
oG48 s Ryt FetespodinccFibtolhuty oy spl gl mpppre
wasHeated i boil - DBorl cSAingMd rddm te%g%rat&e%s%hﬁgofoﬂm sop.lhon was

4H), 1.95 (br, 2H), °1.05-1.50 (m br, 64H) 0.50-0.95
filtefed thinugh Bgsyingefikerdhtan), anththe fidtrate (eapreciplated 3n Emthahpl (50

mL s Eartbinagy Wi iRied oy Sifin. Yned S aptibiol Spgried in

vac@@iﬁ %Mm%to“a &ee% Ul\ﬂaosmlhak ﬁra:q)roduct (134 mg, yield 94.4%). "H NMR
dii m de 6-diyll-alt-4,7-(2, 1, 3-benzothi adi azoi e) |
(CQ@QWB@Q(BM)HZ) 5 8.62-9.00 (m, br 2H) 7.55-7.80 (m, br, 2H), 4.00-4.35
(m, br, 4H), 2.02 (br, 2H), 1.10-1.50 (br, 64H) 0.80-0.95 (br, 12H). GPC: M, = 102.5 K
Da, M,, =297.6 K Da, PDI = 2.9. Elemental Analysis (calc. C, 74.80; H, 9.00; N, 2.91):

found C, 74.82; H, 8.89; N, 2.93.
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[0119] Under argon, a m xture of NDI 20D-Br2 (86.5 ng,
0.088 nmol ), 4,7-

Whe@b492sb, 5-t et ranet hyl - 1, 3, 2- di oxabor ol an- 2- p¢V/ER2089/@1315
- benzot hi adi azole (34.1 ng, 0.088 mmvol), potassium
carbonate (97 ng, 0.702 mmol ), and Pd(PPh3)4 (2.0 ng,

@%@Zﬂg%{)&mﬂ & Iadwj?j W,ﬁ -;b?_s(g %_g,ﬂg&](?deéél) q‘ﬂ) 5 §%%tﬂﬂ£¥xgg ous

10Ur S

diinBdeapbitvil-aites. 5033 mihethakiloldaed, Qarodhiobaerreelsmmnmn SL)]
m xture was stirred for an additional 12 hours. After

[011370| Unir huoh OORERTE NI IRO-BE 26@ , 10028 FhnsbIY 5 Wik tri-
diluted with chIoroform(lSOrrL, ‘the resultin

-bw&qrmnvaa% GiensHoiilien aahiopbene (0% me, & 8dBOR and

PacPERLES 45 At B8 6 SN i S LGB RSO o

4 dayet Bmmﬂbeﬁ%el{ﬁ.ﬁ IﬁM) was théreadtied gnd theaefionimidokeivchsadrred .
t he product (62. 73.5% . 1H NWVR (CDC13, 500 MHz):

for zgl agddyiongl h%h(("rﬁ Agﬂ) coo];mg@p Ig)oggtem?ram thegreggruql Iggm{rﬁ]was

add&f droﬂ\k@se td ?%ghag (é'? n(LE} %I?rfe tﬁg gn%_sl)x Krr]lg n}%glfui'e ?Qaft??ed éft,t Bstith

temﬁfﬁ'at]me foH,lO midBes. NThepréetpitatéouerd collzctetilbyfltration, 8edﬁ§’sol\N,d in

chlo'gl)tgﬁgr(%fjﬁ_a apélfp(%gcg{)]ﬁgtestf 1%4IR?FE %}{o éorgﬁ O’?é;g ]p?emp%ugp procedure
eS| P o)., !
ves R nd or S BBl sl 450 e 1138 SOV

(CDL 0L, LJiQﬂ)eMHa} 9303160 -8.9i(s0t bir, Hof 7.0 2QeBbe, 24)53.80-430 (m,

br, s {95 T 20 o7 a5 b GRSl s R0 Mt
Ana@ys&%alm‘@l% 310 FRRRYE NO U 8S: abeNe, {171871H, ov@s Nsbiser ed at

C for 4 days. Brormbenzene (O 3 L) was then added

and the reaction mxture was nmai ntal ned at 90 C for
Exagypleqfi dPreparaidon afopahy ) {3 ay))-tl ¢f e

diintif 1alr4.7 f?%ein hll : -A -' Edz)IBgtel Erleg)
o1 %ﬂ(#%ﬁ%r:gg o O RIRSRE B85 St CWmBE00LS:

bis(#4)6t IeCrat@ehyhA SR diowhBdroMaLey)-0 803 Béﬁzabmadi’dzloféotsm\l%g, 0.088

anhydrous Na2SO4, and concentrated on rotary

mmal) dmﬁsawm cartignater @F i 8. 7R snmel cand R (RPhs b (a@dﬂa&ﬁ(panmo
Lﬁqglugﬁee IHL} ﬁ}deaglhk&opg DMI gmig gvag%t dfTﬂ%OOC for 68

ture was er

hounsy arﬁmgbénzeﬂ'dﬁ(é) Pk wak hdded and shecebulaag Balxtope was stirred for an
filtration, shed with nethanol, and dried in
addifigpal, jg hougsy cppling (odEom S¢pEralyre, Hie 1SRN dRixsy Was
diluf®wivd @hék ?&nﬁ@@@n& MRn QeQ%% Al é;’li%é S d%v ﬁ?l 80
BB oH 7 90-8. 10 ?'m bt ,§7. BT Way Ve Sttt (
mL)(B);L(ﬂhe(dhrver éaiﬂl)ydr(ﬁls (N)12$(§4, abd cotidhtratéd. O'Shé.re’éﬂué mias kiken up with
64 12
chloroform (10 m(i) anc? prec{;lqtated in metls_l?anol (50 mL) twice, leading to a brown
solid as the product (62.0 mg, 73.5%). 'H NMR (CDCls, 500 MHz): 6 8.46-9.15 (m,
2H), 7.50-8.18 (m, 2H), 3.84-4.28 (m, br, 4H), 1.75-2.10 (m, br, 2H), 1.05-1.50 (br,
64H) 0.70-0.95 (br, 12H). Elemental Analysis (calc. C, 75.11; H, 9.03; N, 5.84): found

C,71.09; H, 8.47; N, 5.39.
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El emental Analysis (calc. C, 80.79; H 9.53; N, 2.94):

found C, 77.41; H, 9.43; N, 2.55. Exanmple 9: Cyclic
woelovassret ry [ 0121] Cyclic vol tamretry experi nBCIL/EP24eY/@51315

conducted using an Epsilon single- channel

potentiometer and a BAS C3 cell stand (a

diingdel brdide nlt-2, Aapshoal el ¢P¢NEI?@D—'N)DS were taken to

el i m nate water and oxygen during neasurenent. All
[01zwaayﬁdefre[r%bﬁ M}@u@%lffmﬂ%@ BRAGS. sgﬁ%@mmlrﬁﬁ@bvz 89 the

nmononer in a 1 MTHF/T F6 sol utions with

blS(%%ﬁ’qlaﬁlﬁgnrryélnéeht AeniSa- 260g 1507 8mrmsD), wrePd(PRBs).CL> (2.7 mg,

0003 BTTR AT R St DTS P P00 € o BRES ™ © 1°
Bromebazene @Rl Wa@ tHehald8ed @1d thé eeat@snaixdur@vhsmeatkimed at 90

o Scan. [0122 Cyclic vol tammograns of polymners
C for any ohurantpet srolive Lo E?P@éjeﬁimfaﬁHE g lginneof)

t
o B 18, L e 0 SN oy,
shakeesiperoii teeipgratwhifornl bowe befess itveayaliluted witteehloroform (100 mL).
core-unsubsti tut ed N al kyl er | enes such as

The eslting; reg@4rs Map gl it ale Lxp). ditedovsy apsheus NazSOq,
and E(_g%c{e %t_Q% 8% g@%@]e%ﬁ%&hﬁg dTﬁ@fe@ﬂﬁE Wag ?e)keﬁ ezl?(lh%)fﬂor?form (5 mL)

reduction values are al so
and ptegipitatedos enetleypol (S0dnkorTHefresulting mixture was kept in refrigerator for

eryl ene-di t hi enot hi gphe oly datj on
ovelfiaite FiCatehiamatins ol S Rt OR b b aresiapohend dried
in kuﬂﬁpﬁadﬁg% %Qedzsoiﬂ%@h@%lgﬂﬁét I(64. 1 LRIE®EEaM af NMR
pol yner s PNDI 20D TT anple 9: -Vi's spectroscopy

(CD{(33.3%) MHz: 53>8t8ér(m, on zH) 2808. 10t (1t dnj 4kYat i56+7. 39p@m br, 2H),

1B BB 2Rl B o ) O R ED R oaaD B0 b3 a

Eler_(lgﬂtﬂ%@al 8 (cg}en@agoa@ U, 9tfhf=‘ NORIGAGHouRPEOT P4 ; q{l 9043 R}Dlz%s
THE (Xabs = 221 nm), the two polyners exhib

subst anti aI I red shifted absorption at |onger

amplecy: deyglipyoltampmesyy at 642 nm for P(PDI MP- DTDi ox) and
at 589 nmfor P(PDI MP-DTCO). Wthout wshing to be
[0123du rQVChy valigmpairy experamentsheerepondictddsisieg dndimion biagle-

t f P(PDI MP- ' .
chafyf porPThes e S 7y SEit (b B Gampistitnl celipith g sk
workRiak lé[e%tr@iﬁe bhe & glr' REEAR dectldas amb B wdlel ©inef clbfodepr €S

of the two copolymers (DTDi ox versus DTCO cores). The

APPrRITHEY pr@@awmne wefe thkenrtn ehmimate walee and oxygen diring massurdneent.
All ln%%stug&{len% %veret&g’oﬁggdj uﬁdep f, %9 NG vin (tﬁe monomerl%log()ng) ina

0.1 M THF/TBAPF; solutions with scanning rates between 60-150 mV/s. When the

voltammograms are (quasi)reversible, it is possible to extract formal potentials (E*) as

the midpoints between peak potentials for the forward and reverse scan.

[0122] Cyclic voltammograms of polymers P(PDIMP-DTDiox) and P(PDIMP-
DTCO) in THF (Figure 1) revealed two reversible one-electron reduction processes
located at -0.41/-0.70 V and -0.37/-0.56 V, respectively, which are less negative than
core-unsubstituted N-alkylperylenes such as N,N'-bisoctyl-perylene-3,4:9,10-
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shi fted/ enhanced peryl ene-dithi ophene charge transfer

transition. On the other hand, in P(PD MP-DTCO), both
weoosmyReer s are el ectron-depl eted and t he chaP@EEP2009/051315

transfer (CT) band strongly reduces. Two additi onal

hi gh-energy optical transiti ons are | ocated at

o U AP 880, T R RS S

thosgirégontee dort the p&p@éfd&hmhbt&idiﬁéné ¢63m1§ﬁabﬂ tORIAstion Iirbcesses
m nimal vari at ions of the absorption position,
werg potRbhseved Hethe Frcerlsr moteatiph windew Eigure ¥ showspmenslic

i rmed the anorphous nature
voltgx'rnhf%f pofé(ﬂz& rl??mﬁglgwgénonstrat ed bypt he absence

of XRD reflection. [0124] An exenplary UV-vis spectrum
Exaviplo® UWeVis BadDo2pyTT) was al so obtained (Figure 4).
-51 WD 2009/ 098254 PCT/ EP2009/ 051315 Table 1. Optical

[0123)s OTheteix s ida lof chrie -cuRjudation BpGbAmEH£At0K bf Biednonomers
PDI MP- DTCO) in solution (THF) and as thin filmns.

PDIP{R’@WT@PJNZ‘P Weﬂj’y selgtien iﬂtﬂwthllhﬁlrﬁn fJVi yis data

&P we
L i B R g 8 AR AR o

pol)ﬂﬁéry BRHibitatBsubStedh @i 1y re@ chifted Bl%orptibn@ l(ﬁl\gelb\)éa\tdl“@lgths located at
pti cal absoﬂ%ly on onset V for

(0]
64210yt DERIOIVMDHEID R heacom SBERONIDY P(EDIMB DEEO). Y istout avighing

o SO B g ls bl U ol R o

absorptiGB86f PDIMPVDTDI oy (cbinbAed B E@DIMPRMTA®dah ®e due to the
..~ 6. 38/-3.%9 eV for, PDI 8. Exanple 10: OFET device
differgpfagige o Wemtfﬁ@5§H?%ﬁ%ﬂ%ths o1 ] coess ph et wo comlymers
f | |
16| SRR Ry, RN BBl B e Byt by
tharctha lagter, twitinthp oesultmiggobo e R(BDIME- 0T Divad exhibitisg aired-
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r r e | f
DGR 88 B DIYBOBPASOGPA Sy F S
respectively. The thin-film spectra mirrored the spectra obtained from solutions with
minimal variations of the absorption position, although the intensities of the relative
bands differed. These results confirmed the amorphous nature of the polymeric films as

demonstrated by the absence of XRD reflection.

[0124] An exemplary UV-vis spectrum of polymer P(NDI20OD-TT) was also obtained
(Figure 4).
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(Figure 5, top left). OFET structure was selected to
access polyner conduction capabilities but does not
wo 2eopo2be fiel ds of use of this material claseCT/EBDBYH51315
For the devices fabricated and studied in this
exanple, the gate was highly doped silicon, while the
i £l e
sl BB 5 e 05 RS BB pnd eI
DT(S@bﬁrszmaidm@‘m?ﬁﬂidJis«hmﬁtms)ne or nmore polynmers of
chings—inCHC13 (10 ng/nl) onto

HVDS- prepive- @P’[’Bﬁ(ﬁ@t es at |a spin rpiEMPIPECOH pm

Top-contact TETs were fabridated by vapor-depositing

AUl 10- § TOf i 3nA/ S, |- 50 sBfdoli CK) | ont ridgim

sem conductdr thin filnos through a_shadow|mask ta

obt giyh devices W th@ channgl wi dt of between 25200

man | engtlhs of about 1 td 5 mm Electrical
?gemants were pgrformed with a,Keithley -52

2009 98254 |PCT/ EP2009/ 051315 6430 subf ent oanmnet er

and Kei t hlley 2400, source neter at,anbi ent condiLLons
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egrigalppropegpties @
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-5.54e%.0@ eV fasP@dVE-DADiox) ahh e5.6&tdt eV dor PEHIINEP- ]()‘]76109
| es exerrpl ary transfer and output
Comﬁg’%fl cé%;l@c??‘a\ég‘? ?,ngl nmeasured in vacuum The carrier
nobilities were found to be as high as 0.3 cn2/Vs and

Exab'd}/léqlf OFEPUebibe fdridtiitdn aifimdasdresbn@s 0.1 cn/ Vs and
|o~Jloff > 103 at anbient conditions. [0128] The

e
012035 LA R SoP A 0 athl e
allows demntléddnatsarcdchage stnsperttcheracefisticilvé nfataragsoviagvaluation of

t t f t d [
the GRRpELD R rpores i Breienaftne REE R Rofgledhe he
semRIoBERASr doBAGHVIY DekRSh ilcRHrdeQh8 diin SleORIObs h Ahction of the
present invention is thus indicated by the appended

’ gatec\{Oérages Amme@nt@qb/bﬂtt@y gammﬁg@rgbpmge\d@es;@mlpch ba sourgeland
dra1§ were v p%ggos%te % 90 mnftl% sterrHl ndiugtto g'%é\ﬂl? Qegigm é B8 9%arnle

equi va ency o al ns are rac

(Figuhes, ebpileft) OOPBT shiedurd wasHeiicttddo b&cess payM& ctnd@étng254

PCT/ EP2009/ 051315 CLAI.MS . .
capabilities but does not limit the fields of use of this material class.

[0127] For the devices fabricated and studied in this example, the gate was highly
doped silicon, while the dielectric was a 100-300-nm thick SiO, film. The
semiconductor polymeric film was prepared by spin-coating a solution of one or more
polymers of the present teachings in CHCl; (10 mg/ml.) onto HMDS-treated substrates
at a spin rate of 3000 rpm. Top-contact TFTs were fabricated by vapor-depositing Au
(3x10’6 Torr, 0.3 A/s, ~ 50 nm thick) onto the semiconductor thin films through a
shadow mask to obtain devices with a channel widths of between 25-200 um and

lengths of about 1 to 5 mm. Electrical measurements were performed with a Keithley
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1. A polyner of formula: 1 TML-M2 Jn wherein: M is

an optionally substituted aromatic i mde sel ected
woe@ams2Rik O NORL C1 ONO ON O~1 PrII/BEPINY/651315

wherein: Rl, at each occurrence, is independently

selected fromH a Cl-40 al kyl group, a C2-40 al kenyl

- | | - LG .
o450 313 A % Al R e i
vaculzdProbé kiariyh agk0SUForr. afdnsfeepl6h-ofQ; vsaVgalekybised 9o calgulaarthe
S s bl S e ik R kAR,

- - . -2 - )
compiEge el et TRl PRt e S o
Va4 en@ridgNhiit, the deS(€) Wid- @rLidgab kel saturafoD)rdfiat (¥Q >a¥ Ry Figdres 6-

-OCL 20 al kyl . -SiH3, -SjHCl-20 alkyl)2 -SiH(Cl-

8 shiyEpinbladi nsdsr oad S3ipuLpIRl o sttadhyfes Fachised i Vpgo i S e
carrif RidBilitield §efetbin@ tds sl hi%{ P3P staﬁlﬁ_loglogf@ 10'ah Qabdivh

group can be covalently bonded to the inide nitrogen
and a8 bugﬁ\as 8. 1o 6 shlad/Losr Pi 10k atrambignt conditions. t he 1- 4

cyclic noieties can be the sanme or different, can be

V] o) . ,

0182 8Lt DA, AL AR i ek T
depa&tibg frointthe dpivit dihesderbiabetagddtdriseiod thetedf] EPignfdespoing

selected froma halogen, oxo, -CN, N2, OH =C(CN) 2,
emboglyments agitherelofs g g gpysiderey npllxgspegisiilpsyrative ethey shap
limifi% the PrQefteachif e St itR 8 ndlelt | ScopCbfne Preke fGn Rlnki¥h is

thus indicated by the appended claims rather than by the foregoing description, and all

changes that come within the meaning and range of equivalency of the claims are

intended to be embraced therein.

[0129] What is claimed is:
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C(O NH29 -C(O NH C1-20 al kyl, -C(O N(C1-20 al kyl) 2,
-Si H3, -SiH(Cl1-20 -54 WO 2009/098254 PCT/ EP2009/ 051315
w@bdoghds4 - Si H2(C1_20 al kyl ), -Si (Cl1_20 al kyl )BCT/EP2009/051315
-0 C1_20 alkyl, -OC1_20 al kenyl, -OCl-20 hal oal kyl,
a Cl1 20 al kyl group, a Cl1_20 al kenyl group, and a
Cl 20 hal oal kyl group; a@QHAI®MISL and 7c- F are an
optionally substituted fused ring noiety sel ected
1. fr dnpolydér-ofsformalad wherein a is 0 or 1; M is a
repeating unit conprising one or nore optionally
sustituted polycycli c—r(ﬂmeHM@);—and has a fornul a
selected from -2 - Z-2 Z- zc-2 2-2 and wherein:
whe?éi%r at each occurrence, is independently an
optionally substituted polycyclic noiety; and Z, at
M, Baapaceiliyrsabsituted srontutie paiddaplebyed &rom:near conj ugat ed
linker; and n is an integer between 2 and 5, 000;
provi ded that the p 1Iymar does not have a repeating
unit of the fornylay &10H21 rlI~Cl12H25 ON O S S BSI
O 1IN O Cl12H25Y C

S Rt
—o 71 |
Ox N._O
o T o} ;I
=k o
R1 a.nd ———c\n_j ,

wherein:

R!, at each occurrence, is independently selected from H, a C;.4 alkyl group, a Cs.40

alkenyl group, a C;_4 haloalkyl group, and 1-4 cyclic moieties,
wherein:

each of the C;.4 alkyl group, the C;.49 alkenyl group, and the Cj.49 haloalkyl
group can be optionally substituted with 1-10 substituents independently
selected from a halogen, ~CN, NO,, OH, —-NH,, -NH(Cj. alkyl), -N(Ci.20
alkyl),, —S(0O),0H,

—CHO, —C(0)—C;y alkyl, -C(O)OH, —C(0)-OC;.0 alkyl, -C(O)NHa,
—C(O)NH-C, 5 alkyl, “C(O)N(C|.90 alkyl),, —OCj 5 alkyl, —SiH3,
~SiH(Ci20 alkyl),, —SiH(Cj.29 alkyl), and —Si(Cy.29 alkyl)s;

each of the C;_49 alkyl group, the C,.49 alkenyl group, and the C;4o haloalkyl
group can be covalently bonded to the imide nitrogen atom via an optional

linker; and

each of the 1-4 cyclic moieties can be the same or different, can be covalently
bonded to each other or the imide nitrogen via an optional linker, and can be
optionally substituted with 1-5 substituents independently selected from a
halogen, oxo, —CN, NO,, OH, =C(CN),, -NH,, -NH(C/.5o alkyl), -N(Cj.20
alkyl),, —S(0),0OH, -CHO, —C(O)OH, —C(0)~C. alkyl, -C(0)-OC|.50 alkyl, -
C(O)NH,, —C(O)NH-C,.y alkyl, —C(O)N(C;. alkyl),, —SiH3, —SiH(Ci.20
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-55 WD 2009/ 098254 PCT/ EP2009/ 051315 2. The pol yner

of claiml1l, wherein M is an optionally substituted
wW@e@omes2ss i mde selected from RL RL O N O Crd/ErPRR29/051315

RL ONOONO A141 ONOONO ONOONORL RL

Rand R and Rl is as defined in claiml1l. 3. The

pol r of claim1l or 2, wherein each of it-1, it-1",

and Pr¥2 i ndependently is optionally substituted with

1- 68%(@{@@1@1) m&e@ﬁioraikyﬂaa, —(atC@aa:lkybe@uCr gnikenyl, sOaﬁil-zo

halhalg é%m& %rz@lm%raub a G20 alkqeéﬁzsém% Rt F{@qf@%@ ETopD;

C2af}@ al kynyl group, j) a O _40 al koxy group, k) a
ad - 4o al kyl thio group, 1) a d-40 hal oal kyl group, m
cl

13 rloaalg ncpo)are an c@{ &gl t1 E)egi&?/ néummggs s%ﬁecgéa f%)IP{

menber ed cycl ohe .~ 0t yI group, or q) a -Y-5-14

menber ed het eroag gt-eid each of the C-40

al kyl group, the the C2-40

al kynyl group, group, the C6-14
p, the 3-12

vyl grolgr—ar °the 5-14 menber ed

het er oaryl group
Ro groups; Rb, at~eaeh occurrienes s a) hal ogen, b)
ON, ¢) -No2, d) oxo, e) M f) “NH2 g) - NH(Cl- 20
al kiyterein BY is-ONGEG1- 20 al kYl )2, i) -N(C1-20 a] kYl)-C6-14
aryl, j) -N(C6-14 aryl)2, k) -S(OnH, 1) -S(Om CL. 20

M, f@'a“riﬂ eat1g% )1/11’1@(:@18 O_%Bﬁe 015(196"8)p S ugl.:lt@/éhpog)cyclﬁ( fbidties

andh@(qormglalsﬁeme;dlfroms) -C(O) OH, t) -C(0) - OC1- 20 al kyl ,
u) -C(0-006-14 aryl, v) -C(ONH2, w) -C(O NH Cl-20

LTS CONSTSU 2 UM T
) , and ;
wherein:

T-2, at each occurrence, is independently an optionally substituted polycyclic

moiety; and

Z, at each occurrence, is independently a linear conjugated linker; and
n is an integer between 2 and 5,000;

provided that the polymer does not have a repeating unit of the formula:
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z) -C(ON(C1-20 alkyl)-C6-14 aryl, aa) -C(O N(C6-14
aryl)2, ab) -C(S)NH2, ac) -C(S)NH Cl-20 al kyl, ad)

WO a{ogpdeel- 20 al kyl )2, ae) -C(S)N(C6-14 aryl) 2PCT/BPI009/051315
-C(S)N(C1-20 al kYl')-C6-14 aryl, ag) -C(S)NH C6-14
aryl, ah) -S(O mMH2, -56 WD 2009/ 098254

A I L e

sele@bdkfrbi: C6- 14 aryl, am) -S(O nN(C6-14 aryl)2, an)
-SiH3, ao) -Si H(Cl 20 al kyl')2, ap) -Si H2(C1-20 aI kyl ),
aq) -Si(@-20 alkylr3, ar) a Cl1-20 al kyl group, as) a
a) a C2-20 al kynyl group, au) a
av) a Cl-#0 al kylthio gttoup, aw)
wp, ax) al C3. 1o cycl oal lkyl gr oup,

%_az) 4 hal o oup
ohet K%H group bb) a
| qgr at eac rrence,
Kyl 4 a dival 3

2 - he” pol yrreroof'il any one
of cl ai msq11 3, vvhera1 n Rl at wach oggqrrence, is
i ndependent |y sel ect ed from H, a C1240 al kyl group, a

R340 RESETH Ao, 2 OL-d0 ozt grou. LA

-L-Cy'-Cy', -L-Cy'-R2, and -L-Cy'-Cyl -R2; wherein: L,
3. at Tha phlymm of ¢laine & or izswherehamaﬂdefm lynd¢lapt tetinfepemiently is
-Y-O Y-, ({S(O)Trg_% -Y-C(O-Y-, -Y-[NRC(O]-Y-,
OPUOW{IE@@SNWQ withy 1l gro Pﬁ»["@FF??} Y-, a divalent Cl1-20
al kyl group, a divalent CL. 20 al kenyl group b
¥y o O, e el 6D N aﬂ@meﬁ)eﬁm SorEE

DECE Wrogf 3o MEHRRTY < G IRFRAAAH, Yo Ero
Q@K‘(b(y%@@lﬂ kPACR.p alBylthil@i gmpﬁl@ atChM() Halﬂilk!}d\@dn@ﬂ in) QT—Y— Cs.10

di val ent C6-14 ar group or a 5-14 nmenpered
Haekorlky} groupy @ @G@h A Iwar) §—ulfsus haleayl giPem Pl asY-3-

sl%ﬁ-ﬁérga(éggﬁ‘ E@%Qﬁgﬁ%&@ or §) £etesl ihrmR Pl RG6 1 group,
wherein each of the Cj .49 alkyl group, the C;.49 alkenyl group, the C, 49 alkynyl group,
the Cs.1 cycloalkyl group, the Cq.14 aryl group, the Ce.14 haloaryl group, the 3-12
membered cycloheteroalkyl group, and the 5-14 membered heteroaryl group is
optionally substituted with 1-4 R® groups;

Rb, at each occurrence, is a) halogen, b) —CN, c¢) -NO,, d) oxo, ) -OH, f) -NH,

g) -NH(C.20 alkyl), h) -N(Ci40 alkyl),, i) -N(Cj0 alkyl)-Cs.14 aryl, j) —-N(Cg.14 aryl)o,
k) —=S(0)H, 1) =S(O)i—C1.20 alkyl, m) —S(0),0H, n) —-S(0),—OCj.20 alkyl,

0) =S(O)m—0Cs.14 aryl, p) -CHO, q) “C(0)-Cj.o alkyl, r) -C(O)-Cq.14 aryl,

s) ~C(O)OH, t) —C(0)-0OC;_y alkyl, u) —-C(0)-0Cs.14 aryl, v) —C(O)NH,,

w) —C(O)NH—C .59 alkyl, x) —C(O)N(C{. alkyl),, y) C(O)NH-Cg.14 aryl,

z) —“C(O)N(C; 9 alkyl)-Cq.14 aryl, aa) —C(O)N(Ce.14 aryl), ab) —C(S)NH,,

ac) —C(S)NH-C .o alkyl, ad) ~C(S)N(Ci.5 alkyl),, ae) —C(S)N(Ce 14 aryl)s,

af) ~C(S)N(Ci.20 alkyl)—-Cs.14 aryl, ag) —C(S)NH—Cs.14 aryl, ah) —S(O)mnNHo,
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al kyl group, a Cl-6 al koxy group, and a Cl-6 hal oal kyl
group; and Cy', at each occurrence, is independently a

worenwengd2ent or di val ent C3-14 cycl oal kyl gr oupCDEP®09/051315
3- 14 menbered cycloheteroalkyl group, each optionally

ﬁfecpz'gﬁgg% Otaﬂ(l@l %ésy&ﬁt L"@“?’b%ﬁ%%go /egiglsgm*"” v
?Téﬂe&gggll%ﬁlgﬁ—c@% aryl; Q@ﬁ)GNX%;TPZ(CQlLﬁYBi Jly) -SjHeup, a
i (e ) %)ﬁeﬁﬂép@@am Pl ion HODP e o iy
@%1[9 @ 10 QURHP gr@u %laik%lﬁyll grglﬁﬁ) léﬁ) a &, %Jaﬂf'&y group,
al group C1 al7koxy r oup
-ay') aﬂ‘@o AkPlthio Igi’oupAﬁ\Q) 2RG1 zo-haloald«yé gmue, m a c3L10 CB@J@JK}’I group,

) aki SYLEPIE R Cre TSR PR TR oo

ch@h&eroal Ygfo'ﬁg,Q)rfﬁb)X 14 ﬁﬁe&ﬁ@)ed]{esema}fyl (O 1-Y-,
-Y-[C(ON R-, -Y-[Si -Y-, a divalent Cl1_20

RC2]
ay kéfleacgf &éerre@cedis\é%l@ﬂént @Hgﬁkﬁl 46 @ 2 dlﬁiéﬂt' 2, zo%aloaékyl group,

di val'ent CL_20 hal oal kyl group, a coval ent bon
Aore, coatlerdmmdpasur rence, is i ndependent |y a nonoval ent
or divalent C6_14 aryl group or a 5-14 nmenbered

hat sircadt ydcugemiepis Oedcdr Dptional Iy substituted with 1-5
substituents i ndependently sel ected from hal ogen, oxo,

- = Cl 6 | Kyl , Cl | k .
4. gy ol POLRGE ey GRS YRS Jr R R & each SegiiRatce, is
1ndé§ﬁ&€n’ﬂ§ @Ql%cteﬂ $ronnd epengdentyi %r(ﬁlpr@ QQ)((@AJE&BII Soufli v@]_gnt

cycl oaIkyI group or a

halqailmlgtwp erloahikytL-ghrothy, . -dadir’ -tﬂgt bﬂ‘bﬂ 1—:9& —Bubé-t—CVut ed
st tuen P ently selected froma
L"\#éll o 5LS¢<I _k &ﬁl L'%(C@ el{hd Cl_6 al kyl group, a
aI koxy group and a Cl1_6 haI oal kyl group; R3, at
ea_‘ﬁheﬁ%‘eurrence is a Cl 40 al kyI group, a C2_40

aI ken rou a Cl.40 hal oal ky roup,. or .a Cl
>?¥ @%ﬁﬁumﬁce df lr@sewdse%xjﬁerl%‘«%gﬁom s Y2 Q¥ al’gnES(O)m]"
Cl_‘g_ al kyl group, a divalent CL 20 hal oal kyl group,

or a’coval ent bond;: and m at each occurrence, is O,
1, -F—0)-Y-, -Y-[NRC(0)]-Y—, -Y-[C(O)NR]—, -Y-NR"~, ~Y—[SiR%]-Y—-,

a divalent Cy.y alkyl group, a divalent C;_» alkenyl group, a divalent C;_»9
haloalkyl group, and a covalent bond;

wherein:
R, at each occurrence, is independently H, a C;_¢ alkyl group, or a —~Y—Ce.14
aryl group;

Ar', at each occurrence, is independently a monovalent or divalent Cq 14 aryl
group or a 5-14 membered heteroaryl group, each optionally substituted with 1-5
substituents independently selected from a halogen, —CN, oxo, =C(CN),, a Cy¢
alkyl group, a C;.¢ alkoxy group, and a C,.¢ haloalkyl group; and

Cyl, at each occurrence, is independently a monovalent or divalent Cs_14
cycloalkyl group or a 3-14 membered cycloheteroalkyl group, each optionally
substituted with 1-5 substituents independently selected from a halogen, ~CN,
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5. The polyner of any one of clains 1-4 having a

formula: -58 WO 2009/ 098254 PCT/ EP2009/ 051315 Rl R1
weMIs2 N O\ \ \ x 1-xn O N O O N ORlL Rl PCT/ERD09/051315

RLONO ONOccibx ONO1l-xn 40i O1 R

mherein nis an integer betmeen 5 and 1,000; x is a

| new )E:’ aikyl oupha Cag k&}’g g%lf%gﬂ l?afl@ﬁkyl

cI graup; 1- 5, vvhere| nRLis a I|near or branched C3_40
al kyl group selected froman n-hexyl group, a

R?, dt-chEH &ehﬁé@&yis iB8HAdendly LeloBED ORI §] 4o 2060 YRoupfa Cap

1- met hyl p entﬁ i%rou 1- met hyi hexy roug, a ., o, |
alkemy]@rngp prapy halg b}ﬂl@o@,ﬁ G glkbriy gloupy al-Ar-Ar,-L-

AL 33, di net hyl butyl group, and a 2-octyl dodecyl group.
.”The polynmer of any one of clains 1-5, wherein Rl is
-L-gafeofqf, £1.00y° CH3-CyF3G HIC-Cy-RABC\Cyhmmy”R®/ C5H13 j
\ / Cl2H25 / OC12H25 t(7/ \ / \ [ \ [ CBHL7
wherein:
L', at each occurrence, is independently selected from ~Y-O-Y—,
—~Y-[S(O)u]-Y—, -Y-C(0)-Y—, -Y-[NR’C(O)]-Y—, -Y-[C(O)NR‘]-, -Y—
NR°-, -Y-[SiR%]-Y—, a divalent C;_, alkyl group, a divalent C; 5, alkenyl

group, a divalent C; 5o haloalkyl group, and a covalent bond;

Arz, at each occurrence, is independently a monovalent or divalent Ce._14 aryl
group or a 5-14 membered heteroaryl group, each optionally substituted with 1-5
substituents independently selected from halogen, oxo, —CN, =C(CN),, a C;
alkyl group, a C,.¢ alkoxy group, and a C;_¢ haloalkyl group;

Cyz, at each occurrence, is independently a monovalent or divalent Cs.4
cycloalkyl group or a 3-14 membered cycloheteroalkyl group, each optionally
substituted with 1-5 substituents independently selected from a halogen, oxo,
—CN, =C(CN),, a C;¢ alkyl group, a C,_¢ alkoxy group, and a C;.¢ haloalkyl
group;

R, at each occurrence, is a Cy.4 alkyl group, a Cy.4 alkenyl group, a Cy.40

haloalkyl group, or a C;.4 alkoxy group;

Y, at each occurrence, is a divalent C;_yo alkyl group, a divalent C;_0 haloalkyl

group, or a covalent bond; and

m, at each occurrence, is 0, 1, or 2.

5. The polymer of any one of claims 1-4 having a formula:
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FFFFF_CB8HL7 FFFF -59 W 2009/ 098254
PCT/ EP2009/ 051315 F F /-\ - x ~\ /rCaHs C8H17 , F
wWo200909ec-CAHs , , \ / CHA\ / j \ /| CH2 \ PCHEP20891051315
a

8. The polymer of any one of clains 3-7, wherein 7t-2
P

\

C

q
O P~ gP ~~OPqDOOOr-s NC CN

is selected fgrom O P q P q P qgq u 0, 0, 014
rr-s CN NCCN P, g, P
NI~ NC CN NC CN NC CN

or

wherein n is an integer between 5 and 1,000; x is a real number and 0 <x < 1; and -2

and R! are as defined in claim 1.

6. The polymer of any one of claims 1-5, wherein R! is a linear or branched Cs.0
alkyl group selected from an n-hexyl group, a 1-methylpropyl group, a 1-methylbutyl
group, a 1-methylpentyl group, a 1-methylhexyl group, a 1-ethylpropyl group, a
1-ethylbutyl group, a 1-3,dimethylbutyl group, and a 2-octyldodecyl group.

7. The polymer of any one of claims 1-5, wherein R! is selected from:
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gHOPOqQ -CP

2009/ 098254 PCT/ EP2 P- CN M-1 ONCCNU
weEDoopss2e kv J. NC g CN Rd O PCTER20PH051315
Rd I T6, 1,( | Rd O -O ONO NP - :3PI
-10NOPQgpPQgR and wherein: k, k',1 and
|mdepgndent ly are gehfrom - CRd=, =CRd-,
C(C(CN) 3 g and q' indep’e:n‘,ﬂ—y: 4Hg
¢! g¢ Gaih7- CRd=, -(0-, -QCN2)-, ’

£ =N, -N(Rd) _ -Sl Rd=, —Sl Rd-, and
-Si ngRd-, r and S |ndependently are -CRdRd- or

-C( MNR) - u', v and v ndependent I y are
sel&c @ CAGRI~, Cﬁﬂ\@t@ @Q@@
-NE

-S(O) -3(0)2- - 0-, -s Rd=, =Si Rd-

-Si R RAR o CRde- ; Rd, atsse N
ocT H4| pendent Iy o@H and

8. The polymer of any one of claims 3-7, wherein -2 is selected from:

_;_(%573- -g—@i;g)ﬁ—é— —s{K@?@}é— -é<bji;:[ & é@/\ %3_

o\ 0 O\ /O p q
r—s ’ NC CN r—s CN ,
OOt OO %@?@— «b o%s
| c v Non _
NC CN SN NG NC CN
3 (j @
>._
Re 2o "69 a8 ?D jeeas
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Ra is as defined in claim3. 9. The polyner of any one

of clainse 3-8, wherein 7t-2 is selected from s/ s/ s/
W@ 2009088654 \s/: s/ s WX 00 si 0 RARd NC CN CNNeCREP2009/651315

G3 1 N CQO) RIS Rd - NC CN -61 WO 2009/ 098254

PCT/ EP2009/ 051315 O O NCCNNCCNNCCN OOS\ 11 S

/[ NC CN ' CNNCCNQQ SS si Ss\/ sue/l \SN

Q\\N \ RdRdeRdeRdeRdeNCNCCNFFRd CN
Rd Rd =K SRoCNCN FFFR Cﬂ4§d(_:gl
- : S SIN N o /Rd

PFEET ol s

pPs-2P ‘

u © o aq

Rd

T 1?‘ ﬁ H
wherein;

k, k', 1 and I' independently are selected from ~CR%=, =CR%-, ~C(O)—, and ~C(C(CN),)—
P, P's q and q' independently are selected from —CRd=, =CRd—, —C(0O)—, -C(C(CN)2)—,
—0-, =S—, -N=, =N—, -N(RY-, -SiR%=, =SiR%-, and -SiR‘R%;

r and s independently are -CRR%- or ~C(C(CN),)—;

u, u', v and v' independently are selected from —CR%, =CR%, ~C(O)~, —-C(C(CN),)—,
—S—, -S(0)-, =S(0),—, -0—, -N=, =N, -SiR’=, =SiR’-, -SiR‘R’-, -CR*R:-CRR‘-,
and

"~ —CR%=CR%;

Rd, at each occurrence, independently is H or R?; and

R?is as defined in claim 3.

9. The polymer of any one of claims 3-8, wherein 1-2 is selected from:
N S % .S S % s S. ..S_%. S S
5&\/@\%‘ 5&\/Q\/f" SOt aatats =T
o O 0 /Si\ ] 7/ \
, s ; pd’ R , NC” CN NC CN
CNNC
a\ —a~ —z ; 15 AT
’ NG CN \‘—./
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N NRORd RAIIS | R NOp
NSN/ Ss COI 00 O-0ONOSSRI~Rd, |
waeao/ostsmwher ein Rd, at each occurrence, i ndepPCTEPLDY051315
is Hor Ra; and Ra is as defined in claim 3. 10. The
pol ymer of any one of clainms 1-9, wherein it-2 is a
poI ycyclic noiety conprigipg a Spirg.atpm or
Bstituted wifh 1-4 group} selected f jom an oxo grou CN

§|Ide£ g 115 Iy

,  Wwher¥'ncR1l and nNeir
claim1l1l, 12. The polymer of claim1, wherein the

¥ * sy | - N S 2SS NOw -2 S\ S
Wﬁw Vakaoadslava s
/S'\Rd Rd "RY

R

N ~N 0 Nd pIS SNN
~-{

wherein Rd, at each occurrence, independently is H or R? and R? is as defined in claim

3.

10.  The polymer of any one of claims 1-9, wherein -2 is a polycyclic moiety
comprising a spiro atom or substituted with 1-4 groups selected from an oxo group and a

dicyanovinylidenyl group.

11.  The polymer of claim 1, wherein the polymer is
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\-J N ONO i ORlL or R wherein RL and n are as
defined in claim1. 13. The polyner of claim1,
wob@pe9s254 he pol ymer is selected from Rl Rl PQ/EP1009/051315

OSS ,SmMmS nnONOONOI I Rl RL9~ RLRLO
NOrONNSN ONONONOI I Ry, and Rl wherein
Rl and n_a g a(g defined in claim1.| -63 WO 2009/ 098254
PCT/ EPR00 D51315 14. The pol s claim 1, wherein

t he pol yneri selectegf Ss s
ns N REN RYTR -

rom

R1 or R1

wherein R and n are as defined in claim 1.

12.  The polymer of claim 1, wherein the polymer is
R _ T _
o} II\I o} O M© ‘
s. 8 s S
SOR'eYNEFOORISS
- o o A
\J °
0 N0 o N o
L | 4 n - - n
R1 or =)l

wherein R! and n are as defined in claim 1.

13.  The polymer of claim 1, wherein the polymer is selected from:

wherein R! and n are as defined in claim 1.
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ONOONNRNPN N NOONRL, and R1 , wherein R1
and n are as defined in claim1. 15. A polyner having

wo otosmdsasd or formula 1': RL I U;Y. ORL CQ/RP20®/051315
nm ~~ O0i 02 ONO. C H nn I |I" wherein: it-1
and it-1'" independently are a cyclic noiety optionally
su [ - . ok i

14. 5 e Pl ofelaling; oeflin B BUBRer seloekeS o o
greater thag about -2.6 V and optipnally substituted
with 1-6 Ralgroups; wherein: -6 V\B 2009/ 098254

PCT/ EPP0BSy 854315 Ra, at]| each Bnce, is a)

hal oge 3 d o C( Rb) 2,
g acC ) a C up, i) a
C2_40 a_4 b, L k) a
Cl4o allk a Cl-{4C g§roup, N a
-Y- C3t1la oal kyl group, n) & C6_14 arlyh

group, C6_14 hal oaryl up, p) a -Y- 3-12
menber edOocyl| dhet er oal kyl group,©ofN g a -Y-5-14
menbered heferoaryl group,, wherei i each of the Cl.40
al kyl group, the C2-40 al kenyl group, the C240

1 H1

, and

wherein R! and n are as defined in claim 1.

15. A polymer having formula I or formula I":

wherein:

w-1 and m-1" independently are a cyclic moiety optionally substituted with 1-4 R*

groups;

T-2 is a T-conjugated moiety having a reduction potential greater than about -2.6 V and

optionally substituted with 1-6 R groups;

wherein:
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al kynyl group, the C3_10 cycl oal kyl group, the C6_14

aryl group, the C6_14 hal oaryl group, the 3-12
woreovheyss cycl ohet er oal kyl group, and the 5- 14PeeRPBOEAS1315

heteroaryl group is optionally substituted mnth 1 4 Rb

groups; Rb, at each occurrence, is a) hal ogen,

R) g P opfoneitiis Blnaode, -G N d)%f’éw? %Cﬁ )
aryC, 4oJalkY‘1 Xotp; Hyk C@Jo)ﬂuﬁeﬁ)’l gedup, (xﬁéxl 20)2:%16 ;ﬁ(yn?’ﬁé@)éﬂsnj%%ﬁbm

al kyl S(O) 20H,
é@@gngrowﬁ Cp§4o nO@;o mb@)clemﬁzleal&vkgrpup ) a—Y=Ca.o

o ‘chi’@?“’"é‘éeﬁ"ﬁ"‘é? b S Ehior v Aol Byl -

3 1R ynhembeyed Qc(@hb(e@hﬂ%@ gadupy b1 @), a —ij —S—G( ehiteed hteraaryll
%‘?OVP %hgrgé)%%dé)fgﬁgﬁ[w allgyj)g%él@(a %M@E@f%@ t(l;16 ;éz)m
algéngl %E&%; %% Cgs: MJ{c)k?aJ Cga%}o?rcs@@gg gﬁryi jyﬂhégg 14 @ﬁaaryl
SOy, tth\ 12. r@j;qml—mcl@e eroadk yh)anduy, @1d the Sal4k bera {l)
B &%@%p%%op 1 Spfibled Pl RTS8y ﬁN{'o’e 1"
Rl e Sabenser) hd. Brtaod G ifphcse) 2P § e,

g?-LNHkC AHaRYD; h)a-SNSC? 20%1{}3% ﬁLm@Ho alllyPUe, 14%3)1 B ﬁ?ggo

kyny gr oup a CI 20 al Koxy group, av)
agley| t hi o group, aw) a C1-20 hal oal kyl group, ax) a

KA RFoaoR 6 ST YR peyiod ok, 2 2
opySimhede patyiyp) THoR) ~QOYI, Balkyll f) r@@ﬁ@&d aryl,
heteroaryl each occurrence, i s a divalent

SO Wy1ClGhoiap  oalig va RO oS RGN r oup.

o B RO MR SRS lf .

Z)BGCGO)Ncﬁuforaﬂayt)ecs Lsrylnaig pEaNIsY, 8¢Dﬁab)6£C(SDNH1 H a

sl g podligt i SN o Al B SRR St
af) '—t@im@& Eo Ay dg lfar}l 2 CSING byl by P8Oy N2 Y Y
oSG, dkylhd@)peﬁﬂ@éﬁi‘ﬁ(l(y Soekphs ol HOMNN@ ),
al) —SE&)(“R(H]MO alkyl)-Ce.14 aryl, am) —S(O)nN(Cs.14 aryl),, an) —SiH3,
ao) —SiH(C; o alkyl),, ap) —SiH(Ci.90 alkyl), aq) —Si(Cj. o alkyl)s, ar) a Cy.59 alkyl
group, as) a Ca.p9 alkenyl group, at) a Cy 59 alkynyl group, au) a Cy.59 alkoxy group,
av) a Cy.y alkylthio group, aw) a C;_» haloalkyl group, ax) a Cs.1o cycloalkyl group,
ay) a Ce.14 aryl group, az) a Cs.14 haloaryl group, ba) a 3-12 membered
cycloheteroalkyl group, or bb) a 5-14 membered heteroaryl group;

Y, at each occurrence, is a divalent C;_y alkyl group, a divalent C 5 haloalkyl

group, or a covalent bond; and

m, at each occurrence, is 0, 1, or 2;

-65 -



Y-, -Y-C(O-Y-, -Y-[NRC(O]-Y-, -Y-[C(ONR]-, -Y-NR-,
-Y-[SIR2]-Y-, a divalent Cl1_20 al kyl group, a

waleavalogs2s4 CI 20 al kenyl group, a dival ent Cl. 2BCT/EP2009/051315
hal oal kyl group, and a coval ent bond; wherein: Rc, at
each occurrence I's independently H a Cl_6 al kyl

R!, & QP occ(alfreﬁlce (P]eﬁdc é/ys%: egtreﬁ ¥Rm ﬁr 5 Fé?éallgﬁ%gpu\?éfl gﬁ g0

occurrence, ¢S Thdepen nonova

alkefi§l grdugarayCy_4 galou];kybgroﬂp,SMrhEIibArleArh elLeAdaRy| group,
each ppt,i onal I,y substituted wth 1-5_ substituents

L ey ek ekt ot bt Sert IO oK
=C(CN)2, a C1_6 alkyl group, a Cl_6 al koxy group, and

G!Lheeﬁlhal oal kyl group; and Cy', at each occurrence,

| s independently a nonoval ent or di val ent C3.14
cydl. at¢dehlocguroange,as independdnthpsebestesddray elYoReiYetr o ¥HIO)m]-

gr , each optionally substituted with 1-5
subst’i tuents i ndependently sel ected from a hal ogen,
- CN -9 Y= C(YCIN: RCC Fly-6 —al kgt O)Mv]ip ~YaNRE_ 6 yal sy Y-,

grou , and a Cl1 al oal kyl ro , at each _
iyadei &2 élk—lrﬁi@m rﬁd’éYﬁlq:fy Cgetb @E@Ié’él gfqupng divaleniGi-2o
aI Mmﬁ{ﬁ%@’ﬂg %%Qrale ‘})(O%rayl group, a Cl_40 hal oal kyl

gr oup, oxXy group; -L'-Ar2, -L'-Are-Ar2,
-L' - er -L'-Are-Are-R3, -L'-Cy2, -L'-Cy2-Cy2,
-L" - CV ﬁgl L'-Cy2-Cy2-R3; wherein: L', at each

?S(? Fg e eacpl osccﬁrgg S d epelyd?ntﬁy\ég t@?‘@y Pfky{%rogf),%r\g “Y-Cs.14
-Y-[ cg@) Py - Y- NR- -Y-[Si Rc2]-Y-, a divalent Cl1_20
aIkyI group, a di val ent C1_20 alkenyl group, a

i N e e

0 C @noupesrcey- 14 snantiebeqichettrodrlyly grauprmaciy aptémall g suhsiumaaécb\nith 1-5

cachoufon it lenly Regid by fhapeer. "L SRP el 401
':g(%%%))% g?tﬁif)t W, elieey efbubl A de] mamngﬁoup,

yl group, a Cl oxXy group, and
a (éy—l,Gatl'é@clpgcclﬁ)lxlcn&f BURdependently a monovalent or divalent Cs.14

cycloalkyl group or a 3-14 membered cycloheteroalkyl group, each optionally
substituted with 1-5 substituents independently selected from a halogen, —CN,
0x0, =C(CN),, a Cy_¢ alkyl group, a C;.¢ alkoxy group, and a C,.¢ haloalkyl
group;
Rz, at each occurrence, is independently selected from a C;_49 alkyl group, a C.40
alkenyl group, a Cj_4 haloalkyl group, a C;_49 alkoxy group, ~L'-Ar?, -L'-Ar’-Ar*, -L'-
Ar-R’
—L'-Ar*-Ar’R’, -L-Cy?, -L'-Cy*-Cy?, -L'-Cy*—R>~-L-Cy*-Cy*-R>;

wherein:

L, at each occurrence, is independently selected from ~Y-O-Y—,
~Y-[S(O)m]-Y—, -Y-C(O)~Y~-, ~Y~[NR°C(0)]-Y—, -Y-[C(O)NR‘]-, -Y—
NR®~, ~Y~[SiR%]-Y-, a divalent Cy_5 alkyl group, a divalent C;.5 alkenyl
group, a divalent C;._5 haloalkyl group, and a covalent bond;
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Cy2, at each occurrence, is independently a nonoval ent
or divalent C3.14 cycloal kyl group or a 3-14 nenbered

waeyomboyseser oal kyl group, each optionally subse¢t/EP®I/051315

16.

with 1-5 substituents independently selected froma
haI ogen, oxo, -CN, =C(CN)2, a Cl_6 al kyl group, a
Y, . ~R3,. . at
A 3L SR8, 1 ey BRI or 81 U 6T
aI Igﬁmpl orgryn Uﬁpmeﬁlbé‘rbdétﬁter(hﬁyl@blhg lead @ptionaldy subsi@hitedGvith 1-5
al koxy group; and n is an_integer in the range from2

to SebsgorsntsHadeDpRREnsISgRelEd GomUial a1 SX0, b BLKCRIRed Clo
I
o DB, PG Al o HRRIGH elolP 0, iﬁ‘;?‘m

16, e n, a I

tha :r?egéqhuaC{“irgmIé ‘%ul?dep%gc%ﬁ@&g%é&%#%%g Ogldﬁlvrfa%{n?o ‘any
oneyabalkylagrﬁﬁp d5a 3-14 mﬂﬁfeed:db}fa}(ﬂleteﬁoaak)ﬂ gqupyedchcoptlonally
noi ety tlonall%substltuted with 1-6 gr.oups.

A @Blhsa&gis PR ledrbstiaeny nfsﬁeer&en%?eée%%i @%@a&geawod
rea i GRS Ao PR, 4 €F Akot) SR 3ol el

| i guou; nedi um conprises water or an organic solvent.
21. The conposition of claim19 or claim 20, the
coRipatieaiioacditiendeets 0ONRRISA pOupNEC, RralkwaykgradsiatC es .
22. The conposition of claim2l, wherein the additives
ar @al%%bmemrﬁﬁls@?&@mamuprm det er gents,

di spersants, binding agents, conpatiblizing agents,
curiipgn ag@gwyltherme\fmnz@@@w@@zm PCT/ EP2009/ 051315
initiators, humectants, antifoam ng agents, wetting

ag e@"k}él pol&ﬁe%fj J:IEJF? ri‘r% w re%f Itt%en? 2 hgpg red?l@t%n Oéog&gng %%%%r than or '

nu ure conpri

eqmtymﬁs_pﬁ\any one of clainms 1-18. 24 The article

of manufacture of claim?23, wherein the article of
manufacture is an electronic device, an optical

17deviTbepolymesnf gpimpi? ecelpigni e vheveie &2 has. a irdyqiion ppionfisl
gfe%‘%g]‘h%ﬁ%g@‘?aﬁéo Q@dﬁ?r—ii'\ﬂg one or nore polyners of any

18.

The polymer of any one of claims 15-17, wherein %t-2 is a polycyclic moiety

optionally substituted with 1-6 R* groups.

19.

A composition comprising one or more polymers of any one of claims 1-18

dissolved or dispersed in a liquid medium.

20.

The composition of claim 19, wherein the liquid medium comprises water or an

organic solvent.

21.

or

22.

The composition of claim 19 or claim 20, the composition further comprising one

more additives.

The composition of claim 21, wherein the additives are independently selected

from detergents, dispersants, binding agents, compatiblizing agents, curing agents,
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1-18. 26. A conposite conprising a substrate and the

thin filmsem conductor of claim?25 deposited on the
wouwshyase. 27. A field effect transistor deviBEI/EP2009/051315

conprising the thin filmsemnm conductor of claim25.

28. Afield effect transistor device conprising the

initiét@)@ﬂﬁﬁt&ﬁaﬁ% m?dfgq]%% a%%% W Bglg Atg éﬁ-f In[%ﬁfﬁeg B{&gld%g Uhd

Mm@ﬁiﬁghm.tran5|stor has a structure selected from
top-gate bottom contact structure, bottomgate
top cont%ct structure t op-gate top-cont act structurF,,
23 and ABGFHORPHERRBUBEECHAMPBI QDS 08 foge Pefymerss any e of claims
1-fsi el d effect transistor device of any one of clains
27-29 conprising a dielectric material, wherein the
dielectric material conprises an organic dielectric
24 mat & ht: aifticleaef mmf@am: of clanish 83t wheseingheartiele of oyanafacture is an
ek:% Ld.or %noc ng ani ¢ di e : q@%etial. 31. A
BT Ge el A oflui BLAB0 oppf oPef et hare aResT | m
sem conductor of claim25. 32. A photovoltaic device
25 conmpy thisi filgn $dhEicERIPWS cdr@pading bikd &8 Mbre pdBrmelk6f any one of claims
phot ovol tai c device of claim31 or claim 32 conprising
‘p-type sem conducting material adjacent to the one
or nore polyners. -68 WO 2009/098254 PCT/ EP2009/ 051315
34.
2671 AGAPL GG o BBl A AL AIERI Slaitol Btaim 25
dqusu£¢endmﬁpbﬂsmmg the conposite of claim26. 36. A
nethod of making an article of manufacture of claim 23

7 e s PR R0 BB BB bl roro
cmﬁﬂbstrate 37. The nethod of claim 36, wherein

depositing the conposition conprises at | east one of
printin spi n coating, drop-casting, zone casting
284i p Ac%%g PHEC! tansigler dedeq sRmPrise the sempesiig of gim ?ﬁe
met hod of claim 37, wherein printing is selected from

200" aHE Gl dffdct ﬂ?&ms‘tcﬁlﬁe@itce opﬁl'aﬂltt bf@r clhi %9, %@e?élh ¢he field effect
printing, screen printing, pad printing, ‘of

trapsistot hias @, strantdre delacteddra e ggse bottémgontact structure bottom-gate

top-contact structure, top-gate top-contact structure, and bottom-gate bottom-contact

structure.

30.  The field effect transistor device of any one of claims 27-29 comprising a
dielectric material, wherein the dielectric material comprises an organic dielectric

material, an inorganic dielectric material, or a hybrid organic/inorganic dielectric

material.

31. A photovoltaic device comprising the thin film semiconductor of claim 25.
32. A photovoltaic device comprising the composite of claim 26.

33. The photovoltaic device of claim 31 or claim 32 comprising-a p-type

semiconducting material adjacent to the one or more polymers.
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34.  An organic light emitting device comprising the thin film ... __

claim 25.
35.  An organic light emitting device comprising the composite of claim 26.

36. A method of making an article of manufacture of claim 23 or claim 24, the

method comprising depositing a composition of any one of claim 27-30 onto a substrate.

37.  The method of claim 36, wherein depositing the composition comprises at least

one of printing, spin coating, drop-casting, zone casting, dip coating, blade coating, and

spraying.

38.  The method of claim 37, wherein printing is selected from gravure printing, inkjet
printing, flexographic printing, screen printing, pad printing, offset printing, and

lithographic printing.
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