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A variety of organic semiconductor materials have been considered, the most

common being fused aromatic ring compounds as exemplified by small molecules such as
pentacene-containing compounds, tetracene-containing compounds, anthracene-containing
compounds, bis(acenyl)acetylene compounds, and acene-thiophene compounds. Several
20 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.

25 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

30 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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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
15 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

20 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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The acene is typically selected from naphthalene, anthracene, tetracene, or pentacene.
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The terms “acene-thiophene copolymer”, “acene-thiophene copolymer with
attached silylethynyl groups”, and “acene-thiophene with silylethynyl groups™ are used
interchangeably to refer to a copolymer of Formula I.

15 “Alkyl” refers to a monovalent group that is a radical of an alkane, which is a
saturated hydrocarbon. The alkyl can be linear, branched, cyclic, or combinations thercof
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-

20 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

25 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,

30 branched, cyclic, or combinations thereof and typically contains 2 to 30 carbon atoms. In
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“Heteroalkyl” refers to an alkyl having one or more —CH;- groups replaced with a
thio, oxy, a group of formula ~NR"- where R” is hydrogen or alkyl, or aryl, or a group of

20 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.

25 “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,

30 imidazolyl, pyrazolyl, triazolyl, tetrazolyl, thiazolyl, oxazolyl, isoxazolyl, oxadiazolyl,
thiadiazolyl, isothiazolyl, pyridinyl, pyridazinyl, pyrazinyl, pyrimidinyl, quinolinyl,

isoquinolinyl, benzofuranyl, benzothiophenyl, indolyl, carbazoyl, benzoxazolyl,



30i m dazolyl, pyrazolyl, triazolyl, tetrazolyl, thiazolyl, oxazolyl,

i soxazol yl, oxadi azol yl, thiadiazolyl, isothiazolyl, pyridinyl,
pyri dazi WD 20pyraabnyl , pyrim dinyl, quinolinyl, benzof ®Cargsk07/066282
benzot hi ophenyl, indoy, carbazoyl, benzoxazolyl, benzothiazolyl,
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An acene-thiophene copolymer that has attached silylethynyl groups is provided.

1

The copolymer is of Formula I.

SiR®
fl
Ahoal
f

3

15 In this formula, Ac is a radical of an acene 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,

20 heteroaryl, aralkyl, heteroaralkyl, heteroalkyl, or hydroxyalkyl. Group Q is a divalent

group of Formula II, III, IV, or V.
S
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(i.e., divalent radicals of an acene) are shown in the following structures for naphthylene-

2,6-diyl,

5 4
anthracene-2,6-diyl, and
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pentacene-2,9-diyl.
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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
20 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

25 9 and 10 positions is referred to as the inner aromatic ring for an Ac group based on



from ant hracene or pentacene, the two silylethynyl groups can both be
attached to the sane inner aromatic ring or one silylethynyl group can be
attached wo 2e@ch436 t he outer aromatic rings. As used heCcEus007ies28Er m
"inner aromatic ring" refers to an aromatic ring of an acetic that is fused
to two other aromatic rings. For exanple, the ring containing the 259 and
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precursor. As.used herein bility refers to,resistance to gxidation
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Exenpl ar ytabilidyiof the deen/Dregurrainyts uspd heietiapRyility wifcys R/ @pis)ed yxidsfiglips can

be |inear, ;hranchediogyclic, or a combination thereof and usually have up

to 10 carbon a ons, up to 8 carbon atons, up to 6 carbon atons, or up to 4
carbon atons. Rwheigleplyayherauyis of faumls CHHEMYR"Y) awbcraracxRhiplapepdantbl Kyl is
i R R AT R L e N
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subst i t utced bwilinkarabrandredGeyvbinberaemnitenaioo dgréofradiusgally have 2p et @caoberons. | n

nore specific exagples, each Ra is an al kyl having up to 10, ,up to 8, or up
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atom at |east 2 carbon atons, or at |east 3 carbon atons. For exanple, in
somel copaiashasratoras thabis yubsituted with agibieyylarenm Exegimbu hictsroaryl groups often
triisopr qﬁ)éé §1|5|0¥|6e1¥19r¥€'é{r|ed %S%Euef\atgt{f‘, He%erd)csy%ﬁé %B§ Ithat 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,
25 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
30 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



In addition to the two silylethynyl groups, the Ac group can be optionally
30 substituted with a substituent selected froman al kyl, al koxy,
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group Q can be attached at positions 9 or 10 for an Ac group based on anthracene or at

20 positions 5, 6, 7, 12, 13, or 14 for an Ac group based on pentacene. 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

25 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,

30 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.



formula -Ac(E)2-Q where E refers to the silylethynyl groups (i.e., the
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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
25 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
30 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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20 acene-thiophene copolymer with various coating compositions.
Some exemplary copolymers have identical R1 and R2 groups selected from 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
25 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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Reaction Scheje A. ReactNof Scheag A X- Aﬁagata@q cat @t |I B- >L6 |
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E O O
E E
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E E

A dihaloacene having two attached silylethynyl groups (i.e., Ac represents the acene
5 group, E represents the group of formula -C=C-Si(R")s, and X represent a halo) is initially
reacted with a dioxaborolane such as bis(pinacolato)diboron to form an acene compound
having two dioxaborolane groups (e.g., tetramethyldioxaborolane). The resulting acene
compound is then reacted with a dihalothiophene compound (i.e., X-Q-X) to form the
copolymer of Formula I. The halo groups in the second reaction can be the same or
10 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, [1,1°-
bis(diphenylphosphino)ferrocene]dichloropalladium and
tetrakis(triphenyl)phosphine)palladium(0). As an alternative to Reaction Scheme A, a
dihalothiophene compound can be initially reacted with a dioxaborolane and then reacted
15 using Suzuki coupling reactions with a dihaloacene having two attached silylethynyl
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.
20

Reaction Scheme B

2 Li 2 Bu,SnCl
H—Q—H — L—Q—Li — > Bu,Sn—Q—SnBu,
E 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

25 tributyltin chloride to form a thiophene compound substituted with two trialkylstannate

11
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di oxabor ol ant and t hen react SI ng coupling reactions with a
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t herein. Katz et alsgkkl(%egpwggl 0| 35933@'5 t)can al so be used to synthesize the
copol yners of Fornula 1 as shown in Reacfion Scheme B. 20 Reaction Schenme B
H Q H 2 Li 2 BuU3ialoprcenes having two silylethynyl groups can be synthesized from a
10 dihaloacene as shown in the Examples Section or as shown in Reaction Scheme C. For
example, 1,4-bis(silylethynyl)-2,6-dihalonaphthalene can be synthesized starting with 2,6-
dihalonaphthlene such as 2,6-dichloronaphthalene, which is commercially available from

Apin Chemicals Ltd., Oxfordshire, UK.

15 Reaction Scheme C
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t hi ophene conpound can then be reacted in the presence of a palladium
catalyst with a dihal oacene having two attached silylethynyl groups. As an
alternative to Reaction Scheme B, an acene with t{R0)8ittached silylethynyl
groups can be lithiated and then reactgd with a trial Kyl stannate to form an
acene substituted with twp 5trial kyl st a;ze gr oups. TN psul ting acene
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The 2,6-dihalonaphthalene can be oxidized to 2,6-dihalonaphthaquinone. The silylethynyl
groups can be added by formation of a lithiated version of silylacetylene compounds
5 followed by reaction with the 2,6-dihalonaphthaquinone. Various silylacetylene
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
10 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
15 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

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

13



di hal ot hi ophene in the presence of a palladiumcatalyst. Stifle coupling
reactions arc further described in the articles Mller et al., J. Og.
Chem , 60y0o@8d7326849 (1995) and Katz eta]., Ace. Chem Re3/US284/06:28D- 369
(20W). Di hal oacenes having two silyl ethynyl groups can be synthesized from
a 10di hal oacene as shown in the Exanples Section or as shown in Reaction

Schene C. For exanple, 1,4-bis(silylethy 6- di hal onapht hal ene can be
synt hesi ZeHowedby radyctign t the desirgd a@ntm%ﬁ g ﬁevvlélu 8¢y borohydride and
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20
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

25 the 6 and 13 positions of the pentacene.

14
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resul ting di hal opentacenes can be reacted to attach two silyl eifyynyl groups
using a nethod anal ogous to that shown in Reaction Schene C. Oxidation of
conmpounds E and F youl d give the correspgndi ng qui nones G and H
respectively. These conpounds conpounds could then be converted to
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Br‘w Br

R1 R2

10
IIa

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

15 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
S
Br 4 | / Br
S
R2

20
116
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1 Di bronot hi ophene conpounds of Formula Ha 10R1R2 |l a can be prepared by
brom nation of the correspondi ng thi ophene conpound. That is, the
correspormiDregorisphene can be reacted with a brom nati mgTageenr/osa28h as

Nbr onosucci ni m de (NBS). For exanple, a conpound of Fornula Tla with Rl and
R2 15 equal to al kyl groups can bc prepared by reacting a

3, 4-di hal ot hi ophcne with two noles of a Giignard rea%ent contai ning the

L WO 1gna )
desired daRPF PERPBIRIDYFBPMEREEN B the coFresAoRdInR dhicr@lAdrhl8HoPPReSs Jashod i s
further SCL L t I 17 612 .
1663- 167%5%5%%% Ok Bplon; %{eéhg’%‘%@{‘@r%ﬁé‘%g@é Mip SR CPHMAT VR 36 s
11la WO 2606y iR¥AEE RPATGRNE iO6aH8He C@m SenchempsiiedKbyehGemnaat amin of t he
cor r espondj t hi eno[ -b] t hj ophenes. . Sone thi enol 3, 2-b] t hi ophenes arc
comer ci ’If'aﬂé‘?/la?‘i%éﬁ@Pé’f'Pﬁ R/ a@aef,ab@&{%éﬁ@{w%k!ﬂ‘@% ce, WI.
di meg hy! tehhenaldoR HbidioPRIRLEaH 6: @¥AldRRY §s Ad-emaYnhemiGEGy 2aase!
Ger many and 2,5-8E%roLDPEienop?Z-%??%iSphen% %E avéil%ﬁlé fﬁgnlAI%rich
M | waukeel., Wacromolecules, 37, 6306-6315 (2004).
Dihalothieno[2,3-b]thiophenes of Formula [Va
S S
R1 R2
IVa
10 can be prepared by bromination of the corresponding thieno[2,3-b]thiophenes. 3,4-
dimethylthieno[2,3-b]thiophene is commercially available from Alfa Aesar Johnson
Mathey, Ward Hill, MA. Other substituted thieno[2,3-b]thiophenes can be prepared using
an analogous reaction to that described in the article by Comel et. al, Journal of
Heterocyclic Chemistry, 38, 1167-1171 (2001).

15 Likewise, dihaloethylenedioxythiophene compounds of Formula Va
S

Br—jg_ZT—Br

O O

R1 R2
Va
can be prepared by bromination of the corresponding ethylenedioxythiophenes. The
corresponding ethylenedioxythiophenes can be prepared, for example, by
20 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
25 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

16



5Q her thieno[3, 2-11t hi ophenes can be synthesi zed as described in the
article by Zhang et al Macronol ecul es, 37, 6306-6315 (2004).

Di hal ot hiwoap®/241spt hi ophenes of Formula | Va RIR2 | Va lecarmsh@7pse@par ed by
brom nation of the correspondi ng thieno[2,3-b]thi ophenes. 3, 4-

di met hyl t hi eno[ 2, 3-b] t hi ophene is comercially available fromAl fa Aesar
Johnson Mathey, Ward Hill, MA. O her substituted thieno[2, 3- gdthlophenes
can be prléfﬂé?é)ﬁo g4noly drcasnh)Yyemwle. ealoestds, QOQg/make st 15800 inalper

ticl
Tr67- 1172 5000 eyl TR P b FLREAF ST EAmh wine oel
For mul a \fermedlidh (RtoRaddaraphn. be prepared by bronlnatlon of the

correspondi ng ﬁthyl nedi oxyt |ophen The carrespondi ng
et hyl enedi oxyt % PRAly ¢idh ep?%)ﬁ ic mgfprialycy Péncrwed using techniques

20t r@nse%%wlh%arvecﬁxg h@ﬁﬁgﬁaﬁ?%mlﬁﬂoﬁgtegsomxﬁl&EJ{t}’acﬁXﬁ‘.‘ | abl e

3, 4- di net hoxyt hi ophenes w't nal” di ol s such as 2, 3-but anedi ol ,
1, 2-pr opanedl dh anauhdr aspectj a kc&npcmttdmes pr@&@dd@tdﬁcl@dﬁsa@b&embﬁt@l apsteermdch as

p-tol uen oni ¢ 3,4-di su uted t e can then
Do G br orihiRabal Gt of B bobi BB oM HREes BHLSE bl RREERS o “ ot her
sui t abl e REAMENRIVNG ROEAS BoluchB] enP&ich ot k}ﬂeﬁeu Eﬁl@f%rsuéﬁéé?{etr%i!ird)ﬂﬂra{n%d
article by N elson et 25al, Mcronol ecul es, 38, 10379 he

copol yner O@me,Flcﬁrtwn@IS au¢h Etsymthﬁll ipgpubyd ketoace wed gﬁthyévfdayblgféorm Pé‘@uh@tﬁd wei ght of

\?\l:ai lé ?Slt Ssolvoeg’% sg/h as Cef‘ﬂOl‘OPO Hechfaoromgh%r,]tcﬁlbrotbggze\ﬁ%la%latdlceh ¥§io ezelrlreD lecul ar

alkanes such as cyclohexane and heptane; and amides such as N,N-dimethylformamide
and 1-methylpyrrolidone. At least some of the acene-thiophene copolymers of Formula I
are soluble in these solvents. As used herein, the term “soluble” means the copolymer can
be dissolved in a solvent to provide a solution that contains at least 0.05 weight percent
15 copolymer based on the weight of the solution. Some copolymers have a solubility of at
least 0.05 weight percent, at least 0.1 weight percent, at least 0.2 weight percent, at least
0.5 weight percent, at least 1 weight percent, at least 2 weight percent, at least 3 weight
percent, or at least 5 weight percent based on the weight of the solution.
The compositions can be used to provide a coating by application of the
20 compositions to a surface such as to the surface of a substrate or to a surface of a layer in
an electronic device. The coating can be applied using any suitable 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
25 about 25 °C) or by drying at an clevated 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
30 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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WD 2007/ 124266PCT/ US2007/ 066282 | east 7,000 g/ nole, at |east 8,000 g/nole,
at least 10,000 g/nole, at least 12,000 g/nole or at |east 15,000 Oiole.
The wei ghwoavevragmsenol ecul ar wei ght can be determ ned ugCm@SGal/okesneati on
Chr omat ogr aphy. If desired, the purity of the copolyneric material can be

i ncreased using techniques 5known in the art such as additional
precipitation steps or Soxhlet extraction. In another aspect, a conposition

i s provided t hee Porgpingelssaibss theanyensing imisrme recmbedimenis fercespoyyher of
Formul a 'mve%hdrk ?&' 1§1? Ly Sﬁbtbpﬁng BSACHiJSon Q‘d& ?éaﬁﬁbl%glﬁ%lwhtﬂl&&ﬂ%é flyat @r OMALI C

sol vent s 'suc uene ene, suc
tetrahydnﬂﬁmsannammxﬂﬁ@xmneof%@hﬁmﬁﬁmﬁm@hma&mm§ﬁh&$am$@hyhyhmkﬁé@ne and

met hyl ethyl ketone; chlorinated 10sol vents such as chl orof orm

di chi or orfEPsEHE CABKH B HFI®ne, and di chl or obenzene:; al kanes such as

cycl phexane and heptane; and am des such as N, N-di net hyl f ormam de and |
-nmet hyl pyrrolidone. At |east sone of the acene-thiophene copolyners of
Formula | are soluble in these sol vdinagmplés used herein, the term "sol uble”

AR L R R e o
wei ght  of pubifiRafe WilésRRthcPRITE n6RROSIITBh TaftdMMea soOl ubility of at | east 0.05
wei ght percent, at |east 0.1 weight percent, at least 0.2 wei ght percent,

at | east t@f&lm@hnylpmwbm@)paaadlu@@t tnl(I\I\)eql@ndepblrs@emﬂcolletp)dl@agm, Swei ght

per cent St 3 wei ght east 5 r based on
P o fbromiibpitgf i s B ERE L neSlon ok B8R bre Tl 8 A BE AT oo

coating t(Mlmpikb@axH)QALQQUtArIes%X@m@&rdﬂs&maath@s@, Iﬁbutfyﬁﬁﬂiuﬁm(hlﬂdas to the
surface of a substrate or to a surface of a la in an el ectroni ¢ device.

The coatilhd’ @&vﬁdlﬁ@@ﬂﬁloﬁléﬂnﬁﬁme%ﬂ91C§119FQP&‘HP@H@;§;9FI}I%%& Vi dicBlaipinethans uch
as, for %&@Bﬁmeaﬁ{( %és?@(nWeﬁﬁ'Pﬂ &Cmghagt g roﬁ)gr?stﬂgﬁgﬁtﬁféﬂé {5 coati ng,

gravure coafi ng, rin e solvent can be
removed fpimhatsdfabfrmaGHSw@haﬁltcelrs (@pphibust@E) ]nyamapd)teartahy@oﬂmaieﬁ}mt)l ent

condi tions at about 2 0 25about 25 Q) rying at an
el evat ed Wéﬁ@?&%?\éﬁg 5Q ﬁ* gf ﬁ%mﬁwgema “f‘lé V‘éﬂS% ltep@'ééugzngup to about

150 C, up, u%gﬂﬁg§y5“ﬂggsggﬁﬂg“go about 100 C, or up to about 80C In
contrast, many other known organi c sem conductor nmaterials such as

pentacene needZ@dﬂmenvaﬁmqude@thsmﬁpmﬁméoanﬁmun@hhﬁpheﬁbmhﬁbOJyners and
sol uti Onsdla(l:n?ﬂltog‘llltﬂraq 1nt01r1]éa grna %?dl){cqs b dés%lplged by Ito et al., Angew. Chem. Int. Ed.,
42, 1159-1162 (2003). After sublimation, it was further purified by recrystallization from
20 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
25 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

30 by Zhang et al., J. Macromolecules, 37, 6306-6315 (2004).
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30to be stable for at |east several days w thout special atnospheric
protection and w thout special protection fromlight. In contrast,
pol yt hi opheresr/asmenot stable in solution and/ or when eppodasdoovocasr. WO

2007/ 124266PCT/ US2007/ 066282 The foregoing describes the invention in
terns of enbodi nents foreseen by the inventors for which an enabling
description was avail abl e, notw t hstandi ng that insubstantial nodifications

of the inventikd® prwsqlsﬁeés@ﬁt(ﬂﬂ 5 otcwasthyltey2-disvaborelaassy h-Op0edient
equi val e r fr.om
commer ci a1 eRrRgbRAnTRATRERens wer s 2o AP R PR Eudllh SORSEE L S
not ed. Sa&muﬁmdamBﬂmmmﬁnymﬁmmpksSQMHQphenyIphosphlne)palladlun(O), tin (IT)
chl oride, bis(pinacoll ato)diboron, 2,5- 10di bronot hi ophene, and

2, 5-di br onp3- hexyl t hi ophene were purchased from Al drich (M| waukee, W);
ALIQpAT 336 (a phase transfer ca@§5&§l)3dﬂmgyiyl lithium and [L |

- bi s(di phenyl phosphi no) f en- ocenei di chl or opal | adlun1conplex mnth

di chl oronet hane were obtained fromAl fa Aesar (Ward Hill, and
trfisopropylsilylacetyl ene was purchased from GFS Chen1§§a§_<gjﬂ unmbus, :
Hexane and tetrahydrofuran (THF) 15were distilled over The
following starting rmpaterials were prepared using publlshe procedures as
fol |l ows: - d bron@anthraqU|none was prepared fromlconuercially

avai l abl e 2, 6- hr aguipnongc. g nmeBuAl dri ch) @@ £d by Ito et
al ., Angew. Ch ~NEd., 427 11897 311623@0 ). Ablen-Shpfiaation, it was
further purified by<fecrystalllzat|on from 20DVF.

I _ l ?"%;Z/
OO - Tl T ey
|

Preparatory Example 1 - Synthesis of 2,6-dibromo-9,10-bis[(triisopropylsilyl)-
10 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.
15 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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2, 5-di brono- 3, 4- di hexyl t hi ophene was prepared from conmercially avail abl e
3, 4- di bronot hi ophene (Al fa Acsar) as described by Vidal et al., Chem Eur.
1., 6, 1W62ewBiz&662000). 2, 5-Di brono- 3, 4- et hyl enedi oxyPhirashen®6628s
prepared from conmmercially 25avail abl e 3, 4- et hyl enedi oxyt hi ophene (EDOT,
Bayer, Leverkusen, Ger many) as described by Sotzing et al., Chem Mater, 8,
882- 889 (1996) 5-Di bronp- 3, 6-di nonyl t hi eno[ 3, 2-b] t hi ophene was

pr epar ed V¥ @ﬁ@(int%@qlﬁrphéﬂg%i tglightisdyand whisg BregipBpie ppysieshd inidng

N- br onos 3 rom
3, 4 i br SUHeTs 88 740 IR CLARINE, foeRbRbARIRRSNIES G BT

al ., J. I\whﬁmm)«laehedtectto rC ﬁ)BQGtOﬁB;JaEnd(t]i’@%bled tWEom temperature. The solvent

2007/ 124266PCT/ US2007/ 066282 ) he precursor

2, 6- bi s- (WACBOKRCG Rt FoktRscHgnoration, Bl 365 DU S deg 9 Hregnixfure which

0- bi 5[ (1 rdzésstﬁa{ %%kf%ﬂ'v%ﬁ?ﬁé%ﬂé’{jlb@%}b 52§ Sk H&ﬁnes%nﬁt%%gse\gasﬁg@%tﬂ'mg to
Reacti on Schenme 1, describ in Preparatory Exanples 1 and 2. 5Reacti on
Schenme 1 water until neutrdPrle pas edroeytréixdanl purificd tByponghe sokmnof chromatography

2,6-dib 0- bi ilyl)- . .I .

Tr i1 Sopr OPUFLER) Rty Rk 008 PBEh G I ot (e S Yook GRS M st ined s

wer e addefe prydast. EHNMRTMGO" mﬁncﬁ@ﬂkghiﬂl% Y- @X@Z\CdﬂQHeSﬂ royAg), Rafatiom f 1 ask
(1 L). Butyl lithium (2.7 Min hexane 2 mmol ) was added

dr OpWI se &shde(d, ary) nidté dge R o4 AridiigHdg, 2§§,er§,§ HZ@J Fh?eO Mz t1d30. (s;36¢Dni xt ur e

ti rrlsgm mterrperature for 2 hours. 15To this colorless solution,
dry HF ( (§ and 2, 6-di bronoant hr aqui none (5.49 g, 15.0

Preparatory Example 2 - Synthesis of 2,6-bis-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
y1)-9,10-bis[(triisopropylsilyl)ethynyl]anthracene
2,6-dibromo-9,10-bis-[(triisopropylsilyl)ethynyl]anthracene (5.225 g, 7.5 mmol)

15 from Preparatory Example 1, bis(pinacollato)diboron (4.763 g, 18.8 mmol), KOAc (2.940
g, 30.0 mmol), and CHCl; (100 mL) were charged to a 250 ml flask under dry nitrogen. A
yellow solution with suspended KOAc was obtained. The suspension was degassed to
remove traces of oxygen. [1,1’-bis(diphenylphosphino)ferrocene]dichloropalladium (0.205
g) was then added under dry nitrogen. The solution turned orange. The mixture was stirred

20 at 70 °C for 3 days and then cooled to room temperature. It was washed with DI water
(100 mL % 3) and dried over MgSO.. 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 =

25 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

30 described in Preparatory Examples 3 and 4.
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mol ) were added under dry nitrogen. The solution turned red i mredi ately
and the 2,6- dibronoant hraqui ni none dissolved in mnutes. The m xture was
stirred avonoovmimnper ature overni ght and the sol uti on petarseoodandes? ed.

Dei oni zed (Di) water (6.0 nE) WO 2007/ 124266PCT/ US2007/ 066282 was added,
the color changed to light red, and a white precipitate appeared. Tin (I1)
chloride (8.088 g, 42.6 mmol) in HO (18 nL, 10% aqueous sol ution was then
added. The m xture was heated to 60 C for 2 hours and then cooled to room
tenperature. The solvent was renmpye 'MS&H{nﬂJi’ evaporation. DI water (100
m.) was added to the m xture whic was en extracted wi th hexane (100
mL x 3). The hexane solution was washed with DI water unti| neutral. It was
concentrated and purified through a colum chronat ography silica gel /
hexane, 12.4 = 0.7). A bright yellow solid (8.55 g, yiel d:|l782% was

obtai ned as the product. 1H NWMR (400 MHz, CDC13). 6 ppm 8.797-8.802 (d, 2H,
J =2.0 Hz), 8. ‘E% oA (d, 2H, J = §.&,Hz), 7.647- ALNGE2H, J =
8.8 Hz, J = 2.0 &‘@’ (5, =6H)icH,10% , 6H). .i@) Exanpl e 2
- Synthesis of" 2,6-0f s-(4, 4,5, 5-t et ramet hy124"3, 2- d®oxaborjol an- 2-
y1)-9,10-bi s [(tri Osopropyl sil yfleth ynyl] anthracen e ||
2,6-di brono-9, 10-bis-[(triisopropylsilyeethynyl]anthr acemas__(S. 225 g, 7.5
mol ) 15from Preparatory Exanple 1, bis(pinacollato)diboropn (4.763 g, 18.8
mol ), KOAc (2.940 g, 30.0 mml), and CHC13 (100 nt.) were charged to a 250
m flask under dry nitrogen. A yellow solution with suspended KOAc was

obt ai ned. The s@¥spensi on was degassed to renpbve traces of_ép_xygen.

[1,1" -bis(di pher[ | phosphi no) f errocene] di chl oropal | adi um ((J. 205 Q) s then
added under dry'[nitrogen. The solution turned orange. The i xtur s

stirred 20a C QBB days %t hef ol &d.(®w).r oom t enpgr at ur €. was
washed wi t h\wa (100 +rL )Pafg ki ed over I\/gsmveﬁt was
renoved b rotfa gvaporation.” The solid residu iedAby col um

e
chr omat ogr aphy ﬂ ilica gel, CHCE) and recrystal Fﬁé fromlet hyl acetate.
Orange needle ¢ Estal S were obtained (3.20 g, yiefd 55% k the product. 1H
NVR (400 MHz, 213). 6 ppm 9. 250-9.254 (dd, 2H, J = 0.8 _Hz, J = 250.8 Hz),
8.579-8.603 (dd, 2H, J = 8.8 Hz, J = 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

ety A P A T P o7y

30descr i kachracenPr epar at ory Exanpl es 3 and 4.

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

10 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

15 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

20 then extracted with warm CHCl; (300 mL). After removal of the CHCI; solvent, the
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residue was recrystallized from CHCls. An orange solid (22.1 g, yield 84%) was obtained
as the product. "H NMR (400 MHz, CDCls). & ppm 9.061-9.100 (d, 2H, J = 2.4 Hz),
8.757-8.812 (d, 2H, J = 9.2 Hz), 8.030-8.091 (dd, 2H, J =9.2 Hz, J = 2.0 Hz), 0.851 (s,
18H).

Preparatory Example 4 - Synthesis of 2,6-bis-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
y1)-9,10-bis-[(trimethylsilyl)ethynyl]anthracene

2,6-dibromo-9,10-bis[(trimethylsilyl)ethynyl]anthracene (5.284 g, 10.0 mmol)
from Preparatory Example 3, bis(pinacollato)diboron (5.587 g, 22.0 mmol), KOAc (2.454
g, 25.0 mmol), and [1,1°-bis(diphenylphosphino)ferrocene]dichloropalladium (0.273 g)
were charged to a 250 mL flask under dry nitrogen. After degassing under dry nitrogen
using a Schlenk line, dry THF (120 mL) was added through a syringe. A dark red solution
with suspended KOAc was obtained. The mixture was stirred at 70 °C for 4 days and then
cooled to room temperature. It was condensed by rotary evaporation and then poured into
DI water (500 mL). The precipitate was collected by filtration. After air drying, it was
purified by zone sublimation under 1.5 x 10” Torr while keeping the source zone at 250
°C and central zone at 190 °C. An orange solid was obtained (1.72 g, yield 28%) as
product. "H NMR (400 MHz, CDCls). 3 ppm 9.145-9.140 (dd, 2H, J = 0.8 Hz, J = 0.4 Hz),
8.505-8.528 (dd, 2H, J= 8.4 Hz, J = 0.8 Hz), 7.878-7.902 (dd, 2H, J= 8.4 Hz, J = 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

< <
SeooncWoorr
?’O >_| l. >_| l.
i< i<
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1 Si- -Si - 5 Preparatory Exanple 3 - Synthesis of

2, 6-di brono-9, 10- bi sktrinmet hyl si | yeet hynyl dant hr acene

Tri met hyl wOI2g¢7a0¢t69| ene (13.51 g, 137.5 mmol) and dry hexans2¢3066281) were
charged to an oven-dried round bottomflask (1 L) under dry nitrogen. Butyl
lithium (2.7 10Min hexane, 46.3 nL, 125.1 mmol) was added dropw se under

dry nitrogen through a syringe with water bath cooling. A white precipitate
appear ed ﬂmﬁrd%ﬁréompomé wrﬁt%frélbvm0§ﬁ-¢lh@evhﬂonhéwai@m&b)s &de for 2

hours. It t . ' fn2, | b L. RONne

(18, 30 o BB SN dBUTRERRNBR 5 2ty HoRBIRALAML AR

sol i ds dixsdivredoatiayithivphaddEkarapleaictnd 2gadibrerac3gndiubnydrhisas[ 3t ai ned. A
15preci pitate appeared after about 1 hour. The reaction m xture was stirred
at room ttéw]ﬁ{l%&é‘af%ﬁlei% hours. DI water (10.0 nL) was added and a white
precipitate appeared. Tin (11) chloride (22.8 g, 120 mmol) in HCL (50 ni, 6
M aqueous solution was then added. The m xture was heated to 70 'V for 2
hour s andExameple d cHyathesio of poly( 3, &dpexgl216 e¢hiopheanesdi-9.ahtbisaas renoved by
rotary evapor atio[;s. 1‘5’% ri}s_%gue was shed with water and 20t hen extracted
with war PPy SYEUHY AR QP EAGYS] of the CHCL3 sol vent, the WO

2007/ 124266PCTA USRAA74AHEARask Qs AHE VR ith €0 WS 1314l 5, 2 @hrab{cOPI. GHOL3.  An
orange solid (22.1 g’l)e%l el d 849 was obtained as the product. "H NVR (400
9!

MHz, CDCId9xabgropam? 10-disj@disgrropdsily thynglanthtapencg 3999 g8 5 94 mrpel), 2H, J =
9-2,52) . Bs93%8, 3% k%1088 nede 2. B Pe, 17 dmol 2shililart3n SR 1 £5 1, 384D -
mmol), ALIQUAT 336 (1.0 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) (0.125 g, 0.10 mmol) was then added under a
dry nitrogen flow. After degassing one more time, the mixture was stirred under dry
15 nitrogen at 90 °C for 72 hours. It was then cooled to room temperature. The red toluene
solution was 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 (350 mL) with vigorous
stirring. The red precipitate was collected by filtration and was then washed with MeOH
(via Soxhlet extraction) for 24 hours. A red solid (3.53 g, yield: 89%) was obtained as the
20 product. Mw = 36,300 g/mol. '"H NMR (400 MHz, CDCl). 8 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-
25 [(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).

30 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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5 Preparatory Exanple 4 - Synthesis of

2,6-bis-(4,4,5, 5-tetranethyl-1, 3, 2-di oxabor ol an- 2-

y1) -9, 10-wo=0¢(2eieret hyl si | ypet hynyl ] ant hr acene 2 PETAiShe0066282 |

0- bi sKtrimet hyl sil ypet hynyl ] ant hracene (5.284 g, 10.0 nmol) from
Preparatory Exarrpl e 3, bis(pinacollato)diboron (5.587 g, 22.0 mmol ), KOAc
(2.454 10g, 25. A Ié) and . ,

[1,1'-bi ﬂ@@%ﬂﬁ@ﬁ?ﬂ phdeisti oy eFo erckene]the ernoboganddidmah? OiotB4.9)5-wer e

i t1 ogen CitnaRD- BB HRHRS 4L 1O A3 5heo (Y B AGRRT R AR B019TY
syri nge. g&v@bﬁaklddfcbdolkﬁ&ddtﬁ%uw lhfa:r by dpanshedzde@A0. Swals). aht aolnton v&l’d@e m xture
was stirred at 70 C for 4 days#%nd t hen cool ed omte erature. It was

condensedHFd ABRIAF2ERABHIRE OO dRA doh WR%%IP@dTﬁNO B ¥ (500 ni)
The prec ' s@@ér@iteg aﬁ‘@%za?l‘%ldl V@i@ﬁ Eg WQV é f(lfj()trﬁﬁtxl ﬂnlt V\'J%fsttﬁ%n @l'terrecfi{oyﬂeﬂlgvﬁrﬁce%%

purified by zone sublimation un I"Torr | e keeping the source
zone at 260d Gnpunuty c'Elnt filatezomseadded ﬂCQMeOH (&mmla)ngldl sgbrocdlslwasslnutg dheed (1.72

’ y!] el_dd% Iﬁ%lpltﬁgﬁ%uc% lﬂ‘zt?g'b%yg 403%8 a(; mfn Vﬂgkeqlwuﬁ ﬁﬂ_éwa §0 a0 8( ag)
7 878 7. WRZadtitfh) frtd4 hburs. & AdisBlid 81.39 & eltZadpprad@hattfpl (10‘%) @és"@btalﬁehd‘léﬂ (s,

18H) . The Suzuki coupling reaction was used to synthesize

acene- t hitbphedactcdyoirylél08 gnolExid VB 400 B Hz €D Howd ppm OG04, SEhene 3.
Zomegel | LEORTR: TP bl o 108 (B SR SR

di brono- 3, 4- et hyI enedl oxyt hi ophene (Exarrpl e 2), 2, 5 d| brom)t hi ophene

(Exarrpl e 3), 5-di br onp- 3- he | t hi ophene n?
, 5-di br c%!l@le dlSrY@HWlStOIﬁP@lﬁ B-thiophepe e o‘éh‘éﬁé‘ Q@ﬁ%ﬁﬁpﬁéﬂbﬁl)eﬂynﬂ] -2,6-
anthracene)

A Schlenk flask (250 mL) was charged with 2,6-bis-(4,4,5,5-tetramethyl-1,3,2-

15 dioxaborolan-2-y1)-9,10-bis[(triisopropylsilyl)ethynyl]anthracene (0.3888 g, 0.50 mmol),
2,5-dibromothiophene (0.121 g, 0.50 mmol), sodium carbonate (0.265 g, 2.50 mmol),
ALIQUAT 336 (0.118 g), distilled water (3 mL), and toluene (30 mL). The mixture was
degassed three times under nitrogen using a Schlenk line to remove oxygen.
Tetrakis(triphenylphosphine)palladium(0) (0.016 g, 0.01 mmol) was then added under dry

20 nitrogen flow. After degassing one more time, the mixture was stirred under dry nitrogen
at 90 °C for 48 hours. It was cooled to room temperature. The red toluene solution was
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

25 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)-
30 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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Example 1 - Synthesis of

pol y(3, 4-di hexyl-2,5-thi ophene-alt-9, 10-bis[(triisopropylsilyBethynyl]-2, 6-
ant hr acern®® 20028@eol. Schenk fl ask was charged with PCT/US2007/066282
2,6-bis-(4,4,5, 5-tetramethyl-1,3,2- d

oxaborol an-2-y1)-9, 10-bi sRtrii sopropyl silypethynyliant hr acene (3.909 g,

5.04 mmeg 102, 5- di br ono- 3, 4- di hexyl t hi ophene (2.121 5.17 mmol ), sodium
car bonat & §-9iteemg-3-haybhierbne, (0,807 @U$0 gaB0l), Bodiug) car‘en@tq (11058 and®8r (10

m), and 4ql, }QEI(@%& §'316)(P-5|21? g@"o&f&ﬂfeﬁ wWiter )g?@ﬂ&_%,sa%‘?i bRERE0OTRS). Uftder

ni t rogen u5| enk Tine renove oxygen

Tetrakis (rhrxnpla eny dpdussqlithree tipedsluaderudry @jtrdgén ilaﬁg g,Schlehk linvral I)emws t hen
added under a dr rogen flow, After. dega m)r tine, e, mxture
was st i rr%gﬂhaféﬁalaﬁ TRty PREEH! ﬁ&al@éw@( ddpenmpd Wasdhindcd ool ed

to rpom tﬁ'&@@&rﬁ&fﬂt}%@g\gﬁ%ﬁv rAEP%rH ééﬁﬁ oﬁ@hf&é ﬁ’rﬂe"‘tﬁé neRA HEdiRIdnasHgd W th

DI water (150 was t ltered to renove traces of solid
i mpur i t y.niffégenfat PO F Gtfer %@w&jd@ddltlond\l/é(ﬁ-blé-%,@,iﬂ_)etmmeﬂlywlgﬁo?—ous stirring.

NOH (vi SRRl xR Bt Giromshii b Ay a o 19316 35 B 300k .
89% was tﬁ@%&bﬁ@ﬁw@sﬁstﬁﬁ@ 80P RélE tand %Ylowé%l@vﬁ@ﬂlegt/dﬂﬁ'on o¥ Bﬁrd}ﬁ@eﬁf&l@ Az,

CDC3) 6 ppm 8.81-8.90 (br, 2H), 8.61-8.76 (br, 2H), 1-7.87 (br, 2H),
2.68-3. 09 @mcrahlt@r)) i) M@ealztlemn(lbﬁure WH) stm]icd@gothewl(amd cosmdl)to r@ng9- 0. 84 (br,

6
pl(;il) y(z 3, 4-%?18?{? WTes ?Ihg ed %Y%enf: ﬁglga%enes (sﬁptaraéed a[nd washed with DI water (100 mL x

0- bi s25[ (4)rit iv@@lﬂ{e(ﬁmd{eséd t&SQ@rhb\Yd%t‘édes 3f SolRINkpLAEE MR filtrate waé\c&ﬁ@nﬂmecschl enk
flask was charged with 6-bis-(4,4,5 5-tetranethyl-1, 3,2

di oxabor &néﬁdéecg@)Mgo@cﬁQ@ gl peith Vieggrapyiisingy B qulmmtwaﬁ:@%l@cf@i 552 g,

2. 00 nmol h 0

sodi um ca gyb%ﬁgﬁogér%\g%@thgh é’f%t QXJA : ; bﬁ,&ﬁ%‘iﬁ% %%gtr%cgmg?gor@f‘ h%g}%sémﬁ?

wat er ( 1Gotitl)1.24pdyitlat &&%?w@i@&aﬁﬁhd aS0Oithpeoduck tMiwe= Was0ggms s EONMR @0t | mes
nder nitroge to re e

Tet £kt s (UPERHBAI BrREBR oed B tra i s 87 {52 B S 3-0% MioP)-iels-§ b

added un I f a | xture

s stirren Ay S0 T2 eskCE Ue005 DhEsY i Pr St By or

46 hours. l%léﬁ(ﬂblcé&HD 7 1c@poymdH). additi onal 2, 6-bis-(4,4,5,5-

tetranethyl-1, 3, 2-di oxaborol an-2-y1)-9, 10-bi s[(trii sopropyl si | yeet hynyl ] ant

hracene (0.015 g) was added, followed 24 hours |ater by bronobenzene (0.5

m) The Spidiﬁ]@rl@'S vmth%&ﬂs o 86y RGNy R4, ShRIh S 3ENB]IGORNRE-A/0, 1 QB

tenperature he tol uene sol uti on was 5separ at ed and washed with DI water
(1500 mL M (tgysoprapylsdsDetheny -2 Otaathadcone) r enove traces of

A 100 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 (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

25 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

30 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 inmpurity. The filtrate was added to MeOH (350 nL) with vigorously
stirring. The red precipitate was collected by filtration and was then
washed wiwb 2Me0i366i a Soxhl et extraction) for 24 hours. PATUSAogmbé282 (1. 39
g, yield: approximtely 100% was obtained as the product. Mv = 11, 000
Wol . NVR (400 M—lz CDCl11). 6 ppm 8. 91 9. 30 (br, 2H), 108.49-8. 91 (br, 2H),
7.75-8.31 (br, , 4.19-4.71 (br, 1.12-1.15 (br, FQ nple 3 -
Synt hesi swaﬁobp%n 3 the pwﬁa@hm d/StLOQ giroolblléﬁ&M&(é (Fly)péﬂonlylnyll 2, 6-
ant hr ace

RS E‘&f{)glé\g?g&' QPIF fg%z((ﬁgﬁgt%d‘%ﬁﬁ%ﬂ?dz%5'17(br 4H), 1.68-2.00

15di oxabdabnl4ah; 293/—1)505(bﬂ,(66H])51168 0i90gbipBHPY! si | ypet hynyl ] ant hracene (0. 3888
g, 0.50 mml ), 2,5-dibronothiophene (0.121 g, 0.50 nmmol), sodium carbonate
(0.265 g, 2.50 mmol ), ALI QUAT 336 (0.118 g), distilled water (3 nL), and
tol ugne (30 My, Smﬁklmdﬁbﬁﬁre%%n%mé&% HRRRSIzt IR HIARIL T 0gen usi ng
a Schlenk Iine to renove oxygen. Tetraki s(triphenyl phosphi ne)pal | adi un(0)
(0.016 g,copol@mennafl Gxawmdestthenl B dsl slcbwmiidi cadtign Sﬂr@nterébgen flow. After
degassing one nore tine, the mxture was stirred under dry nitrogen at 90 C
for 48 hours. It was cooled to roomtenperature. The red tol uene solution
was separated and washed wth D peat@sn §dndd X 3). It was then filtered
to renove traces of solid inmpurity. The filtrate was added to MeOH (200 ni)
Wi th vigorously stirring. The_ éed precipitate wag_col l ected by filtration
and was then washed wi th MeOH |V|a Spxhl et 25 etractlon) for 24 hours. A
red solid (0.28 g, yield: 91% was ‘b ined as t e product Mv = 8, 500
ginmol. 1H NVR (400 MHz, p?n 8-90- 9. 6@0 7.50-8.00 (br,
2H), 7.00-7.50 (br, 2 3 6 (br, 42H). Exarrple4- Synt hesi s
of poly(3-hexyl-2,5-thi Al t - 9, 10-bi s[(triigopropylsilyl)-

30et hyny1l] - 2, 6- anthracene) A 250 nl. Schlenk flagk was charged with
2,6-bis-(4,4,5, 5-tetranmet hyl- 1/'3,2- d [

oxaber ol an- 2- y1)-9, 10-bi sRtriisopropyl silypethynylianthracene (1.552 g,
2.00 mmol), WO 2007/124266PCT/ US2007/ 066282 2, 5-di br.onp- 3- hexylthl ophene
(0.652g. Bhedd- Qrﬁmomp@am? WETE Zr 1 OIPERTBO-O - @hn‘@nediméhlﬁmﬂn)%( MR 2B 6
(0.241 9) I d toluene (100 nmL) The m xture was
degassed %%ggz&%llbr%eelggx El%?héﬁglgg%r%l 183 n using a Schlenk line to renove
oxygen. Tetrakis(triphenyl phosphi ne)pal |l adi um(0) (0.030 g, 0.02 mmol) was

then addelgxample 6 - Synthesis of poly(3,4-cthylene-2,5-dioxythiophene-alt-9,10-bis-
15 [(trimethylsilyl)ethynyl]-2,6-anthracene)
A 100 mL Schlenk flask was charged with 2,6-bis-(4,4,5,5-tetramethyl-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).
20 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%).
25
Example 7 - Synthesis of poly(3-hexyl-2,5-thiophene-al/t-9,10-bis[(trimethylsilyl)-
ethynyl]-2,6-anthracene)
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Sunder dry nitrogen flow After degassing one nore tine, the mxture was
stirred under dry nitrogen at 90C for 48 hours. Additional

2, 6- bi s- (WO2p&/1B4166t r amet hy1-1, 3, 2- PCT/US2007/066282

di oxabor ol an-2-y1)-9, 10-bi s[ (triisopropyl silypethynyl]anthracene (0.015 Q)
was added and the reaction was stirred for 15 hours, and followed with the

addi tion of bronobenzene (80 !IL (mcrollte;f%élIS The reaction m xture was
stirred anot het 190 mlapehl ask vtap Chiyepd Yoth efpbiseh4ip &-tetrapacthigldl.8 8t uene

sol ution s then
filtered P é@%\%@& dgdgtgglo ?ﬁHMI%QGtP’(I}%B% ngtgﬁ)t @t% O\Z/I\Q/as I]!éltéln entrated
and addedLidﬂﬁbﬁHSU&&@hhmphmmeOv9gp®@mshymﬂ)momungmﬂimemmedzbgetapltate
was coll ecte iltrati nd was, then h MeOH. (vi oxhl et
extract i dﬂl)nosogﬁfﬁ 6 BRePigl dieq Waierﬁ%gﬂ pRd ol 1“’8184/35( ks ﬁtﬁ ai ned as
the prod / (

8. 8970, ogﬁ%ﬁrwas dégassgg‘h%est@ﬁg under Iﬁ%@él 1%(23%5% ﬁ%&% br gq%mme 09%%&8 01 ( br,
1H), 7. 7413e'ﬁ:aBﬁ(t(lphe;nyjllﬂl)osplﬂneﬁﬁalmdﬁﬁn(@b(Q 005H), ,0.®@488m81)0as(then, adzlef) pndﬁr@Q .84
(br, 2H),,1.08-

Synt hoo! Srgiigey A3 AReR RS &S PEHOPS B2 By WeopeHEsd Y5 ghh -

200 ftrii soRsgm 90 P lfbetmond 1x &rﬁr@aﬂﬁﬂ%&@ﬁ@t@%ﬁpeared andAvakQ@118dePBl enk fl ask
was charged with 2,6-bis-(4,4,5, 5-tetraneth , 3, 2-

di oxabor diliation i}Sng@JCl(ﬂ b} gReield] arpeompichy | e) hynyl i ant hracene (0.233 g,
0.30 mmol ), 2, 5-di brono-3, 6-di nonyl -t hi eno[ 3, 2-b] t hi ophene (0.165 g, 0.30
nmol ) , sodiunlcarbonate (0.159 g, 1.5 mml), ALI QUAT 336 (0.096 g),
distilled water (1.5 nlL), and toluene (30 25nL) The m xture was &gassed
three tines under dry nitrogen using a Schlenk Iine to renove oxygen.
Tetraki s(tri phenyl phosphi ne) pal | adi um(0) (0.009 g) was then added under dry
nitrogen flow After degassing one nore tine, the mxture was stirred under
dry nitrogen at 90 C for 45 hours. It was cooled to roomtenperature. The
red tol uene solution was separated and washed with DI water (100 nL x 3).
It was then filtered to 30 renpve traces of solid inpurity. The filtrate
was concentrated and added to MeOH (200 mL.) with vigorously stirring. The
red precipitate was collected by filtration and was then washed wi th MeOH
(via Soxhlet extraction) for 24 h. Ared solid (0.105 g, yield: 38% was
obt ai ned as the product. Mwv = 13,100 g/nol. NWR (400 MHz, CDC13). 6 ppm
8.78-8.95 (br, 2H), 8.54-8.77 (br, 2H), 7.70-7.97 (br, 2H), 2.58-3.17 (br,
4H), 1.68-2.00 (br, 4H), 1.03-1.50 (br, 66H), 0.68-0.90 (br, 6H). 5The
Suzuki coupling reaction was used to synthesize the acene-thi ophene
copolyners of Exanples 6 and 7, as shown in Reaction Schene 4.
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,«Reaction Scheme 4 -Si- () The Br-Q Br compounds were
2, 5-di brono- 3, 4- et hyl enedi oxyt hi ophene (Exanple 6) and

. 2, 5-di brono- 3- hexyl t hi ophene (Exanple 7). Exanple 6 - Synthesis
~of poly(3, 4-ethylene-2,5-dioxyth o ' .
ophene-al t-9, 10- bi s15[ (tri net hyl si |l ypet hynyl ] -2, 6-ant hr acene) A

100 nmL Schl enk flask was charged with

2, 6- bi s- (4WE GLAIMgt r aret hy1- 1, 3, 2- :

di oxabor ol an-2-y0-9, 10-bi s[(tri met hyl sil yBet hynyl ] ant hracene (0. 150
g, 0.241 mmol ), 2,5-di brono-3, 4-et hyl enedi oxyt hi ophene (0.072 g,
0.241 nmmoll., scddeapolyomerbbFatneildDJ28 g, 1.20 mmol), ALIQUAT 336 (0.050
g), distilled water (1.0 nL), and toluepne (250 nL) 20The m xture was
degassed three tinmes under nitrogen u ﬁhg a Schlenk li-ne to renove
oxygen. Tetraki s(triphenyl phosphine)pgl ! adi um(0) (0.005 g, 0.004
mml ) was then added under a dry nitrégen_flow After degassing one
nore time, the mxture was stirred. g4y nitrogen at 90t for 72
hours. A dark.red precipitate.appear and"was col | ected by
filtration as product (0.12 (g, yieId:Happroxinater 10099 . 25 Exanple
7 - Synthesis of poly(3-hexyl-2,5-thigphene-alt-9, | 0-bis[(t

met hyl sily1l)- ethynyl] -2, 6-ant hracenefiR’ A 100 nL Schenk fl ask
was charged with 2, 6-bis(4,4,5,5-tetranmethyl-1, 3, 2-
dioxaborolan-2-y1)-9,10-bis[(trinethyléiIyeethynyl]anthracene (0.150
g9, 0.241 pplein 2, 5-di br ono- 3- hexyl t hi ophene (0.079 g, 0.241 mol),
sodi um carbonate (0.127 g, 1.20 mmol ), ALl QUAT 336 (0.046 g),
distilled wat ec(id 2 trdide] of anrenchayinge to 25used penzphe riggd, wherem Agean be

degassed thr: i i j j

. oxygen. Té)p ?cg'%ug( é 1 |18ﬁeny t%ﬁé‘é%ﬁ?%%%%@%ﬁ?ﬂ%@@%’%ﬂgﬁ’ %ﬁ’gg&g&? L
mmol ) was atdlien, lmtty dallosalikglle hydroxlyajiyh,i heteoapdiryl fallewnyl, &f combivktigastheregf,one
nore tine, the mxture was stirred under dry nitrogen at 90 C for 72

hours. A dark red precipitate appeared and was col |l ected by
filtration as product (0.13 g, yield: approximately 100%. WE CLAI M

Q is a divalent group of Formula I1, 11, IV, or V;
S

Ri \/
S / | S S | S, 0;—20
- I e 9
R1 R2 ' R2 R1 ‘R2 R1 R2
| | 111 v A%

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

‘n is an integer greater than or equal to 4 ; and

R?is each independently selected from hydrogen, alkyl with up to 10 carbon .
atoms, alkoxy with up to 10 carbon atoms, alkenyl with up to 10 carbon atoms, aryl equal
to phenyl, heteroaryl with a 5 or 6 member unsaturated heterocylic having 1 or 2
heteroatoms, aralkyl having an alkyl with up to 10 carbon atoms that is substituted with a
phenyl, heteroaratkyl having an alkyl with up to 10 carbon atoms that is substituted with
a 5 or 6 member unsaturated heterocyclic having 1 or 2 heteroatoms, or hydroxyalkyl

with up to 10 carbon atoms.
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; 1. A copolymer of Fornula | . wherein Ac is a radical of an acene
having 2 to 5 fused benzene rings, wherein Ac can be optionally

. substituted with a substituent selected froman allcyl, alicoxy,
thloalkyl aryl, aral kyl, halo,- hal oal | cyl, hydroxyalkyl

heteroalkyl aIIcenyI or conbi nati ons thereof Qis a di val ent group
of Fornula-ll, L, IV, or V; Rl and R2 are each independently
sel ected from hydrogen, alkyl, alkoxy, thioalkyl, aryl, aralkyl,

hal o, hal oal kyl, hydroxyal kyl , heteroal kyl, or aIkenyI and n is an
i nteger grdater Thmob'megqﬁdamg b whereinAg 1s a radicglpfiag agegelselected from

i ndependent C n, alkyl with up to 10 carbon
atons, al kgégéxthsaﬂ[n% atnﬁ:ﬂ?éeﬁgg?r@ %%gatoms al kenyl with up to 10

car bon atons, aryl equal to phenyl, heteroaryl with a 5 or 6 nenber

unsat ur ated het hayi.n 1 er oat ons rdlc av an
RN AN - T R e ]
het er oar al bgylg éq%ul tag sﬂ?leﬂiyhyﬂ grmﬁ&fmm@ddcslqm’gpi@ selb@edfbials-i s
substituted wth unsat ur at ed hﬁﬁ ﬁﬁéC"C QFV|n? or
2 het er oat biseit Yléﬁhywm&‘}lalﬁkﬁﬂ 6\75113(Ih1 fbis(lyledya leagrg.7-d1ylp9, 16, ¢
copolymOr of claiml1l, wherein Ac is a radical of an acene sel ected
from napht hal end, antlcene or Pentacene. 3. The copolyner of claim
1, wherein a divalent group of formula -Ac(E)r where eachE equal to a
silylethynyl group of fornmula-GC--=C-Si(Ra)3 is selected froml, 4-
bi s(silyl et hynyOnapht hal.ene- 2, 6-di yl,

1, 4- b|S(S|IerthynndaphthaIene 2, 7- dlyl 9, 10-

bi s(si lylet hynyl) ant hr acene- 2, 6- d|yI
9,10-bi$($iIyIethynyl)anthracene-2,7-diy|, 2, 6-

bi s(silyl ethynyeant hracenc-9, 10-diyl,

2, 7-bi s(silylethynypant hracene-9, 10-diyl, 6, 13-

bi s(silyl ethynyppentacene-2, 9-diyl, ) :

6, 13- bi's(sil yl et hynyl ) pentacene-2, 10-diyl, 2,9- bi s(silyl ethyn
yl ) pentacen e-6,13-di yl , or
2,10-bis(silylethynyl)pentacene-6,13-diyl. 5 4. The copol yner of claim
3, wherein the divalent group of fornula-Ac(E)2- is selected from

1, 4- bi s(silyl ethynyOnapht hal ene-2, 6-di yl,

9, 10- bi s(silyl ethynyl)ant hracene2, 6-diyl, or

6, 13- bi s(silyl ethynyl ) pentacene-2,9-diyl. 105. The copol yner of claim
1, wherein a divalent group of fornula -Ac(E)2- where
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each E equal to a silylethynyl group of fornula -C1C-Si (R73 is sel ected
from1l,4- bis(trialkylsilylethynyenaphthal ene-2, 6-diyl,

1, 4- bi s(twoabkyi2sicby| et hynyOnapht hal ene- 2, 7- di yl, PCT/US2007/066282

9, 10-bi s(trial kyl silylethynyl)anthracene-2,6-diyl, 9, 10-

bi s(trial kyl silyl ethynypant hracenc-2, 7-diyl,

2,6-bis(trial kyl silylethynypant hracene-9, 10- 15divyl, )

2, 7- bi s( ths(ailxtheny At seagEendint Jddnkis@ilglothgnylantigagee-2,7-diyl, 2,6-

bis(trial S HaGe 0 10 )

6. 18- bi o( T gy Sl P ERFEOAIRAL 202nE Mgty pyhanthracene-9.10-diy, .13

2, 9- bi s( this(silKythgmyyHeatabyrey2,Ydenis @ CRbE( Glyldhdiyhbentacend 21 @-diyl, 2,9-

bi s(trialkylsilylethynyppentacene-6,13-diyl. 206.The copolyner of claim 2,
wher ei n ws(ﬁlivlaﬁywlwp aREFT @-&}:ﬁt% 21@-@5&5&%@9@&%@%?@ -?Hé-cﬁﬂpm ymer of
claim2, wherein Qis Fornula 11. TI 25 8. The copol yner of claim?7,
wherein at least one of RlL and R2 is an al kyl having at | east 4 carbon
atons, art.al kdbhe doaulyngr af clhizadi wHerciarthbodivalcongoumot formalakdd(Evavi ng at

| east 4 caybon .atons,. .an. aryl Vi t lLeast r.bon ato n aral kyl
havi g ancleaadr bobintabitmrierBfaGhoateoi. RO Ry iR adhion
atons, a Nydiyxord, IKybisayictgnihpdnRashe-4,9-M. 2007/ 124266PCT/ US2007/ 066282
carbon atons, a heteroal kyl "having at |east 4 carbon atons, an al kenyl

having at | east 4 carbon atons, or a conbination thereof. 9. The copol yner

of ¢pai ms7, WhElRioBoRnft YALIBRH 1 SKR4BInGf dif Q&AW dur AFFbENa -1BEN) L wirkach E
equal to a silylethynyl group of fornula -CCSi (1253 is selected from1, 4-
bi s(si | yleeehfrgeddphsHalcewaylxergupplformula -C=C-Si(R%); is selected from 1,4-

9, 10- bi s( l.et h

o sCsi | y1 St HEITSIFARLRABRRES p- gt Rl BT b mer e e e
Q is of Fiylnm]1e-vis{thiattylsivictAyhyBant@iateite-2,6-diyl, 9,10-
bis(trialkylsilylethynyl)anthracene-2,7-diyl, 2,6-bis(trialkylsilylethynyl)anthracene-9,10-
15 diyl, 2,7-bis(trialkylsilylethynyl)anthracene-9,10-diyl, 6,13-
bis(trialkylsilylethynyl)pentacene-2,9-diyl, 6,13-bis(trialkylsilylethynyl)pentacene-2,10-
diyl, 2,9-bis(trialkylsilylethynyl)pentacene-6,13-diyl, or 2,10-
bis(trialkylsilylethynyl)pentacene-6,13-diyl.

20 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
i
R1 R2
I
25
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
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R4 111 RIR2 IV 11. The copol yner of claim 10, wherein at |east one of Rl
and R2 is an al kyl having at 15l east 4 carbon atons, an al koxy havi ng at

| east 4 ceiokoev/swrs, a thioal kyl having at | east 4 caripom/ist@mee2an aryl
having at |east 6 carbon atons, an aral kyl having at |east 10 carbon atons,
a hal oal kyl having at |east 4 carbon atons, a hydroxyal kyl having at | east
4 carbon atons, a heteroal kyl having at | east 4 carbon atons, an al kenyl

havi ng atcarkoastoms, adetssnliatl daringof leastdoimphanatomn antwdrcaypk haying at deastrhe

copol yner ' , rel ieval ent group of fornula -Ac(E)2- where
each E eéﬁg%m%%ﬁgg?%?fP%@ﬁ?ﬁ§€ﬂ%ﬁ%ﬁp of fornmula -C1C-Si (R73 is selected

from1l, 4- bis(silylethynyOnaphthal ene-2, 6-divyl,
9, 10-bi s(silyl ethynyl)ant hracepe-2,6-diyl, or 6,13- bi s(si)]_ yl ethyn
yl ) pent acen e-Biegogplyier .OP ggim m%@?/alézaé%r@@vnﬁiemvle - Pficihe

COpof yMere,0f FQly Rl 2siPRENRIMNQ Sf RtmiRr-oetasik®)] & 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.

10. The copolymer of claim 2, wherein Q is of Formula III or IV.

S S—_—-S

R4 R1 R2

10

II v

11. The copolymer of claim 10, wherein at least one of R1 and R2 is an alkyl having at

15 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.

20

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.

25
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0 0 R1)(R2 V 514. The copol ynmer of claim 13, wherein at |east one of R and
R2 is an al kyl having at |east 4 carbon atons, an al koxy having at |east 4
car bon atwoepo7ar2étsboal kyl having at | east 4 carbon at onpCTAs2@7pb62BAVi ng at
| east 6 carbon atons, an aral kyl having at |east 10 carbon atons, a

hal oal kyl having at | east 4 carbon atons, a hydroxyal kyl having at |east 4
carbon atons, a heteroal k haV|ng at Ieast 4 carbon atons, an al kenyl

havi ng at!3 easthesopolyaiche dam%%sw @ein sordionabiaon t hereof 15. The

copol ynmer of claim 13, wherein a dival ent group of formula -Ac(E)2- where

each E equal to a silylethynyl gro f mula -CC-Si (1251 is sel ected
from1l,4- bi s(silyl ethyn yl)n aphth ene-2,6-di yl, 9, 10-b
s(silylethyn yl)anthracen e-2, 6-di 6,13 -

15bi s(silyl cthynyl)pcntaccnec-2 , 9- d|y> <16 A conposition conprising a
sol vent and a copol yner of Fornula I | SiRa3 20 wherein Ac is
a radical of an acene having 2 to 5Rfus enzene rings, wherein Ac can be
optionally substituted with a substitugnt selected froman al kyl, al koxy,

t hi oal kyl, awl, aral kyl, hal o, hal oal kyl, hydroxyal kyl, heteroal kyl,

al kenyl, or conbi nations thereof;

5 14. The copolymer of claim 13, 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
carbon atoms, a heteroalkyl having at least 4 carbon atoms, an alkenyl having at least 4

10 carbon atoms, or a combination thercof.

15. The copolymer of claim 13, 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-
15 bis(silylethynyl)pentacene-2,9-diyl.

16. A composition comprising a solvent and a copolymer of Formula |
SiR?,
Ao
n
SiR?,
20 1
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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fe is each independently selected from hydrogen, alkyl, al koxy, alkenyl,
heteroaryl, aral kyl, heteroaral kyl, heteroal kyl, or hydroxyal kyl; Qis a
di val ent woao@/akeékormula 11, 111, 1V, or V; R and R2 ace/Uusawh/066282

i ndependently sel ected from hydrogen, al kyl, al koxy, thioalkyl, aryl,

aral kyl, hal o, hal oal kyl, hydroxyalkyl het eroal kyl, or alkenyl; and n is
an integer greater than or ual to 4. 1017. The conposition of cIa|n116
wherein Ac |sIélﬁaﬁﬁvaﬁq@ﬂd%EWéébﬁﬁéﬁ§@1@%ﬁ@ﬁmiﬂbﬁiﬁ&PﬁYH@ﬁ@Nbaﬁénthracene

or penta T rein a dival ent group of
formul a q%%%%?ﬁﬂgﬁﬁgﬂgk%%gﬁg%yf%gépg@%& gb&$3?%h§y| group of formula
-CC-Si (R73 i s @& edivaldnt grommp 4f BormLEDIlSIIBiIVydev hyny Onapht hal ene- 2, 6-di yl ,

1, 4-bi s(silyl ethynyenapht hal ene-2, 7-diyl, 9, 10-

bi s(si |yl et hynyl ) ant hr acene-2,6-diyl, 9,! S
0- bi s(si | yl ethynyl ) ant hracene-@, 7-diyl, 2, 6- S\ /Z

bi s(silyl ethynyean Tacene- 9, §
2, 7-bis(silylethyn b t hracene- 9]!1(y
bi s(si |yl et hynyepent agene- 2, 9-Sii yI

6, 13- bi s(si | yl et h{fhyep@nt acene- 2, 10Rdi yl , Blg. R2 R1 R2
bls(§|lylethynyppent cene-6, 13-diyl, or I
bls(S|Ierthyn§ pent acene-©, 13-diyl. 20 YQ The coh%osition of claim

18 wher ei n thel iR eRteadl ﬁid@pé?fdeﬁtw muéo@ecrﬁ\&ﬁﬁxarogbﬁ afgll agteg, from
1, 4-bi s(si |yl et hynyOnapht hal ene- 2

9, 10- bi S(thjopl}(ybtam}walyahﬁlhlpab@ﬂ@gylghmrgxyall@ﬁ heteroalkyl, or alkenyl; and
6, 13- bls(S|Ier%Q¥ %ﬁég%ﬁ%%%%ﬁ%“% uQHXh 2520. The conposition of claim 17,

wherein le is &l kyI carbon atons.

10 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-

15 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.

20
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.

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