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ACENE- THI OPHENE COPOLYMERSW TH SI LYLETHYNYL GROUPS

Techni cal Field Acene-thi ophene copolyners with
wa@eaoaaeds sil yl et hynyl groups are descri bed. BeCKyR290TI066282

Traditionally, inorganic materials have dom nated the

el ectroni c device industry. For exanple, silicon

ar seni de and:ﬂalliun1arsenide have been used as

s SR ENNEAUR QP H N e OHQLYRIERS NI RS LYd-FEd YHOda GR@HPS

as an insulator material, and netals such as al um num
and copper have been usiﬁl%ﬁcqhg&%rode materials. In
recent years, however, . een an increasing
r eseaesdthedphent cadolfleratvithSitiaghedrsgarRtis nyBE@tpLdrs described.
rather than the traditional inorganic materials in
el ectroni c devices. Anobng ot her benefits, the use of
organic materials may en%ﬂﬂ&ﬂ&ﬂﬂér cost manufacturi ng
of ectraoni c._devices,. r enaple large area . o
ool nb b5 T SRR e BF ofSeBfnipidgvice industey
FoEéNagiplé, sHicpparsenidt and dilsipmaysdaakkplabe:nandd biiegta@iddtor
circuits. A varietg of organic sem conductor naterials

margipes, Bidiepn dioniicdiar Bern ushd anwsmselaterBiigsel.igd mesddysuch as
aluﬁ{i;mtakg CBISS}J%Q RQ\%‘ RS A%IEXBTP h{a{érﬁfg. BY SR rPLdﬁars, however,
mol ecul es 'such as pentacene-contal ni ng" conpourds,
thekehdasdeen en arndagingiragaich rffotrtradacd antshigaargage aattalsnhthgr than
conpounds, bi s(acenyl )acetyl ene conpqunds, an
the @@Hé’-@&%fﬁ?@ﬁén%tﬁﬁ%‘é ihdlscios Véqespg\q%ﬂﬂ&er??ﬁ@tﬁ,éh%use of
ordAAMEnALSAs BRG LB RS cBE Sl ARidoSH RBBHIc Yevices, may enable
pol yt hi ophenés exenplified by pol y(3-al kylt hi ophene)
larghearep applrvetienshand mgy tuebéaithe hsophiereblawirtwt supports for display

b %%ithiogh%ne y?its“ However, at |east sone of the
YPErymet "{gﬂae_8nﬂﬁﬁergo oxi dati on, which can lead to
di MANY FREH AR YAHE sPRICHRTUFRA GfiterINRERE e Of cdllRicred, the most
I nvention Copolynmeric materials are provided that can

coymon dethg frsasl asematyhiing guypaads angeaplified by small molecules such as

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
exemplified by 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 with attached silylethynyl groups 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. These copolymers are
soluble in many common organic solvents. That is, the copolymeric material can be part
of a solvent-based coating composition.

In one aspect, an acene-thiophene copolymer that has attached silylethynyl groups

is provided. The copolymer is of Formula I.
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specifically, acene-thi ophene copolyners with attached
silylethynyl groups are described that can be used in
wop@7ae4260re | ayers in el ectronic devices suchPEBEUSI00T/066282
exanpl e, organic thin filmtransistors, light emtting
di odes, and photovoltaic cells. These copolyners are
soluble in many common organi ¢ solvents. That is, the
copol ymeric material can beSiBart of a sol vent- based
coating conposition. In oneglaspect, an acene-thi ophene
copol yner that has attache |si|y|ethyny| groups is
provi ded. The copolyner i¢ of Fprmula | .1 In this
formula, Ac is a radical Q éne having two to
five fused benzene rings t 1t optionally can be
substituted wth a substitugnt selected froman al kyl,
al koxy, thioal kyl, aryl, argkkyl, halo, haloalkyl,
hydr oxyal kyl , heteroal kyl, al Renyl, or conbinations
thereof. Each Ra is independgntly selected from
hydr ogen, al kyl, al koxy, al kenyl, aryl, heteroaryl,
In tisafokplila, Aeties cdrcal myan achmt ervoigd tewd to fore thyedrbexyalelaplgs that

' For LI, |V VoIl
opiprly G b el “ﬁ%{ St ReosiRis et ity fFoxy. oy,
ary$ QJr@lﬁ&le Halb! HHI@)JP AR aﬁiylf )Heter@dﬂé}qxé’lkeﬂﬂ | &%bk}‘binatlons thereof.

ar al haio hanaI édroxya

Eaﬂeﬁemomqpyngenay sobKehiiom idesasaballyt phony ke, nt.dpgsroary,
ara,gkﬁlg e{rg&r?%gl ter %ﬂ(arllsoro éro 5(% %%11\(75’18' n%%rgl?pr g%;l%o&mula II,
1H§mgbras another r epeat unlt of fornula -Ac(B) -Q

where E is the silylethynyl group of formula -

CC-Si(Ra)3. In anoﬁper aspect, a conpositio S

provi ded that incluges a sol vent gnd an acene@hlgphene

copol yne For mul S ry of /th

pr esent \n% ntion i bt/ nt ende scri b&each

di scl ose odi mentS or %very i ement ati on he

presentR1anﬁt|on. The DeétZail ed R2 R1 R2
1I III v A%

where R1 and R2 are each independently selected from hydrogen, alkyl, alkoxy, thioalkyl,
aryl, aralkyl, halo, haloalkyl, hydroxyalkyl, heteroalkyl, or alkenyl. The subscript n is an
integer greater than or equal to 4. The asterisks in Formula I indicate the locations of
attachment to another group such as another repeat unit of formula ~Ac(E),-Q- where E is
the silylethynyl group of formula —-C=C-Si(R%:;.

In another aspect, a composition is provided that includes a solvent and an acene-
thiophene copolymer of Formula I.

The above summary of the present invention is not intended to describe each
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 that have attached

silylethynyl groups. The acene-thiophene copolymers can be included in one or more
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Description and Exanples that follow nore particularly
exenplify these enbodi nents. Detail ed Description of
W@ b@7/iw2ent i on The present invention provi des PCT/US2007/066282
acene-t hi ophene copol yners that have attached
silylethynyl groups. The acene-thi ophene copol yners
can be included in one or norelayers of electronic
laygenaf ctegtropis deeirampias cxempleabe necnctiophenteopelysloynende used as
a sgrﬂ{b.oR&uc%g Q%a%&aff‘ n%@l@ét?o%‘i‘éjﬁ e? QPHPJSE‘&%QLC it Bl ARG or can
evices s as organic t iIT'mtransistors or can
be Ipasifiosidtticonetl tb/ete\lmendetsmn e&lceomib ddescd suckheai o@anic photovoltaic
Ce]gevices S.uc[%10 S an orga hot ovol taic cell or an

Ploh?’gaigf & Hﬁ@ﬁ%@ﬁ ﬁ?c evice. As used herein, the
t er i® uséd herefdNthe té}% “pbNGn» ahg “HRedrd d&%&“ﬁﬁ%ﬂeﬁ%@ﬁ’dly with “at
with "at |east one’ o ‘mean one or nore of
least aeE it mebeomigordfesr@rqf recklem@webahg defcebsd.t o a

pol y¢ycl i,c arqmat i dr ocar rou hav n
D ¥ xSt B fisa i G by oo B bE R ShetoRy 2 fused
beﬁ%ﬁ%m?é/mtah%ctﬁlﬁieh@éﬁ’raﬁ@eﬁl@ﬁﬂﬂd lsBowh 8% @he%ol@wﬁ@ folth@8&here m is
equal to or greater than zero. The acene is typically
an gueget ceehl to ongraziphithhakene, ant hracene, tetracene, or
pent acene. The terns "acene-thi ophene copol yner",
"acene-thiophene copol yne A alt ached silyl et hynyl
groups"”, and "acene-t hilp ] silyl et hynyl
groups” are used inter : 0 refer to a
copolymer of Formula | . "Akkyl“"refers to a
nmonoval ent group that is a radical of an al kane, which
The scamesatyprcatip delbgted Gomriaphthalthe aathcydene dotrdwend,ionamtacene.
br a C. cI| or conbi.nati,ons thereagf and )
Ly o Baraps S¥inarhiaPhent SOBUVELH bof - SHEep R deghgmer with
att QKR @il 1 5Bl dad |“a EineURi o p R He BV ifSsif 14t rolip§ Oare used
20, 4_$$?%f@ gﬁ%% 14, 1 to 109 to 106’ ngmg f
intgrchangeeb!g fo tnferto asonolymenofF (Hnm&pal Exanpl es of al kyI
gr ?g%ﬁ%’ n%esflél%%o al%ﬁltno al%% nﬁ%&]ql) J[htg][ }s%dr%(th?al or}%}l aﬁan llﬁglll is a
satﬁrapsﬁlﬁtyyikocafbohe H}hb ,alk@/i! Gdrﬂlbtelmdar bRaraEd, |cyclith Gf)t:c)thbmaitdls thereof

et hyl hexyl .
and typically contains 1 to 30 carbon atoms. In some embodiments, the alkyl group

contains 4 to 30, 1 t0 20,4 t0 20, 1to 14, 1t0 10,4 t0 10,4t0 8, 1to 8, 1to 6, or 1 to 4

carbon atoms. Examples of alkyl groups include, but are not limited to, methyl, ethyl, n-
propyl, iso-propyl, n-butyl, tert-butyl, iso-butyl, n-pentyl, n-hexyl, cyclohexyl, n-octyl, n-
heptyl, and ethylhexyl.

“Alkenyl” refers to a monovalent group that is a radical of an alkene, which is a
hydrocarbon with at least one carbon-carbon double bond. The alkenyl can be linear,
branched, cyclic, or combinations thereof and typically contains 2 to 30 carbon atoms. In
some embodiments, the alkenyl contains 2 to 20, 2 to 14,2 to 10,4 t0 10,4 t0 8,210 §, 2
to 6, or 2 to 4 carbon atoms. Exemplary alkenyl groups include ethenyl, propenyl, and
butenyl.

“Alkynyl” refers to a monovalent group that is a radical of an alkyne, a
hydrocarbon with at least one carbon-carbon triple bond. The alkynyl can be linear,

branched, cyclic, or combinations thereof and typically contains 2 to 30 carbon atoms. In



10

15

20

25

30

"Al kenyl" refers to a nonoval ent group that is a
radi cal of an al kene, which is a hydrocarbon with at

WO e@sti2ane car bon- car bon doubl e bond. The al kePgl/U8207/066282
be linear, branched, cyclic, or conbinations thereof
and typically contains 2 to 30 carbon atons In sone
enbodi nents, the al kenyl contains 2 to 20, to

2
sompg e@@odlmep‘@ thg alkynylcogtains 3 t9 3, 240 ¢, Hto 16k 4 20 io éhto 8,2t08,2
© G BB T PR S Y o SUFLIR R CLRE, popyny and

butyanio\Senerdlk gryd gpoupk sichi 8 aa ctladycan teffuahcralbstinged &ith a silyl
hydrocarbon with at | east one carbon-carbon triple
g'¥Bnd. The al kynyl can be linear, branched, cyclic, or

co ”b'pﬂﬁ&lyé’%fe&ﬂ% raerﬁéno%QnI %’18{1% éf FormBent t@R %e?e & % atalkyl group.

carbon at'ons. |Insone enb the al kynyl contalns
Exa2mples 8¢ Jludz, b a164110t21rm1tr:dﬁ0 rndthmgy, l“(h,oxgt, prop@&y, 2nd butBxy.2

to 6, Qr to 4 carbgn atons, Exe ry .al k

o el ety maPe o ST haTB argipt o & Ao Hae g Eretic
coApOHIS THEGIRy128n Al LS IRYRYMate@nd6r dailihd18de $IRSS tdrbdSelic ring

wth a silyl group. "Al koxy" refers to a nonoval ent

str@(ﬁ@r@p thet aregpppdcied-toRr fwsed &0 1ph6|agorgeﬁlcg1mgy | Tl@m’glmsg ring structures can
aliohrn 1ce1§0n ar%rnag orggrg%)ﬁ}ago t‘ilﬁl;&lgp] ]%xa%lé%lgs fr%%l 01¥ps include, but

arc wﬁﬂeem p@éﬁ);ﬂpblph@tyl ltsrpﬁeﬂyachnﬁﬁgzl ahphaky 1 pdc@AEihitioy],
carbocycllc conpound. The aryl can have one aronatic

anthraqyingpyle aheqaﬁ@Fﬂd@thrﬁcha)yémd)@gbémyé angl grorenyl.
SUT UGE L Sréf‘&%ttor%l;e ogﬁﬂf%%%%ﬁ with §f %rgyégfl%t o the

aromati C ring. ring struc an be
ar ornftdale’ reﬁsmmtowrlmmgeimgrom (iegnbi-aht-Bons -)her eof .

! d
to, ”ﬁﬁgﬁﬁ/ "1 %%’Qrﬂ‘?l%?ﬁ é‘{‘ﬁgﬁ%ﬁﬁgﬁtlm&ﬁm enenq%gm? %toegroups

ace F‘H%}I‘o'ﬂyélkyla %fefsatg Wh a&gy that ﬁ@ﬁﬂéﬁ‘ﬁt@& Wlth oae bh %?@Wdroxy
pyrenyl, perylenyl, | uor enyl al ky refers to

gnamsalkyl substituted mnth an aryl group "Fblo" refers
to a.halo

19, B HIST, YR, by o ety i
thidd =y, & BRUBIOf TR NANR - GLIRHORY is hydrogen or alkyl, or aryl, or a group of
formula —SiR,- where R is an alkyl. The heteroalkyl can be linear, branched, cyclic, or
combinations thereof and can include up to 30 carbon atoms and up to 20 heteroatoms. In
some embodiments, the heteroalkyl includes up to 25 carbon atoms, up to 20 carbon
atoms, up to 15 carbon atoms, or up to 10 carbon atoms. Thioalkyl groups and alkoxy
groups are subsets of heteroalkyl groups.

“Heteroaryl” refers to a monovalent radical having a five to seven member
aromatic ring that includes one or more heteroatoms independently selected from S, O, N,
or combinations thereof in the ring. Such a heteroaryl ring can be connected to or fused to
up to five ring structures that are aromatic, aliphatic, or combinations thereof. Examples
of heteroaryl groups include, but are not limited to, furanyl, thiophenyl, pyrrolyl,
imidazolyl, pyrazolyl, triazolyl, tetrazolyl, thiazolyl, oxazolyl, isoxazolyl, oxadiazolyl,
thiadiazolyl, isothiazolyl, pyridinyl, pyridazinyl, pyrazinyl, pyrimidinyl, quinolinyl,

isoquinolinyl, benzofuranyl, benzothiophenyl, indolyl, carbazoyl, benzoxazolyl,
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"Hydroxyal kyl " refers to an al kyl that is substituted
Wi th one or nore hydroxy groups. "Heteroal kyl" refers
W@ a0oan2ebkyl having one or nore -CH - groups re@l/ES207/066282
with a thio, oxy, a group of formula -NR b- where Rb
i's hydrogen or alkyl, or aryl, or a group of fornula
-SiR - where Ris an al kyl. The het er oal kyl can be

benzotfagolylppeimidazoly einpeinybrquitsaniinds quarexatings Bithalaziayl,
b ALAS I ot 2,00, A, E AR LRGED) s indcot,
and thellikdes up to 25 carbon at ons, up to 20 carbon at ons,

up ; tons to 10 car on at
Thi o W&f%‘% e a%F‘ﬁ(é!Wl%é‘iﬁb‘FfésW %tﬁli%’ét s of
het eg %h 19 E&Eﬁ@% A hdloSLI0R be 6%%§lat e=a_ SI(R )s where R is

nonova radi cal having a to seven nmenb

indapcmhnﬂy: seleated frhlathyldmgjem,o%lsylmibom alkeny, hmerealfhat rhyr@roxyalkyl

ndent |y . sel ect romS O N or conblna

arylHERER BN TIRGTORSHH TSR EPHAT YF PR ER e to as

sﬂ&@ﬁﬁ@ﬁﬁ@@nﬁl or fused to up to five ring structures
that "are aronatlc al i phatic, or conbinations thereof.
Exafphieslkyt’ thstsetogangnovgleotigroup of fartala 18R Whers Ristan alkyl
I|n1ted to, furanyl, thiophenyl, pyrrolyl, imdazolyl,
yrazolyl triazonI tetrazolyl thiazonI oxazol yl ,
is ommblyé-thquﬁm wyﬂler thitinagl ht&e?dhbd/ lsﬂyld:tii?ﬂiﬁ ig8dipk Y4 provided.
pyrldlnyl ?¥r|da2|nyl pyrazinyl, pyrimdinyl,

Th gepplymps s of Feweple hol i nyl, benzof uranyl
benzot hi ophenyl, i ndolyl, @ﬁbazoyl
benzoxazol yl , benzothlazolyl Ben2|n1dazolyl
ci nnol i nyl, qU|nazoI|nyI qilnoxallnyl phthalazinyl,
benzot hi adi azol yl , benzot ri'hzi n |, phenazinyl,
phenant hri di nyl, acridin A@QdiLndazolyl, and the
i ke. "Heteroaral kyl" referf to-an al kyl substituted
with a heteroaryl. "Silyletlpynyl" refers to a
nonoval ent group of fornulal-CC Si(R a)3 where Ra is
i ndependent |y sel ected fronsiRydrogen, al kyl, al koxy,
al kenyl , heteroal kyl, hydroxyal kyl, aryl, aral kyl,
heteroaryl, or heteroaralkyll These groups are

In ﬁnsnporm{}BSArc ?sf & {ardlecgll &O ancacene having two to five fused benzene rings that

———

optionally can be substituted with a substituent selected from an alkyl, alkoxy, thioalkyl,
aryl, aralkyl, halo, haloalkyl, hydroxyalkyl, heteroalkyl, alkenyl, or combinations thereof.
Each Ac group has two covalently attached silylethynyl groups of formula —C=C-Si(R");
where each R* is independently selected from hydrogen, alkyl, alkoxy, alkenyl, aryl,
heteroaryl, aralkyl, heteroaralkyl, heteroalkyl, or hydroxyalkyl. Group Q is a divalent
group of Formula II, II1, IV, or V.

S
R1
S ) S S| S __gijz__
0 o)
3\/{ S|/ \_L_/ \
R1 R2 R2 R1 R2 R1 R2

II I v A\
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sil anyl ethynyl groups. "Thioal kyl" refers to a

nmonoval ent group of fornmula -SR where Ris an al kyl
wWQ@e@ap2426 acene-t hi ophene copol yner that has BET/HS100T066282

silylethynyl groups is provided. The copol yner is of

Formula | . I In this fornmula, Ac is a radical of an

acene having two to five fused benzene rings that

R1gdiRgrrar Pswhclaﬁep@edfl‘émlys&ele@@fi diprhydiogens alﬂslgb iptkgantthioalkyl, aryl,
or LT R RS ARaRE Syt RO SRR e Bibripy i on

intagck groater tiom or@qiilnatli Dinsastdiskenf Fortaatal iAdicgte oluplobaons of

t covalently attached silylethynyl groups of formula
attao néﬁoma?@r #oup éuéﬂawnﬁeﬁieﬁepﬁﬁd@ﬁéﬁ g@mﬁ@—ge@d@e yhere cach
E i%ﬁ@ﬂ}l@ﬁh?{}?gg‘?aup é‘i}i}éll‘rhulaa—ldé@ﬂgi(Rﬁ .blenyl , aryl,

et er oa aral kyl, heteroaral , heteroal kyl, or
hy diTbx Yl degrlip 1s@redipal ©@fias aeendi ik @en¢negnan hpvafwoRorfrngl fased

I, 111, 1V r. V. 11l IV VR and re eac
arog SR 57 St B o Ga DRy AnhEcRag etracenc, o
peithd@d). kilitabRrbbnesAF b sclddRldFronh ahphahdidle, anthracene, or

hydr oxyal kyl, heteroal kyl, or al kenyl. The subscript n
peitgcean. Ancregare ¢premorly giveark wymbeginglsequsnge inTlech cach carbon atom

. i ' La 1 indi -he | ocati f :

DA DS b g B 05 SRR SeBlsyy sone-i
(i.aandival@ft ridicdiRibPar AehE)ard sHIwnnnehefdidehn st tudes for naphthylene-

silylethynyl group of fornmula - CC-Si(Ra)3. The Ac
2‘@@@ p is a radical of an acene. The acene can have two

to five fused aromatic rings akranged in a rectilinear

manner (i.e., naphthal erve,~g geene, tetracene, or
pent acene). Suitable ace 3 pf t en sel ected from
napht hal ene, ant hracene s asene. Acenes are

comonly given a nunbering5seqyence in which each
arbon%gnﬁn1th t is a menber of only one ring is

ANt Xafibus positions of exenplary acene-diyls
8 9 1
7T/\\ A
NG 3
5 10 4

pentacene-2,9-diyl.

1M 12 13 14 1

10
90000
8 7 6 5 4
Each Ac group has two covalently attached silylethynyl groups of formula

—C=C-Si(R");. When the Ac group is derived from naphthalene, the two silylethynyl
groups are typically attached to the same aromatic ring. When the Ac group is derived
from anthracene or pentacene, the two silylethynyl groups can both be attached to the
same inner aromatic ring or one silylethynyl group can be attached to each of the outer
aromatic rings. As used herein, the term “inner aromatic ring” refers to an aromatic ring

of an acene that is fused to two other aromatic rings. For example, the ring containing the

9 and 10 positions is referred to as the inner aromatic ring for an Ac group based on
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(i.e., divalent radicals of an acene) are shown in the
follow ng structures for naphthyl ene- 2,6-diyl,
wa@pinnaeene- 2, 6-di yl, and 10 pentacene- 2, 9- di yPCT/L$2002066282
13 14 Each Ac group has two covalently attached
silylethynyl groups of formula - CC Si(Ra)3. When the
Ac group is derived from naphthal ene, the two o
ant@rqcymf‘etfgs/wﬂ hgredy sl tgrm “pyteT amalic HNEaEHYY t ¢ prEatgppg of an
sodfe MR fskd Bn R bR in g TP ot P Bl pofhing the 1,2.3,
an€dposiodins dvel the tiag bedaihmgtthe S s@Meand§ positosrant roferrddrtg as the

or one silylethynyl gro an be attached to each of
OufChroFIFIE Mg} g%ﬁ?lf%c %rgﬁlgggseg@nﬁg %Bf-ein, the term

"in i ing" ' i

R OABAALA LA, 1 A ORI Syl
an exanphe of thaeAa gmyp.cbort cxiamipheg ifithe A9 gangp 18 deppasli fraromsthiasene,

referred to as the i nner aronmati.c tin or ..an r O
the s B bR P e e eAB D s BEHED U athld Rt o o5 bRy of
thedcOR@prcurkor@ed foeﬁr@]ISa?e R RPoBHRIREANCOfch Mg iPbroved 8¢ @Afchment
that is fused to only one aromatic ring. For exanple,
of theeilylcHynglogroapsiorng inres atomapic rig adrilk 4c gesgipt VBl mautieple inner
the rin INi t he 6, 1 nd, 8. L ti.ons ar
axapilfis B FAMBLTRE b Gt adia Bing TRPE Py R, AR as at the
6 a@td A8 pokidsadofam Angldupdenesd frén PFamycarboay POk $n thetgréasest
Br'eferabl e that the silylethynyl groups are attached . |
stapilitypf the Aegnemieryrser. Apasulchegpipuysabityrelsisirpeastance te geidation
..t S derived from ant hracene, the silylethynyl
ancg?%%%{s%ﬁgﬁ%&lpr eferably attached at the 9 and 10

posiEatlosityletiyreyl gtaipiib bf formfilat-NeCasie(®e); prieceieah R  isdgpendently
BB ER YESeESRS PR A0 oS LRI E . .o
heRfRAPREY1C B8 alk e alex @ratdpyl, Wedehhalh tanBlhg dioR9&ky! groups

aromati c rings,” attachnment of "the silylethynyl groups
cart e ti@r,i brrhedimytlic, iong combmiatiars theteof hied usually have up to 10 carbon
atoms, up to 8 carbon atoms, up to 6 carbon atoms, or up to 4 carbon atoms. An
exemplary aryl group is phenyl and an exemplary aralkyl is an alkyl having up to 10
carbon atoms that is substituted with a phenyl group. Exemplary heteroaryl groups often
have a 5 or 6 membered unsaturated, heterocyclic ring that includes 1 or 2 heteroatoms
and an exemplary heteroaralkyl is an alkyl having up to 10 carbon atoms that is substituted
with a 5 or 6 membered heteroaryl having 1 or 2 heteroatoms.

In more specific examples, each R* is an alkyl having up to 10, up to 8, or up to 6,
carbon atoms. That is, the silylethynyl group is a trialkylsilylethynyl group. Each alkyl
group often has at least 1 carbon atom, at least 2 carbon atoms, or at least 3 carbon atoms.
For example, in some copolymers of Formula I, the silylethynyl group is
triisopropylsilylethynyl where R® is isopropyl.

In addition to the two silylethynyl groups, the Ac group can be optionally
substituted with a substituent selected from an alkyl, alkoxy, thioalkyl, aryl, aralkyl, halo,
haloalkyl, hydroxyalkyl, heteroalkyl, alkenyl, or combinations thereof. When referring to

Ac substituents, the term “combinations thereof” can refer either to multiple substituents
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6 and 13 positions of an Ac group derived from

pentacene, may result in the greatest stability of the
wa@ewna2qsecur sor. As used herein, stability rePEr/ES1007/066282

resi stance to oxidation and/or dinerization. Each

silylethynyl group is of formula -CC Si-(Ra)3 where

each Ra independently is hydrogen, alkyl, alkoxy

on Fhade group e s Hest ﬁ%stltu@wﬁhé&ly Aundar subgfipyted wih éﬁ@%m
suB:lsF aleh‘}’ | At 955t tﬁ% fo{@rﬁ% ntﬁ Etﬁg g@&lﬁ?l{ yf‘é)ﬁ%ydr rn(?r!e %QB%).’lBueents can

enyl etero roxya groups can
indréase&re sohubanp béthe ooycllymer obFomludmhini drgdriosolidnes @ofanam@rove

usual Ig .havg up t ci 10 carbon atons, up to.8 carbon
the gogppati fhe coRglgRr it N%“O‘Hrcoﬁntb“% SUPOsHIOBEN at ors.

AN @f@@b%ﬂ bé Ebféch% ‘Pc%h}) pQOSRR)%'BflAchQt lé&s%%ﬂ%lﬁ%ﬂylethynyl

aral kyl” 1's an al kyl havi'ng up to carbon atons
gravgp. §dnb9t¢1tebth@@hwlet dopalypive n;?ForgmtdmblaCEswhnﬂuapl;ene or polythlophene

het I ft h 6 nenber ed :
erciis Al 3y 0y R RSO Sngr ey 4 ROTD B gtcghfrom a single
grdiPlofFeAhQIIET AN, @R BXRIRRhATY ufigll ?rc@fghgét%& thro$ghdat @k kdflgth of

having up to 10 carbon atons that is substituted with

thegcopolymes. irberd @reetorpmlthen@ sipagEr gravatwe@rtw repeat units of formula

ﬁ%)@ :d)ﬁlll A copolg %P{hfbgaele 1|srfu|8{“ tgg 81?5'8%&10%11 o%%%HbIR%Bnés aefong the

avi n

backben®of thBabpdlgmet he si | yI et hynyl group is a
tri aI kyl silyl ethynyl group. Each al kyl group often_has
at leEhy ¢mpadipshtsaldnptiaghed sy oueripBafic WRHHsAC oForgxample,

grdg?q'i_ga}rﬁ% eﬂ{aQRéh (ﬂgfa Pn g[ %{r}l@%e’f dri} f%PE??A‘B%P&JpVHE&Fon cither

naplﬁhalsrmprr@p;ﬂr&ehy bt iitypmyitlowh &rx 3R4, §, @ il@,@m rogyd an Aagroup based
addi ti on two. silylethyn r.ou Ac grou

on PSRfagRICy \§V S 9“%0195% i a Ry %ﬁlﬁﬂ%ﬂ@% B%/t& bl Ac gioup is

deﬁ@édef%rﬁ ‘Qntflﬁ&%@& @nka)élene ﬂie&%ﬁalyteﬂlﬁ? £¥lips AL Ylkuall% attached to

aral kyl, hal o, hal oal kyl', hydroxyal’kyl heteroal k
an girice mtyomatlo ring ofiicrat! |pmfsrablyetp ¢lof samdfiencrragdreatrd mag.t o Ac

o1 o PR Qinir P R CE N R g PR T 1 cermple

grdup’@ tarsbstachetPittpokifidhs 9 &r f01fdrRArASEBEH bisell 8 ahidtede or at
second substituent. At |east in sone enbodi nents, the

positienst . 6n7.0R, dheorddt fapireAs g haseshespansasene. When Q is attached to

an inner aromatic ring of Ac, the two silylethynyl groups are usually attached to an outer
aromatic ring of Ac. For example, one silylethynyl group can be positioned on each of the
outer aromatic rings for an Ac group derived from anthracene or pentacene.

In addition to being attached to group Q and to two silylethynyl, the Ac group is
attached to a fourth group such as an end group of the copolymer or another repeat unit of
formula —Ac(E),-Q- where E refers to the silylethynyl groups (i.e., the resulting
copolymeric material has a subscript n equal to at least 5). If group Q in Formula I is
attached to an inner aromatic ring of the Ac group, the fourth group is often attached to the
same inner aromatic ring. If group Q is attached to an outer aromatic ring of the Ac group,
the fourth group is often attached to the opposite outer aromatic ring. That is, group Q and
the fourth group are often attached to opposite distal ends of the Ac group with the two

silylethynyl groups attached to an inner aromatic ring of the Ac group.
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increase the solubility of the copolynmer of Formula I

in organic solvents or can inprove the conpatibility
wW@Roorhas26opol yner with various coating conposiRPEDOS2007/066282

Group Q can be attached to any position of Ac that

| acks an attached silylethynyl group. The

acene- thlophene copol yner of Fornul a | acks a

bi t Hi*spHesE As(E b@rwulwmbu@r%@t hrrnﬁf‘aiw» k4- any two
blsg‘ﬁg,l%hg&gﬁg?%h&m r@{ gﬁ Ib?é@@l%ﬁ;%@e%og%l &é SG} dfl 0§11 0-
bls(mlymltmwlyt)amhﬁgmeemadmymggnanlult(sﬁymahmm)gmmfené g d1y1 2,6-
. T 1y, .
bisg R D RSt bl o G b A et ey 13-
. |
blsgs‘glﬁggé%gsgﬁ&ﬁ%eng 3Y_giv6 Ul blts yl%ﬁ@h&'l?@én’ta%@n@ﬁ IQQHQ £9-

g the backboné of
biseatytedhiymybpsyta@ne©, 13t digk oed, lﬂfbls(mlﬁuhwylmenmmneeﬁ 13 diyl. Any of

the%% g@p%gaglrojp%oggﬁ)%hdvg% XQ gl%u%%ﬁggﬁgt%% ta;v?t h 0 da&g;lgq,lléw thioalkyl,
aryd 38Ry I0RalB! Edﬁ@dlkﬁalﬁﬂfr&gj ﬂ%‘? Rtcrédlkf1l ARGRE, dnBinations thereof.

posi tions 1 , 0, or 11 for an Ac group
Thp ag@aomnurpbfﬁﬁ at:@w@ ofWﬁ‘etnrr@“dlgl” tligatedll casbematomtvelrere the Q

aro i C rou is derived from
B3Rt n?glcl:eefr?e 0 roué) natlre atgar? ge& Pohthe 'yl et hynyl groups

ar e Susgahdry spédifafzhe@); groaps inBRde, baﬂt afeaiot tintited ¢, qt4 Ac
and preferab same_inner aronmatic r

I
blsmﬁwlséﬁlﬁéamwém@tha@ms? %rfitYé»clh‘ér@wﬁélaBﬂlsﬂlﬁ}?éliy?lalr)wha@ne-2 7-
ttached at
iyl h Bl KB B ATBA fora R ARIIEE G ant hr agene
bls(lrlaMylsﬂyEﬂtymyl’)&ltEnaccﬁ],e-27 7 dis2, 2 6&;s(mralklycﬂmlfymth§myl)émhgzcemqa9,l0-

tacene n Q to an inner
dugﬁ%ﬁgﬁﬁ@aﬁﬁﬁ&ygﬁl Dmﬁﬁ C?%b5§$ é?ﬁgnyl groups are
bls&%%l@éylsﬂyﬁﬁy%ijﬁ&téc%n@ﬁ 90&{51?"6 1@[@Ef%dn@yl&!ﬂ&h?éyl)%%ntagéi{e-z 10-
e, one silylethynyl "group can be positi'oned on
dlyéa%%bcs(trltahcelwutedrynak)pmaqeoe-|6;lﬂghylf or2.40- Ac group
In addition

ois g B AP G 6 0 b e TPy e gRGHmal e he
AcAfo @ QibRtitufedatitaeharylt Qlkoxy, AMbhlRyQhAURrSRENhAS, iloRH,

hy rogylljalk;?lf hett!cﬂllr%alcl:qgfp gdk%rrlr}?lr 019 gon?bqg;troig tlie?ep)o(afatTh%nI;ot51t1%; numbers in
front of the term “diyl” indicate the carbon atom where the Q group and the fourth 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 (i.e., along the backbone of the copolymer). Such
copolymers tend to align well with each other in the formation of stack-like structures.
That is, in some applications, it is preferable that the Q group is attached to an outer
aromatic ring of the acene with the two silylethynyl groups attached to an inner aromatic
ring, if there is an inner aromatic ring. Exemplary Ac(E), groups include, but are not
limited to, 1,4-bis(silylethynyl)naphthalene-2,6-diyl such as 1,4-
bis(trialkylsilylethynyl)naphthalene-2,6-diyl, 9,10-bis(silylethynyl)anthracene-2,6-diyl
such as 9,10-bis(trialkylsilylethynyl)anthracene-2,6-diyl, or 6,13-
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formula -Ac(E) 2-Q where E refers to the silylethynyl
groups (i.e., the resulting copolyneric material has a
waaw3ae42pd n equal to at least 5). If group Q PEI/US2007/066282
Formula | is attached to an inner aromatic ring of the
Ac group, the fourth group is often attached to the
same inner aromatic ring. gﬁ‘ i s attached to an
g

bisgulyrth aybpstaeene iy dioh sqqhefls Acl Yipibyletbyinyl boegteeus-2.9-
d13)_|_ﬁ fyto?'Ehe@é gx%ﬁ{}segan oﬁ)tl%ﬁ%lﬂ%%%l# gk&u‘ﬁrsu%tg@@& With'an Myl

fourt up-are
alkaky ahimehtyt ar;dmolkyl, @aldi Betlaeilkﬁnhiﬁdroiyaﬂm Watergalbylpalkedsi, or
e two et hynyl groups attached to an inner

Cmﬁ 6%%@4%??*3 of the Ac group. Exenplary Ac(E)2 groups

i nclyge, olytela& fgh Plo'rﬂiﬂﬂaqut&@as ae&nbed above. Each group R1 and
bls(S|Iylethynyl)naphthalene 2,

R2%in ghdsé ﬁirmullaysh@tnldypwlldymapmldwaﬂdefmn Zyd’rogely la]ky®, all@xy, thioalkyl,

aryg, %ﬂi !tlg:l{l] (P%lf\ﬁw ; acﬁﬁwf A}éé@ﬁ%aqllé% élh?%yl orfoglbmatlons thereof.

WKEn%ﬁa'rﬂlﬁ/é RtipsR Bid R AGRNRH “cdMbhdidns thereof” refers to a first
7-bis S|Iylethynyl)anthracene 9, 10-diyl, 6,13-

gr%llpékl@lw r@@hﬁlf@y‘lﬂ)ltﬁén)t’lﬁtmhez gooupi v |
bi S? qrﬁer( hg(ll t)é %¥ 20[1)1 %%@ere T%a%éeasf) one group or R2 group that

Ypene

comaihf abﬂesdtﬂldawoﬁtakt)myiu)cﬁ aptac efearbon i@nﬁl Zﬂf ko 2%Eatb@f atoms, 4 to
t hese g@tups can optlonally have the Ac %
16 spben ptogtsedr ia H) eiben agms.” Magespecifiaa|lpdhgsgiis atd?%ﬁ one R1

grcf‘h'rpk 457 gro{l}?Le‘?ec n%?#r&ﬂ'ah% kyl EXQB%?I@%WCM%%&&[&@ o ﬁLkg;r(% having

nations “t here e position’nu
at heastﬂraarﬂonmftomshe thiealky!' Idivyg' atilexdt 4 a;trbom hensaarbayl leatvary at least 6

th d th th ttached t
curPRE Aagnsgh T8 BB ok b A PP SAEED DGR B e A1 Lot 4

cartbPf bR, a B%roﬁ‘fﬁkﬁ@favﬂng% fe8d 4 Qrbok foms, a heteroalkyl having at least
bis(trial kyl si1yl’et hynyl) napht hal ene- 2, 6-diyl,

4 CIarbibnkatcsl(l&, pn alkikyyldialviniget tepsiyA f)allblpmthlab,mebombmatldng/ﬂhgeof The

selgeify ot Ko s S Y P S R P RO o/t Gepolymer of

Fognfla Pi$dhindh By%aﬁicl Hhehiyorh) anEMmaseReths »coﬂagatltﬂht‘yyl of the
2, 7-bis(trial ky S|“%Iethynyl)anthracene diyl,

ace@eﬂslopmr@(wpolanwyw |varieesSae(ing pempesdtears- 2, 9- di yl |
SR PP LSRRI ESRAR: oGl g

alka| llzﬁfing at least 4 carbon atoms, an alkoxy having at least 4 carbon atorns a thloalkyl
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.

The copolymers of Formula I can be prepared using Suzuki coupling reactions as

shown in Reaction Scheme A.

10
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bis(trial kyl silylethynyl)pentacene-6,13-diyl. Any of
t hese groups can optionally have the Ac group

waemwstize2es ed wi th an al kyl, al koxy, thioal kyl , PEr/¥52007/066282
aral kyl , hal o, hal oal kyl, hydroxyal kyl, heteroal kyl,
al kenyl, or conbinations thereof. The position nunbers
in front of the term"diyl" indicate the carbon atom
where the Q group and RepetippehemgAoup are attached to
thee Ac group. In sone app)ications such as those in

whi th the copo rs tion ond
¥atAaiXal s, it y BeBdeS|r |e§§2§§ﬂ%§ct %Eg%éggﬂgqﬁ
th has an e led gation length i d’i n¢ar

di rection (i.e., al ong the backbone of the copolﬁner)

Such copolgners tend to align well with each other in

t he on @f ack-11ike structg% ) &hat is, Bn

S apﬁgL ALBbns[ i t 4 s preferabl AR he quﬂgue 1
IS g hed t o outer aromatic ring ng of the adeqe

with the tho S|Iy et hynyl groups attached to an iEnner

aromatic ring, if there is an inner aromatic rin

A ¢helapieas ;l}a‘Aeg Byoaigched sillehymd @roups (i-ar A Fofesethiicagenc
grc}u‘ﬂ E r%p‘%gg%%l‘rﬁl(tg E%Iug t0 Ycﬁ’wt %1 Q’%l;-ng%ﬁ? %.él enee%%éélén%‘qu/dl%,ﬁ§ initially

rea@teﬂi@vlﬂl as(hsxil‘t}drelahlglwh)aa bts@amlv&e)ﬂﬂﬁmh tplfosnia amle cornpound
(T L LA TS R .
coﬁpéﬂlﬁldtlh Hehrrbahdayh3h byt h%wﬂﬂleﬂle)n@ %Bﬁ@ﬁ@rﬁ?ﬁ 2., % QdkYlo fofiYhe

these groups can optionally have the AC group
coplpati afufosaiulai It Tharhakl deghips ia Itlkeoscyonct ivactainkgah be dihg/dame or
hal oa hydr oxyal.k het er.oa
airrgis i B el o SR Yuppond TS BR Bty take
plaké @MhEQFd¥bh@ dfla JafladluScati@yie budhed, RbPevanplEgeh group R
and R2 in these fornulas is |ndependently sel ect ed

bisf ¢iphanixindperjenpfearogneldighleeppplladivmasadky| |~ aryl , |
BB Bl AL Rt |ORERIBRS e .o

dilgtoshipphdie cam@oiz] cdnlte ihealy raorbiwidt 4 deaﬁdﬂ@ﬁﬁoénd then reacted

refers to a first grouE that is further substituted
USIRE SHZWHHA épﬁgmggﬁmﬁns with a dihaloacene having two attached sﬂylethynyl

groups. Suzuki coupling reactions are further described in the article by Ito et al., Angew.

*

Chem., Int. Ed., 42, 1159-1162 (2003) and supporting information referenced therein.
Stille coupling reactions can also be used to synthesize the copolymers of Formula

I as shown in Reaction Scheme B.

Reaction Scheme B

2 Li 2 Bu,SnCl
H—Q—H — L—Q—Li — > Bu,Sn—Q—SnBu,
E
| Pd catalyst -
n Bu,Sh—Q—SnBu, * x—,?c—x — ,?\c—Q -
E E

A thiophene compound can be lithiated and then reacted with a trialkylstannate such as

tributyltin chloride to form a thiophene compound substituted with two trialkylstannate

11
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In sonme enbodi nents of group Q there is at |east one

Rl group or R2 group that contains at |east 4 carbon
warems2eech as 4 to 30 carbon atons, 4 to 20 cR€DUS2007/066282

atons, 4 to 16 carbon atons, or 4 to 10 carbon atons.

Nbre specifically, there is at |east one R group or

group selected froman al kyl having at_ |east 4
gr%laﬁ bdhe EesuliBg thipphenk 6xFPeA 38 than heagagtediindle prsrence of a
a

R A R
altahatiweasRchbticmaldhome &, anacere widl tvad M;alchdftﬁsﬂyﬂ‘fghﬁtyl bea@apt can be

4 t hyd | kyl
idaiF s et FRAcicy i L e n?n Fisas b o
trlaﬁf{}qgfﬁmna@é“%n{slﬁse Nile Ilaﬁi‘[ﬁ ahe k@rﬁ?&mﬂi &aft &1%%%&‘{‘&1 with a

mbi nat i t her eof e selection of | east one
dilsla¢inopirang pn darprcﬁfenwnof aalledizen ctahéysto Sube bmltghngfreatcnens are

SR IR P S Al haSCTOR: P)9Rrf, GALURIBE 895 ana

KaBCRNRE; 4. ORBANRECBAOB 391869 WiohIN). var i ous coating
co ositions. Sonme exenglary copol ymers have identica
¥

@lmemw&mgsmpéd thyhylogroups canlbglsymhesizag flam a
rb |k ha
dlha?o %éne as s WI? %tte 1hnlpE1 S%%tl oxé/r as s O\Tzea:l[&ealf%gﬁ Egﬁ"erne C. For

exzﬁh}ﬁlHB], 4@ﬁ(§ry}’éth}l‘1@1‘ll)-11§ dﬂialdrﬁ@ﬁﬂhaﬁn@ adrbigy syathesised ﬁﬁ]rtlng with 2,6-
aralkyl having at |east 10 carbon atons, a hal oal ky

dilgloppplhlene puchss 24-dishlosmnanhthagne, ézvfﬁs;}aw&fequwﬂmwhale from
a a heteroal kyl having at |east
A¢%I Sﬁﬁﬁmﬁi& bgﬁﬁ%ﬁgﬁggﬁyl having at | east 4 carbon
atons, or a conbination thereof. The copol ynmers of
Formula | can be prepared usi ki coupling
reactions as shown in Reagtp Péﬂg A. Pd catal yst A
di hal oacene having two attached S|Iylethyny$ gr oups

(i.e., Ac represents the acene group, ts the
group of for ¢ Si (RaXB,/HoAd X re a hal o)
is initiall dcted w t h-a—dioxaboro h as

bi s(pi nacaf'at 0)di boron to form an a¥ene”conpound

havi ng two di oxaborol ane groups (e.g., 0
t et ramet hyl di oxabor ol ane). The resulting acene

Li

R
H Si-R? S
||?a

$
Si—-R?
||?a

12
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conpound is then reacted with a di hal ot hi ophene

conpound (i.e., X-QX) to formthe copol yner of
wo-0mate6d . The hal o groups in the second reaRCT/UR200H066282

be the sane or different than the halo groups in the

first reaction. Both of these reactions typically take

place in the presence of a palladiumcatalyst such as,

for exanple, [1,1'- bis(diphenyl phosphi(Ro)d.errocene]

di chl or opal | adi um and

tetrakls(trlphapyl)phosph|na)pa I adi un(0) .

al ternative tofReacti o Sgheny

conmpound—eaabei-Rhi ti a

and then react usi (@ couplin cact with
a di hal oacene having two at{pached silytethyn oups.
Suzuki coupling reactions are further descr n the

article by Ito et al., Angew. Chem, pps ., 42,
1159-1 162 (2003) and supporting i nf or n&ti on
referencegefygerein. Stille coupling react i onsSi®an al so
be used to sy \ge3|ze t he copol yners of For al as

shown i n React %fhene B. Reactlon Schene B2 Li 2
Bu3SnCl H-QH( Q glc M@? - SnBu3 n| Bu3sn-Q
' can be |4 set’a

SnBu3 + n nehe co nd
t hen react ¢ tr|alkylstannate su
tributyl Xin ide to forma thiophg nd

substituted Orb tri al kyl st annat egr oups.
resul ti ng,thydphene conpound can then be reagfied in

t he preégﬁé% of a palladiumcatalyst wth a

di hal oacene having two attached silylethynyl $iRolps.
As an alternative to Reaction Scheme B, an acene with

Th@\:&aﬁ @ih@laméldwéfmewaebhyngdﬁzeg rt@aésdih@lnnaa@thanuimbm ebheanilylethynyl
excff Sl GETAEE it o F AR RRRLRE By Al B R
follomedd| tyl rogetiag evich 1B mo@ln@noﬁ@htﬁéqaﬁmb@ neaeu e diyadehyléne
compounds are commercially available. For example, (trimethylsilyl)acetylene,
(triethylsilyl)acetylene, (triisopropylsilyl)acetylene, and (tert-butyldimethylsilyl)acetylene
are available from GFS Chemicals, Columbus, OH. (Dimethylphenylsilyl)acetylene,
(methyldiphenylsilyl)acetylene, and (triphenylsilyl)acetylene are available from Aldrich
Chemical Co., Milwaukee, WI. The resulting diol product can then be converted to the
corresponding aromatic compound by reaction with a reducing agent such as stannous
chloride.

Dihalopentacenes with the halo group in the 2,9 or 2,10 positions can be
synthesized as shown in Reaction Scheme D. The reaction of a halobenzene with
pyromellitic anhydride under typical Friedel-Crafts conditions (e.g., AICl3, which is a
strong Lewis Acid) in an inert solvent or with halobenzene as solvent with heat gives the
two isomeric bis(halobenzoyl)phthalic acids A and B. These isomers can be separated by
fractional recrystallization, chromatography or by differences in solubility. Further

reactions of the individual bis(halobenzoyl)phthalic acids A and B are carried on

separately first by cyclization to the corresponding tetrones C and D using triflic acid

13
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di hal ot hi ophene in the presence of a palladium
catalyst. Stille coupling reactions are further
waelewentdzed in the articles Mller et al, J. OBCT/TR®AT/(66282
60, 6813-6819 (1995) and Katz et al., Ace. Chem Res.,
34, 359- 369 (2001). Di hal oacenes having two
silyl et hynyl gr oups can be synthesized from a
0840

follgvyed) hyaré Holgpiredpantasciss dhindeE wabcoppm berohgdride and

stafPAJRIALGPAR 36 R T A Hon e Ffir BXAIP Wbstitucnt aroups

synt hesi zed starting with 2, 6- dlhalonaphthlene such
as 2, 6-di chl oronaphth comercially
avai l abl e from Apin Cﬂ%%&?grﬁﬂhgﬂeT§Ckfordsh|re UK
Reaction Schene CThe 2, 6-di hal onapht hal ene can be
OX|d|zed to 2, 6- dlhalonaqythaqU|goqg The S|éélethynyl
Qar Qup q@ n be radded by, f m@ﬁ oflaglithia COH | o
o VEr g g;:{lyLaQELyle‘G’] [35 oIhowﬂi_m%!!PLWJ‘D[
regcthl omrs the 2, 6+l Ralghaphddaguixnore” “yani 0ds R3
°silyl dcetyl ene conpounds Rar @ conneﬂﬁlally avd fabl e R3
For exanple, (trinethylsilyl)acety ene, B
(trlethyIS|IyI)aceterne

Iertﬂ?soacnd R3 Q
)acety ne” @@@g@ Bm
:nylsFPﬁh%acetylene R3 O

YIRRNg
(met hyl di phgnyl silyl)acetyl ene, and C
(triphenylsilyl)acetylene are available fromAldrich
Chemi cal R@o Mlvvauigee
afORpan BE Jcon

hal o grod® Pn the®2,R or 2 10 positidiiscan be RS
synt hesi zedBas shown in Reaction Schene D. Phe
reaction of a hal obenzene with pyronel I itic anhydride

s Aci¥fHi n af®i
VENT W T hegt

i soners can be separat ed by

E
R3 O
OOOOO
beosesd .
SnCl,
R3 O
D F

The resulting dihalopentacenes can be reacted to attach two silylethynyl groups using a
method analogous to that shown in Reaction Scheme C. Oxidation of compounds E and F
would give the corresponding quinones G and H respectively. These compounds
compounds could then be converted to derivatives with the silylethynyl groups attached at

the 6 and 13 positions of the pentacene.

14



10

15

20

fractional recrystallization, chromatography or by
differences in solubility. Further reactions of the
w0 pi7aete@l  bi s(hal obenzoyl ) phthalic aci ds A apdI/BSH0E066282
carried on separately first by cyclization to the
corresponding tetrones C and D using triflic
aci df ol | oned by reduction to the desired pentacenes E
and F with sodlun1borohydr|de and stannous chl ori de. SiR),

W i N Reacral on Schene rE. Cxodatlam of conpouwads
and F would give the correspondi ng qui nones G and H
respectively. These conpounds conpounds coul d t hen b&RY,
converted to derivatives with the silylethynyl groups
attachedEat the 6 and 13 positGons of the pentacene. E

H Di br onot hi ophene conpounds of Fornula Ha Ha can be
prepared by brom nation of the correspondi ng thi oph#fie
conpound. That is, the correspond|no thiophene can|»e
reZ ted mnth S 3{0n1nat|-o agént suf
RGTTD myde

pr-pared by rgacting a 3Rﬁ dl°-|0thupphene£MAkQ
noles of a Gignard reagent containing the deS|red ”

al kyl groups followed by a brom nation reaction. Thsi®),
nmethod is further described in the article by Vidal et
al, Chemg Eur. J., 6, 1663-16%3 (2000).

Di hal ot hi eno[ 3, 2- b] t hi ophenes of Formula Ilia

Dibromothiophene compounds of Formula I1a
S

Br‘w Br
R1 R2
ITa

can be prepared by bromination of the corresponding thiophene compound. That is, the
corresponding thiophene can be reacted with a brominating agent such as N-
bromosuccinimide (NBS). For example, a compound of Formula Ila with R1 and R2
equal to alkyl groups can be prepared by reacting a 3,4-dihalothiophene with two moles of
a Grignard reagent containing the desired alkyl groups followed by a bromination reaction.
This method is further described in the article by Vidal et al., Chem. Eur. J., 6, 1663-1673
(2000).

Dihalothieno[3,2-b]thiophenes of Formula Il1a

R1

Br/

| S

Br
s Y
R2

IIa
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Iliacan be prepared by brom nation of the

correspondi ng thieno[ 3, 2-b]thi ophenes. Sone
WO kioenof28q 2- b] t hi ophenes are conmerci al | y avai PEUS2007/066282

from Maybri dge, Cornwall, UK. 3, 6-

di met hyl t hi eno[ 3, 2- b]thiophene is avai |l abl e from

nchem Kassel , Ger many

carpdSPIgPHES A FtRiAaan tzﬁtbit 9W%§B%¢h’é€ thsen@{/%ﬁbéqhw@hmeénﬁome
i e o Herg SRGRUT FORL LRI CORNANTEIC. 3.6
dirﬂé”thy’lgnﬁto[alz b]ﬂﬁbcqﬂlemisacaﬂlm fr&ﬁ Syt 3Sidm 6)281](5 I{éﬁ@ﬂm)}ermany and

2 %@Eal w @P@ﬁ%ﬂ tq%'s? %hyﬁ gﬁ@%%h%ﬁ@? % Wi

Otltle!}'tﬁ@ﬁ’([ [g ’230]%116 lARNEGNER sgl%zhésmed as described in the article by Zhang et

t hi'eno| 2, 3-b] t hi ophene is comercially
al. d\claarﬂoad@Veeufescﬁ’ﬁ Mﬁ(a6331és(aﬂoéﬂ)ohnson Mat hey, Ward Hill,

t hi epo[ 2, 3-b]t hi ophenes can be
pr eP%aZ‘&éll?QP&é hh IR ?%@85@0‘{%%%{\? n to that described
in the article by Cornel ets s Journal of
Het erocycli ¢ Chem strypBr Bd71 (2001).

Li kewi se, di hal oet hyl enedi ophene conpounds of
Formula Va Va can be prepgy{ed by,brom nation of the
correspondi ng ethylenedioxythlopﬁenes The
correspondi ng et hyl enedi oxyt pygphenes can be prepared,
for exanple, by transesterif cative cyclocondensation
carpbe pispered by Rranyinatier ofh¢ eorsespowtling thieneld. Bibdibinehereswdtt
dlnge%ﬁgrlphénoﬁi glbﬁth§olf3%gnea1% cgmg}]egéésl?ngx%ﬂg{)le ffi)‘ng A? APG%? e.‘%lhg%]dn

Maaﬁeyp Wl tenedu. mﬁﬁr@u‘mmﬁied thienol B3 thioplenes can be prepared using
dlsubstltuted t hi gphene can then be di brom nat ed

an a@al@gﬂéls seagHan tp thakdoseiabed 1pithaariels by fswerd 61 gl dp e abe
b@%99 Chg@jg@g& bggoln t%gﬁgg nts. This nethod is

her escr Ie by Ni el son et al,
MVac Lovomties dihek),etlﬁ'&nedlﬁgymm(pﬁaﬁﬁc)ompounds of Formula Va

Va

can be prepared by bromination of the corresponding ethylenedioxythiophenes. The
corresponding ethylenedioxythiophenes can be prepared, for example, by
transesterificative 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 by 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
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The copol yners of Fornula | typically have a wei ght

average nol ecul ar weight of at |east 5,000 g/nole. In
wame/1znhodi nents, the wei ght average nol ecul aPCTER29NT/066282

is atleast 7,000 g/nole, at |east 8,000 g/ nole, at

| east 10,000 g/ nole, at least 12,000 g/ nole or at

| east 15,000 g/ nole. The wei ght averagwﬂnnlecu
leayier, 00 2/mle. BelCasel0 simalcyas it EA00Pemalatat fgst 2, ,000 g/mole or

at lg%sg g ?@b@ %/Iﬁ&gy Thi fwe?g%c g{r;]qu% ¢ thbRchRHf \% hpéantblg%eteﬁmmed using Gel

I'C nateria incr eased using tec
Petanawion iChrdrh@ognaphysuch as addi ti onal preC|p|tat|on

ste hl et extraction. In another aspect
n%i%%%r?cf e q RUTKY 84 he&ape ReTic mafqrtph sary beiapipand Wifg teghniues
kn@xg'@ et 'aﬁ@ﬁ@ﬁ‘@s é&ﬁﬂf&lﬁipﬁ%c@ﬁatﬁﬁr s%r ISoxhlgl.uéxttﬁQﬂlcﬁl

sol vents include, but are not 11 aromati c
s ol \Inem%hesrutsﬂmcaa doglpeeitien idpnydnd thaamstlwdyd; endycrdtahéps acene-
ch as tetra di ox

o o S A RS GO BT A o

ardiidtiRlsbR3AE @ué‘xpzis\’tﬁl'ﬂl%ﬁe , DUEAn8 San@KyRinef @héMs such as tetrahydrofuran and
di chl or onet hane, chlorobenzene and di chl or obenzene;

dicxhrakewnsusichas H@ﬁml mbutahbetamﬂjanderp@thmleethﬂ rk@toeam chéerinated
solx?rﬁf suc%talgl chtﬁgo t’Itﬁ 1|Céﬁl§1{:ogl?]e%agl% rg%‘ee ng%egé{l@ chfl obfe%zene

alke@¢sutiaad C}&:II(ﬂleSﬁieLHihH&lebtfané fh@a@nﬁ@és\(@ﬁéﬁ 5 NASdhﬁdiﬂylformamlde
herein, the term "sol uble" neans the copol yner can be
angy gagshylayrolifloge.s At (et sops qfteracqae- ﬁll%t&}ea@ Fonplymegs of Formula I

arc s%ﬂ{b#eﬁst\g@ster?tbﬁi%ﬁgs %s%@e(}/\ﬁ%rlglgththg %@rﬁle‘r%h&) elﬂ%é/a%?'i av nger can

one copol yners
be dobkaelbed int aysodJ\fenato preaigt a@omﬁomﬂlag béntpies etdnist 0 wegsdtpercent

0.1 wei gh rcent, | east 0.2 percent,
copeyap e aﬁﬁ@mel%@r@éhﬁso uffon; Sque 09331@ Frhaye asalpility of at
leadd0. b?%fghﬁ)é’i@é@ hit l&t@f 6 & Wei Iﬁ‘bellc&?tsﬁt 182908 '29/%1glﬂ’c$'e§c%ﬁi at least
or at least 5 weight percent based on the werght of

0. St\h@ghtqiememo rt lcTHtd woghigsirtdnbns leastr? Wweighisgdcdnd apte@w Jdecight

coat i applicati f the conposjtiaon a
pegfiraets Motk BB bRk SehironcBC sE R aE bk iRk o, %1 6
sur frag @orﬁfaoﬁnér@)ﬁﬁﬁ bk Rs@No %‘r&ﬁﬂé 9 Bd)aﬁm@ grl a@ﬁhca-ﬁbﬁ of the

coating can be applied using any suitable application

competiidrgue aswdtreasich ppio thg surfice of 8 pubpjratesute agurfagsiod a layer in
an %f%@{ré)tﬂg dex%& f’l?eaéoaﬂgg cmg e?pp%g&{lélﬂg an3g LAvBIE application technique
such as, for example, spray coating, spin coating, dip coating, knife coating, gravure
coating, inkjet 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.
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coating, inkjet printing, and transfer printing. The
sol vent can be renoved fromthe coating after

wa@pprizasé on by evaporating under ambi ent condP€T/U8207/066282
(e.g., at about 20 O0C to about 25 0C) or by drying at
an el evated tenperatures such as a tenperature up to
about 200 QC, up to about 150 OC, up to about 120 0C
up tlge Aneeaing descbes e mysntien wremes Genthodimenty foreseas by the

inVZRIYYs R %ﬁch@ﬁ%ﬁ%@ﬁ%@%bﬁ@&%%ﬁ%ﬁ%@ rno%‘tﬁdn% iy RMCD

as pentacene nee acuum osi'ted

insabgneial hiod;ﬂeanmscnfphﬂ ywedtionanet Isesieuﬂy orsseennha@y monetheless
t hese cop rs tend to be stable for at | east

TCREESFRY SAUIG, n@FrteF?out speci al atnospheric protection
and w thout special protection fromlight. In
contrast, polythi ophenes are not stable in solution
and/ or when exposed to ai Exampldsor egoi ng descri bes the
[ ion in termns odi nent s .f or eseen

n th
| S sy o e et TR PG el SBVERS BN ot frther
pudi@itiof Rinfss SBEMIiEOSSteN Hodfint PabodaRgubst ant i al
nodi fi cati ons of the invention, not presently

tetfabwége@nylnk@ypm@fr)eallﬁéw@@),rt@p(ﬂlé§bk¢rldedn$(pallaemlta$o)dlboron 2,5
dlbrgr%ot%goghe %HE b %Sdlﬁ‘llro d)fl?&eﬂﬁl%%)%&lre%ve?g ?ﬁ%ﬁgs%g flfO{’IPmdl‘lCh

ces an

(MﬁlWaufzée(; T Q@LIQUA$SS 361 phast sansTot Edalysoy @mesquamlaﬁn ahe,
etraki s(tri phenyl phosphi ne) pal I adi unm(0), })1
[1, éhbléqqq&)@nyl@hgqpamsp BpPeé]leMlﬁh oiepaldigm gornplex w1th dlC loromethane

oL AR HLRPRERAe RISk PSR RN DL SRS
pulmhmd ftonaGFSarheoatAd (Silymbuns, KDH)yIdelahds‘lanmnetraﬂyzﬂroﬁJran (THF)
I -bi s en no) f errocene] di chl or opal | adi
We[‘ﬁ @é‘ﬁlﬂﬂdlé%? wﬂ ytf i gﬁ&w{l&éﬁ@m&é%e%%% MRS o
pubighal pfo%\@éhge“smbﬂo\%) and triisopropylsilylacetyl ene
was purchased from G-S Chem cal s (Col unbus, OH),

Hex a@dlhrminctaathrawtdnmmm@mel(airddFﬁromomnuhrcsalily vedable &r6-
iar Odé]agl ra(irlﬂgorfe (glgrna Kﬁirlch?as gflbn%tbe rII‘[oaétSa n gewp "R ?nq Ed,
42, 1159-1162 (2003). After sublimation, it was further purified by recrystallization from
DMF.
2,5-dibromo-3,4-dihexylthiophene was prepared from commercially available 3,4-
dibromothiophene (Alfa Aesar) as described by Vidal et al., Chem. Eur. J., 6, 1663-1673
(2000).
2,5-Dibromo-3,4-cthylenedioxythiophene was prepared from commercially
available 3,4-ethylenedioxythiophene (EDOT, Bayer, Leverkusen, Germany) as described
by Sotzing et al., Chem. Mater., 8, 882-889 (1996).
2,5-Dibromo-3,6-dinonylthieno[3,2-b]thiophene was prepared by bromination of
3,6-dinonylthieno[3,2-b]thiophene using N-bromosuccinimide. 3,6-Dinonylthieno[3,2-
b]thiophene was obtained from 3,4-dibromothiophene in a multistep synthesis as described

by Zhang et al., J. Macromolecules, 37, 6306-6315 (2004).
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publ i shed procedures as foll ows:
2, 6- di br onoant hr aqui none was prepared from
weomgees@l |y avail abl e 2, 6- di am noant hr aqui NBEIEUS2007/066282
(Sigma Aldrich) as described by Ito et al., Angew.
Chem Int. Ed., 42, 1159-1 162 (2003). After

sublimation, it was further purified by )
r ec V18 PEICPTseR Pons-f4bmdekramethyl-1,3,2-dioxaborolan-2-y1)-9,10-bis-

AT . Chi o fr
B R AN i Schome 1. s
deskeibad )n Rrspadewecy Ekeadplby 1 ¥adl2al et al., Chem Eur. J., 6,
1663- 1673 (2000).
2, 5- Di br ono- 3, 4- et hyl enedi oxyt hi ophene was prepared
fromcomrerci al ly avai RaRlifonScheflely! enedi oxyt hi ophene
(EDOT, Bayer, Leverkusen, CGermany) as described by
Sotzing et al., Chem Mater., 8, 882-889 (1996
2,5-Di brono-3,6-dinonylthieno[3,2-b]thiophen§>£%;<:
prepared by brom nati on of
3, 6-di nonyl t hi eno[ 3, 2- b] t hi ophene usi ng Il

N- br onpsudici Qi ngde. 3, 6-Di nonyl t hieno[3,2- b t@Lopneng
was o romﬁ,A;di_ onot KiBaphene in a[:]:Iti‘p
SY N @ descri bed B@Jr&hangmen;n&l ., Jare N

Macr onol ecul es, 37, 6306-63 15 (2004). The precuisor
2,6-bis-(4,4,5 5-tetranmethyl -1, 3, 2-di oxabor ol an b- l) -
9, 10-bis- [(triisopropylsilyl)ethynyl]anthrac ‘%és
synt hesi zed according to Reaction Schene 1, ds
described in Preparatory Exanples 1 and 2. Reaction
Sche 1 Preparatory Exanple 1 - Synthesis of

2, -g§6r mo- 9, 10-bi s[(triisopropylsilyl)- ethth(]
ant T e Triisopropylsilylacetylene (12.32 Si
mmol ) jland dry hexane (140 nL) were added undér 3
nitroJen bl anket to_an oven-dried round bottom fil ask

Blithiu 9@;&@' he&sasier). 14. 5
added+dr op.ge dry nitroge
Br O«

I 7;5’
>~ j@ }i<

.5

Preparatory Example 1 - Synthesis of 2,6-dibromo-9,10-bis[(triisopropylsilyl)-
ethynyl]anthracene

Triisopropylsilylacetylene (12.32 g, 67.5 mmol) and dry hexane (140 mL) were
added under a dry nitrogen blanket to an oven-dried round bottom flask (1 L). Butyl
lithium (2.7 M in hexane, 14.5 mL, 39.2 mmol) was added dropwise under dry nitrogen
through a syringe to the mixture. The mixture was stirred at room temperature for 2 hours.
To this colorless solution, dry THF (300 mL) and 2,6-dibromoanthraquinone (5.49 g, 15.0
mmol) were added under dry nitrogen. The solution turned red immediately and the 2,6-
dibromoanthraquininone dissolved in minutes. The mixture was stirred at room

temperature overnight and the solution became dark red. Deionized (DI) water (6.0 mL)
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through a syringe to the mxture. The m xture was
stirred at roomtenperature for 2 hours. To this
W@ oloontess sol ution, dry THF (300 nL) and PCT/US2007/066282
2, 6-di br onpant hr aqui none (5.49 g, 15.0 mml) were
added under dry nitrogen. The solution turned red
innediatelr and the 2, 6- dibronoant hraqui ni none
N

wag pddsgh the@olon changgt ée lightied, and ey iatopaeciiate arngased. Fiodhh
chbBIPALGIE Qo BRI LIANSS S 150 WL SEBATF S HSn added. The
mlx:ﬂllﬁm\ges:ihdaﬂadl tb @thC rfex haurd aad thieh tceolpdi &‘Clropnt tatn@crature. The solvent
Ti | hi . 42. 6 1) i .
‘”fg m{a%o ap)g@f}%f’é @%1@85‘08 r’inlm)a‘gast oidpd %@@&f@ﬁ%‘vhlch
Wag]tﬁghté&ﬁaé’@d; wli'tﬁ"l‘iteﬁglet @O@Q)LOQSfrqfhe 2chONSS1LRBH wWal$Mshed with DI

cooled to roomtenperature he sol vent was renoved by
wataptuatihneeral brwas @mcetmtatadeetndrpu(‘lﬁeﬁ thrbyghvasolamid etironmtegrephy

it Bl e T3) o PR LOTASHA e Nezo oy e o

thd}ﬁ*ﬁ&do@' 'H NMMOQ\@HQ e@lDCQ? %@QQ TN 8‘02%1 1 fpﬂg'@ Hz), 8.431-
col utm chr omat ogr a 7569‘8( i ca / hexane

Rf
8.4A4 i Jht) “y%BIHﬂ)ﬂS &5 2y, y|83$ Hz, B?%OHE)SI 259 (s, 36H),
t d as the product 1H NMR (400 MHz, CDCI3) . d
LAY ERES. % 505 (d, 2H, J = 2.0 Hz), 8.431- 8.454 (d,
2H 3 =8.8 Hp), 7.647-7.674 (dd, 2H I =88 He, J =

0 Hz), 1.259 (s, 36H), Lf I—? Ioar atory
Prmﬁtg@ Ez&ampj,g,ﬁt- t$é(§‘§h§51§,pf 2 6-bls (4,4,5,5- rarnethy 1,3,2- dloxaborolan 2-

v, fo-BisRptitoritom At R AR M e 2 0 oxapor o) a2
2 6 2dhi-dibrmm-9,1 Dbidh| (ﬁilﬁdﬁrnp};lﬁbiﬂ))eg?ylb]ﬂaﬂtl{dg%fﬁtef(y'ﬁ;lﬁ kanht mimol)
e
from ﬁf@gﬁlﬁg\ fZ“i"%‘gBch}p g’é mwceﬂatf?g@ogon E‘?} @ r%ErTlmE%@OlAC (2.940

g, %030 grﬂlgolg and @Pftlgm@mL?Qgre%ge& 1909258 i ‘ﬁﬁﬂ@u&féﬁ B8edtrogen. A

| ask under dry nitrogen. A yell
yeldoV selinoon vmth Isumaqb@riﬁ@dc K@A®barscdo Ehaswedlsm'meas degassed to

e SRR, Qo T SR s a e kR G Rslis SR Maipy 0.205
g) Waf ther Q8d @) uniRs diyheo RAdERe s0M6tedn WFded rddg@IEb mii@e was stirred

solution turned orange. The mi xture was stirred at 70
at YOG o 33layagrd thael codledhtociopmetamperatiso i wWeaspashed grith DI water

(ld’balﬁLv@f)rh%g d\Hiea BVQ' M&%E "The solvent was removed by rotary evaporation. The
solid residue was purified by column chromatography (silica gel, CHCl3) and
recrystallized from ethyl acetate. Orange needle crystals were obtained (3.20 g, yield 55%)
as the product. '"H NMR (400 MHz, CDCls). & ppm 9.250-9.254 (dd, 2H, J= 0.8 Hz, J =
0.8 Hz), 8.579-8.603 (dd, 2H, J = 8.8 Hz, ] = 0.8 Hz), 7.901-7.926 (dd, 2H, J=8.8 Hz, J =
1.2 Hz), 1.384 (s, 24H), 1.288 (s, 36H), 1.279 (s, 6H).

The precursor 2,6-bis-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl1)-9,10-bis-

[(trimethylsilyl)ethynyl]anthracene was synthesized according to Reaction Scheme 2, as

described in Preparatory Examples 3 and 4.
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(100 m. x 3) and dried over MySO . The sol vent was

renoved by rotary evaporation. The solid residue was
w@enorfizees by col unm chromat ography (silica gel PCTZHEI08)/066282

and recrystallized fromethyl acetate. Orange needl e

crystals were obtained (3.20 g, yield 55% as the

product. 1H NWVR (400 NPE CDA 3) . d ppm 9. 250-9. 254

(dd, 2H, J = O 8 Hz, = 0.8 Hz), 8.579-8.603 (dd, 2H,

J =88 Hz, J=0.8H 6 (dd, 2H, J 8.8

H, J = 1.2 Hz), 1. 384%“1"’ %}‘zm%%zss (s, 36H), 1.279

(s, 6H). The precursor |

2,6-bis-(4,4,5 5-tetranmethyl -1, 3, 2-di oxabor ol am$2=yl ) -

9, 10- bi s- [(trinethylsiIyI)ethynyI]anthracene

o as

2, 6di 5, 10- bls[(trl nethy|ss,”F'Fyﬂojethy yIT-
anthracen8 TrlnethyIS|IyIaceterne (13.51 g, 13
mmol ) and dry hexane (300 rnL) were charged to 4
oven-dried round bottomflask ( 1 L) under dry |
nitrogen. Butyl lithium (2.7 Min hexane, 46.3 ni,
125. 1 nmmol) was added dropw se under dry nitrogen
througir a syringe with water bath cooling. A white
precipitate appeared i nmedi ately. The m xture was
stirrgd at roomtenperature for 2 hours. It wasl[t hen O’%QL
dded N o Smspen3|§j1%£ 2 dNﬁ@ﬂMﬁanthraoU|n 8

[ ‘ Al of th SO|IdS di ssol ved £
addi tfjon and a dark red sol ution mas'égiggned.
preci pitate appeared after about 1 houy. The rejgction
mxhﬁvvmssﬂrrmim roomtenperature for 16 _hours.
DI water (10.0 nlL) was added and a white precipitate
appeared. Tin (lI1) chloride (22.8 g, 120 mmol) in HC
(50 m, 6 h@ aqueous sol ution was then added. The

PSS S0 - MR GRS g

anthodcamegy evapor ati on. The resi due was washed with water

.5

_|3

nd Trimethylsilylacetylene (13.51 g, 137.5 mmol) and dry hexane (300 mL) were
charged to an oven-dried round bottom flask (1 L) under dry nitrogen. Butyl lithium (2.7
M in hexane, 46.3 mL, 125.1 mmol) was added dropwise under dry nitrogen through a
syringe with water bath cooling. A white precipitate appeared immediately. The mixture
was stirred at room temperature for 2 hours. It was then added to a suspension of 2,6-
dibromoanthraquinone (18.30 g, 50.0 mmol) in dry THF (600 mL) under dry nitrogen. All
of the solids dissolved after the addition and a dark red solution was obtained. A
precipitate appeared after about 1 hour. The reaction mixture was stirred at room
temperature for 16 hours. DI water (10.0 mL) was added and a white precipitate appeared.
Tin (II) chloride (22.8 g, 120 mmol) in HCI (50 mL, 6 M) aqueous solution was then
added. The mixture was heated to 70 °C for 2 hours and then cooled to room temperature.
The solvent was removed by rotary evaporation. The residue was washed with water and

then extracted with warm CHCl; (300 mL). After removal of the CHCI; solvent, the
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then extracted with warm CHC 3 (300 nL). After renoval
of the CHO 3 solvent, theresidue was recrystallized

WO e@mi12I@ 3. An orange solid (22.1 g, yield 84P4T/W82907/066282
obt ai ned as the product. 1H NWMR (400 MHz, CDCI3) . d
ppm 9. 061-9. 100 (d 2H J= 2.4 Hz), 8.757-8.812 (d
2H, J= 9.2 Hz) 030-8.091 (dd, 2H, J= 9.2 Hz, J=

respe way rmstﬂlgzedlﬁmp CH b pAR aFesE§ S@@h@al leg, gicld %9%0 Hes pétamed

f it t [ l_a
os ool PR B0 MILECIRCR) B o 0 o Bl dnaPa o
8.737 &5 fli2nid phid;- B 90- iz )s B OB 0808t Hgtdl, SZH yII% @R Ay E] 22t Hiay, Hc8H (s,
(5.284 g, 10.0 mmol ) from Preparatory Exanple 3,
18ﬁ?-s(pinacollato)diboron (5.587 g, 22.0 mmmol ), KOAc
(2.454 g, 25.0 mmol ), and [1,1
" - Dbi s(di phenyl phosphi no) f errocene] di chl or opal | adi um
Prémratdy dxample 4c iSanthess 062.4- 8504 4D, SFetrskethyb &8, 2ddipxaborolan-2-

Af t eqgass under dry nitrogen using a
YD%thE%ﬁGF 3ﬁ%b€)gﬁﬁyﬁﬁg%fﬁff masyadded ?hrough g
SYr pIW@ibrotdianb tﬁﬁ@lnﬁfétuﬂgﬂ&}[)emyﬁﬁ]awﬁ@&a@ 351 2K0AC1 (M@ Hmol)

obtal ned. The mixture was stirred at for 4 days

frogmirepsretory Betraple 3o bistomace Batp iskikaron €. 58’/[ g moedle RE¥AC (2.454

%%8 %n% an Egﬁ)g?eédléepg{faﬂo%%fnogﬁ l6rcee eécgnl%lgro#)alll%’\cﬁ‘u (O.%73 2)

wehS ﬂﬁfgeﬂl t6 adm Inﬂg fladkt ungas d@uﬁuré god Aﬁer dogssiap hhidraty afirogen
under 1.5 x Torr while keeping the source zone at

using g Sgkieak an%éiﬁf F HF @ ghalarvasgddedahroyghsrsyHgec. sdidpek igg solution
7

wARARE K oM e AR AR RSy ) LB e

coal}lzétc&.oém;lzmpergggﬁﬂg ga5§i:|1dénkd:d by Hotady evaBorhtiblz gnd] then Podred into

DI W%@ég?iﬂﬁﬂ c Pfec(lalaafe pas C(i%fiqjed bmﬂﬁéﬁ% téf}e'é aﬁgrzf}ii%& it was

puﬁﬁ@(ﬁ)}b %he%ﬁluﬂﬁ% ﬁtﬁie?l’ Bthest 26 Wil AR IH BRREDENe at 250
copolyners of Exanples 1I-5, as shown in Reaction

°C 8ot e¢mra3201ﬁsaad90 0. Soemec3thé was oQaied € bitp guyidsl 2686)ens

g oI 0 K R kg RO e T{ il le! 2,78 iz = 0.4 1),

8.595% stigqe oy i -ophene JEExamMRh.e7 $)8-7.902 (dd, 2H, T = 8.4 Hz, ] = 1.2 Hz),
1.406 (s, 24H), 0.447 (s, 18H).

The Suzuki coupling reaction was used to synthesize the acene-thiophene

copolymers of Examples 1-5, as shown in Reaction Scheme 3.

Reaction Scheme 3

Y—<

OOOKOH% OOO&*

||
A<
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2, 5-di br ono- 3- hexyl t hi ophene (Exanple 4), and
2, 5-di brono- 3, 6-di nonyl -t hi eno[ 3, 2- b]thi ophene

w@ Evoanpd2es 5) . Exanple 1 - Synthesis of PCT/US2007/066282
pol y( 3, 4-di hexyl -2, 5-t hi ophene- a/-9, 10-bi s-
[(triisopropylsilyl)ethynyl]-2,6-anthracene) A 250 niL
Schl enk flask was charged wth

Tho Be-QyiBs compauisls suereg f Fipr-3.p-dghexylthiophene (Example 1), 2,5-

dib?ééﬁ?%bﬂétﬂkl%ﬂéﬁjo%%fogl:ﬁ%.(gﬁﬁnéml ' SORIRARb RIS e 3),

nt hf acene
2,52di5raﬂ1i1d38 tienylthidphetnb Exynific dphed 2, 5(d@bibaib-86-dndng1-tiedo)f3,2-
0 ar bon (2.65 g, 25.0 nmol), ALI QUAT 336 (1.0
b]tgﬁ %}}64 F‘Pri‘l%]&%&)at (10 nL), and tol uene (100 ni). The
m xture was degassed three tinmes under nitrogen using
a Schlenk line to renove oxygen.

Examplaki §y11thi3qrbheﬁmly(Bdsqﬁhbxbé%thiqmeuw@Gw [@bik25 g,
t0.. 10 mm.b) ??s %@ added under a dry nitrogen flow
[(trapoRE PP ey e aiBF R )ne, the mixture was stirred
undey 25 MLNchIcAR ERsietvaPbhable df with 73-01914,8 5 sLietri@sthinen 2-
cooled to roomtenperature. The red tol'uene sol ution

dlqmbofgbpaﬂ“ﬁlt)@dl Oabld[(mméd)mﬂb’ﬁemb’nmléﬁa‘(@§©3 A9 g, 894 mmol),
2,3 (‘ilb%"o’an%} Refp bl RpRt @ DT RYS T4HASS: '\%o%lfnfgqgh hats (5 250

mrﬂd)ngﬁHQIl@JAiT 13B6(NQ g) Eh@lllree Gvalpdr€ C0 pilh) odnel twlasnecalob eﬂi;)eafhe
by filtration and was then washed with MeCH (via
mixigigvat degrised EiPoHNCs yadep aitrpggh gsing 2 Sehlegly Ihp%l tqrgmyze gxygen.

T I S e
dry2ddjrogéh Bidw 8Aff&r delassintdne nford time, &hé rhilatyre ﬁ/}a& stiﬁecﬁlﬁhd&r Oy

nit%%%@ aéf;&"g Ebé%g hgp,BGSS IT(B?('%F% c%alg'd @ﬂ?ﬁé@ﬁn era‘scure 'FRe red toluene
sol[ﬁﬁd)ﬁ/ (v3s &p @Fa%d a%ﬁe\gdsﬁ&y whh @Itvtﬁt&{{h SO&L 23y, %t 37\915 l%e% ﬁltered to

(trii sopropy silyl)ethynyl]-2, 6- anthracene)
ren8ovel teacks 61 swbid imasrityhdhgBtratd whs added to MeOH (350 rnL) Wlth vigorous

sigingo RS FHIPHIBIGH § ot Re Sy i angogpyhan vghpdigiyeoH
(vih Kexi1bf &&@BEo) ForobPhdirs. A R4 sBN®L3.53 g, yield: 89%) was obtained as the
product. Mw = 36,300 g/mol. '"H NMR (400 MHz, CDCl3). § ppm 8.81-8.90 (br, 2H),
8.61-8.76 (br, 2H), 7.71-7.87 (br, 2H), 2.68-3.05 (br, 4H), 1.46-1.63 (br, 4H), 1.09-1.40
(br, 54H), 0.69-0.84 (br, 6H).

Example 2 - Synthesis of poly(3,4-ethylenedioxy-2,5-thiophene-a/t-9,10-bis-
[(triisopropylsilyl)ethynyl]-2,6-anthracenc)

A 250 mL Schlenk flask was charged with 2,6-bis-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl1)-9,10-bis-[(triisopropylsilyl)ethynyl]anthracene (1.552 g, 2.00 mmol),
2,5-dibromo-3,4-cthylenedioxythiophene (0.600 g, 2.00 mmol), sodium carbonate (1.060
g, 10.0 mmol), ALIQUAT 336 (0.241 g), distilled water (10 mL), and toluene (100 mL).
The mixture was degassed three times under nitrogen using a Schlenk line to remove
oxygen. Tetrakis(triphenylphosphine)palladium(0) (0.025 g, 0.02 mmol) was then added

under dry nitrogen flow. After degassing one more time, the mixture was stirred under dry
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2, 5-di br ono- 3, 4- et hyl enedi oxyt hi ophene (0.600 g, 2.00
mol ), sodi um carbonate (1.060 g, 10.0 mmol ), ALI QUAT

W2 7(012841 g), distilled water (10 nmL), and tRCT/ESZ07/066282
(100 mL). The m xture was degassed three tinmes under
nitrogen using a Schlenk line to renove oxygen

Tetrakls{trlphenylphosphlne)palladlun(O) (0.0
nitpegp akfh |G faidé hopesn Tadid ¢ap Higesoralyincki add gl if 15'(‘9% -(4,4,5,5-

G ST IS TR0 f R RSBV IS 001

g) tvheaddedpfoyioerd 2adiiduﬁs!lamralby Zothobesze(d (15 MI5- The solution was

st HRURE O B YIS F 0Py RS R Fheieliae 1duoms vy
sepiRicPAREHashE@ I\KJI‘L(BWdetél‘ N8YMsL k%? 9t whY tHeh PIRRENE 8&Rove traces of

(0.5 nmL). The solution was stirred another 24 hours
solmmmmmy ddhetfdtrato ovms addquleo de®H.(3 The L) elithengorswdlystimmg. The

roq RSN i MR BTG o R i@ty Pyt i soxhier
extrAtRI6h) fo¥ 24 TBErsf Alrtd 1R (W@S 2GRed abproiRidtly3D0%ITMas Whiathed as

vigorously stirring. The ed preci pitate was col |l ected

thetyrodudt tMat+ il)hO%Q/nwés H NMR MH%HZWDIQWE@PI@&% -9.30 (br, 2H),
f h
s S B pfﬁ%tg O 25y 2NN B AT 5423014 fy (i O

OXi~Ima

product = 11, OOO g/nDI 1H NVR (400 N+E CDd 3)

d ppm 8. 91 9. 30 (br, 2H), 49-8.91 (br

Example § - Synthegis ofngly( é-tfmp@ewakfﬁplo m[)(tru@piezlﬁsﬂy@et@myl] -2,6-
anééﬁ% QExaane 3 - Synthesis of poly(2,5-thiophene- a/

-9, %-bis[(triisopropylsiIyI)ethynyI]-2,6- ant hr acene)

A Sah$ehidakfflaak KZf(OZrﬁD) why cheagedclal §®dbivw(4,4,5,5-tetramethyl-1,3,2-

2, 6-bj s- et r anet

dickybgealg sy . B Ui ftrgsor@p@/?%llpf'>%ﬁh§ﬁémf5ﬁgﬂn§ (939888 5A moD),

2 Sl-ﬁﬂﬁd?ﬁd'%ﬁl%ﬁﬁen@z() 3888, @50 ng’(Q) @H@llu}n carbonate (0.265 g, 2.50 mmol),
br onot hi ophenie (0. 121 mmol ), sodi um

AIdQUJ’dﬁ adee((( U,S@Sdlgf,ﬂlezi ﬁﬂem@uhL) ami_tc(ljuﬁé (3®61L()0 The h8xture was

defibiscihBoinS GofeThod Pl a S i TR abonai g

TeRalS§(igRKylbh hhfé LA S)) @86-¢, 0.01 mmol) was then added under d
Tetraﬁﬁg(¥?|gﬁénylihosphf%§¥palﬁadlun(O))(O 016 g, Y

nitpgon flawe Aftendegasiemoraiaer timedhe aixfuisiwassgead findsk,dry nitrogen
at %ﬁ]‘tﬁ;or sgl%ﬁflsst ngéag %801%8 to rotoh{%mp%&‘?m%” 'I(ﬁeutreﬁ tdtiShe™ stoh{tloﬁ@vas

separated and washed with DI water (150 mL x 3). It was then filtered to remove traces of
solid impurity. The filtrate was added to MeOH (200 mL) with vigorously stirring. The
red precipitate was collected by filtration and was then washed with MeOH (via Soxhlet
extraction) for 24 hours. A red solid (0.28 g, yield: 91%) was obtained as the product. Mw
= 8,500 g/mol. "H NMR (400 MHz, CDCl5). 3 ppm 8.10-9.00(br, 4H), 7.50-8.00 (br, 2H),
7.00-7.50 (br, 2H), 0.93-1.96 (br, 42H).

Example 4 - Synthesis of poly(3-hexyl-2,5-thiophene-alt-9,10-bis[(triisopropylsilyl)-
ethynyl]-2,6-anthracene)

A 250 mL Schlenk flask was charged with 2,6-bis-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-9,10-bis[(triisopropylsilyl)ethynyl]anthracene (1.552 g, 2.00 mmol),
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at 90 OC for 48 hours. It was cooled to room

tenperature. The red tol uene sol uti on was separated
waow7mzaehed with DI water (150 mL x 3). It wasP@ES2007/066282

filtered to renove traces of solid inmpurity. The

filtrate was added to MeOH (200 nmL) with vigorously

stirrin ipitate was col |l ected

) . The red preci ) by
2, Sdibrarag 3 i erhionhes {637 SaMbama, hodipmatbpnale ShQRd &t 10.0

R AAO0) 01036 DU Rl 1 M,
midivR §40de iz d tICBRCHBiks undbr dpmi8ogéhr iflD4 BehlerH)ine to remove

oneshy Toisdyumbens hdsy hinage fadign(0}(0.086%: 0.62 Rl 22 f2h added

undQ d¥§0 ﬁftl%gté% hog: @ﬂ%p&%slszrif%eglie?@ore time, the mixture was stirred under dry

-9, 10- bi tritsopro
niteghy aty9(q “Qfos 48 mbhrsa deliétjonal 26disr(4,456 Hemkméthgsk 3Ras

dici 65 . B- it gy BB (9 01t wipngided and
the] reidtioh a€RREred £5293 Hdurs? afPfollowed with the addition of broglobenzene (80

mmol ), 2, 5-di br onp- 3- hexyl t hi ophene (0. 652 8, 2.0
nLrradrplitesdd i herreeatigomagtere (Waseoed anatier@4apfl poolad faQigam

3 0.241 d) istilled water L an | uen
g fAC RO R Bl Pl AP R 00 miL.

4).df yadrihth Ggerd s tongova taekd eslill impurit9. TRBMAtcOXMIDAcentrated
Tetraki s(triphenyl ghosphi ne) pal | adi un(0) (0.030 g,
andadslzd iorhl OREOG REhWE aEspritdietirtRg: Terrdgeaipitpiswyas collected
; i : LB, ) ‘ :
o S on RS RSO MROR AL P 4 6 A o
sol] @-1i & -y{eld 48884 bwisadbtanet dxythe pro@p@: Mw = 11,600 g/mol. "H NMR (400

M R G o b S GPT . St ARG Tt et F Aot Gh ] be-8.01
(br?lﬁ% refh 7 86 (Q@lf—‘lﬁ Ut 5.7 85 Q’brf @H?,F’X\.@Qj-3\’t4'3t(_‘arr,t2@ﬁ, ﬁ@@“:lt.é@('ar, 2H),
of bronmobenzene (80 nmL (mcroliter)). The reaction

1.0 kS cte, 4F), 8171l {0 ¥(bandher 24h and cooled to room
tenperature. The red tol uene sol uti on was separat ed

and washed with DI water (100 nmL x 4). It was then

Exhidpl@s edyhtedieomyy BiagiasnAl2, selitkb[3 nihidphend BR-9,10-bis-
fi Ip?rat e_yvvas concen(?r ated }gnd addecg ?ngb(gﬂ (300 ni)
[(tipsenrony aibrlistsinyl]s3.o-enthragencdhe red preci pi tate was

col LR oLl VAEt LR 5i RSP RS SCg PR
dioxaborolan-2-yl)-9,10-bis[(triisopropylsilyl)ethynyl]anthracene (0.233 g, 0.30 mmol),
2,5-dibromo-3,6-dinonyl-thieno[3,2-b]thiophene (0.165 g, 0.30 mmol), sodium carbonate
(0.159 g, 1.5 mmol), ALIQUAT 336 (0.096 g), distilled water (1.5 mL), and toluene (30
mL). The mixture was degassed three times under dry nitrogen using a Schlenk line to
remove oxygen. Tetrakis(triphenylphosphine)palladium(0) (0.009 g) was then added under
dry nitrogen flow. After degassing one more time, the mixture was stirred under dry
nitrogen at 90 °C for 45 hours. It was cooled to room temperature. The red toluene
solution was separated and washed with DI water (100 mL X 3). It was then filtered to
remove traces of solid impurity. The filtrate was concentrated and added to MeOH (200
mL) with vigorously stirring. The red precipitate was collected by filtration and was then

washed with MeOH (via Soxhlet extraction) for 24 h. A red solid (0.105 g, yield: 38%)
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solid (1.24 g, yield: 88% was obtained as the

product. Mwv = 11,600 g/nol. 1H NMR (400 MHz, CDC 3) .
wael2ppmees89-9. 06 (br, IH), 8.78-8.87 (br, |H),PCT/US2007/066282

8.62-8.74 (br, 2H), 7.88-8.01 (br, IH), 7.74-7.86 (br,

IH, 7.52-7.65 (br, IH), 2.82-3.03 (br, 2H), 1.69-1.84

(br, 2H), 1.08-1.50 (br 48I—9, 0.71-0.90 (br, 3H).
wagRbigpIcd a5 the pgdchedivg 53,100 g/mol. "H NMR (400 MHz, CDCls). & ppm

gﬁgé%%@qgf‘zﬁj ROAYd 7762 3HD), 8L Po2 (k] A, 9PREN7 (8 4H), 1.68-2.00

(brf 4Hy,11.6836p50 Pyl 66H ) 0)6StM9ghr] 612). 6- ant hr acene) A 100 nL
Schl enk flask was charged with
2,6-bis-(4,4,5 5-tetranmethyl -1, 3, 2-
di 0XRERANERoFsile)o bRk Shdd ol MBLAPIE b4l AU
] ant hr acene (0. 2§3 g, 0.30 mmol);
coplpmdislof dramBles 6 dind Gngd shohvinen BledgtRnlfjchlinoghene (0. 165
g, 0.30 mml ), sodium carbonate (0.159 g, 1.5 mmol),
ALI QUAT 336 (0.096 g), distilled water (1.5 nL), and
toluene (30 nmL). The nR¥idion Sehemdagassed three tines
under dry nitrogen using a Schlenk line to renove
oxygen. Tetraki s(trdilphenyl phosphi ne) palladi un(0)
(0.009 g) was then 3 ded upder dry nitfogen flow.
After degassing one re?f%tﬁe, the m xfure was stirred
under dry nitrog "UC For®45 @g‘ﬁ twas
cooled to r ) re. The réoxottefie sol ution
was separate d hed with DI water| (100 nL x 3).
It was then filtered to renove traces_gf solid
impurity. The filtrate was concentratetl and added to
MeOH (200 nmL) with vigorously stirring. The red
precipitate was col |l ect.ed by filtration and was then
Th Be{Br GPRROWKISM < £-a-Ghsomoat -4k enediogmihiqnhene Exgmpe 6) and
g j . 738% was obt ai ned as the
2’5[)‘?? s %&%ﬂiﬁ%eg%mga/%ﬁ? tidve (400 Mz, CDOl 3)
d ppm 8.78-8.95 (br, 2H), 8.54-8.77 (br, 2H),
38

7.70-7.97 (br a2 B8-3. 1 r, 4l 1. 68; 0 (br,
Exjiple 4 3o ?%%0%@?1?(3é%ﬁ?yl%e.-ééf-fﬁ?@ah@bi@nem-?3Q%és-(
[(tr%‘ﬂétl%l'silﬂgét iylP2 bemdirh@icyas used to synthesize the

acene-thi ophene copol yners of Exanples 6 and 7, as

shownl Q0nmRewblenk flascwanehatgedreitle £.0dns-8bheé petetramethyl-1,3,2-
dioxaborolan-2-yl)-9,10-bis[(trimethylsilyl)ethynyl]anthracene (0.150 g, 0.241 mmol),
2,5-dibromo-3,4-cthylenedioxythiophene (0.072 g, 0.241 mmol), sodium carbonate (0.128

g, 1.20 mmol), ALIQUAT 336 (0.050 g), distilled water (1.0 mL), and toluene (250 mL).

The mixture was degassed three times under nitrogen using a Schlenk line to remove
oxygen. Tetrakis(triphenylphosphine)palladium(0) (0.005 g, 0.004 mmol) was then added
under a dry nitrogen flow. After degassing one more time, the mixture was stirred under
dry nitrogen at 90 °C for 72 hours. A dark red precipitate appeared and was collected by
filtration as product (0.12 g, yield: approximately 100%).

Example 7 - Synthesis of poly(3-hexyl-2,5-thiophene-al/t-9,10-bis[(trimethylsilyl)-
ethynyl]-2,6-anthracene)
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The Br-Q Br conpounds were

2, 5-di br ono- 3, 4- et hyl enedi oxyt hi ophene (Exanple 6) and
wWQ2®7d24250©n0- 3- hexyl t hi ophene (Exanple 7). Exap@li/eSBy07/066282

Synt hesi s of poly(3,4-ethylene-2,5-dioxythiophene-

al/ -9, 10- bi s- [(trinethylsilyl)ethynyl] , 6-ant hracene)

A 100 nL Schlenk flask was charged w

2, 6Ab]r()°0_r(1h Sghignk flagh wamaﬁqu_wltkg2 9- blS(4 4 ,5,5-tetramethyl-1,3,2-

r I h

dlot‘?;h?aa%gfe%ﬁe? 18@1@0%5[?0%%@%9 rﬁ%’ rgy’fn&ﬂﬁ{tﬂ%kéie @'156%My B Lo,
2,52dibraahhds B -dwewylthidphend Y. @Tiegli 0dd/it himo pheriéurg QaibéRatg (0. 02 24,11 .20

mmly %@@E‘gjf 3)’56 f@{)‘?ﬁo B atr@a 1%%%&8“ ?110 @lfmnd ta{‘een? @LS %’ﬁhe

mik@ROwMdegaddlg tlﬁb&lh’l@?uﬂ@é nfﬁ%@ﬁ sedstihkfelitd t'g‘:%§m59éj§>[ygen

ni trogen u3|ng to renove oxyge
Teffétw(akplﬁ(lylphpﬂphmbmﬁa@pm(@l)dp AP Iga8i004ntroNol| @a@ﬂ‘@ngdded under a

0..004 | ) S en added under ,a dry nitrogen, fl ow.
arsgipgre g ARG BRS heaE v HE gt SEERL eI e
nitkbpdREt O IC Rirt72 QB8R AtdaBOrddpré@pitafappRbifcd andwdd blldcRd by

preci pitate appeared and was collected by filtration

ﬁlt%lOpra@@tnﬂmc((@ 1B, giclg/japprpxinagplyoObmt el y 1009 .

Exanple 7 - Synthesis of poly(3-hexyl-2,5-thi ophene-

al -9,10-bis[(trinmethylsilyl)- ethynyl]

-2, 6-anthracene) A 100 ni L Schl enk flask was charged

with 2,6-bis(4,4,5 5-tetranethyl-1, 3, 2-

di oxaborol an-2-yl)-9, 10-bi s[ (tri nmet hyl silyl)ethynyl]an

thracene (0.150 g, 0.241 mmol),

2, 5-di br ono- 3- hexyl t hi ophene (0.079 g, 0.241 nmol),

sodi um carbonate (0.127 g, 1.20 nmol), ALI QUAT 336

(0.046 g), distilled water (1.0 nL), and toluene (25

nm.). The m xture was degassed three tinmes under

nitrogen in a Schlenk Iine to renove oxygen.

Tetraki s(tri phenyl phosphi ne) pal | adi um(0) (0. 005 g,

0.004 mml) was then added under a dry nitrogen flow

After degassing one nore tine, the mxture was stirred

under dry nitrogen at 90 OC for 72 hours. A dark red

preci pitate appeared and was collected by filtration

as product (0.13 g, yield: approximtely 100% .WE

CLAI M
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1. A copolyner of Fornula | | wherein Ac is a radica
of an acene having 2 to 5 fused benzene rings, wherein
wo\oocam2be optionally substituted with a substPETES2007/066282
sel ected froman al kyl, al koxy, thioalkyl, aryl,
aral kyl , hal o, hal oal kyl, hydroxyal kyl, heteroal kyl,
alkenﬁh7 or conbinations thereof; Ra is each
glently sel ected from hydrogen, al kyl, al koxy,
al kenyl, aryl, heteroaryl, aral kyl, heteroaral kyl,
het er oal kyl , or hydroxyal kyl; Qis a divalent group of
1. For tudapolyimerloff ForchMa Ior V; | | 111 IV V R and R2 are
each i ndependently sel ected from hydrogen, alkyl,
al koxy, thioalkyl, aryl, arfiRkyl, hal o, hal oal kyl,
hydr oxyal kyl , heteroalkyl r alkenyl and n is an
i nteger greater than or eqd to 4. 2 The copol yner
of claim1, wherein Ac |§{_ @_%_ an acene
sel ected from napht hal ene mcene or pentacene.
3. The copol yner of claim wherein a dival ent group
of fornmula -Ac(E) - where ch E equal to a
silylethynyl group of fornu,ga-CC Si(Ra)3 is selected
from 1, 4- bis(silylethynyl)naphthal ene-2, 6-diyl,
1, 4-bi s(silyl ethynyl)napht halfene-2, 7- dlyl
9, 10-bi s(silyl et hynyl)ant hracene- 2, 6-di yl ,
ngﬁw® bls(S|IerthynyI)anthracene 2, 7-diyl, 2,6-
bi s(,Si.! anth ace
2, 776 1%{3 ﬁY 8?% 7y ant'he aceﬁ fusﬁd%f%z%‘e Jings.gvhpgein Ac can be
0ptbd)1ﬁ1¢l§vishb@tlﬁltbd/ WYth)aFSﬁBitﬁ@@fﬂ 8cldot&d fomnl an alkyl, alkoxy, thioalkyl, aryl,
13- b|S(S|IerthynyI pentacene 2, 10- J, 9-
ara@iyg,(lsallq,)hp WhM@éﬁ@ rehgcwalkyh ail};ey]yl obpornblnatlons thereof;

Copg R SR hri&éhﬁgf%}r%{‘%kélgﬁéeﬁr g?ﬁ%?ﬁﬁugg&%@lyélkox u%;@ﬁ)(l, aryl,

mer o I'val'eht
hetfeﬁramlj aa]kg(, B} 2roardkd eheabelity, bohydroxyalkyl
, 4- bJS Iethyny napht hal ep diyl,
9 18 vicefy et fopahidf Fhehg o
S
\
ni ﬂr T &
R2 R1 R2
11 111 v \%

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.

2. The copolymer of claim 1, wherein Ac is a radical of an acene selected from

naphthalene, anthracene, or pentacene.
3. The copolymer of claim 1, wherein a divalent group of formula -Ac(E),- where
cach E equal to a silylethynyl group of formula -C=C-Si(R"); is selected from 1,4-

bis(silylethynyl)naphthalene-2,6-diyl, 1,4-bis(silylethynyl)naphthalene-2,7-diyl, 9,10-
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2,6-diyl, or 6,13-bis(silylethynyl)pentacene-2,9-diyl.
5. The copolyner of claim1l1l, wherein a divalent group
w@Rooae4206 a - AC(E) 2- where each E equal to a PCT/US2007/066282
silylethynyl group of fornmula -CC-Si(Ra)3 is sel ected
from1, 4-
-bLsEtriaIkylsiIerth,nyI)napthaIene-2,6-diy| )
bis(sily %h}gl(yi)amarq@ymes%ﬁvﬁﬂt Byt AP it by sz eire-2 Jrgjyl, 2,6-

. 9..10-4hi i i hvil et : - - diwl 1
bl B RS A P T P TRy T . 613
bisesﬂ@}d)k;lml@t)pTerﬁiadkeyl::-sziﬂ-gﬂyetmw@ﬂmhwaplepm{e&cneiﬂ;l Odiiwll 2,9-
.2, 7-bis(tria silyl.eth |)ant hracene-9,1 0-djyl,..
blséﬂi’?-th%’i(y P?I}tﬁcﬂ%ﬁ% @?fqhyf, @¥E§H§hl Qﬂgﬂftﬁwﬁ@ﬁ@%@n&r ﬂ-dlyl-
6, 13-bi s(trial kyl silylethynyl)pentacene-2, 10- diyl,
2,9-bis(trial kylsilylethynyl)pentacene-6,1 3-diyl, or
4. 2, 10%he bopqlymeradflojdisi 3, whetduy thel dipaent acapesfGoid:laHANE),61s

Selgfg%# ﬁg%x'g%r(%gﬁe&%bﬁ]aé{t%%?etgkpﬁaﬁg%a @-&gsl??s}é%ﬂ%}yl)anthracene-
2,6gdfn§i,m8,,13vmﬁgigilahﬁlﬂﬁ)eﬁgﬁéﬂéLza,9Jdly1.I | 8. The copol ynmer

claim7, wherein at least one of Rl and R2 is an
al kyl having at |east 4 carbon atons, an al koxy having

5. at  maasdpdly@ar dfulaidt QREherdn b ALARINK ¥rouP Y fdtehudd -A &BHL where
carbon atons, an aryl having at |east 6 carbon atons,

cacirE aqull koyd sihdsthyiy | gtoupeddernida cGrGSHRak:ansclected from 1,4-

. hal pa havi\n t .l 4 alo
) B WU e Lo R
diyned, e0-ba(tkylky Rdylcttgnaladti@asine®, 6diyhon1@t ons, an al kenyl
havi n carbon atons a conbi nat i

. ha .at least 4 g . .or. ) ion
bl%m@kég%lyleﬁl.ynw‘ﬂ@tb@w%%ﬂ%f2,é1bas(maﬂsylsxlb(éeﬂéwl)anthracene-9,10-

- dival : ! = A re each E equal
d“?’ozglbgsﬁjﬁ%%ﬁ%y Y“&?%ﬁ%*ag?“df%?%ﬁ} ®CC-Si(Ra)3 is
bisgteih Bgtsdgllcthyapi)jsmacene-2,9-diyl, 6,13-bis(trialkylsilylethynyl)pentacene-2,10-

aisd, o e B IR EBRD PSR 2o ook by | or 6,13

bis@fkiﬁfk?flsﬁlyieﬁ{yﬁyﬂﬁétﬁﬁ%ﬁé-@,CI@Qﬁ'1.21 9-diyl. 10. The copol yner
of claim 2, Wwh ¥

erein Qis of Formula Il or IV.

6. The copolymer of claim 2, wherein R* is an alkyl having up to 10 carbon atoms.
7. The copolymer of claim 2, wherein Q is Formula II.

S

5\ /Z
R1 R2

I

8. The copolymer of claim 7, wherein at least one of R1 and R2 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

29



10

15

20

25

[1l 1V 11. The copol yner of claim 10, wherein at | east

one of R and R2 is an al kyl having at |east 4 carbon
waetong242e al koxy having at | east 4 carbon at oP&GT/US2007/066282

t hi oal kyl having at |east 4 carbon atons, an aryl

having at |east 6 carbon atons, an aral kyl having at

| east 10 carbon atons, a hanaIkyI havi ng at | east 4

carpap Biomsat BAEToalkyharns §tAras) i CHERON atpras: an élé@@ylaha&lag 3bleast 4
I ng at |east 4 carbon atons,
CmgﬁggﬁQEhy £(§@@ﬁéﬁéfhgg§gt 4 carbon atons, or a
conbi nation thereof. 12. The copol yner of claim 10,

9. G IECRRENGL o SPiEy | BESRY AP b G950 FBPTH Ahe(E where

eachcé:e(?laq Rad g1 1§th 1% %fff&‘i’ﬁﬁlé- é" C- SlﬁR )3 18 selected from 1,4-
11yl et Hyny hal ene-2, 6-diy

blsesﬂjztbﬂtws()saplymaémwh§4d)yaln9 h@-ib(ﬁé&lbd@h}ﬁ}y@ayﬂhracome -B,64dyl, or 6,13-
cene-2,9-diyl.13. The copol yner
bmgw§%%3m§bﬁml&ﬁ%?éqﬁdﬁfls of Formula V. V 14. The

copol ymer of claim 13, wherein at |east one of R and
R2 is an al kyl having at |east 4 carbon atons, an
10al kdky copalymer eftcldimas wheraim oo nf Hewmea 114 or hY. oal kyl
having at |east 4 carbon atons, an aryl having at
| east 6 carbon atons, an aralkyl having at | east 10
carbon atons, a hB$oal kyl having at | east 4 carbon
atons, a hydroxyal ving at | 4 carbon at ons,
a heteroalkyl h st r lhlon nms, an
al kenyl having at /4 car bon or a
conbi nation thereof. 15.';,/he copgfynerzof claim 13
wherein a divalent group of fornula -Ac(E) - where
each E equal to a sillMl ethynyl group/of fornula
-CC-Si(Ra)3 is selected from1, 4-
bi s(silyl ethynyl)naphthal ene-2, 6-diyl,
11. 9 164bi oc-i ¥ (ﬁtch&iﬂlyi@ AL REAQBRT 8m660ﬁk}’5nd RY iBanladkyl having at
bi s(si Iyl ethynyl)pentacene-2,9-diyl. 16. A conpo S|t|on
leastohgarbeyi atgma, mlb@mhaamg aale@stﬁbtayhm atofs Fothmalkyl 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.

12. The copolymer of claim 10, wherein a divalent group of formula -Ac(E),- where
cach E equal to a silylethynyl group of formula -C=C-Si(R"); is selected from 1,4-
bis(silylethynyl)naphthalene-2,6-diyl, 9,10-bis(silylethynyl)anthracene-2,6-diyl, or 6,13-
bis(silylethynyl)pentacene-2,9-diyl.
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I wherein Ac is a radical of an acene having 2 to 5
fused benzene rings, wherein Ac can be optionally
weastnees ed with a substituent sel ected from BCI/EB09T/066282
al koxy, thioal kyl, aryl, aral kyl, halo, hal oal kyl,
hydroxyal kyl , heteroal kyl, al kenyl, or conbinations
thereof;Ra is each |ndependentl sel ected from
13 hy d g &ppolWnRIAT clagmids wheren QelﬁV}(FO@NW V.oheteroaryl,
aral kyl, heteroaral kyl, hetegoal kyl, or hydroxyal kyl ;

Qis a divalent group of I, e, 1V, or V; |
I 11l IVVR and R2 are ea i ndependently sel ected
from hydrogen, al kyl, al kaoyy, i oal kyl, aryl,

aral kyl , hal o, hal oal kyl, oxyal kyl , heteroal kyl,
or alkenyl; and n is an i@?%gg%zgreater than or equa
to 4. 17. The conposition of claim 16, wherein Ac is a
radi cal of an acene sel ect edyfrom napht hal ene,
ant hracene, or pentacene. 18. The conposition of claim
16, wherein a dival ent group of formula -Ac(E)2- where
14._e ?:CCH"gFE {:%@%f%mlerso%scz 1im ]][3y %fe nthe%E iy ofo[h wl ﬁylisaan alkyl having at
leabﬂ éﬁéeﬁfbd)lyittsmbydhydl])dk@'ﬂ{ﬁbh@ # st EarBdrydtoms, a thloalkyl having at least
4-bi s(si |yl et hynyl ) napht hal ene-2, 7- d|¥ 10-
4 cgﬂ@psatqrgq an ﬁwl,ymlgg]@ %érﬁ:@rbgn@lan@ jan ara kyl havmg at least 10
cat%ol:l' ?to ﬁﬁlhé(lkg Wr g%tgﬁﬁé @28‘8&?61%31@ a?hy(lrox;?all@'l having at least 4
carBQﬂ aimm( 8 hétytoatkyy hystin@at Ibasad eadof ,ato:hﬁa— ain ylkenyd haBing at least 4
g|s(3|lylethynyl)penkace e-2,9-diyl,
catgon §LoBIss pis PRRIPMIAN ?fﬁ tacene-2, 10-diyl, 2,9-
bi s(silyl ethynyl)pentacene-6, 13-diyl, or
2,10-bi s(silylethynyl)pentacene-6, 13-diyl. 19. The
15 conpbs icopadymerf ofellainn 31 8 hewsirea divalenhgrodp whfoemulagiAe(lp), ofvhere
s sel ted fr oAy -
eaqhoéle%qa oszil Flé)f%%qlwA)gF%% (l)IP,’lIéU[l% -n(g%-Sé(Rd 391} selected from 1,4-

] ]
blsgsll%(bﬂ%:ng?giq%%liug%ﬂﬁiﬁngld%}gg] ?g?e Sﬁggdetgyr?)dhwace@é -2,6-diyl, or 6,13
y

bis(silylethynyl)pentacene-2,9-di
16. A composition comprising a solvent and a copolymer of Formula |

SiR?,

Fheo -
n
SiR?,
|

wherein

Ac is aradical of an acene having 2 to 5 fused benzene rings, wherein Ac can be
optionally substituted with a substituent selected from an alkyl, alkoxy, thioalkyl, aryl,
aralkyl, halo, haloalkyl, hydroxyalkyl, heteroalkyl, alkenyl, or combinations thereof;
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20. The conposition of claim 17, wherein Ra is alkyl
having up to 10 carbon atons.
WO 2007/124266 PCT/US2007/066282

R® is each independently selected from hydrogen, alkyl, alkoxy, alkenyl, aryl,
heteroaryl, aralkyl, heteroaralkyl, heteroalkyl, or hydroxyalkyl;

Q is a divalent group of Formula II, III, IV, or V;
S

R1
S Y S S | S ﬁ
0] O
BYEEReY, W -
R1 R2 R2 R1 R2 R1 R2
II I v v

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.

17. The composition of claim 16, wherein Ac is a radical of an acene selected from

naphthalene, anthracene, or pentacene.

18. The composition of claim 16, wherein a divalent group of formula -Ac(E),- where
each E equal to a silylethynyl group of formula -C=C-Si(R"); is selected from 1,4-
bis(silylethynyl)naphthalene-2,6-diyl, 1,4-bis(silylethynyl)naphthalene-2,7-diyl, 9,10-
bis(silylethynyl)anthracene-2,6-diyl, 9,10-bis(silylethynyl)anthracene-2,7-diyl, 2,6-
bis(silylethynyl)anthracene-9,10-diyl, 2,7-bis(silylethynyl)anthracene-9,10-diyl, 6,13-
bis(silylethynyl)pentacene-2,9-diyl, 6,13-bis(silylethynyl)pentacene-2,10-diyl, 2,9-
bis(silylethynyl)pentacene-6,13-diyl, or 2,10-bis(silylethynyl)pentacene-6,13-diyl.

19. The composition of claim 18, wherein the divalent group of formula -Ac(E),- is
selected from 1,4-bis(silylethynyl)naphthalene-2,6-diyl, 9,10-bis(silylethynyl)anthracene-

2,6-diyl, or 6,13-bis(silylethynyl)pentacene-2,9-diyl.

20. The composition of claim 17, wherein R* is alkyl having up to 10 carbon atoms.
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