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Hi gh performance sol uti on processabl e sem nconduct or
based on Dithieno [2,3-d:2 ' ,3 - d']benzo[1l
WO 2010040636 b ' ] dit hi ophene Description The prBSERP2009/057985
i nvention relates to dithi enobenzot hi ophenes, to a
process for their prepa ration and to their use as
sem conductors or charge transport nmaterials. The
form dabl e buil ding block for the devel opnent
High prdersaare selutien E@C%ﬁﬁapﬁgsequngﬁ‘ftob?ﬂ?eﬁé’lnfD'B\‘erlOHE 3-d:27,3"
d'1b28kd] 1 24,8y dithidphend | el d- ef fect transistor (FET)
based on inorganic elec trodes, insulators, and
sem conductors. These materials have proven to be
reliable, highly efficient, and with performance that
Desgcriptiamases periodically according to the well known
Moore's | aw. Rather than conmpeting with conventional

| h FET (
The PP QRS e e AR BT 1P O30 (AR piopa-
ratierpand todneibuse ahsangopnsiicioss eretieedantsansport sateriate. s as
wel | as integrated optoel ectronic devices, such as

TreblobEable Rl BBk R B SHEEN o (R ARG the tast
onesrp?gfrqf tngy2¢" aggntugmg tl’seef‘@@-pgect'hﬁl@&g@é (%E.T)d?aégq ,oe inorganic elec-
trodee/Tinsolatbus; t ands semic&iidtiCtord dEheso mratedalartiagg gsoveneto bdeeliable,
highiy? @FfRRAL §n§Wh‘ﬁ@%éﬂeﬁh&ﬁﬁ&e&ébscﬁérﬁdlcgm CC%?(B fo the well-
nolipy G S i BREEERA FPERENRg Wil sPTYarjond iioge tesdblegies: an
organic IF&W (O& &) aasbdmmomulaman@ poliinerid reteriaggningy finchtarge scale
appﬁ@é&@né ﬁgﬁwﬁerrohﬁmembhﬁemﬂé% @slw&wasqhte@msw 6p169|ectron.c

oS, Bk P PR8I0 SR SRER ol SRR Brgnic tone
emigt alispiayss BEKUtegs, seart-Ekiagpl andmengersnt i ng

t echni ques, such that i nexpen SI vely producible FETs

Theal_%.r&%ﬁ'%mc?g?rnﬂgﬁ)cﬂgtoﬁgﬁ @f 89\;5‘#1\’%;[(39 %elut?lgqndraanlc

enes |o enes
semlwrgqg@rs w tﬁmaf% BEX/S%H%B"‘)&P%SW@ app iqrm, from the fiber to the

film| axtélsit & déghentectemical fistilzilitg,ecant e pfadusdd aelpardosbandhave a low
wei ﬁ’tl M‘h@ts?g’n‘ﬁ@éﬁ Sd\}éﬂ |E Blow&er, Ahe %%&BM%"&BM.A&M entire
sersicqneip 8l kyRoPa bk .dsa deiteels13BC BBsaii sopuion on a potymer sub-

straitg ghatmobphdricypressduyerdor exachplerhy primtisigetechnigyjes, such that inexpen-

s,vél)eg,@ggé,ugepdms 4% 8btalindg. Years, chem cal nodifications
these conpounds, including variations in

r| ng-to-ring connectivity and substitution pattern,
Among the organic semiconductors used in OFETSs, oligothiophenes, polythlophenes

acenes, rylenes, and phthalocyanenes are the most investigated. For instance, the first
report on a polyheterocycle-based FET was on polythiophene. In addition, poly(3-
hexyl)thiophene and o,w-dialkyloligothiophenes were the first high-mobility polymer
and small molecules, respectively. Over the years, chemical modifications of these
compounds, including variations in ring-to-ring connectivity and substitution pattern,
have resulted in a considerable number of electro-active materials.

The performance of the electronic devices depends essentially on the mobility of the
charge carriers in the semiconductor material and the ratio between the current in the
on-state and the off-state r(A‘on/off ratio). An ideal semiconductor therefore has a mini-
mum conductivity in the switched-off state and a maximum charge carrier mobility in
the switched-on state (mobility above 10° cm?V's™ on/off ratio above 10?). In addition,
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have resulted in a considerabl e nunber of

el ectro-active materials. The performance of the
web®onowmd c devi ces depends essentially on t hepaDBP1i00$/§57985

of the charge carriers ip the sem conductor nateri al

and the ratio between th& current in the on-state and

the off-state (on/off ratio). An ideal sem conductor

the is@fiichai@ommatefiaNhdy B8 ARAVDIGLstabié Yo bXidétht®, i.e. has to have a

sufffirlt IF: |8I\|§ t’bﬁwa}}o‘?e 2| sﬁmg%' |@&'e( § eﬁ@hrré ces the, perfor-
Tl el O ot HierftRf, shod B o Al EadiBh ailces the peyt

-on's
mawfih%wrquenht. 0 above 102). In additi on, t he
sem conductor nmaterial has to be relatively stable to

Oné%f ﬂ%tr‘neﬁ W|Hel usQ@% gtaﬂlchﬁ‘ easeﬁhgcfn'dgbtsfét |E¥) h{ag:gne wh|ch typi-
cally ghoer ogwtégsp%rﬁﬁ@r %nkécgg 2 BhBoRRD

e U%Wworpgﬁé"&ﬁt%and ts
neexide tbevdegesitedufsaml ther wapolcpiasey this aceme cenivativemomplisates device
stucﬂ@@(@?@ﬁél I@EFE'hrahg mtlg&ﬁitﬂslye\ﬁ&éémgﬁom | 1';3??)9 ;Stoﬁ{tlgﬁb%cessable
| u u
B4 b BB e VR B sbor e R st Bt Pobiifes or 1.
cm#e(Rarkel-aly2Q05.at. pn d%ﬁVeMt@e'KﬁCb@dleQGﬁTe@O@U 1B)elNeverthe-

lessithe Yériekal Tinstability f altd higgheDavdreeshahRidfs tHAwidb3diiyation in final
ap Folidhion processabl e derivatives of pentacene have
ST eported, exhibiting charge carrier nobilities of
1.8 cnk/ Vs (Park et al. 2005 Int. Electron. Dev. Mg.
WOT e2008/02660P g elisclo2€ 6unsiibsiituteNie \aewdt Feribkiitatedt HElbgexoiaho[3,2-

b][1h Bb?leémldg:j)ﬂ(e ofs dr &m{' h&h%&n&lﬁ:ﬁﬂ@s’T H&@Q@ ol éMe‘%%bstltuted in

t 08
3.8 astip e[RRIV b ot 2R eR et pﬁsée %atve, phenyl, penta-

fluofadhiesylz otttillumapeth@phesiyl Bndediphsniyb dhissiesesss isoalganinsubstituted
NaSHio[S 8HnEpheH ol s WS o Balmesophefesubst i tuted in 3,8

position, and, respectively, in 2,7 p03|t|on W th

n- C6H1L3 , n-C6F13 , phenyl, pentafl uorophen
JP 20081954y glinclosgs ﬁhwwte@mnm[ﬂm%’hﬁ BiA”.5" .8 l’fb@@a[?a &b:3',2"-
b’]b&[ BbensdiidisHent Uiveidh is sgbstltuted in 6, 13-position with tris(1-methyl-
or R TS S il 78
conm@mslof this - -shrugtuge: clgss are rgp])@? i @%T B rga)ﬁn@m mobility of 0.47

cm#Vg.bi s[ 1] benzot hi ophene which is substituted in 6,
13-p05|t| on wth tris(l-nmethylethyl) silylethi nyI and

o R o SRR i PR BLL oTes

areflengthmt and aftenrlewyleldingraxi num nobi lity of 0.47 cm. For
the reported, high performance snall nolecule

ltis aer{“088&do¥ %ep [)lsesgm(?nve%%rti kS Bro(/%gtn%%l compounds for use as organic

semiconductor material, which are easy to synthesize, have significantly higher mobili-
ties, show a good oxidation stability, and can be processed readily.

This object is achieved by dithienobenzodithiophenes of general formula (1)
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are lengthy and often lowyielding. It is an object of
the present invention to provide novel conpounds for

WQISE0A80600 gani ¢ sem conductor material, which BCBERASY057985

in

to synthesi ze, have signgficantly hi gher nobili ties,
show a good oxidation stability, and can be processed
readily. This object is achieved by
di t hi enobenzodi t hi ophenes of general fornula (I)in
nch RL to R6 are each independently sel ected from a)
b hal oge

A IQiFGy| o At BRCTPSPROSPRY SaIaalRR o i ) gt BN, d) NO

R?

m

al kynyl elyr@Hpf) d T2 aliyl @dupl §)ox C..gr alkemyl ploug, m a 2y alkynyl
al kyl t higgogy 9%{36 Jé)alk‘?sxpgr&fﬁ & @?JY%MJ Itlﬁib%‘f%p, a®,. haloal-
-Y-C3-1 3&0' Oﬂ)e Pq | l%é urg v
0 a -yl HELF e HeR BN RIR TN V-G s BpUrb ] 3 Y-
- Y- 5- 14 3néhinemberedetyelobelieydaliyl gnopp, mrae%ﬁ-éamemherech hete-
Cl-20 alrdaryi gto@ip, the C2- 20 al kenyl group, the C2-20

5170 56 4 LU S o oo

o Srou eGPy Draspo e Concivh GRdp) e 3-12
subst i t uierabeted ltydleHet&Foaliyiogpap, st B-1RImamberldd laneroaryl

R2 d t [i

i ety 5?9}‘85‘% b "W%"S"n% S B DR ) "l ogen
V\@Frel ay)asoNertﬁén) o_rrm_%ballphanc

1 20 aI ley¢lic, md>193ty N(C 1- 20 aI kyI) 2, i) N(C1-20

al kyl) C 6- 14 aryl, J) -N(C 6-14 aryl) 2, k) -S(O

L o lepeflri pibd ’a@@é‘o%g éiwz‘ﬁ 245 @ oro

al kyl , €) -0y (N, &) I-NHE b alky), h) SO @-alkyl Q@((@}zo@tkyl)—Cs

1- 28) ﬁ' Ky byl u)j) -ﬂ(@)m 2,14k)ar¥$(0)a249i - ANB)2CW  alkyl,

g((O) NH- 253@ ary %43 ?\'ﬁ%ﬁﬁ’&og@ %\% t‘tz"éy' @4 CHO,

aryl, af) G @14%5)@ 9 ~C4@)-OC0al-

g(( gg H(HWG 1U)2C¥CEH:0MCG @oaryF G()S)-N@NHQ%)B?O&H—%%@M)};IKVI

C 6-14 ) Ciag —Ce-

o e gaﬁg —E’(g (Cos a ,» b} h"f\/(s) 9o TGN, ao

ad) —C(S)N(C1o0 alkyl)., ae) —C(S)N(Cs 12 aryl), af) —G(S)N(C.0 alkyl)—

Cs.12 aryl, ag) —C(S)NH-Cq.14 aryl, ah) —S(0),,NHp, ai) ~S(O)n,NH(C .o al-

kyl)) aj) -S(O)mN(Cizo alkyl), ak) -S(O)mNH(Ce.ia aryl),

al) —S(O)mN(C1.20 alkyl)-Ce.-14 aryl, am) —S(O)mN(Ce.14 aryl)e, an) —SiHs,

ao) —SiH(Cizo alkyl)e, ap) —SiHx(Ci.0 alkyl), aq) —Si(Cizo alkyl)s,

ar) a Cy.5 alkyl group, as) a C,.oo alkenyl group, at) a C,.oo alkynyl group,

au) a Cq.0 alkoxy group, av) a Gy alkylthio group, aw) a G, haloalkyl

group, ax) a Cs.io cycloalkyl group, ay) a Ce.14 aryl group, az) a haloaryl

group, ba) a 3-12 membered cycloheteroalkyl group, or bb)a 5-14
membered heteroaryl group,

is independently selected from divalent a C alkyl group, a divalent C,
haloalkyl group, or a covalent bond; and

is independently selected from 0, 1, or 2.

The advantage of the dithienobenzodithiophenes of the invention is a simple, high
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kyl), aj) -S(0) nN(Cl-20 alkyl) 2, ak) -S(O mN\H(C6-14
aryl), al) -S(O nN\(C1-20 alkyl)-C 6-14 aryl, am
WO B(10poasiN{ C6- 14 aryl) 2, an) -SiH 3, ao) -Si HEWERLD09/057985
al kyl) 2, ap) -SiH 2(C1-20 alkyl), aq) -Si(C 1-20
ai kyl) 3, ar) a Cl1-20 al kyl group, as) a C2-20 al kenyl
group, at) a C2-20 al kynyl group, au) a Cl-20 al koxy
yleldi’n ld?nth@tv’c) routdowdfds2d kylufidi progéstiable, 8iabledor§dni@ @emiconductor.

StaE@ qgclr#% e%ﬁgﬂ QV)QII BIeQﬁ I‘I%Ralgxﬁé qg\Jggty Ltr%rt gpclaéﬁyc)za nPbe ob-

taingd i aply @@9 @z%qqgr@ é‘tegg Wi angqvgmjl yigjd 05 HY 1, 5@% (without optimisa-
tlori)reﬁ‘bge edmipetisdOdon lthe desopbed sirsctunecgmsrehent dhargetartéredobi-

Iitei&foml V/%%HH atuftbnt Gvéit Q(‘{) ofjeup, a divalent Cl-6
al oaI

yl' "group, or a covalent bond; and mis
i ndependently selected fromO0O, 1, or 2. The advantage
Theopreshet idvertioarfotieerzordvites ertbaweaﬁ the githienelvenzodithiephgnes

acc%fdmj B thi srayéf! |méﬁﬂo§§t§;sléﬁ$|¢dhd[xgtﬁhgoi Mﬁé’fﬁgﬁsport materials,
| m Cco u

ospepa I gp@@@ﬁ%%@ﬂ%@d@f B Blpelotlf RARPEnaEE e Bittfipp ransistors

espegialpein Hatr viswal dispigyasnjtse oh foreragivfregiensy ipentiinaton; ags dRFID

tag§)edrah is@micohaidonddmponBnigier righniy ilightcermifting RliddesXOYEDS), such

as él%ﬁ&@rﬂﬁg&%tnr dis ?Pclyé P Ackh&HtE%Nfgr ﬁ@ﬂ@ B%Qﬁmg ro‘?éBlatylgefor photo-

ass e’carrier
voltgigHiamnroggnigtor in @e'&?ﬁﬁ \B$ ﬂﬁﬁm&‘edﬂ?t@é‘ﬁk in Brtetigs, gtqpycejfwave-

guidé3s for Eleetrppletegraphyappilitations such deelegtraphotbgsaphier retdrding.
use of the dithi enobenzodithi ophenes according to the

Td pERERdrieniah dirar BrovEies spfeRt) Goriioopal e Plecionic components
comrisingr thepdithisriobemzogliteiophenes caccordinen nthe, presenthinweritionmSuch

conﬁﬂ&ﬁﬁtsshﬁy%e eSPe&nId, YFETS, flﬁtébra‘b@oséiﬂiunéh(mg{aYFw|(D§EDs or
r radi ofrequency identification tags (RFID tags)

ahggpeinﬁlageerﬁ.i conduct or conponents for organic
light-emtting di odes (OLEDs), such as
Th@ﬂl&ﬁéﬁo@bmmﬁbpﬁéﬁescﬁc&@h&m&o @ie pekhti igfntioy afedsuitable particu-

Iarlyé 'ag lébmc%bgﬁét&lsl blﬂge ﬂ‘leiﬂﬂa%sthe Eﬂblllﬁé@béﬁuﬁ@{l 'fcﬂ' tFuls pu npose The

mtrgqﬁqtl@tp pgglkylgo&ﬁ lrr@éwe\ﬁ,d(?eso@{mn@égnd hgice its proceSS|b|I|ty as solu-
tionsl ect r ophot ogr aphy applications such as
el ect rophot ographi ¢ recordi ng. The present i nvention

As U3t el oT R FRRT SRR ey NG BIRE FoRi T =g ahee velooty
wittawbbh ¢hargetcarrieneinduessthit an external smnul&etlrcrbaambﬁlemls field, for

lesf(8F utsBTRbSItive dhESge) imirR0agk ®f a pLtyse bérhicohddeling ma-
terlgl aT% ‘elei F\)é in’the case of an n- type semiconducting material, move through the
material under the influence of an electric field.

A “cyclic moiety” can include one or more (e.g., 1-6) carbocyclic or heterocyclic rings.
In embodiments where the cyclic moiety is a polycyclic moiety, the polycyclic system
can include one or more rings fused to each other (i.e., sharing a common bond)
and/or connected to each other via a spiro atom. The cyclic moiety can be a cycloalkyl
group, a heterocycloalkyl group, and can be optionally substituted as described herein.

“Halo” or “halogen” refers to fluoro, chloro, bromo, and iodo, preferably fluoro, chloro or
bromo.
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alignment |ayers. The dithi enobenzodit hi ophenes

according to the present invention are suitable
w@aoibiaws7d arly as sem conductors, since they hewBEP1ve9/057985

nobilities required for t5hi S purpose. The introduction

of al kyl groups inproves™its solubility and hence its

processibility as solu tions. As used herein, "field
“Aligifrefets toRisttaight-chaih of Braptheéd saturafoeyardcarbdnieasy) ERambles of

| o . . . .
el ot fERlde/mU WY, Gy TBd, SEpfTE, HtopTEHE R Aol buty
(e-Chx BRHIVE iSATBYL SEEPUlYhited L) pBRIY! GFaURS (8-Ge -RERM Heo-Pentyl,
neapaswyl) péndithe- likep Alkyk gioaps ¢raferably can havei illo adgarbon atoms, for

tr | e cof = i [ |
o ST, S 0 g A b e
can Bave b caroonAIRNEcEd can bereferrad iq.gt By towes aliyl arougy, Alky
groupe tardee sulstitutedror engubstijuted.1AB plkybgrooe yegensrally not substituted
with SARREGENEA boup! dH8keryN g CsH diRmkymyMdtene the cyclic

noiety is a polycyclic noiety, the polycyclic system

., can include one or nore rings fused to each other
“Hajqallyl” referfaio; gryallyl gsrrpotavGRNe @laPISrhaleten sebaliiuents.oh pajoal-
kyl gtduprprafe@bly bl Ha@e atto 120 cah@nciterhs,dn paitietisr ©&n1®MearBon atoms.

, | ,
Exinlfioh ol CURupd REE. CEL PR Gy O o g, Cuo.
CCly And s like-Pemnaloplkyls 9raups oo Rl groupsorhere &l ofithg dydrogen
atopsefre rgidhged Witto halpgerh btones @rg.bCBsrand Al.Ky)) areriefleded wihia the

defﬂtfoﬁ'cﬂhﬁalgilﬁ\*l.ﬂ HliodyR GFJIBE tisatiaie %ﬁ‘?em% £§i8aPs can be op-

torgip b Ei ST § s g s 9L SR MR BB Y! (V)
WHOSHEESC Witk TRyt 30 Ry 1S 3R O gh@ Y8 -\r opyl ),

butyl (e.g., n-butyl, iso-butyl, sec-butyl,

tert-butyl), pentyl gr ogps (e.g., n-pentyl,

i so-pentyl, neopentyl), \and tgg li keg* Al kyl groups

preferably cgn hage lto bon s/at ons, for exanpl e,

1-20 car bonRatags~(\,._€ | groupl) Al kyl

gr oups particul-\ly : 1 to 6 carbon

atons, and can beT8{epresd " r al kyl

group”. Al kyl gjf oups an beé ssubstituted or

unsubstituted. An al kyl groéup is generally not

substituted wth another al kyl group, an al kenyl

R regt I ARy SR, PR of aRelerdline whuE g afk B umieo
to, mitinxy k§ihoxy, AUBPQXY P dk alyPIOPeXH aRAROPTOROXY 2 d-betpxy @foups, and

thedike.TEhe alky! RdUp A UhérO-hikyPgrdlp ear beppadreiy substiwted @4thafs R
an%%ls%% iRy fdn%lla € CF3, QF5, CHR2, CGH2F, CO 3,

“Alkylthio” refers to an .S-alkyl group. Examples of alkylthio groups include, but are not
limited to, methylthio, ethylthio, propylthio (e.g., n-propylthio and isopropylthio), t-
butylthio groups, and the like. The alkyl group in the -S-alkyl group can be optionally
substituted with 1-5 R’ and R’ is as defined under formula (1).

“Arylalkyl” refers to an -alkyl-aryl group, where the arylalkyl group is covalently linked to
the defined chemical structure via the alkyl group. An arylalkyl group is within the defi-
nition of an -Y-Cs.44 aryl group, where Y is as defined herein. An example of an arylalkyl
group is a benzyl group (-=CH,-CgHs). An arylalkyl group can be optionally substituted,
i.e., the aryl group and/or the alkyl group, can be substituted as disclosed herein.



10

15

20

25

30

35

40

C2C15, and the |ike. Perhal oal kyl groups, i.e., alkyl
groups where all of the hydrogen atons are repl aced
wowdib/obsrogen atons (e.g., CF3 and C2F5) , ar epd¢MEP20d®057985
within the definition of 6"hal oal kyl . " Hal oal kyl groups
that are not perhal oal kyl" groups can be op tionally
substituted with 1-5 R5 and R5 is as defined under
“AldePiMidiars (i h- strafyhkepain of Bla@Etsed dlkyl GralpkidvingrdMélbr more carbon-
carTABUTE 8 BRI SR LRSHY e P roliBl Il ben-
0, nethoxy, ‘et hoxy, propoxy (e.qg., n-Hr poxy-an
tenylsb@mpjbky dignyl, pestagliegylo Dﬁ’éa,d'%ggtthés-l Theoneriee marg warbon-
carigsrodpublebbmds e4d bd lydrnglr @Ugh asiin Deutzpb) ?nwrr’nLnal (such as in 1-
St =
B EaS  H
exafmplans K520 cation\Aloms &%y Geplenyl orgup -%?o'ﬁﬁee’ﬁ%ld'm nts, al-
kenlyi grioupsicarobe sebdtijutechas diselobgd béreim, Apratiepylt drogp (segamerally not

arope mobdi : prvtdrow (5
R R R i S ST o

can be optionally substituted wwth 1-5 R7 and R7 is as
“Aliyayll refersuade sirdightrahiain ¢n hranchedyallyl lgyoup haing ene or mere triple
carbéH-katbordbyhdsy Pestdrred VIR GldRp& inéludl ketyngl Btepyhy, butynyl, pen-
tynya.o'?’r?elt (Er{bt$ry &J R Qc Boh- Srb%ﬁfb'oﬁgg érht%qn?e%alﬁtfcﬁqats% ?-butyne)
i a e alrﬁy_le roup. aryla yf_group I'S*‘W thin the
or tgeminpal{sYghads ipf T-aityney. dsvaripusabagibeIps. amalkeylgrodp £3n have
2 tad80 icakdn latoms, for &anmepte igploc20tarbon atomsali.ky IC.g4 alkymyl groap). In

sorfEBRBbai bAKP afkyfiGratBeRAn be SlbdHutb@LE HlscBEOYRoeRN Afalkyny
optional | su%tl_ut d, i.e , the aryl grou nd/ or
gropih is IEyalY g1ob apbstiuied With ahater aliviud olRuedg alleLeaigup or an al-
kenyegreum. " Al kenyl " refers to a straight-chain or

branched al kyl group having one or nore carboncarbon

«. doubl e bonds. Preferred al kenyl arou are et henyl

ORI ER T earl Shafit Sl B Ry Blion. o
andpalikynyti geawpp., Assiaded sydloajikyh @peip gartehauee3 &r 28hsarbon atoms, for
exabripld Breardedibeio e (ReNds..cabloaryl dibes)NAlcy6IBEIR @Sup Ban be

mogshTE, Spah B ABoeiEle R coiaid taEHeed andergoio
ring-gysksate) Wisrg the erbealiemsare focaigdiosidaphofiside ghipe ring system.
AnyGliitablel ringrpoisitign ofiihe .cytloalkyl meoupndamdienanviientyalinkied iy the defined

chedfiC4 REu&are. BappRs of EiticHRgrdibs MdRRRLyRBbRIpT cobutyl, cyc-
et e N e i

hepfatdenyl, nofbdmylyhdrpingf aersaryb adagantyl, ghtl-splielipldacanyl groups, as

welPAS it bnIdYS, isBhferd) aha\thd) ke Tyclal Bupd édH Be substituted as
ar bﬂn-car bon bonds. Preferred al kynyl groups include

dis 4 r‘?'n'pr opynyl, butynyl, pentynyl. The one or nore
triple carbon-carbon bonds can be internal (such as in
“Helerbatiopn €gfers to an atom of any element other than carbon or hydrogen and in-

cludes, for example, nitrogen, oxygen, silicon, sulfur, phosphorus, and selenium.

“Cycloheteroalkyl” refers to a non-aromatic cycloalkyl group that contains at least one
ring heteroatom selected from O, S, Se, N, P, and Si (e.g., O, S, and N), and optionally
contains one or more double or triple bonds. A cycloheteroalkyl group can have 3 to
20 ring atoms, for example, 3 to 14 ring atoms (i.e., 3-14 membered cycloheteroalkyl
group). One or more N, P,-S, or Se atoms (e.g., N or S) in a cycloheteroalkyl ring may
be oxidized (e.g., morpholine N-oxide, thiomorpholine S-oxide, thiomorpholine S,S-
dioxide). Nitrogen or phosphorus atoms of cycloheteroalkyl groups can bear a substitu-
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or termnal (such as in 1-butyne). In various

enbodi nents, an al kynyl group can have 2 to 30 carbon
w@raomgosior exanple, 2 to 20 carbon atons (i .erPCT/ER2089057985

al kynyl group). In sone odi ments, al kynyl groups

can be substituted as disclosed herein. An al kynyl

group is generally not substituted w th anot her

entaIanernt;dula@ DLy aroup) Bydlorteroalkyl@rows @in HNydntgin @up .or more

0X0 %EQ?AﬂL}g P 5)?Jp? fi}trl @S[P%bﬁm%i-gﬁgﬁﬁld%f: oxP-2(1H)
Pvrgiwba dth eAl'kﬁr BF rF%oCYEk?EF“@é‘?al%’ QTQ’PB‘EIB’C R HAQRI %thﬁ@ pgrpho-
linyt, athloororgtialingl, p@nyleiraitakaidingl, timidedolrat, bovazalidimg, Pyrazolidinyl,
pyr&2slindl, B ﬁ&l%yk%yn@ﬁﬂ}l‘%traﬂd?&fﬁ?éﬁ?i l‘fél!t'l'arf?}'ﬁRiﬂlﬁO[Sh'flc,"r‘lyp‘i)lperldlnyl
P'Peraﬁw*yﬁvﬂahﬁ‘*ﬁ@g%fv' s be O S RSl St o)

where the carbon atons are | ocated i nside or outside

“Argif réfbl% tb'ﬂaﬁ:ﬁﬁt@%orﬁ@cli&m;ﬁﬂiﬂaﬂ)dnl iy Byxddrh i pdlydydRc ring
sys? O\% @( kwcg{)rorlﬁﬁrec ¢ uc gc)/r&gf%r{ ?f ei eﬂ'?%ised % hﬁa\flng a bond

| ‘oar
in mbg& mmﬁ&}éﬁ@m @ipheafiy@ne égpfmaswmnocye Chwbefmrpon ring is
fusey 5 Orﬁliiedwdgdorecgicloafk?and/or dgyfhapma%lqhw\gs Cyafeabiyxarnanyl group
carfHdvedrinf 6 18 $6'¥% rboﬁﬁﬁ*rg \RIRS # ?%ﬁﬂé‘ (e o't ourghwl'uch can
'”C'{jg%ﬁ'ﬂiﬂ p%éﬂ%ﬁﬁ{ spt"‘ﬁ'@th(R Fé‘g& |p§L¥ﬁ¥,‘£'§ a rﬂfo%éa" have
froti & éo 1€yaairtmal hipmsg Poefpaed arnyl lgrogpsblanvingibely axematic carbocyclic
rmgﬂéﬁﬁél@&@ﬂwé’f@f Gl'-rihphth??(‘bﬁ!y@%g Oérhaﬁmfuﬁ (ﬁcﬁcﬁc)aﬁntﬁFa‘éﬁh)ﬂf(trlcychc)
PR el s e e oo ”ngxayétsﬁlsqg.w gt Rast one aro-

matig parlbpcycbch o8 fipfuged tapage semerg ayaloa Mendfnemeﬂqfﬂemlkyl rings
inclugé earrﬁoﬁgomaereouser@b AeBVaives BEdyeRpkitang (i) fart lhdényl group, which

is asg %Sb%ﬁﬁf @ég:lé)aﬁlﬁ/z{&gﬂ{b?w rlnﬁ%y%%h@ gﬁﬁo%%r% gcét teftlraﬂg'?arg?'\aph-

thy'o@PPBn‘&'I"PIS'/ IS ROPIRESIiE ¥ ea'kﬂfaf%n%t@umge%?er@)r irpidazoline (i.e., a
ber’aﬂ)mdazolﬂylogrohmh&l’ﬂm isad ByB-bigyclici pyatatietérasikyl@rorat®ring sgstem),

|
ancfrg er(l e ohe i O&Il iﬂrg] [s' 4% @&i@galc(éycl%heteﬁaﬁévar matic
ring, Syggmyt § Hé e(repﬁ erreq ‘ﬂﬂ? CW@I B?f'gPQPES%n%yPe'HO%’m'y'
chrompnyeindalinyi gesdps, eﬁngi themke pliwispme axplmdirdents, aryl groups can be
subts‘fliuﬂ’!r o@éeééaigélb&ﬁjot‘%r@ig'r ﬁvison‘é“érﬁﬁ@dlﬂgﬁig' BE afy §ﬂiu@>ﬁaﬁ@ave one or
mofl hAREST s MeyRARREAGA o B MRk 1 5E. £ ARG ol Pegloar
grogp%u;se arylcgreres whewl &l pf theowskogannatamscare srplaces! wite h@logen
atofiiar (€.g0 X aC L) WS inciatded) witRinake Riefsitiortlpl shaap®X &7 el lembodi-

meﬁfsoér? aéﬁlgko%p)ls g@(ﬂsltl &%wg%??é%f\ér(%rw ro@y Eh&'}één b%'rr]é*e;r&? to asa
biagy grovB. E3Rby ¢fHee apd,groups in the blaryl group can be substltuted or unsubstl—
tuted.

“Heteroaryl” refers to an aromatic monocyclic or polycyclic ring system containing at
least one ring heteroatom. The heteroatom is preferably selected from oxygen (O),
nitrogen (N), sulfur (S), silicon (Si), and selenium (Se) or a polycyclic ring system with-
out being restricted thereto. Polycyclic heteroaryl groups include two or more heteroaryl
rings fused together and.monocyclic heteroaryl rings fused to one or more aromatic
carbocyclic rings, non-aromatic carbocyclic rings, and/or non-aromatic cycloheteroalkyl
rings. Preferably a heteroaryl group can have from 5 to 16 ring atoms and contain 1-5
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t hi onor phol i nyl, pyranyl, im dazolidinyl,
i m dazol i nyl, oxazolidinyl, pyrazolidinyl,
weyoiapaiermyl , pyrrolidinyl, pyrrolinyl, PCT/EP2009/057985
tetrahydrofuranyl, tetrahydrothiophenyl, piperidinyl,
pi perazinyl. Cycl ohet er odll kyl groups can be
substituted or unsubstituted. "Aryl" refers to an

rin q{é?éﬁétbﬁlsrfpé‘OSM%l m&ngé(r@fi%%r@é%zl rbi}s). ﬁ’)ﬁﬁ%ﬁlg} Bkambles of hete-
oo Pl a0, bt 7 msm‘é"fﬁﬁwwcx CIfisRE § bioyel

flng@dﬁwﬂﬁshpWhPetOMget her or at |east one aromatic

nonocycl i ¢ hydrocarbon ring is fused to one or nore
cycloal kyl and/ or,, cycl ohet eroal kyl rings_ ﬁref ny

an érgl H\‘ha e’}fro B\t o Wrb atg

i t SSRNg e a\‘yl gF-oup) vaw by an
i ncl ude tlple f sed r gs P@rtmuNarIy ef erabl y
a polycyfli aryl(jou ca h rqﬁw 8 to'}‘,16 car bon
atons. P rredN

carbocyclic ring(s |nclude phenyl 1 naphthyl

(bi ), AR a cy

(IS S oG TS
pol yeycllic ri syste ¢h At st Tone &t o

mati c carbocycllc r|n |s fused to one or nDre
cyN 0

a er t| €S % cm¢Lo a e 13
an inda yI group, mhlch i's , 6-Di cycln

cycl oal kyl /aro rin ohexane (1.
tetrahydronaphEﬁ?ﬁi@}ou ¢h[zgj§?g 6- blcycllc

cycl oal kyl /aro Trin ﬂen) iTdazoline (i.e., a

benzi m dazol i nyl group, which is a 5, 6 bi cyclic
cycl ohet er oal ﬁél [aromatic ring systen), and éran
y

where Teis, OaSc Mo healy!, Hraryip N- (myI@IhyI{ée a., N-perizyyBiHac SiH-(alkyl),
Si(aRyD}, @at(awm{myet IhAAIRY),Coff Stk SdyRIKYI). Exdrhples of such hete-
roa@[ ﬁﬂ@%{nglﬂd? ﬁ(l ro@[ﬁ%iﬁlz ﬂlﬂ?ﬁ})l U}%ﬁldple éﬁ’rqld?f(%gﬁazmr)( ! qyﬁazmyl tri-

azolyj, Kietrazalyl s B¥raz@yn @'ﬂlpﬁg}\yls isog}igaolyhy (tjnﬁargglyb JRiagiazolyl, isoxazolyl,
oxasolfst oxadizzdlyys inobd,| dssabdhdr edemzofuryl,s dremzetivieodl, mguihslyl, 2-

melﬂ@g&héflsllu %ﬁ)auﬂogpé‘xun\%XQ IO G@m?iolﬂo B&f&ﬁta‘isgp bezf_lmldazc:g:]qltl):;-

zottigasii, ePEAi Ay IPoRTRRIREON BEnZoEgrol,
1H-indazdly, Bhidndegelyl, indolizgingr isobenzobuyk daphthiridiny! opfathalazioyts pteri-
diny{ eplﬁmyl OXMfldlﬁyleﬂ’ﬁdﬁ@'OE l‘ﬂﬂnw |hfﬂldiob§/}ﬁi &]ﬁffumpﬁlhd?ﬁyl oﬁ'meno-
eyriglil BFiputmign, SBomasng P gpsxrbdaawa' Bighoafill, tienor
azolybtaieneimidagolys grups.aanyl thgritsap. Fusthien exampleg oihpteroangugigups
incliide 4565, Bteayiydreingolpl, earahpéroguihsiinyt, beagbttienspysidingk benzofuro-
pyriBME/Ie&oups, and the like. In some embodiments, heteroaryl groups can be substi-

tuted as disclosed herein.

Compounds of the present teachings can include a “divalent group” defined herein as a
linking group capable of forming a covalent bond with two other moieties. For example,
compounds of the presenf teachings can include a divalent C, alkyl group, such as,
for example, a methylene group.

Preferred dithienobenzodithiophenes are those of the formula (1)
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"Heteroaryl" refers to an aromatic nonocyclic or
pol ycyclic ring system containing at |east one ring
whedienastdom The heteroatomis preferably sel ee¢BEPIND087985
oxygen (O, nitrogen (N), sulfur (S), silicon (Si),
and selenium (Se) or a p8l ycyclic ring systemw th out
being restricted thereto. Polycyclic heteroaryl groups
in whithl ude two or nore heteroaryl rings fused together
and monocyclic heteroaryl rings fused to one or nore
arqmatic carbocyclic rings, non-aromatic carbocyclic

R'toifgs, arkicaeh isependsntly Seleeipd feeedthbd) RyP12n iafigys group, i) a
Pref er alg), y, @ikd\gtgeouaim)la -Or-B4h, aghgrbay,esfdefinedalicvel 6

ring atons and contaln 1-5ring heteroatons (i.e., 5-16
menber ed heteroargl ﬁgg Particul ar exa Ies o
Morﬁeﬂf%fﬁﬁﬁﬁ’ githighehgpzodithiop S‘%F“"éﬁé’i‘rﬂ}eéo"‘i!tﬂ%

6- menber ed nmonocyclic and 5-6 bicyclic ring systens
in whitpwn bel ow. where T is O S, NH, N-alkyl, Naryl,
N-(aryl al kyl) (e.g., N-benzyl), SiH2, SiH(alkyl),
(alkyl) 2, SiH(arylalkyl), Si-(a yI al kyl) 2, or
R’ tg| F(“a| ky Iy aagh mdnpmdentfx seietted fsim alidh fhet@:. @yl broup, i) a
rings i '@E&'ﬂﬁo@%ﬁé@ yd).a fyugyl,, adyhgreny, as desinédibove, and

pyrimdyl, pyridazi nyI pyrazinyl, triazolyl,

; tetrazolyl, Ryr azolyl, imdazolyl, isothi azoI yl,
R°and R%ol yi are Aydegetzol yI, i soxazol yl, oxazol yl
oxadi azol yl, indolyl, |soindolyl benzof uryl,

Pari&li érﬁf éﬁﬂ)rélj dltﬂHMH&h?&rith%ghgﬁésrﬁﬁ'le%s%QJflﬂe’formula oy

I soqui noly gul noxa ur nazolyl, benzotriaz

ben2|n1dazolyl benzot hi azol yl , benzi sot hi azol yI,
inwwmmzisoxazolyl, benzoxadiazolyl, benzoxazol yl ,

cinnolinyl, 1Hindazolyl, 2Hindazolyl, indolizinyl,

R R0 i Ayt oo u#ﬂ‘ﬁgéﬁ%abg'fg?ésﬁ&gqm F A Y oo allyt group, 1)

t hi azol ép yaral Yydroup, ) a2 61834 diyhgroup.fagrdsined albovel and
t hi enopyridinyl, pyridopyrimdinyl, pyridopyrazinyl,

3 o dopyri t hi enot hi azol yl, thienoxazolyl,
R I%FF enoi m gézléw}&gr oups, and the |ike. Further

exanpl es of heteroaryl groups include
Particiiarty, pfefeerod ahiystitwsntalRl 1d R® aretforaiyaiioRtia 0ak4 alivyl group and for

R® {B6HF lggRopyri di nyl, benzof uropyridinyl groups, and
theWPEJg I'n" sone enbodi nments, heteroaryl groups can

be substituted as disclosed herein. Conpounds of the
Dithierebenzodithiaphénegsofdthe pressinti teachingsdicaal kenpregaxedpith accordance

witfigel ms&bdaeésewu@a iR écheﬂﬁbnigbéib\ﬁuﬁorﬁ%ﬁ%&c@ﬁy &%nuaue%&n.m
caval ent bond

mat S, Ebeo e Atk i B e %geqa.%gsai i prefef degnSaates, by
emplpyiny stendartl supthetiv ynethedsupnd pirckdires knewn dx dmsieeskiligd in the
art. "8tdmhRINg/nfHeli Prethods and procedures for the preparation of organic mole-
cules and functional group transformations and manipulations can be readily obtained
from the relevant scientific literature or from standard textbooks in the field. It will be
appreciated that where typical or preferred process conditions (i.e., reaction tempera-
tures, times, mole ratios of reactants, solvents, pressures, etc.) are given, other pro-
cess conditions can also be used unless otherwise stated. Optimum reaction conditions
can vary with the particular reactants or solvent used, but such conditions can be de-
termined by one skilled inthe art by routine optimization procedures. Those skilled in
the art of organic synthesis will recognize that the nature and order of the synthetic
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Preferred dithi enobenzodithi ophenes are those of the

formula (I)in which RL to R6 are each independently
weedienbmwd froma) H, f) a Cl 20 al kyl group, iPCHEE1009/057985

-20 al koxy group, n a -Y-C 6-14 aryl group, as

defi ned above. More prefe(rred

di t hi enobenzodi t hi ophenes are those of the fornmula (1)
steppisBeBd Ban be vededifor tieaplirpbsel epatinazing yhesieolrhatiadcbffthe® Bom-
porﬁ%i 'G‘es g g']fﬁo al kyl group, i) a Cl-20 al koxy group,

8:8 aryl group, as defined above, and R5

and R6 are hydrogen. Particularly preferred
The ptdeeeses imszidistidt idreipheanese moaitdrbd wecartinghte d@ngrsuitasle (mgthod
knowh iRfth Qrt RJFo"il '&Qar@leaér%dﬁﬁlcfgmﬁé?ﬂﬁ Q:%HC%' %bﬂlto?‘é‘dl S§? EEé’ctroscoplc

rom a r Oug m XY 13
megisy ayeh 3¢ mudedt aadngie dpanagii aRectasbo (MR, gt H or O,
infraned $p@ctrascRPy dIR), Byentioghetometry t(e.gul WY ivisigie)e fmassespectrometry
(MSUBBbY Eh’r@ﬁia%od?% HyQut® a§ﬂ’ﬁbrf Bresdtke AGGd BRrandtdgrafy e, gas

‘R

orv BB 580, R ST KRl huentOR). Pt gcheamat

grapky gilépared i n accordance with the procedures outlined
in Schenme 1 bel ow, from commerci ally avail abl e

The’ re%ﬁdng% r TR &ob@ésﬁg d&$: 86' R r%rrfé@"ﬂ%b&n&@ ﬁuﬂ |h Shtid'ESvents

whigh &A@ QPdeé E{t%"@ %P'Pﬁ)é@ lechip the @E‘e‘a‘ R %%“"R ﬁYMﬁeSt'% Suitable
soltdmtssiypisiiyl dre@ubstamtraxﬂy aonrea@ivavdihrtde saactdmid, intenmestdiadels and/or

pro@Ms af ﬂ’r‘éqgh'rb&%tﬁr% af WRich rtr?é)%ra@ﬁdr%rhrgfcaﬁfeaq{‘dt G.dMbRperatures

r ou trans
thaf g B0Pa e 1BS SRS eahB S ke e B Siaboling tempera.
ture. eA given treagtion e e calriedeaubiruere soivent ora isiutaeidnore than one
soI\Peﬁ?ﬂ(t M@ﬁdrh@ dnhBie fpatticdiar Iréactibh Istdpe stitdble eblRémd foéhatarticular

referred process conditions (i.e.,
rea é%‘c?%? %&H tg%elg ires, tinmes, nole ratios of

reactants, solvents, pressures, etc.) are given, other
The)dmmenznmﬁiobhémae of dte fkaolalil cHs pebfanpblds mrepaediusing the
follﬁrﬁé?&crwgém{eac“ on conditions can vary with the
ar reactants or solvent used, but such
condrtr ons can be de term ned by one skilled in \he
art by routine optimzation procedures. Those skilled
in
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the art of organic synthesis will recognize that the

nature and order of the syntheticsteps presented can
wheorvamoiced for the purpose of optim zing the fpCTEP100%9057985

of the com pounds describged herein. The processes

descri bed herein can be nonitored according to any

sui tabl e nmethod known in the art. For exanple, product

f or mehiBok, ’HEN-7876 noni t ored by spectroscopi ¢ neans,

c h2) A%ylberaide AHF.nElreG ¢ onance spectroscopy (NI\/R,
. o33 G—inimar ectr oscopy (IR,
gectropho try (e.qg., i bl ), nmass

speﬁctrorret or by chr omat ogr aphy such as hi gh

pressure |i qU| d chr onat og;’g’.py1 VoL GHE, 988

chr omat ogr aphy (GC), gel - pgrneati on chrorrg r aphy
(GPC), or thin layer chromat o8rMgPRF: (THECIEC9Tre
reactions or the processes described herein can be
carried gut in suitable solvents which can be readily
sel ected dy_one skilled Mart of organic
synt hesi s« SUI sabl e sdl ically are N
; é nonreact S\?‘e W th the rBactants,

and/ or products at the

whi ch e reacti out,

H PR at ur gs thalfmip %Mﬁago“lfrggfnthe SO

free2|mg tenperature to { e solvent's b# Cl—@ terrpera

ture. A given reaction can be carried out in'gne

solvent or a mixture of nore than one sol vent.

Dependi ng on the particular reaction step, suitablS

solvents for a particular reaction step can

sel ect ed. TRES@H: RiQertbire Rrdiae. raiioph

(1) can pr mjp

reaction scheme 1:}yn-BuLi, THF, -78C\ s

THF, -780C-Q0C Steps (a), (b), (c) and (d) are

described in: (a) van Breenen et al. J. Am Chem Soc.
Step8 (0, (bJ,Z{B)arﬁB(BIﬁSa%cntﬁdm)inQn et al. J. Am Chem Soc.

(a) €20 Breetedr et 2P UOAKOER ?)C 496, Bl 2836-d345 9. Chem
(b)é\'éﬁﬁ '1‘5@@?3 4- 6&9 S:Zm%g ws et al. J. Mater.

be conmercial ly
(c) Zhao bmﬂ»éorde@kmm 2097072, t6|36416§71£r e of R The invention

(d)@ﬂﬂﬁ@ﬂaﬁ@%t ot hvibfee chentli1oeel pdos he reduced forms of
e compounds

1

Compound 5 may be commercially available, depending on the nature of R.

The invention comprises both the oxidized and the reduced forms of the compounds
according to the present invention. Either a deficiency or an excess of electrons leads
to the formation of a delocalized ion which has a high conductivity. This can be done by
doping with customary dopants. Dopants and doping processes are common know-
ledge and are known, for example, from EP-A 0528662, US 5198153 or
WO 96/21659. Suitable doping processes comprise, for example, doping with a doping
gas, electrochemical doping in a solution comprising the dopant, by thermal diffusion
and by ion implantation of the dopant into the semiconductor material.

In the case of use of electrons as charge carriers, preference is given to using halo-
gens (e.g. lp, Cly, Bry, ICI, ICls, I1Br and IF), Lewis acids (e.g. PFs, AsFs, SbFs, BF3, BCls,
SbCls, BBr; and SO3), inorganic acids (e.g. HF, HCI, HNO;, H,SO,, HCIO,, FSO3;H and
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according to the present invention. Either a
deficiency or an excess of electrons leads to the

wo oombiecon of a del ocalized ion which has a hipdu/EP2009/057985
conductivity. This can bf done by doping with
customary dopants. Dopan ?5 and dopi ng processes are
comon know | edge and are known, for exanple, from

CISERHA dagaﬁﬁosacﬁ&s?or ddsind a&a&,&&r@mome@@/caﬂr@a@ndsiwgt abbg FeOCI,
Fe(gﬂﬁl,i') Qrega{ -BRGEH80S Or‘ﬁb\ S%rq|4,3-|fc ﬂﬂ?' Sbclo Pfa[&%"wlé 1 f0Cls,
WG o RSTtnsare Ch 15 PR e oo G By . 6150
, SO INOY, BIOGNBES, PR AMFPaBbF{,faC|f hee(Shi)d*c and anlbons of different
sulf@ﬁfcec\rcldglsuci]l Qs @Eenc Qn @e LR d?fuss LBROIES ng§ cRSrgE Raky ‘?s as do-

parys, forpainis ire fegons)( 6193"'9’: 56 Ne ol e %%) @ignetald (e.q.
Li, K. 5 RRRS\d Gs)-8lkaBierearthBmgtalsB(El.@, CHISTIdhd B ©.,aXeDISOHN0,")
(SbFe og*a} BBC § gf)f(aﬁ) HE%%ldg Hglﬂd}&(lia(mﬁgzg‘\%sscbj@d@@f Eu,
aceaTElng. Rl ARIRER Fho Pt il

Fe(Cl O4)3, Fe(4-CH 306HASCB)3, TiCl 4, ZrCl 4, H Ol 4,
The\bdriguctiieGbm of tfel dithieMobénzoMiibFhen¥E accdiing to Wiebprassht inven-

’nonl'&a\gI I;;% &é@ae%eaﬂ-@ig%ﬁ‘ic ?:o%‘d;aﬁpk@%ple %ﬁ@@sfnjé L?ﬂ )gﬁ%and ITO

plar&ng\g Iag%rp(;m orgarie 4|ght gg(tt@g) digdes (Ohﬁ@s)aﬁpbﬁgre@ps and’ touch

screprisf amtistetic Sitnhd, printedxtrculis swadapaditoss, WithG bing rektictedehereto.
case of use of holes as charge carriers, as do pants,

i i RPAa Be e S AP ink o o pissomieelitgen s oS o pro

ducel dpticalnelestipnih andt semicqnslugtor Materials, asgedally, asDeharge Arhsport

mafeti6lR i )fieldSEifeet transiétbke? ’\K%:JE)T sf, Sblcb%r}l le ds'@np‘&neﬁﬁféf ihtegrated

oreffiel LI T b S5 o o e

diodgs L@Z}S) i g[@ﬁtrolm@%@ﬂa lglgpla\yé qr@s,ﬁqg:khgl‘ﬁgg, for example liquid-
crystal disgaab Io)) hhphmth@tt&ls SppitidhH Or fer $emeoRd| esredléctrophoto-

gragﬁ]g?éﬁopdlrgq:aﬁ@&hgleséﬁﬁ ot O?Qp&fcg fdHsC conductor, for

e I njec ayers an(? | TO pl anari zi ng
| ayers in organic light-emtting diodes (CLEDs), flat
Sinee Itieee Wihiamabenaodithiopberen accaading 46 ahé @résentninveptiomthavk good

soIL§H|Ift§P Llhéyﬁ cal'Be GRPRS toQhE subdtidiuss B8LRhs! BSYers eh& therefore be

appﬁleg wetﬁ inexpensive processes, for example spin-coating or printing.

Suitable solvents or solvent mixtures comprise, for example, ether, aromatics and es-
pecially chlorinated solvents.

FETs and other components comprising semiconductor materials, for example diodes,
can be used advantageously in ID tags or security labels in order to indicate authentici-
ty and to prevent forgeries of valuable items such as banknotes, credit cards, identity
documents such as ID cards or driving licenses or other documents with pecuniary
advantage such as rubber stamps, postage stamps or tickets, etc.

Alternatively, the polymers according to the present invention can be used in organic
light-emitting diodes (OLEDs), for example in displays or as backlighting for liquid-
crystal displays (LCDs). Typically, OLEDs have a multilayer structure. A light-emitting
layer is generally embedded between one or more electron- and/or hole-transporting
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The di t hi enobenzodi t hi ophenes according to the present
i nvention can be used to pro duce optical, electronic
wandosasrconduct or materials, especially as che@OEP2009/057985
transport materials in fL | d-effect transistors ‘
(FETs), for exanple as c iponents of integrated
circuits (I1Cs), IDtags or TFTs. Alternatively, they

laysr8/Wiaen df efedtritaPidRage Gs hp@iet; @idddtos di Beles cadhirgaie in the
direclort lcffﬁtere%iﬂm qsyie‘l“e\%erg!tﬁgt ?%%n%[r@%é ?@ﬁ*&l é)ﬁ:ﬁ%fid?\g cI Qlpse-
exan'p_ellqwgcr st a i'spl ays 5' |n__oovo"?r?a|c
quegh mipescepe obiher MiReRReEF sompeyinds) Bcthe @@nga |I3gyesphe poly-
merse matetialsgaraildyers ey, seordingtbitbeio eleapiohli anelt aptioal. prapenttes, find
I e I ; .
e Mool DL rRIE SR ROty e o
PoLHlS, TBRIBURIR AF (R SH s loRtTalRINescapt A havs: plpgiol bR Brasspkoroups
or cappiourds, Mieyrare pestipelady suitabledoeths esittihg layex anpl e
spin-coating or printing. Suitable solvents or solvent
verll 45555 Bl G5, PG BGuSH PhundTGETHES e
soligionpRyaeersingc RePRINYes haye nhestndrast With raigaini¢ gemiconguctors. For
exafnpid]theckd oD @RS pritéd _eha%trdl‘g&d tetAMEIDG R Has Usdused ronl inkjeB@Anting,
prr? BESAusb s b Rrllebatol pblft Gk Rtitd ekt ard mus
laygygaistation. lpkighprinting igia nongemactirjoerseutYpigh offetscthe hengfits of
notcequiingoa préfortiedgnastergpeapared to toeactdwinting techniquéd), as well as
iR OE o K ERCHOH T ) gy Bl o i BAARIGS icro dis-
Perﬁwgi?oﬁrwéﬂefmnrf@nmwmoa ORIy WS grRleetiRimting tech-
niqeesy havec thei géivantaget ofi ibeinglivstissit¢dDi®Degry fasirrobterralll processing.
Exéﬂﬂll%ﬁglsya:‘bﬁt%@f pﬁﬁtlirfé;&@lﬂhrii Dsi iRQude) oult lagd) hlélclirbﬁ%daﬂot , G&?Qh-@ﬁﬁting,
) | Ca ave .a. nul.t |l ayer Strtucture.. ..
arafire Bihing, Gt ritne, Tekcditadti Rt ihodrBNGH pRMS bal Rrinting,
anchpcregontast @rielingzt Asrised igradn. ‘ROt ringhidesra nARGaMast process
suchieninkjet phimirigl infietbdisdrisi@earidsthaikk] a6d atdovatat prdcessSuch as
sorln ARG, GBI olrCerrifuf, TERI AICPatiRS, BodrhbAegrin
'"gsﬂ%% BrigfingnMicrasRniza PaRtRY 8nd theclikey nPHSH Selufien PEIASSRIRE dech-
niques trickidenfart exagndlayspin cohting) argp-vasting, mane casting, alip coating,

bladi@¥&dting BPepralffg2r ding to their electrical and optical
proper??es, find use in one or nore of the transport

| ayers and/or emtting |layers. Wen the com pounds,
Vanausaariickess obmanufpetuse includingeriectioniendleviceseoptical devdees, and op-
toeRLR6HIE AbVBRd)RB6IRBE figfd0sHEt BAngQHIROERSthint l@YtraHsBtors), photo-
volll\%%rs,t br%%igrlilgxt 8M|tﬁn@&igdésofoﬁé§s),eggrﬁﬁlélﬂgnt]aﬂyﬁ‘lgtal oxide semicon-
ductors (CMOSs), complementary inverters, D flip-flops, rectifiers, and ring oscillators,
that make use of the compounds disclosed herein also are within the scope of the
present teachings as are methods of making the same.

The present teachings, therefore, further provide methods of preparing a semiconduc-
tor material. The methods can include preparing a composition that includes one or
more compounds disclosed herein dissolved or dispersed in a liquid medium such as
solvent or a mixture of solvents, depositing the composition on a substrate to provide a
semiconductor material precursor, and processing (e.g. heating) the semiconductor
precursor to provide a semiconductor material (e.g. a thin film semiconductor) that in-
cludes a compound disclosed herein. In various embodiments, the liquid medium is an
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Various deposition techniques, including deposition
fromthe gas phase and vari ous sol ution processing

wo eatbnogoes, have been used with organic PCT/EP2009/057985
sem conductors. For exanﬁée, much of the printed
el ectronics technol ogy has focused on inkjet printing,
primarily because this technique offers greater

org&ﬁ@%bl@éntodr?fnof Ic\L]b”ogi/eHP§u&1| & waed dmébhbln'aﬁé(r%r thereof In some
e n

emigeffasits the Aampratpiacirer s Orf‘eenﬁf?&%ﬁf LRy
selagtest tiom (delergantsddispersanis.akindipgiagentisg compa ||G'06§)gen§s curing
agen, linitksord] BirhadtameNdrtitdantihg iagknte] wetting agehise pAYodifiers, bio-
mde%r QM g%rﬂgno%’iaqg 2 %ﬁﬁ?f&d ?lrfécgesdt?gnd/yrl (?thgr ﬁl;&g&ggé P ngolysty
ren%o'?ﬁ'%‘f'wfﬂﬂq rnqlm@lp%mtwl%ﬂe@,e Mﬁsqwnﬁdﬁﬁwﬁﬁ’éﬂeﬁ?’ polyme-
thylivetragryae, amsithe bik ¢aor bevinclydédias ardidplersant, raddinding agent, a com-
patlﬁﬁiﬁﬁbeggc'érﬁ gano‘fé?ec{?pélﬁirfé/ n‘ﬁ taggﬁt Rk 'sBHe@nlS&%@ﬁtg Ufhe depositing

reen-
stor Pl b HPR ﬂvﬁawgpﬂr@w SIS R gAY fohtact printing
techpiiquesi (eg., $dre¢roprintipbi gravuienpiinting, pHektprinting,read printing, litho-
graphié rpﬁgﬂmj QFéko@'bbm% 'p'ﬁﬁtlngASaddsl‘hii:ré&h@cﬂ prlntﬁ}fg) Ntihngther embodi-
i.nc),u ncontact pr | e nkin
mo I ipg%wg LT pRECai Sut Hi Yo et PieBtid: Yone-
casting; lipgepa ng,@gsprgwagur e printing, offset
printing, flexographic printing, l|ithographic print

The'cé}%serﬁ Efgz?owr{g@tfhtlﬂ%r g%\}?(feogr%lggwo? n%rnhfyi:hf?@ sﬁél'pa§ h% vdr#éﬁs de-

ut I;on

viceg,dgspitied hespin tad 1148 2 TeRssia RYIRg 2 SeEHRONGUSIDY Haleris g5 the
pregemitéachingbbade sobsitate gomponenpaay/ong dieléatricaospanentc | Tée sub-
strafd cm&ﬁeﬁ%é&‘i Be 's@%bfé@'ff&ﬁn abs&d SiRnG af QNdlL‘Bﬁstm C%Hé ), ITO-

t d
coaf WESE TR R oS o Sk RSlins ARG, ar p) bt alone
or qehtedovod tralyorer oopg@n isubstiagghta doeted: palghidphehes apditiEDike. The
diel6&AP b@nﬂ'ﬁéﬁe’m YafiBb i‘irep@ﬁédjﬁoﬁaqﬁbrgﬁﬁia Wdisttfc nelddai)such as vari-
ous omsgg? by AIrHeH]S%), %ggnlcldﬁeét id B%terk?scédcwa%r@arloaggoly-

ren
merjg g@r%@@d(emsf BPlyCaiPaste rRolygsteNi Pplywe%d%yf@ﬂoettm@ne polya-
crylgiepsand stlbasdunilged sapaiatiicerseliagdsemnibledalanodielebizicS@MS/SAND)

mat-gh&l gé gsﬁgécﬁbﬁa‘ﬁm(a&?‘ MH & Slf fﬂf2 n‘% 48*??)\46 (2005), the
ar gogrBa semn con teri a

e"“FFe‘{"ﬁ%%“r% R 9 WiRR 19, BESTBP st s eée’l‘i?di‘%%' e vellios vb"d organ-
ic/inongAnicddisleotrie roaterials de.gonesariizks! idi WS, Fataht mmpba:auon Serial No.
11/6&25&%' \ied eﬁﬁre%@(ﬂ@é@@%f '\Afhléh fsl |ﬁb’(’)rﬁoﬁ?éﬂ B réf'éFéﬁcésherem) In
soro AR I A5 g gonat o, PR o oleled pobymer
blends described in U.S. Patent Application Serlal Nos. 11/315,076, 60/816,952, and
60/861,308, the entire disclosure of each of which is incorporated by reference herein.
The composite also can include one or more electrical contacts. Suitable materials for
the source, drain, and gate electrodes include metals (e.g., Au, Al, Ni, Cu), transparent
conducting oxides (e.g., ITO, 1Z0, ZITO, GZO, GIO, GITO), and conducting polymers
(e.g., poly(3,4-ethylenedioxythiophene) poly(styrenesulfonate) (PEDOT:PSS), polyani-
line (PANI), polypyrrole (PPy)). One or more of the composites described herein can
be embodied within various organic electronic, optical, and optoelectronic devices such
as organic thin film transistors (OTFTs), specifically, organic field effect transistors
(OFETSs), as well as sensors, capacitors, unipolar circuits, complementary circuits (e.g.,
inverter circuits), and the like.
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sem conductor material precursor, and processing (e.g.
heating) the sem conductor precursor to provide a
wa@emmoasduct or material (e.g. a thin film PCT/EP2009/057985
sem conductor) that inel %jes a conpound di scl osed
herein. In various enbodifents, the liquid nmediumis
anorgani ¢ solvent, an inorganic solvent such as water,
or conbi nations thereof. In sone enbodi nents, the
o t . _ i
OUSPEREBL AR WIS S ke TR0 g Nt r
phaialibiae Oh gRlAt S0l o RRPPMNTS PhijeRIBRRTY 1adHOR FaRRAMEL broad
optical dbsatptios ,anu,{w_rrag/tempcsait?valy_tsihﬁmin'bdmthg epntm_;tialv\makingghem de-
sireBREy ol BpBREHoNE | Acobiufigl B sitiarpes deseftierein e be
use LR Biop SRmica: R Aol SeaBR b et s adjacent n-
typp sepicondistion material that éqymsene:n jwistipne The gpmpodrdsrgandiedin the
forra Il o thih filhk@erﬁ@ﬁndlﬁtdrﬁ%!éﬁfl}énﬁﬁ aeysﬂsﬁtﬂ@bﬁadlbubslrate to form a
n i zi , .
conffidfiz. Exiidfiton of sl & B RSN eadilf st govices s
w'tmmﬁ}@l@@wlqs’%e@gmsk%p #tisatby printing, including inkjet
printing and various contact printing techniques
Ac&?diﬂg%ly, atioter 'sgédt 3 Hégpregérﬂ\fé’a{c%irg;%'rgl'é{eggto rdthG& of fabricating
printing, rlntlng;H i1tho gr phlca{frlatln?, )
an Pr%véfgf'%ﬂhé)@cbr"?ﬂi'?tﬁb, & {RCQPYAISS oM 1SRETCORAHEIPT mpferial (of the
pres¢niteeachinged Thesrmcondimordepledals ioh thestregent daachimgs aan be dised
to f&gﬁct:éiiﬁ V%Flgilﬁ‘sagﬂﬁ%c 'od;ftg?rggﬁi@(F;f;eﬁcg%ffg&?ﬁar@iﬁ%@r@e%%lg&g% ttgb-@a’ce top-
confasd rpfhie” SEITER i ehe (BugPPI R Sapetitl BRERTES potimypate
topgontagkcapacitersirugitires, @ad botiemrdate: hotterm-spatacteaparitar| sigetures.
Fig@reCplTﬁ?@tésethBMr%mmwwmpétru‘&iréé:it@ﬂ)—c@fﬁta&th:ibttom-gate
| 0 [
str i3 38 pbRGHORAR AfonRa A LERI (5 BRRAGEb@R 00 0af struc-
ture; () 3L IPPFGANIACH IPIAe iSirHetie, (dhn Asriiowm iniFigwgilgan OFET can
incl(;iié'@)QielécTﬁ::% eatee.q) sown {jq?}&m and gfiryFigUﬂﬂambgé dend 1d,
res cﬁi%%lg)‘,:%s inHoﬂ%} %rng ! sHOWPAS 6,26 08"€ 2Rl 60 GFRfdr T, 1b,
a polyner or ot her substrate, ope poﬁytllo 16—
1o, 3l T epoglue i A GIReat tp 8- RN REdD: Tl oAt Hhsih Sigure
1a,fiborte,i anal tdhrespeatiiediyc arsubstraie ¢e.galshowneah 1&s 12ad2", @and 12" in
Fig@pé! ‘ga??b,l( f, Qﬂg Hgﬂ %eecﬁi}%l% anb*fs&gr}:ree r'a_naﬁd;}ﬁaﬂt?gé?ri\tgxi:tg |(<%.g.t, 5héwn as
2, By A B o 35 Bl 2, 38 U A0 afi BBty ¢5 9

pol yhal oet hyl ene, pol yacryl ate), and sel f-assenbl ed
In cevigRr ératidaihents cOTFReieiodd esh e rpiitated Githithe pRASHEANNounds

. rd.bed. i [ . i .

on R 4o st ISR BI508 o vl JOBRey o op BBt gogliff. In
parjilanemizodimerie oihe 2ctive ssMiFRAdcng: RYRRWRICHNCoRRorles at least a
mateyibl ofcdthe pg=sent teachings can be deposited at room temperature or at an ele-
vated temperature. In other embodiments, the active semiconducting layer which in-
corporates at least a compound of the present teachings can be applied by spin-
coating or printing as described herein. For top-contact devices, metallic contacts can
be patterned on top of the films using shadow masks.

All quantitative data (percentages, ppm, etc.) are based on the weight, based on the
total weight of the mixture, unless stated otherwise.
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ic/inorganic dielectric materials (e.g., described in

U S. Patent Application Serial No. 11/642,504, the
weniinaeds scl osure of which is incorporated byPCT/EP2009/057985

reference herein). In so enbodi nents, the dielectric

conponent can include the crosslinked pol ynmer bl ends

described in U S. Patent Application Serial Nos.
Examplés5, 076, 60/ 816, 952, and 60/861 ,308, the entire

di scl osure of each of which is incorporated by

reference herein. The co ite alsq can include one
Pregparajigy af @'I“@%’iq??’@éjl:z-l:@éﬁjlii’ﬁg?ﬁi2§ﬁ"g?§)§8@'ﬁ)§?€?i als for
the source, drain, and gate el ectrodes include netals
Exdrfpl€1. AU, A, Ni, Cu), transparent conducting oxides
(e.g., ITO 1zZ0 zZITO &ZO dAO GATO, and conducting
pol yners (e.g., poly(3,4-ethyl enedi oxythi ophene)
Reaqniipg sehemehesul f onat e) (PEDOT: PSS), pol yaniline
(PANI'), polypyrrole (PPy)). One or nore of the
ONMpYSishe$udgser i bed herein can be embodi ed within
/ \)\hrkgtmmw , Yoptigal, and
Sopt o€l ST ORI ¢ ' dévi ces suck”ad organic thin film
§ransi sto® (OTFTs), speci fli, Gk YreOtagani ¢ field
effect transistors (OFETs®), 2)@§3M6§1r F, agcgensors,
capacitors, unipolar circuijts, conplenentary circuits
(e.qg., inverter circuits), Yand the like. ther articles
of manufacture in which matefhal s of the present
t eachi ngs are usef ul O\g t oMol taics or solar cells.
Conponents of thgcpr eselt Jt edchi ngs can exhi BOEH
opti cal absorpt{on and/ gr a very positively _sW
reducti on ge ' & | j [ rabg e
appl i cati ons. &tcor di ngl YAF P HePUbst & ¢S des ri bed
herei n cafo®B used as a p-type seni cond or d0gHa
phot ovol tai ¢ desi gn, which includes an adjacent ntype
sem conducting material that fornms a p-n junction. The
conmpounds can be in the formof a thin film
sem conduct or, which can be deposited on a substrateg_ R
to forma conposite. Exploitation of small pol esyl €
of the present teldchiSBs Ps e ces i wi
know edge of a skilled ayi san. Accordi ng
aspect of the present teachings rel at esRt o”net hods of
fabricating an organic field effect transistofr that
i ncorporates a sem conductor material of the present

t eachi ngs. T em copduct or tials of t Pk esent
SypbasH e AdRaeTaDgGE K SperBuPioRen Sy 1 pRisBorolane
(4aprganic field effect transistors including top-gate

topcontact capacitor structures, top-gate

To RS EIBGC mkARAGH bH-pSiyHATpHERS 588" 521 ARG and pinacol
(11.5 g, 97.23 mmol) in anhydrous THF (60 mL) was added dropwise fo a solution of n-
BuLi (22.3 mL, 35.6 mmol) in hexane. The mixture was stirred at -78°C for 10 minute.
The reaction mixture was then brought to 0°C and stirred for 1h before cooling to -
78°C before the addition of triisopropyl borate (7.3g, 38.9 mmol) in THF (24 mL) using
a dropping funnel. The mixture was slowly brought to room temperature while stirring
overnight. The crude product was purified by flash chromatography (silica gel. eluent:
hexane/EA) 10:1) to afford a reddish brown liquid 7.35 g (81.0%).

'H NMR (CDCl3) 8 (ppm): 7.46 (d, 1H, J= 3.6Hz), 6.86 (d, 1H, J= 3.6 Hz), 2.85 (t, 2H,
J=7.6 Hz) 1.70-1.64 (m, 2H), 1.34-0.90 (m, 18H), 0.87 (t, 3H, J= 7.2 Hz)
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top-contact capacitor structures, and bottomgate
bott om contact capacitor structures. Figure 1

WO bd1osbosat es t he four common types of OFET st reCL/BP®89/057985
t op-contact bottom gate ructure (a), bottom contact
bottom gate structure (b), bottom contact top-gate
structure (c), and top-contact top-gate structure (d).
As shown in Figure 1, an OFET can include a dielectric

Syrkﬁ¥§§ o@ 8 ﬁ&z igﬂqr es@éc fmgl "herg)gérheiblsgug?lﬁyﬂwo§h&ﬂe)

a e g., shown as 6, 6', 6", and 6"' in Figure 1a,
lc, and 1d, respectively), a gate contact (e.g., shomn

réfdo- 2]£9b|s(n;|&h l E':anené B HYYS rrﬂ’ﬁ@l%\?vgs adfed 84 solution
of EES 5r tfggme bg i% nty -Irzg&l)ig %I@bkapgro?%}ngd?si%gl,zfz.z mmol)
in anbyqrous THE (§Y midnand ther reeulmmmm'en&asomraed with @ittpgen for 30
minS bGWPh@)i &7 m% 0. 025 eroI wad thefh' addéd, ardNfle 45 reddlioflindiktuR: was

|
noah 1030 o8 7 @8@?% 8, Bhyagkdh S Aboromapine anc
washed st b'&r@ﬁrp'ﬁ”l%ftﬂga’f@rw%ﬁ)ﬂé%ﬁ sveri Me:ﬁ% figered ard thps pelyent re-
mov&dJA \asud.Eheltiatie praduct was puatiedCiontiast cliremamigraphy - (silica gel,

fﬁé@ﬁ?@%@ﬁ?%éﬂ@&‘b%estgg?s?zbf 'Xaeasem conduct i ng

?Iuﬁﬂ 1pora es material of the
H BCIGRICIY) BpRY STt 2Hie? B ftb 2k o812 Gobf eRer= 0Ha)

2. 8©(t4a-t Jan2dia, 262 estHhﬁpm a0, 4t 1E8AESS5 eniaH), 0dA(S 6H,
J-3BAzActive sem conducting layer which in corporates at
l'east a conpound of the present teachings can be

applied by spincoating or printing as described
Synthesis iof Dithienofd 32| i3rdi]berra [ 2sb:4hebddithiopbena el s can
be patterned on top of the filnms using shadow nmasks.

A G SRR s HRSAPEECE BBR R B4 bl fenciisce-
peniylthiophene) r(2®s(§8§m ad BIRBy W%@h@éﬁﬁﬁﬂ@é'dﬁ’r(g%mgapﬁéﬂ mmol)
andofriflu@ronethameblljodict duid 20 ). Bharmixturd wagastiriedrfos Zheimat room

temi:e f-t%régg:lg'vg?%%er% vﬁg?(% @ﬁﬁl’éﬁlhf&hvig]ellsothﬁn Rowireg |>1to ice—water (100
ml). '§h@yg{liowx;gsgp|6qtg s(c,@ §cte(§) by ctlon flItPatlon and-dried under vacuum.
The structure of this compound, which was insoluble in apolar organic solvents, was
assumed to be the sulfonium salt. Demethylation of the solid was achieved by refluxing
it in pyridine (132 ml) for 12 h. When the suspension was cooled to room temperature,
a large volume of CH.Cl, was added to extract the product. Dithieno[2,3-d:2',3'-
d'lbenzo [1,2-b:4,5-b"|dithiophene (1a) was thus obtained as off-white powder by Hex-
ane as an eluent and recrystalise in dichloromethane (200 mg, 26 %).

'H NMR (CDCls) & (ppm):8.17 (s, 2H), 7.01 (s, 2H), 2.94 (t, 4H, J= 7.6 Hz), 1.77-1.55
(m, 4H), 1.42-1.37 (m, 8H), 0.90 (t, 6H, J= 6.8 Hz)

Example 2

Reaction scheme 2:
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To a cooled (-78C) m xture of 2-n-pentylthiophene

(5.9, 32.1 mmol) and pinacol ( 11.5 g, 97.23 mol) in
wanhydoewos THF (60 nl) was added dropw se to aPGDEPI00D057985

of n- BuLi (22.3 ni, 35.? nmmol ) in hexane. The m xture

was stirred at -78C for % m nute. The reaction

m xture was then brought to OC and stirred for 1h

bef on)e-BonatHFngsto - 78C before the addition of

i | 3f5ipyie Bt ate&c-Q°?. 3¢ 9 mmol) in THF (24 nl)
[/u%ng—a—el—repﬁr—ng—f—uﬂn@l m Rture was slowy

lerought to goom t enper at e stirring overnight.
Theéd crude product was purified by flash chronmat ogr aphy

(silica gel. eluent: hexan§‘25§), HQ:rhE, ; Cafford a
reddi sh brown liquid 7.35g (81 0/% . CDCIS) d
(ppm):'7.46 (d, 1H J= 3. 6Hz)? Ms:SE (%F 7iﬁ°

Hz), 2.85 (t, 2H, J= 7.6 Hz) 1.70-1 .64 (m 2H)
1.34-0.9¢ (m 18H), 0.87 (t, 3H J= 7.2 Hz) Synt hesi s
of 5,5 -(2g5: S(rrethylsufl\yl) 1

| ne) (2a)

, 4- phen ne) ®s( 2- peh ﬁ “5—CH
1B4-d' , 5- bi s( yl sul finyl) Bepzege 3 ( 1/, = °
258 was added to a sol ution of k \ / \ 74 |

et rametgy hi‘oph \
H3§‘23d| oxagor ol an}fp?% 6I,{;W%J&tél?lc’/trrrml) in anhy ous THS R

(17 mO) and the result”g m xtur e wasHger§ed Wltgwa
nitrogen for 30 mn. Pd(PPh3 4 (87 ng, 0.0750mol)

then added, and the 15 reaction m xture was heat ed to
60 OC overnight. The m xture was extracted with
di chl oronmet hane and washed with brine. AT

was dried OYErofh28er; 2 P BYX and t he

moved i n vacuo. The crude product wasy\y
flash chromat ographd) (silica gel, el ueM-—haxane/ EA) 1
3: 1) to afford O 885 g (63% of 2a. 1H NVR (CbCl3) d

-2% 708(d 2H, J=3.6 Hz), 6.80 (d,
Sy eswﬁzeh -thlg e(ﬁ5b)LH J=7.2 Hz), 2.62 (s, 6H),
1.74-1 .70 (m 4H), 1.38-1.35 (m 6H), 0.92 (t, 6H, J=

To il DU DRI o b2 e e o
g5 e A aputse & sgi '?'320 E0EILY HE7 18,16 My 32 mol) in hexane.
Afterébtlp'mgﬁgﬂ theyrtEt 9(°2; thpemikiyrd Wwas pdoderkio (42X fOBBEeday, adbition of

#r):mldr@"o(r?;ﬁ‘ha%ggﬁlﬁ@h@tﬁb%s@&mg@ea@dqgﬁ 1. 'Wﬁle} @8mL) was
adiqd sk fer BILTS Wes xiagisth il 3¢ § LY B gofbined
orgbnig\iractiarisuwererdriediovehMa&©. ahe sopeantretedi intvacua: - heareduct was
purffitd by means of vacuum distillation. This product was prepared according to the
general procedure and obtained as a colourless oil (26.5 g, 75 %).

Synthesis of 5-hexyl-2-trimethylstannylthiophene (4b)

2-Hexylthiophene (23.0 g, 0.137 mol) was dissolved in 250 ml THF and n-BuLi (94 mi,
1.6 M in hexanes, 0.150 mol) was added dropwise at 0 °C. The mixture was stirred at 0
°C for 1 h and then cooled down to -78 °C. A solution of trimethyltin chloride (32.8 g,
0.164 mol) in 100 ml THF was added dropwise. The mixiure was allowed to warm
slowly to room temperature and stirred for 2 h. After quenching with ice water and
aqueous work-up, the prodtluct was distilled at 108 °C under high vacuum. 5-Hexyl-2-
trimethylstannylthiophene was obtained as a colourless liquid (40.8 g, 90 % yield).
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m ). The yellow precipitate was col |l ected by suction
filtration and dried under vacuum The structure of

wo bo1s/oamsmpound, whi ch was insol uble in apol ar PCTBEP1009/057985
sol vents, was assuned to Spe the sul foniumsalt.
Denet hyl ati on of the sol Y was achi eved by refl uxing
it inpyridine (132 m) for 12 h. \Wen the suspensi on
was cooled to roomtenperature, a |large vol une of

Syrglﬁ?.ﬁlg é nég?; 5,§qgfg-bfsgm§mc}ﬁ%¥é %\glg?{%r%q\%éne)bis(2-hexylthiophene)
(2b) 2. p: 4, 5- ' ] di t hi ophene (1la) was thus obtained as
of f-white powder by Hexane as an el uent and

1,416 5 0%-bis Endtthisliirivh BEERE B30 D06 209 5THmop WaXladdddid\Wolu-
e o ) it o

pur@edditit Ar f@H30 hin. PPy, B7ampl @025 Renal) vaa teerhadded? any the

reacgt]'[dﬁ;fhihture-r IWE? h_e%t%ﬁ:é@go h@é%%@ght.-ﬁciﬁgs% %WQ%@@n@nBHPﬁ?%r%igh
- - 1.N01 . - R

vacm: K S BEg BEsSgRLip %3@1"?‘?0%#%@%%%&%&5 (~stjeous

KF.nihe wixtueedwed filtetpsfrseuah 8 apagk pbfretite. dhuilirate 1@es sirigg over

Mg, 50, fiteréd, 2AdnRé $olveht Rensevirl in Abé . Thkickuidegrodigst whslpatified by

flasfonfbridioorthy Glics HoiveltEiR. GARRBALIRD floditold 188) dtob.

slowy heated to r.t. Water (250 nL) was added and the
Synthesis o dithiznef2,3-d2' 8tid\berizodl 2tbrd) el fdithigthenel(3B) ) .
The conbi ned organic fractions were dried over MgSO4

A TowEBEd oholisiiod PR Rs o168 G 5 EDieRietytstiinyl 1 4-
phepylepealbis(R-hexyihigphene) (2h)H{20¢ mge PHB Mol cehaspherug pentoxide (28
mg,Ofb..b_ahﬁ@q i ﬁi{l@&b@ndﬂ’ialﬂééjlf@hic ago?heﬁ (®nd). The rft})@xtu@mshﬁmea for
-hexyl - 2-1r] hyl_s L gphene . ( .
72 /oy ST Fohoctalife 0¥ 53R B Lol unichbas thepappureg into
ice-onsiemf1 06 ). dhg Vellew preqimigtenyvas golieciadi by sustiam élration ang dried
undep vacuvas T&é@l@ctﬂur@w\ﬂh&ﬁccﬁiﬁpd&nﬂ,@vhi&'ﬂﬂ vaBiivdolUble Wa@po;ar organic
r . C Osr.= .
sohBld, W Btsucttd B the el S BRIy BYR frotn Sbjg wes
achigyesl by refhgia s in ?W@'Wa@odﬂ% &1 1Mo Y\tegdhe *F‘I‘ﬁ?eﬁ?'ﬁg a8 cppled to
roouml teowedattre, walargesmmnhg dfd)l-!lg&bgnwae addedtal egtrast dhe tproduet Di-
thieh8[2,2d:0:, 3 A b&iz0G ¥ 25 51 dithibghent §1BYAES the8 @btained as off-white

powder by Hexane as an eluent (120 mg, 70 %).
Example 3:
Synthesis of 2-propyl-5-trimethylstannyithiophene (4c)

2-propylthiophene (5.0 g, 39.6 mmol) was dissolved in 160 ml THF and n-BuLi (27 ml,
1.6 M in hexanes, 43.6 mmol) was added dropwise at 0 °C. The mixture was stirred at
0 °C for 1 h and then cooled down to -78 °C. A solution of trimethyltin chloride (8.679 g,
43.6 mmol) in 50 ml THF was added dropwise. The mixture was allowed to warm slow-
ly to room temperature and stirred for 2 h. After quenching with ice water and aqueous
work-up, the product was obtained as a light brown liquid (10.1348 g, 88.6 % yield).

'H NMR (CDCl3) 8 (ppm): 7.02 -7.01 (m, 1H), 6.91-6.90 (m, 1H), 2.84 (t, 2H, J= 7.6
Hz), 1.74-1.69 (m, 4H), 0.986 (t, 6H, J=7.6 Hz), 0.341 (s, 9H)
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aqueous wor k-up, the product was distilled at 108 0C
under hi gh vacuum 5- Hexyl -2-
wo pombdsyd st annyl t hi ophene was obt ai ned as a cedDEP10e%657985
Iqu|d (40.8 g, 90 %yi é ). Synt hesi s of
-(2,5-bi s(nmethyl sulf“1nyl)-1
4 phenyl ene) bi s( 2- hexyl t hi ophene) (2b)
Synlhésuslobs é’-bfséhieﬂ{yiﬁilﬂwlw|4f-|bﬁéﬂy)éiﬂ)&§(2epl%§gﬂhmeﬂe)
wa

(zﬁwg ded to a solu tion of 4b
) |n anhydrous DMF (30 ml ), and the resultlng

m xture was purged with Ar for 30 mn. Pd(PPh3)4 (87
1,4-dibrordo- 2 Aobistimdthylsuinyt) berzead d6.602)) . 21hambE arisiadided to a solu-

tlonnéfxé 6{0 yl@ﬁﬂb‘?@ﬂ&%ﬂr‘b{ﬂhﬁﬁh&% @ dde P ny4 Etmmgff Gy %ﬁhﬂygué’v?éulene

(48dT"s)s éndde rﬁs%tif}gy'in'x&lf@t"éﬁsep'éfﬁad t"\"@a‘i"%g% fQ'i 390%'” Pd(PPhs),
(0.838 e 01032 KkmolY tvas tHextadded veas! the [reactiod nikiucenghs hegiedl taof00 °C

oveﬁﬁéﬁtt Excedd ?otxl’ehé Ak ‘?erﬁ@«?eoq!do%g high %CW % the 'réé&fee\«%s dis-
sol\(ﬁgsln pqlit:%fl %%8{5’?%?”? ?rg”gf/?%c\ﬁﬂtfgﬂé Al %i rg%.g? was filtered
thragigh enpad ofeieelite/ Tharfillyate :wigs dr@daﬁ\'feo MZSQJ’: cnu@w aid the, solvent
remay8d MesicEo OThedbribe prRIZINGE WS Purifidd i)?glﬁﬁhﬁ’ crrlrgumr?(tjo %Ft)htyo(rsrlg((:ja gel,
elu#r]]r @Qné‘]Eg 91} godéﬁbrc?g%?bs(ﬁ %gz)%ﬁbl s( et hyI sulfinyl)-1

"H NYR (GR&h) péﬁ@)"bﬁs@dsh%!i)yﬁoﬁ(épﬂkbn/é)?' @ big), 6(800d. A, J03-6 5iz,

2.767(IPAN,, J5ThD $12)) @.505(speii), A X0de6] @6, 4H), 0042t, BADLY 7.2rHk)
trifl uororrethanesul fonl c aC| d (6 mM). The m xture was
irre h at erature ar k
Syrhesin oL gittlensfz S ShaTRneBL o Bl thigRhened 6k er
(100 m). The yeI | ow preci p| tate was coll ected by
A réuteitdoRBmkd |ﬂh§l@&vh§ﬂlle@r\ﬁﬁtr¢5 5@, 4Ihd etHﬁ&HﬁH{/l) 1T‘§LEhenylene)bxs(2

St ruc
progyibphelis) o (LG RN &A%S“E%ryaﬁé’a%ﬁ'seiﬁ% 05 ) and
triflepipmeihaoesuifanic .acite (@t mDJ ahe orixtare wae stined fprwish at room tem-
per@ttifd RURARG HYarkedrbwx soi0tior!, whithpyds ®ien @oo«éa iftb Jicd-Watek 4150 ml).

T 0 DEiSHAP A8 LB hci@Por STUEH 1Asbe O EEPERAL B0, The

Strl.lﬁ'fl}é@ Q&fhls CPIRPWIH Whioly. was u‘golugle\];gez@qgar[qgamc solvents, was as-
sumezt to:bé, the bUI]‘dhlurhl isalp tBsmeethléjonvaishd ol wdi adhieeday refluxing it

in p% cﬁm ergg hé#fﬁ@%?&é’lsﬂﬁl W Eied h78oMlempErature, a
Iargg &D g(l;flg H’é% ﬁgggcf %WTE“PHhﬁﬂH@W@t (Q|g)|eno [2,3-d:2',3'-d'lbenzo
[1,22: ﬁﬁdcp]vltmmhthe(ﬂe &8s Dhug,obdnel asToti-whitapodidesby hexhrieras an
eIuéﬁQnMec%’fal@@Q irldiSéroretangl 3701m6 A4 by, hexanes, 43.6
U b3 105! e PR SE 724 & A 2885, X5 8 VBS1 g3-1.77

(m, 4H), 1.04 (t, 6H, J= 7.2 Hz)

Example 4: Preparation of OFETSs using compounds 1 - 4
S
[} Y
R™ g
S
Compound

1: R =CH;
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O OCfor 1 h and then cooled dowmn to -78 0C. A
solution of trinmethyltin chloride (8.679 g, 43.6 mol)
w0 2018000870 THF was added dropwi se. The m xt ur e PEEEP2009/057985
all oned to warm sl owlyéo room tenperature and
stirred for 2 h. After quenchl ng wwth ice water and
aqueous wor k-up, the product was obtained as a |ight
2: brRwH4 quid (10.1348 g, 88.6 %yield). 1H NVR (CDCl 3)
d H pp@hylhéxfl2 -7.01 (m 1H), 6.91-6.90 (m 1H), 2.84
4 (tR é J— 7.6 Hz), 1.74-1 .69 (m 4H), 0.986 (t, 6H,
0.341 (s, 9H)Synt hesis of
5 5 (2 5 bi s( et hyl sul finyl) -
For al -deNices;| eawijbilereg-gilicop ywaiérs oyithem d 50 hacthick thermally grown sili-
conldidxig lf?iy@l’"éréZ uSed |a§ (suBstates b#Jr' bb‘ftb}rbgélée Bétiot (cénflt OFETS,

to a
soubend T oo ufo T Brotib L0 Y aga grctps of 5 mm are
deflﬁfﬁd)pol tqmofathﬁﬁd@mhscorwammé rehmolmograpfyn@"pwed P¥ §XiALi §vgPpo-
rationi totatigighvas2/40mged with nitrogen for 30 min. Pd(PPh3)4
(0.833 g, 0.072 nmol) was then added, and the reaction
m xture was heated to 100 C overni ht Excess Toul ene
For Raliom Qaif, &op epniest ANiE]iS: saeeriAqd QWH“ elgetrodesvithehggael dgngths
of 25qinvend widtles biy290g0e bed defaned blyraestiasldwwnadk, idligtvad bg dwsevapo-
rahdfﬁoal‘ilﬁ?%ﬂﬂoﬁs@'hﬁu.\’vas filtered through a pad of Celite.
he f rate was dried over Mg2so4, filtered, and the
sol vent renoved in vacuo. The crude product was
To dealiwitheitesface [traphing Hhe dielesificaishgithes ubed antyedted or treated with
phehﬂﬁ%ﬂﬁfxﬁs‘?&an@(IiTES)Q)rdhfef(é}hékhgdﬁ@aﬁné AMDsyf 2c. 1H NWR
(CDCl 3 (ppm: 8 : (d, 2H J= 3.6
% 80d2HJ—36Hz 2.76 (t, 4H J= 7.2 Hz),
Here, '5E§ é dqpqpﬂeciwaomme@gnq me smftratgs gya Ol vgiite THE $)|L£I0n for
two HoprsSiotibles by adlierahat theatimeh2at320:°¢' foBtwgdlk?}th mu\mds flSl depfsned
-R: to A roun ottone as
out \[l)\gtg% 19%9 ﬁg%séoat] b Bg&ﬁ? ﬁaré?ogﬁlsc)

I s(met hyl sul finyl)-1
, 4- phenyl ene) bi s(2- propylthiophene) (2c) ( 1 .0 g,
To iflaemoenthi, charges pdrdenuinjestion ieindthe(@ediragles ntd(iBe raenhc)onductor

anditdhé binkl MBS/%@IrﬂaHﬁ‘éFHni IS (8. M&%fﬂ.& octaetiibiX hikRiec-

anclf SEihivechili e el B Bl tighion e usea
to cpver- thgp(;eptr@ciq_sowmmmer{sm tye IsHibstratescini 3p9.f ko withanol solution for
24 gurd.ect ed by suction filtration and dried under

vacuum The structure of this conmpound, which was

i nsol uble in apolar organic solvents, was as suned to
For e spltion, prasassing shihe. S%mdﬁﬁoappramoeforgmc seiveifs Jikg tolu-
eneachibmiarth, TR, ehlotobiengeriet on dichigtobeihzeae (a6 Gsed.)Droprcadithg and

splrhcoa\ﬁhﬁ Nhé BRAnSHiRE prtee8 a@Ral S1804ES ndasLRABEIRYHoHh&d in a
glovebox under nitrogen atmosphere, while dip-coating and zone-casting are proceed
under ambient conditions. The device characteristics are measured with a Keithley
4200-SCS.

@

To show the potential of the semiconductor molecules, bottom gate, bottom contact
OFETs were fabricated by spin-coating (4000 min™, 40 s) of compounds 1-4 solutions
on untreated SiO, substrates with pentafluorobenzenethiol treated electrodes. Here,
chlorobenzene was used for compound 1, because it is unsoluble in chioroform that
was used for compounds 2 - 4. After annealing the sample at 100 °C for 30 min, hole



| arge volume of CH2Cl 2 was added to extract the
product. Dithieno[2,3-d:2",3 -d' ]benzo |
wa 2000006760- b' ] di t hi ophene (1c) was thus obt ai necit/aB2009/057985
of f-white powder by hex as an el uent and
recrystalised in dichloronethane (370 ng, 43 % . 1H
NVR (CDCI3) d (ppm: 8.17 (s, 2H), 7.01 (s, 2H), 2.93
molititiesddfl.uple 071 6mHY)' s lin &% daturdted( reginddind dn/6# réttos dbidp to 107

= hiai RXaD : =y of OFETs usin
We%o??%%ﬁer?g?‘? =S é%n%%’ﬁé PR . R = 2- ot hyl hexyi

4. R = COH19 For all devices, heavily doped silicon
Mobitilyers with a 150 nmthick thermally grown sili con
5 di oxi de | ayer are used as substrates. For bottom gate,

To lfah PRI WL 0oh IR il SwrBEHLot L4 v afgiaod by San

dard dipldredfgcidransistor@quatinms SilrORadlitformd metattinsolatdr-semiconductor FETs

e L ol g e S om o ) T Goniae pedee o
chei , , : :

it U (e fseaiorie safice i S PRI culf¥ht. eayis e SEp be-

10 twepmthmepursaiansdiein, 200 Ve the gateeidltage). Kt 1196 Yad dhe AwEant satu-

ratdsarldavgiedpy:Au evapo ration to a height of 80 nm To
deal with interface trapping the dielectric is either

used untreqated_ _ ted, wiyf\b phenyl tri et hoxysi | ane
~ (PTES) oﬁﬁgﬁaag%dy'{ _%%éﬁ&&zaﬂ?e (HVDS) . Here, s is
wh%%%lof\ﬁ%r& W’} aévm%r&laﬂﬂemé@n?aﬁwwg eéspeeti\tferllﬁ e is?’tﬁé thpacit-
olution for fwo hours ol |.owe er mal
ancE B AFeralece, 29 \oes 1y PiRhoHeESE ipdreror® opilesciy) were
15 caleulatedin the salyeatioptiegime by re@argdgfesuation @& hours. To
i nfl uence the charge carrier injection fromthe

el ectrode%%t&t(g|sgﬂ)wvgn?2ductor and/ or the @yher way

around, different thiols g. propanethiol,
oct anet hi ol , hexadecanet hi ol , 4-nitrobenzenet hi ol ,

TraRSfef LapaQsigganet hi ol , pentafl uoro-benzenethiol) are
used to cover the electrodes via imersing the

Th%g%?ér{t%éetsﬂolw% f‘?ong 'thle \s/gulrg/g cg {haené)rlainsgleéﬁo' en(lsfpf)hngeék a given Vgp

20 increases almost quadratically with the increasing Vg as shown in Figure 2. In a typical
representation of the transfer curve the square root of Igp is plotted against Vg. In such
a graph the threshold voltage (V;) can be estimated as the x intercept of the linear sec-
tion of the plot of V¢ versus (Ips)"?

25 Table1: FET characteristics of compound 1 — 4, spin-coated on pentafluorobenzenethiol
treated bottom gate, bottom contact devices (values based on 5 transistors for
each compound)

Compound 1 Compound 2 Compound 3 Compound 4
Usat /em2 V' s™ 1,4-0,2x10° 01-007  15-07x10° 1,9-09x10°
lonoEE 10° 107 10° 10°
30
The best result up to now was reached by dip-coating (0.5 um s') a 2 mg ml" toluene

solution of compound 2 on an untreated SiO, bottom gate, top contact device. The re-
sulting film was highly crystalline with large domains extending over millimeters and
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For the solution processing of the sem conductor
comon organi c solvents like tolu ene, chloroform
wq@ biHp/0adshor obenzene or di chl orobenzene are useBCT/EP2009/057985
Drop-casting and spin-coajing, the annealing process
and all electrical nmeasurenents are perforned in a
gl ovebox under nitrogen atnosphere, while dip-coating
exhibitthgZepliealcaisotngy.afele priciitied ofindeemanbl hang ondifit ratioof 10°

wergkﬁ)tﬂﬁé’d 5€ ggg@%@g&ﬁﬁ_'ﬁé Hﬁﬁs@{%recﬁg??zggrr sft‘gf‘m ;H% ﬁaturated regime
illusiratrdclp thE?o?o Whitheghawssa typinef Eﬁm granster ghatasiaristin T4, current
betvigbenT thevsouecd abd idcant etbchbydes s plottedigaigst( #he Gaterbiasl|n dfer to

line@MizePthe %G%Q%?&e%lé o btk Syt tH'étéq%ﬁFeer%otSbf%e source/drain
supstrates w th pentafl uorobenzeneth| ol treated
U&bct rodes. Here, chl orobenzene was used for conpound
1, because it is unsoluble in chloroformthat was used
Exd‘n«;cpmgpnpounds 2 - 4. After annealing the sanple at 100
for 30 mn, holenobilities of up to 0.1 cnm2 V1s1
in the saturated regime and on/off ratios of up to 107
Preganaiongf@TMEY. The results are summarized in table 1.
Mobility To allow conparison with other organic FETs,
SO‘H@Iedré dr&ﬁorﬂm were cal cul ated by stan dard field
t transistor equations. In traditional
net al -i nsul at or-sem conduct or FETs (M SFETs), there is
Fortsppipteal toy4,ahé corepounda avesatissalvastinxgigneat a condentraBid oI or 5

mgMi SFh& HbMfishstlverd tﬁéﬁh@&lted\{o(%b@rb%fc}@@lté%gtm% solutions using a

rain saturation current I's the potential
W'“b@‘%{&/é'ghfq'teﬁe source and drain, and VGis the gate

voltage). At large V SD, the current satu rates and is

ForGavile 51 widdPisatorpdui® dndd.75 Wtk \bf polystyrene werdliidstived in
tolugﬂgl '?‘Neaé’oﬁjtlﬁn %va%%ﬂén %‘féhaél%%' Cl t?é?&leqllt% #er%g 0 45 fllter

€ capacit ance a8t
and V, is the threshol d voltage. Therefore, nobi I|t| es
DeVjey Fateicatiacal cul ated in the saturation regi ne by
rearrangi ng equation (1): nBat = (2Ish -V[W) Va-V,) 2]
r§2% Transfer characteristic: The current that flows
SampI§ h¥ e source to the drain el ectrode (1SD) under a
given V SD increases al nost quadratically with the

To tabfiEfa 2l BHitoNPgARSE top ¥Miact AelitdBETE), uhfledted BP5@Rtrate with 200
nm of thermally grown SiO, was used. The substrate was first heated to 70 °C or 80 °C
before the solution was drop casted on it. The drop casting was done under ambient
atmosphere. After the film was completely dried, 35 nm of gold source and drain elec-
trodes were evaporated onto it. The channel width over length ratio was 70.

For sample 3, the film was annealed before gold deposition at 100 °C for 30 minutes
under inert atmosphere.

Sample 4

To fabricate a bottom gate top contact device, untreated Si substrate with native SiO,
was used. First, a crosslinkable polymer dielectric was spun onto substrate to achieve
a thickness of 500 nm. It was then cured under UV for 2 minutes before dried at 100 °C
for 2 minutes using a hotplate.
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15

representation of the transfer curve the square root
of 1SDis plotted against V6 . In such a graph the
wo boiesbslal vol tage (Vt) can be estimted as t hBCREP2009/057985
intercept of the linear SEC tion of the plot of V6
versus (bs) 1/2 Table 1: *ET characteristics of
conpound 1 -4, spin-coated on pentafl uorobenzenet hi ol

Thetsubatrfid wegtth@nhgaé®to TOLC BefofOIheIOIUtIER Was @ffod ¥atetesn it. The

dro@gﬁqa% gi &%a&#&c’-ﬁ@ér&o&%o%? %t /cm\@g% %e dried,

35 r@n@f golg godrcg apd dragjn @i;eclro@es_ wereevapqrgtesl ontgit. The @a;pnel width
ovei Bhgthlrald wh$-70.03 107 105 102 The best result up to now
was reached by dip-coating (0.5 Mms 1) a2 mmn 1
rntbtﬂl ll,hg'ene solution of conmpound 2 on an untreated Si Q2
Sample Pom gate, top contact device. The re sulting film
was highly crystalline with | arge domai ns ext endi ng

To f&\bﬁéatéﬁa' BAtORT §4te ta@ detbbiddviceg uripddtedlsi aishald Rl 200 nm of

nrSl O ik g o s dp R S g s

mmanigrudeeambient atmasphere. 3anny eft aald seyiceand|drajgtelegtrodes were
therFegipoeatéd oY i€ The kB dEn ek widti e leddt rdtioantsf 7.

char acteristic. The current between the source and

drain el ectrode is plotted agIal nst the gate bias. In

Thegleyice fi‘QS'CPP%'érSPE‘éTW'ﬁ%d turble lthadowiat e bias was plotted

agai nst the square root of the source/drain current.
TapleXfpl e 5: Preparation of OTFTs Sol ution preparation:

For sanple 1 to 4, the conpounds were dissolved in

xyl ene at a concentration of 2 or 5 no/m. The
soluti ons wefe then h&rgaoict p 500C before filtering
the solutions using B gWIydntO} 45 mMm f|lter. For |sanple
5, |1 wt % of the conppund émd 0.75 wt Po of pol ystjyrene
wefe dissolved in to] ue® The sol ut|on was then
heat edRdm 50| 0C beforéOﬂFm'eﬂeﬂgSiiiSﬁ"nd)QPO@itK& m
Samplel éahpolied il Chietedtri¢ L afration  Sangthedl| t Cordition Remarks
Substrate tem-
perature was
kept at 70°C in
Thermal Xylene nonsaturated
1 C6 grown Si0O2{ (2mg/ml) |Drop casting| condition
Substrate tem-
perature was
kept at 80°C in | Annealed at
Thermal Xylene nonsaturated | 100°C for 30
2 C5 grown Si0O2| (2mg/ml) |Drop casting| condition mins
Substrate tem-
perature was
kept at 80°C in
Thermal Xylene nonsaturated
3 C3 grown SiO2| (2mg/mi) |Drop casting] condition
Substrate tem-
perature was
' kept at 70°C in
Polymer Xylene nonsaturated
4 C5 dielectric | (5mg/ml) |Drop casting] condition
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To fabricate a bottom gate top contact device (BGIC),

untreated Si substrate with 200 nmof thermally grown
w®e@a/ovmss30 used. The substrate was first heat edP¢ DEFDODEBG7985

or 80 C before the solutjon was drop casted on it. The

drop casting was done under anbient atnosphere. After

the filmwas conpletely dried, 35 nmof gold source

and drain elgc trodef were eYaporatefl onto it. [T$uution was
channel width over length ratio was VG@yifPépes@Pighddd with

the filmwas ed e| gol d depo | at X ,
forl 30 m nut e?ﬂ{l}n I PO(?'Ie% b ngsa{éé Zo-wég’tactlc

ler | i nert at mospher
5t abiri cdt%e a bBPYORPEAt EVBh :'g'ﬁf’g%'f"g e\?i‘%’g&mﬂhtrg‘gwséyde”e

Si substrate with native SiQ2 was used. First, a
crosslinkabl e polynmer dielectric was spun onto

subsirate t.o achi eve a thickness .of 5 I t- wa
Dot Rhaar Bt G litte 18pg 8 i £ Refley BP0l Bbs, T eyt are
sunyuanzed intable beleWusi ng a hot pl ate. The substrate was

then heated to 70 OC before the solution was drop

casted on it. The drop casting was done under anbient

at nosphere. After the filmwas conpletely dried, 35 nm
Tatﬂ?zgol d source and drain el ectrodes were evapor at ed

onto it. The channel wi dth over length ratio was 70.

W_ fabr'@é}h ﬂbou M gaye to JGRET
dev ce—uhtre i‘l W tla \N:a?th 200 S\@an

ther1mally 'r(;vvn S Uas use(‘:.v Th'éslsag*: }7'55'09\@;; dip

coated at p pul | inpEQte of 12.5 @ i AHPEPS anbi ent

at naspherel 35 nm.@dE-gol d soyrce and drlaitesebect r odes

WeT & UHEn Evapor g agE-gam 10 1 1. ThRgChanmalgjspaith over

| an h p=| falhvi ~

ength—+rat+o—was 77(\41 _0-q||e deviee—f T ti‘]O'fﬂéElbg
-pE—l Lce

summarizedlin tab hel ow_1Tabl e 1Dey
characteristics were neasured wth a Keithley

4200- SCS. The results are summarized in table 2 bel ow
Table 2C ains 1. Dithi enobenzodithi ophenes of general

formula (1) in which RL to R6 are each i ndependently

selected froma) H b) halogen, c) -CN, d) -NO 2,
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e) -OH f) a G-20 alkyl group, g) a C2-20 al kenyl
group, h) a C2-20 al kynyl group, i) a Cl-20 al koxy

w@eaopgosy) a Cl-20 al kylthio group, k) a Cl- 20PCT/EP2009/057985

Cla

hal oal kyl group, 1) a -Y-C3-10 cycloal kyl group, m a
-Y-C6-14 aryl group, n) a -Y- 3-12 nenbered
cycl ohet eroal kyl group, or Q) a -Y-5-14 nenbered
het er oaryl group, wherein &8ch of the Cl1-20 al kyl
group, the C2-20 al kenyl group, the C2-20 al kynyl
group, the C3-10 cycl oal kyl group, the C6-14 aryl
roup, the 3-12 nenbered cycl ohet eroal kyl group, and
e 5-14 nenbered heteroaryl group is optionally
substituted with 1-4 R7 groups, wherein RL and R3 and

. RDigishobénAvaithiapisehet @ gémeal fopiura gn al i phatic cyclic

noi ety, R7 is independently selected froma) hal ogen,
b) -CN, ¢c) -NO 2, d) oxo, e) -OH, f) -NH 2, g) -NHC
1-20 alkyl), h) -N(C 1-20 gkyl)2, i) 2N(C120
al kyl)- C6-14 aryl, 6- 14 3 F& -S(O nH,

1) -S(O m Ci1-20 aI kg A , n) S(O) m OC
1-20 al kyl, o) RS(Q ; CHO, )
(O -C 1-20 al ky ) 14 afyl, s) -C(O OH,

t) -C(O-CC 1-20 & -C(®-0C 6-14 aryl, v)

-C(ONH 2, W) -GON C 1- 26 al kyl, x) -C(ONC 1-20

alkyl)2, y) -C(O)NH-C 6-14"aryl, z) -C(ON(C 1- 20

al kyl)-C 6- 14 aryl, aa) C(O)N(C 6-14 aryl)2, ab)

-- NH 2, ac) -O(S)NH-C'l-_ZO al kyl, ad) -C(S)N(C 1-20

al %2 ae) -C(SYN(C 6-14 aryl)2, af) -C(S)N(C 1-20

aIFI;‘]y - C6-14 aryl, ag) C(S)NH-C6 14 aryl, ah) -S(O
He R°airg ead( um)ienmﬂlemw sefecidd frarh ) Hap) haJQg(etD) Ch‘P@lﬁild)EGNOz,

al kyl) 2,¢) aloH ‘f)% r@\% gg?é)d %Galﬂér)yl g§fu@ hyTRCZLs @Rynyl

a3 aigtlp D)0

L0 Gl S0 G0 eloat

al kyl ), kelggrougsly £--Ca6 cafpl@,fvlky raup, ra) TIX-Lenaarkhgroup, n) a -Y-
group, a&s)2 mefdertd GlclohsieloatkyDyidupadr)o)a ¥25-12 Dmdytiered hete-
gr oup, rygg gip 20 al koxy gr oup, av) a Cl1-20 al kyI thio
group 20 hal gal k roup, ax)

cycl oaI w\gher@? &agh ohihe G- ){Ighggquw th@ w%l@p}/l group, the Ca.x

hal oar ylalkynyl group, the Cs.4o cycloalkyl group, the Ce.14 aryl group, the 3-12
membered cycloheteroalkyl group, and the 5-14 membered heteroaryl
group is optionally substituted with 1-4 R’ groups,
wherein R' and R® and R? and R* may also together form an aliphatic
cyclic moiety,

R’ is independently selected from a) halogen, b) —CN, c¢) -NO,, d) oxo,
e) —OH, f) -NH;, g) -NH(Ci.5 alkyl), h) —N(C1.o0 alkyl)z, i) —N(C1.20 alkyl)—
Ce1s aryl, J)-N(Ce1s aryl), k) —S(O)nH, 1) —S(O)n—Ci20 alkyl,
m) —S(0),0H, n) —S(0O)m—OC1. alkyl, 0) —S(O)n—0OCe.14 aryl, p) —CHO,
q) —C(O)-C;.»0 alkyl, r) -C(O)—Ce.14 aryl, s) —C(O)OH, t) —C(0)-OC;, al-
kyl, u) —C(0)-0OCe.14 aryl, v) —C(O)NH,, w) —C(O)NH-C,5 alkyl,
X) —C(O)N(C12 alkyl),, y) —C(O)NH—Ce.14 aryl, z) ~C(O)N(C. alkyl)—Ce.
14 aryl, aa) —C(O)N(Ce.14 aryl),, ab) —C(S)NH,, ac) —C(S)NH-C;.5, alkyl,
ad) —C(S)N(C1.z0 alkyl)z, ae) ~C(S)N(Ce.14 aryl)., af) ~C(S)N(C1.z0 alkyl)—
Ce.14 aryl, ag) —C(S)NH-Ceq.14 aryl, ah) —S(O)nNH,, ai) —=S(0)nNH(C;.2 al-
kyl), @) —S(O)uN(Cizo alkyl);, ak) —S(O)nNH(Ceis aryl),
al) —S(O)mN(C120 alkyl)—Ce.14 aryl, am) —S(O)nN(Ce.14 aryl), an) —SiHs,
ao) —SiH(Ciz alkyl)s, ap) —SiHx(Cizo alkyl), aq) -Si(Cizo alkyl)s,
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group, ba) a 3-12 nenbered cycl ohet eroal kyl group, or
bb) a 5-14 nenbered heteroaryl group, Y is

wo nddepasdent |y sel ected fromdival ent a Cl-6 ab&yEP2009/057985

group, a divalent Cl-6 hal oal kyl group, or a coval ent
bond; and mis independently selected fromO, 1, or 2.

2. Dithienobenzodithi ophenes according to claim1,
wherein R1L to R6 are each bm dependently selected from
a) H f) a Cl-20 alkyl group, i) a Cl-20 al koxy group,

m a -Y-C6-14 aryl group. 3. Dithienobenzodithi thenes
accor di 13 a 61o/ayheroupyas) a Guee pKERY! IEOURA 1) REC2ap alkwgy! group,

drogen. af) all;L,halRMFodE, v hlcqgmmﬂmmagmp davioa Cozoatra}oalkyl

f cl
'(I)'hecugle 9 U]Pf %18) 8 Cta Wc%g&xlﬁgh? h§2 gheeﬁés A gpcg.&d aﬁ) a haloaryl
any of P03 42 Jeersherrd ofyalpepisreali %Wéﬂg@' )& 514
t r anspomtemigred haﬂemaryelgrddpl, n-filmtransistors (TFTs)

Oryin Sedingg htW s&éﬁf@@ﬂ@rﬂtcﬁveﬂéﬁt a0 Q3 group, a divalent Ci.
light-e potovoltalc

Conponeﬁpgoagﬁypgrﬂu%&ﬁg&%gaeé@o&ﬂ %rfdectrode material in

batteries, as optical wavegui des or for
e'rﬂthoﬁl@iﬂH@ﬂérﬂléhﬂy St LAEM@NS, or2. A conposi tion
conprising one or nore d|th|enobenzodlthlophenes of

any one of clains 1 to 4 dissolved or d[sggrse ina
ém@qlpeazmhlophew&aﬁcwqu tciihilc Whergit Br t@ bhpareseasy in-

Ongepzndemtlyesetictdd fesro tag kiz G)ck Chi,cikye grstipl) aaliys, alkexyoroup, m)

cl 2iye | conposite conprising a substrate and
t he thf’M%Y S% spAm conductor of claim7 deposited on

the substrate. 9. A process for preparation of a

. cobjtiugndbenzadithiophengest accotdingntolaimnpoi 2, wherein ¥ aind Raye hy-

t hgrogéd.hi enobenzodi t hi ophenes according to clainms 1 to
4 inaliquid nediumto forma solution, depositing
the solution on a substrate, and renoving the sol vent

.t oDithjenabgnzedithiophenassasrorditgitecamy ofoelaimsel &1B8swherein R° to R°

10arefiyafgen. according to claim9, wherein the solution

i s deposited by spin coating,
The use of the dithienobenzodithiophenes according to any of claims 1 to 4 as
semiconductors or charge transport materials, as thin-film transistors (TFTs), or
in semiconductor components for organic light-emitting diodes (OLEDs), for pho-
tovoltaic components or in sensors, as an electrode material in batteries, as opti-
cal waveguides or for electrophotography applications.

A composition comprising one or more dithienobenzodithiophenes of any one of
claims 1 to 4 dissolved or dispersed in a liquid medium.

A thin film semiconductor comprising one or more dithienobenzodithiophenes of
any one of claims 1-4.

A composite comprising a substrate and the thin film semiconductor of claim 7
deposited on the substrate.

A process for preparation of a composite according to claim 8 comprising dissolv-
ing the dithienobenzodithiophenes according to claims 1 to 4 in a liquid medium
to form a solution, depositing the solution on a substrate, and removing the sol-
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di pcoating, drop casting or printing. 11. Afield
ef fect transistor device conprising the thin film

wa@ enoasduct or of claim7 or the conposite of eBCBHEPM089/057985

10.

11.

12.

13.

12. A photovoltaic device conprising the thin film
sem conductor of claim?7 or the conposite of claim 8.
13. An organic light emtting diode device conprising
the thin filmsem conductohbgof claim7 or the
conposite of claim8.

vent to form a thin film semiconductor on the substrate.

Process according to claim 9, wherein the solution is deposited by spin coating,
dipcoating, drop casting or printing.

A field effect transistor device comprising the thin film semiconductor of claim 7 or
the composite of claim 8.

A photovoltaic device comprising the thin film semiconductor of claim 7 or the
composite of claim 8.

An organic light emitting diode device comprising the thin film semiconductor of
claim 7 or the composite of claim 8.



