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ACENE- THI OPHENE COPOLYMERS Technical Field

Acene-t hi ophene copol yners are descri bed. Background
wae@dittsoonal |y, inorganic materials have dom ne€BUS100B065018

el ectroni c device industry. For exanple, silicon

arseni de and gal I i um arseni de have been used as

sem conductor materials, silicon dioxide has been used

as an insul at oAGENETHIOPHENEEORQLYMERSs al uni num

and copper have been used as electrode materials. In

recent years, however, ThdmdicHddeldeen an increasing

research . effort ainmed at usin rganic materials

[ at REFTS HAPPIERS CAoRAPET ARl S gani ¢ materials in

el ectroni c devices. Anong ot her benefits, the use of

organic materials my engilgsldo@ig’ cost manufacturing

of el ectronic devices, nﬁy_%%aUTﬁ | arge area

app/Trahiioraiy, inargdnicayatemabhe ctdosminaged e efdceriioldevice industry.

FoE R < TRR b ha P B SR R R
malfdass, Bifiesn 8RRRIcARS BEbn 1sBE adBSins e BRAtRRI, REd eS8 such as
aromatic ring conpounds as exenplified by smal

aluminen ahé sopnee haesbose nsecasrricctione aiafirialy. dorseninsrs, however,
ther EhLARRNEn & %?eta?fng 'r&%ﬁ O %P@H”a‘i’r%ed ”&spngo%ga{‘n‘?a GO RI Y than
conpounds, bi s{aceny Sace yl'ené” cohpounds, ~an

thea€Rliwonahino plaa Rem S10HH 0 UNelSctrdbay édvades P Alnyorgrdtiter BA STt ahSuse of
have al sqo been consi dered such as_ regioregul ar
orgsgicyHFBHmERESNAk]E HoVEE cpd Wfaaatu{w&%i csHenis)leyiges, may enable
. n . . -
O FSIEN, T S Sy ACLEOEE AN Py, AR
backpiter god axtegrated eircuitshi ch can | ead to di m ni shed device
performance., Summary. of the Inventjion Co neric

0

mat & YAISE e SR OWIHEAN UG nakiTiabehays dac sorildsEady Hingost
cofiBh GR e RIS fihEahYounaS 8NSchiIPRN 89 8ma R RRYI YRS S uch as

are described that can be used in one or fhore
pentacene-containing compounds, tetracene-containing compounds, anthracene-containing
compounds, bis(acenyl)acetylene compounds, and acene-thiophene compounds. Several
polymeric materials have also been considered such as regioregular polythiophenes such
as poly(3-alkylthiophene) and polymers having fused thiophene units or bis-thiophene
units. However, at least some of the polymers tend to undergo oxidation, which can lead

to diminished device performance.

Summary of the Invention

Copolymeric materials are provided that can be used in electronic devices. More
specifically, acene-thiophene copolymers are described that can be used in one or more
layers in electronic devices such as, for example, organic thin film transistors, light
emitting diodes, and photovoltaic cells.

In one aspect, an acene-thiophene copolymer of Formula I is provided.

—f-Ac-a—)—

I



10

15

20

25

| ayers in electronic devices such as, for exanple,
organic thin filmtransistors, light emtting diodes,
wae7pioeovol taic cells. In one aspect, an PCT/US2007/065018
acene-t hi ophene copolynmer of Fornmula | is provided.
-Ac-Qn Fornmula I, Ac is a radical of an acene having

2 to 5 fused aronatlc rings. The acene is
In Horeua EiAqis edadieal 9 s peangthewingi2ith Sfusqdipgemetienpgs. The acene is

unﬁl%'sf@e‘a%r al?s‘ﬁ‘uﬁ%iaﬁy tﬁ%'suP&iuﬁa%Xele&Eq ﬁéﬁn‘% 1k;f’1‘ra>ﬂ<%¥ fhioalkyl

oal k dr ox het’er o
arya| akﬂlay]l halo;hatmllmm]@tdr@q&ﬂiyhére&m(ﬁaﬂ(ﬂ Mhé@rh,tor@nmﬂ:ma@mﬂhereof
.sel ect ed é Ia Il or { Il BEach R and R2
1@5@5&“?@ FRm jourylad %&ﬁ#ronwhydrogen al kyl ,

al koxy, thloalkyl aryl aral kyl , hago, hal oal kyl,
hydr oxyal kyl , heteroalkyl, al kenyt=g, oy nbinations
t hereof. Subscript ngis an integer al to at |east
4. The asterisks - i9 the | ocadi onpgof attachment
to anot her group su as anot her r t unit of
formula -Ac-Q . Irmganother aspectr, a cpygposition is
provi ded t hat |nclu s a sol vent an%EQn acene -

t hi ophene copol ynmer of Fornul a | above summary

Ea8f R B8d RRESAIY is itieBBideaily kdcied frbmtISRARREN ! Ak Flesiksityh ehioalkyl,
each di scl osed enbodi nent or eveqéﬂrgglenentatlon of

tesalfsyle badnt haloallert hyskioxyrhe | Detezivd LK qjmpmhlmﬁqns thereof.

anpl es tht fol | L |f th se

Sugsxﬁﬁle?l SR RS Tt g WG B hiatigh ®
attduh@®@hto dnbRNEiodP sEHo e thcALPO&-Uniti cTPM@nga copol yner s :

The acene-t hi ophene copol yners can be included in one

Qyore Iayers of electronic devices. For exanple, the

acepe ng'm ? acc% loX %ﬁ ‘f‘s idD§ thaP & éfi'i s &solvent aHd an acene-

sem conduct i el 'ectroni c devices such as
ﬂnamgmab@mﬂhnanﬁﬁkmmhhans|stors or can be p05|t|oned

between two el ectrodes in el ectronic devices such

an OPGaAPRYE HAGHGBY ol ?@ipéeseléﬁ IPViog s %th%tﬁv@ tFHEbE Sath

disclosed embodiment or every implementation of the present invention. The Detailed

Description and Examples that follow more particularly exemplify these embodiments.

Detailed Description of the Invention

The present invention provides acene-thiophene copolymers. The acene-thiophene
copolymers can be included in one or more layers of electronic devices. For example, the
acene-thiophene copolymers can be used as a semiconducting material in electronic
devices such as organic thin film transistors or can be positioned between two electrodes
in electronic devices such as an organic photovoltaic cell or an organic luminescent
device.

(13 ” (13

As used herein, the terms “a”, “an”, and “the” are used interchangeably with “at
least one” to mean one or more of the elements being described.

“Acene” refers to a polycyclic aromatic hydrocarbon group having at least 2 fused
benzene rings in a rectilinear arrangement as shown by the following formula where m is

an integer equal to or greater than zero.
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device. As used herein, the terns "a", "an", and "the"
are used interchangeably with "at | east one" to nean
wea@7etsoepre of the el enents being descri bed. PETESZS07/065018
refers to a polycyclic aromatic hydrocarbon group
havi ng at | east 2 fused benzene rings in a rectilinear
arrangenent as shown by the follow ng fornmul a where m
is an integer equal to or great®r than zero.The acene
usually has 2 to 5 fusegd BgMhze jngs (i.e.,
napht hal ene, ant hracene -1 z and pentacene).
"Alkyl" refers to a nonoVval &It oup that is a radica
of an al kane, which is a saturated hydrocarbon. The
Th@ b&sﬁle uS@dlydfs b't@@%sedhfeﬁfb‘ﬁ@ Phhos gyec |ﬂaghth91ren& QUrNRhE, QB Bacene,
hereof and typically contains 0 carbon atons.
andnﬂgﬁﬁﬁdknbodlnents t he al kyl group contains 4 to 30,
3‘0t g‘A%gyl” reftgrs t20 nlo:lf]totga 21%::1%9%%{%121%1 Sa ra(f'lcegxof an alk%né QVhSIm 1]S a
satatakad hydFdditoni mhb uikg] cdilbe lafear, Ib@etnchd:d]'lcyﬁ(b bﬂcorﬂlﬁh&t}dns thereof
ethyl, npropyl, iso-propyl, n-butyl, tert-buty
ang &Y@lqﬁllwpntams panBYcarban porys In 698k 6?@@526}@611% tb@ta%yl group
corﬁgﬁg’h¥+ 30,20 Bt HB{% E@leﬂo 14 N&%‘W 1'E)ef1 e t‘é Lo orlto4
nonoval ent” grou I's a radi’ca ‘al kene, whic
carbsn atomsd rExamptm mf mlktyhgraupsl wakitie,dne axearob hrmted tdyaicthyl, ethyl, n-
bl e bo d Th en e lin branched,
pm@yg PYORDIOBY: B IrigYT kb&r% iy §P@gfn-%ﬁw t@ﬂ&?@éi Wr@aﬁﬂaﬁl—ﬁgwh n-
hq%yf@m?&h9ﬁ£§ﬁn atons. In some enbodi nents, the al kenyl
contains”2 to 20, 2 to 14, 2 to 10, 4 to 10, 4 to 8, 2
t o 8AlKRnylS réfersgp aznmmvé,leu‘agtb@m that tsrmradlléxle:rfmlnatﬂgpne which is a

| k I th I d, but .
ny gy w8 B o6 e Remintan dne BPORE Lre 1B £AD BHpcar
brafBRIde cR licSordddniikdtiond ERUDT akek BiFiklaB§ cbalnddao 30hrbdh toms. In
not [imted to, net hoxy, ethoxXy, propoxy, and butoxy

Somwlylbodlﬂ@fl@r dherabkeay st ?e‘it?t20g2c§@|@)4,t21‘f9t10b $tlo, aﬂdfpé%alz to 8,2
8 oranto rc%r{)%thl a?orﬁ? rﬁ’xe%)( ciary alkeggp d%lrl'oJ u[gs 1Pclu %X C@ ebngl\f “nd

Ca r
butfehylg

“Alkoxy” refers to a monovalent group of formula —OR where R is an alkyl group.
Examples include, but are not limited to, methoxy, ethoxy, propoxy, and butoxy.

“Aryl” refers to a monovalent group that is a radical of an aromatic carbocyclic
compound. The aryl can have one aromatic ring or can include up to 5 carbocyclic ring
structures that are connected to or fused to the aromatic ring. The other ring structures can
be aromatic, non-aromatic, or combinations therecof. Examples of aryl groups include, but
are not limited to, phenyl, biphenyl, terphenyl, anthryl, naphthyl, acenaphthyl,
anthraquinonyl, phenanthryl, anthracenyl, pyrenyl, perylenyl, and fluorenyl.

“Aralkyl” refers to an alkyl substituted with an aryl group.

“Halo” refers to a halogen group (i.c., -F, -Cl, -Br, or -I).
“Haloalkyl” refers to an alkyl that is substituted with one or more halo groups.
“Hydroxyalkyl” refers to an alkyl that is substituted with one or more hydroxy

groups.
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structures that are connected to or fused to the

aromatic ring. The other ring structures can be
W@e@matioey non-aromatic, or conbinations ther eRET/US2007/065018

Exanpl es of aryl groups include, but are not limted

to, phenyl, biphenyl, terphenyl, anthryl, naphthyl,

acenapht hyl , anthraqU|nonyI phenanthryl anthracenyl

pyr eﬂyqeroaé@'rl "yrcdary fo, alay lliayByzeig lor mogg a Ky grovpstreplacadgwith a

| kyhysu t y " ) rs

thl?{,b"g ﬁra ll\lofgeﬁ;ﬁ%#eo%ﬂlg g}lcﬂdogéh d?\';:_%ll@l g Bgﬂé%aﬂiﬁ%lfbe lrn?efa?
brahtizddoaydiyl or coftenaions tl&reoi lakyy bart ﬂnal’ude ap subG tarbot &dms and up to

th one nor e hal o al kyl " fers to
20 i (ool {1A4pmP SRRt Hinibdierikunad st 2R pargR proms. up
to 8§ 9&1‘9§n atBﬁfs eﬁrlpﬁl l%yda;boﬁl%ft(?rﬁ§ ok ﬁﬁ &M @l:zi%l)n Bawisn Q“h%ﬁ%/g _@roups

nore - ups repl aced oXy, or -
andvhlepey gia)upsarhydlvscag»enf h@tercaillk}ylgrou’phe het er oal kyl can be

can  THRE (5% b SSOhaTdh eatB B EpoR ot st R i £

grdu@t eroatonms. I n some enbodi ments, thetmtmoMkw
i ncludes up to 25 carbon atons, up to 20 carbon atons,
up tonsaspegthyracanethiophsne g@qlﬁnqrmf@@rmh las prgwided.
Thi oal kyl groups and al koxy groups are subsets of

het er oal kyl groups. "Thi % ﬁﬁ¥bl efers to a nonoval ent
group of fornula -SR whene al kyl group. In one

aspect, an acene-thi ophene copolynmer of Formula | is
provided. *-f-Ac-Q In Formulla I, Ac is a radical of
e, havin 05 fu 0 n The ene
o B e b S T TR GO SR, T pene
carSBd @uBHithte Bt abshlukd witidh kebVtuchhicRRtdibom ah Ylkyl, alkoxy,
aral kyl , hal o, hal oal kyl, hydroxyal kyl, heteroa kyI,

thlgalkjelnwl atplkyd olretho, dﬂatqablwé, lwﬁmxe@lﬂ(yl Dﬁwma&ml affeanib 0Q i s

corﬂgma onsqhérregfm §1evﬁleeﬁ%g%lulp (? 18 eg%eg é‘roim 1 Bor uggflo éginl and

aIkyI alkoxy, t hi oal kyl ,
S\ /Z
S
‘—j\ /T—‘ of 0
R1 R2 R1 R2
II I

Each R1 and R2 group is independently selected from hydrogen, alkyl, alkoxy, thioalkyl,
aryl, aralkyl, halo, haloalkyl, hydroxyalkyl, heteroalkyl, alkenyl, or combinations thereof.
The subscript n is an integer equal to at least 4. The asterisks indicate the location of
attachment to another group such as another repeat unit of formula —Ac-Q-.

The Ac group is a radical (e.g., a divalent radical) of an acene. The acene can have
two to five fused rings arranged in a rectilinear manner (i.¢., suitable acenes include
naphthalene, anthracene, tetracene, and pentacene). Acenes are commonly given a
numbering sequence in which each carbon atom that is a member of only one ring is
numbered. Various positions of exemplary acene-diyls (i.e., divalent radicals of an acene)

are shown in the following structures for naphthylene-2,6-diyl,



aryl, aral kyl, hal o, haloal kyl, hydroxyal kyl,
het er oal kyl , al kenyl, or conbi nations thereof. The
WG@uw3atiopt n i s an integer equal to at | east 4PCTHE2007/065018
asterisks indicate the |ocation of attachnent to
anot her group such as another repeat unit of formula
-Ac-Q . The Ac group is a rad|cal (e.g., a divalent
radical) of an acene. The Acens can have two to five
fused rings arranged in 4 [near manner (i.e.
sui tabl e acenes include n ' epe, anthracene,
tetracene, and pentacene). ;Acepes are commonly given a
nunberi ng sequence in which each carbon atomthat is a
anthreaeber-2,6fdignl y one ring i s nunbered. Various positions
of exenplary acene-diyls (|.. dival ent radicals of
an acene) are shown in;t e 1.8 onlno structures for
napht hyl ene- 2, 6-di yl , : p -diyl, 10
tetracene-2,8-diyl, a AL aet 39-diyl. Each Ac
group can be unsubstltutaﬁ om substituted with a
substituent selected froman al kyl, al koxy, thioalkyl,
tetegre; 2, 8datlkand, hal o, hal oal kyl , hydr oxyal kyl ,
het er oal kyl , al kenyl, or &onpinaqéon$ thereof. As used
hereln with reference to e-4AC _g+L0 e term
"substituent" refers td ed to Ac ot her
than group Q another re P ok Fornmul a - Ac- Q,
or an end group for the polywer 5Li kewi se, the term
"unsubstituted" neans that Ac is free of a
pepgseeis @it When referring to Ac substituents, the
term "conbi nati ons theregf cap referseither to
mul tipl e substitugnte Q to a first
substituent that I
substituent. At |ea S 2z
addi ti on of one or nwre Smbsﬁltuénts4tend to increase

the solubility of the copol yner. of F
org Eﬁ?lbxé 8FQPé?rﬁa§ bgrngubngeiaderishptigie Wﬁ}é aé&hﬁgwné Pelpgtd from

t | S n t
an Qi %&099 RRIKIBY, a1t fraNGT, s hﬁggiglf fy GRS hABalkyl,

Q tan be’dattached ' to any
alkardner comtomtiene theoqdl Vseusedherein with reference to the Ac group, the term

“substituent” refers to a group attached to Ac other than group Q, another repeat unit of

formula —Ac-Q-, or an end group for the polymer. Likewise, the term “unsubstituted”
means that Ac is free of a substituent. When referring to Ac substituents, the term
“combinations thereof” can refer either to multiple substituents on the Ac group or to a
first substituent that is further substituted with a second substituent. At least in some
embodiments, the addition of one or more substituents tend to increase the solubility of the
copolymer of Formula I in organic solvents or tends to improve the compatibility of the
copolymer with various coating compositions.

Group Q can be attached to any position of Ac. The acene-thiophene copolymer of
Formula I lacks any bithiophene or polythiophene group. That is, any two Ac groups are
separated by a group Q selected from a single group of Formula II or III. In many
embodiments, Q is attached to an outer aromatic ring of Ac. As used herein, the term

“outer aromatic ring” refers to an aromatic ring of an acene that is fused to only one other
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Formul a | | acks any bithi ophene or pol ythi ophene
group. That is, any two Ac groups are separated by a
wWQ@eoop1sesel ected froma single group of For nuPGI/U$2007/065018
[11. I'n many enbodi nents, Qis attached to an outer
aromatic ring of Ac. As used herein, the term"outer
aromatic ring" refers to an aromatic ring of an acene
arofIic 1ing. Iy SPAC £RPAYNGS oHBURD s phFHAHET 1 QUIHRIOMAlIGHAROL Ac
g d
such R Y 02, 5,05, 8L b i dichq g gilefh BHATREY or
anthrac8nd, at paitiohs 192, AJ@, Bets Odoor fmapintAl@égretllﬁbaSBd on tetracene or at
ant hr acepe OSi 2, 3, 4, 7, 8, 9, O
POFIINSh 2ac ‘brgoéppl%o%iet Oaﬁn#ét%ra%hae@ed 8f PRtagsssi (i
ern%odﬁghenfk QQS a@ach@&)to M infrdr afr@tﬁa@@n@%oﬂ)&@ URs *ﬁ@&ﬁ%r&ﬁ the terrn
pent acene. her enbodi nents I's attached to an
1nm1rmoman@rmg i tcfers fgarodroetic Asg afetadeae dianis fusrd to éworother

"i nner " refers.to an aronmat.ic ring of.an
arogaih Emefa T e oobalHest S o Bap &l QP afor ey of Ac
suchOi¥Bt ?@@@éﬂé%ﬁo Bf MAcQrdvd RkéRsRHhtaBeRNat J¥RRIoNs 5, 6 11, or
aromatic ring of Ac such as at positions 9 or 10 fo

12 g0t ancAgeioup bhsedea tefecane. ior aceaséionad, Hokilei bher 54 @ an Ac group

or.12 for an Ac group based on tetracene, or at
baseaontpeoﬁge%e 6, 7, 12, 13, or 14 for an Ac group based

on Deﬁdcﬁt@‘(ﬁﬂt@ bely addhdd togréud Oethod calrbgriadadhed @ o¥gtond
Q the Ac group is attached to a second group such as
groifsteibes anepearenga Wit fpERHy-ac-Q (i the fegulting gepolymeric
V. | / L e
ma{ieg&ghé a{;sglgg&g?h eﬂﬁ%l nt8 a & 5 g%o arg ﬁ% Bf&l pfynfbfr fikitbup Q
in Borata Qslat’tacﬂ&dn@ h@irnet Sroatatlamlng of thﬂ facngnonpl,ethe &roon@ protip is

rin f th rou t he seco roup i s en .
oft § cReshiatBe titn B PGS MaE NS lwt%ﬁ?& Bregupyitey aromatic
rln% of At ACHSHp Hthe &oRYUERIup3S ORBE béndbd e bppdite Dhitcd afititic ring.

he second group is often bonded to the opposite outer

Thatrlsxr@wmeralnd d¢he Sehertd gropp glremfwn@ttamdtt@ epedodtaycodsof the Ac

e R RO ERCE UE

naptitRa1 &R ¥ QliyI Nk BetleenN&dRi Smtiridone-2,7-diyl, anthracene-9,10-diyl,
napht hal ene- 2, 7-di yl , anthracene- 2, 6- di y!

tetraagrier A8 wivd. etraceg Py 9-divhtenrtaeensel, %dmrmnwcenwétl Paledner

pentgc § 6d1|3YJ11§l t%g{ %ﬁ?t[ﬁ%tﬂ%te% oqlsX%Stltﬁg@&Ttgﬁgkﬁgﬁitﬁ%ng tsé(llecs:ced from an

tacene entacene-
alklyn 311&@39; thidhkgl, Ql['ylSM’adel thutoeﬁalmlkial By &gkl Uigsdroalkyl, alkenyl,
or cstoerll‘t?igatltieo%sftﬂe?eno]f.a nThe position numbers indicate the carbon where the Q group
and the second group are attached to the Ac group.

In some applications such as those in which the copolymers function as
semiconductor materials, it may be desirable to select an Ac group that has an extended
conjugation length in a linear direction. That is, in some applications, it is preferable that
the Q group is attached to an outer aromatic ring of the acene. Exemplary Ac groups
include, but are not limited to, naphthalene-2,6-diyl, anthracene-2,6-diyl, tetracene-2,8-
diyl, or pentacene-2,9-diyl that is unsubstituted or substituted with a substituent selected

from an alkyl, alkoxy, thioalkyl, aryl, aralkyl, halo, haloalkyl, hydroxyalkyl, heteroalkyl,

alkenyl, or combinations thereof. In some specific applications of the copolymers, the Ac
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al kyl, al koxy, thioal kyl, aryl, aralkyl, halo,

hal oal kyl , hydroxyal kyl, heteroal kyl, al kenyl, or
w@ombitrei ons t hereof. The position nunbers i NRPCTHSW07/065018

t he carbon where the Q group and the second group are

attached to the Ac group. In sonme applications such as

those in which the copolyners function as

2royipris @Iah@e@teo% Orehinel dhat ay @nsubfttltwtﬁgz opaubgifqdapitiea pepsgaicatelected
t
frogpa[ Pl ggx% BAbaRes %ﬁgta‘?ﬁkﬁnﬂaﬁg &?Jau%gﬁdgﬁ% gﬁg’h%lte'tr&lkyl,

ction: I's, 1 n sone
aﬂ&ﬁﬂp@ﬁ&ﬁﬂﬁhﬁ@nkﬁﬁ*aﬁhe Qgroup is attached to an outer

al o tIC r|n cene. I ou
i nc (e Bme %1%1 ormpladio E)ﬁ%r%a%e ag?mée %ash gropp R1 and
MQHKM@?&&%I% q@lngs[%/éndeﬁtﬁl J AU Fm ﬁ?l F ’allél?yﬂ alkoxy, thioalkyl,

pent acene- 2, 9- I's unsubst
afyi Loyl heltledhalwalkylahmwslaﬂiyuémer@élkﬁcﬂbdlyﬂ,mrwmblmhmysl thereof.

B O L P b BBl e

grdup@RRQ{ furthBr SOEBuRRSEHT ifotidRRdpat i ons of the
copol ymers, the Acgroup is anthracene-2,6-diyl that is

un s Ubsame @ﬂb@ﬂl@lﬁntg @lﬁ Eoimule bdhere iatdeastipas Rt geswp, R2 group, or Ac

subs ﬁ{ ﬁgt (hon a%sar‘e lefag a%/ &arPgn %tga% g%éha { k,’)q,]cfatr eorl%at?rf% yI4 to 20

carablk etrcbyds, 45 I@wfbmmabn@m 4 tbell()&(afbon@[&ﬂp Qotsspseifiesilyg there is at
fromFormula Il or 11l as described above. Each gr

leaggong il gioup.R3 greyp. qrakGapbsiusny SPlﬁaféé ioaa aly ylsl@iv@@taégeast 4

d |
ST BICEPRRy RIS R, oy B0 Mbgeay s
carabik etoyils, aroarythavimgnatiean6 cﬁtfoen ewins, W‘Iatalldyéhmmg atgeztso 10 carbon
the term " conbi on ere
atopsy %F@Oﬁ%yl}afvmgs%t It perbemtoms. 3 Ew{r' lgyﬂ E\%ng ft kst 4 carbon

atoYi‘lst DhaprRkhst thﬁ’%‘ B lcds4 %%n arRdhARIRESy1 q’lfaw%g ram-éhﬁ 4 oarbon
there is at one group, R2 group, or

atosasbett ¢omhendtionk &terepdntTa‘lerssleamﬂ efat lcadt @mrduom gmup reen eftern

.. as 4.to .carbon ato 4 to 20 carb at 4 to 16 .

incBst 0 SaPBHET OB A2 iprheh Sisiofairg TREPGRT in comior Srganic

so1$H8E bif tAB M impRFeehd SondlatibRAP bf MRACEc-BIPUBe dPolymer with
group, or Ac substituent selected froman al kyl having

vaus|ceaisng rgshions-at ons, an al koxy having at |east 4
C?gﬁg&e %%9 a lapf3l o;olal)%?érg( t{!“iel'eba Ss% 8% %rgu}% es%fec e‘c‘i nfgo’qﬁ g\ﬁf‘Rz, and the

Acaubdthydnt ftay | bdﬁgalﬁﬁ af le@s ¥ cafbofatdn®) Other exernplary copolymers have
two groups selected from R1, R2, and the Ac substituent that contains at least 4 carbon
atoms. In still other exemplary copolymers, all three of R1, R2, and the Ac substituent
contain at least 4 carbon atoms. The groups that do not contain 4 carbon atoms can be
hydrogen or can contain less than 4 carbon atoms.

If there is a single group selected from R1, R2, and the Ac substituent that has at
least 4 carbon atoms but that group has less than 8 carbon atoms, the group is typically
branched, cyclic, or combinations thereof. If there is a single group selected from R1, R2,

and the Ac substituent that has at least 4 carbon atoms but that group has at least 8 carbon

atoms, the group can be linear, branched, cyclic, or combinations thereof. If there are



10

15

20

25

30

atons, a hal oal kyl having at |east 4 carbon atons, a

hydr oxyal kyl having at |east 4 carbon atons, a
woetenombkyl having at | east 4 carbon atons, aPCEHUE®AY65018

havi ng at | east 4 carbon atons, or conbinations

thereof. The selection of at |east one such group can

often increase the solubility of the acene-thi ophene

mudtaple Biaver sdectebirem Rl R2; ﬁn%@WUBﬁtgaﬁ}téhaé@a%ﬁtlgaSbﬂ carbon
atohfAle ef&l t%?&gpﬁg i eﬁ&ﬁ%ﬂg@g@ﬂ&rbbJah&%doéycth@ ?r cornblnatlons thereof.

acene- w th variou
conposirhé ersnpldHe mep@ixmml atrlyasc opogipop saeéted/ﬁomrﬁyomm has at

roups sel ected fr sub t|tu
leag

th dr Yhtama & 1Rl|f§é§ﬁeast5‘2acﬁﬂ%ﬂgaé %rﬁltasﬁé ag Oélratoms or
botﬁfl@loéﬁ/d@ FaRay GeastW GRS £ BH1R Ffeoﬁ‘l Rin bggele@élijf

the Ac substituent that contains at |east 4 carbon
hydrogersor d grosp tHat hat lhesrthax4 npban ytooopot RPers beatlecteh rﬁem an

of . Rl nd substituent con tain at | east
otk it el T Crha® afobupty ey B it Bk afthon SRk fhioalky!
havth® BBlcERA RN YN 8R afll heARg 8OIRAR N alRRStd A AN 4ralkyl having at

carbon atons. If there’is a single group sel ected from

leapy 10 crazbonaafﬁ@mﬁ rehakeallgl baving abluwstﬂrratbma@ras, alhggdenxyalkyl having
at 1%? bao %gsmsb l’e{the{ero tll§ﬁ rhgv eastgl ﬁ%lrt nan torg? %4" IH<oe}1yl having at

ra

leaEtOﬁmSHrbtai at@ms drraefoﬁnﬁnanbﬁ tﬁdﬂ@d’fe Ths A& gbm@ba&l lg:l’tﬁis’@bstituted or
sel ected from Rl R2, and the Ac substituent that has
subgfitytechigrthope CXPIBBRAIZEAPOE RIS t hat group has at | east 8

car C :
cy oty SnBLATRpl ) Sl e il 80 TP R ER SR g g having
at l@m lélpmr‘tﬁ)el agohe dn hhkory thmﬁﬁt leasntd chitenAtorsy) las]hibhlllstgmavmg at

a?tn gav?gtﬂ%tp%n%éyfsl}l}aﬁg%?a? (ﬁ g(gp atg%ll&ha[ngarra]ggl havmg at least 10

cat%@ﬁ'ﬁﬂoﬁ@t 4 ﬁﬂ%alk{ﬂlel{a%ﬁfg at h&stS@%b@ﬂ(@tBHJs (ﬁ@ﬁ%llléﬁmﬁﬁﬁng @t lcast 4
|'east one group selected fromR %as at °l east

carban bomsas betsroglkybhavihg ftdsasatt chibas 1at04nsc am blthﬁmﬁthavmg amast 4

carp iy FEF ot e pE T g Blebp kool sondy ok 1 is
idehfiemthrdr q@e A cQfrod @fn%éﬁmtsﬁ'@sttluhé’(ﬁoﬂ fdstithkain thes@&RAplary
atons and R2 can be selected froman al kyl having at

copadgBers4 carbon atoms, an al koxy having at |east 4

oo E’Tlgglﬂg%tﬁgiseﬁeﬁwiaw 8%531%‘&1? 4&5‘ g\lé%tgg g&%% g%%g&g(%rhave less
tha@rdadakydn d1evis @ @t acene has at least one substituent that has’4 carbon atoms.
That is, at least one Ac substituent is an alkyl having at least 4 carbon atoms, an alkoxy
having at least 4 carbon atoms, a thioalkyl having at least 4 carbon atoms, an aryl having
at least 6 carbon atoms, an aralkyl having at least 10 carbon atoms, a haloalkyl having at
least 4 carbon atoms, a hydroxyalkyl having at least 4 carbon atoms, a heteroalkyl having
at least 4 carbon atoms, an alkenyl having at least 4 carbon atoms, or a combination
thereof.

Exemplary linear alkyl groups having at least 8 carbon atoms include, but are not

limited to, n-octyl, n-decyl, tetradecyl, hexadecyl, and the like. Exemplary alkyl groups

having at least 4 carbon atoms that are branched, cyclic, or combinations thereof include,

but are not limited to, sec-butyl, 2,2-dimethylpropyl, 3,5,5-trimethylhexyl, 2,3-
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| east 10 carbon atons, a hal oal kyl having at |east 4

carbon atons, a hydroxyal kyl having at |east 4 carbon
w@romglsoan het er oal kyl having at | east 4 car bonPGE/U89)7/065018

an al kenyl having at |east 4 carbon atons, or a

conmbi nation thereof. The Ac group can be unsubstituted

or substituted in these ex%grlary copol yners. I n other

dirgsteytperdyly Zegpohsrik ﬁsmeqhﬁh)ﬁn SampthrbuphotpeHatnemty. Zedyl-3-

meﬂﬁd@dt lyb %\édell Stgthiic gg}#l rakﬁa"? 561 qg&ﬁ(@%{hﬂ gt?f( yThese alkyl
grdupasin Ble pmf dionhatgeoms sach a @lkommlmkgkﬂt arhbah lhaﬁ)akkat bon

hy R Gy b AP LoV Rsac s I BRARed AT Broups incfude, bu
alrerﬁquj Tlﬁffﬁéélt(g(ﬁl 7- Hfi‘i’(étl@g ﬁﬁle{h% f&ctﬁ‘l aﬁ@@%@th?ﬁ%ptcﬂougl Sﬁemﬁc

het er oal kyl " havi n | eas carbon a
brdnahndrfgalhyl greast mdludarbbt)areanoohm;lted)to a- m@hbh—‘h—ahmuﬂpentyl
t here | n.sonme, of .t hese, ex. r opol yners i S
oS Pontay lp Bk GRS B ERL Rl S SRR tne e are
noSlihnéd foutied 1LHexhdRERy1 eéi@ﬂﬂle@fa)deé‘e@%lp b]\én@t&tadeeerﬁﬂ idid-9-
ot her exigylary copolyners bot h are

hexnddeanyb wisor-undarenyl eeis 7tdeaenyd ca%ﬁtlsl@nerafd m@nﬂmﬂh@nd (E,Z)-2,6-
doc?eicgdlgn}n %a?ltnlp a%ggl% b SuLf)Q %‘éwhg ik lteggtq ctarb%%satémg %ap arc branched,

cy@ickyt cdﬁrﬂMﬁﬁ@nathelraﬁsﬁclwdeg aﬁtb@n n@ttlﬁmsed taN2-addklopcy- (h,a\ﬂ ﬂﬂ@nethyl-
at | east 4 carbon_atons, havi ng at

| ea
2-cyghoberengb oireuten. Zuf 3P 3Hameﬂgl étcypl@agme@vlkémo%(%@ éﬁﬁmethyl 1-
t 10
cyﬁ&f Wwﬁ%avpﬁgga@hekﬁﬁg X%f&g‘é@éﬁﬁ%t@ rﬁsf@ 3,435 6,7 ,8-octahydro-
8,Sh@dredw-al-ﬂaphthlyb\&h@lnmth}ﬂéa@dter@l Cafdonethylefvhgptenyl, and 2-methyl-
t I n st 4 carbon atons, an al kenyl

4{EEV§%33§F%T% E@ﬂﬁ’ ?atons or a conbi nation Y

t hermrgotopdrHaam |o§ FMrﬂlﬂllQ ¢@in B fﬁébatgﬁ ﬁﬂﬁé Shﬁﬂdl @Sulﬁfng r&&%ibns

8 carbon atons include, but are not

SwﬂNEGhQWnHanEmthCh@n¢Adecyl hexadecyl and the li ke.
Exenpl ary al kyl groups having at | east 4 carbon atons
that are branched, cyclic, or conbinations thereof

i nclude, but are not IRgHctiBH ScRem8@c- but ylI ,
2, 2- dinethylpropyl 3,5, 5- trinethylhexyl

2, 3-di net hyl the pentyl,
3- net g buf yb ‘g&@hyz&ntyl 2até'¥ yl - %C?B AcB

O\ 0 Pd catalyst
n ,B—AcB_ + n X—Q—X —_— *+AC'Q%n_*
) O
I

A dihaloacene is initially reacted with a dioxaborolane such as bis(pinacolato)diboron to
form an acene compound having two dioxaborolane groups (e.g.,
tetramethyldioxaborolane). The acene compound with two dioxaborolane groups is then
reacted with a dihalothiophene compound. The halo groups in the second reaction can be
the same or different than the halo groups in the first reaction. Both of these reactions
typically take place in the presence of a palladium catalyst such as, for example,

tetrakis(triphenyl)phosphine)palladium(0). As an alternative to Reaction Scheme A, a
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met hyl butyl, 2-(3, 3-di net hyl cycl ohexyl )ethyl, and

2,5 7, 7-tetranet hyl octyl. These al kyl groups can be
w@a0r/1o8020t her groups such as al koxy, thi oal kyPCT/US2007/065018

aral kyl , hal oal kyl, hydroxyal kyl, or heteroal kyl

groups. Specific branched heteroal kyl groups i ncl ude,

but are not limted to, 3,7-dineth nmet hoxyoct
dihgleshigphase ﬁ9mﬁemda<r9p&@um§/1pﬂy S‘p@é‘@ﬂﬁ‘i’lé‘ piigneioselany emdﬁwn reacted
w1‘%f %‘é?ﬂﬁc‘}% lgﬁ iﬂé{ﬁ ?&ﬁ)lﬁ%irea{cltlp% %Z?.l%lécao#lpg react|10ns are further
desgribexp'm tham'rtin@ Im eﬂ aslaastnge&v c(ﬂrebgdnatm’nng h9ublie2 (b@(B)ar e

not cis-1 xadege
ci s* H ﬁé‘f}t geg\qypns cangl W%ed@?(g%%'gﬂyplze thecogolymers of Formula
1 a0 @AEE W brigrCs GreRicyfidecenyl,  cis-7-decenyl ,

cl s- 3-nonenyl, cis-6-nonenyl, and (E,Z)-2,6-

dodecadi enyl . Exenpl ary alkenyl groups having at | east
4 carbon atons that ar bran%yﬁd clic, or

conbi nations thereof iNCAHGRSCREER ¢ not Iinited to,
2-nmet hy-4- (2, 6p6qtrimet hyl - 2-cygl,.@hexenyl ) - 3- but enyl ,
2- (Rr-3-3+ tri methyl= 3-gyebepent enyl) ethyl , Bu,Sn—Q—SnBu,
2-(2,6,6-trinethyl- 1- cycl ohexenyl)ethyl,
2-(2,2,3-trinmethyl -3-cycl opent enypq eitdnst ,

b, 23u§$r4—6—6$r7|3u§ octahydr g-aA8.8- di rethyh- 2- napht-[hﬂ;Ac Q+
3, 7-di met hyl - 6-octenyl, 2, 6- dlnethyl 5- heptenyl, and

A ity et Dbiiidand e opuop nds 8 k&ﬁ*ﬁ%\aw such as

t b%lt')ﬁﬁﬁ' h1oPHPd f39m a8 h@f[lsco%%h @%b%ﬂ%% Wih Re@&Talgst t
rlS eng A Reactlgh %@hene AAd d hal oacene |S||ﬂ%%¥¥?§?ae

groru@ac Tharomilting thiophsna lg@mptblamie:agm]@elm besreacted with a dihaloacene in the

pr%% I 0 a\%ﬁ (g{l]fgzgg%g’rﬁg o§§] t%I(l) &]{Ieg'ﬁ?) Q% %apuoncs%rﬁgme %d an acene can be

litHi @tbd ameﬂleﬂ k&hicRy A DirANg)stanbit: t8ESMECarc @dm@ ik tinitédwithewo
di oxabor ol ane groups is then reacted with a

trigdkHepeniatg gpneh el egrpbiiniacerp eorhpewidgen thes bereadied with a
dih?]lgqﬁglo dnf %{heg)q?ﬁ%ﬁl% (Hed Sp%ali]lgdlﬁ ta(wst d S{ Lg E(ft[f)thﬁ% Ii]éaa%tl&l?s are

roups reac
furtheadédcainsd inythe adicley Midlkectpl. a¢ EOﬂgn ahm , PO SEHB S 19f(1£€95) and
aII di um cat al yst_ such _as, for exanple

Kafzetphictl et (Pl fphosphd RIPBAI | adi um(0). As an
al t ﬁa%h%@dﬁ ngie el 'dqf& 0%%&?6@}3 6aﬁ11| MEPMM%P{}%{% ¢ coupling

conpo can |t|a y reacte wi th a di oxa ane
reagfichst dne pithree acﬂn&dzrmally available or can be synthesized from commercially

available materials. For example, 1,4-dibromonapthalene, 2,6-dibromonapthalene, 9,10-
dibromoanthracene are available from either Alfa Aesar or Sigma Aldrich. 2,6-
dibromoanthracene can be prepared from commercially available 2,6-
diaminoanthraquinone (Sigma Aldrich) as described by Hodge et al, Chem Comm., 73
(1997). 1,4-dichlorotetracene, 5,12-dichlorotetracene, 5,11-dibromotetracene, and 5,11-
dichlorotetracene can be prepared as described in the article Clar et al, Tetrahedron, 28,
5049 (1972) and the references cited therein. Dihalopentacenes substituted in the 2,9 and
2,10 positions can be synthesized as shown in Reaction Scheme C. The reaction of a
halobenzene with pyromellitic anhydride under typical Friedel-Crafts conditions (e.g.,

AICl;, which is a strong Lewis Acid) in an inert solvent or with halobenzene as solvent

10
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wi th a di hal oacene using Suzuki coupling reactions.

Suzuki coupling reactions are further described in the
waearaiw21to et al, Angew. Chem, Int. Ed., 42PCUUSHOA065018
162 (2003). Stille coupling reactions can al so be used

to synthesize the copolyners of Fornmula | as shown in
Reaction Schene B. Reaction Schenme B 2 Li 2 Bu3SnCl
w1qlq_lgat]_g1@s_t@ fwo Lsoglqgghls@alotgﬁmm)pﬂ)glaggggﬂyétanfd B. These isomers

-0, - + - X F *_ | _Ac. QN * i .
o T e S M L S
solubiligy. IEytthtranmaioas sfihh ialvidualbud(ydlobanzeyihmhthadie aclsfAoamd B are
a_t hi ophene conpound .substituted with. two :
cargifl g RO S VB IO @ewegﬁﬁmnﬁglgttﬁr%ﬁ End D using
trifBie ABRUDHo AT RANCRA (b %&&ﬁe%%rﬁac%ggé Dah@FGERALsddfuch he

presence of d palladium catal an alternative to
boRbadtideoamdStinemes @lorade. dderRs ganpblecldw tahi latdeckcard sulseiment
reacted with a trial kylstannate to form an acene
E%MBstituted with two trial kyl stannate groups. The
resul ti ng acene conpound can then be reacted with a
di hal ot hi ophene in the pr ese@&f f. a pall adi um
o

Q
. eaction eme C
catalyst. Stille coupling reactions are further

odescrpbed i’h the articleseM ]l erfetal,., J .Rgpg. R3
S % éﬁj@giﬁ- ¢8i ~ et .al; & O X
Reg< 234, 359- 3G9 310 anggenatgaspoenss R3

O(i.e.© dihal oacenes) for rase i n erter Suzukss or 0 R3

Stille coupling reactions are eitlher commercially B

avai | abl e or can be synthesized fromcomercially

avai | abl ¢ or exanple, R3 O Q R3

' R®, 6- di br onohagthakers P N4

glavaltapre T ro R Agsar

or Si {ri chco2 16- *di br onpant Rt acend '
R3. .

pr epar ed R?r§m commercially avail abl e . 6

R3 R3 R3 O O R3
« HO,C CO,H « CRSOH y
QO 0 — X
R3 R3 R3 R3
R3 O O R3 R3 O O R3
B D
R3 O 0 R3 R3 R3
OO0 L. 5 000 '
—_—
X R3 s X R3
R3 O O R3 Nl R3 R3
C E
R3 O 0 R3 R3 R3
BOCOOL LS 5 000 & '
—_—
R3 R3 R3 R3
R3 O O R3 SnCl, R3 R3
D F

11
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di am noant hr aqui none (Sigma Al drich) as described by
Hodge et al, Chem Comm, 73 ( 1997).
wa p7diobl or ot et racene, 5, 12-di chl or ot et racenePCBPI2007/065018
1-di bronotetracene, and 5,1 1- dichlorotetracene can
be prepared as described in the article Car et al,
Tetrahedron, 28, 5049 (1972) and the references cited
t he Pabramothippiicap spmpewids oF Eomaula {lat ed in the 2,9 and
2,10 positions can be synthesi zed as shown in Reaction
Schenme C. The reaction & h Benzene with
pyronellitic anhydri de unde ypical Friedel-Crafts
conditions (e.g., AC 3, chhjs a strong Lew s Acid)
in an inert solvent or with halobenzene as solventw th
heat gives the two isoneric 1 s(hal obenzoyl ) phthalic
acids A and B. These isoners can be separated by )
carf bpiep@ad by pespipatic of the eerasgspording tierdgrapryp@mdpfhat is, the

cof b AREHR: R M BB BERR R 'S,
brazassutenindde @ERSY. dtoeleyarfiplesd cdypamdlof Fatrmda [taovithR 1 and R2

correspondi ng tetrones and D usjng.triflic aci.
cayeb 19 S LTBYPS BB BE PrERTIIP Y R g %‘é—glfﬁbﬁhlae%%ém% fgmeoles of
. rl . .
» hlica g MRS I, BapDy b recrion
ThReagthodrs fHtheriesdibed BDiheragmd¢ Nidsyp bierle Chempbunds 601663-1673
20F§5nul a Ha Ha can be prepared by brom nation of the
( 0 ‘respondi ng thi ophene conpound. That is, the

cor I g&Refd Hﬂlﬂlo%fﬁy%@@i@@ytﬁﬁ%h% doRRouREs §¥ Edimala I1la

brom nati ng agent such as Noronosuccinimde (NBS). For

exanpl e, a conpound of For & Irvvith R and R2 equal

to al kyl groups can be pr% y reacting a

3, 4- di hal ot hi ophene with t les of a Gignard

reagent containing the des?redfal kyl groups followed

by a brom nation reaction. s nmethod is further

described in the article ®Bidal R&t al., Chem Eur. J.,

6, 1663-1673 (2000).

Illa

can be prepared by bromination of the corresponding ethylenedioxythiophenes. The
corresponding ethylenedioxythiophenes can be prepared, for example, by
transetherificative cyclocondensation of commercially available 3,4-dimethoxythiophenes
with geminal diols such as 2,3-butanediol, 1,2-propanediol, and the like in the presence of
an acid catalyst such as p-toluenesulfonic acid. The resulting 3,4-disubstituted thiophene
can then be dibrominated at the 2 and 5 positions with N-bromosuccinimide or other
suitable brominating agents. This method is further described in the article Nielson et al,
Macromolecules, 38, 10379 (2005).

The copolymers of Formula I typically have a weight average molecular weight of
at least 5,000 g/mole. In some embodiments, the weight average molecular weight is at
least 7,000 g/mole, at least 8,000 g/mole, at least 10,000 g/mole, at least 12,000 g/mole or
at least 15,000 g/mole. The weight average molecular weight can be determined using Gel

Permeation Chromatography.

12
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Li kewi se, di hal oet hyl enedi oxyt hi ophene conpounds of
Formula Ilia Ilia can be prepared by brom nati on of

wao bw7goroeespondi ng et hyl enedi oxyt hi ophenes. ThRBCT/US2007/065018
correspondi ng et hyl enedi oxyt hi ophenes can be prepared,
for exanple, by transetherificative cycl ocondensation
of comercially avail abl e 3, 4-di net hoxyt hi ophenes wi th

gentiridesired, dhaspuifg Bt Be czpcziyamlaﬁ@éﬁr@ﬂ carbeingieasedsigdpchniques
h
koG08 it (S abrsliEh Rl SREBRGA! o148 of SbhiEAbBabztn. SUC
3 4hda1mﬂlh)8taspd¢t ectotripiosigibe ivproaided ﬂmnldohldels; bradnemahedn acene-

at. the 2 and 5 posiftions.with N-bronpsuccinimd
thigghear ey s of Horoh) arla&uﬁv%lsa%lﬁ?@s neide. ‘ﬁ%@ﬁf‘olaoﬁgmted to,
arofn%ltc stveﬁi@ %ﬁéﬁ a@ecglublrﬂe ﬁo@@zeﬁ@ tdnﬁ'x?lelﬂbeétﬁ&g stidh a%ltetrahg%irofuran and

Macr onol ecul es, 10379 ("2005). The copol yners
diokenankkmnes sughias aieﬂyyl isab@tyhkcvwmegmd rastby laagley | rkntoacmlmrinated

wei ght . of ast 000 g/ no Some
solfpu? Sk e PR ctiup REThae e e G ey BR8lorepepgiye:
alkdhAdEIuEh aPd chcﬁﬁ%ne&n@@@pﬁﬁ%'n@ amidesls8a@shs NN-ARR:tBYIFRhRmide

at | east 1yz 000 g/ rmol e or at |east 15,000 g/ mol e. The
and/\éingqﬁhylmlaﬂ@@e &asi samowd |tlgqﬁcen%rthl<mélea@t:wrn@r@ of Formula |
are sséiub?e %Pesg%gﬂg%t ! u(st QLR OQE ?é) “so ub Snllera%g thetcogolyrner can

0 ymer C Hat eri can

be UBkdlged mdmwnes; HO0MA aisBlutibe thak toxﬁamh ataSasad;ﬂ)lstweiwgtalpercent

pr eci p| tation steps aqr. Soxh] et ext ract| on. I n anot her
coppdyjaett based e s yesight oh thesopitioni demermaelymses hiyea sglubility of at

0 YRR S PR AR ) SRR ORGP R Bl at teas

O.Sar/ﬂgmpeccemlavk:amsl weight @sceholatknet,2 \bag}thzrwqenamdleast 3 weight

xyl ene; .eth uch as . tetrahydr of di oxane;
perﬁéftoweaé ehvaig ﬁﬁ?rﬁw DRI DF VRISD ARG AR hyl

et th'he K&hﬁ&%oﬂé%ﬁ 'bb ﬂ?édecg p%&hé(ee@ Ec?atfng %E} ?Eh&a%ﬁ bPfHRr m

di chl or onet hane, chl orobenzene, or obenzene;
compbsatnes te acshrfw soylc hoteshanefan of hel{d:tsan@ orame senficded a layer in

h as N.N-dimet hyl f t h i d
on RiECHRR 0l ol B ot STRop e g it b BeaspR tchmique
sudhods bl @xalrnﬁlé esp&@J dhtifg,isPint ddAERS, T} VMRS, kn/f& dé8@h, gravure

herein, the term "sol uble" nmeans the copol ynmer can
coating, 1nkJ et printing, and transfer printing. The solvent can be removed from the

coating after application by evaporating under ambient conditions (e.g., at about 20 °C to
about 25 °C) or by drying at an elevated temperatures such as a temperature up to about
200 °C, up to about 150 °C, up to about 120 °C, up to about 100 °C, or up to about 80 °C.
In contrast, many other known organic semiconductor materials such as pentacene need to
be vacuum deposited.

The acene-thiophene copolymers and solutions containing these copolymers tend
to be stable for at least several days without special atmospheric protection and without
special protection from light. In contrast, polythiophenes are not stable in solution and/or
when exposed to air.

The foregoing describes the invention in terms of embodiments foreseen by the

inventors for which an enabling description was available, notwithstanding that
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be dissolved in a solvent to provide a solution that

contains at |east 0.05 weight percent copol yner based
woeorhesonei ght of the sol ution. Sone copol yner BCHHY®0H065018

solubility of at |east 0.05 weight percent, at |east

0.1 weight percent, at least 0.2 weight percent, at

| east 0.5 weight percent, at |least 1 weight percent,
insgbstardial fnoglfwgp@tmof Fg]@;‘r @gmtlonafloq naessptly quéq e@m}tmztyelpqg)@ﬂpless
rqﬁ%eﬂ@e R%&%nﬁh@%kght percent based on the wei ght of

& solutio he conpositions can be used to provide

a coating by application of the conpositions to a

surface such as to the surface of a substrate or to a

surface of a layer in an &X32PlSnic device. The

COal|NGa AR \p@re ?B{:Uhh&‘a fh5th BOmARYci S UbhiRB! ShdARRYE WebhOfrther

t echni qué such , for exanple, spray coating, spin
pulcﬁ@ﬁtuon gnled$ ptheivasd myed. kSmﬁanc@ﬂlohatg wag Dhmmed fmmaﬂigmga, Aldrich

MRS, Nhob LR a8 s L AL B B A el e R ire Acsar

WaMBRAl, MA NAnd RARKispRBh&Y I pHoSpthd)p ANRi a0y was BbtaR@om Sigma
( 20 0OC to gbout 25 gt: %?A%y@%?yggg aﬁﬁg%gelevate &

AldredhddMibvankes, Wie Bhedolipvilegrpiertiar umaderigls wercaienared@dngablished

b 150 0C, up to about 120 0C, up to about
p“f%&“%ﬁsjgﬂgup to about 80 OC. In contrast, nany other

K nows-dibgaiagths£ith € oasl pehated rfﬁineécbrmhﬁmwmvaﬁable 2,6-
pent acene need to be vacuum deposite

diagrperathraquinened 81zpoldjica) & d&ﬁﬁl@é@tﬂ%@ e& ln CapHiGagum., 73
(1 §9t7<e/ oF a{? g Qil]ylgﬁlrog hefdhd Qad Elalgurﬁieﬁ%ﬁrl étgl"ﬁ%tlon from DMF.

yS W t OUt specl al atnosphe rot ection
and2y6- dllh@u,ﬁ Ssperamathypi B12edibk dhordlawaryiljagthiracchevwas prepared from

cont r ast ol yt hi ophenes are not s le.in solutijon
%EVO&FOWH%%GB%Z ng {p FPTOC?%%’B{?‘&E“BS fiythg supqr g information
rel&t@@td Méﬁ@%ﬂ an J Dyt @10%:. Obc. el@oﬁﬁdéeﬁ(ﬁ/ Q@(ljfgseen by the

i nventors for which an enabling descrlptlon was
av aQISacbbmmm&,ﬁvvllhmdthmhm wirgtreprsertbatcartingio the procedure

puifBPed efidafi doeif Fur e T e TAeERROBRE Val e s
t hepstPibrémaF- @tﬁyl%h&dlé}%ﬁﬁl@ﬁﬁéheWs%rﬁiﬁf&f@%&@n{gr t8he procedure

commer ci al sources and used wi thout further
published in Sotzing et al., Chem. Mater., 8, 882-889 (1996).

Preparatory Example 1 - Preparation of 2,5-bis(4-chlorobenzoyl)terephthalic acid.

A mixture of 497.6 grams (3.732 moles, 4.2 eq) of aluminum chloride, 2000 grams
(17.77 moles, 20 eq) of chlorobenzene, and 193.8 grams (0.8885 moles, 1 eq) of benzene-
1,2,4,5-tetracarboxylic acid dianhydride (pyromellitic dianhydride) was stirred and heat to
65 °C for 3hrs. The mixture was cooled to room temperature while stirring overnight. This
mixture was slowly added to a mixture of 1048 grams of 12M hydrochloric acid and
stirred for one hour. Six liters of water was added and the organic layer was separated. The
organic layer was washed with water until the water layer had a pH of greater than 1. To
the organic layer was added 1429mL of ethyl acetate, and 400mL THF and the aqueous
phase was separated and the organic phase was washed with 500mL saturated NaCl and

split. The organic phase was dried with magnesium sulfate and the solvent removed in
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purification unless otherw se noted. Sodi um carbonate
was obtained from Sigma Aldrich (MI|waukee, W);
WORIQUEDI2B36, a phase transfer catal yst, was oRCEHUS2A7/065018

fromA fa Aesar (Ward Hill, MA); and
tetraki s(tri phenyl phosphi ne) pal | adi um(0) was obtai ned
fromSigma Aldrich (Ml waukee, . The follow n

VaQuEY i AP Bt L eiagnss Thie meatqgied piap é@at%wﬁb thyge lltef,&q@%rghyl acetate at
75 PEQGERW B nd BLh O¥iad. @ s&hcp&gﬁgcﬁ[&%ﬁ%ﬁ& 0 A8 to give 95.73

prepare rom comercl al 'y avai
gratisaofithodasirbd gmdluntohéNM;anm WMHl, DMSOak): @e5251 e2HPY.748 (d, J

S’z_g%ﬁa,ﬁﬁ#)oﬁé%m g%gﬁgm 7?u§tlggr7) pu;rihl?i ed by
recrystallization from DVF.

2,6-di(4,4,5,5-tetranet hyl -1, 3, 2-di oxabor ol an- 2-yl ) ant
Prépaatiny Emmme &p Xrauirdtioomf 2,9%didhlbrapenantisr B ¢.éhad4-tetrone.

ot QPRGBS PE ST B oK e P e e SRR S AL s of

trlﬂl?o?am@t‘ﬁﬁ)@esal‘f&ﬁc 6&8QRd 1.57 mLs of trifluoromethanesulfonic anhydride and the
2, 5-di br ono- 3, dlhexylthlophene was prepared

migfeteowel rgtaddo  A@ G oremaht. eTl;@umXitLgh ads cpplud thaloowy tegperature and
poléreg oE)tl;oElLf)rO%‘r]aéns 06f1{)?] %e 16&1 & gvzg Qt d until the i 1cep rrnelrsced The solid was

ne |oxy ene
colbear sid vhsh&d Whe fipe Q&ﬁzdumateu tihic S‘phﬁ&f thé ﬁfoblteZWlQ4 6! The solid
al ., Chem Mater 882-889 (1996). Preparatory,

W&Eﬁl&ﬁiﬁlﬁ@ oyernighb ‘@p%y%{l{i gramgrof the desired product. IR 1684 cm™ and 1593
e I a u
oy 309 100 BHROROM BB v s a9
1HgH1.@02 @e0.5SHRGRYr(dds] € 8 65AZ, e BesHz2PHE §)204f(t, J = 2.25Hz, 2H),
I be e, a 93 rans (0.8885 noles, 1 eq) of
78@2@%&5@%&@”]%98@%? goxyl i ((: aci d di anhydri deq)

(pyronel litic dianhydride) was stirred and heat to 65
OC for 3hrs. The m xture was cooled to room
Premrptorytlinaepli 8- €reparation og 2;9«@pknliogmentad'¢1ies m Xt ure was

oy AR oL 2 e m LD Bl Lo PE T e R & 574204

tet@he WAd 810 dg/mz AgHedsABg) IRediah 0RO IBy drid¥ 8F 488 of 2-
separate The organi C Iayer was washed with water

methqxwthmﬂiev\maé ptinrety e 23W&dna mpgsh agpesphese forkhhaurs. Tl this
reatgﬁ(gn W %f%§§%2¥vﬁ§ %%ﬁ%g%%ﬁ %g%ro%(ms%tfgylo@%%e% fic reaction
temperature below 50 °C. A solution of 18 grams (96 mmol, 16 eq) of stannous chloride in
19.7 grams of water and 7.3 grams of 12M hydrochloric acid was added at such a rate as
to keep the reaction temperature between 23 °C and 40 °C. The mixture was stirred for an
additional 30 minutes. The reaction mixture was filtered and the residue washed with 46
mL of 12M hydrochloric acid followed by 120 mL of acetone and 40 mL of THF. The
solid was dried in air to give 0.95 grams of the desired product. IR KBr 1618 cm™, 906

-1
cm .
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phase was separated and the organi c phase was washed

with 500nL saturated NaCl and split. The organi c phase
waoe®7diioed with nmagnesi um sul fate and t he sol VREIE/US2007/065018

renoved i nvacuumto give 287.9 grans. This materi al

was heated with three liters of ethyl acetate at 75 0C

for five hours and then cooled. The solid
Preparpeary dxagntle 4irPraparaipn of 2-064 45, %@t@nafbylﬂﬁ 3-fixaborolan-
2);(;)§)§htr%keproduct 1H NWMR (400 MHz, DVBO-d6) : d 7.951

) 7.748 (d, J = 8.60 Hz, 4H), 7.58 (d, J =
8. G(AHntrogehﬂ flusRee pamdtbottymﬁlaami}i ccha%ed vﬁtlﬁh&irdéxtﬁl@npﬂftacene (224
To 50

g %4 272 ({h @(S lgf?ﬂt @%@B@Wﬁ ‘@20@ atﬁf R4 ROl ), PAAsHAM Adealg (25.90
m%ﬁm@é Add [Illlu% f%ﬂ{i%% 4;]1% Lgﬂf&“r(ﬁ‘%hadﬁﬁﬂ)répaﬁZdl%lscomplex

of “trifluorone hanes ydride and the m xture
withakceatrethane (1150 a0dilableehirorn g¥ifa Addae(Indkg, i@ mnad). clDwhetlly]

R K T I
mifgbd. dA M@Shcafhd RCSed fanth NAFHAE r¥ctiBn kliv@rd is1c8618d &F room
water. The pH of the filtrate was 4.0. The solid was

tengqioratuiici aad poviese mittghee- W@teg(ﬁﬁ)@ mla &rlath@n gktradied Wéh inpegltylene

chanﬁQ Qfxt) an%@é&%%%én exot% arerllgcg ay r Qﬁ@& 8ve§ agg')écl\l S’ rg's:lbu%l sulfate.
Th8 sdi2éht (Srenlovid b9 r&02/ e(v%por@tl&i'bnd tBe 2o61duedsdlpurificd Bv&aHimes by
J = 3,65Hz, 2H), 8.204 (t, J = 2.25Hz, 2H), 7.817 (dd,
ﬂaﬁl%ﬂSh@@H@gr?}Phﬂ 2.00Hz, 2H). Preparatory Exanple 3 -
Preparation of 2,9-dichloropentacene. A mxture of 2.0
grans (5.9 mmol, leq) of
Examplal e Rtepaapen bipap6., b5 dihetAthidphehehltan@anthchednd) ()
(322 mmol, 54 eq) of sodium borohydride in 46 nL of 2-
nmet hoxyet hyl ether was stirred at 23 0Cin a nitrogen
at nrosphere for 14,hours. To this reaction m xture was
added 23 nL of gegknol in a dropw se fashion to,kgep ncs
the reaction_ tefpefat urcgi bel syu50 0C. A sol ut| on of "\

' 1% eq) of annaus _chlqarid
aps WA and 7.3 f 12M hydr of
%soadded at such a rate as to keep the-mea
tenperature bet ween 23 0C and 40 0C. The mxturé was

stir di.tion e r eact
i xr D e lenf Shaen dhharsid b DGR REET R 62
d10xab0r01an-2-yl)anthracene (2.631 g, 6.12 mmol), 2,5-dibromo-3,4-dihexylthiophene
(2.544 g, 6.20 mmol), sodium carbonate (3.18 g, 30.0 mmol), ALIQUAT 336 (1.20 g),

distilled water (15 mL), and toluene (100 mL). The mixture was degassed three times

under a Schlenk line to remove oxygen. Tetrakis(triphenylphosphine)palladium(0) (0.150
g, 0.13 mmol) was then added under N, flow. After the mixture was degassed one more
time, it was stirred under N, at 90 °C for 72 hours. A dark green precipitate appeared. The
mixture was then cooled to 60 °C and the solid was removed by filtration. The toluene
solution was separated from the filtrate and was washed with DI water until the water
washes had a neutral pH. The toluene solution was then added dropwise to MeOH (500
mL) with vigorous stirring. A yellow precipitate appeared and was collected by filtration.
The solid was re-dissolved in CHCl3 (50 mL) and precipitated from MeOH (250 mL)
twice and then washed with MeOH (via Soxhlet extraction) for 24 hours. A yellow solid
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mL of 12M hydrochloric acid foll owed by 120 niL of
acetone and 40 nL of THF. The solid was dried in air

W@ 200gi1120. 95 grans of the desired product. | REBUSDHEABS5018
cml, 906 cm1l .Preparatory Exanple 4 - Preparation of
2,9-di(4,4,5,5-tetramet hyl -1, 3, 2- di oxabor ol an-
2-yl ) pentacene A nitrogen flushed round bottom f| ask

(1.232cHgldgd 6 onvenobtaiged pr Pogdne p Bt meebes aygraggmglecglar gpight (Mn)
SU oM ! A |
) 150048 0 e 0104y By 1 B S

52000, ¢/mohy. SKINMREHGO MTdS S Clo). B 2008 65 @b (bh 26, AypH), Sath-8.18 (br,

C .th di chl or t (1:1), ayailable f
2 Aeas 1h . G 8riTR IGTeH for' Bttt S0ua T el T
2 e . .

A EBBl W i P hgen Wh T R TR0 TAED A B 164 owed
tha8 @@t ampdstidroempetahec meadfs o0 mi xture is cooled to

roomtenperature and poured into ice-water (600 m).

It is then extracted with nethylene chloride (2x) and
ExhhIEDDIDarhtioh B8P g,@-}éﬁh 1en8digkytBIdpRMRLalAD BYAERESENC) (2):

magnesi um sul f at e. e solvent is renoved by rotary

evaporation and the residue is purified several tines
by flash gel chro ography. Exanple 1 - Preparation
of poly(3,4-dihe;%?ébiophene\alt-2,6-anthracene) (1)g’ﬂk

hlenke-f4 ask wa8 charged with
§ tetramet hyl fT\ 3, 2
?gggy- -yl )ant hr &ce 2" 631 g, 6.1f
e di br ono- 3, 4- di hexyl t hi ophene (2.544 g

odi um carbonate (3.18 g, 30.0 mml), ALI QUAT 336
(1.20 g), distilled water (15 nL), and tol uene (160
m) A TvenNiSchihR MEswaEaRSERAAy NP Bl 418 S -tbiRdREthA-1,3,2-
Schlenk line to renpve ox

diorebaraki Sy gerR e IR da0E: h8) panalad: Lirboyme-0.4150 g
eth%%eé%c&?@&%gw%‘;’e g(b @%6 ?9.68%1%&2,65[09% J:a?t%nvailn@; &)gsﬁogjgé)o mmol),

assed” one nor

ATDQURAT BB @t0. 800 disfildéd watch@uihs), aAd dsliéncdB@@dl). The mixture was
preciﬁitate appeared. The m xture was then cooled to

degssauichigh dma ande) e apkding SEARAYCI9F Ve trati on. The
Te%%e%byﬁpﬁwag@gﬁ%ﬂp i‘?)?s IgF] g.'@hmﬁl?g?lf) bl h S dB%under N,
flow. After degassing one more time, the mixture was stirred under N, at 90 °C for 72
hours. A red precipitate appeared. After the mixture was cooled to room temperature, the
solid was collected by filtration and washed with toluene and DI water. It was then washed
with methanol (via Soxhlet extraction) 24 hours. Red solid (0.33 g, yield: approximately
100%) was obtained as product.

Example 3 — Preparation of poly(3,4-cthylenedioxythiophene-alt-2,9-pentacene)

A 100 mL Schlenk flask is charged with 2,9-di(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)pentacene (0.530 g, 1.00 mmol), 2,5-dibromo-3,4-
ethylenedioxythiophene (0.300 g, 1.00 mmol), sodium carbonate (0.530 g, 5.00 mmol),
ALIQUAT 336 (0.24 g), distilled water (5 mL), and toluene (50 mL). The mixture is

degassed three times under Schlenk line to remove oxygen.
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washes had a neutral pH The toluene solution was then
added dropwi se to MeOH (500 nL) with vigorous

wa@eiornizogn A yel l ow precipitate appeared and wWeGI/US2007/065018
collected by filtration. The solid was re-dissolved in
CHCI 3 (50 nlL) and preci pitated fromMeOH (250 ni)
twi.ce and then washed with MeOH (via Soxhl et

TewsdisEénticapiphosphingipatladingm(0)A008 120003 srmelp 15 then gdded under N,
flo%I %lf{ér d% e 89%6%19%%%}?&%%’ Shrredh %e 128%% gC/ fr%l% hours.

aver age ar wei was equa
Afen dletrhﬁuwe nsgch)blﬁ\te trage tampeea:tuﬂeaﬁle\seh@ s o(omote&m fieptiah and
Wat Y 520000 Lgm!qrergp&? p)l ]lezlléewl 1s8tﬁglgw€%l}ed \g&:‘ m%olqylggﬁgéleio
extgmlocfgh&ﬁg—b 7.34-7.85 (br, 2H, ArH), 2.50-2.91 (br,
49-1.84 (br, 4H, CH2), 1.07-1.49 (br, 12H,
CH2), 0.67-0.97 (br, 6H, CH3) . TGA showed that the
deconposition tenperature was 455 0C. Exanple 2 -
Preparation of
pol y( 3, 4- et hyl enedi oxyt hi ophene-alt-2, 6-ant hracene)
(2): 2 A 100 nL Schlenk flask was charged with
2,6-di(4,4,5, 5-tetranethyl -1, 3, 2-
di oxabor ol an- 2-yl ) ant hracene (0.430 g, 1.00 nmmol),
2, 5-di brono- 3, 4- et hyl enedi oxyt hi ophene (0. 300 g, 1.00
nmol ), sodi um carbonate (0.530 g, 5.00 mol ), ALI QUAT
336 (0.24 g), distilled water (5 nL), and tol uene (50
m.). The m xture was degassed three tinmes under
Schlenk line to renove oxygen.
Tetraki s(tri phenyl phosphi ne) pal | adi um(0) (0.025 g,
0.02 nmmmol) was then added under N2 flow. After
degassing one nore tine, the mxture was stirred under
N2 at 90 OC for 72 hours. A red precipitate appeared.
After the m xture was cooled to roomtenperature, the
solid was collected by filtration and washed with
toluene and DI water. It was then washed w th nethanol
(via Soxhlet extraction) 24 hours. Red solid (0.33 g,
yi el d: approxi mately 100% was obtai ned as product.
Exanple 3 - Preparation of
pol y( 3, 4- et hyl enedi oxyt hi ophene-al t-2, 9- pentacene) A
100 nL Schlenk flask is charged with
2,9-di(4,4,5,5-tetranet hyl -1, 3, 2-
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di oxabor ol an- 2-yl ) pentacene (0.530 g, 1.00 mmol),
2, 5-di brono- 3, 4- et hyl enedi oxyt hi ophene (0.300 g, 1.00
worpmhN1s0eodi um car bonate (0.530 g, 5.00 mol ), PAL/USAIAT065018
336 (0.24 g), distilled water (5 nL), and tol uene (50
m.). The m xture is degassed three tines under Schl enk
l'ine to renove
WogkiiBn. Tet r aki s(tri phenyl phosphi ne) pal | adi un(0) (0. 025
g, 0.02 mmol) is then added under N flow. After
degassing one nore tine, the mxture is stirred under
1. N atA @poDBandrof Fé@nlklelirs. After the m xture is cool ed
to roomtenperature, the solid is collected by
filtration and washed w _%D_to@ ue e and DI water. It is
then washed with methafhol Al et extraction) 24
hours. W claim 1. A copolyner of Formula | *-f-Ac-Q
wherein Ac is a radical of amp acene having 2 to 5
fused aromatic rings, wherein Ac is unsubstituted or
whergist i tuted with a substituent selected froman al kyl,
al kgxy a hal o
oy AFRURToR R aseBG ynE 23 Khipe Webere s nutiaingse i
unidb@tﬁt@%ﬂ,or @bﬁlt@ecﬁ{wﬁﬁ |a$;ﬁbst@l!idi’1lﬂ Rel@dted-@b MmN, eﬂkox:}ﬂ thiodlkyl,
1] are each |nde endent%i selected fro

aryﬁ%elgglehaloahlq@,qlkylammya eny o(ircg{nﬂ@y]atlons thereof;
ha swwoa@éﬁtmlgwomlm et eroal by o

aIke an 1 nteger greater than or equal to
4. 2. The copolymer of claim1l, wher®n Ac is selected
from napht hal ene- 2, 6-di yl , napht hal\eng-2, 7-di yl,

ant hracene- 2, 6-di yl _S nt hr acene- 2, é£e§;|

ant hracene- 9, 10-dry\, jfetracene-2,®@-di 9l ,
tetracene-2-9-diyl, ntacene-2,9-§fyk
pent acene- 2, 10- di W1, OR2 pentacener®6, 13rdiyl, the Ac
bei ng unsubstitutedpr substituted wypth a substituent

sel ected froman al kyl, al koxy, thioalkyl, aryl,
ar aRRyend R¥adro cadhahdeplekgdntlyhsyldcios fimink hydrograt elkghhlkpky,

thioalkyl, aryl, aralkyl, halo, haloalkyl, hydroxyalkyl, heteroalkyl, or alkenyl; and

n is an integer greater than or equal to 4.

2. The copolymer of claim 1, wherein Ac is selected from naphthalene-2,6-diyl,
naphthalene-2,7-diyl, anthracene-2,6-diyl, anthracene-2,7-diyl, anthracene-9,10-diyl,
tetracene-2,8-diyl, tetracene-2-9-diyl, pentacene-2,9-diyl, pentacene-2,10-diyl, or
pentacene-6,13-diyl, the Ac being unsubstituted or substituted with a substituent selected
from an alkyl, alkoxy, thioalkyl, aryl, aralkyl, halo, haloalkyl, hydroxyalkyl, heteroalkyl,

alkenyl, or combinations thereof.
3. The copolymer of claim 1, wherein Ac is anthracene-2,6-diyl that is unsubstituted

or substituted with a substituent selected from an alkyl, alkoxy, thioalkyl, aryl, aralkyl,
halo, haloalkyl, hydroxyalkyl, heteroalkyl, alkenyl, or combinations thereof.
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30

al kenyl , or conbinations thereof. 3. The copol yner of

claiml1l, wherein Ac is anthracene-2,6-diyl that is
wa@e®ahset ut ed or substituted with a substitueP@T/US2007/065018

sel ected froman al kyl, al koxy, thioalkyl, aryl,

aral kyl , hal o, hal oal kyl, hydroxyal kyl, heteroal kyl,

al kenyl, or conbi nations thereof.4. The copol yner of
4. ¢l aiTht eopalraeerfielagm s vdrergm RugprhFermulp I 5. The

copol ynmer of claim4, whereig a | east one of the R

group, R2 group, or the u ttuent has at |east 4

carbon atons. 6. The copoly of claim4, wherein Ac

is selected from naphthal gife- Z,6-diyl,

ant hracene-2, 6-diyl, tetracene-2,8-diyl, or

pent acene-2,9-diyl, the Ac bging unsubstituted or

substituted with a substituent selected froman al kyl,

al koxy, thioal kyl, aryl, aral kyl, halo, hal oal kyl,

hyd 0 . ’ : .
5 PYOTRELG SN SRBROPL I PSSR REUIGR. or
Acanbdtiteae hes & 1&sdd yhrbbinatoniss unsubstituted or

substituted with a substituent selected froman al kyl,
al koxy, thioal kyl, aryl, aral kyl, halo, hal oal kyl,

6. Nydrgx %@ﬂdi%her SRIEMOB W ein Al Kf@éotecpfroﬁ n%gﬁ'f%leéé-h,%fhi 1,
thereof.” 8 The copol'ynmer of claim4, wherein at Ieas¥
antbreecnd-2, Ridiply teRAcdns-238rdgilkoripehtavineel, Aidivl eths tA chbeomyibysubstituted

ato an. al kaxy. havi t. | east 4 carbon. at :
or SRS Rastig et el nork AR b Ao BRIy ik,
halbald1 Sk AL hy RESfallE GRERENKAL ARBnyl At ddomibiydtion avdrBer, at
| east 10 carbon atonms, a hal oal’kyl having at |east 4
carbon atons, a hydroxyal kyl having at |east 4 carbon
ato a heteraqal kyl , havi ng ,at. | east 4 rqgn, atons .
7. an ;ﬁﬁ 8%1gﬂl'fyrﬁgr\/?c}ﬁcéal§[4, lv&glggetng éc é%?lﬁg%c%%%fn%dlﬁ rthag 1S unsubstituted
or SubItitubitiena slgtigeht selctelifeort apalkymarkoal, tloalkyl,4iryl, aralkyl,
wherein both R _and R2 are i ndependently sel ected from

halg) hajpalledyiyiostalliyddistergalieys plspndi Griscondinagiordhgiedfavi ng
at least 4 carbon atons, a thioalkyl having at |east 4
carbon atons, an aryl having at |east 6 carbon atonmns,
8. an ahaképdlyhavofidpiaitd, wdesdin A0casavboof Rt onR? igan alkyl having at
ha oaLk | having at |east 4 cafbon atons, a.
least 4 carbon atoms, an alkoxy having at least 4 carbon atoms, a thioalkyl having at least
4 carbon atoms, an aryl having at least 6 carbon atoms, an aralkyl having at least 10
carbon atoms, a haloalkyl having at least 4 carbon atoms, a hydroxyalkyl having at least 4
carbon atoms, a heteroalkyl having at least 4 carbon atoms, an alkenyl having at least 4

carbon atoms, or a combination thercof.

9. The copolymer of claim 4, wherein both R1 and R2 are independently selected
from alkyl having at least 4 carbon atoms, an alkoxy having at least 4 carbon atoms, a
thioalkyl having at least 4 carbon atoms, an aryl having at least 6 carbon atoms, an aralkyl
having at least 10 carbon atoms, a haloalkyl having at least 4 carbon atoms, a
hydroxyalkyl having at least 4 carbon atoms, a heteroalkyl having at least 4 carbon atoms,

an alkenyl having at least 4 carbon atoms, or a combination thereof.
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hydr oxyal kyl having at |east 4 carbon atons, a

het er oal kyl having at |east 4 carbon atons, an al kenyl
whaoorngsoat | east 4 carbon atons, or a conbi nat PGRUS2007/065018

t hereof . 10. The copol yner of claim4, wherein both R

and R2 are independently an al kyl having at |east 4

carbon atoms. 11. The copolgner of claim@8, wherein Ac

10j s Ahe Konpduner of chip 4, wherrai Dot RinandR? preindspepgently an alkyl

[ it substituent selected froman al kyl,
hwéﬁ%%i@%#%ﬁ?g% f&P%Laryl, aral kyl , hal o, hal oal kyl,

hydroxyal kyl , heteroal kyl, al kenyl, or a comnbination
11 Lg?ﬁiﬁg fgégq]f%ﬂlerrqqﬁ:légl%?l n?ealb ! ﬁg,%% {Qgél'ﬁeéﬁgfdm Iilgat% llmssulggtituted
or WIRG&Y i¥eh b §u‘t§ﬁjm%ﬁi &t fddamhar Iaflégﬁla%Qy?thﬁ)'aﬁéylﬁl aryl, aralkyl,
ant hracene-2,6-diyl, tetracene-2,8-diyl; or
halpelmtl @adleyl ehRir@xahilgpil,, hetdrealldg, bleemd, arrsaobetination eloeroof.
substituted with a substituent selected froman al kyl,
al koxy, thioal kyl, aryl, aral kyl, halo, hal oal kyl,

12hydmax ¥epdiyther dredfmorhittein @fikaﬂvbnm@a II& combi nation
thereof. 13. The copolyner of claim12, wherein R |

and R2 are each independent}y~hydrogen or an al kyl .
14. A conposition conprisi sol vent and a conpound
r

of Formula | -Ac-Q / n | erein Ac is a radical of
an acene having 2 to 5 fused omati c rings, the acene
bei ng unsubstituted or substitfuted with a substituent

sel ected froman al kyl, aRkoxyR2thi oal kyl, aryl,
aral kyl, hal o, hal oal kyl, hydroxyal kyl, heteroal kyl,
al kenyl, or a conbination tH%?eof;Q is a dival ent
group selected froma group of Formula Il or [11l; 11
1l R and R2 are each independently selected from
13 hy dTbgeopolahinydf, claimki@x yhetem Aalikselgctealrfydm naphahdgie-2,6-diyl,

ant ?a{g%%&g;?,%l-cgﬁgke){rlaéen%yfg(aﬁx,aolrkp\é{lfacehn%t-fé)’-%?;l,k%le Acqbreing unsubstituted
or substituted with a substituent selected from an alkyl, alkoxy, thioalkyl, aryl, aralkyl,
halo, haloalkyl, hydroxyalkyl, heteroalkyl, alkenyl, or a combination thereof.

13. The copolymer of claim 12, wherein R1 and R2 are each independently hydrogen

or an alkyl.
14. A composition comprising a solvent and a compound of Formula I
*+AC'Q—)T*
|
wherein

Ac is aradical of an acene having 2 to 5 fused aromatic rings, the acene being
unsubstituted or substituted with a substituent selected from an alkyl, alkoxy, thioalkyl,

aryl, aralkyl, halo, haloalkyl, hydroxyalkyl, heteroalkyl, alkenyl, or a combination thereof;
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nis an integer greater than or equal to 4. 15. The

conposition of claiml1, wherein at |east one of R,
WOR200701502he Ac substituent has at | east 4 car bRCI/HSAB065018

16. The conposition of claim 15, wherein R is

hydrogen or has |ess than 4 carbon atons and R2 has at

| east. 4 carbon atons. 17. The conposition of claiml5,

whe (&is # dbetent grovariglerzd eapea groupehdormuladf oo at oms.

18. The conposition of claim15, whegein both R and

R2 are hydrogen or have less tha c n atons and
the Ac substituent has at |east 4 chrfon atoms. 19.
The conposition I 15, wherein ap | east two of
R, R2, and the Ac stituent hav | east 4 carbon
atonms. 20. The coqp sition of claj yherein the

conposition is a soluytion conpr|3|n%}aﬁ | east 0.05
wei ght percent of tH compound of Formula | based on
the wei ght of the solution.

R1 and R2 are each independently selected from hydrogen, alkyl, alkoxy,
thioalkyl, aryl, aralkyl, halo, haloalkyl, hydroxyalkyl, heteroalkyl, or alkenyl; and

n is an integer greater than or equal to 4.

15. The composition of claim 1, wherein at least one of R1, R2, or the Ac substituent

has at least 4 carbon atoms.

16. The composition of claim 15, wherein R1 is hydrogen or has less than 4 carbon

atoms and R2 has at least 4 carbon atoms.

17. The composition of claim 15, wherein both R1 and R2 have at least 4 carbon
atoms.
18. The composition of claim 15, wherein both R1 and R2 are hydrogen or have less

than 4 carbon atoms and the Ac substituent has at least 4 carbon atoms.

19. The composition of claim 15, wherein at least two of R1, R2, and the Ac

substituent have at least 4 carbon atoms.
20. The composition of claim 1, wherein the composition is a solution comprising at

least 0.05 weight percent of the compound of Formula I based on the weight of the

solution.
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