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El ectroni ¢ devices and net hods of making el ectronic devices are descri bed
that include an acene-thi ophene copolymer with silylethynyl groups.
Background WD 2a#7M24@36al | y, i norganic material s have dom ReTAS200ne666222Ct r oni C
device industry. 10 For exanple, silicon arsenide and gallium arseni de have
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large area applications, and may enable the use of flexible circuit supports for display

backplane and integrated circuits.
A variety of organic semiconductor materials have been considered, the most

common being fused aromatic ring compounds as exemplified by small molecules such as
20 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, which

are 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,

25 which can lead to diminished electronic device performance.

Summary of the Invention
Electronic devices and methods of making electronic devices are described. More

specifically, the electronic devices include an acene-thiophene copolymer with attached
30 silylethynyl groups. The copolymer can be used, for example, in a semiconductor layer or

in a layer positioned between a first electrode and a second electrode.



$IRa3 ill + Ac-VR IIIl J, nn SiRa3 | 5 The acene-thi ophene copol yner has
attached silylethynyl groups. In Fornula |, Ac is a radical of an acene
having 2 to 5 fused benzene rings. The Ac group can be optionally
substituted with a substituent selected froman al kyl, al kox t hi oal kyl ,
aryl, aral R¥P 2900439286 hal oal kyl, hydroxyal kyl, heter oal IF§F{IJS§(?°R’8W?Z, or

conbi nations thereof. Each Ra is independently sel ected from hydrogen,

al kyl, al koxy, al kenyl, aryl, heteroaryl, aral kyl, 10 heteroaral kyl,

het er oal kyl , or r I ) : j : I, 1V, or
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i n For mul acepolymenpfiFermylddpendent | y sel ected from hydrogen, alkyl, 15

al koxy, thioal kyl, aryl, aral kyl, halo,_hal oal kyl, hydroxyal kyl ,

het er oal kyl , or al kenyl. Subscript n Bsan i nteger greater than or equal to
4. The asterisks indicate the |ocationgy of attachnent to another group such
as another repeat unit of fornula -Ac(®)2-Q where each E is of fornula
-C=C-Si (Ra)3. In another aspect, a,aiL g-pf.making an el ectronic device is
provi ded. The 20 nethod includes providing'a |ayer that includes the
acene-t hi ophene copol yner of Formula Jf. The above summary of the present
invention is not intended to describe ¢ach disclosed enbodi nent or every

i mpl enent ati on of the present inventiofiR;The Detailed Description and
Exanpl es that follow nore particularly exenplify these enbodi ments. 2 WO
2007/ 124286 PCT/ US2007/ 066622 Brief Dedcription of the Draw ngs

5 The acene-thiophene copolymer has attached silylethynyl groups. In Formulal, Acisa
( radical of an acene having 2 to 5 fused benzene rings. 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. Each R®is
independently selected from hydrogen, alkyl, alkoxy, alkenyl, aryl, heteroaryl, aralkyl,
10 heteroaralkyl, heteroalkyl, or hydroxyalkyl. Divalent group Q is of Formula I, I1I, IV, or

V.
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s Is S l S S\ /Z
Q 0
e S
R1 R2 R2 R1 R2 R1 R2
II 011 v v

Each R1 and R2 in Formula II to V is independently selected from hydrogen, alkyl,

15 alkoxy, thioalkyl, aryl, aralkyl, halo, haloalkyl, hydroxyalkyl, heteroalkyl, or alkenyl.
Subscript n is an integer greater than or equal to 4. The asterisks indicate the locations of
attachment to another group such as another repeat unit of formula ~Ac(E),-Q- where each
E is of formula -C=C-Si(R").

In another aspect, a method of making an electronic device is provided. The

20 method includes providing a layer that includes the 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.



The invention may be nore conpl etely understood in consideration of the
follow ng detail ed description of various enbodi nents of the invention in
connection with the acconpanying drawings, in which: 5 Figure 1 is a
schematic representation of a first exenplary organic thin film transistor.

Figure 2 i s XeHEAREI ¢ representation of a second exenpPQHYSBIYYAZ t hin

film transistor. Figure 3 is a schematic representation of a third
exenplary organic thin film 10 transistor. Figure 4 is a schematic

representation of a fourth exﬁﬂa‘lﬁs)!n%&@&'tﬁemhﬂ]ﬁb' m transistor. Figure 5
is a schematic representatio enp y organic thin film
transi stor. 15 Flhpuneengion smay bsmmmwembmé@etnotbmwnsldﬂa@@fﬂhh exenpl ary

oL 1% b BT 3h R oSBT it o

8is a SChemtab&bn[Iﬁﬂymgdﬁha\ﬁgspiﬂvﬂﬁclﬂn exenpl ary photovoltaic cell. 20 The
drawi ngs are not_neant, to inply a certain thickness for any |ayer or to
inply @ certain llgb‘ledtlﬁﬁécheﬁiaﬂkfﬁﬁe’ﬁ?u%&fﬁ ’tﬁ%‘ exepRipE orghid Bin flg i hvent i on

i s amenabl egbaiy@ri ous nodifications and alternative forms, specifics

t hereof have been shown by way of exanple in the draw ngs and wll be

descri bed in det Bighte 2 i a s¢hsmiatic tepraserdarontod e dgcond weareplarytongania this filmt ention i s
not to Ilmgrams 25 invention to the particul ar enbodi nents descri bed. On
the contrary, tlsh intention is to cover all nodifications, equivalents, and

alternatives falFigh@ 3 & bilRniatie reppistititioand a skinpexemblary bganiovdntian. Det ai | ed
Descri Eﬂtl on of .the Invention 30 The present invention provides electronic
devi ce¥ t hat™®®¥#ai n an acene-t hi ophene copolyner with attached

silyl ethynyl gr Oﬁgﬁre4T9§sﬁﬂﬁﬁh¥fgﬁfes&ﬁﬁldﬂ%fﬁrf&§'ﬁ1@x gﬁ by 8RB kEn filhn a | ayer
that is adjacent to a dielectric |ayer, a conductive l'ayer, or conbinations

t hereof . 3trBisL®07/ 124286 PCT/ US2007/ 066622 Mre specifically, the
copolymer can fupgli.ans 33:RnRRlTGRAAHG nYE a TSk Ablaky orghaE iR RlS

transistor.
15 Figure 6 is a schematic representation of a sixth exemplary organic thin film
transistor.
Figures 7A to 7D are schematic representations of various exemplary organic light
emitting diodes.
Figure 8 is a schematic representation of an exemplary photovoltaic cell.
20 The drawings are not meant to imply a certain thickness for any layer or to imply a
certain relative thickness of various layers.

While the invention is amenable to various modifications and alternative forms,
specifics thereof have been shown by way of example in the drawings and will be
described in detail. It should be understood, however, that the intention is not to limit the

25 invention to the particular embodiments described. On the contrary, the intention is to
cover all modifications, equivalents, and aiternatives falling within the spirit and scope of

the invention.

Detailed Description of the Invention
30 The present invention provides electronic devices that contain an acene-thiophene

copolymer with attached silylethynyl groups. The copolymer can be present, for example,

in a layer that is adjacent to a dielectric layer, a conductive layer, or combinations thereof.



devi ces such as an organic thin filmtransistor or can be positioned between
two el ectrodes in electronic devices such as an organi c photovoltaic cell

or an organic el ectrolum nescent device. 5 The present invention al so

provi des net hods of making el ectronic devices that contain an

acene-thi obWe’r?g %FSI ymer with silylethynyl groups. The PHEURBE"P % udes
providing a | ayer that contains the acene-thi ophene copolyner with
silylethynyl groups. Providing this layer often involves preparing a
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contains 2 to 30 carbon atonms. In

an integer equal to or greater than zero.

L

The acene is typically selected from naphthalene, anthracene, tetracene, or pentacene.

36

(20 The terms “acene-thiophene copolymer”, “acene-thiophene copolymer with
attached silylethynyl groups”, and “acene-thiophene copolymer with silylethynyl groups”
are used interchangeably to refer to a copolymer of Formula 1.

“Alkyl” refers to 2 monovalent group that is a radical of an alkane, which is a

saturated hydrocarbon. The alkyl can be linear, branched, cyclic, or combinations thereof

25 and typically contains 1 to 30 carbon atoms. In some embodiments, the alkyl group
contains 4 to 30, 1t0 20,4t020,1t0 14, 1t0 10,4 t0 10,4 t0 8, 1to 8, 1 to 6,0r 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.



sone enbodi nents, the al kenyl contains 2 to 20, 2 to 14, 2 to 10, 4 to 10, 4
to 8 2to8 25to 6, or 2to 4 carbon atons. Exenplary al kenyl groups
include ethenyl, propenyl, and butenyl. "A kynyl" refers to a nonoval ent
group that is a radical of an al kene, a hydrocarbon with at |east one

car bon- car b¥® ®P¥B#E hond. The al kynyl can be |inear, bPFHEPR/06822| i, or

conbi nations thereof and typically contains 2 to 30 carbon atons. In 10 sone
enbodi ments, the al kynyl contains 2 to 20, 2 to 14, 2 to 10, 4 to 10, 4 to
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nonoval ent SindintodihentsS thd allely Cadntadfs 226 20/ 08UI ZtCH), Re6Y6,4 16 8, genpound. The
aryl can have one aromatic ring or can i ncl ude up. to 5 carbocycllc ring

struct Ures torfapr aet casboreaterayy Exereplary ghenylgeouph inchide géenyd. propyl. #pd ot her

ring struct yrescan be aromatic, non-aromatic, or conbinations thereof.
Exanpl es of ag@l groups include, but 20 are not limted to, phenyl,

bi phenyl, ter phe‘thynyﬁMefarg/io a monivaleyd gromthatdpmdd}'dal ohﬂa‘]ﬂ{mm nonyl ,
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hal ogen gr opgandHed Syclic, br cortbinatioBE thedof aﬂd)typlczhlﬁzl &:ﬁ{alﬁié'fl tor36fc§1’b§nfaf6n@nh@| kyl
that is substituted with one or nore hal o groups. "Hydr oxyal kyI refers

to an H kyl samgsimbodimentss thetallpyay! eomtainscie 28=r2 i‘i’olr”fe2 FPyH} 44y 10sgdrf@L§5p§t0

" Het er oal ky|, pI aced
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or aryl, orbvayng;d.o&qnnoaﬂcyﬂ)drgrnﬂpasucﬁimmmnearﬂ)d ferther sabitiited Witk alsdyler oal kyI

can be Iinear branched, cyclic, or 30 conbinations thereof and can incl ude
up to 30 caPB Bﬁ atons and up to 20 heteroatons. In sonme enbodi nents, the

het er oal kyl i ncl¢drsxytReftR t& b noRAb RNt BEAPSF fodPulaC-GHOwhEE ROR ab ali)) @6@5/ 124286
PCT/ US2007/ 066622 . atons, up to 15 carbon atons, or up to 10 carbon atons.
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compound. The aryl can have one aromatic ring or can include up to 5 carbocyclic ring
structures that are connected to or fused to the aromatic ring. The other ring structures can
be aromatic, non-aromatic, or combinations thereof. Examples of aryl groups include, but
20 are not limited to, phenyl, biphenyl, terphenyl, anthryl, naphthyl, acenaphthyl,
anthraquinonyl, phenanthryl, anthracenyl, pyrenyl, perylenyl, and fluorenyl.
“Aralkyl” refers to an alkyl substituted with an aryl group.
“Halo” refers to a halogen group (i.e., -F, -Cl, -Br, or -I).

“Haloalkyl” refers to an alkyl that is substituted with one or more halo groups.

25 “Hydroxyalkyl” refers to an alkyl that is substituted with one or more hydroxy
groups.

“Heteroalkyl” refers to an alkyl having one or more —CHz- groups replaced with a
thio, oxy, a group of formula ~NR®- where R®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

30 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



aromatic ring that includes one or nore heteroatons independently sel ected
fromS, 0, N, 5 or conbinations thereof in the ring. Such a heteroaryl ring
can be connected to or fused to up to five ring structures that are

aromati c, I i or conbi nati ons thereof. Exanples t ryl groups
i ncl ude, bﬁdg@%#ﬂ‘gg limted to, furanyl, thiophenyl, pf?&{}{ggqo%%?ﬁydazol yl,
pyrazolyl, triazolyl, tetrazolyl, thiazolyl, oxazolyl, isoxazolyl,

oxadi azolyl, thiadiazolyl, isothiazolyl, pyridinyl, pyridazinyl, pyrazinyl,
pyrim di HYEtonQUhﬂ‘EJ I'SrBél'bonjagbms, or up to 10 carbon atoms. Th1oalkyl groups and alkoxy

i soqui nol i nyl , benzof ur anyl benzot hi ophenyl , i ndol yl, carbazoyl, benzoxazolyl

{ benzot hi ampyare splsgts; @a@@ucyl grogpsanol i nyI qui nazol i nyl, quinoxalinyl,

pht hal azi nyl , I

phenant hri di nyI bﬁ%ﬁlg}l fl{#ég%ay onfﬁazo kﬁ%laﬁégtaﬁg’@%%%@mber oar al kyl "
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to a nonoval ent. .grou ornul.a - — - Si (Ra wher e each IS
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hydr oxyal ki to five/ting sthihdfed thatlaed £6@a kliptafic, bR tanBRRRS YhereofNERANGIEOUPS ar e
sonetimes referred to as silanylethynyl groups. "Thioal kyl" refers to a

nonoval ent ofhgerearnyt grogphiarlade, SRt améetehrmtquto,afnraamwwphzwlgmmpév, An el ectronic
device is d n c [ Formula 1.
S Fese 111 TR ol s R e B RSN L PR SRR BB 0
ﬁt tac heg sitﬂxydleztdmnydghgmmp§yridimylﬁqmaluhiyll pyrmnylspjmnﬁblaﬁlyk; a‘hmolﬁnﬁ,n acene

avi n to enzene rjngs e Ac up can be optiona
subst ?Q ut eW‘Pﬂﬁ%ﬁ ZFPVH n en%%@@@?@ﬂ’l’fl?‘gﬂlﬁﬁ ‘T%T%ZRX/[P beng ’k"‘&?‘}’ t h| oal kyl ,
aryl, aral |E¥1‘nzotﬂi§s!owl beﬁmﬂ@ia%@@rﬂci‘r%ﬂﬁl%ﬁ fuﬁ%&%@%ﬁ&@@lﬁ%@ phﬂﬁla@ﬁl'ykw

hydr oxyal k)ﬂl) het eroal kyl, al kenyl, or conbi nati ons theéreof i's

i ndependentegzodiadiezob, bmmaﬁ}mﬂag@nazuml ohenanthridings acedingngnd mdamplyl

het er oaryl , (?h%ﬂ%l het er oar al kyl , heteroal kyl, or hydroxyal kyl. Dival ent
D

group Qis orrula 11, 111, 1V, or
“Heteroaralkyl” refers to an alkyl substituted with a heteroaryl.
15 “Silylethynyl” refers to a monovalent group of formula -C=C-Si(R"); where each

R* is independently selected from hydrogen, alkyl, alkoxy, alkenyl, heteroalkyl,
hydroxyalkyl, aryl, aralkyl, heteroaryl, or heteroaralkyl. These groups are sometimes
referred to as silanylethynyl groups.

“Thioalkyl” refers to a monovalent group of formula —SR where R is an alkyl

20 group.
An electronic device 1s provided that contains an acene-thiophene copolymer of
Formula 1.
{
' SiR%,
ooty
n
SiR?%,

1
25 The acene-thiophene copolymer has attached silylethynyl groups. In Formula I, Acis a
radical of an acene having 2 to 5 fused benzene rings. The Ac group can be optionally
substituted with a substituent selected from an alkyl, alkoxy, thioalkyl, aryl, aralkyl, halo,



V. S Rllecr/ SS-~~-s5RIR RRILRRLR II Ill IVV Each R and R2

in Formula Il to Vis independently selected from hydrogen, alkyl, al koxy,
t hi oal kyl , aryI aral kyl', hal o, haloal kyl, hydroxyal kyl, heteroal kyl, or

al kenyl . bscrl t Is an integer greater than or equal 4. Th

asteri sks |ﬁvd:f7(93'f’§ %SHe | ocations of 10 attachment to anof‘ﬁ@ﬁsﬂf’m?ﬁﬁguch as

anot her repeat unit of fornula -Ac(E)2-Q where each E is of fornula
-C--CSi(Ra)3. The Ac group is a radical of an acene. The acene can have two

to five f USﬁﬂoa@l%ﬁ’&dx@a&?ﬂﬁ@te@ﬁk@ﬂG&%jl ordomBmblidrdsIE@EoMEABER" i -
napht hal ene ant’hracene etracene, or ~_pentacene). Suitable acenes are

often sel ectr@epqnﬁl@myﬁabﬁpﬁ&p@ﬁydr%mswﬂ%@ﬂ@xywkeml pehthgtesotayl, alkyles ar e
commonly giy al DA s a
menber of on%ﬂ%o%ﬁym%}qqgwﬁ %gggdr} aw{gg@nﬁgﬁh Qons 0 M%g]rfgpgﬂii of
acene-diylsV.(i.e., divalent radi cal s of an acene) are shown in the
following structures for naphthylene- 2,6-diyl, 81/ 354 20

ant hracene-2,6-diyl, and 8 9 1gg 5 10 4 pentacene-2, 9- ? WO

2007/ 124286 PCT/ USZOO? 066622 1 1 13 14 1310 g\ \ - 7 6 54 Each Ac
group has two covaw_altac | et Igr s offorgul a
5 2 R1 R2
1 I v Vv

Each R1 and R2 in Formula Il to V is independently selected from hydrogen, alkyl,
alkoxy, thioalkyl, aryl, aralkyl, halo, haloalkyl, hydroxyalkyl, heteroalkyl, or alkenyl.
Subscript n is an integer greater than or equal to 4. The asterisks indicate the locations of

10 attachment to another group such as another repeat unit of formula —Ac(E),-Q- where each
E is of formula -C=C-Si(R*);.

The Ac group is a radical of an acene. The acene can have two to five fused
aromatic rings arranged in a rectilinear manner (i.¢., naphthalene, anthracene, tetracene, or
pentacene). Suitable acenes are often selected from naphthalene, anthracene, or

15 pentacene. Acenes are commonly given a numbering sequence in which each carbon atom
that is a member of only one ring is numbered. Various positions of exemplary acene-diyls

(i.e., divalent radicals of an acene) are shown in the following structures for naphthylene-

2,6-diyl,
8 1
7

.

5 4
20 anthracene-2,6-diyl, and
8 9 1
7 l/ VS
SN 3
5 10 4

pentacene-2,9-diyl.



-C=C-Si (Ra)3. When the Ac group is derived from naphthal ene, the two
silylethynyl groups are typically attached to the sane aromatic ring. Wen
the Ac group is derived 5 from anthracene or pentacene, the two silylethynyl
groups can_both be attached to the sane inner aromatic_t &gﬁ@ %92\3

silylet hyn}‘foﬂll”yl?ﬁzséan be attached to each of the outer?® i {P ings. 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 exanple, the ring
containing the 9 and 10 positions iis reiermed to as the inner aromatic ring
for an Ac group based on 10 gn efein, the term"outer

R CERE BS.e0=R y
aromatic ring" refers to an ar scene that is fused to only
one aromatic ring. For exanple, ‘ ra r?‘g the 1, 2, 3, and 4
positions and the ring contai nln‘b th'e 5 6 7 ‘énd 8 positions are referred
to as the oute r r cene. In many
enbodi nent s, |tﬁ?‘°§1%@§lfo ﬁhé) tcﬁgﬁéqtﬁ;eht@?l? ylsgﬂgwﬁw%g?ug’ggg&g&gﬁattached to
15 an i nner-CECrm(Rijg, tvhleanhe gb(gt’mlp15(11&’1‘1\»@&&51‘31Iﬂphﬂlﬁleﬁd‘)ﬁle@kﬁlog;ﬂ?lumyhﬂ deri ved
from ant hracene, the SI et h grou are preferably attached at the 9
and 10 posPrauBhe timeally hcfitt‘%// thgsame FFQR"&E%H%g %%ﬁ@&gﬁggﬂls@ﬁnﬁ%pare t he
copol yqrer s pean@irh@Re Bﬁpéﬂiﬁ%ﬂé’ &t 1 sﬁ&l%ﬁ?ﬂT%ﬁups edn lSch‘?bé hitach&d @yRy|  groups
to an inner aromatic ring o he Ac group nutlﬁelnner aromatic

3]

rings, att awherioner aspmeatigering ¢rwne§tbﬂntyyn>@rgmp§ambe@twéh¢ @achefdhe puterg, such as
at the 20 g m’]ﬁil % P Oﬁé ﬁse E’iﬂ’ %}g‘er{(c) ﬁﬁe?%porrga% n\ﬁ ’drefcrg) W 581 rsl%gt?c dl%}‘ge

(V)
result in t}-'l est e acene

st ?b: | i L y blefuemné thafef?@?wm)l dtbercaxmﬂatclrms F(ﬁdak&hpld]ﬂﬁéhﬁgﬁénmﬁlélgﬂmg |
Si yet yn roup .i.s Q ormula -C.-CSi - ( ere each Ra jndependently
i s 'hydr oge?{? ang ! 1 ppsitignsg seferres|ip antie lﬂfﬁéﬂfeFf@E‘F E9$ \fl\,{;ﬁ%’ﬁ&@ﬁ’l‘!@ﬁ gdongry|

heter Qaryl andfRbiey|As @kd héreiniik 8B oatek WondatiS BR WeYerﬁio‘%Yx' amxﬁfhi&%cg, of %ﬁ ke ny X

het eroal kyl, and hydroxyal kyl groups can be Ii near ranched
conbi nat i omcmheh@m‘fusaddoush’aanbwdmle ring. tkor @@armmbhnﬂnatommmg:ﬁletlﬁg car bon

atons, up t Rdg r}mﬁtﬂ%@ﬂ conta1 gdti%E% &3 Q &% % bs ate refegeﬁﬁp al%sgﬁ%oar yl

group is pheny an exe i'$Tan car bon

atons t hat ou&rsmhﬁtwhugﬁﬁrmkbgﬁbuph@ﬁéﬁlongﬂhﬂﬁ@cndzxenpl ary heteroaryl groups
often 30 have a_5 or lv&e(g‘oered uns t rat ed rocycl icri 2% that incl udes
;

1 or 2 het er oat GhBenye Bpts. 1big P F}@‘S@G@ Yl BB ETOURS ATt Eed il ary
het er @ar al kylindes rigBofthk We dAdiyl %r ERanigfle, 1%9@'&%95?1}1)% 8&Fveli @k drdhraddst | tut ed

with a 5 or 6 nenbered heterdaryl having 1 or eteroatons. | n nore

speci fi c exanslytethynpbgrhup® ar¢ prefamabdy kijdchérbatitle® and t0mosiGions pTiestadilitpof up to 6,
the acene precursor used to prepare the copolymers can often be improved by attachment
of the silylethynyl groups to an inner aromatic ring of the Ac group. With multiple inner
aromatic rings, attachment of the silylethynyl groups to the inner most ring, such as at the

20 6 and 13 positions of an Ac group derived from pentacene, may result in the greatest
stability of the acene precursor. As used herein, stability refers to resistance to oxidation
and/or dimerization.

Each silylethyny! group is of formula -C=C-Si-(R"); where each R* independently
is hydrogen, alkyl, alkoxy, alkenyl, heteroalkyl, hydroxyalkyl, aryl, heteroaryl, aralkyl, or

25 heteroaralkyl Exemplary alkyl, alkoxy, alkenyl, heteroalkyl, and hydroxyalkyl groups can
be linear, branched, cyclic, or a combination thereof and 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

30 have a 5 or 6 membered unsaturated, heterocyclic ring that includes 1 or 2 hetercatoms



carbon atons. That is, the silylethynyl group is a trialkylsilylethynyl
group. Each alkyl 5 group often has at |least 1 carbon atom at |east 2
carbon atons, or at |east 3 carbon atons. For exanple, in some copol yners
of Formula I, the silylethynyl group is triisopropylsilylethynyl where R is
i sopropyl. WO WHI24386n to the two silylethynyl groups, t?@@éﬂéﬂ‘lﬁﬁ?ﬁcan be
optionally substituted with a substituent selected froman al kyl, al koxy,

t hi oal kyl, aryl, aralkyl, halo, 10 hal oal kyl, hydroxyal kyl, heteroal kyl,

al kenyl , or_cpnbi nati o t hereof.. noreferrin Ac f1t . he

term "conbi fid almoer’fg’%{) h@’rn%ctﬁroa%lgﬁl P& &r let}atgﬁlgru ptt%gorr%%)?np?té&‘g%lﬁsi% l{;Jﬁeln t%& on

the Ac grouithh Sto? 6andrhbiesdd Istdesdryithaeing 1tdd theiefoatanid her substituted with a

second substituent. At |east i ,g.rrbodl;ky nts, the addition of gne or
I

in so
more substi t uent % TR PG @r“_é‘é%‘éﬂﬁ’ﬁéc B1 587 phyipagmamrdo {8l 19 fef™ WX OBor mul a |
in organi ¢ spbyeAbMs. Ofhdt ?sr,ltuergilmem?n%%g%%%& gﬂ@%ﬂmeh{th @bup. "Bach ARt YET

Wi th various coating conpositions: e attached to any position
of Ac that Ewoksftemhasiat leadiddaionwiom, lat/legst 2 cebon ptonmphaer ad teasta- qaHionpiamse

copol ynmer o Qr a l K |t Ry r: % [ gpne group. That is,
any two Ac( ljzzexarrrﬁgiﬁp%l Sglrng%g 0621’?%‘%%5#‘%‘%3“‘”‘8%1‘%&‘6& h@e’ﬂ egg(?@dgf roma single
group of Fofrifstpeoplylsilylethynyl WiereRDielisppmipyl. S usual | y conj ugat ed t hroughout the
| ength of 20 the cqpol yner. The re.typically no spacer grouyps between two
repeat units of k‘&dﬁ\ﬁ‘Pémt—hﬁ&’%?‘%ﬁ@ﬁlmyﬁg%ﬁ@’%p%q%rﬁ’él? OPHgRE'Yi srupt t he
conj ugat i onga@siglRuRlifh LABSTuSH H1ectdd Bom RAGKPOIROLY, tHiBAKACRY], ¥, hhld, MaNY
enbodi nents, Qis attached to an outer aronatic ring of” Ac. For “exanple,
group @ canhiJealigylt kysiexyalkyl, petsioatkyh glkenyl xor cgmbinatins thigreof, Whegrefaringie Ac
group based L. nt.hr . | & 1, 2,
30 B, ATGuRLAES, e BRSNS stheod e e F O R Bl fR 0 S
attached t ooatheo\d groupsraoatiire substgieof thétds fuiticrt dnbstidated)vittija sesondder i ved from

ant hracene or, pentacene, the two, sjlylethynyl grqups are usually attached to
an inner ar S{RSHUELY m&aat_rlnﬂern%ﬁ'abﬁiﬂaﬁgf«é%y %{%ﬂﬂ%@&%@%@ﬁﬁ%ﬁtm&mﬁaﬁi c ring.
I'n ot her enppei.gené &lu@i@%f%é@ﬁblﬁﬂl&@f RRmbRNS oRaRiE8sIvents b \GnQnpve FOT
exanple, 30 grou can'be attached at positions 9 or 10 for an Ac group

based &n anth@rca@éfiéﬁ ity ofithe copelympiovish sariogs cqating pompitians. 14 for an Ac group
b, O B 2cchipy (6 RPN g2 LALAL SOOI A 25,
PCT/ US2007/ gitp2The atenerttiopheni¢ cupolimeAof FdrmulaciXaoke hdithidpRerneior pbigthigphyhe gr oup
can be DoS e O S0l oL e SULET (BLOTHLLS L1103, 0% P P
group of Formula I to V. The copolymer is usually conjugated throughout the length of
20 the copolymer. There are typically no spacer groups between two repeat units of formula
-Ac(E);-Q- in the copolymer that can disrupt the conjugation of double bonds along the
backbone of the copolymer.
In many embodiments, Q is attached to an outer aromatic ring of Ac. For example,
group  can be attached at positions 1, 2, 3, 4, 5, 6, 7, or 8 for an Ac group based on either
25 naphthalene or anthracene and at positions 1, 2, 3, 4, 8, 9, 10, or 11 for an Ac group based
on pentacene. When Q is attached to an outer aromatic ring of Ac and the Ac group is
derived from anthracene or pentacene, the two silylethynyl groups are usually attached to
an inner aromatic ring of Ac and preferably to the same inner aromatic ring.
In other embodiments, Q is attached to an inner aromatic ring of Ac. For example,
30 group Q can be attached at positions 9 or 10 for an Ac group based on anthracene or at
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



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 copol yner
or another repeat unit of 5 fornmula -Ac(E)2-Q where E refers to the
silylethynyl groups (i.e., the resulting copolyneric na

subscri pt ﬁ”%g%%@‘?ﬂ;at least 5). If group Qin Fornulaﬁﬁﬁﬁghmgﬁﬁﬁghed to an
I nner aromatic ring of the Ac group, the fourth group is often attached to
the sanme inner aromatic ring. If group Qis attached to an outer aromatic

ring of therMeatQrNgRe Act F8r &Aipld) ol Q%ﬂ&ﬁf’é&ﬁﬁ‘cﬁ%ﬁ@ﬁo@%ué@oﬁ &gh BPMRESi te

outer aromatic ring. That is, group O"the fourth group are often
attached t outspprogiatie riggssfos pn éﬁd@ll@fdetlﬂ@ from gntbiggengior pertaeeneno  si | yl et hynyl

r oups at t ached f g ] BACH oA AINBA lierbl ol o 4 AG1AYP meREBLALY AC(E) 2

groups i ncl ude, are no
bi s(si |yl etaliyohgdl joafolnith grepasuch ﬁs-atlieylﬂ group of the copolymer or another repeat unit of

%I g ( g: ?S §,|S glfw y&&ﬁ;n(iph h%zf@?'qﬁ %ﬂ the 1¥ylethyny}groups (i.e., the resulting

9, 10- bi s( sichydighbydmhi-AMHAE ﬁ%@lﬂ;@nﬁt n7eq€ihlycb at 18as® 5)L If group Q in Formula 1 is
bi s(silylethynyl)anthracene-9, I yl

2, 7- bi s( si lathakedhyman lpawtamra@,t@nmggaf 1i 4 gioup.ghel fpurth group is often attached to the

bi s(silylet - 2
6, 13- bi 5(si F'ﬁ/l? Yx{n%y ny#%%g 1 If%roqlg}dlﬁ a(t}achled tqzangouter aromatic ring of the Ac group,

bi s(silyl ettﬂiw[l’(mfth pRD ACER- aﬁtadlﬁdﬁkb §h|e ,oppcfsue outer aromatlc ring. That is, group Q and
2,10- bls(S|Ier ynyl ) pent ac t hese groups can

|
opt i oRdl |y thialp ﬁ@uneregqftfaﬁﬂg&sgm ‘eruﬂpé%: %telwnaw%ihﬁ;ﬂc SroDRBH, the £9 0al kyl |
ar ﬁL ar al kyl1ethiait oxﬁﬁlaﬁi’dh@' to an WA Q¥oRRE Ying o BleSAO@bly! . al kenyl, or

I nations” théreo he position nunbers in front of the term"diyl"
|nd| cate the carmmmcﬂﬁeg@upth@d@dc dubyp nailémitedetof bér t h group are

ot 11 mi t e T 4R IR af"?lgskg?&f|1§4P§§(%¢H&P§*ﬁ*a)§%@ﬁ94‘§“%?5'd@ﬁa"” b e
e

b7 o 15 a1 Ry rile DR Pastrerd: L-E5E 25 -Gs @ipthyryDanihracene-9, 10- diyl 6,13-

5 e a0

bi s(trial kyissi yﬁtmypmtgqgewﬁé&ehﬁé @ 29].0de1§(}511ylethynyl)pentacene -6 13-d1yl Any of

. 13- bi ? (r fﬁﬁ@ Bl b L b E‘%@W) %gn L S d&u{%fl Wity gyan alky, alkoxy, thioalkyl,

bi s(trial kydrgl] dryikel, hg{laylia)qmdif}ﬂ a@dﬂﬁyﬂkﬂSh&iery&HcyIAﬂkerqﬂ drhemblngﬁmpﬁer@ﬁn
optionally ﬂgve the 30 Ac oup ubst with an al kyl, al koxy

d
t hi oalPkyl , Teypesition Bymbars i »@w’l’emdm@ thsspapon Atom aerteapkw

al kenyl &gjﬁm@&t foBAR g;dﬁﬁragﬁog&acﬁ@aqo ggggctér@urb nunbers in 10 WD 2007/ 124286
PCTI USZOO?/% front "of "the term"diyl" indicate the carbon atom where

the Q group and Sohe niaespdeiftyAup): gaoups atclude Had atemot hmited tagd dup.
{ bis(trialkylsilylethyny!)naphthalene-2,6-diyl, 1,4-bis(trialkylsilylethynyl)naphthalene-2,7-
diyl, 9,10-bis(trialkylsilylethynyl)anthracene-2,6-diyl, 9,10-
25 bis(trialkylsilylethynyl)anthracene-2,7-diyl, 2,6-bis(trialkylsilylethynyl)anthracene-9,10-
diyl, 2,7-bis(trialkylsilylethynyl)anthracene-9,10-diyl, 6,13-
bis(trialkylsilylethyny!)pentacene-2,9-diyl, 6,13-bis(trialkylsilylethynyl)pentacene-2,10-
diyl, 2,9-bis(trialkylsilylethynyl)pentacene-6,13-diyl, or 2,10-

bis(tralkylsilylethynyi)pentacene-6,13-diyl. Any of these groups can optionally have the
30 Ac group substituted with an alkyl, alkoxy, thioalkyl, aryl, aralkyl, halo, haloalkyl,

hydroxyalkyl, heteroalkyl, alkenyl, or combinations thereof. The position numbers in

10



I n sone applications such as those in which the copolyners function as

sem conductor materials, it nmay be desirable to select an Ac group that has
an extended 5 conjugation length in a linear direction (i.e., along the
backbone of the copolyner). Such copolyners tend to align well with each
other in th&QWPUBHI®N of stack-like structures. That iBCT/UH208766622
applications, it is preferable that the Q group is attached to an outer
aromatic ring of the acene with the two sinI et hynyl groups attached to an

i nnerar Omalﬁjrgﬁt of tﬁ r!cgrm 1‘51 lt’ ecﬁ?jltf.i the %%rb(an ¢ 8m “?hre(?en@lt gr[nil;? fhid tﬁc):( ?o%lllagg'gupp‘c( E)2

groups i ncl are
1, 4- bi s(silyﬂeetthgm&tdmapshtgmipene 2,6-diyl such as 1, 4-

bi s(trial kyl sily] et hynyl)naphth
o 300 bi a(8]1 o1 e RATE PEPHAR B HHE & oG i phich ghg cogelymers function as
9, 10-bi s(tr saalulwdd%etbvﬂnsiehmm ﬂl@f‘hé‘ﬂ@ﬁ%l@t@seﬁecgétyAc gffup thal Bas an extended

bi s(silyl ethynyl)pentacene-2, 9- such

6, 13- bis( t r cemjkgption leygfétlmtha)r@smtmém@o@th@bgnkbowgfﬂmwmbm)gr%wps can
optionally t

t hi oal kyl , aryﬁ"ﬁ%éretaeﬁﬁﬁh &egwﬁa%a%ﬂbﬁgﬁwﬁy r@‘g?(t?/bé’l STaCk F?lk‘?eroa

al kenyl , or Th&tdg)in somie aplphcdnbﬂs.’ @df pre€arablipthed tthsgblqj:ltsadad’hEd)m dnooutar| a Il to V
as descri bed abgve. ou and in these f |l as. i s |ndependently
sel ected fr?ﬁ?f’ﬁ%%@%ﬁ*ﬁe a?%wﬁth% ﬂﬁﬁ%& HI?‘FPS a“%%?ﬁo A IPPEEAOMAULE) o

hal oal kyl, hyg rlpl?ﬁ&%lli‘é’d vnn&%?&ﬁaﬁﬁlrmgl Ex Fﬁﬂb’)&e Gspstthdiddel BiSrd gr eof . 20
When referrl ng (ﬂ:]roups and the term"co |nat|ons thereof' refers

to a fitst hgmted,ut@ Hélls(ﬁlbflﬁtbwfb’ﬂéilp}%hﬂﬂﬂ,lﬁ%ﬁadle@uﬁhﬁhl,éﬂot her group. In sone
nbodi t t hat
cnoct T SLOUR, g e 38,05 By B8y 1845 1

car bon at onmsychés 0Q 0-bidtriatkybiiplethyayianti@icede-2 6-dif, czafflmn atons. More
speci ficall sel ect d froman

h [
al kyl havi né‘sésglylg&&gil'l PA‘F“@&‘?’!??VF}' Qg’g%lfﬁtaéﬁﬁéﬁ’& W@%@%ﬁgﬁp@ﬁﬁ 24 car bon
atoms, a thygal kyj oﬂﬁé@e%%@% chfdtondlyORDRE 28 B8 s BRidictithatlallgrat | east 6

car bon atons,” an aral havi ng | éast 10 cafbon atons, a hal oal kyl having
at |east 4 aléca*sb@inoeeihdnwl araligyl haley baloalkyl Hewdroxgaliyl, heseroplinl, elkembrorat ons, a
het er oal kyl st 4 carbon atons, an al kenyl having at |east 4
car bon atonggg%lbag)gng}ekeg) ions thereof. The 30 sel ection of at |east one such
group can often Gmnpé}mselhbtedﬁoﬂmﬂmlnultayl 1fV hddeseritied lapore Eadh grbwp RUbad | 1 n

I f t t h tibility. h
oot hi opRe et BmyRers R Borelsol Foriy Eesponin Shev: ol
2007/ 124286 o htISA AT, Qﬁ@ﬂ%ﬁl hyROEya B E KBle Aalky s ARhYINBY onibibBohsi@akbLal Rl

and R2 gr oue& sel ected froma
hen referring to groups Rl and R2, the term “combinations thereof”’ refers to a first

group that is further substituted with another group.
In some embodiments of group Q, there is at least one R1 group or R2 group that
contains at least 4 carbon atoms such as 4 to 30 carbon atoms, 4 to 20 carbon atoms, 4 to
16 carbon atoms, or 4 to 10 carbon atoms. More specifically, there is at least one R1
25 group or R2 group 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 at least 4 carbon atoms, a heteroalkyl having at least
4 carbon atoms, an alkenyl having at least 4 carbon atoms, or combinations thereof. The
30 selection of at least one such group can often increase the solubility of the copolymer of
Formula I in common organic solvents or can often improve the compatibility of the

acene-thiophene copolymer with various coating compositions.
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al kyl having at |east 4 carbon atons, an al koxy having at |east 4 carbon
atons, a thioalkyl having at |east 4 carbon atons, an aryl having at | east
6 carbon atons, an aral kyl having at |east 10 carbon atons, a hal oal kyl
havi ng at Ieast 4 carbon atons, a hydroxyal kyl haV|ng 5 car bon
atons, a heY@PYWHEH® having at |east 4 carbon atons, ﬁ%‘éﬁ@ﬁ%@% ng at

| east 4 carbon atons, or a conbination thereof. The copolyners of Fornul a |
can be prepared using Suzuki coupling reactions such as shown in Reaction
Schero A 10 Re8Ght ARl Topdlymrdnatd el B Y RObrypdscndt fonk 13, B A
B O 000 ( o e SaheRRermaR TR N B ACE + R tACCO OEOL A
di hal oacenealkyhbaving atigastd @queﬁoms |ap|abroky haMingatdeastd (:arb@n atoms;, arthioplsglent s t he
acene gro I | (

aprosent deriags) ERLARERON sl 4 85Phullng ableliistadt g ol By A ERS it

bi s( pi nacoli@ko)tadpnCmohg aftﬁrdmhhaﬁgm leastriparbo ativd, B Gyinoryalkyd kaving ol ane
groups (e.q. tetranethyldlﬁxaborolane) &ﬁe resultln acene conpound S

then r&act dhleaftdirarbopiaomsyp Horkh 8 4 gargon at@@f@% PRYLABYIA Bthe
copol yner q% Fpédfb'ér?atbms-g?%cﬁﬁ]'bﬁlaﬁélpﬂﬁ%of” the second reaction can be the
sanme or ai’ﬁerent t han 't h 0 groups In the first reaction. Both of these
reacti ons typi calhbyoncrljmeraof Porassda § qantbh prepered esiog Sofuka cpuplibg diagionsat al yst
such as, faqr .exa #lalcgi

bi s( di phenﬁ}"blhaogssgﬁmg) gicion Sch S %h1 or opal | adi um and

tetraki s(triphenyl)phosphine)palladiun{O . As an alternative to Reaction
Schene A, a dihal ot hi ophene conpqound,can be initially reacted with a

di oxaBbr ol ane and then react ed udfeAetion Seheme A upl i ng reactions with a

di hal oacene havgng two attached silylethynyl 25 groups. Suzllz.lkl coupl i ng
redctions are flrther desckitd | P~the artpgtfafry |t Chem ,
Int. Ed., 42X7TAS% 1162 (2003)BaBd por t kng—iaf or thfB-l’-,Qf—gl’e cad
therein. Stiflg couplingAedtti ofS san al so be used (;synl heo t he
copolynmers of Formula | as shown in Reaction Schene B.

E E
O | 0 Pd catalyst [ i
n .| ,B-Ac—B * n X=Q—X — * Ac-Q-]-*
o | 0 { | n
E E

A dihaloacene having two attached silylethynyl groups (i.e., Ac represents the acene

group, E represents the group of formula -C=C-Si(R%);, and X represent a halo) is initialty

15 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
different than the halo groups in the first reaction. Both of these reactions typically take

20 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
using Suzuki coupling reactions with a dihaloacene having two attached silylethyny!

25 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.
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12 WD 2007/ 124286 PCT/ US2007/ 066622 Reaction Scheme B 2 Li 2 Bu3sSnd H QH
Li-QLi --- Bu3Sn-Q SnBu3 E E Pd catalyst n Bu3Sn-Q SnBu3 + n X- i s-X ¢c-0
E E 5 A thiophene conpound can be lithiated and then reacted with a '
trial kyl stannate such as tributyltin chloride to form a thiophene conpound
substi t ut ed W 2007/124886t r i al kyl st annate groups. The resul PCHYS2RT/6623ne
conpound can then be reacted in the presence of a palladiumcatalyst with a
di hal oacene having two attached silylethynyl groups. As an alternative to
Reaction Schene B, an acene with two attached silylethynyl groups can be 10
lithiated and then reacted with a trial kylstannate to form an acene
substituted with two trial kyl st anReiciosSéhtinse BThe resul ting acene conpound
can then be reacted with a dihal ot hi ophene in the presence of a palladium
catalyst. Stille coupling rebictions are . f@r84%¥Cl described in _the articles
Mller et al., JH@rg. chem. 0, leg43-H819(T99%) and“Ra& &M%l ., Acc.
Chem Res., 34, 359-369 (2001). 15 Di hal oacenes having two silylethynyl
groups can be synthesized froma di haf oacenedastagétown in the Exgnpl e
Section or asnsiBaygn—io+—Rapat i off Scher®adcx For—exenple, *—1—Ac—Q—J—
1,4-bis(silylethynyl)-2, 6-di hal onapht hal ene can be synt hesi zlj:ed starting with
2, 6- di hal onapht hl ene such as 2, 6-di cht oronapht hal ene, which is commercially

o5 L, on R e g el il sl o O

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

groups. The resulting thiophene compound can then be reacted in the presence of a
palladium catalyst with a dihaloacene having two attached silylethynyl groups. Asan
alternative to Reaction Scheme B, an acene with two attached silylethynyl groups can be

10 lithiated and then reacted with a trialkylstannate to form an acene substituted with two
trialkylstannate groups. The resulting acene compound can then be reacted with a
dihalothiophene in the presence of a palladium catalyst. Stille coupling reactions are
further described in the articles Miller et al., J. Org. Chem., 60, 6813-6819 (1995) and
Katz et al., Acc. Chem. Res., 34, 359-369 (2001).

15 Dihaloacenes having two silylethynyl groups can be synthesized from a
dihaloacene as shown in the Example 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.
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13 WO 2007/ 124286 PCT/ US2007/066622 (Ra)3Si 0 OH LI - | aRa X + -1 1R
XX0OH (Ra)3SlI (Ra)3Sl 41(R') 3 \\ OH X SnCl2/HCO X OH (Ra)3sl
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6- di hal ona ht hagui none. The silylethynyl groups can be_added by formation
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(tert-butyldinmethylsilyl)acetylene are avail able N GFS Chem cal s,
Col unbus, OH. (D net hyl phenyl silyl)acetyl ene,
(et hyl di phenyl si | yl') acet y?ene, t @he are avail abl e
fromAl drich 10 Chenical M | |y i p »dr ol product can
t hen be converted teL? the %o'?re PORGFRG ﬁ- reaction with a
reduci ng agent such as st dhnous ] eREs wWith the halo
group in the 2,9 or 2,10 positions canQ)e synt heS|ze s Gthown in Reaction
Schenme D. The reaction of a hal obenzene with 15 r ons Iit|c anhydri de under
typical Friedel-Crafts conditions (e.g., AIC13, #hk€h is a strong Lewis
Acid) in an inert sol%l né or with hal obenzene as sol ven .(wr)th heat gives the
two i someric bis(halo g | )phthalic acids A and B. These isoners can be
separated by fractional MNgcrystallization, chromat ograhy or by differences
in solubility. Further

X SnCI2/HCI

Si(R%),

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, (triisopropyisilyl)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, W1. 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., AICls, 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(thalobenzoyl)phthalic acids A and B are carried on

20 separately first by cyclization to the corresponding tetrones C and D using triflic acid
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reactions of the individual bis(halobenzoyl)phthalic acids A and B are
carried on 20 separately first by cyclization to the correspondi ng tetrones
Cand Dusing triflic acid 14 WD 2007/124286 PCTI US2007/ 066622 fol |l owed by
reduction to the desired pentacenes E and F wi th sodi um borohydri de and

st annous chM§? 208&12478¢e R3 groups bel ow are hydrogen or sBEEUB0AHME623r oups.
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Reaction Scheme D
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D F
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 could
then be converted to derivatives with the silylethynyl groups attached at the 6 and 13
25 positions of the pentacene.

15
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SnC2 R3 R3 DF 20 The resulting dihal opentacenes can be reacted to attach
two silylethynyl groups using a nethod anal ogous to that shown in Reaction
Scheme C. Oxidation of conpounds E and F woul d give the correspondi ng

qui nones GY¥h¢OH134@8pecti vel y. These conpounds coul d tl’i’@ﬂ‘"@é"“&@?ﬁ?@rted to
derivatives with the silylethynyl groups attached at the 6 and 13 25
positions of the pentacene. 15 WO 2007/ 124286 PCT/ US2007/ 066622 Si (R)3 R3
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X RBXRB RBRBRBORRR3II RB3Si(R3 EGSi(R3 RBRRIR3|JOR3 R3 I
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Di br onot hi op RP O d : 4 S
be prepared b )
t he corresﬁSon| g Thiodp edct)d % br o nat 'hgYagent! sfith as
N- bronmosucci nfri de (NBS)RS For exanmfPe, a corrpBifmd of For Rl a I||Ia with R
and R2

. @GOOG OC‘GG

Dibromothiophene compounds of Formula I1a
S

BrWBr
10 R1 R2
Ila
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 Rt and R2
i 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-blJthiophenes of Formula Il1a
R1

20 R2
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15 equal to al kyl groups can be prepared by reacting a 3, 4-di hal ot hi ophene
with two noles of a Giignard reagent containing the desired al kyl groups

foll owed by a brom nation reaction. This nmethod is further described in the
article by Vidal et at., Chem Eur. J., 6, 1663-1673 (20 /b

Di hal ot hi en{%28VBM88i ophenes of Formula I1la RL Br 1 BFU/HSH07A§6623 o

I[1la 16 WO 2007/ 124286 PCT/ US2007/ 066622 can be prepar ed by brom nation of
the correspondi ng thieno[3, 2-b]thi ophenes. Sone thieno[3, 2-b]thiophenes are

comer ci al | i I

Gi ot hyl £ hi SRR OB (ORI hionaff2 Hulomepes. fome)

Ger many andthignef3, Zi-bhhlomm anopBmerchilly lavajshisfon Maabiadgcaﬁfbmwaﬂoﬁi(Al 316-1 ch,
M | waukee, engl 3 hepe nt.hasi

desortbed i Hrpeiiy lepPia oGO edbilabletRot REEpERGIG, RUSHGEAEY 08T 5515
(2004). D hajsaﬁlsm&nﬂﬁ&&;bb}ﬂnbpm&aemaﬂﬁhld:ﬁ)dsmmmdhvadﬂv&uﬁee, Bvl.| Br R1 R2
IVa 10 can be prepared by brom nation of the correspondin

t hi eno[2, 3- Ptherthighebhed]thigphengs cagchepyrthpsisse r@d@cquﬁn@wéﬂ%e Px Zhiefdrcial |y
avail able fg Al 37 8068815 ey, Ward Hill, MA. Qrher substituted
thieno[ 2, 3-b rﬁﬁ@g{g %nes tan Ee prep(igr%eﬂ using an anal ogous reaction to that
descri bed i n t heDdntothiéro[h§-bBbivpheres of BEdrmulad¥enal of Heterocyclic

Chem stry, 38, 1167-1171 (2001). 15 Li i s, di hal oet hyl enedi oxyt hi ophene
conpounds of Formula Va S Br | /g

IVa

10 can be prepared by bromination of the corresponding thieno[2,3-bjthiophenes. 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—WBr

0 0]

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 1s at
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t hi ophene can then be dibromnated at the 2 and 5 positions with
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10379 ( 20084 least 48,009 gmojereFhe weiglt v eragampleeylai weightycan by determipsdsingdier age
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benzedl, afBlvERH BieB-2s ilvenesboozrny, apd wylaneathat i palsta Muﬁéa@%é‘ﬁéamxk‘&ones
such as metliphed sioRE mkthgﬁkmle%nmm&mﬂtéﬂwl kkSh& %ﬁbnﬁhb@sdlﬁkmcﬁol vents
such as chloroform | or onet hane, chl or obénzene, and di chl or obenzene;

al kanes su@hchigrofays ﬂwhbman@hmdclﬂ@rpbmme anbdigiowbenzens: lalkages such as

N, N- di et hy| h Y o used herein, the term
"sol ubl e" rﬂé&oﬁé@ e%?oh%g n?fearn can &/eﬁ %%111'4 ssc{(}ﬁetgp&? agmée ef’\?@nt to provide a
sol ution thmth}dp_sﬁ'foalldﬁﬁe amﬁmaaére&ﬂﬁtm ‘Gblublet heaid the eqm}lmema:an based on the
wei ght of thes utio Somevgqp ngers have a sol ubility g%fé | east 0.05
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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.

20 Compositions that contain the acene-thiophene copolymer and a solvent can be
used to provide a coating. The coating can be formed by applying the compositions to a
surface such as to a surface of a substrate or to a surface of another 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

25 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 temperature such as a temperature up to about 80 °C, up to
about 100 °C, up to about 120 °C, up to about 150 °C, or up to about 200 °C.,

In some exemplary methods of preparing an electronic device, the method involves

30 providing a first layer selected from a dielectric layer, a conductive layer, or a substrate
and disposing a layer containing the acene-thiophene copolymer of Formula I adjacent to

the first layer. No specific order of preparing or providing is necessary; however, the layer
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diodes, capacitors, embedded capacitors, and resistors that are used to form circuits.

20 Semiconductor devices also can include arrays of circuits that perform an electronic
function. Examples of these arrays or integrated circuits include inverters, oscillators,
shift registers, and logic circuits. Applications of these semiconductor devices and arrays
include radio frequency identification devices (RFIDs), smart cards, display backplanes,
sensors, memory devices, and the like.

25 Some of the semiconductor devices are organic thin-film transistors as shown
schematically in Figures 1 to 6. Any given layer in the various thin film fransistors shown
in Figures 1 to 6 can include multiple layers of materials. Further, any layer can include a
single material or multiple materials.

One embodiment of an organic thin-film transistor 100 is shown schematically in

30 Figure 1. The organic thin-film transistor (OTFT) 100 includes a gate electrode 14, a gate
dielectric layer 16 disposed on the gate electrode 14, a source electrode 22, a drain

¢lectrode 24, and a semiconductor layer 20 that is in contact with both the source electrode
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20 both the source electrode 22 and the drain electrode 24. The source electrode 22 and the

drain electrode 24 are separated from each other (i.e., the source electrode 22 does not
contact the drain electrode 24). Both the source electrode 22 and the drain electrode 24
are in contact with the semiconducting layer such that a portion of the semiconductor layer
is positioned between the source electrode and the drain electrode. The channel 21 is the
25 portion of the semiconductor layer that is positioned between the source electrode 22 and
the drain electrode 24. One or more optional surface treatment layers can be included in
the semiconductor device. For example, an optional surface treatment layer can be
included between the gate dielectric layer 16 and the semiconductor layer 20.
An optional substrate can be included in the organic thin-film transistors. For
30 example, the optional substrate 12 can be in contact with the gate electrode 14 as shown

schematically in Figure 5 for the OTFT 500 or in contact with the semiconductor layer 20
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dielectric layer 16 di sposed on the gate el ectrode 14, a sem conductor | ayer
20, and a source electrode 22 and a drain el ectrode 24 di sposed on the

sem conductor layer 20. In this enbodi nent, the seniconductor layer 20 i's
between the gate dielectric layer 16 and 20 both the source el ectrode 22 and
the drain el"g‘é?qoﬂboézsﬂ The source el ectrode 22 and the PHTASHOIUP®ER, ode 24
are separated fromeach other (i.e., the source el ectrode 22 does not
contact the drain electrode 24). Both the source el ectrode 22 and the drain
el ectrode 24, 46 dherfis @Ll 151 ﬁ@@s%&%ééﬁf%ﬂ@“ﬁ%k’g%@ g @H&Eh L}J?i%hala
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the drain el ect r SHRpeEion ghthe spmicapaucis device Gonfigyrations spow,§ ﬁl‘ref ﬁ?s can be

included i nvyokdp cHEh SPNOYEHRIRE dﬁﬁm@@dem BEWERE St 1cadt i@dally ovAadhaidif @ce
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organi c thi t t e 12
can be in cgﬁ]t(c%é: Wi f}ﬂﬁ{t Ee‘ﬁ{:]eg %%:St ng %eﬁaté%&tﬁ%ggﬁgém c%lzii?/ﬁl n
Figure 5 fonhaM1ﬁﬁEt&O@wEO 'tammnnacnbnmﬁdmcwaestﬂerﬂjpmappdmmonloﬁyer 20 20

WO 2007/ 124286 P 8200 06 schemat.i.c IIy i,n Figyre 6 for the
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of a conductive material. For
20 titanium, indium tin oxide (ITO), fluorine tin oxide (FTO), antimony doped tin oxide

(ATO), or a combination thereof. Exemplary conductive polymers include, but are not
limited to, polyaniline, poly(3,4-ethylenedioxythiophene)/poly(styrene sulfonate), or
polypyrrole. In some organic thin film transistors, the same material can provide both the
gate electrode function and the support function of the substrate. For example, doped

25 silicon can function as both the gate electrode and as the substrate.

The gate electrode in some embodiments is formed by coating a substrate surface
with a dispersion that contains conductive materials such as nanoparticles that are
conductive or polymeric materials that are conductive. Conductive nanoparticles include,
but are not limited to, ITO nanoparticles, ATO nanoparticles, silver nanoparticles, gold

30 nanoparticles, or carbon nanotubes.

The gate dielectric layer 16 is disposed on the gate electrode 14. This gate

dielectric layer 16 electrically insulates the gate electrode 14 from the balance of the
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exanple, the gate el ectrode can include a doped silicon material, a netal,
an alloy, a conductive polyner, or a conbination thereof. Suitable netals
and alloys include, but are not limted to, alumnum chrom um gold,
silver, nickel alladium platinum tantalum 20 titanium indiumtin oxide
(17O, flud¥? ﬁ‘@""&“ﬁs‘oxi de (FTO, antinony doped tin oxi d&TSARAHPO6Y 3

conbi nation thereof. Exenplary conductive polyners include, but are not
limted to, polyaniline, poly(3,4-ethylenedioxythiophene)/poly(styrene

sul f onat e) o177 dRley REfuPhGterib ABPRL GRILEC iftIte fof Bl Sh3AREc Lhe same
material can provide both the ate % ectrode function and the support
functi on ofdieldsgicsmigetialar polyfmeric dilentpic matatioh o a 26mbinktianathercafn Thargetei on as

embodi nont Qo1 b Sy R afitof RGBS EoutcP By BRI by <o ¢

contai ns codetiiata shglerad muktitdysr digiettria samiatiafesid @ iniste BiedictrivBatergdIduct i ve or
polynmeric materials that ,ar? conductive, Conductive napoparticles include,
but ar® not |i mibeerspyc thixdlntreasisiersican wsludagerphignaluwiriere readment layge

nanoparti cl i t e gate
dielectri cdf‘g“;sér% %62%5{%%@255%?& el%glfi%?{g%?tp?gg%#gﬁsqfﬁ%@gate

di el ectri c stmigendut®r &yecZt odiboped eswiéeattbssubbteate) b2 andodt demst opbetidndofithom t he
bal ance of the. 21.W0O 2007/ 12?6831 PCT/ U 2807/ 6&%22. FT deﬁi ce. Useful
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fil'mtransistors can i nclude an optional surface tteatnent [ayéer i sposed
bet ween t her gavlymdiie atdarial os deagréed 1i6Udh Batant Ampdisation Rublitdtion 2003/0 240 gani ¢
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optional surfacghtsRaéd@edtrodk aY efid &einREtrade 2canbe@idias allBgd, wRemlid he gate
dielectric layer and the sem conductor |ayer 10 or between the substrate and

the seéhi corempewds, capdictivemstal gxides; sondugtiveperamissy ganduetiye digpersipns, and
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Appl i cat i opldEntin pAkadiom, 2ROEMEG,03LNIN, titdniiKahdiem tet oxade JT@pdlubti® titPat ent  No.

6,617,609 (Kejl et al.)..The,s e.el. ectrode 2 nd drai,n el ectrode 24
can be net e (g_?(‘i)l)%?m 3’??’5’8‘3 %f(ﬁ)owa@c 0618?1@&?]{)1 Rng(zéf al oxi des,
conduct i Ve ¢aslaABIi6SythiofRheFholYQtyiérS REI§HaR) Spoly@hfline, other conducting polymers,

20 alloys thereof, combinations thereof, and multiple layers thereof. Some of these materials

are appropriate for use with n-type semiconductor materials and others are appropriate for
use with p-type semiconductor materials, as is known in the art.
The organic thin film transistors exemplified in Figures 1 to 3 can be prepared by a
method that involves arranging multiple layers in the following order: a gate electrode; a
25 gate dielectric layer; a layer having a source electrode and a drain electrode that are
separated from each other; and a semiconductor layer in contact with both the source
electrode and the drain electrode. The semiconductor layer includes an acene-thiophene
copolymer of Formula I.
For example, the organic thin film transistor shown schematically in Figure 1 can
30 be prepared by providing a gate electrode 14; depositing a gate dielectric layer 16 adjacent
to the gate electrode 14; positioning a source electrode 22 and a drain electrode 24

adjacent to the gate dielectric layer 16 such that the source electrode 22 and the drain
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conductive polyners, including, for exanple, gold, silver, nickel, chrom um
barium platinum palladium alumnum calcium titanium indiumtin oxide
(1TO, fluorine tin oxide (FTO, antinony tin oxide (ATO, indiumzinc °
oxi de (1z0O ol y(3,4 ethyl enedi oxyt hi ophene)/ pol y(styrene sul fonate),
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thereof, and nmultiple |ayers thereof. Sone of these materials are
appropriate for use with n-type sem conductor materials and others are
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and the drain electrode. The sem conductor |ayer includes an acene-thi ophene

copol yrfer ofaypohahis positiongg in thg afep betweemibic spuemelectiods and the grain elaetradeor shown
schemati cal |j¥sde0aGhauee 1 can 30 be prepared by providing a gate el ectrode
14; depositing a gate dielectric |ayer 16 adjacent to the gate el ectrode

14; positioni ng Thsogiuethi S radéstd® 3handscherdatidally é Bigtre@omn B4 prepdijedcent to

the gate dielectrjc layer 16,such.that th oyr el,ect.rode 22 and. the drain
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portion of € sem conduct or osItione area bet ween
t he source éevedteades @ndepatateddiran nachlottet;rand dormied 2 sensicendobtaniagér. 20The or gani ¢
thin filmtransi

tor shown,sch i,cal l.y jn Fjgure 2 can be. prepare by
provi di ng. a *URFEL PAPRSOREe AR 14 H emif sletradea mdde HEAreh? | HEVETIGS r ar e
12; deposi t kdifice declidie22 b 16 HfairCelbciv@é 24.6TiRKecAR@AHUE! [ 203bRadb Bsthr ode 14
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two electro re separated fromeach ot ormng a sem conduct or
| ayer 20 adhaeent to the source el ectrode 22, the drain el ectrode 24, and

in the area 21 bet ween .t he ource el ectrode 22 and the drain el ectrode 24.
The seni conduct Oﬁle{ %@}wgbngf%ﬁ S%”BE? SC ematlcaﬂy mn lr-"1gure can be prepared

by providing a substrate 12; forming a semiconductor layer 20 adjacent to the substrate 12;

20 positioning a source electrode 22 and a drain electrode 24 adjacent to the semiconductor
layer 20 opposite the substrate 12 such that the source electrode 22 and drain electrodes 24
are separated from each other; depositing a gate dielectric layer 16 adjacent to the source
electrode 22, the drain electrode 24, and a portion of the semiconducting layer 20 between
the source electrode 22 and the drain electrode 24; and depositing a gate electrode 14

25 adjacent to the gate dielectric layer 16. Both the source electrode 22 and the drain
electrode 24 contact the semiconductor layer 20. A portion of the semiconductor layer is
positioned between the source electrode 22 and the drain electrode 24. This portion of the
semiconductor layer defines a channel.

The organic thin film transistors shown schematically in Figures 4 to 6 can be

30 prepared by a method that involves arranging multiple layers in the following order: a gate

electrode; a gate dielectric layer; a semiconductor layer containing the acene-thiophene

copolymer of Formula I; and a layer having a source clectrode and a drain electrode that
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15 the source el ectrode 22 and the drain electrode 24. The portion of the
sem conductor layer that is positioned in the area between the source

el ectrode and the drain electrode defines a channel. The organic thin film
transi stor _shown schematically in Figure 3 can be prepared b roviding a
substrate 192406128y a seni conductor |ayer 20 adjacent Ptqjmfsﬁé"’g’ﬁﬁﬁéztrate 12;
20 positioning a source el ectrode 22 and a drain electrode 24 adjacent to

t he sem conductor |ayer 20 opposite the substrate 12 such that the source
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| ay'er. A subst can e positi acent to the gate electrode or

adj acent t celéchredd 2d/me sepandted fiom gadhhehe @nd beth sleetredes arde camdcttvwith thle ai n

el ectrode. For exanple e,organi ¢ thin.filmtransistor. shown schematically
* i gur e FeRuRT R0 o TP e emiF BT R OB ORS¢ 1 g
gat e di el echliice shdB¥@in cl&tddésacent to the gate electrode 14; formng a

sem conductor |ayer 20 adjacent to the gate dielectric |ayer 16 (i.e., the

gate dPel ect ri c Thgpeganivghindilpgensistontwvbachameaticslheindtgure 8|cae be prgparadt and 10
t he sem co i I ; : i,k Qi r 2 and a
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forming a semiconductor layer 20 adjacent to the gate dielectric layer 16; and positioning

20 a source electrode 22 and a drain electrode 24 adjacent to the semiconductor layer 20. The
source electrode 22 and the drain electrode 24 are separated from each other and both
electrodes are in contact with the semiconductor layer 20. A portion of the semiconductor
layer 20 is positioned between the source electrode 22 and the drain electrode 24.

The organic thin film transistor shown schematically in Figure 6 can be prepared

25 by providing a substrate 12; positioning a source electrode 22 and a drain electrode 24
adjacent to the substrate such that the source electrode 22 and the drain electrode 24 are
separated from each other; forming a semiconductor layer 20 that contacts the source
electrode 22 and the drain electrode 24; and depositing a gate dielectric layer 16 adjacent
to the semiconductor layer opposite the source electrode 22 and the drain electrode 24; and

30 depositing a gate electrode 14 adjacent to the gate dielectric layer 16. A portion of the
semiconductor layer 20 is positioned between the source electrode 22 and the drain
electrode 24.
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source and drain electrodes. 15 The organic thin filmtransi stor shown
schematically in Figure 5 can be prepared by providing a substrate 12,
depositing a gate el ectrode 14 adjacent to the substrate 12, depositing a

gate dielectric Igyer 16 adjacent to the gate electrode 14 such that the
gate el ect QYWY hositioned between the substrate 1BCHNSROPHLOH2: o

dielectric layer 16; formng a sem conductor |ayer 20 adjacent to the gate
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Organic electroluminescent (OEL) devices such as organic light emitting diodes

20 include an organic emissive element positioned between two electrodes (i.e., an anode and
a cathode). The organic emissive ¢lement of an organic electroluminescent device usually
includes at least one light emitting layer that includes an electroluminescent material.
Other layers can also be present in the organic emissive element such as a hole transport
layers, electron transport layer, hole injection layer, clectron injection layer, hole blocking

25 layer, electron blocking layer, buffer layer, and the like. In addition, photoluminescent
materials can be present in the light emitting layer or other layers in the organic emissive
element, for example, to convert the color of light emitted by the electroluminescent
material to another color. These and other such layers and matenials can be used to alter or
tune the electronic properties and behavior of the layered OEL device. For example, the

30 additional layers can be used to achieve a desired current/voltage response, a desired

device efficiency, a desired color, a desired brightness, and the like.
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between the two el ectrodes, the electron and hole reconbine and emt |ight.
Conversely, in a photovoltaic cell, charge transport between the two

el ectrodes results fromthe 15 exposure of the active layer to light. The
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20 or 1 weight percent based on the weight of material in the light emitting layer
When the acene-thiophene copolymer is used as a dopant in the light emitting

layer, it can be combined with host materials such as, for example, a charge transfer
material. The charge transfer material is often a hole transfer material such as a diamine
derivative, a triarylamine derivative, or a combination thereof. Exemplary diamine

25 derivatives include, but are not limited to, N,N'-bis(3-methylphenyl)-N,N'-
bis(phenyl)benzidine (TPD), N,N’-bis(2-naphthyl)-N,N’-bis(phenyl)benzidine (beta-
NPB), and N,N'-bis(1-naphthyl)-N,N'-bis(phenyl)benzidine (NPB). Exemplary
triarylamine derivative include, but are not limited to, 4,4',4"-Tris(N,N-
diphenylamino)triphenylamine (TDATA) and 4,4',4"-Tris(N-3-methylphenyl-N-

30 phenylamino)triphenylamine (MTDATA). Still other host materials include clectron
transfer materials such as, for example, 9,10-di(2-naphthyl)anthracene (ADN} and
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function as a host material or as a dopant material within a light emtting
| ayer. As used herein, the term"dopant"” refers to a material that is
capabl e of being 15 excited by a transfer of energy froma host material.
The excited dopant enmits light. The dopant is typically present in an
anount IessW‘IlgII‘I "6928%ei ght percent, |ess than 40 wei ght PREUEMNTI6662ss t han
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dopant is t @I?)(I’I ent,
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20 polymers, or a combination thereof. The emitted light from the organic emissive element

can be in any portion of the visible spectrum depending on the composition of the
electroluminescent composition in the light emitting layer or layers.
Suitable LEP materials are typically conjugated polymeric or oligomeric molecules
that preferably have sufficient film-forming properties for solution processing. As used
25 herein, “conjugated polymers or oligomeric molecules” refer to polymers or oligomers
having a delocalized n-electron system along the polymer backbone. Such polymers or
oligomers are semiconducting and can support positive or negative charge carriers along
the polymeric or oligomeric chain.
Exemplary LEP materials include poly(phenylenevinylenes), poly(para-
30 phenylenes), polyfluorenes, other LEP materials now known or later developed, and co-
polymers or blends thereof. Suitable LEPs can also be doped with a small molecule

emitter, dispersed with fluorescent dyes or photoluminescent materials, blended with
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green or red light and a host material that emts green |ight can transfer
energy to a dopant that emts red light but not to a dopant that emts bl ue
l'ight. 15 Wen the acene-thiophene copolynmer is present in a light emtting
| ayer of an ani c em ssive elenent, other light emtting materials can be
present i n‘Y‘Plé“"g’qu ight enitting layer or in di fferer’i’tCTﬂ{Sﬁ‘H’t"’“@ﬁ?ztti ng
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emtting 28%‘&@ %I}'é&{vggﬂgag%g g8 érts Ion er eofh(y eV%?nla\?étngg ?Iﬂgth% om t he
or gani ¢ emEBExsinples ef suelit LEtPamtérmls are fimthepdastiiten inKrifhet »ii, singbe Greact r um

ot ent't et 5 a0egp s O aifen B8 SR AR CRRGRD $78RGE cory " "

conj ugat ed sgabywrs 869055095 DOMBET; i5H200b L@ 6411 hhdte, revelea] ald BChatent
suffici ent | m for ni ng pr&gert ies for solution proceSS| ng. As used 25
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doped with smal |l nolecule emtter, dispersed with fluorescent dyes or
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further des’,mntm@cthdrmalklread printirtg, photolithogyephic gteming, bprhyingchnd eRifysictD2- 428

(1998); U.S. Patent Nos. 5,621,131; 5,708,130; 5,728,801; 5,840, 217;
5, 869, 350: 8480 327: 5,929 194: 6, 132, 641; and 6, 169, 163: and PCT Patent 5

Appl i cation PUblS'uﬁ@fIlé S é‘h&tto%ﬂ&@éﬁ maké?ﬁls”fﬁél@&é &h&e%ﬂsﬂ%ﬁﬂg%ﬁﬁ?& into a

light emtting structure, for exanple, by casting a solvent solution of the
LEP ma$ er i dlockingaans semiqondcting ergapwmsoraehemetalie cemponds. TmlcqikyoaMce a

pol yneri c fnb):ltéﬂald %1 e@géwcli%)bsdeﬁ%r g&&&f fr&l’n S&gw abfP lgﬁlg drs?ﬂ v?& a

substrate reaction o cursor “Speci es F o ng LEP
| ayers areld 9ﬂ1cﬁ¢daﬁﬁklup11e ]JaQerkJoBSMFiaiteﬂiktls ive typicadl) @508 prédubeeffiviehhmgaiof

formng a light emtting structure, from L erials jnclude re not
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charge transport and electroluminescent properties.
20 Exemplary SM materials include N,N'-bis(3-methylphenyl)-N,N'-

n-l'l)

diphenylbenzidine (TPD) and metal chelate compounds such as tris(8-hydroxyquinoline)
aluminum (Alq3). Other SM materials are disclosed in, for example, C.H. Chen, et al.,
Macromol. Symp. 125, 1 (1997); Japanese Laid Open Patent Application 2000-195673;
U.S. Patents Nos. 6,030,715; 6,150,043; and 6,242,115; and PCT Patent Applications

25 Publication Nos. WO 00/18851 (divalent lanthanide metal complexes), WO 00/70655
(cyclometallated iridium compounds and others), and WO 98/55561.

The anode 32 and cathode 34 are typically formed using conducting materials such
as metals, alloys, metallic compounds, conductive metal oxides, conductive ceramics,
conductive dispersions, and conductive polymers, including, for example, gold, silver,

30 nickel, chromium, barium, platinum, palladium, aluminum, calcium, titanium, indium tin
oxide (ITO), fluorine tin oxide (FTQ), antimony tin oxide (ATQ), indium zinc oxide
(1Z0), poly(3,4-ethylenedioxythiophene)/poly(styrene sulfonate), polyaniline, other
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printing, thermal head printing, photolithographic patterning, spraying, and
extrusion coating. Suitable SMelectrolum nescent materials include charge
transporting, charge 15 blocking, and semi conducting organic or

organonetal i ¢ compounds. Typically, SM materials can be vacuum deposited
or coated fMUhEEIMOoN to formthin layers in a devi ce. PFCT/HSHIHR6623 e,
multiple layers of SMmaterials are typically used to produce efficient
organi c el ectrol um nescent devices si nce a given material generally does

not have bo desi n I ent
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ceram cs, onduct.i v i spersion and conductiv i ncludi ng, for
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(FTO, anti ny tin oxi lum zinc oxid
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28 WO 2007/ 1 7/ I al l.qvs t hereof,
conbi nat i oné {lﬁglrggrgg éluigto%ullll af’1 eer al{?dh anba{%% Sg]‘?ﬁtggg%lgﬂ%lg and the
cat hode 34 can b®hsanage mateﬁiyﬂadf(ﬁtl@é ﬂ@@ﬂﬁueﬁeumedmdaﬁmcaﬂl@cﬁw dddeyaycten i ncl ude

mul tiple | ayers, For exanp an anode or@g_cat hode %/ ude a Iayer of
al uni num an@pticall é)tféﬁmpé'i‘mb‘ﬁlsaml -Hanspirsnt. dp addiioq tg 4T Qnepitable BN num  a

layer of 5 @l MimABLide hRYiRE t1HBx1*de(1hch)?”}:ﬁ11: BRI, %nad?ﬁm%xi’&@tz%c digyer and a
conductive organic layer. A typical ano for an organi ¢ el ectrol un nescent

devi celi s i midargoid, nlaunmuepadlad@)m othentighewerdk fumation anetalsinsd eerebinationbst r at e
such as pl agll G ror gl ass. Suitable substrates include, for exanple, glass,
transparent p astl cs such as polyol efins, polyethersul fones, polycarbonates,
pol yesters such epumllyethhyﬂcelaeamb@watedlvaﬂﬂ KlE’EE\l)ayerpclhy@rpyb\&ﬁe$ﬂatand 10

olymeric multilay rfl Ocoat barrier fil u s the Plastic
Ei | |>’/n Conduc S¥face an to mo 1{{!B the et:I[ ctive wor. ﬁunctlron O?the anogn?‘ "ﬁw% fta r layer typically
has a thickness up to 5000 Angstroms, up to 4000 Angstroms, up to 3000 Angstroms, up
20 to 1000 Angstroms, up to 800 Angstroms, up to 600 Angstroms, up to 400 Angstroms, or

up to 200 Angstroms. The buffer layer often has a thickness of at least 5 Angstroms, at
least 10 Angstroms, or at least 20 Angstroms. The buffer layer can be vapor coated or
solution coated.
Suitable buffer layers can be an ionic polymer such as poly(3,4-oxyethyleneoxy |
25 thiophene)/poly(styrene sulfonate), polyaniline emeraldine, or an acid doped polypyrrole.
Other suitable buffer layers include those described in U.S. Patent Application No.
2004/0004433A1, incorporated herein by reference, that include (a) a hole transport
material having triarylamine moieties and (b) an electron acceptor material. Suitable hole
transport material can be a small molecule or a polymeric material. Exemplary hole
30 transport material include, but are not limited to, 4,4°,4”-tris(N,N-
diphenylamino)triphenylamine (TDATA), 4,4”,4”-tris(N-3-methylphenyl-N-
phenylamino)triphenylamine (MTDAA), 4,4°,4”-tris(carbozole-9-ylhtriphenylamine
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avai lable from3M (St. Paul, M), surface-treated filns, and sel ected

pol yi m des. The anode nmaterial coating the substrate is electrically
conductive and may be optically transparent or sem-transparent. In
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tin oxide (E®VHBE oxide, vanadi um oxide, zinc-tin 1FGHL0T0GHRY
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are not limted to, "-tris(N, N dlﬁenylamno)trlpe;g[y amne(TDATA)

v, 40, tr.l@lelﬂplslwfsmf|ﬂrﬂﬁ'éﬁsaren&is BREFRAMmRIE HScathpdmeynelns

444 i 26 0 2007/ 124286
PCT/ uszoow%%’g‘g%%q % B e, R LA fer
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| ect t t t b d fer,l
P L R G R S i ey e S R
tetaf |l uor o-cah ﬁirﬂﬁﬁa’d‘!a@ﬂldhﬂﬂ@ﬂfdﬁﬁ{el’paﬁbagé et diatrsadeehdiodna?. ﬁhdo@feaamhples,
2-(4-(1l-nmethyleth phenyl - 6

pheny 15 4H tth¢ #i§)¢- ﬁno phepe F‘H’@H@}ﬂﬁ?‘b‘w‘a‘ﬂﬁé@ imthe pple ansportdayeky Irguhersyamplps, and

2,4,7- t t al
ri Lllr}% %ﬂ%}h@rﬁﬁ:ﬁ%&r X@g@"’ihclﬁ&’é ARG SmbIBC] HEGink QeHVRIVE, {u\:‘l‘i‘ﬁéN,‘?\f“ metals

such as al cal cium 'samari umy nagnesi um silver
magnesi um sbii(?/emeﬂ@ﬂﬂymsl,) N Nt-lms(lphq:ny[l)lbeﬂmd.lm lfIlPi]D)rNﬂNé ;bis(Yinpphithyl),Nand of

cal ci um magn eilsﬁll e%nl)gelnlz%(ne (beta%%t d% NC%IS(I'nap yi)r}gll\]ebls@f)enylﬂ)enmdme
(NPB); or a triarylamine derivative, such as, 4,4',4"-tris(N,N-
20 diphenylamino)triphenylamine (TDATA), 4,4',4"-tris(N-3-methylphenyl-N-

phenylamino)triphenylamine (MTDATA), 4,4’ ,4”-tri(N-phenoxazinyl) triphenylamine
(TPOTA), and 1,3,5-tris(4-diphenylaminophenyl)benzene (TDAPB).
The electron transport layer 40 facilitates the injection of electrons from the
cathode into the device and their migration towards the recombination zone. The electron
25 transport layer 40 can further act as a barrier for the passage of holes to the cathode 34. In
some examples, the electron transport layer 40 can be formed using the organometallic
compound such as tris(8-hydroxyquinolato) aluminum (Alg3) and biphenylato bis(8-
hydroxyquinolato)aluminum (BAlq). Other examples of electron transport materials
useful in electron transport layer 260 include 1,3-bis[5-(4-(1,1-dimethylethyl)phenyl)-
30 1,3,4-oxadiazol-2-yl]benzene,; 2-(biphenyl-4-yl)-5-(4-(1,1-dimethylethyl)phenyl)-1,3,4-
oxadiazole; 9,10-di(2-naphthyl)anthracene {ADN); 2-(4-biphenyt)-5-(4-t-butylphenyl)-

30



10 multiple layers of these materials. For exanple, the cathode can include
a layer of lithium fluoride, a layer of alum num and a |ayer of silver.
The hol e transport |ayer 38 facilitates the injection of holes fromthe
anode into the device and their mgration towards the reconbinati on zone.
The hol e tr X:}8F124288yer 38 can further act as a barri ePCHEB200HGIIssage of
el ectrons to the anode 32. In sone exanples, 15 the acene-thi ophene
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O her exarrpl es of electron transport material’s "useful in electron transport

| ayer 260 i h@ldddiezale Gral)s Fisct(ml(lqckmgiam ¢ppraining| fypdrempie) NG -bis(1-

1,3, 4- di I »

2. (bi phenyl ﬁ%’q“ﬁ 1\%}?{@% 1) pengiding QYRB) sk rtisQN-G-methylphepyiNy o
B e ore e T T i
3- (4- bi phenﬁwﬁl)veacr&ﬁ%tn& déﬁtoazmamjfmﬁwwmwﬁs &anéﬂe@rqsnﬂé& beee layerpz) |

Qt her | ayer gy$Wsfiplaso cwerﬁpf@ml%f ligRtcHntit ey th@@ie@traﬂinﬁﬁ&deﬁnnb@m&é
containing, for ‘exa por phyrinic conpounds |ik ;5 i pht hal ocyani ne
orater

(CuPc) and #natker5oloht sge fTsuchelapers atnqld&@ww us @ﬁvlaﬁthﬁ ng, for
exanpl e, al 5@&&'&@0 @%ﬁﬁes%d%?ﬁav%r olf ﬁleli eﬁ'ﬁ%]@fh%c ?clr e§a &? i apﬂlg&ekdn@g
rexanpl e, nolec ¥

| ayers containing, ar oxadlaz azo
deri vati ves osmor fegurds M;hlai; p)k’l&meti ):u15er(t/4ellt&gb méspbmfm&dsiredd&;%efﬁaehogzol e

l(alp SB ?)81 ﬁ;/gr g @Ftﬁm, gtde négfi E\é%:ﬁ-s% 3 %H?c,p nacre]:th gt?rlula r(])16’\3. gieBs%@ com i atloqu(lfa to
3- (4-bi phenyﬁeyé featdrd@nenyl - 5- (4-tert-butyl phenyl)
20 Figure § schematically illustrates an exemplary photovoltaic cell, which is another
type of electronic device that can contain the acene-thiophene copolymer of Formula I.
An active layer 54 is positioned between an anode 52 and a cathode 56. One of the
electrodes can be disposed adjacent to one of an optional substrate. For exampie, the
anode 52 can be positioned adjacent to a substrate S0. At least one of the electrodes is
25 transparent or semi-transparent. If the transparent or semi-transparent electrode is
adjacent to a substrate, the substrate is typically transparent or semi-transparent as well.
The substrate 50, anode 52, and cathode 56 can be the same as those described above for
an organic electroluminescent device. Either electrode or substrate can include multiple
layers of material. For example, an anode can include a first layer of ITO and a second
30 layer of a conductive polymer such as poly(3,4-ethylenedioxythiophene)-poly(styrene

sulfonate).
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10 1,2,4-triazole (TAZ); electron blocking |ayers containing, for exanple,
N, N - bi s(1- naphthyl)-N, N -bi s(phenyl) benzidine (NPB), or

4,4" 4"-tris(N(3-nethyl phenyl)-N phenyl am no)tri phenyl am ne (MIDATA); or
the like c present in organic emssive elenent, |n addition,

phot ol um ngggg'w‘gﬁg%eri al s can be present in these | ayerP§, /Usfz%ur?%g@?éznpl e, to
convert the color of light emtted by the el ectrolum nescent material to 15
anot her color. These and other such |ayers and naterials can be used to

alter or tune thge a@1v8HyePRLBIIPERERS & SnidtduBEPANleRll. Ahe bR iR¥pNAE OFEL
device, for exanple, to achieve one or nore features such as a desired

cur r ent / volcopjamerad Formela I sanfessinthgiactizg layer. dn iapy embgdimentsdtbe petivd layet or, a

desired bri. i i if et esi. r omhi nati on of
hose 1 eat (TR 5 o ceEBbd Séhl AL s 'l oTon Bofiof b aciOT VYR
phot ovol t aities avehd-thiophemdcopslyare finetionstay pe eloétrel doaibr materiald @kemplaihat can

contain the acene-thi ophene copol yper of Farpula |. An activ ayer 54 is
pOSi ftifbned elf’é?’%@?e%fﬂr%ﬁﬁﬂgs P‘E‘ﬁdgge’gﬁ%gﬂ{gu e deyigatiyes §ug asgq"lﬁétrodes can
be di sposeqhafii-asLhlytliOai eyl iterdPCBRNAIT0 I sie-wal lca®b A HRlofubed NE

anode 52 can be §)05|t| oned adjacent to a substrate 50. At | east one of the
el ect r odes (PWNI5) ¢ nagnerysipllpdSeqrartialesior tateanedsap@ni2,s. 1’5 teteahexydormspadent or

sen -trans t e i i to t e bstrate is
Syt cal 1y AR Ao BERAE 1B EAAEBPY) Lhurd AR ety L [EaBHET L 20° Lnode
52, and cathbgylexyda 4 plienpRidyiehe(MIBH-GB-PIV)S folglse|4opiknalens €l -E@ho-1g22 Or gani C
el ectrol um neiq%g)nérge ice._ Either e]lectrode or substrate can include

miltiple [V pRy-p AP 7-dugethxloghraxy)- 1 4rphgmdens)-d £n(2rqyarerdwylenel r st

layer of I7Q. PONEPIY, 4 2YQ0-pRbyidhett . i8¢ pres
polly( 3, 4- e}%y?gg)é%?%gyt hi op er’le’)y’- gg?{/y(%fﬁr gﬁgﬁxggﬁlg%g%ﬁe{)&?da%%qv%éngw 124286

PCT/ US2007 /206 8622, 5-diheptalonypeplicaylene vinylend) (HOdH\Ai ns a seni conduct or
material. The a - L hi. 2 o) r l g . in.t active
Tayer. 1 many dBGPAARESaRE R0 B ! Feubolin Al PR Bt on
donor mat efhhtoddfdr shichlaachildingaleseiption wad availatidé) naotiths@antiayelias, t he

acene-t hi ophene copol r.fungtiqns as an electrqn donor material. Exenplary
5 el e¢iron RUPEHY mﬁé@ﬁ%ﬁﬂmm&@mm&?pr@@m qgesepry MRy OREMEESi vat i ves

such as [ 6,8rzseRN@WatebR gt ri ¢ acid nethyl ester (PCBM, [70]PCBM
si ngl e-wal | “‘carbon nanotubes (SWNTs) , nanocrystal CdSe particles or
tetrapods, poly(2,5,2",5 -tetrahexyl oxy-7,8" - dicyano-di p-phenyl ene

vi nyl ene) (CN- PPV), cyano- pol y(2- et - &iés( 2- et hyl -
hexyl oxy) - 1, 4- phenyl vi nyl ene ( VEH CN\- n
pol y(oxa- 1, 4- phenyiesgeats(were pamebaséd From commercial sources and used without further

20 purification unless otherwise noted.
n-Octadecyltrichlorosilane (OTS) and 1,1,1,3,3,3-Hexamethyldisilazane (HMDS)
were obtained from Alfa Aesar (Ward Hill, MA). Toluene was distilled from Na. Heavily
doped p-type silicon wafers (100) having 100 nm thermally grown oxide (Silicon Valley
Microelectronics, Inc.) were used as substrates.

25 Sodium carbonate, tetrakis(triphenylphosphine)pailadium(0), tin (IT) chloride,
bis(pinacollato)diboron, 2,5-dibromothiophene, and 2,5-dibromo3-hexylthiophene were
purchased from Aldrich (Milwaukee, WI); ALIQUAT 336 (a phase transfer catalyst), n-
butyl lithium, and
[1,1’-bis(diphenylphosphino)ferrocene]jdichloropalladium complex with dichloromethane

30 were obtained from Alfa Aesar (Ward Hill, MA); and triisopropylsilylacetylene was
purchased from GFS Chemicals (Columbus, OH). Hexane and tetrahydrofuran (THF)
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10

vi nyl ene) - (2- met hoxy-5- (3, 7-di net hyl octyl oxy) - 1, 4- phenyl ene) - 1, 2- ( 2- cyanovi n
yl ene) - 1, 4-phenyl ene) (PCNEPV), 3,4,9, 1 0-perylenetetracarboxylic '

bi s- benzi m dazol (PTCBI), and poly(2,5-di heptyl oxy-p-phenyl ene vinyl ene)
(HO- PPV). TMWO 3087 B4W6ng descri bes the invention in ternsPGHUSNHHREOERNT S
foreseen by the inventors for which an enabling description was avail abl e,
not wi t hstandi ng that 15 insubstantial nodifications of the invention, not

presently foresgen. .nmay nonet hel .represent equival ents thereto. Exanples
Al reagent &% ﬁ%%%?‘é%ﬁ%‘gﬂmf 3@%?"?:‘3’% rﬁ?gglﬁiﬁflgiééveéerﬂ%% USK& hout furt her
20 puri fi capiiBhédpresduet hefollowse not ed. n-Cctadecyltrichlorosilane (OIS) and
1,1,1, 3,3, 3-Hexapet hyl di si | azane ( HVDS) re obtained from A fa Aesar (Ward
Hil, M. Tol ueh® %meﬂnéhrﬁq%awmaamwemmomﬂae%ﬂvaﬂablyaé-si l'i con

waf er s (loohiaﬁﬁwamaﬁé%omsﬁmmm ATIOVRIbEXb R0 b1 GO YOehnCWr. Ed,

L
M cr oel ectroni cs, .) were used as substrates. 25 S%g‘?um car bonat ¢,

t et rakiss(t r #hHa A3 pRaSP0R)nbRtersublamdatiom 0 was furthex purified bl sedryssgllization from

bi s( pi nacol ) di boron, 2, 5-di bronot hi ophene, and

2, 5-di brono3-nexyl t hi ophene were purchased fromAldrich (M| waukee, W);
ALI QUAT 336 (a phsdibrémedstdihesithidplidiewas Prepﬁl'éﬂ Ylond doinfthéttlaila Behilable 3,4-

[1,1" - bi s(di phenyl phosphi no) f enocene] di chl gor opal | adj um conpl ex with

di chi or omet fAFEnotephsas bA BnAsserks descairdby Yidabatal. Chaar durichi6, 16 167dng
triisopr opy@)bb)yl acetyl ene was purchased from GFS Chem cal s (Col unbus, OH).
Hexane and tetrahydrofuran (THF) 32 WD 2007/ 124286 PCT/ US2007/ 066622 were
di stillted over sh&iDibmonipkid-£iblylcoedionytisophens wes prapared fibm cnomergalbpar ed usi ng

publ i shed pro ures fallows: .2 6:di noant hr aqui npne wa epared from
Conmer ci al | § A0 Pacy oo kA BT e R i e SGE4

descri bed byy Bét@inglet &ll, CheAnWaisr., S880388D (1996)-d., 5 42, 1159-1162 (2003).
After sublimtionp, it was %_Hrther purified by recrystallization from

2, 5-di br ono- 3, 4- #PRikPMoR. & dmeREthigne[he-bshipplens wapPrepmree DX PHAMIPAtORAL| abl e
3,4- dibro f | 1, j : VihGah; : lem Eur.
T 6 1663 %2%5?15’?%8% éxh b?ﬂoﬁ@iﬁgféﬁsg‘?gﬂ nﬁﬁ’é‘?"z{?@%@ﬁé hé’@@?’ﬁ@é%nﬁ e
prepar &d f r blthiophrenme wes abhthiped from 3,4-dibromothiophene in a multistep synthesis as described

by Zhang et al., J. Macromolecules, 37, 6306-6315 (2004).

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

[(triisopropylsilyl)ethynylJanthracene was synthesized according to Reaction Scheme 1, as
described in Preparatory Examples 1 and 2.
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avai |l abl e 3, 4- et hyl enedi oxyt hi ophene (EDOT, Bayer, Leverkus
described by Sotzing et al., Chem Mater., 8, 882-889 (199
2, 5- b brono- 3, 6- di nonyl t hi eno[ 3, 2-b] t hi ophene was prepared

3, 6-di nonyl t hi eno[ 3, 2- b] t hi ophene usi ng N bronosucci ni m de.
3, 6- Di nony| WHi2eH4

en, Cermany) as
6) .
by brom nation of

486 15 b] t hi ophene was obt ai ned from PUVERBYEELHi ophene

Macr onol ecul es,

bi s-
rding to Reaction

iBu/ [ \\/

ina nmultistep synthesis as described by Zhang et al., J.

37, 6306-6315 (2004). The precursor

2,6-bis-(4,4,5 5-tetranethyl - n-2-yl)-9, 10-
[(triisopropylsilyl)ethynyl] ant hr acene&sﬁgés"egiyal[ hesi zed acco

Schene 1, as described in Preparatory Exanples 1 and 2. S?/V\D 2007/ 124286
PCTI US2007/ 066622 Reaction Schenme 1 >-Y-< Oll [/ \ Br ?_

Si(IPr~3\ \' I / Br 2. SnCl2 / HC Br Oll Y ii ||

~-PoCl 2(dppf)z B-B B—OO J)no o Br \ \ / OOB\ \ |
Prepar atory Exanpl n@,hesi s of

2, 6-di brono-9, 10-
Triisopropyl sil ga
added under a dry nitpogen bl anket to an oven-dried round
L). Butyl [lithium (2.7 Min hexane, 14.5 nlL, 39.2 nmol)

\ Br
A >Si< 5

(140 nL) were

ottomflask (1
gs added dropw se

under dry nitrogen >—Si—<

JocoaiiERe RPN e

10

15

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)
was added, the color changed to light red, and a white precipitate appeared. Tin (II)
chloride (8.088 g, 42.6 mmol) in HCI (18 mL, 10%) aqueous solution was then added. The
mixture was heated to 60 °C for 2 hours and then cooled to room temperature. The solvent

was removed by rotary evaporation. DI water (100 mL) was added to the mixture which
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10 through a syringe to the m xture. The m xture was stirred at room
tenperature for 2 hours. To this colorless solution, dry THE (300 nL) and
2, 6- di bronpant hraqui none (5.49 g, 15.0 nmot) were added under dry nitrogen. -
The solution turned red i medi ately and the 2, 6- dibronmoant hraqui ni none

di ssol ved i WOa0RTit24286 The mi xture was stirred at room t eRPEPSRNTEC@Yer ni ght
and the solution became dark red. Deionized (D) water (6.0 nL) 15 was
added, the color changed to light red, and a white precipitate appeared. Tin

(1) chlorj ' ion was
t hen added. ‘df‘ﬁthgg ’g%fa’tﬁrg’é’vl&mﬁhs?ﬁ%@ dmItLg< gc}%ll? gg%soﬁgh@ls@gn %ev%&cﬁb%I ed to
room t enper ahater entil haetrad.dt wemoncvmterdemd)pmdﬁdﬂmhmglaa yolamapbroatataraphipl wat er
(100 nlL) was.added to th ure 07/.124 PCT/ US2007/ 066622
was t hen ox Liike €8t/ B, ﬁ%%ﬁi“’(%ﬁ% %W%bhd 4 53 2RI OV ERGUAIAE viashod
with DI waiehrd#ibd ' Rewd (4o MHE, (‘l"@@hﬁ%%&rﬁ 7@71@?029@0'219“1 iﬁ'o@ﬁjz)té"ﬁﬂugh a
col um chromat ography (silica exane i ght 'yel | ow
solid (8.558¢4 {d, eHdl= S@OJ&Z)V\%@%M% (dd2H s = BBGHZFN] 6dm:HZ) IHSNM??’@HDO MHz,
CDC13) . 6p2%§7%§)8802(d 2H, J = 2.0 Hz), 8.43 1 5 8.454 (d, 2H, J =
8.8 H), 7.647° S8 (dd, 2H J = 8.8 Hz, J = 2.0 Hz), 1.259 (s, 36H),
1.247 (s, 6H). Preparatory Exanple 2 - Synthesis of

2, 6-bi s- (4,

yi ) - i 9, 16 bi ﬁf"(ﬂa?’f ';)e fam h§| |$’F}%@§lﬁg%?‘?bo Ol,ig_éq%r_@me%l 1,3,2-dioxaborolan-2-

2, 6-di br onos nyl ] ant hracene (5.225 g, 7.5
mml )I from %@gﬁgrﬂgﬁ[gﬁlg}gb%bﬂﬁmﬁ%gﬂdsn}(ﬂgllﬁgé;gI I>la]t 0) di boron (El 763 g 18.8

mol ), IKOAc (2. 9m&d1tgome@,1@ h?ﬁﬁrl)sompﬂsmlb@!t@nﬂlwrmye Wem g;ﬁairrgmdl)t 0 a 250
m flask un N n
1

obt ai ned. The su éansr&rﬂ%nlse lg\gls ssaécgl\f\ét@a bg}o%gﬂg\% %’alcgz\ésl C)xyge%\%umvas
[1, 1" -bis( dg;ﬂmhﬁbpﬁﬂmmmf(mmbmakdhﬁgédmamnInﬂdhsllﬂm(dér a@&ﬁ&geg)A\/\/as

t hen added u rogen. solut ned orange. xture was
stirred at y«%l% 0?15% eaﬂ%f“s 87 e ghated. g'rhﬁébﬁﬂe?%%‘éff‘sa %P%g‘]:‘ Pt was
washed Wi t hidaloWah&ls of 6:538n M1 %1sﬁilpl%ﬁ?lpﬂ6§pﬁﬁoﬂ¥ﬁéceh@@féﬂlom-ﬂaﬁacﬁlﬂhY@@@S Was

renoved by rotary evaporation. d residue was ?UFI fied by colum

chr omatoogr aphyasthén 4dded yeder doHdregenahiee sohuion jurned dringsd The mitere hyab stireest at e.

SRR eI AT e Vot
Hz), 8.579- BL06GA. & d¥landiedbver MgSOKThe Jolver® was Htjaved b Eokary cOZfordtidd, Tl&H J =

8.8 Hz, 24 1.288 6 A
Suzuki coupFqlﬁgesl@&cw@ﬂn&s%gn%w%@w?mﬁ&@ﬂtq%@ekgmzham(lophe:')e

recrystallized from ethyl acetate. Orange needle crystals were obtained (3.20 g, yield 55%)

20 as the product. '"H NMR (400 MHz, CDCl,). & ppm 9.250-9.254 (dd, 2H, J = 0.8 Hz, ] =
0.8 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).

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

25 copolymers of Preparatory Examples 3 to 7, as shown in Reaction Scheme 2.

35



25 copol yners of Preparatory Exanples 3 to 7, as shown in Reaction Schene 2.
35 WD 20071124286 PCTI US2007(066622 Reaction Scheme 2 / / \ B-0 Br QQ er /
[\ 0}. JyamfO,B\ \ / \ \' I / Il Il >Y --< The Br-Q Br conpounds wer e
2, 5-di bromp- 3, 4- et hyl enedi oxyt hi ophene (Preparatory 5 Exa
2, 5-di br onﬁ"@z??&%%zg‘?u ophene (Preparatory Exanple 4), %%P‘Bﬁ’ﬁ“%z 4-
dlhexylthlophene (Preparatory Exanple 5), 2,5- dlbronDthlophene (Preparatory
Exanple 6), and 2,5-dibronD-3,6-dinonylthieno[3,2-b]thiophene (Preparatory
Exanple 7). Preparatory Exanple 3 - Synthesis of
pol y(3, 4- et hyl enedi oxy- 2, 5-t hi ophene-alt-9,10 |l o
bi s[(triisopropylsilyl)ethynyl]-2Reaghermchesres) A 250 nL Schl enk flask was
charged with 2,6-bis-(4,4,5,5-teiranmethyl -1, 3, 2-
di oxaborol an-2-yl)-9, 10- bis[(t i OpropyIS|IyI)§:ﬁ' yl ] ant hracene (1.552 g,
2.00 mol ), 2,5-dibrono-3, 4-et ene i oxyt hi opfie (0 600 g, 2.00 mol),
sodlunlcarbonate (1.060 g, 10 U nnv? ALl QUAT e (0.241 g), distilled
water (10 nmL), and toluene (¥ B~058te m .degassed three tines
under nitrogen using a ~eN to Tenmov
Tetraki s(tri phenyl phosphi ﬁpalhadlun(O) (0.025 9 0. 02 mmol ) was then added
under dry nitrogen flow After\degassing one nngg.%g the m xture was

Y end

stirred under dry nitrogen at C for 46 hour cap the copol yner,
addi ti onal 2, 6-bis-(4, 4,5, 5-

t et r amet hyITh B3-(3-Biicnpbaide wafe 25 \Mibrofe-30-Ahyibdedidxd eny(lpedphdator@t hynyl | ant
hracene (0.015 kzﬂﬁ)x/\g vvgg@iz’idded f ol |%V\gd 24 }Eours ?’ﬁ‘?gjrh édpﬁérorro%gnzene (0.5

n). The sdixamp §d11§?mr3e@xaw@@me Ereppsnipry Fawmp&o‘al der-ditsomed
(150 e x gytekpRibMledfren iy SAnIASs), £ SRAERAREAPRBTHRY Ehadiie 101 7

filtrate wag, addsddbondild- ((ﬂﬁﬂlthﬂm)o[WZt-H]thmpgmailﬂsdpyras:hy [Exampile 7]'he red
precipitate was collected by filtration and was then washed with MeOH (via
Soxhl et 25 extraction) for 24 hours. Ared solid (1.39 g, yield:

appr oxi mat etvgpAROeKy E/mnlﬂbﬁ aiSpattcsasof rokyd3, pfeﬂd'imbdlom2é-tmmpﬁ)@@ a-htd-. ' H NVR
(400 . SR SRR A gl 2, f0- 8,01 (br, 20, 7o,
PCTI US2007/ 066622250 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),
2,5-dibromo-3,4-ethylenedioxythiophene (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).
15 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
nitrogen at 90 °C for 46 hours. To end cap the copolymer, additional 2,6-bis-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-y1)-9,10-bis[{triisopropylsilyl)ethynyl]anthracene (0.015
20 g) was added, followed 24 hours later by bromobenzene (0.5 mL). The solution was
stirred another 24 hours and cooled to room temperature. The 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 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 (1.39 g, yield: approximately 100%) was obtained as
the product. Mw = 11,000 g/mol. ‘H NMR (400 MHz, CDCl). 8 ppm 8.91-9.30 (br, 2H),
8.49-8.91 (br, 2H), 7.75-8.31 (br, 2H), 4.19-4.71 (br, 4H), 1.12-1.15 (br, 42H).
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Preparatory Exanple 4 - Synthesis of poly(3-hexyl-2,5 -thiophene-alt-9, 10-
bis[(triisopropylsilyl)ethynyl]-2, 6-anthracene) A 250 mL Schl enk fl ask vas
charged with 2, 6-bis-(4,4,5,5- tetranethyl 1,3, 2-

di oxabor ol an- 2- g g 9, 10-bis[(triisopropylsilyl)ethynyl]anthracene (1.552 g,
2.00 nmol ), WEWEAB b op- 3- hexyl t hi ophene (0.652 g, 2. BETHN8IH066€28 i um
carbonate (1.060 g, 10.0 mmol ), ALI QUAT 336 (0.241 g), distilled water (10
m.), and toluene (100 nL). The m xture was degassed three tines under dry

‘T’Lt;ggleg(gfl phe nyégﬂtﬂlﬁ?%gnpﬁlpgd?gﬁ%@p%%g?g thmp(sle%ezalrtr-r%ollo) was t hen added

under dry nbisi{gmproplysiyl)etiynyt]-Hegabsicerg) one nore tine, the m xture was

3t Ier L.GS ?Zdir 5dgr3Xt2§8 P@&@ﬁ%ﬁ rﬁfsaiéwgsochgrgeﬁ ik, 08B, AR ) 3 0.

di oxabor ol agioRatiokolarR230)- 991(BBl@F(ﬁil&O@ﬁ@ﬁ(EﬂYlb&h)‘ﬂ)ﬁl]hfﬁhﬁN@M'(l 3 Frmmo( 0. 015 g)
was added and _the reactijon tirred hours, and fol|lowed wth the

addi ti on of 2@&5‘??8@@7%2@’?@1@8@6% (Q P28 8Iq0tnéffl9? SOd‘H@ qaghomieh 069 %t 1% was
t d |
ol ut on wartie, AHOBAT 6% 24| ER SRRy RELRD MG olhp (AGEMS ¥80° 0 ¢ hen

filtered tomixuewesiegissd tirke Smkes undenpymitrogen ﬁ.heg #iSchlewsit knevaseroovecent r at ed

ol 1ot ed - By LaRRaTPEnYpibetnRB B faermre) SeeBeniafd’ *' ¢ S
extracti on) yhdef d@‘h tﬁ@éﬁﬂowAA'ﬂ@ﬂdel_g'SQIi\r/ilgdmé ho%lﬁlﬂe tb{é ﬁkﬁure&&%suﬁ@@uﬁé% ned as
t he product. = 11,600 4%/ nol ppm 8. 89-9. 06

(br, 119, 8nr?18g@1 %890 (' for 4Bhoursg Peizht@nqﬂ@ b BHS (o 295 tef;ral@s l-bi 250 (br, 1H) ]
7.74-7.86 ,
( 1ox%b1)|f%lan-z 1929 Yo- g@g&‘ﬁ%)prgoéy%sb#?et%ﬁar%g&aé&% 043 g)E\&%s%déed %ﬂi_ (br

2H), 1.08- repar t ory
Synt hesi s ofhepercti¢Byas Edmhé storl 152hobrs; friddpHewel with the addltlbll of bromobenzene (80

[(triisopro l.sil t hyn nt hr acene) 5 hl enk fl ask was
char ged wi B £ 148 Kby Bk Soh ey spope 2n'ahd Bored oS

di oxabor ol at'&'rrg:lebé c. %&Qecbtbﬁ{eﬁé gdlmtmm@myﬂasatéwdrﬁia&dsuwﬂtmm Rage €108 iBx909 g,
5.04 mol) 5-di br gno- 3, 4-di hexyl t hi ophene (2.121 g, 5.17 mol), sodium

car bondt e (i) Bowag thez'aﬂtyredﬁﬁmn}oveMPwmlmp@m%Tbs ﬁlt@it%w qoagenfiatedr (10
m), and tolyspg 45 ﬁTq @E)(?OOTBE with Fo%slgﬁﬁnﬁggﬂgééé prifiGtel ATRB1ALREET

ni trogen u5|ng a I ne o re
Tet raki s( t r bpfikryibphospds the) wadhbdamth MeH (\®a 3@hla extPactiOn)nfion?4 hovas A tedn added

under a dr en f.l Af t assin nor e was
stirred undé?llac{ QQ%W@O%) 1@%?35?11 9%534“’ ﬁéggy@ﬂtﬁsb@éﬁi%{ 0 room
t enper at ur eMHAH€DCRY. & Sk 8189- 93(% (WO 120 B(781242 8%, ROT 8 YSX00/HE2EH2288-8.01
20 (br, 1H), 7.74-7.86 (br, 1H), 7.52-7.65 (br, 1H), 2.82-3.03 (br, 2H), 1.69-1.84 (br, 2H),
1.08-1.50 (br, 48H), 0.71-0.90 (br, 3H).

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

25 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 (3.909 g, 5.04 mmol),
2,5-dibromo-3,4-dihexylthiophene (2.121 g, 5.17 mmol), sodium carbonate (2.65 g, 25.0
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.

30 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

nitrogen at 90 °C for 72 hours. It was then cooled to room temperature. The red toluenc
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sol ution was separated and washed with DI water (150 nL x 3). It was then
filtered to renove traces of solid inpurity. The filtrate was added to MeOH
(350 :n) with vigorous stirring. The red precipitate was collected by
filtration_and was then washed with MeOH (via Soxhlet extraction) for 24
hours. A r P& AHRES 53 g, yield: 89% was obtai ned as HHASL0030688%t . My =
36,300 g/mol. "H NWVR (400 MHz, CDC13). S 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 - - . ht hesi
of pol v(2, g@ltfafﬁ?% %ﬁgﬁ?@-‘gf"?%b‘? X\%é‘hefligﬁth 5HVate 1 SPRATLAL 8. Yt FX SR BitGred toSY Nt hesi s

bi s[(trii sopnomtiased oflsphd frgpuyity.-Thediltzate wasedied Jo MeOEh360 klf) vatikvig@e8 m) was
charged with 2, 6:bis~(4, 4.5 5-tetyanmethyd:-1.3, 2- .

o Shor o) Sherbe T B2 bfscihiciedyds ShIE N irduch g ovay thanvessbsd i MsOFh 3888 o
0. 50 mol ) (via Bphhlel dxtractvnk for2H doars( A rdPsblid (3.3 pOyiedva9ds) wadibtiinedas grnat e

(0.265 g, 2.50 mol ), ALl QUAT, 33?@{0. 118 g). distilled water (3 nlL), and

t ol uen® ( 30TAUFt Mz 36,300 gfmoly IINMR (00 ME2 LGk 8 ppmrfedl-§38 6 2 r ogen

usi ng a Schl@n j It - _ _

Tetraki s(t :8 f%hwéaéfﬁg%o%)g?\'?ﬁej pable)ag}jqig’ﬁﬂn%gog'of &YO?LH ’524601.'%31(])11:?#[1)1)) l'gAglaéA? hen added
under dry (bu, 640y 899£0.(brAftH)er degassing one nore time, the mixture was
stirred under dry nitrogen at 90 C for 48 hours. It was cooled to room
tenperature. The red toluene solution was separated and washed with DI

wat er (150 Preparatory Hxamidé6 t Beithésid dfeoBA2, 5 ehibstvay-a/d Aces of 20 solid
i npurity. Thepf__i Ia%r?rate was adgfgd to %e%z(zooﬁﬁ) Wi th vigorously stirring.
The red proisitpisererylsbydethynylécdcatiageene) t r ati on and was then washed with

MeOH (via Soxhl ef gHetic" i e |5l B yield:
91% was obt ai n&js%s trfgdgpF%gﬁ%%)%aﬂ%ﬁmg%%g(%;%gt;lﬁg?’%’g‘sl-tlgtl{lﬁ(\/rtrg@et%ﬁolga’%/Hz,
CDC13). S pliowaBoroBa-gROHN:bislidiisopropylsityBthyaiiantizagene (73886-g7 050 nirhal), 2H) |

0.93-1.96 LA2H) .. P t Exanpl.e 7 -, Synthesi

ol v( 3. o aitiproroptme S Al 8'CiommsRifinlpibontt @385, £50 mmon,

9, 10- bi s[ ( tALIQRT BW{0s1 I8y)) Béthied Waler 2 BLANNAEAESREI0 mb) 198 Mixe@eMagnk fl ask
was charged wth 2,6-bis-(4,4,5 5-tetranethyl-1, 3,2

di oxaBbdr ol #egasssd threg timps yndqr nftrqees 8RS p prldenklinede FmaME10XHEr acene (0. 233 g,
0.30 mmol ),

mol ), sodi ueﬁﬁgiﬁ:{%&%ﬁ’%eg%'lgﬁ&?&“%?gnﬁmﬁ@% tdﬁ@nﬁ],@[ ﬁf‘%&%ﬁ%ﬂ“@@%ﬂ ?g‘ﬁgé‘gd%'@% 9 0.3
distill ed vatregen flows Afte) degassing anleusore tifn8Othe niijture s stitred under dgitexgassed
three times, ynder dey it 99 Todtsd Bodin BSeitice) TSl Bl 4104094, 124286
separated and washed with DI water (150 mL x 3). It was then filtered to remove traces of
20 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, CDCl3). & 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).
25
Preparatory Example 7 - Synthesis of poly(3,6-dinonyl-2,5-thieno[3,2-b]thiophene-alt-
9,10-bis[(triisopropylsilyl)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-y1)-9,10-bis[(tritsopropylsilyl}ethynyljanthracene (0.233 g, 0.30 mmol),
30 2,5-dibromo-3,6-dinonylthieno[3,2-bJthiophene (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
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remove oxygen. Tetrakis(triphenyl phosphine)pall adiun{0) (0.009 g) was then
added under dry nitrogen flow. After degassing one nore tine, the m xture
was stirred under dry nitrogen at 90 C for 45 hours. It was cooled to room
tenperature. The red toluene solution was separated and washed with DI

wat er (100 MO 3007124286t was then filtered to 5 renove traBEEUSIH0L6623
inpurity. The filtrate was concentrated and added to MeOH (200 nlL) with
vigorously stirring. The red precipitate was collected by filtration and was

hen s S SRR T T B 0,105
g/i:l)z E:D%:aé d.??liﬁggan fzmz&f&r BEgaSSbr(l)goorﬁlhhoqre ﬁnBQESnﬂﬂ;(eggas sﬂhl):d uﬂde?ﬂry? 97 (br,

r, , ,
0.68-0.90 (Bio8 t90E§)é'ﬂfp?15e'%°“is ftovas cm?&f%"ﬁn i{l%?eéi(“t’)‘%par ation of

OTS- tr eat ed s§ufps Wa Bparatell bhEABshHA@ {ath DIVRIS (S}Udrﬁﬁ&oj)' B lak YheR IfBBRAG% I N
i sopropanol for 30 mn. After dryin 15 under a dry nitrogen flow, they

wer e i nirer s&navs treesrpf gelidigrmyiby. The Riltateosas caneenirated epdadded taMeOH (@@0 1 %v/v)

under dry ni r Al wer e
rinsed wt h@%%@l%%)ﬁr?‘é ’ﬁ% ?édJn‘gF lgaéen“’% gg&gor egftﬁ%&@é&sw % ogen

be; ore fil mwalelmmatheOFl(ﬁaﬁ@ahlat e:jxmactufn) fyRSht Aaad $ﬂ1d10b95 ga;helﬂjm gl l i con
waf ers were ultrasonic y cleaned [n_jsopr 0 10, ter drying
under a dry "3 PPi3 BWOdPﬁeVP £ Qiya’@égﬁ%\ﬁ“k (486 hﬁ% @Drh?')Ag ppm
1,1,1,3,3, 3‘8“?%@‘?&%9& 1 §54.82208, YFIPQV‘/O HEASF, 2?'1")}|’_h5‘8 Brl‘?QﬁMﬂg 1.689100

tenperature In osed contai ner for 20 hour’s ey were ored in dry

ni trogéh beflor 4HY, il103 I0¥h®si60HM . 68680 (satH)on of thin filmtransistors 25
Poly(3 4- et hyl enedi oxy- 2, 5-t hi ophene-al t-9, 10-bi s[(triisopropylsilyl)ethynyl
]-2,6- anthracene) (Exanple 1), poly(3-hexyl-2,5-thiophene-alt-9, 10-bi s-
[(tr||sopromﬁhmphyﬂﬁeﬁhﬂmmiFmﬁT@nahkmUacene) (Exanple 2),

pol y(3, 4-dih . 9, 10-bi s

[ (triisopropsRPataHy eI 5 dk¥:-hr acene) (Exanple 3) in heptane

sol utions (appr Qﬁicﬁ@%fei/s Qerd u}%asoﬂlcaﬂ Qieaned in 1s0FroPanol for 30 mm After drying
poly(2, 5-thi ophene-alt-9,10- bls[(trllsopropy Si 30

2, 6- antthr ac andsy a(dag@mpg@ figw, they were immersed in an n—octa ecyltnch%rosﬂane toluene

E.Olsflgf r |6| SBB@% @i]l5 %?ﬂ%ﬁﬁn gl’%ewa? r aceﬁ&%w?%éogzo Pour%)Aﬁerw‘rﬁgIF:“thegl utions

(appr oxi mat eleye ﬁn&dwﬁﬂ%ﬁﬂ%r driddnintier drp aiteder) Bndstbred dndmyafi®sgen befbte fileat ed

silicon waf %trapsos?l%nm 2007/ 124286 PCTI U82007/ 066622

Preparation of HMDS -treated substrates:

20 Silicon wafers were ultrasonically cleaned in isopropanol for 30 min. After drying
under a dry nitrogen flow, they were exposed to 1,1,1,3,3,3-hexamethyldisilazane vapor
under dry nitrogen at room temperature in a closed container for 20 hours. They were
stored in dry nitrogen before film deposition.

Fabrication of thin film transistors

25 Poly(3,4-ethylenedioxy-2,5-thiophene-al/t-9,10-bis[ (triisopropylsilyl)ethynyl]-2,6-
anthracene) (Example 1), poly(3-hexyl-2,5-thiophene-a/t-9,10-bis-
[(triisopropylsilyl)ethynyl]-2,6-anthracene) (Example 2), poly(3,4-dihexylthiophene-alt-
9,10-bis [(triisopropylsilyl)ethynyl]-2,6-anthracene) (Example 3) in heptane solutions
(approximately 0.4 wt %) and poly(2,5-thiophene-alt-9,10-bis[(triisopropylsilyl)ethynyl]}-

30 2,6-anthracene) (Example 4), poly(3,6-dinonyl-2,5-thieno(3,2-b]thiophene-a/t-9,10-
bis[(triisopropylsilyl)ethynyl]-2,6-anthracene) (Example 5) in THF solutions

(approximately 0.8 wt %) were knife coated on silicon wafers, OTS-treated silicon wafers
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or HVDS-treated silicon wafers respectively. After air-drying, gold
source/drain electrodes (60 nmthick) were patterned through a polyner
shadoew mask using thermal evaporation nethod. A channel length (L) of 107
m cronmeters and_a channel width (W of 1000 mcroneters were used. 5

Char act er i 20 #¥#1¥#86r ganic thin fil mtransistors Thi n POTHS2030E62% or s were
characteri zed under anbient conditions using a Hew ett Packard

Sem conduct or Paraneter Anal yzer (Mdel 4145A, available from Hew ett
Packard Co e e (vVg) from
+10 Vto - ggﬁws %atffﬁLéebﬁ %\fgrs r%@é%ﬁé%yﬁ)&@%%ﬂ@@%@ﬁ%@n&%g&%.g A linear fit
to the Idv Electm@s {6000 tmﬂi)we:rre;rpatteautdltltreugm padherchadeiw tiagk wsittg thertriabn

bilit d th th s ) . fit Vg t
T owed t nevEIAFEh A <SR ehp el BES Blorigf iR el e i pidh ot |18
pol y(3, 4- el 000 efvesthey whrbndeli ophene-al t-9, 10- b| s[ (triisopropylsilyl)

et hynyl]-2, 6- anthracene) the .sem conducting layer of the thin film
t ransist or Lha@cienzatign 9haicap p &l tramststotsr eat ed sili con wafer. The char ge

mobility was 15 }gﬁ’& g@@ ﬁé}'zg shol d
vol tage (V,) wagﬁm? a‘ﬁsg erWCﬁ%a res ﬁ{lﬁ%} g%)egp 0%%1%9?“‘3;@&%%%%% For
Exanpl e 2, Ppmkla smneo«;ducmr BarnineepAeslgzen (Modd 4145A available from Hewlett
Obls[(tr i 2, 6-ant hra ctl glayer
of "the ¢ hi eoaR] Ctbolit P RNEC AV et b S age BropadB i con
waf er. ThevgRailgRedhitlyi the Hiain ValGgd (WK &Q-45W@Nﬁzaﬁ\ﬁtttb thd g oy Qfafcer atl 0 of 103.
The V, and S were -8 V and 1.4 V/decade .20 respectively. For Exanple 3,

pol y( g) 4- dpprstjed the 5xtqu1grbﬁ§qli§ sgfpration mgbility and the threshold voltage (V). A linear
bi ST (L1 T SAPIORYYSW b LN the ufnPl M 381G be chilfyBgM conducting | ayer of
e

thé thin fi frandi stor was coate onto a sitlicon wafer (no
treatment). Thchﬂﬁrmlemmoly(S,y e&l@d;enﬁdmi@-lﬁ-tﬁiophﬁhhzlw id an on/off ratio of

103. The Vt,and S were 11 V and 0.9 V/ ect For, anpl e 4,
poLy (2. 5- ¢ D Hsmeotisyb e Pikndisnh G eaidopRnilart §f hetHin it

2, 6- ant hr ag@A@Nor vmqmﬁe@bﬁ@m&ushlﬂmnsaﬁé@fed@mw&mafehl The dHafBelchdilfty WaOr WasS
knlfe coated onto, a HVDS-treated siljcon wafer. The charge m)bl ity was 2 x

10-5 EhZNs 8 1t0n cBIY \Grividt gn or/eff rasiosrt lﬂosT he-theshgld volmes (Vb Fas <16 Wandic 1. 5
V/ decade r
pol y( 3. 6- o Aoy (T varASTPRalle. For Example, golyt-hexy}-2s:thiopheneale ;)
et hynyl ] -29640 him{(trﬁmmm')s;lyt)bthymdm 6(ant!hmbbna)ghé mnoﬁueﬁﬂ@laydmoﬁ tHeithim
transi stor s knife caat onto a 3 IVDS- t.r at ed waf er.. The charge
b 11 £y vl ettt Wi RCoRE Rl At S RRa P vaters 05S Chahgs HPBLNG s wor o
-22 'V and a7V @€calfa s aaP@e bhes nitio GO NOTROV idnl &8 -EVTmWS200/0:66622

20 respectively. For Example 3, poly(3,4-dihexyl-2,5-thiophene-a/t-9,10-

bis[(triisopropylsilyl)ethynyl]-2,6-anthracene), the semiconducting layer of the thin film
transistor was knife coated onto a silicon wafer (no treatment). The charge mobility was 2
x 10° cm?/Vs with an on/off ratio of 10°. The Viand S were -11 V and 0.9 V/decade
respectively. For Example 4, poly(2,5-thiophene-alt-9,10-bis[(triisopropylsilyl)ethynyl]-

25 2,6-anthracene), the semiconducting layer of the thin film transistor was knife coated onto
a HMDS-treated silicon wafer. The charge mobility was 2 x 10~ cm*/Vs with an on/off
ratio of 10°. The V,and S were -8 V and 1.5 V/decade respectively. For Example 5,
poly(3,6-dinonyl-2,5-thieno[3,2-b]Jthiophene-al-9,10-bis[(triisopropylsilyl)ethynyl}-2,6-
anthracene), the semiconducting layer of the thin film transistor was knife coated onto a

30 HMDS-treated silicon wafer. The charge mobility was 1 x 10™ cm?%Vs with an on/off
ratio of 10%. The Viand S were -22 V and 1.4 V/decade respectively.
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Exanples 6 to 8 - Photovoltaic Cells Fabrication of thin film photovoltaic
cells Three thin fil mphotovoltaic cells were fabricated as foll ows:

| TO gl ass substrates with a resistance of 25 ohni square were obtained from
Thin Fil m Devices (Anaheim CA) 5 and were ultrasonically cleaned

successi vel WA WO0H124388p sol uti on, dei oni zed wat er, acet onBCT/US207/46he2A

| sopropanol . The cl ean substrates were dried in a nitrogen gas stream A
conduct i ng poI yner coati ng sol ution was prepared as follow by m xing

t oget her a Sqj u d two parts of Solution I'l. Solution I
was prepare 'B %ﬁ& thS{OB% ‘fc?l% 1.3 wei ght percent solution of
poly(3,4-eth o@yolddi: gtk y (st yrenesul fonate) (PEDOT-PSS) in

wat er. The concentratlon of sorbitol was ercent based on the

wei ght of the sol tes &in tilgyphatoveiaic |°°1é%‘ﬁ%ra§qb@aats<g%ﬁgm ITQielasp pubsisttey | 3. 7
vei ght  per coif, ahNedidnay b 25 ot 10 B6taindd o | Clﬂk’llﬁ%&?&g (AdldH Bﬁ#&) TM\- 6,

and 64 wei ght percent (SOL-1J-G Sl) sol vent, Is a mxture €t hyl ene
gl ycol ,5 gl y@@rwtrp uliradora¢ally wlgknedMuecesovaly ot 4 sogp paiitiors deioniztd wetes @baleriepn was

spin 15 coate top of t Iea TQ substrat es 1000

revol utions tP IH %'B%anpb ﬂ?d’ ea&é@%?ﬁtﬁ Sw‘?%éﬁ"reg%? f“i%r Seré%aﬁﬁﬁ%%s pr e- baki ng
at 100 C for 2 nAnruhidstitnpbleses dibgnragsohﬁﬁn véas pesparkd asrfdmtva@mﬂmytbgamn The
coating thickness vvalsjltap roxi mately 100 nanoneters. For nple 6, a

sol uti on waSMERAERASERtieRAENC Y REFth BESal oM §Wﬁwwmrewe4wdd€}8ect ron
donor semc s 20

[(trii sopro%g silyl ;%ﬁ}%@?}e&ﬁﬂguﬁ%fﬁﬁgggg%ﬂ% gfoé 0gpron donor

sem cohduct pmly(sasi:ﬂesxﬂﬁmatC}j(IPMT/-BHS)mv@mroﬂ"g@magmtloﬁ of soxbitad v\tahBouglh a 0.45
m cron syringe,filt en a to. 1. i ght__per.cen e electron
accept or seﬂﬁg@B{Wﬁ% ‘go% p‘&%i"lﬁtﬁ?@rgﬁlg oA 13?3@ t (PCBM in
the el ect I’OiierdﬁiﬁWateS@ mvmgmpemat Nhﬂétldyl&%ﬁidh@ﬁmﬁ@iﬁ) 3t\haght peag@het i cal |y
stirred for_a few nore _days. sol utions_ were 25

prepared t h@EE\Qﬂ@OMW'é B@aﬁf‘p‘l“ég@ Pe@%te(ﬁplflﬁﬁ §Dé€]t"ﬁ’é}n“’8’6hb9ra BEre Shduct or

BgleS(\gazsl i 21%?@%01&1?&%1%&1%%6’19&% oSBT cobBffsolon F@IRhe 7 was

2, 5- thlbphen@ifadlcmtép afthp clefied T Odghass oybpiraties atl 10686 teynlptipnopes namith faxdéne) and

for Exanpl e 8

0ol y( 3. 4 et IyPIfTo AT 7ulsing sqeppls W Rs-bakinet 10956 F 2 pipytes and S8yt 495 et hynyl
]1-2,6- ant hf@eRNS nimats iheropeh. THEi csethebickids®WaPippReismuelyel 00 heRoh®és- coat ed
on top of PEDOT/ PSS coated | TQ gl ass substrates at a spin speed of 800

revol utions per Ferdixemplcds asglug%‘aﬁweparqdqtéattqqp@gleéarépw@ght\n@%n&qféhﬁ baked on
a hot plate.@iyd doRfPREAMEES poi}J(Q hg(}fl@,S t:fig)p‘figne-alt@,lo-bls-

20 [(triisopropylsilyl)ethynyl]-2,6-anthracene). The electron donor semiconductor was first
dissolved in chlorobenzene, filtered through a 0.45 micron syringe filter and then added to
1.6 weight percent of the electron acceptor semiconductor [6,6]-phenyl-Cg;-butyric acid
methyl ester {PCBM) in the electron donor solution. The mixed solution was then
magnetically stirred for a few more days. For Example 7 and 8, the solutions were

25 prepared the same way as Example 6, except the electron donor semiconductor used was
different. The electron donor semiconductor used for Example 7 was poly(3,4-dihexyl-
2,5-thiophene-alt-9,10-bis[(triisopropylsilyl)ethynyl]-2,6-anthracene) and for Example 8
was poly(3,4-ethylenedioxy-2,5-thiophene-alt-9,10-bis[(triisopropylsilyl)ethynyl]-2,6-
anthracene).

30 The well-mixed solution blends were then spin-coated on top of PEDOT/PSS
coated ITO/glass substrates at a spin speed of 800 revolutions per minute for 50 seconds.

The three samples were then baked on a hot plate at a temperature of 110 °C for 30
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WO 2007/ 124286 PCT/ US2007/ 066622 mnutes in nitrogen environnent, followed
by further baking at about 140 C for 1.5 hours to form m croscal e,

i nterpenetrating donor-acceptor networks. An average coating thickness of
about 225 nanoneters was obtained. Finally, the sanples were |oaded in a
vacuum chafMei?¥Bitbed by a shadow mask with 2 nilli met EFTESZEPSF22c) ¢ cul ar
hole 5 arrays. Cal cium (20 nanoneters) and then al um num (80 nanoneters)
were evaporated onto the active layer to form2 mllinmeter dianeter
circular c DAL t t%?d.llﬁ. ent
measur erren?itémv\%?gﬁrm e ﬁ%‘ﬁﬁﬁ%ﬁﬁwgw%ﬁl rretl?%%%agglmqsgg&q gel and,
OH). The | iogflotm mmmlmeraemmnwmmdnthoqkecAmaverfgﬁacqabn@r density
10 of the %IS/I 9200 hot ovol t ai ¢

o T e o TARER b Rt 298 Rinou s WRPRRHt Xty e RS hs AR T o The

resi st anceviimebimb&iccovardd 8¢ a ahdliotahiddthvibmilfimekt deRefd tiechldrholkake sure
that no shorting occurred. A resistance of greater than 1, 000 nega ohns

(106 chms) 2WREs- kaledurn 62 nagpmetermandthen alyminine(80 tqqacpm@ers) wegsvaRicdas
measur ed_f o RATRYE1ager BT6nPA Rififfeid: Afithefd B & smeasured for 15
Exanpl e 8. Wen expos d to t e projector lanp, the p to urrent density for
Exanpl e 6 Dgmrse B¢ ; nple 7 was 2 u /cnR, and for Exanple 8
was about 70 42 VIO 2007/ 124286 PCT/ US? 0666 1. An
T ot T i B SRR il e Ry e ollah,

Si Ra3 | Il (ClevaddrOH)! ThelifaIouree tvas MBI 00 odrhéail Iﬂojéétdi CBHe p@fveﬁﬂbr@ﬁ)ene

having 2 to 5 fused benzene rings, wherein Ac can b opt i onaII substl tuted

with ¥ s ubgf fhe QM}?Z@@r@@e@ﬂlaﬂwm’ﬁsahowm 60 g Vs, walwaqmlc ¢
| kyl , |
aral Ky Sl%s?‘ner eo? dﬁﬁ&uc&?%&’ﬂ@ﬁl gﬁ'ﬁ &@IJ lgﬂ'ljg Tﬁé l‘e@ﬁbﬁbze l%ccwe the

conbi nat i o I'S eac ntly Selecte rom hy rogen,
al kyl , al kenpde and k&hgde, wasrfyrkt measured to make sure that no shorting occurred. A resistance

=53

of greater than 1,000 mega ohms (10° ohms) was measured for Example 6, greater than 30
mega ohms was measured for Example 7, and greater than 20 mega ohms was measured for
15 Example 8. When exposed to the projector lamp, the photocurrent density for Example 6

was about 8 pA/cm?, for Example 7 was 2 pA/cm?, and for Example 8 was about 70

pA/em?,
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het eroaryl, aral kyl, heteroaral kyl, heteroal kyl, or hydroxyalkyl; Qis a
divalent group of Formula H, IIl, IV, or V; S RLSSSS00O RLR RR
RRRLR. Il IIl IVV 15 R and R2 are each i ndependently sel ected from -

hydr ogen, alﬁy al koxy, thioalkyl, aryl, aralkyl, halo, haloalk

hydr oxyal ky WO HBT/E4e%8I kyl . or alkenyl: and n is an int eQG'F"U§¥°@H9 \Snt han or
equal to 4. 2. The el ectronic device of claiml1l, wherein Ac is selected from
napht hal ene, 20 anthracene, tetracene, or pentacene. 3. The electronic

devi ce of cﬁagﬁﬂ?,MMerein a divalent group of fornula -Ac(E)2- where each E
equal to a s et’hynyl group of fornmula -C=C-Si(R)3 is selected from1, 4-

bi s(silyl et hynyl)napht hal ene- 2, 6- din

1,4-bIS(SI| | et hyny hthalene 2, 2007/.12428

PCT/ US2007/ 86662 EF iy F‘W@twﬁwm e hiaer éIH%Pq‘?“%C‘EH ner o Fofdia

9, 10- bis(5|IerthynyI)anthracene 2, 7-digiks 2, 6-

bi s(silyl ethynyl)ant hracene-9, 10- dlyI 3

2, 7-bi s(silyl ethynyl)anthracene-9, 10- dq |, 6,13-

bls(S|Iylethynyl)pentacene 2,9-diyl,

6, 13- bls(5|IerthynyI)pentacene 2, 1@ -Q—kge-

bis(siIerthynyI)pentacene-G,13-diy|,

2,10-bi s(silylethynyl)pentacene-6, 13-diljfl . 5 4. The el ectronic device of

cIa|n13 wherein the divalent group of fFornmula-Ac(E)2- is selected from

1, 4- bi s(si | yl et hynyl ) napht hal ene- 2, 6-di§®> 9, 10- bi s(si |yl et hynyl ) ant hr acene-

2,6-diy], or 6, 13- bls(S|IerthynyI)pentafene 2,9-diyl. 10 5. The electronic

devi ce bf claim1, wherein the copol yner " of Formula | is present in a

sem conduct @hetegiyer. 6. The el ectronic device of claimb5, wherein the

el ectronic device conprises an organic thin filmtransistor. 15 7. The

el ectroni ¢ devi cAcdfa radigplpfan a@ﬁﬁ’éﬂ’éﬁ’lﬁggﬁﬁ S bgprenc ringspwherein\q cande pr esent

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

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

Q is a divalent group of Formula I, 111, IV, or V;

S
R1
S s S S
1 < 1%
R1 R2 R2 R1 R2
I 111 v \Y
15 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 electronic device of claim 1, wherein Ac 1s selected from naphthalene,
20 anthracene, tetracene, or pentacene.
3. The electronic device of claim 1, wherein a divalent group of formula -Ac(E);-

where each E equal to a silylethynyl group of formula -C=C-Si(R"s 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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| ayer between a first electrode and a second el ectrode. 8. The electronic
device of claim7, wherein the electronic device is a photovoltaic 20 cell.
9. The electronic device of claim7, wherein el ectronic device conprises an

organic e }.nescent device and the copol ymer of _Eqor |.S present
Wﬁoﬁl%ﬂgﬂs r%cﬂ‘édsgg‘{é’ﬁ’f’&a

in a hole transpor | ayer within the organic electrolu ice. 25
10. The electronic device of claim7, wherein the electronic device
conprises an organic el ectrolum nescent device and the copol ynmer of Formul a

| i's presemis(iplethynyDdHthragiie 12 6-Migl, bgyoﬂﬁs(ymgﬁémﬁlg)mhﬁ&m %-diyl, 2,6-
el ectrol um nescent device. 44 WO 2007/ 124286 / US2007/ 066 22 11. A net hod
of prepari Rijilxletyarbantpeengdvilediyl, 2 ADisteityleseynybagthrasensdd, f-divl.dildg a

| i S| : ' - lal SIRS
CPPO LA g St iR, ST R QAR AAGLAE L0 G BT A TS 6 5
fused benzbisilylethysyl)panércenast, As-dishror Bel O-bigtsilydetriy)penthshe-Hi18etyini t h a

substituent selected froman al kyl, al koxy, thoal kyl, aryl, aralkyl, halo,
hal oal kyl , hydroxyal kyl, heteroal kyl, al kenyl, or conbinations thereof; R

i s each i ndepengpdéledtroid ®SARDS ClafA B NwhKTEIE @ik divdlkit lgrovp! df orvhulBA s aryl,
10 heteroaryl, aralky het er oar al k het er oal k orf hydroxyalkyl; Qis a

| .. he |, . |, or
di val ent gﬁ@%ﬁe%ﬁoﬂldBWIS@‘illYlle'EhYm’an,aPKtb@leléﬂQ,@",dl}i*b 9, Hrbis(silylsthgnylanthracege-) 5. /-
H 2,6-diyl, or 6,13-bis(silylethynyl)pentacene-2,9-diyl.

10 5. The electronic device of claim 1, wherein the copolymer of Formula I is present in

‘ a semiconductor layer.

6. The electronic device of claim 5, wherein the electronic device comprises an
organic thin film transistor.

15
7. The electronic device of claim 1, wherein the copolymer of Formula I is present in

layer between a first electrode and a second electrode.

8. The electronic device of claim 7, wherein the electronic device is a photovoltaic
20 cell.
9. The electronic device of claim 7, wherein electronic device comprises an organic

electroluminescent device and the copolymer of Formula I is present in a hole transport
layer within the organic electroluminescent device.

25
10.  The electronic device of claim 7, wherein the electronic device comprises an
organic electroluminescent device and the copolymer of Formula I is present in a light

emitting layer within the organic electroluminescent device.
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RLR R RRLR RRR2 Il Ill IVVR and R2 are each independently sel ected
from hydrogen, al kyl, al koxy, 15 thioalkyl, aryl, aralkyl, halo, hal oal kyl,
hydr oxyal kyl , heteroal kyl, or alkenyl; and n is an integer greater than or
equal to 4. 12. The nethod of claim 11, wherein providing the copolyneric

| ayer conpr WOK0713#8%ari ng a coating sol uti on conpri si nglngzﬁ%"é‘ﬁ@-z%/hi ophene
copolyner and a 20 solvent, wherein the acene-thi ophene copol yner is
present in an anmount of at |east 0.05 weight percent based on the wei ght of

t he coati ngysol ut i.on. . f ] i . » | l,ut i on;
and renovi %\l; atA eglggoggf%&%}gaatnﬁ%cg% @gﬁitq ’?%r#%tﬁ%ﬂ é%q‘pd‘rs?%[r#rﬁgg/% 45 WO
2007/ 1242 86cdpCipmos2 037y @saBizing an Acentihiopkdn copadymer of iFormdla If ur t her

conprising providing a first |ayer adjacent to the copolyneric |ayer, the
first layer conprising a conducting |a fFaor a dielectric | ayer. 14. The

met hod of claim11l, wherein electroniCJFevice is an organic thin film5
transi stor and the nethod further co ses arranging nultiple layers in the
following order: a gate el ectrode;. at i,electric layer; a sem conductor
| ayer conprising a conprising the cop g meriPc | ayer; and 10 a | ayer

conprising a source electrode and a dr@| n el ectrode, wherein the source

el ectrode and the drain electrode are deparated from each ot her and wherein

the sem conductor |ayer contacts bothSiRig drain el ectrode and the source

el ectrode. 15. The nethod of claim 11, wherein electronic device is an

organic thin film15 transistor and the hethod further conprises arranging

nultipge Ia%ﬁgg inthe followng order: a gate electrode; a gate dielectric
' n Lo . .

| ayer; "a | ayefr Conprising a source electrode and a drain el ectrode, wherein

the source 20 eAeBtaradlealafish ddefe Havang? &l Sfubedistazene @ings peticadivd clciobe each

other; a sem conductor |ayer in contact with both the source el ectrode and

Iy s’at\uﬁél W, l; 5.}(

the drain ®ntogs Risubysitpat fslecied,from Y- thRelsd Yy mrer i ¢

| ayer. aralkyl, halo, haloalkyl, hydroxyalkyl, heteroalkyl, alkenyl, or combinations thercof;
R is each independently selected from hydrogen, alkyl, alkoxy, alkenyl, aryl,
10 heteroaryl, aralkyl, heteroaralkyl, heteroalkyl, or hydroxyalkyl;
Q is a divalent group of Formula II, I1I, IV, or V;

S

] R1 . . . \/
{1 - 4% 82
R1 R2 R2 RA1 R2 R1 R2

I I v v

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

n is an integer greater than or equal to 4.

12.  The method of claim 11, wherein providing the copolymeric layer comprises
preparing a coating solution comprising the acene-thiophene copolymer and a
20 solvent, wherein the acene-thiophene copolymer is present in an amount of at least 0.05
weight percent based on the weight of the coating solution;
forming a solution layer from the coating solution; and

removing at least some of the solvent from the solution layer.
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16. The nmethod of claim 11, further conprising positioning the copolyneric
| ayer 25 between a first el ectrode and a second el ectrode. 17. The net hod
of cltaim 11, wherein the electronic device conprises a photovoltaic cell

and the nethod further conprises positioning the copolyneric |a bet ween

an anode &YRP7H4t880de. 30 46 18. The method of claim f‘f?‘m\ﬁﬁ’g?’éﬁe‘hz

el ectronic device conprises an organic el ectrolum nescent device and the
met hod further conprises positioning the copolyneric |ayer between an anode

and a cathegle. Phel@ethdD6f ABMNPA fathef bthRsity prdi&ing ia'ﬁr&t{]@ye? h@akhnfto the

el ectrol um nescent device conprises a hole transport |dyer conprising the
copol yner i eopoligmsric 1axgr, trh Brshlayerogmprisisg aicandugtingJagerair g didhectrag lgpati ¢

el ectrol um nescent device conprises a light emtting |ayer conprising the
copolyneric layer. 10 21. The nethod of claim 11, wherein a divalent group
of fornul al4.Ac(H&methbe vecleiachl, wheritugbctionicalesict Yo antdpyanyd thgr filup of fornul a

-C=-CSi(R 3 is selected, f 1,4- bjs(silylethynyl)naphthalene-2,6-diyl,
1, 4- bi’s( gi gseonyRg ﬁ)%ﬁh?%%ﬁ@%ﬁ%‘%ﬁ@g myliple layRn the ilowing ° ¥
bi s(silyl epfigpyl ) ant hracene- 2, 6-di yl,

9, 10- bi s(silyl ethynyl)anthracene-2,7-diyl, 2,6 15

bi s(silyl et hyny# pateeleetaedshe- 9, 10- di yI ,

2, 7-bis(silyleth l,) rnacene-9, 10-diyl, 6, 13-
bi s(si | yl et hyny? %%ég{eg%ﬁ%el?grg_ diyi |

6, 13- bi s(silyl ei kannydndaetot Bgen@nipridig dicyprisingthe copolymeric layer; and
bi s(silyl ethynyl)pentacene-6,13-diyl, or 2, %i ) )
0- bi s(osi |yl et hy iRV STRORPISIG - gUrES g]éptwd_e apg a drain electrode, wherein the source

electrode and the drain electrode are separated from each other and wherein the

semiconductor layer contacts both the drain electrode and the source electrode.

15.  The method of claim 11, wherein electronic device is an organic thin film
15 transistor and the method further comprises arranging multiple layers in the following
order:
a gate electrode;
a gate dielectric layer;
a layer comprising a source electrode and a drain electrode, wherein the source
20 electrode and the drain electrode are separated from each other;
a semiconductor layer in contact with both the source electrode and the drain

electrode, the semiconductor layer comprising the copolymeric layer.

16,  The method of claim 11, further comprising positioning the copolymeric layer

25 between a first electrode and a second electrode.

17.  The method of claim 11, wherein the electronic device comprises a photovoltaic
cell and the method further comprises positioning the copolymeric layer between an anode
and a cathode.

30
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15

18.  The method of claim 11, wherein electronic device comprises an organic
electroluminescent device and the method further comprises positioning the copolymeric

layer between an anode and a cathode.

19.  The method of claim 18, wherein the organic electroluminescent device comprises

a hole transport layer comprising the copolymeric layer.

20.  The method of claim 18, wherein the organic electroluminescent device comprises

a light emitting layer comprising the copolymeric layer.

21.  The method of claim 11, 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(silylethynylnaphthalene-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.
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