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the present teachmgs can possess certain processing advantages compared to related
representative compounds such as better solubility to permit solution-processability
and/or good stability at ambient conditions, for example, air stability. Further, the
compounds can be embedded with other components for utilization in a variety of

semiconductor-based devices.



bottom contact (bottomleft), and top-gate top-contact
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wo pwong2sat e pol ymers of the present teachi ngspCT/89189/051313
Figure 4 shows TFT transfer plots of current vs. VSG
for a bottomgate topcontact TFT that incorporates a
representative polyner of the present teachings
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[0012]  Figure 2 shows representative transfer plots of certain embodiments of thin

film transistor devices fabricated with compounds of the present teachings, where the thin



sem conducting activity and sem conductor materials
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including, or comprising specific components, or where processes are described as
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[0024]  As used herein, “halo” or “halogen” refers to fluoro, chloro, bromo, and iodo.

[0025]  As used herein, “alkoxy” refers to —O—alkyl group. Examples of alkoxy groups
include, but are not limited to, methoxy, ethoxy, propoxy (e.g., n-propoxy and
1Sopropoxy), -butoxy groups, and the like. The alkyl group in the —O-alkyl group can be

substituted as described herein.

[0026]  As used herein, “alkylthio” refers to an —S—alkyl group. Examples of alkylthio
groups include, but are not limited to, methylthio, ethylthio, propylthio (e.g., n-propylthio



referred to as a honopolyner. In the latter case, the
term "copol yner" or "copol yneri cconpound” can be used
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propenyl, butenyl, pentenyl, hexenyl, butadienyl, pentadienyl, hexadienyl groups, and the

a5

like. The one or more carbon-carbon double bonds can be internal (such as in 2-butene)
or terminal (such as in 1-butene). In some embodiments, alkenyl groups can be

substituted as disclosed herein.



one or nore heteroatons) having the fornmula: where b0

can be an integer in the range of 0-3; and |inear
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het er oat ons) having the fornula: where cO can be an

integer in the range of 0-4. The fused ring noiety can

be optionally substituted as described herein. [0029]
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[0033]  As used herein, “cycloalkyl” refers to a non-aromatic carbocyclic group

including cyclized alkyl, alkenyl, and alkynyl groups. In various embodiments, a
cycloalkyl group can have 3 to 22 carbon atoms, for example, 3 to 14 carbon atoms (i.e.,
Cs.14 cycloalkyl group). A cycloalkyl group can be monocyclic (e.g., cyclohexyl) or
polycyclic (e.g., containing fused, bridged, and/or spiro ring systems), wherein the carbon
atoms are located inside or outside of the ring system. Any suitable ring position of the
cycloalkyl group can be covalently linked to the defined chemical structure. Examples of
cycloalkyl groups include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl,



groups include, but are not limted to, nethoxy,
et hoxy, propoxy (e.g., n-propoxy and isopropoxy),
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as described herein. [0034] As used herein,
"al kyl t hi o" refers to an -S-al kyl group (which, in

ey yb Bt SeTpE Gy R EXgPOTEITHALERL DUt ar 6
cyd(i&ﬁepta‘tﬁ@nty? qloﬁfbmﬂeﬁ&g gh nBrcafiii rﬁdaﬁﬁh@l anf 9@)’5 ! r3{]<R:c:anyl

e.g., n-propylt i sopropyl th utyl
grquesitag el ag thdnrshwmlhgso isgmeop snd thedikeh én !sork@emwmbmailtk,y I

exhutk et b nEbeftiesB UG8 SR o, v ary i al Ky

refers to an -al kyl -aryl group, where the aryl al kyl
[0034PUP Als Slsé‘d)Néiéiﬁn‘fHetérd)eit&Ke et® t6 B atdef bR efdhsit 6@kr than

structure via the alk group. Anarylal kyl group is
carpp Ay hydrogencadiipglades Obﬁxaernplsr nfregenoxgiepn, sficonpsuliiper

' herein. An exanple of an aryl al kyl

ph%?gﬁgﬁﬁgﬁgékgﬁgbl group (-CH 2- C6Hs). An aryl al kyl

group can be optionally substituted, i.e., the aryl
[0(@61) u p Aa rmdéd)herelhe“cabloybtegxab:lyﬁ refran toren@uirsiatic tydoadkyl group

thef (i8S et D B Btorpplant el TR RLG. SFAHF: GhOSh(e-E- O. .

anchNY ' a'ﬁg oﬁﬁ@naﬁ’lﬁf c@ﬁfaﬁlsQﬁE Bp HlO?@(‘i&@)‘IE SlaK Pieeboiﬁgﬁ d& cycloheteroalkyl
anmpl es of kenyl groups include ethenyl, propenyl,

grqylptCérq Pave %J@rﬂ%rrmyg atomﬁenyxamrmu?)atdr 1érry1g atgren€izdiBelflmembered

ey BR8P TR Mgk BE P s HipE eV PERLRR s i n

cydlolibiredlRyl g they bé sallizes (&% fnsrptr@hﬁe Sus88& dhiomBrpholine S-
various enbodi nents, an_al kenyl group can have to 40

oxidgy thismoaplnhise S,S-dioxide). IsomecanBadingenss Fyroges or phespheras
|
o 8 AR P o SRR KWl O/ ol o

an dﬂxybgnobp,cbrhﬁree isubstiArnal dk dagdribed h&rme S(Z)@Rﬂﬁte&bdllyyl edups can

substituted with anot her al kenyl , an alkg
alsg CERIBIN OBF ORMOEF RYASIOGS. SUAH AS[TOBIPT flioxo-
r a
SO B G et

grafps insluds, ahong «tyuyJ mgnphulmsyh mmmaht P adinlyls lpyfallrlzb irojolanglidinyl,
n e e e or

im{gb ] xR ooyt pudactindpvive iy L Bp i

tet@Bydrofudadd il tigydfithiophdilyn %p&ﬁﬁ@m pAferhAinyl; addthy RY. - InlsBme

vari ous enbodi nents, an al can have 2 to 40
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hydrocarbon ring is fused to one or more cycloalkyl and/or cycloheteroalkyl rings. An
aryl group can have from 6 to 22 ring atoms in its ring system, for example, 6 to 14 ring
atoms (i.e., Cg.14 aryl group), which can include multiple fused rings. In some
embodiments, a polycyclic aryl group can have from 8 to 22 carbon atoms. Any suitable

ring position of the aryl group can be covalently linked to the defined chemical structure.



[0038] As used herein, "cycloalkyl" refers to a

non-aromati c carbocyclic group including cyclized
wa@bdogloys2ad kenyl , and al kynyl groups. |n vari oOuBCT/EP2009/051313

enbodi nents, a cycl oal kyl group can have 3 to 24

carbon atons, for exanple, 3 to 20 carbon atons (e.qg.

C3-14 cycloalkyl group). A cycloal kyl group can be
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The heteroaryl group can be attached to the defined chemical structure at any heteroatom
or carbon atom that results in a stable structure. Generally, heteroaryl rings do not
contain O-O, S-S, or S-O bonds. However, one or more N or S atoms in a heteroaryl
group can be oxidized (e.g., pyridine N-oxide, thiophene S-oxide, thiophene S,S-dioxide).
Examples of heteroaryl groups include, for example, the 5- or 6-membered monocyclic

and 5-6 bicyclic ring systems shown below:

-9.



systemor a polycyclic ring systemin which two or
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[0039] At various places in the present specification, substituents of compounds are

disclosed in groups or in ranges. It is specifically intended that the description include
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cycl ohet eroal kyl rings. A heteroaryl group, as a

whol e, can have, for exanple, 5 to 24 ring atons and
wa@oenvas2sAd-5 ring heteroatons (i.e., 5-20 nenbeCEHEP2009/051313

heteroaryl group). The heteroaryl group can be

attached to the defined chem cal structure at any

heteroatom or carbon atomthat results in a stable
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example, perylene compounds of the present teachings can include any perylene
derivatives in their pure form or mixtures thereof, where the perylene derivatives can be
substituted with 1, 2, 3, 4, 5, 6, 7, or 8 substituents. Specifically, the perylene derivatives

can include compounds having the moiety:
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of the nobst common substituents, reflecting all common
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wa@eannhf2sed, and published. The npbst comobn  PCT/EP2009/051313

quantification of el ectron-donating and
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In certain embodiments, compounds of the present teachings can include compounds
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+,-N(R) 3 +, -SO 3H, -SO 2RO, -SO 3RO, -SO 2NHRO, -SO
2N(R) 2, -COOH, -COR 0, -COORM-CONHR 0, and -CON(R) 2.

WO 04698251 shoul d be understood that the termPCT/EP2009/051313
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electiod-wdad Grwingrpepediecs atie taas\of Hpnmongso valves gHpdregar has a
nore het eroatons such aswgy[i di ne, pyrazine,

Hatg}rmtag yalye ,of A818- Wplllq oher §t1tg§nt§\bqn{e pié prvalues that increase
f . . i i .
roB 8 DRAGESENIL ARG P o o

don@atdhyiat@tibics. Gubsindeid Wh npgtivaMahirhéli 8 @aluassire dbidered
and purine. Mxed heteroaromatic rings can belong to
elegirpmdpnatings whide fhosaiwith positivh Hamypedt o vilngseare censiflered electron-

wilBELE T st s TRRgRE S ChetRie. J R Mgt G, 107 Tabie
3-12)8p1 B34t 3L0BE WiibiENstSHRMRRt NeNUKNOK a 1SR mbdr@P4&hmonly

At “various places in the present specification,
engybéréd swbntiwenss ambisdnenrporaied by réferenee érsinl dsshguldrbe understood
,oups Q. i.n ranges. It i.s specifjcall i nt ended t.hat )
el i B ot e, o e B e L S RP O P PR it etectron
acSapE0 ki *&édu@;ﬂ—\@lfthdrﬁkeinﬁfgf@ﬁi’s I®bardivélbr, dh OelpSr@Withdrawing
rangps. For exanple, the term"Cl-6 alkyl" is
[

grafipe ¢ EWERD pyan rrlesiigadceepting droupd w4 pp yelgetean-asseptor” refers to a

fogopdbrod tha By i s Rk . kG, il Fouta i
oc@fpiéﬁiile %@ésitﬂﬁdin@iin@cuﬂé.i( Ekamﬁi}té mﬁg&e@f(;ne\t/hlafra\;ving groups
. ex |l es,an [nteger in the range of 0 to 40 is
m@b@mﬁ %%P@Vlm%gtﬁd@aogeas Phﬁffl C8l (st > b BEi ysd¥ @y, 4N, -NC,
—OL, -®R%-sS1H; R, quﬁ); -Nl%g ~NHR, lﬁR°21§N(1é“§g+, 1$0,HL650,R",

17, 18 19, 20; 21, 22, , 24,725, 26, 27, 28,
—SO3R%, ~SO,NHR", ~SO,N(R%),, -COOH, -COR’, -COOR’,~CONHR’, ~CON(R®),,
Ci.10 haloalkyl groups, Ce.14 aryl groups, and 5-14 membered heteroaryl groups; where
RO, at each occurrence, is a Cj.1o alkyl group, a Cy.10 alkenyl group, a C, ;o alkynyl group,
a Cy.10 haloalkyl group, a C;.1¢ alkoxy group, a Ce.14 aryl group, a Cs_14 cycloalkyl group,

a 3-14 membered cycloheteroalkyl group, or a 5-14 membered heteroaryl group.
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29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, and 40,
and an integer in the range of 1 to 20 is specifically

WO pdoengee2 t o i ndi vidual ly disclose 1, 2, 3, 4,PGI/EB00%051313
8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, and 20.
Addi ti onal exanples include that the phrase
"optionally substituted with 1-5 substituents" is

specifica jntended to ipd y di scl ose
[Ooé‘ﬁﬁ m"@aﬂse% Léﬁ%‘ ¢ ﬁ fviga ﬁfquﬁg ? &&é%gge?ﬁ tog Cﬁ%f ge Of ‘5‘1"116@8‘1 atom
(or%rélup & a%mg “tRat c8 e dég}ﬁcedlas“a’ stéb‘l@sgw&eg as re'éult %f Jor eg(a;)hple a
-4, and 4-5 substituents Pol yrer s
suhsswpn bedlimaratpm reaetion; dirasiphesand lwmmupsondu@nbgmrs oot

it B0 5500 -0\ BF Hra PR EEph RS RERERRD. it BRI R
(CN’h ivealfer §AIROY, Ak &Y @VH) Sahdt D18 Rite %ﬁiupé EONEOSO,-R, wherein R can

(enantloners) and dlastereoners geonmetric isoners

be Fhe- 1y eoun eachi- mg@y ligraipwedeh epficmablp sitstifutedswivled <F graups
1ndgh<§1§i%:§t f@e‘@:&éﬁ firé)rﬁ%ld 4 glgyfeé}ggér%éoe %Igfﬁ%étfo\ﬁ ftﬁ(ﬁgxlvxr{rlg%‘oup) such

nerica

as (o8ylgte, (to(lde)neaﬂfo@at)e ore), ﬁmsﬁmm):ﬂﬂﬁ&ulfbﬁaw OMsx bidsylate (p-
m xtures, as well as other njxtures of the enantiongers

brogbeprengtubionaigePBs), pesydaie-BioBeRzsRFFULOnale, QNs) and triflate
anHEQHE&ﬁmgéﬁﬂﬁﬁmQQS? ned in enantionerically enriched

or pure formby standard procedures known to those
skilled in the art, which include, for exanple, chira

[OQélébanA@tusodl herdinas f* pﬂmmemi@némttngfmatmli ona “feiypetsemiconductor”

ol uti.on, ,and as ri.c nthe The present.
refbrS 3 h O £ e RRTIELdyifs B atTRe Pty cBhER EMiprs. 1n some
emBOdM¥RIsSWhHONA 91t§‘;bd"ﬁnﬁédfﬁﬁé/tﬁngrfﬂht€¥1hlfi§ déslied orfh k@IBSte, it can
azo, and i m nes It al so shgul be understood that

provide afesily mebditpin eiessiebeutlOf eat i nds tawaserphieldafect devices,
a p&%@éé&%@o{cﬁ@i& 'cs?noﬂEng{)éyghtﬁh Q?ﬁﬁer{t OnBeAdo B Je%e?%;gn ghaut 10.

one e he prepara ion
present polynmers can include separating such isoners
[004¢] ngAsatsadh ﬁanedl | émypﬁ searicqndoaagunasridh onm “t-oypelseséconductor”

skilled jn e art exanpl e, by using.one or nore
ref%ﬁs 1 B PEITOR BH&F@&“&%@VW ‘%f“?“éﬁ% thedpy Wt%‘&%‘p‘h"&ﬂers

sofié BMbadifRnOWhEDa RE ecsléﬁﬁé'@itdﬁ&h%ﬁﬁyterlﬁqglqbposned on a substrate, it
hi gh- performance |idquid chronatograp Y, wever,

camprovide @ ebfctroe gwdnlz;y) meexsessaf abeutu]é)e EnsT V. | Iartheycasg of fiield-

each i ndi vi r. of t
o SRy € S R RE RS ARG ol BB of areatr
thaglabblta®. arti san. [0050] It is speC|f|caIIy
contenplated that the depiction of one regioisoner

ncl udes any other r%g|0|soners and any regi oi soneric
[O%Sh fisdised hpréyas Held effectanphilitys refesdo gurrapuip 96 theoghpejty with

ool 350 ALy AR AP RSl Eod o
typesclicoptwtimg meraal shahblleetr(ms&n ﬂmscasfsoﬁaarnewbtsemfcpndeg

exanmpl e, . . .
materlafp move through the material under the influence of an electric field.

[0046] As used herein, a compound can be considered “ambient stable” or “stable at
ambient conditions” when the carrier mobility or the reduction-potential of the compound
is maintained at about its initial measurement when the compound is exposed to ambient
conditions, for example, air, ambient temperature, and humidity over a period of time.

For example, a compound can be described as ambient stable if its carrier mobility or
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a substitution or elimnation reaction. Exanples of

| eaving groups include, but are not limted to,
whadooges2sie.g., C, Br, 1), azide (N3), thi ocyBCHER2009/051313

(SCN), nitro (NO2), cyanate (CN), water (H20, ammonia

(NH3), and sulfonate groups (e.g., OS2-R, wherein R

can be a CI1-10 alkyl group or a C6-14 aryl group each
ubstituted with endent |

redgl 2{1(&8}?@%{'1%'1 aﬂqsa{loéiariréncgp mn 2&7@9:8{1‘1 pﬁ%{h {]Oq; %rom its 1n1t¥a1 value
aft& &Pbﬁﬁ’@ OMARIER RO SG ol PHP dir StHﬁ‘ﬁdﬁ‘? ahPRMIpRLaBure, over a 3 day, 5

uenesul fonate, OTs), nesylate (met hanesul fonat e,
daﬁmEﬂOdep@thte (p- bronnbenzenesulfonate 0Bs) ,

nosylate (4- nltrobenzenesulfonate and triflate
RN t hang f) 052
[O(%l% el n gcfﬁer %p es%isjuél Ang & cg r%g{q 81]np01g}cf§ matﬁrlgl)%%

coﬁpdi@ﬂ@cﬁfsdhmtc@lﬂ be neddan Smﬁ@s%oﬁﬂﬁhﬁﬁﬁi&{ﬁbﬁsséﬁ&ﬁcﬂlﬁdlﬁé spin-coating,
having holes as the majority current carriers. _In _sone

Pﬂé‘i\%@r&réﬂk@t PRI, SErespfREing ol poind g1 &1 Ui panting, flpxographic

PR Bl trfiing ARELRAL prinkhg AR RS Frfllel soryine,
eleofrodprayl abatihg,elcdp chsting, @sne-easgin yWip csaingcanichladeatoating
al so exhibit a current on/off ratio of greater than

ut, 10. 53] . used n, an "n-type . .
o3 Asiatietomasry b edTosesrapaieationsmactawiass figtpsin ranges.
Tt i§ SpRiffcall ifteRRAER M&[ptﬂﬁtlﬁah@és tﬁﬁﬁbv@ﬂraﬁ% I iierares
the majority current carriers. In sone enbodi nents,
Wlﬂhtmwca Fanges.y aveblaithomariotmor andamisrinam tewperapiess enghfacing such
it can provide an electron nobility in
rm%xégg%h)?&% Sut 10 5 cn2/Vs. In the case of
field-effect devices, an n-type sem conductor can al so
[O(H@mi Wikirouhoutr the specifivatdd, str&éthﬂ:s efiaygireadyaiot bl @ﬂ:sabédmith
[ 0054] _As used herein, "field effect npbility
Ch‘i‘%‘F%‘rW& W hegea ieshion afisey 8 9aomPnGRREe. i %wceﬁ%la@@aﬂs
carriers, for exanple, holes (or units of positive
[0650f" 9% oﬁd"asbgrﬁ t‘ﬁ@??es@t{t téachf n%@ Brovidd GRPIMEAHavIR BFh@h I:
and el ectrons 1 n the case of an n- type sem conduct or
mat eri al, nove through thqvnakgrlal under the
|nfluence of an electric f érd [ 0055] As used herein,
a conpound can be consi deted gbi ent stabl e" or
"stabl e at anbient conditipns when the carrier
mobility or the reductio ial of the conmpound is
mai nt ai ned at about its i measur enent when t he
conpound i s exposedto gD wA tions, for exanple,
air, anbient tenperatuge, rﬁdity, over a period
of time. For exanple, a g
anbient stable if its ca gobi | ity or reduction
potential does not vary nofe tlhan 20% or nore than 10%
fromits initial value agfFery€xposure to anbi ent
conditions, including, air, humdity and tenperature,
over a 3 day, 5 day, or 1l®R2daw'peri od.

wherein;

R! and Rz, at each occurrence, independently are selected from H, a C.3¢ alkyl group, a
C».30 alkenyl group, a C,.30 alkynyl group, a C;.3¢ haloalkyl group, and a 3-22 membered
cyclic moiety, wherein each of the C;_39 alkyl group, the C,.30 alkenyl group, the C,.30
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[ 0056] As used herein, "solution-processable" refers
to conpounds (e.g., polyners), materials, or

W@ e0vpoes25i ons that can be used in various PCT/EP2009/051313
sol uti on- phase processes including spin-coating,
printing (e.g., inkjet printing, screen printing, pad
printing, offset printing, gravure printing,

alk{glé)gégq rpﬁ réiré_ggh%}gtlkglggfrpllﬂggagg g{g?iggi gng A rfr%:t&i’cg}gﬁc moiety is
1 ri j | 1 _
optgilnﬁfﬂr SuibzRtuied &Rﬁt(l) élgg]ouﬁlé H?gelygﬁéédﬂ%elegﬂe@ f&ﬁﬁlﬁﬂ%bﬁéﬂ ,-NO,

ade coating. [ hout "t he specific

-CE)HL e C@ESH re§ONH ryH n¥NHp e CoX €' erlied), wlC(Q) @Genakkal,

. er.e est | arise t | at ure,
~CBRERE ratrith s oM aktoossy s Al Cs e RnR A i allod,
~NH(€, RaBSBNINIOL Y m@;&ﬁ@@@l@?@bﬁ&%@% alk¢ényiloup, a Cz.10

formula: -(-M 1- -)-- wherein

is an optionally
alkgy) Sroupey & £d-1pkalgdller €roup, 8 €1 sedlbexyegionp, drfvs-IvRryh geoug, a Ca 14

I t - = - SWASA - - 7-
ey ISR e SO0 o hdieters YD i, 46 . 571 mertibore
het&baryRgroupp, p-1, p-1', p-2, Ar, Z and mare as

defined herein. [0059] More specifically, in the

at 1643 Bhd &F R arllone f RE! sth bf WHichRre aktaGRdd 10Q dndddTYd85H atom,
group or a heteroatom anal og thereof which can be

indgpanidenthy arg selagied froon adawialky! gragpsEsto alkpant group, a Ca30 alkynyl

. ndepen t C r it hd |

ey AL S B A b2 BehoPid SL AR bttty

substitufedlas Hlesdrivedl hewwi;t hdr awi ng groups; p-1' can be a
peryl enyl group or a heteroatom anal og ther eof

R’ 0% RONAH IRY isddpshdehntly @k Mok bn dreBrSdiWschilfaWed Sroup; and
i ndependently selected froma) an el ectron-w thdraw ng

nigfoup g b) a Cl-40 al kyl group optionally
substituted with 1-5 el ectron-w t hdrawi ng groups; and
Rl, R2, and R5, independently can be selected fromH,
[00811 - Boscanckgmbaghimenss, R 208 Roataiarleasaurignesy ndependentiyoean be

hal pal kyl ~grq and 1-4 cyclic noieties, wherein.
sclied o Gl Ak g 3P = g ALY R &fagp P L - 2 Cuo
halglRyiParod) &nd h 8- mémbhrall egdlicyhoigtyd Birhtpiokdl yofabsiaa@l with 1-4
substituted with 1-10 substituents independent

grcgir BPBRIeR i HeLe <A 5078 AFIoEN-CRG2 NGt CURH 2C(O}@I.CCONHL,
Ol e ol s AR ke, ORI FoN C
alkyl}{, OBNB, 2, alkeyT(-Q)-NGHICH, Q) (@4 i wilkyl); VB Y 16 alkeyDO-N(Cy.10 alkyl),, a
Cl_?ol aﬁlg;l)ggdup: gxéz}& a l(()enayll lfif%/olu’p, a 8|21H0 a?kynyl group, a Cy_jo haloalkyl group, a
Ci.10 alkoxy group, a Ce.14 aryl group, a Cs.14 cycloalkyl group, a 3-14 membered
cycloheteroalkyl group, and a 5-14 membered heteroaryl group, and n is as described
herein. The 3-22 membered cyclic moiety can be selected from a Ce 2, aryl group, a 5-22
membered heteroaryl group, a Cs.5; cycloalkyl group, and a 3-22 membered

cycloheteroalkyl group, each of which can be optionally substituted as described herein.

[0052] In certain embodiments, R' and Rz, at each occurrence, independently can be
selected from a C,_j; alkyl group, a C;.1; haloalkyl group, and a 3-14 membered
monocyclic moiety, each optionally substituted with 1-4 groups independently selected

from halogen, —CN, —-NO,, -C(O)H, —-C(O)OH, —-CONH;, ~OH, ~NH,, —-CO(C;.y alkyl),
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-SiH(C 1-20 alkyl)2, -SiH 2(Cl-20 alkyl), and -Si(C

1-20 al kyl)3; each of the Cl-40 al kyl group, the C2-40
wa@bdoengd2sgr oup, and the Cl-40 hal oal kyl group BPEIER®09/051313

coval ently bonded to the imde nitrogen atomvia an

optional Iinker; and each of the 1-4 cyclic noieties

can be the sane or different, can be coval ently bonded

to each other_ or the imde nltrogen via an_opti onal

~(PH¥er abkary WQIGQWWm(F?N%QNKb’DZ’e&% worflkyl5
O KORICHIPN Gy RPN G R Y I3 Bl poup. o
B cn@ampxsagroup,

- . - a
Celgybgriyp.a Cop Silgaly  Smmpis 4 memblpliextonsmogl! Ergep. and a
5- ﬁll Ilﬁé’ﬂn?)e?red hé‘tb}dat?}(l %irdu%oalﬁi Ilﬂél]) 2 OISS’, (@pagt%@tlﬁlefﬁbb&%lents R' and

R? hfale@@h Wunelaceandzp):ndmw cagrbwplectad @D@@Calzw&w graypou ;12

naf3ifly B 0 AR Sfous bRt PSR YL i Ghns indgoendently

sele@dd ﬁ@nﬁeeﬂleﬂ@ge@da (o g)ﬂllkyN\élﬁ%?laﬁda clkg hatbalk§] gioup 9 Fodidniple, R'
|ngependently are CRd N, or P; and Rd, at_ each
an% (it peshcascuirense pean s rselegter §roget Gl e s, o Hy, -GaHb)-GsHui,

R BTt AR o R i T Bt Bt
grcg]ps;ups In sonme enbodi nents, each of a, b, d, e, f, g,
and can be CRd. Accordi ngly, for exanple, p-1, at

h ccurrenc J nde by can be sel ected
(O3 m ST RO Ra b Ll 150 RRRFIGaT i ~{heycagpon atom
to FhRUMDth RNSKERFark §tt§c‘he§i el Bes chiell 8éfied) 0B8Adxahiple! R LAY R? can
enbodi ment, p-1', at each occurrence, independently

difgegnn pems of hmg@d type ofrchentieal g@ireupa or blbsututlen péttergy, Inhsomie,

ngd. i inde ntly are N, of P; ,and R,
enfiiliteplst i PR Sl B peisclefied eim b uty RBardlp: oo
hat@hlkgng@hp Catnatarph%yﬂg@lé@%pmmgmpstmsm@m with 8&4Gkoule inddp¥hdently

roug optlonally substituted with 1-
P

selgpted @rft balegeas afv-nalkyl grope. andi %@r@l@ﬂwb arovenBile Ri@heach
oc@:&rdeﬂc an He dfffeirént fim R R aﬂd ca?ri)% 4 C,lﬁr%ﬂl‘é‘ﬁ%%g% ' SaidAfy1

ccordin
grmxpc For exweple) R]‘d emnhi eatdmenca naﬂnbe scddopat feokn G — @ chCsHy,

1y bstituted wt
Coflersf C@ pihER ez qptlopelge%absmﬁte@awﬂbﬁé halo groups or
C&'ih&@'?@ﬁ?& Syhild'R?, Qttea@ﬁs&u%ﬁw %%B@mffe%ﬁﬁ%{%ﬁ@mddycaﬁ %E
be Se ed fromwherein: k, 1, u, vV I ndependently
selaeted freimectldd CFprand 6CoHs.S-, - CR 3= CR4- , -CR 3=, =CR3-

[0054] In various embodiments, at least one of R3, R4, R’ , and RS can be an electronic-
withdrawing group. In some embodiments, R, R*, R’, and R® independently can be
selected from H, halogen, ~CN, —-NO,, —CF3, —OCF;3, —CO,(Cj.19 alkyl), -CONH(C 1o
alkyl), -CON(C,.9 alkyl)s, —SO2(Cj.19 alkyl), —=SO3(C;_;0 alkyl), —-SO,NH(C;.9 alkyl),
and —SO,N(C, .o alkyl),. For example, each of R? . R4, RS, and R® can be H, halogen,
—~CN, -NO,, —CF3, or —OCFs.

[0055] In certain embodiments, at least one of R3, RY, R’ ,and RS can be Br or ~CN.
For example, R® can be H, F, Cl, Br, I, or -CN; R* can be H, F, Cl, Br, I, or -CN; R can
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-C(O-, -C(C(CN) 2)-, -N/, =N -NR 3- , and -CR 3=N-;

R3 and R4, at each occurrence, are independently
waedeots2 froma) H b) hal ogen, c) - CN, d) -NI/BP2089/051313

-OH, f) -CHO g) -C(O-C 1-10 alkyl, h) -C(O-C 6-14

aryl, i) -C(OOH, | ) C(O) OC 140 al kyl, k) -C(O-CC

644 aryl, 1) -C(ONH 2, -C(ONHC 1- 10 al kyl, n)

e QIS Eor el 32 @n@w (AR s sl
emBbdnkfts %a)ch %&gl ZgoRalahé’ tﬁﬁ QLPHPB: 89 —(‘?N %ﬁﬁ%ﬁ%ﬁ BY¥dh of R? and

,group, al kyn group u) oxy
R* galmbrapBr o) —@NGihildeagh lo§f R hnd)R isddipIn athersen@odiifents, each of R’

B s ol HE S 0 02

cycloheteroalkyl group, and aa) a -Y-5-14 nenbered
[00381 er BavaHoud EABBIIMAR! edmpRAadoPthe phgeftkeA#Rindb kil have formula
group, the C2-40 alkenyl group, the C2-40 al kynyl
IagiBup, the C3- 14 cycl oal kyl group, the C6-14 aryl
group, the 3- ngﬁbered cyclohetero kyl, group, and
the 5-14 nenbe eteroaryl group o fgd%ally i's
substituted wrﬂleé substituents ig
sel ected fromal dgen, -CN, a G -6 ahikyl
al koxy group, = 3
each occurre

di val ent Ci3o™d group, a divak ; haloalkyl
group, and a c{ entpdond. [0063] -ing on

whet her it i3 .d wi thin the po b backbone or
it constitutes_gresf the end group e pol ynmer,
Ar can be dival nonoval ent. In|certain

enbodi nent s, Ry can be i ndepengén Gt 5- or

6- menber ed aryI heteroaryl group. F¢r exanple, each

Ar can be sel 1froma phenyl gropp, @ thienyl

group, a furyl oup, a pyrrolyl groupp, an

I sot hi azol yl group, a thiazolyl group, a 1,2, 4-
wheRiBR !, ®20RY, IR g’ ard ad ddirbdhbieadi azol yl group, and a

1, 2,5-thiadiazolyl group, wherein each group can be

di val ent or nponoval ent, and optignally can

(007 hst Compennds af thepresesi; sahipgisandnglpdes puiare H?‘l limited to, the

f]ﬁﬁJﬁ t&HLdunam a hal ogen, -CN, a Cl-6 al kyl group, a
© lég(ﬁﬁ%x§’group, and a Cl-6 hal oal kyl group. In

part nmbodi nment s, can be selected fr
th|e p, an isothlz%épyf%ﬂroup, a thiaz %Hr’

\ @,4- thiadi azgl ylygrgup, a N. _O
;nd a 1, 2, 5- thladlazo

fidi azol yl group,

C3H7 CH3 C4Hg CH3
PDIIMPr-CN,, PDIIMB-CN;, PDIIMP-CN,,
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wherein R3 and R4 are as defined herein. In particular

enbodi nents, of can be selected fromwherein Rc, at
we@2mb/ogesur rence, i s i ndependently sel ected frpen/EP2089/051313

Cl-6 al kyl group, and a -Y-C 6-14 aryl group. [0065]

In various enbodi nents, the linker Z can be a

conj ugated system by itself (e g., including two or
nor e oub%qi_l or triple bo ds) can form a c ugaéﬁld
syst FefR11ts nei ghbor nents. For

i n egboNi NRts where Z i g
Et henyl group (i.

a di vale et hynyl group

a,\yl ngar |inker,
K., fhavi ng one doubl
havi ng one tri

bond A- 40 al kenyl o | group that
t e conj ugat egyed triple bogg: S0 Me
ot her %lNI C conj ugat eg that can i CN

such as Si, he |ike.

sel €4 R¥OM [0066] Ino CPH @ errbodl ment s, o F
be an optionally substituted polycyclic noiety. In
SONGHE Hyents, p-2 carbuggv@zas pl anar and [ C,H;
conlﬂ at ed cyclic core. es of sui tabl e Cf/C| I C
dNIMEtCNs benzene, BHE)IE ant hr aceRI1EB-CN,
tetraj_ﬁge nt acene, peryl ene, pyrene, cor onene, cH
fl uor i cene, indenoflu , and 3
t et rn@s&f ene, as well clh nal ogs in V\ﬁ:{(p
or noreYcarbon atons can Dbe ep aced with a heteffoatdom
_ i, Se, G bn addition, &2
the plana and hi ghly conj gated cyclic core
an be substitu descri bed he
rtain enbodi -2 can be an
substi t ut ecNo i ¢ noi ety (NCQ.

and/ or seve gd ri ngs. " For

N In sone e , p-2 can beo”™ "N” TO
optlon substltuted wit h -6 Rf groups, i
Rf, at[ eakHs occurrence, | n®dhendently sel ed fHom

a)Crh ggn. b) -CN ) s/ d) oxo €)@

9)2, §) a G -40 alk oup, a % al kenyl
9PPIPM3NIBACK2_40al kynyﬁXDBg‘dﬂb Clﬁz’) a Cl- 40 pRIKVI-CN,,
group, k) a G-40 alkylthio group, 1) a C -4 hal oal kyl
grou m Y- C3-10 cy al group, n) a 4
aryl pbc\qﬂcgh o) a -Y- ‘i-ki,& ké/&b?yl group, p) H%?Yoé ot

-Y- 30 per ed cycl ohe w group, and @

group, the
p, the C3-10

enyI group,
kyl group, th:

CN

C4H9)\CF3 cznﬁ)\cn3 cg,|-|7)\cm3

PDI1TFMP-CN,, PDI1MPr-Br;, PDI1MB-Br;,

-19-



the C6-14 hal oaryl group, the 3-12 nenbered
cycl ohet eroal kyl group, and the 5-14 nenbered

wedoenegs2sy | group i s optionally substituted w peT/EP2D040F1313
groups; and Rg, at each occurrence, is independently
selected froma) halogen, b) -CN, c) -NO 2, d) oxo, e)
-OH, f) -NH 2, g) -NH(C 1-20 al kyl), h) -N(C 1-20
al kyl)2, i) -N(Cl 20 al kyl) - C6 4 aryl, j ) -NC

6- 14 I -S(O WH, Cl-20 |,
&&wﬁﬁ (@mf% )1 o 20 o
6- 140¢ CHO, q) - D 20 al kyl, r)o

6- 14 aryl, -C(O OH, ) -0C -20 aIkyI,

2, W) - C(O) NH
y) -C(ONHC

ambyl, ONGC -20B 6-14 aryl, Baa)

-C(O MNC A 1MBraryl )2, ab) ANEBR, ac) -C(S)M Br

1- 20 ad) -C(S)N(C kyl)2, ae) -

6- 14 af) -C(S) N ) I kyl)-C 6-i4 3 40)

-C(9) 6-14 aryl, ah) -$(OQ] WNH2, ai) -S(O

WNH( 64- bkyl), aj) -S@5 ‘\ox al kyl ) 2,0% )\l

-S 0614arl wWN( Ci 20a|k
(égmklé\wt' g S(O)y\l\%\l( C@sﬁﬂ ar‘i’%s)Z (an) - ‘7}/5"'5 ao?z"'s

-Sl 2 al kyl) 2, -20 al kyI )

- Si W‘é’l’ kyl ) 3, ar))PDIg&/ﬁiéi &l kyl group,Plz?\ Er-Bro,

C2- mHaL[kgﬁml group, at) gcC2:gf,al kynyl group, au) a
zﬁr group, av) a O\[/ZO al kylthio group, aw) a

ralgal kyl group, aXy,aNC3010 cycl oal kyl group,

ay) a X6-14 aryl group, az) a [C6_i 4 hal oaryl group,

ba) enber ed cyclo 3g| kyl group, and bb) a
5- ed het eroaryl Y, at each occurrence,
i &' nd Iy selecBed a divalent Cl-6 alkyl
gr oup;y 8 H'ent Cl1- 6 hal aal k Broup, and a coval ent
bond; s 0, 1, or 2 In sone enbodi nents,
p-2 ca sel ected from n:

N < q! q' ’ q" and q' "
endertl y can be sel ectled from-CR 8=, =CR8- |,

i nde
C§-, Nnd©- C(C(CN) 2)-;00,N0OOp and p'
|ndQ§)ﬁ %IE%(y can be sel ectg&l\from CR 8=, =CR8- ,

cN) 2)- , -SMHd NFa =N, -NR 8-, -SIR
8=, PBBIBB-Br;,, - Si R 8R8- @IPCE 8=CR8- ; r and s
independently can be C]F){Dg and” - C(C(CN) 2)-; and R

, at each urrence, can be indeperently H orHR. CH,3
[0078] In I ous enbodi rrents, can have a

r eduiSe efential greattbfthagAi.e., nore Bef2it1 ve
thang -g.6.¢/. In certai noerrbl ents, p-2 canoha a5
reductii onfpotential greaten

©)\ CHs /@/k CH, f\CHs
HyC HsC~ “CH,
PDI1MPh-Br, PDI1MTo-Brs, and PDIIM3MB-Br.
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reducti on potential greater than or equal to about
-1.2 V. hi particular enbodinents, p- 2 can include at
WO e@shI2ee el ectron-w t hdrawi ng group. For exap@i/EP20p9/@51313
can i nclude one or nore el ectron-w thdraw ng groups
i ndependently selected froma carbonyl group, a cyano
group, and a dicyanovinylidenyl group. Li sone
nents, p-2 can be a pal.ycyclic noiet ncl udi ng
[Oﬂgﬁgﬁo %}aﬂ?ee a3y thegprgsent fgaqh%gsonre‘fés? gﬁél%# stbresﬁmng
coﬁﬁ&[ﬂdg at hikBlotduatc®ah. I edriddi Q&b&mﬂeﬁﬁa{he%gﬁ%d daH&RI®de reacting
ring heteroatons) coval ently bonded to a second
a compoandodfiformiladl:or a pol ycyclic systemvia a spiroatom
(e.g., a spiro carbon atom. [0071] In sone
enbodi nents, p- annbes%EM@dfrom CNVN , ¢ CN
wherein o, o', p, p', Q, q'TrT, s, and R are as
defined herein. For exa goh of o, o', p, and p
can be -S-, -CR 8=, =CR8- I R 8=, and =Si R8- ; each
of q and g can be -CR 8= R& , -N=, and =N-; and
each of r and s can be ere R8, at each
occurrence, can be indef Xelected fromH, a
hal ogen, -CN, a Cl1-40 st upx a Cl-40 al koxy
group, and a Cl-40 hal oal pup. [0072] In certain
enbodi nents, p-2 can be ted fromwhere Ris as
defined herein. [0073] In g enbodi nrents, M can be
(Ar)1n , wherein Ar and ofare ae defined herein.
Accordi ngly, the present polynmers can have a fornul a
sel ected fromand wherein R~ TR'p-1', Ar, Rl, R2, R5,
m and n are as defined herein. [0074] In certain
enbodi ments, polymers of thegppresent teachings can
i ncl ude one or nore repeating units (and the
withegéyansloyrer s t hereof ) sel ected from PERYLENE
SEM CONDUCTORS AND METHODS OFPREPARATI ON AND USE
wheHitREOF Cr oss Reference to Rel ated Application [0001]
This application clains priority to and the benefit of
R' Un&R> Pt exdisdconatndeaindegendanlyi e&aselmnecSﬁbm&l{ aNDy.30 alkyl group, a
61/026 311, filed. on rebruar t he dISC| ure
Cat allipnyt BTQUB- # e ¥ormat Supy? Ferabatial groe: s 53 Gembered

cy@i Ih&@iy)/ wh@éﬁk&fcﬁ L4 @he[é%%? g%@ﬁgtthg@ la@l&'ﬁ?ﬂél%ub Mhe Ca.30

organl based i1 ght-emt
alkyhpl groay, tlze 65306@@%()&'1 g@ng, afnldeh@l.?)éﬂfrmbdmxmb@hs ety is

opfifhaly gt e SRErIC ettt Bt kot iEo Baloph. KR, “o,
—Cf(DﬁlI d—G(@)@H devairpp-oOh oNf | lﬁ(ﬂ@{h&ﬁﬁyﬁ) h@(d)@ﬁ?lo alkyl
environmental |y stable el ectron- transportin

oM a0 SH NS 100 lksh)t b Shglv-aH +@1<9H2%He0>n<¥1 o alkyl),
—N@ﬁtﬁ_?oramﬁf I- 10%&%2,' A b}/m%ﬁky? rg&)%%' § C oya[i)l?enyl group, a Cy.10

alkynyl group, a Cj.jo haloalkyl group, a C;.;p alkoxy group, a Cs.14 aryl group, a Cs.14

cycloalkyl group, a 3-14 membered cycloheteroalkyl group, and a 5-14 membered

heteroaryl group;
X, at each occurrence, is H or a leaving group;

nis1,2,3,or4.

[0059] In various embodiments, at least one of R! and at least one of Rz, both of which

are attached to a common carbon atom, independently can be selected from a C,.39 alkyl
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materials have significantly |agged behind their

p-type counterparts. Sonme chal |l enges for advancing the
wo ewbogd2eny of organic n-type material s incl udeCt/RRion9/051313

vul nerability to ambient conditions (e.g., air) and

sol ution-processability. For exanple, it is desirable

for these materials to be soluble in comon sol vents

SO t hey can be for ed int
8rQUReX éw KRy pB1oRpsi &g @@@egs%gup,péges%?ﬂkﬂr&sgw @Biiore2
mefiberedt Qﬂu,emﬁleztj)y RECHSORREE cAEHE (}5}9%5‘1‘?}‘ be%tlﬂu[é?ll VHQ?I—4 groups
perfl udrinated copper phthal ocyani ne (CuF

indepergienidicsdleatdd iom hialmgbm RE3N, (NG, —Cmcmrma)t —CONHZ, -OH,

N Ol RSO e COBBRE iR NI o k-

~Safj. llglaﬂcsfﬁ @(Gﬂzcﬁﬁb)n(t% &kyn alwﬁgcmmkw b-*Nactl y$ ﬁﬁ'yl)z, aCyo

napht hal ene di 1 m des

alkghgroup, a:l2- 10@@981)21011@#@2 1mléimyl$m,up, 1213 10 lmqallgd%ml@ea Ci10

aGef ¥Rt Rl ol » P G gy 34 ol

cy@bhetdradlRel) grofiahd a Bhysmetbéred heBfvaryd 220)5; Yoon et al.
(2006), / . Am Chem Soc, 128: 12851-12869; Tong et
| . (20086), Chem .B., 11 406- 17413; _Yuan
[0G50] 5 In iozléﬁ)?t)lbc"l;w?%s SBF FYRnfd %Jﬁ is(e‘ %@%Nsw\?%’&ﬁ‘? tgCN,
or Bt R yer]e (NS Chgmn Z3tin ffcmaS e edni 3 vELuoN
or ACN 26 @aiticuldatmbedifricotsdie cyam@eicanied-wBY; Katz et al
(2001), Chem Phys. Chem, 3: 167- 172; Jung et al.

88: 183 10 Y, et _al.,
toge §0a sqriesnnddiiBpes Rk acBS cbybe cbidiore S Rrporature, for
ex@hpla) betwedQbput 289geMd abd#305C.| i sonﬁcbmlﬁid&henté Jhe Ra3&dn can be
6366; and Jones et al. (2007) . Chem Soc, 129:
condypted.at & epgperatyredhat is diflgeant &p@ r@amtﬁ@ppramrv Eoriexamploy the
r bl

R RRAR e B UM  FoyE EB Bl mens, e
reapﬁmp&rntbeaxmdirh&ﬂemem eldviagpd-temperhiutey i.ey h ergpetanediigiets than room

i ncl udi PDI - nd NDI -F, have o sol ubi l'ity.
tenaperiice %%& ! tegpperatyre GP‘ﬁ ¢ behyien akpuf, éé{ Gyand
ab&lR'%B0RO Oy [ﬁﬂﬁru% ehfb@&ﬁr&%s t%re%feh't&ﬁperﬁlg@élah be between about

Accordingl'y, given potential applicatfons in
50iGrandpabosi 180°Enfhr ezaygpele Aretwccnrapani 10°€land abouii166°Q (eag., about

ed by high-throughput reel-to-ree

7OﬁgﬂU$QB€B§QH§the art desires new organic n-type

sem conducti ng conpounds, especially those possessing
[00kR% 1 I &bl &idus epdbllinstss behp@mdaiffoistadll dahbe piér@bed by reacting a

char ge transport efficiency, and good solubility in
copppyrsPffermpdatd: Summary [0005] In |ight of the

foregoing, the present teachyngg provide conpounds

that can be utilized as organif¢ sen conductors and

related materials, conmposi#y conposi tes, and/or

devi ces that can address 4 deficiencies and

shortcom ngs of the stat

111

with an amine in an aprotic solvent, wherein X is as defined herein.
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i ncludi ng those outlined above. [0006] More
specifically, the present teachings provide 1-alkyl

waeamsh2er ed al kyl nitrogen-functionalized perptERR2009/051313
di i m de conpounds and derivatives which have
sem conducting activity. Materials prepared fromthese
conpounds have denonstrated unexpected properties and
results. For exanple, it has been discovered that,

046En Ly isiate gmbedimanis the anps S9dHYSHe/ETEpounds.
conpounds of the present keachings can have higher
carrier nobility and/or bengﬁicurrent nodul at i on
characteristics in field-g fect devices (e.qg.,
thin-filmtransistors) hi addition, it has been

whtesR DI tart hadefiameitit SInGbm RenhotREHY, tHetmtihé BgtbeRected
possess certain processing advantages conpared to

froppp propylapes. adahtlamingea #HYsa Betohamige pchepgfamine, and an

1 C ey bi Li ! oF ]
e R e S S e R L T
meshiydpantylhvineFiHntidtieyihextyteeniaa ipethyipsopyamihe 1esthybotgthnving, land
ot her conponents for utilization in a variety of
13 dimethyRii¥eeiiased devi ces. [0007] In various
enbodi nents, conpounds of the present teachings can

[odkaye TPy ahA embodimeiRe ﬂﬁio réfie soR2nt Gdvinétde £8ther2NH sbife

are as defined herein. [0008] The present teachings

embbdioneptso thedgratistsebigat e ipeledraiGirglkyEHCllobH oS 1-aalkiyl),

sem conduct or erials s well. as various .
WIEGGE B Ghe > Fomnitss: B Lot EniF crmoRRmeRt B Sprstic syt can be 2
sollvBf: o QRBBACHIxAid tig MchemRs tifdtl@ﬂer[@%l dl AlrBetby ]S Bk example,
herein. [0009] The foregoing as we as other features

theagpoticRphypng gaisbegricthylenp glysehdimethyd pibatys wi | | be nore

fully understood fromthe foll ow ng figures,

Criot] : . R

o5y Pl P BARh SR kR s mpore

In dadoisregdodasats, ledrebelonwan be comtuciel latig temzpier avre phat podiérent
only and are not, necessarily to scale., The draw n

frodf SO RGOt AR, e HEPSBBecdt s o PR than room

terh§@&tdteN 98 cbaif R¥bbA¥nentsDthb rddctibh 38 Be doriBEM4d at an elevated
representative transfer plots of certain enbodinents

teroperathfeni.¢ h lampezatsicdtigher thanireers t¢raparatuee: dtr gkarhple, the elevated
conpounds .of the pre b~t eachi ngsmo re.th LDy

iR AR o e ep BORRED': b i T o il b B e

eldvhet tgmparstuferdad the Gatwitp aBbiites8°C ahd@iout 200°T5 fedfexample, between
PDI | MP-CN 2 as _t he senicondu?tor | ayer. [0012] Figure

aboutsickadnd absus 4 89\ (Caeignabpitadsfel pl ots of certain

enbodi nents of thin filmtransi stor devices fabricated

[o%é]h fxﬁm&ﬁ%&mrﬁ s, B¢ 6P&Ih okgﬁgeak@,gsan bWRESShald¥en. For

'nfilmtransistor dévices Include vacuum
exg@pler Xdatrash deurrehesf, t9n lxnd, B,daTluBr,aom1dépasiairegimbodiments, X, at

each occurrence, can be H or Br.

[0067] Compounds of formula II can include, but are not limited to, the following

compounds:
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(right) films of PDIIMB-CN 2 as the sem conduct or

| ayer. [0013] Figure 3 shows representative transfer
w@b@vmesas2 certai n enbodi nents of thin fil mtraprsSi/BPIINY/051313

devi ces fabricated with compounds of the present

teachi ngs, where the thin filmtransistor devices

i ncl ude vacuum vapor-deposited (left) and

sol uti on-deposited (right) filns of PDIIMPr-CN 2 as

the seijeco tor |ayer. 14k i gure 4 sh

repr esent\q{tw?\ll/lré transfer pIh%?ﬁ/b?lfcertal n enbol\o‘\g{:ﬁ]é

of thidy fNLma ransistor de s Oabricated v hN

compounds of the present te ngs, where the |thi

filmtgpan or devices i ol uti on-dep S

films EB-CN 2 (| ef} PDI | EPr- CN 2

as Btfe nduct or | &yer. Fi gur eBb” sl

repr eses eBkransfer (t Brut put (bo Br
pl ots ai n enbodi ne hin filmtrf

devi ce cated with co of the pre

t eachi ngs, ere the thin f | m|transi stor devijces

i ncl ud oto deposi t ed fofmnoToPDI | EB- CN 2097 M@ Gat

110C (I ef and at roomtenp ature (right). [0016
Fi gur 2"!3)|j\ll¢'[!xst rates di ff‘él"e/ﬁtkcb'@nfl gur ati ofs 6?l¢ =l d

effe stors. [001 e 7 illustr

repr @éi@w@'@ structur eﬁyﬁgﬂgﬁf% het er oj ﬁ‘éﬁi&ﬁ“*rz’
organi ¢ photovol taic device (al so known as sol ar cell)
whi ch Betbr por at e on&28s~ el conpounds Ce'f'sxtTh§3H7
preserB tgachings as t he gon d/or accept8r
mat er i ans. 18] Fi gure \ rates a
represenfathve structure of anlorgani c |ight 1 t4i ng
devi ce

th.eB. achi ngs ebsl., et AN~ t r anspot IMgZangsor
em SSIV hol e-transp ng terials. I e%
ns- of

g peC| fic corrpone ~
descri bed asshaving, incl o’

sf‘lepsél it is cont§np| at ed t hat conpoHR'o
the pegs cﬁiachl ngs al Hg&h@ | essenti aldaufcj)‘f\cz,gr
consi st of e remtedcorrponen s, and that the
pr ocdSBHMHtBtzhe pr esentPDIelEPlr-Bgﬁ al so conPDi1EB-Br;,
essentially of, or consist of, the recited process

st eps. gJc0028]H, In the appl i cati where an el enent or
corrponentﬁfs said to be iHglU n and/ or sel ected
from aod i 8 recited el enents or conponents, it

shoul d He ufderstood t hat Q@nent or conponent can
be any ORg Ok the recited €| enents or conponents and
can be d froma grg Ysi sting of two or nore
of Bhe d el enmentsg, o penents. Further, it

Br

PDI1MPh-Br;,
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conposition, an apparatus, or a nethod descri bed

herein can be conbined in a variety of ways w thout
walepanes2ey fromthe spirit and scope of the prBSERP2009/051313

teachi ngs, whether explicit or inplicit herein. [0021]

The use of the ternms "include,” "includes,"

"“including," "have," "has," or "having" should be

general | y understood as open-ended and non-limting

unl ess specificathy stated oyherweng. [0022] The use

of the sing herei n i ncl udes he plural (and vice

ver sa)HzGn| -@ pecifically H@CQ‘/E; ot herwi se. In

addi tion, Ilwhere the use of the term "about” is before

a quafkit¥epPe value, the PresttnrO eachings al so

; e value itself, unless

speci f stated ot herw(p used herein, the
term refers to a5 10 ation fromthe

nonf% [0023] 1 tB%Sho be understood that the
or der Bbr order for g ¥ APNg certain actions
IS i so long as t gnt teachings renmain

oper abl ¢~ NMpreover, two or eps or actions may
be conduct ed srnultaneously e As used herein
"hal 0'0"orN"h® ogen" refers®o ¥l uf o, chloro, brono,
and Ledg éﬁQS] As used herei cl_'l'alkoxy" refers to
-Oa grotp. Exanpl es of al koXxy groups include, but
H,e nst limted to, nethqu hpxy, propoxy (e.g.

n- propoxy and i soprop Qy) - but oxy groups, and the
like. The group in the -O alkyl group can be

E%@ggz d

subs PRI escri be§DAMINB-BY:0026] As used
her ei n, "aIkyIthro" refers to an -S-al kyl group

0GRF T SmeB i pesea B e P ¥ Fengiip A Corigiog vith the

rd&e@rrepwthmcp@rséherﬁ@mrbeﬁw RinPdominerRiHlly! atvbhuablegrtwﬁg materials,
and the |like. The alkyl group in the -S-alky grougg
214

compense kaows in thgtlieratyse, geredilppigpied entﬁrme[d@@@?w PP

stali%)[ﬁ' Pyherf e b & SO Rare I RIQE tch{?BQee PEVHGHE drl.- Standard

erern ers
syiEhdtiu rgé‘thodﬁ‘ailldl’pr@fedbll’ea Ifdrhﬁcdpﬁ:girlaﬁaﬁ etorigyle Qﬁﬂdoblw and functional
group anpl es of al kyl groups |nclude mef

grcypﬁwnsfpgpgtlorﬁ ,ag%y}an{%llaélons f,@nd?eorﬁ?,(il \ mﬂﬁfbﬁﬁlﬁ)ﬂl‘) re evant
smpﬁﬁﬁ’é llltéﬁtlﬂe or ﬂ?ﬁ%éﬂdard'_tg}gﬁ%ﬂ% sin Si¥HLY! 1t v$1I1 Rty gfél)ema ed that

groups i sopentyl, neo
wharad:yplhel drrpreferr@dlpmb&y lconditions (Caun rdaatien tbmp_eraﬁﬁes: zmnbas,rmole

at o for e§ n? to 20 carbon at ons
ratigs P@Feaﬁ%ﬁpi OVeRYS BW@?‘“&% - RoH) Ay &Y B“’t%‘tﬁfé’a‘?‘r"?f ‘H’&Q‘t’é?ﬁs F*Bl also
be Gs<RIHRRE oflePlRe stﬁ?&@m@i i$nudh rdaBNGH ccﬁlldmdns gaPvR$ withchéide
met hyl, ethyl, propy and zspropyl),

pa@qglabmayﬂan@rog g@ger(t@lsgi g)u‘r sugh pymcﬁtlm,qay lbe dgte;mmyd by one skilled
in heBa'thtl%flt Pté%e optinZation procela‘l%rnetsS ThgslekSYQIIe%rlr? WSt (Z)afn orgamc synthesis

will recognize that the nature and order of the synthetic steps can be varied for the

purpose of optimizing the formation of the compounds described herein.

[0069] The processes described herein can be monitored according to any suitable
method known in the art. For example, product formation can be monitored by
spectroscopic means, such as nuclear magnetic resonance spectroscopy (NMR, e.g., 'Hor

13C), infrared spectroscopy (IR), spectrophotometry (e.g., UV-visible), mass spectrometry
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di scl osed herein. [0029] As used herein, "hal oal kyl"

refers to an al kyl group having one or nore hal ogen
waeamshi2eent s. A hal oal kyl group can have 1 t oPGDEP2009/051313

carbon atons, for exanple 1 to 10 carbon atons (i.e.

Cl 1 hal oal kyl group). Exanples of hal oal kyl groups

i nclude CF3, C2F5, CHF2 CHQF cd 3, cHd 2, CcHd ,

a5, and the like. Ioalky ro
<M§§&a§g Cga%ﬁwé?%a%hw sugl a% %@ilﬂ%étcgt?%n%?%a%mdgas
héﬁﬁ I uded
chlla e 4CT eh Bhrmilh PR BRpAGPL), RS o8
cmﬁmmzﬁmthdﬁLﬁyl group can have the formula -
CaH2a+1_bXb, wherein X, at each occurrence, is F, O,
o] inte n th ran
o ¥ ey ot IERL R 1R G Ye ol B e
solRents whith cgh 8@ k@kily belectédty ond SUB inde ats@ﬂoﬂg@me kyhthesis.
"al kenyl" refers to a straight-chain or branched al kyl

Suigatdeipelyenis wgiceHe atsrsubginsialy mpaisaebicyoih e uesctanisogymiediates,
ol LAY ERMLTRR o AEUL GRS, 2
tenfper@ures Gt tdh mh,gfefw]ln the solpgnt’s Fxeanipp esnmeratateke Itt}d solvent’s

borfg AgprEtots s D ToSGHOFIA be BT b SN eal gl a mixture of

h
et S DB EOYdp OE SRR ERAHAFLD BRI or
paitisulahreastiomstép Gxutherseleced. t er mi nal (such as in
1-butene). I n sone enbodi nents, al kenyl groups can be
Scﬁubsﬁituted as disclosed herein.[003 1] As used
®i'n, "alkynyl" refers to a straight-chain or
branched al kyl group having one or nore triple
car bon-carbon bonds. Exanpl es of akﬁﬁnyl gr oups ernz
o el gde et hyqylo gropﬁnyl but yeyln_pentynyl, and t
Fnore b%wﬂle car bon-Jcar bon” bonds can
vas PBh 2- but yng)y Nefx{ er mi nal (such
,._|ous enbodi -,- an al kynyl gro
car bon at ons g, xanmple, 2 to N0

groups can g v-ostltuted as

A g [ 0032] As use i n, "cyclic N0
n@ie?y can ?né%u&% one or nore ( i\ , 1- 6) J\
carbocyclic or heterocyclic rings” Rhe cyclic noietyr?

can be a cycl oal kyl group, a heterocycl oal kyl group, -
are aryl groupPDABr a het er oaryl gPRUPRE.. e., can o PDIRACN,

DI SR A AR AT Y S
caif BE Brohffd b @ hig7 - pbQfio 8 PehBde PDAZBL,! B GvRER Hon r@ﬁt‘i*m%%th a

be optionally substituted as described herei n.
prigrboainine s pwvédes lnlb(ém;hﬂxnmldnb ice {The isgbssitutipnod d}ediromo groups

in Eghgfg‘%\@ogré&pgncggggo% & ﬁgf?ygTP | W?l%l‘fe%%ls(glcar%%gm?idg) &4 Although
not shown in Scheme 1, the bromination of a can also produce regioisomers of b, for
example, 1,6-dibromo-perylene-3,4:9,10-tetracarboxylic acid dianhydride, subsequently

resulting in regioisomers of d, for example, 1,6-dicyano bis(dicarboximide).

[0072] Compounds of formula I can be used to prepare semiconductor materials (e.g.,
compositions and composites), which in turn can be used to fabricate various articles of

manufacture, structures, and devices. In some embodiments, semiconductor materials

-26 -



carbocyclic or heterocyclic ring. A nonocyclic noiety

can include, for exanple, a phenyl group or a 5- or
w®20moisesed het eroaryl group, each of which caPCbhgP2009/051313

optionally substituted as described herein. In

enbodi nent s mhere the cyclic noiety is a "polycyclic

noi ety," the polycyclic noi ety" can include two or

nore rings fused to ea her (i sharin nmon
incBEAnE IR G MRBneRIR B o e Bres At SRR SO T Sl
sefficoRMRtiRg adi§, bridged atonms. A polycyclic noiety can
i ncl ude an 8-22 nenbered aromatic or nonaronatic,

carbocyclic or heterocyclic ring, such as a C8-22 aryl
[00§Bbup As ceriain gmbpdimantiedfabe ersmpauads disclgsed hsreir gamhbepoluble in

Iﬁ‘ﬂlpé Fﬂﬁf%{&&%@g?& en? 663 gia%ﬁsse érilagllsé]t‘fer Lf)‘focgfsfillzg %ﬁ/’:’tﬁ{aig&elﬂ fabr*catmg

eleatrid@lrt}eafc@ﬁﬁjdh(hs claih Fid@ysemi ngicom, ﬁlerldleﬂéd:tr@vmm lok gt light
al kyl , al ken and al kynyl roug@.dln vari ous
fi

em@ﬁ%awﬁ%@ % c%p@smkgqovglﬁ%%p HeRjs Fapesitoss, and sensors.
t ' 1,
AsGRERART, P EBppeo it SEEBEROR i Pk 61 AMAnELAGE afas® s mg of
thenmongpoyed can feedigsolvedyin Ilaﬂemglth)s solvemolﬁxra;tmleis ©f cengron organic
containing fused, brid nd/ or rin
SOl Bl Melrelapiisiey Greoiae: dromaih by Gafagihs S Addeene,

tol@net k‘ﬁeﬁé ﬁﬂd Msityidhe; ﬁé%nés%h&l@@sj £eldnBUnd %’tﬂ)’l eihyPketbi€ ethers
cycl oal kyl group can be covalently |inked to t%

sudmsltﬁ@dilydhémanahomdms(@rmeth@mﬂpﬂ)e@hm diethy] esherk 91—1s0pr0py1

et BB OF mef Bty Fort s Bl JurGHE SRR AT ia isopropy

alc@ml ﬁlﬁﬂﬁh@ nydiroczﬁu@ﬂscéaepf 89 dxandsy 6écpliexadh agitlethyl acetate, ethyl
ycloheptatrlenyl nor bonyl, norpinyl, norcaryl,

acefaierraethyl formpfe, &yl femante ispnEeny) peeipeand butd aWéqltP, agides such
t
o SR RORLRLS i SPRY Peo A sl SBEypugic

haﬂg&tﬂteﬂsﬂ@hﬁtﬁd AldnaromSHdrédarbme duh&ds&hﬂﬂox‘oh&ttane,aﬂlmmm,
erg t.o an. atom of 3n el ement ot her.than carbo
1

Ryl orpieaPieRss dichisrotsRaniss €14 e bloBRpERZ DB pgclic
sol%bllltk % as%zklt) ntatﬁ)tﬁg S(B'Q%Hf‘anoﬁ@ dngoel rﬁ&h{;}ﬁg}rgdlﬁgﬁ)’é] E)éﬁnples of

used herei cycl ohet'eroal kyl ™ refers
comomnanagatic solvgnmth omludglwaggrong ierhatiqadst ai ns at | east
one ring heteroatomselected fromQ S, Se, N, P, and

€. ) cont ai. n
10541 & 8 roineby e Ppt 5 e RGO ate EPDRPGs I i uce
on€ aﬂmbfbv@)n%cﬁlﬁd%sd’lbs%@ hafeﬁmal,sscﬂ@erd é>dadpelsed irda liguid 4nddinig, for
atoms (i.e., 3-14 nenbered cycloheteroalkyl group) .

exgRRle o1 GFERIC ROIVEN!, & ingrgamis salvehts Of eorgbinatigns thegyof(@gaa
nn%?épﬁ%ﬁ%%ﬁg Eélg%dlt% éﬁ& E’OIQ&n%)f)Ik gfegzagl% agg 1190rgan1c solvents). In
sonb embodipieats, the cSnﬁodule baiei)urthbnnskude omﬂfrhodonaseﬂtlmves

TR AT T T
ag@t® uring agents, initiators, humectants, antifoaming agents, wetting agents, pH
modifiers, biocides, and bactereriostats. For example, surfactants and/or other polymers
(e.g., polystyrene, polyethylene, poly-alpha-methylstyrene, polyisobutene, polypropylene,
polymethylmethacrylate, and the like) can be included as a dispersant, a binding agent, a
compatiblizing agent, and/or an antifoaming agent. In some embodiments, such

compositions can include one or more compounds disclosed herein, for example, two or
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an al kyl group, or other substituents as descri bed

herei n. Cycl ohet eroal kyl groups can al so contain one
W@e00a09YRSDX0 groups, such as oxopi peri dyl, PCT/EP2009/051313

oxooxazol i dyl, dioxo- (IH, 3H)-pyrimdyl,

ox0-2(I1 H) -pyridyl, and the |ike. Exanples of

cycloheteroalkyl gr oups |nclude annng ot hers,

mqrrrg{iﬁgge‘lg:tp ]’poungﬁ ggg{ f@?slﬁll}],tln cﬁxgrf%r an%‘a ﬁwale ﬁ%logéanYJ solvent
to ?ﬁéf)ﬁé QlchMpbsitiy fér%?c‘i’dlt'ﬂ}ﬂ InR¥FAAIR |eh{B}SHrments the comé)osmon can

' r ahydr of ur anyl et r ahydr ot hi ophenyl, pi peri di nyl
lnqblqgéwam mydre regivdscnigss,| fpkexaniple, sompownds (hdvmg thesformulae Ia and

b ¥ R R Y v R e Bt BhioRd g pacompris

oné 6r MBreddoRiPRluh@s GRAROESnK Eeablifl s Fa dxampld, o SymbRTefibisdmers
polycyclic ring systemin which two or nore aromatic

as fesgribrediasein. I pysicuprerpbodiments, the corpprsiting can eshede) tiyo or more
re%ir(gm&s }%%ﬁ% th C}%ﬁ}uﬁi L 124 p. | €ast one aromatic
noc rocar on ring'is fused to one or nore
cycloalkyl and/or cycl ohet eroal kyl rings. An aryl
[0G75¢ up Vaeibuhdspesition techniqoes? Zhchiding edrivws solotiod-processing

ste for exanple, 6 to 14 ri atons_(i.e., C6-14
tecfigpcy heygoect BAGCLR PEGRRTIPR o dsais q%%ﬂﬁiomﬁelzéa@@am 1, fgigh of the
pr1hféd%%§oﬁ€?fé@hﬁfﬁ6‘é;ﬁhasEfo&f%}:d/Gﬁ/ﬁthéi pﬁﬁb{h , PriBHARilF R alhMAis

from8 to 22 carbon atoms. Any suitabl@ ring position
techhiqué effals@eagwrwptr@meb@aummmﬂ and| mylkibger wgistration. Inkjet

prifog g HsRPHa Sreseet SR e LR HG pLfoheaptiRet Bigfrmed

madfe® (dd@ipakddntb bhtatiPrinBie Pchniqhes) 2dahidIVas difita ¥6httdl of ink
2- naphthyl (bicyclic), anthracenyl (tricyclic),

ejegterh ahﬂrmYemymd(rtgrdr@wmd@ynaa@ griptings Micsp gispersingrip heahestnon-
co&gétXﬁéfﬁé4 &t fr C[K Intiy ésmkxgus A 5#%&{‘4? g?llﬂtlgé tecﬁlﬂgﬁes‘i@;é% g{ %?‘ah&mage

of beidg WellGS)aitbd)ftﬂtvefnyéktkyll t6-rS1ySrocessingd Exemplang caitdve printing
enzo derivatives of cyclopentane (i.e., an |ndany|
(YRGS, INGIRABIPUF 8regrok h@ltﬁﬁi 13y SFTRRN-PYRIRE BIAY e bR E ffset

priblf SRX Al pRMG) G NN, et D ST Gl
prinfimgy Aystedherein, fipdatng” ineludés. amqncantb@rmwmsj daaixamyple, injet
whi.ch i.s a §,6-hicyclic
prigag St Satni e shibhes 559 hGosgasmanpss. Srrpypignsereen-
pr1(1tmg%E grav@rC PRI Yitsed pAEng, \ﬂék@'iaﬂ)}ﬁc ﬁn@bnfg htlﬁ%ﬁipbﬁ: prlntlng, pad
ohet er oal ky [/aromatic rin exanpl e
prl@tm& ﬁlgaprogoma@@rmﬁ@g ad theplife. téemuuqmﬁr@@asm@techmques

1nckflr?d3 ugog Ie?analgl)ét Q %%g (? 019 §%%%‘ggpr%‘§§g%én& glp cg?tnrg, élage 6%at1ng,

or E@ﬁylbg ﬁu&tﬁﬁmdm tlﬁﬁle?ﬁsﬁdnﬁ sikps@tbd&igddout b vaaitEn vapor-
enbodi ments, an aryl group can have one or nore

eﬁ%%ﬁ@%n substituents and can be referred to as a

“hal oaryl " group. Perhal oaryl groups, i.e., aryl
u #
O Ry B st Tty e TOE R e Bl S e,

semivendietarmatemal. dhe ‘trtediqda lcgfri intluda pospating A canrbmﬂMmema&ncludes

an ar ubsti t ut ther ar
ong e Pl B Brnfrdipeneizth SR Eipatipd iEh b fredem such
as al¥lvet'oP YRBixture of solvents, and depositing the composmon on a substrate to

provide a semiconductor material (e.g., a thin film semiconductor) that includes one or

more compounds disclosed herein. In various embodiments, the liquid medium can be an
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in the biaryl group can be substituted as discl osed
herein. [0037] As used herein, "heteroaryl" refers to
W@eooanesrel i ¢ nonocyclic ring system contai ni NngPEL/EP®a%051313
one ring heteroatomselected fromQ N, S, Si, and Se
or a polycyclic ring systemwhere at |east one of the
rings present in the ring systemis aronatic and
contains at .| east one ring heteroatom Po]ycyclic
OrgaBHCeObiERY AN FRQSEEC S YING ST ARV AT, PR bigations sﬂof r Ionggne
enfbHéﬁ%nEsogfaetc%ﬁfgoﬁﬂgn | RENE! i Qluﬁg F)ﬁg &qﬁéﬁ]e AL FSSs &Hé[%ﬁdently
to one or nore aromatic car ocyclic rings,
selacpd ommasdosity mokimlayxcst, idetergengsdmmmh‘ntﬂr bindingeagomst i C

het er oal k ri ngs. .A heteroar up, as a .

ol e R TSR ARAETS PROR B PGB gy spmeting
agéifis, Q)H m8dikersTBIEREE And ﬁﬁ&él@ﬁﬁé&ts OFQURh PR s@PRtAt andfo?

ring heteroafons. The heteroaryl group can be attached
polymerhe- giafalyséyfensh @niye@ulylesc,mm alpba-metlyistyieae.obasabricoe,

ar bo atom sul t truture

ol b P b Bl e e Tu R el e I s o gispersant, o
blrﬁﬁng&ggxbaedm atilieIgen BRI/OF aﬁmft@od}&uﬁg aferi! BM%onid) a

heter oar%/hem%r oup can be oxi di zed pyri di ne

mRodigeats, BPHREStEN ¢ap hgccarriad 3y gﬁ PENENS iggleding ket printing

an@%‘u@s%ﬁnt% t;ﬁﬁft g?@cg}{ quit] ﬁ’lssf%:egg l?glﬂgn%fggivu‘?é(ﬁﬁm %% offset

prmysg @HB pﬂhm\ig) llld&igmphvd‘[ﬁ[mng ﬂ&o@raphﬁ prhdlting,Mrﬂlrklychontact

prlgppg)( ép Q § é)(? QGR% t)hg de@sl.tlm(gégeﬂ cgp@wciu‘rled out by spin coating,
. I I Exanpl es of

R i i R
yridyl, pyrimdyl, pyridazinyl, pyrazi nyI tri azol yl,

[O 7§ﬂ r ai\’@mus arptykazﬁmﬂnufaq:tmedazladlylg electronih |dam¢9y bptical devices,

(%ogtgélg ?m? Elg\hgeglgﬁér as ﬂxeg% ﬁgcé 1%8'51&8%3 n(ox aélﬂli) ilfn transistors),
phb@REIBLiEY, efgah;c 10t élﬁitmh% diddes LB Uddﬁfﬁleﬂ‘lentary metal ox1de

i soqui nol yl uli noxal y qui nazol yl , benzotri azoly
seERaduAQTa ). (ORIPEIINEY B nverters R AR loRs. dewsifiprs, and ring

os@ﬁ%é%s??fé gi«%’ Jll-liei (ﬁ Zlg%%ff&%&;ﬁ;ﬁéﬁ@ the pegﬁl%?ﬁ(cﬁ&cﬁj d}{%tenals di sclosed

hete&oﬁwm@ulj{ bs moehpls ofymaldng ;ﬂe,sambtal’ea‘bvﬂhmnye scope of the present
qgh‘ ridinyl, purinyl, oxazol opyridinyl,

teaChings o opyridinyl, inidazopyridinyl, furopyridinyl,
t hi enopyri di nyl, pyri dopyri m di nyl, pyridopyrazinyl,

[0F8] | d ARV B ‘ﬁ@gi* riHé prebdik RAGKIAELFBYME artIc'lEsQif%ﬁfhlcNﬂre such as the
t hi enoi m dazo , and the ITke. Further exanples of

vatieasefeyigey desgrlbeqol@relnéhan drecludsi compositohavingrd sesgicersluctor

- d do]
ey 8 fiesRb R L ShOBPUIT Ak 8 peieepis compopent
The st prasitTan behcﬂé@@d Ktbmgﬁabhi@ﬂs arRudde Epos bilico, e
as disclosed herein Compounds of thetﬁgesent

inqig i o¥dde @Q)’Ilwa‘%@d£l%ﬁi T&-evntedgpalyipriderer athrsgplastics,

R
0 o T, B R 5y o B B g
pobyopphend sr ofhet Mymeﬁsmdthe tike hTIn@&eleanmclcnﬁipudmt @an be prepared

di val en
from }/norgan}c (F llectrlc mat rlals sucl'iJ as various oxides (e.g., SiO,, Al,03, HfO,),

organic dielectric materials such as various polymeric materials (e.g., polycarbonate,
polyester, polystyrene, polyhaloethylene, polyacrylate), self-assembled superlattice/self-
assembled nanodielectric (SAS/SAND) materials (e.g., described in Yoon, M-H. et al.,
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such as, for exanple, a nethylene group. [0039] At

various places in the present specification,
waeamshi2eent s of conmpounds are di scl osed i n grBCPEPIING/051313

in ranges. It is specifically intended that the

descri ption includeeach and every individual

subconbi nati on of the nenbers of such groups and

ranges. For exanple, the term"Cl-6 alkyl" is
PNSoHY (154675 1B 27808, tis nien islgare gf whisiipeorparateg by
refc%ﬁnc(?gfer%@, @@ﬁgﬁl&ga%cﬁ@&n&&}%%%l&%%%s %cfggl.,'c%cribed in
U.SPakht AGgHEHion SedalNe.Qa/GRIGHH, thBysnﬁmylisntosotethmhich is

n integer in the r

: | es, f tQ 40 i
mcg’)é’g’g) ‘qu%éﬁ SreRqstictriBh 1P SOMR 4G P OFSygﬁ'dg%?cé’%‘l‘eg‘@np‘?Pem can
1nc§1de%he &os&nkgﬂ Opcﬁ&m@n blgndsjcgscrﬁ)l:d 1&-% S. :k%ten@ﬁ&ppﬂc%ﬂol:r Serial Nos.

11/3@)5 OEG, 6033216 9332, 31@1460/&5 3(B6the$ﬁnr638$cl®9re dmaclzﬂ,Of, whlnu in

nt e in.ghe ra 1to ecflca
‘“COFH"@%%‘%‘&Y R *{?Feg{’.raﬁ?/c‘?ﬂl%%sl‘ E‘C “é‘e ORe O%Im"%e electrical
cotact9, Sulifiblelhatedidls fé‘r&he §(ﬂ;brcel draid, @nd Zte eleBirod & in@ndt Abals
Addi ti onal exanpl es i ncl ude that t hrase

(e.g.opti Bh A1 Gu)s trasspatent eadipting @uc@sé@}ss U, ATOsGZO, GIO,

i to |
GrEREhL PRlcknt BORRRRT e sl el ioghoZ o ¢
po@(sﬂyreﬂbsﬁlfo&t@ (PEPOT: RS@» Pdlydmhﬂe @AND ZpolZpyrrolPPy))2-Ghe or
5,.3-4, and 4-5 substituents, [0040] Conpounds
moa%gfcﬁh? serapesics descrberd hespingan awcaggpﬁ%i Wiltama\taaﬁw( Qgapic
eleb@oAL ﬂcﬂsarﬁ‘i mﬁﬁbél@étroﬁﬁ%@fcks apf 23 %[?mf?:fthfn' RnC RS
can co ta| n or nore asymmetric atons or centers,

(Omﬁhsmatﬁchhw&rynueﬁeﬂd stfettarangistocsalOREIGnas svell as sensors,

t and di astereonmers .(geonetric i.SO ;
Aoy MR s a DTSR eSS S MR SiEgHEh adhg like.
di astereoners, including their respective resol ved

[()(nggint A‘ﬁ%g)éd? @f ihe ;@éseﬁitl t8£ch g8 OBriefdTa rbMtcR Wb thethDAEBF Mbricating
-) stereoisoner) and their racemc

an mg@pm @id cffect mnqustalsth@lt ineerpaiaes @rsemicondydier mpfgriel; of Hee present
tea@fﬁq ' "ﬂrc'et s%ﬁﬁ%&ﬁ%h%tgr Jngtef ?rﬂ;gpq éeﬂﬁ%&ﬁnn pctah b hsedhto éabncate
1 SO e o0 en

rs can al ne Ioneric enri

vardsuspype’ of ofginlyyficdd affeka Ittdnsﬁﬁtomﬁdcﬂn@ﬁg Im;ogme tha -ddnagecapacitor
skilled in the art, which include, for exanple, chiral

Straciyrgs. APR-gate baaRORESHEAPRGIIS Sirpctites ROHEM-aF IARrGOpHACt capacitor
stréidefiel lahd %8&&5%&&&ttoﬁﬂé%ﬂ?% 'F:gpa%ﬁ&ogtﬁﬁtci F?glg 6 1llustrates the

asynmetric synthesis sent teac |ngs ar
fowrrwommpaggpesi QI strmhges: ammaabbommga&rwscture (top left),

botigivsaeie! Tt e yelRa o s Pl ega ed g sucure

(bStRACREN GRd eol-EoHRat: $op’iédte PARHLD |(&)tfo%9h t$.ORE El%wmmmi e 6, an
formand m Xtures thereof, which can be obtained wifth

O@Tman@u@%@@p@ptr@daxﬂr & el shraven 6o \ih 8t .andBS3.e sekii¢dnduictor
la}}e L{',‘ shdlvhras 606 §% %nn@kp)z’a g%% con acf Q °"%Bw9ra§‘98 Yy '0', 10", and

ayer Chiomatogr a nDV|ng bé

10‘ch a@nmxa@r(a@xshoaﬁ ds 2. g, per, fa@ﬂ many; @nd kélittdland drain contacts
chr omat ngeg oy or exanpl e perylene conpounds of the
Steachl-

(- & ehoxtit 4c‘bn4 aed 4de any peryl ene

[0080] In certain embodiments, OTFT devices can be fabricated with the present
compounds on doped silicon substrates, using SiO; as the dielectric, in top-contact

geometries. In particular embodiments, the active semiconducting layer which
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derivatives in their pure formor mxtures thereof,

where the perylene derivatives can be substituted with
wa2002/0982524, 5, 6, 7, or 8 substituents. SpeciPCTBEP1099/051313

the peryl ene derivatives can include conpounds having

the noiety:where Y, at each occurrence, can be H, an

el ectron-w t hdrawi ng group, or a |eaving group; where

. the electron-w thdraw ng gr OUF and the | eavin roup
incgrporates 4 dgashieerarauar of therpressnt isachirgsisan PreRost o ppvisuum
vagd? gg%)sﬂgﬁua‘? odif EnfferdtuR af Rfe1QTN&! teh‘l raturd! BHRRer
I ndependenty can ‘be an el ectron-w thdraw ng group or
embodiemuise grivgsemiamdodingghyer which ineorpoiacianiznsts avigpoend of
two of the Y groups are H and the other two ) )
the; masepfetﬁafgmwgage aemleéﬁaépﬁ&slﬁn%afmawsworgﬁwl% ppig-coating
or jﬁeﬁﬁmng. PR Wh-cRIB AN, RbtaliREoRERERAR bb BRGNS GBS the
ave regi oi soners having the formulae: In certain
filmsrboo shedow, masksipounds of t he present teachi ngs can
i ncl ude conmpounds having fornmula i or ii: Ilor
1L xt uges t hereof .. er i.ndependent.l.y. ¢ ¢ n
o Ecy Bt i T L OBAEG RRES PR g Fpresent
coifp@itiak 6n pash@fBeisisggdlyRersBk tiy didle€thic Jih @R gatk Bottom-contact
particul ar enbodi nents, Y can be R3, R4, R5, or R6,
geqipities- A8, papicularsmbadignents, Hieachye sfariponsycting layer which
) AR Lt .
inchfckl o 1kt 4 SorfARR o R prbeciPRLAT i e Wb room
tentipeataie D0 Ae4n eladhtahympegiwe.s ingthercenbodimens, thindotive
specjfically stated otherwi se. Accordingly, the use aof
serglg Heg layte W%Fhﬁq‘%’fﬁ’o_fi‘tﬁ% PiUlerst & SRPBRAHRILI e Protanfeactipes can
be ?ﬁg%&‘b&%ﬁlnﬁg{)ailgl% oﬁ‘_ﬁl‘gntmg)gs%%ib@fi hERP A48 i Souk Q& dRtin@ntacts

i el"ectron-donating or
carebeempdeopt- A tdtlkr andtalg, qucopdrcting pokyietswndrdsposited iyorapor-
d sugst [ tgﬁnt sht.refl ecting all comon cl asses of
RSP EEPE ™ Bave been deterni ned, quantified, and
publ i shed. The nobst common quantification of

[0082§ Ct Odtier Gtivdds! oTgnaineacelre i whidh \6binlpoliraldiof theliirede et teh@tngs are
is in terns of Hammett s val ues. c}r-%drogen has a

usqih e PRotevliiqsr splay eqlls, Crmmounds fdhe Rigr faaghingSoan A BIbIL
brcﬂa'ggﬁ&ﬁ aBsofptictEshdidtatvek gés‘?@v%% %ﬁ{t%%&e fle}[lﬁét}’oncﬁotential making them

negatively tn direct r tion
desttablet fonsuchiapplikcatinns) gA crordihglyt the mdmpatndsglescribed herein can be

characteristics., Substituents wth, negative mrett.s
US%%S@@&%(?@ SUBiSRpSIazan 8P o Qhegshist %&C%?l}ﬁgesm&ggm P-
typi sEﬁio%ﬁ&ﬁétin SndrerdTe fSméH Pl ?u&ii@n.c@ﬁébc%ﬁlg(?ﬁds can be in the

el ectronw t hdraw ng. See Langé's Handboo o
for@hefim thin f§ilm gepninomshiicior Ml arHbd 4 comepite of thislthinFilm?,

. 3-134, t0.3-138, ich . lists. .Ha tt s valpes for .a
sefRppdlicfit Hehhid S3g submide. disltifacioh SECtmdinds hEFE oSt
teacBinpHRQuBR Heiest iDWithef B RNGWlebs 61 the stillehv@ivd] be

understood that the term "el ectron-accepting group”

can be used synonynously herein with "el ectron

[0083¢ e pASEOrdiedy. eppiaet spect Wi thediresrnhigahingsgelates fo methods of
fat?REAALAH Soani@ TighCL Al LMt LA RYC light-emitting diode (OLED),
or an organic photovoltaic device that incorporates one or more semiconductor materials
of the present teachings. Figure 7 illustrates a representative structure of a bulk-
heterojunction organic photovoltaic device (also known as solar cell) which can

incorporate one or more compounds of the present teachings as the donor and/or acceptor
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group” ("EWG') or an "el ectron-accepting group” or an

"el ectron-acceptor” refers to a functional group that
waleawsIebectrons to itself nore than a hydr ogePCEHEPI009/051313

would if it occupied the same position in a nol ecul e.

Exanpl es of el ectron-w thdraw ng groups include, but

are not limted to, halogens or halides (e.g., F, d,

maigrias. A . AARRGEIERYG plar SRy gesly incldsst st e
SR SR, BRI, gy TRy 8
layer 34 bagweerpthe anodk d e ertindsterveld cthetnaincerpgiategime mp sqore

wher at each occurrenc is.a Cl-10 al kyl .gro
cofp e bt PP 2 BB cltsuiah Engr bigPatsDapafr &eRtron
acdeptor Gah ARkl Yhar@al Fig@de €liHldratdslaq¥presn@iiive seudthrebf an OLED
aryl group, a C3-14 cycloal kyl group, a 3-14 nenbered
whighalap fcogpasate lope ogmetgsompouadsofithe preaens teaghings e Beqtson-

[ | 2 - Us h [ i ngp.or NI Net
PP B S SR RO M Rt PRSP b DL
gerddrfliBihclubed a abbtrire 3di(sqlshewer), a srafspateabhodeBece.gs IES),a

result of, for exanple, a substitution or elimnation

cathedecd( i TEsdablrAngons or Moxs, Prganig IaYEES hifk i@ copaTatepre of
mcpombdild? e i prgten Bftnises fo poBuanlortidy) (- bl (2 84 o

shqwid@nd/oanminsiva ([aht1336 asahows arfdéorad eetrgn exapspofngy(prchannel)

os2- R, rein R can be a Cl-10 al kyl group or a
maé%%sﬁaé’ie%g@srwnéach optionally substituted with 1-4

groups i ndependently selected froma C1-10 al kyl group
[0083¢ amhe FQIEIwWiRE eXndIey AWpRE/iAHIQY MlusiaeTuiBertadd ¥d AkRitate

tol uenesul fonate, OIs), nesylate (nethanesul fonate,
undyveipnding o5k preseqtieachingd end aieawlinf anyavay, inepdgd to limit the
in‘%ﬁégfi ate (4-nitrobenzenesul fonate, ONs), and triflate
‘| uor onet hanesul fonate, OIf). [0043] As used

herein, a "p-type sem conducting material" or a
[0083] t y pénlssyvthamddeatotsd, all efagersts tverecspisetmsedirdmabimmgercial sources

mat erial having holes as_the majorit%/f:curren

I .
and wged; vifhout fthep purilicalen Aeme sagge e

S@’_l‘l{h)&;ﬁlécted according to
knSFTPRRBAHEL | RehyTRORIib @Ay R HERCPHIPHaOBisAISHRS' at &

an provide a hole bility in excess of about 10 5
sodinvitenzdphenbre. Remetiafs Ware batried beictnddenitrogen urdess -othepaise

' uctor can als xhi bi t rr .on/off ratio
Bl GG LR R oty asEon ¢ botafioftl | EavRrSpprcibmeler.
NMR-sh¥d@ W@ &bl 'Yariit ©hity?Plus 800 Spectroinkee (‘H, 500 MHz; °C,

sem conductor"” refers to a sem conducting nateri al
125 Miilrlg Edeaitospren snags spegaomeiry vas peréermed on acHierme Finnegan model

di a n-type sem conducti ng
LCEE@F?@%@E%EE%SWO ed on a substrate, it can provide

an electron nobility in excess of about 10 5 cnR/Vs.
Examplé $: Paparatior oftDciginficSémitendudsrs an n-t ype

sem conductor can al so exhibit a current on/off ratio
A.OPrepagstiont of N,N'-bis(1-methylpentyl)-1,7-dicyanoperylene-3,4:9,10-

bis(dicarboximide) (PDI1MP-CN,)

[0086] Preparation of N,N'-bis(1-methylpentyl)-1,7-dibromoperylene-3,4:9,10-
bis(dicarboximide) (PDIIMP-Bry, R' = CHj, R = C4Hs). A mixture of PDA-Br, (550
mg, 1.0 mmol) and 2-aminohexane (0.32 mL, 2.40 mmol) in triethylene glycol dimethyl
ether (5 mL) was sealed under N, in a tube and stirred at 165°C for 1 hour. After cooling
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t han about 10. [0045] As used herein, "field effect

mobility" refers to a neasure of the velocity with
wokioghoebar ge carriers, for exanple, holes (orPCNEP®OD51313

positive charge) in the case of a ptype sem conducting

material and electrons in the case of an n-type

sem conducting material, nove through the materi al

to FOBHIeRBPEIHS. the Sarib ara R e e PEREpTRaRk wsidue. The
prodbél & pu?ﬁ“led %Sr %Qiuﬁmaéhr@}ﬁ;{b%ﬂ%hf QaRd CH@T as ﬂ‘i@@lﬂeﬁth@ afford 400

carrier nobil or the re t1 on- poten
mgyOrpooumdi, D’Bﬂdﬁ &%apﬁeurlght redenlid. |ElsmcntaltAmlysm (Calc C 60.35;

S ) ih ggpg d is exposed to anbi ent
H?g%ﬂdﬁtsgﬁﬂklﬁﬂﬁgéﬁaﬁﬁﬁ’,’a?ﬂ, anbi ent tenperature, and
hum dity over a period of tine. For exanple, a
[003GTPORRPaEbn bEPDERMPIdIeARAS @HRIRERI CHALUAdénitrégen, CuCN
carrier nmobility orreduction potential does not vary

(05 el 0 hmnoslwgoAddeg iea EIvEHCKG I MR Brg 490, mg; .56 wma and

il MEor RERGR iRk o AP) b SEAME Ml 1813008y st or

1 hday A tﬂéi miXtQf4wds o%‘éle)d&@ Ebdﬁl@feﬁiﬁpérature a pre01p1tate formed which
solutlonjﬂfocessable refers to conpounds, material s,

wag poliested by filiratien andavasbethsqysral §ags Wﬁth\M?@Hu ghe crude product

i
(343)%@& &#ﬂ%ﬁ%y%ﬁﬁrjﬁi@&%@%@ ﬁﬂ& ﬂﬁn éﬁé%hlc%?%l% ?%S?t to afford
261) mgm:f |angd s@idavitiesqhid widsi pugified Ibyxmgyaznhzanoprfrom b md., of DMF to

SRS BT o SSSETL A 0 AL, 8 0. memen

AnGRRkIEffe. (?'WQ@SCPISB '30?1\! va)) A6l b!z”ﬂ 5.90:N 9%, ISaibilRY ¢DCB,
blade coat’i ng. At Various places in the present

704pPpH 1.8 atg/ond.. tenperatures are disclosed in ranges. It
is specifically intended that the descrlptlon |ncludes

rrowesr r pf _te a thin such
B. Beptiionid NS pRme b b diepediine S350 e hg
bistdicArboitAReP (PHANDBI@NYr es. [0049] Throughout the
speci fication, structures may or may not be presented

W th chem cal nanes. \Were any question arises as to

(0058 ke n Breperatien of NeN'stisiorehEbpiyBh 1déromopslens-A.4she0-
bisf APEGLmidlS (PHRAEIR: 10 DCHIRBL Bl LIRS Pr)AL 10

occur réence’

(2.2 depe ndesl) hyd %ﬁm&ﬁkﬁtﬂhed 12 @i, P60 anrhdh 3Dtrﬁtﬁyl/dne glycol
group, a C2-30 al keny| grogg a3 alkyn roup, a

dlm,efhxéeﬂ}?a@{bmk) wag piéfesl atd/8° G fog-1twuse AbEr &9 J@g feem

ot AT lTERSl ek BRI o 4Ry gion
andehophrkfidd tgr @lypmn alil@ntattgr@%@&sﬁ@mﬁ @s eheadlnienit foDAf&Sry the pure
IS op tlonalhi(substltuted wWth 1-4 groups

produgicserigd seld (228 me Ocld mghyisdd %@én -CN, -NO 2,
-C(OH, -C(OOH -CONH 2, -OH -NH 2, -CO(C 140

[06¥oKY! Y1 NiER QP11 588 M‘ﬂ{%))’ 59.50 (d, 2H, J = 8.0 Hz), 8.92 (s, 2H), 8.70 (d,
2H, J = 8.0 Hz), 5.33-5.29 (m, 2H), 2.26-2.20 (m, 2H), 1.92-1.85 (m, 2H), 1.61 (d, 6H, J
= 6.5 Hz), 1.40-1.28 (m, 6H), 0.94 (t, 6H, ] = 7.5 Hz). Elemental Analysis (calc. C,
59.32; H, 4.10; N, 4.07): C, 59.44; H, 4.14; N, 4.11.

[0090]  Preparation of PDITMB-CN, (R1 = CHj, R%= C3H7). Under nitrogen, CuCN
(480 mg, 5.3 mmol) was added to a suspension of PDI1MB-Br; (200 mg, 0.29 mmol) in

-33 -



-CONH(C 1-10 al kyl), -CON(C 1-10 alkyl)2, -S-C 1-10
al kyl, -0-(CH 2CH20) n(C1-10 alkyl), -NH(C 1-10 al kyl),
wo b{0@048251 0 al kyl )2, a Cl1-10 al kyl group, a C2PADEP2009/051313
al kenyl group, a C2-10 al kynyl group, a C1-10
hal oal kyl group, a Cl1-10 al koxy group, a C6-14 aryl
group, a C3-14 cycl oal kyl group a 3 14 nmenber ed

cl ohet eroal kyl group, and a ered het eroaryl
DMR 660 ke Bis hixiie vk hecibibind SBife e SHERA (gL i

cofth GITEIE}Ruf SREBIRETHRER G ke DIRBEAGTThpkicn and

wagredupverai tiiRes30itaMeH/ | Tigr augx bewdlsoBA (1l mg) wad puytf&d p»,y

col‘g‘%% PR G b s Shin s ioRg0 g0 R aokg 0.07
mrhd] SRR Iséera%rﬁalmys?sr@'ce@tm@r W, UNKE, No1EE). &, GEIS: H,

nis 1, , or 4 I n sSome enboddi nent’s, Ri
4.33nN, 837. at each occurrence, mdependently can be
sel ected froma C1-30 al kyl group, a C2-30 al kenyl

30 h | Ky :
. FranBeasa 7t NN Bl P e S e BtenBiyiectto iy ”
bistdibsiblokirhidd) DI MPHACKN,puUps i ndependent | 'y sel ect ed
fromhalogen - CN, NOZ, C(O)H C(O)(]—| C(]\IHZ
10 al k
WO%wa@P&tailen gciw )bls(lw(kliéplfppib 1aT réghrtyryoperé%@ A10-

bls@ilég%ﬁoxnfgd g?{bﬁ%ﬂ%ﬂ,&?—o Ly k¥|dgz¥16)u WQ&%&Q&@K@@

(5% thg nyd muuad)igmd sec-GRtylOniak I@ 24/ imlg Qel@pmnal)ﬁli tﬂf@hylenc glycol
group, koxy group

dlf@ﬁi&lglthﬁél(%@lwaéyal%m@r Rgitbgfsyounesibe e gk 185°C for
1 h%MICl &R&tc%gﬁﬂé Wﬂoo&rtgegerafﬁg‘g é\ﬁ?](glil é(? rr]rm%q{ga% ?@echﬁkletﬁ a8 was

as Cri 22 ne ered
coldus;ctdd| hy ﬁitrame Banprbéucs elae ptefied bypeolamEsh@enawgraphyruwsing, CHCl;

o5 e Gl 00 3o By B Bt er ol Kyl or oups
each of which can be optionally substituted as

[oomcr 'RetMRECEI,, ShORPRL): 59. et By £8lad))E 0D %s 2R3, 8.70 (4,

d R2, at each occurrence, i|ndependently can
2Hsél=é3di Hd), Br2drm. 89 G- 212), aIZRyZ ZQﬁmuﬁﬂ) 3.0¢1- %Z(mé?lfbal RkyKd, 6H,J

- ShEbnP Gl o FPL e AR 3%84”%@?&%3%%@1\1 424

C,58hscteslgd.rom fal ogen, -CN, -NO 2, -C(OH, -C(O OH,
“CONH 2, -OH, -NH 2, cqc1-1o aIkyI) C(O)ocl 10

| Kyl CONH(C 1-10 al k - 10 al kyl)
(06930 Bragtation of POH MEHERp AR L Gl B kyiofls). WMot irogen, CuCN

S AR o AL Bl B

DMBI Dlainky.| The siistureaw4si hehted & kS0CC gidatipred for@®-rhihuasy After
roup, a C3-14 cycl oal kX group, a 3-14 nenbered
coRling t@ FRATe fesmperstiiey the splid was collssted byrfilimiioreandivasbed sgvpral

un%% ngﬁi C}\/IQB?{. rHerdde towh Solfti (169 nRHWds PakiRkd BYROLFENT S.
chromatography using CHCI5 as the eluent to afford 139 mg of a red solid (0.25 mmol,

yield 84%). Elemental Analysis (calc. C, 73.90; H, 4.38; N, 10.14): C, 73.87; H, 4.46; N,
10.00.
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R2, at each occurrence, independently can be sel ected
froma Cl-12 al kyl group, a Cl-12 hal oal kyl group, and
W@ 2@h@eyses2 gr oup optionally substituted with 1-BECOEP2P%051313

i ndependently sel ected froma hal ogen, a Cl-6 al kyl
group, and a Cl-6 hal oal kyl group. For exanple, Rl and
at each occurrence, can be selected from-CH 3, -

D. %‘;?Bﬁr%’ﬁ N ;P%ﬂg'&thﬁfw@é) L7 dicsnoparyig eg? o ID@nyl

blﬂi&ﬂﬁr‘xhﬁiﬂe%(%%}ﬂ@ﬂ%] In varl ous enbodi nents,

can be asymmetrical (i.e., the carbon atomto
whi ch both Rl and R2 are attached can be a chiral
[0t ePyeparasion @k A Heis(1rnethyiierd)-& drdibiopfoperylanctdet:id Oof
o SPBb e BRSPS B R A M B

(1.cag, he naadle aﬁ@ﬁ—afrﬁﬁﬁﬁeptaﬁé.((ﬂ,’zz Al k¥ /80@iiaoly in @iefhliche glycol
hal oal ky Iggr oup, and a hen%/ group optionally
dirgefbliathey { HYmhy) epd propiqpicoasyd (1. hadp evig sired atsl@b & ferdl hour.

6
At e B SR B MR oo o U g e fgrmed
whilit % &y @ilected dinfiRtativad Tha @olﬁtﬁ(l&QéCé)r\ﬁasqiukﬁﬁbd by eUlne a
Cl 6 hal oal kyl group. For exa , at each
grmhcyélswgaf;ﬁgb a8 hccdont 9 1G9 Y pie prodcigs a decp brown

C6H13 and a phenyl group
SOﬁg{ié a%’ly su é)% igtlél#é%%?/\)ith 1-4 hal o groups or Cl-6

aI kyl groups; while R2, at each occurrence, can be
[068I51 F e ' BMNMRr (@D, S00MHzN Si9e505@] 2Hf B 810z, 8.9H (S 2H) 369 (d,
21 08 s 3 a2, 'z%@v%ai%%’rﬁiz@q”‘f%zt (87t 2, 1662 om s
= &5 ‘P&glozm ?%&%d 6% 07 To#0 FH%HQ! Kﬁgﬁs @&k C,
e se om H,

and ent 'y can cted
6159t HgéR7; NCN/6): NO6245 Iﬂ:PlQ’Z N,O3#9.3, -CO 2(C1-10
al kyl ), -C(]\IH(Cl 10 al kyl), -CON(C 1-10 al kyl)2, -SO

(odfor, 1 PresdpaiionkePORVECF: RIS b, Ko R ANERER AL ey 46

mrbel) Rés Bdedadd nBRtuea bt FBIIMHtEHz YR mg, 30 mnhm ahd DMF (8.6 mL).
or -OCF 3. [0055] In certain enbodinents, | east one

Themir@ire was stred agdd09Q6fos dhobe  ABftergoolimpto noom tesapenatuge, the

pregfpigaﬁenwgseﬁﬂéﬁr arﬁgw%sgga Sevler_;lﬂ %rn’g_s cv:vl\lltljI l\elle"%?la nll"h%ecrlgclire b_liayr:g solid
G EnggRvedpurkfied By coltmn clﬁbmaﬁfgraﬂh u@m% CH®Y; a$ the eluent to afford
articul ar enbodi nents, each , and Rcan b e

21 gmgpfred gplid Eai3 Ié%‘@irrp’llf‘éd@‘@h o f R and R4 ccaann bbee
BBrr oorr --CCNN ;: wwhhiill ee eeaacchh oof f R5 aanndd

iis t ts.
[Oﬁ]canﬁé\ﬁg%drﬂ% - (5@& Mﬁ’ ﬁ %_fg Qﬁflg) gr? (ggﬁ)?@gl @,
2H;) = §.00G8]5. 31n5 26(inp2H), emoziumm $H) qmppgmdﬁ IH) 116de 6H, ]
;) resent teachi ngs can have fo | b: | Il b
=7.0 Hz), 1.40-1.20 (m, 12H), 0.86 (t, 6H, J = 7 O Hz) Elemental Ana1y31s (calc. C,

75.45; H, 5.70; N, 8.80): C, 75.49; H, 5.65; N, 8.90.

E. Preparation of N,N'-bis(1-ethylbutyl)-1,7-dicyanoperylene-3,4:9,10-
bis(dicarboximide) (PDI1EB-CN))

[0098]  Preparation of N,N'-bis(1-ethylbutyl)-1,7-dibromoperylene-3,4:9,10-
bis(dicarboximide) (PDI1EB-Br,, R' = C;Hs, R*> = C3Hy). A mixture of PDA-Br, (1.1 g,
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wherein R1, R2, R3, R4, and R6 are as defined

herein. [0057] Conmpounds o f the present teachings can
w0 nabroeks2 but are not limted to, the foll ow NnECT/EP2009/051313

conmpounds: PDII| MPr-CN 2 , PDIIMB-CN 2, PDI| MP-CN 2

, PDI I EPr-CN 2, PDI| EB-CN2, PDI 1MBMB- CN2, PDI | MPh- CN2,

PDI | MTo- CN2, PDI | FMP- CN2, PDIIl\/Pr-Br 2,

2.0 i 3 A PR RAEAGH 216 S WPRD i BT Reoblmeciygther
(10':> IRU %@@oﬁoﬁlc[aggisg Jngg)g?g d A985C forll huPr ﬁg&ngoohng to

teac S* provi preparing conpounds as
rooth eepipesadtke Mefle OHN(15 Inal veds dided extbibd iresalting, prédillﬁtmd:dﬂ&dted by
can |nglude reactrn% a conmpound of formula |

filtgatiopa d gy golidypes RirHicd iy cahnReroRalogEphY YRig FH{H@;%S e eent 0

I
affbﬂ&%é’@ﬁk@?ﬁdgﬁ; ﬁﬁegﬁlﬁ‘?& ﬁ%ﬁ%?}%l %}1% agbl%?\ E@én?éﬁl@al

Anhlykie 4tk IC, 90GApH, 400; N, 39D2 Cnedbéridi. 54;dY.i405i et y,
wherei n each of the Cl1-30 aI kyl group, the C2-30

RS CaPrpReB b IR ERG &' 2 Herler Sy Mok i P cocn

(1055m@ ALt 1 Omeddlywas ek d 1044 fh@(tﬂrtetdif PDIFEB!BYY 053 mg, 0.40 mmol) and
[ nd@gendent l'y sel ected from hal ogen, -NO 2,

- CN,
mL).- Ghepdrture w\]pq:agad to dF0°C ppd sg1rrcd(ﬁgx Chaury @fter cooling to

’%&t@aiurf()o%q% S ngk Vﬂ&’is fglgﬁl %@y ﬁl%rgtu?rda:ﬁﬁ Washed several

meSRE@MEOCH: Theahlatlprod 6 ukrYk:ab MuSinlchi X
i alkyl)2, a Clelo alﬂlz(D ucg[rjgur;ﬂg) C%J 101 al gnyl (grou atograp Y

usigg CH Inassingnt tyaiderd, tg%.p@iprqﬂurams(?edq@p redysobid§15 g0 35 mmol,
r o I
sl K551 68y Ruud XL 800, o o SE s evchoabinls on
8.99- 14 merrbered het eroaryl group; X, at each occurrence
is Hor a leaving group nlsl 2, 3, or 4. [0059] In

F. JFertiitind of AONTOB - baroRr b1 A ipxReaperyiene 3aenif

bist@HCRY fhfdd) PIOYAGPSOER/N | Y can be selected froma
15% gl kyl group, a C2£)30 al kenyl group, a C2-30

al kynyl group, a Cl-30 hal oal kyl N(‘i;iroup, and a 3-22
[0198h e rReapargtéon of NaN'-bisyl -etbaitpmopyt)- hidghromanenytene-3,4:9,10-

BB BRIk R D RREpESOA
(2.20NFD ZamolPhhd 3-aminopentane (1.12 mL, 9.60 mmol) in triethylene glycol
dimethyl ether (15 mL) and propionic acid (2.2 mL) was stirred at 165°C for 1 hour.
After cooling to room temperature, MeOH (25 mL) was added and the precipitate was
collected by filtration. The resulting solid was purified by column chromatography using
CHCl; as the eluent to afford a red solid (1.11 g, 1.61 mmol, yield 40.3%). Elemental
Analysis (calc. C, 59.32; H, 4.10; N, 4.07): C, 59.04; H, 4.07; N, 4.06.

[0101]  Preparation of PDIIEPr-CN; (R' = C,Hs, R? = C;Hs). Under nitrogen, CuCN
(321 mg, 3.57 mmol) was added to a mixture of PDI1EPr-Br; (826 mg, 1.20 mmol) and
DMF (13.7 mL). The resulting mixture was heated at 150°C for 1 hour. After cooling to
room temperature, the precipitate was collected by filtration and washed several times

with MeOH. The crude solid (772 mg) was purified by column chromatography to afford

- 36 -



-NH 2, -CO(C 1-10 alkyl), -C(OOC 1-10 al kyl, -CONH(C
1-10 alkyl), -CON(C 1-10 alkyl)2, -S-C 1-10 al kyl,

WO 0000/a¥$22CH20) n( C1- 10 al kyl ), -NH(C 1-10 al kyl pCT/ER{0®/051313
1-10 al kyl)2, a C1-10 al kyl group, a C2-10 al kenyl
group, a C2-10 al kynyl group, a Cl-10 hal oal kyl group,
a Cl-10 al koxy group, a CG 14 aryI group a C3-

al_k ro C oal k
he(ﬁ{léq" od &sg %(P %Aldiéﬁb 41751; bgé e{n@@%t)‘j\nfflﬁms
(caﬁoﬂ?wlﬁ’md'm@tﬁ@ 6§)ec07’@§v 4{3405*511\139 g2l CN, NaCN, KCN,

CuCN, "AgCN, or  trimeéthylsil’'yl’” cyani'de (TMSCN). In
certain enbodi nents, the cyanide can be CuCN or AgCN.
G.| PreparatimféY,Nébiﬂﬁuﬂrﬂémﬁl,ybmd)-éyaii'cmqparylw-i;é@}10-
. [ Q06 N, | ts, the reaction can be
b“&%ﬁﬁ@ﬂf@ﬂﬁ%@%ﬁ&?f ure, for exanple, between
about 200C and about 3Q0C. In sone enbodi nents, the

[0102hct i RrgpaEativnast N, B1sCE, Bdiméthgbut @b ﬁr-dlbtdnﬁ);kﬂaénei-£4 9,10-
different fromroomtenperature. ,For exanple,

bis{dicaseamided (RaHMMPBokiarR ot Chi3 Rer ZmsihytsemsD- *Ruixture of
PdAeﬁpze('zgg)g{lg g Ao MRk P 1818 tﬁﬁ%?lanﬁﬁ@(lr%ﬂ ®80 Gffol) in

be con at an’e evate tenperature, 1.e
trietleyigrer giyeol dithéthylethet 6 Enmi ) ens sebqpeumieuNe in &mbe emhstrfr@i, at

o S SR R T B o
P et tﬁéletﬁﬁ% oahe SRRy A A PR

chmhmtﬁgra?t@G;CHClabo affordSINUCM 3NIB®Z hs & redvsatid ¢U40 g, 1.54 mmol,
e:ﬁgggg i ments, conpound of formila Il can be prepared by

n ‘ng a conpound of forrula I1l: Il with an am ne
in an aprotic solvent, wherein X is as defined

[Olmﬁﬁ ei rM[;QQ@@(]Pd nHWRO(@@lET%@'MHB} %9481@1 QH‘ pe 8@FHz), 8.91 (s,
have the formul'a where RL and R2 are as defi ned

2Hhe-€1 (@, 2HnJ s@eHehhddi- N3 (s, 2H)h @.26r3. 2 (e 2H)b é. 74 dl.cima H),

LR BB E B D ST G Juk TPtk ARl Aprlaes

(cald. G, 80.38THNL50;1¢) 319D): 6260.85HH | A5;M.3.91.
1- met hyl butyl am ne, 1- net hyI pentyl am ne,

1-nmeth I hex | am ne, 1-et dyI propyl am n
(014 h %@fﬂ‘éN' Bivgl1 %#lw@ttnmlk?ufiw%%@ 109064

blskcﬂcé%%dhﬁﬂéeg ?ﬁﬁ ! éN tl{elﬁ_bggﬁ %ﬁfgsﬁgtxxgﬁ%gglz N{ynder nitrogen,

CuQN AOM tmg; A6 mniol)dms(a@decﬁtoed rhydtu)ﬂoﬁPID(I}MGMH 817(913 mg, 1.50
where m can be 1,

gl B M C bl tI%‘Xt“l“h‘é(a%‘b‘?a&q te 1501 an stz o1 Bowr
cog‘l'% Ptﬁét%feda ﬁllgls}ffr‘ gﬁéﬁ%w[}h@{edﬂq&lvwﬁm% bt H¥ filtffied by

met h or exa the aprotic
co]smirmbnﬁmamgraphay ((EIH@Is»hgd gne2@l mg@lf amdmﬂ]klybvhghlvels further
purified by recrystallization from 7 mL DMF to afford PDIIM3MB-CN; as a brown solid

(264 mg, 0.43 mmol, yield 29%).

[0105] M.p. >340°C; "H NMR (CDCls, 500 MHz): 8 9.69 (d, 2H, J = 8.5 Hz), 8.96 (s,
2H), 8.91 (d, 2H, J = 8.0 Hz), 5.41-5.36 (m, 2H), 2.24-2.18 (m, 2H), 1.76-1.71 (m, 2H),
1.60 (d, 6H, J = 7.0 Hz), 1.54-1.48 (m, 2H), 0.97-0.94 (m, 12H). Elemental Analysis
(calc. C, 74.98; H, 5.30; N, 9.20): C, 75.04; H, 5.31; N, 9.16. Solubility (DCB, 70°C):
37.1 mg/ml..
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[0065] hi various enbodi ments, the reaction can be
conducted at roomtenperature. In various enbodi nents,
wo bmones2st i on can be conducted at a tenperat urBCT/RP1009/651313

different fromroomtenperature. For exanple, the

tenperature can be | ower or higher than room

tenperature. In certain enbodi nents, the reaction can

t an el evated tenperature, i.e., a

EX?@PM&E’@'@QWQ e@Han room tenperature. For exanpl e,

t he el evated tenperature can be between about 500C and
[0198but @she EOIHNMSHY EXRGIRENISHENS GPRMTed usingandinsiion sigsle-

t

o B L P ST TRp o AR v e sk
woabhing eleaxmca bal[e@(@ﬁference\ciﬂctrodlﬁs aedr’a:?d wirercbsntedelecitode).

A AR PG PR o Pl S8 g s B sfement.
Alﬁﬁéatsﬁfeﬁleﬁfﬁtw&b gﬂél%ed)&ndé&t N?@ﬁ Hlsﬂﬁﬁ%l% EIRNGRpoBA (108 nid) in a
or Br. npounds of fornula can include, but

0.13YIa'HgT HRHHS@]@UQI@S with scahping gatehpetween 60- 150 mV/s. When the
BB TS b AT e A o 0
intPBEiWER pBik phtertidl sNBMBe Borwhrd hDRSErsésumpounds  of
t e present teachings can be prepared in accordance
t he procedures outlined in Scheme 1 bel ow, from

[0 1@8 }me &abéﬂ | surasparizesispriaia phY e gndraleeivical RroPeriFR Al SRS
coﬂﬁﬁ&ﬂﬂs '()f‘tﬂe'}ﬁeéeh{)t@ﬁc% semcﬁﬁmr %"}g eObGRREE ?lrom the c%chc
terned at'es y e oyl ng Standard synthetic net

vobmdmpnry)caﬂhmmtsk MO Bisd-nhmsd )-$ Ki-dit yaoperylehe 39, 10-

blsal ar d ¢§a)nnﬁ[c§ %F[&%d} ﬁg{ﬁ“ceigﬁﬁ?t{?%abﬁ gr oup

ctyﬁl%i)‘éf}@éﬂ% 1 ONY-KSEidARIOk Rilday QP@I@R@-@NZF@\I Nesd(2-dthylhexyl)-1,7-
obt ai ned fromthe rel evant scientif iterature or

dicyernpeslenedhf 9, 0ebis(isaiboximide h@DIZEHAC Nt ang NN {pes(2-
me ﬁh&%&l 21:12% Qﬁope\rl\}dfggn;{% h?ﬂb{?@ dgcrau;a E}?Iél? @ﬁ)IEMf—f %ﬁ%éwere
indlwtletl @8 c@hﬁdhﬁa@d @pieSent@tme\ceﬁ_tpaundsr essures, etc.) are
gi ven, er process conditions can al so be used
unl ess otherw se stated. Optinumreaction conditions
T vary with the particular reactants or sol vent
used but such condltlons can be determ ned by one

DI\I I I CU I I l IIC al l U_y I Uull I'c UIJlI III Lall Orr I ULCUUI CS.

Those skil | Ehe art of organic 1\gfypnt hesi.s wi | | Solubility
Compesiisze that th reth at U 6mpBEn @’ der t he St het (rog/mL)

steps can b@Cyari €@ for the purpose (B€)opti GVki HB The
formati on of the conpounds described herein. [00B§B CHCls

Inhe processes described herern can be nonitored
BoPo ng 286283y 9Pt abPPIB-CN, ~ >303-305 -0.150 4 4

PDI2EH-Br, 225-227 -0.39 PDI2EH-CN, 319-321 -0.130 5 5

PDICitr-Br,  206-208 -0.40 PDICitr-CN, 278-280 -0.142 8

PDIIMH-Br, 267-269 -0.38 PDIIMH-CN, 305-307 -0.094 52 54

PDIIMP-Br, 290-292 -0.41 PDIIMP-CN; >328 -0.071 40 43

PDIIMB-Br, 316-318 -0.39 PDIIMB-CN, >340 -0.083 5

PDIIMPr-Br, 334-336 -0.40 PDIIMPr-CN, >340 -0.091 8

- 38 -



met hod known in the art. For exanple, product
formati on can be nonitored by spectroscopi c neans,

WG amb/oggesnucl ear magneti c resonance spect r oscopyT/ErivRy/051313
e.g., 1H or 13C), infrared spectroscopy (IR,
spectrophotonetry (e.g., UWV-visible), nmass
spectronetry(MsS), or by chromatography such as high

n\l / LIDI o) LAt

=y Ao A

chr omat ogra hy (GC) gel - per msatl on chromat ogr aphySolubility

CO&%@’# Pn | &rer Cl ?@Oe aphy ‘BLO) . lfr@O?O] (higgmL)

@¢Cf he @nocesse Scri begecner ei n((ypan—be
carrl ed out |n smtabl e solvents V\,hl ch can be rdadBl yCHCl;
DCI Cbl CU U_y UTIT D!\I | | CU | I' l IIC ar t UI Ol gdlll C
PDIYBBHRIsi s3195021 ak).34 soPDHERCNypi cabB§0 ar e0.106 10 8

——substantal-yr—noenreactivrewWth—the+reactants————
PDI mﬁﬁﬁf ' AEdi 3h6:811 angli®r MHREPEiCN,at thged enpr@iur g9 at

the reactions are carried out, i.e.
eratures that can ranﬁ fromthe sol vent

Bhg ?éh‘éé? atQf@ PR '&szen@ 4280 ITOh]&O 5

Lcupcn ou. tH—e- f-\ gl vYetri—t Cabl. l otfr—Ccan uc cdaltl cu UUI. [

PDO3MB-vent t UPBIIMI3MB-e t ha
Damendi ng 52(5 he @?t. cul @N,r eact i oﬁgﬁ(?ep, %o(hil ab%7 30

solvents for a-particul-af—toacii-o0n—st-8p—can—be

sel ected. Schenme 1 a b, PDA-Br 2 ¢, PDI1 RLR2- Br 2 d,
[019B) 1 RAsFsho@Ndn [I@blz 1} cowpamdant the pszﬁh@trfeachmgs can exhibit

sol iitesersgiigihet ot . PSR b SR g, 5

chlbmfoﬂwmmlamfbbem& | GgeardrtsBluBilitieh (B tigiehyan G8achieved using
provi de a bis(di carboximde), c. The substitution of

watrh éolmismmgwaéu%ar» i skowlg be pated that perylene &ﬂma?%ia davigg imide
A NS Y 1 LR i A DN,
PIXDIMBL@% aed PD[[BMBMBSCNZ) thowled an emenpekted increase in solubllity

6d|brorm 4910tt X

CO‘BP?’éﬁWbﬁ”in&ér gwﬁ)ﬂlsv tedawih ¢ ai@y %htjg %%{ %‘% 8%?%1136@0“138
(.. PR eiis PbEH-ANS PHIEHACK, Pii(shoaip@yi de) . [0072]
Conpou S of formul'a | can be used to prepare
sem conductor materials (e. conposi ti ons and

Exampbod;i FIEE DevideiKabrication and 8&:&89@%@ to fabricate
various articles of manufacture, structures, and

[01D8Yi ceBhindfiim3omeiseniBial)ndenicss (25e200qomdbatnst lengths (L) and 1.0-4.0

mat eri al sj nc ora on nore co unds of t
mr chanogh Wﬁé%ﬁ%ﬁ&gf%%ﬁg%ﬁﬂe wi fiicwnp?}ﬁ@sg ﬁaecpa??&ﬁtct?%%“gs using
theEtB ic¥hthd- cohﬁggﬁalolﬁSSéiﬁ%ﬁlueto@mHﬁJd §d @fth b@pounds of the
ounds di Scl osed herein can be so le in compn

presait\tmahmgs t»l&ﬁe mceman»tap@re@pbmtagsac dnAsaﬁ‘ 1Per 1Qi6r ‘Boreseri spin coated

T R T T N T -

w1ﬂ’1r&§51'n€th 1z 810 SR gldi]d AR Sse(sSHakdRducto AR sﬁow sharp
hot ovol tal cs, photodetectors, capacitors, and

ref@ehelm, suggastingsigh brystellinitya Tho gpt@ uegiow was b@emﬂl Sl deobaic
contactl{o the él sugstra?e, ¥&d' }\uvg't])grrc]:e %Itld Idrea_‘?lnS (t:on A8 W were evaporated through a

shadow mask onto the semiconductor layer. All electrical measurements were performed
in ambient atmosphere. Data reported below are average values measured from at least

three devices tested at different locations on the semiconductor film.
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t he conpound can be dissolved in 1nL of the sol vent.

Exanpl es of common organi ¢ solvents include petrol eum
we@tdvenss2sacetonitrile; aromatic hydrocarbons sSPCHER®09/051313

benzene, toluene, xylene, and nesityl ene; ketones such

as acetone and nethyl ethyl ketone; ethers such as

tetrahydrofuran di oxane, bis(2- nethoxyethyl) ether

dieth ether, di-ispropyl ether, _and t-buty
[0ldPher ; OaarllS’c‘)‘h‘éﬂI%P*’élé%W&B REGIBIC, FFélEShawéﬂltleb G{)eWF‘éF Yaleulated

by def @ ﬁéﬂ@f%ecgt{raﬁﬁﬂ&lr ’eﬁﬁtioﬁp aﬁqt?? 301 ea? ﬁ?fa? ﬁ%ﬁ#cslanﬁc%nductor

exanes; acetates such as ne
FE@s QVIBRETsiahdry lis fypicaky e lineirayd SitﬂfamtrEglmeSﬂ }Ii’(eOI@y s Vps curves
and butyl acetate; am des suc

et at e,
at if TrrenthY e it frsdb the fauigs et %t%r@eeaﬁvraet Nunis theingtegtil
I
e D Y e R e S A 1719, A
mn¢HVﬂﬁdﬁummwnemhyMBmquhgomnée, chl or obenzene,
di chl orobenzene, and trichl orobenzene; and cyclic
sol vents such ycl nt.anon 4 ohexanone, and
2- nethypyrroligiﬁg“ﬁéﬁg%ﬂzlgwﬁiq;?g&n1inorganic (1)
solvents include water and ionic |iquids
whegedoangl Woprg theydexrics chamnst lepgthand v dthy I;ﬁsm?&welpsr %vﬁ the
| p r
carfP RS bE LERR IR BE G BE S OB (R BORRIBRTERG Yy i the
thrégbdidwoltag@r exanpl e, an organic solvent an |norgan|c
solvent or conbinations thereof (e.g., a mxture of
ani c solvents, inorganic solvents, or organic and
[Ohlrlu r gaYipRiligiey (8 vesg calcudgad insthp sePTAEAR segimp §Y rearranging
emﬁlgg ition can further include one or nore additives
g hdently sel ected fromdetergents, dispersants,
bi ndi ng agents, conpatiblizing agents, curing agents,

initiators, hurrectpg@ﬁ(ZI@gH)A[V\@W@gg%ﬂgent s, wetting (2)
agents, pH nodifiers, biocides, and bactereriostats

Thé GreBYRINTIIQge @Vk? Eaﬁﬁﬁ@é&hﬁla&'dcys Blic PIdd&Ee? OF ¥BMmSarReton of the
pol ystyrene, polyethyl ene, poly-alpha-nethylstyrene,
Pkb©f§0§@@u$€n@ (@bVyF ol ¥he, pol ynet hyl net hacryl at e,
and the like) can be included as a dispersant, a
[0 IQQ[' di NELLROS QJmertlfeg %%[I‘bﬁ) Ho{) n{;lﬁa A0 E'Lﬁrren% Bﬁj/o raftdh of certain
i f oam ng
compoyds bf thaqseseﬂtrteadmmgs ded omnapmtwm:represmmmd:nﬂmpounds that were
di scl osed herein, for exanple two ornore, different

OTHE%'GB fia lfer soraicopductars bY XaruHmdRpORItAN (FRINFQALBEARE Aol
castilg O 1&11§1° {tSRBt1d bE nBle8 R e ?) n@ll&l@%ﬂ%bﬁﬁ&ﬁla@ﬁé imide nitrogens
%os fn certain enbod e conposition

fum‘;annallzcdl dea lfatlbylcsubstnuted pikgyl giogpyshowed fap unesp@ntot] égcrease in
conpoynds. .havin rnulae I and. | rt.h

o i AP Eed BsiRat o und Abgut o gt bk itsren:

alk$ SOalkHY] SERPS (i TE PDIL-(N, FHFDICHRINN dBurdtler  deerald R%fdlinds of
teachings, for exanple, two or nobre regioisoners as

thequwesent ts@rdllm@rdemnstmﬁe%w wnexpecied kigherdleetian snobglifs than similar

[ T regi oi soners
mﬁ&ﬁ@&ﬁﬁéﬁﬂ for rrullﬂz?ljeﬁg:gis éngf%[gkl‘?gg\;ZS] Vari ous
dep05|t|on t echni ques, i ncluding various

sol uti on-processing
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techni ques, have been used in preparing organic
el ectronics. For exanple, nuch of the printed
we@b@menyasi cs t echnol ogy has focused on inkjet PeT/RPi00YYS1313
primarily because this technique offers greater
control over feature position and nultilayer
registration. InkJet printing i s a noncontact process,
whi ch offers the benefits of not requiring a prefornmed
aple e (conpared to contact printing techniques), as
wel | as di gital control of ink ej ection thereby
provrdrg—cropomrderand-prtT g T v o drspensTgT TS
anot her nonc¢ont acVapmtlbmd)snfonprlnt ng. HoBpieCopating
cCuoinpotingls | H-+rRg—teechrgHes—have—t-he—key—advrantage—of
bei ng wel | - LMmeti @deE)y fmtlof; 0 IMéBitityolcm/Vs) |  LontLogr

[ nlﬁlbﬁkd@N but aregpgtgpimnmt ed1(§40}055 CreenyPLigti ng,| 10210
gravure Drlntlno offset p |nt|no erxooranhic

Flf‘]bﬁEHn@ thogr@pbl3c print dg]iqspad prlprg 6.9, and 1ps.1¢7
Ise

ﬁ]CfOCOﬂtaCt printing. As | ereln, printing"

(lf,i ESN2 _noncogt(ﬁc(; 1 Processgys _fdsr exaance dnjet yol10?
prl nting, “micro dispénsing| and the like, and a

o¢ess, xanpl creenprl gr av 8

Bﬁﬁimﬁﬁ fif set (i)f ing £l d ographi c gﬂ%. "1d*-10
prl pad|pringing, tact
ﬂ;réﬁg/ﬁ%g 2and t he™ %"B%e her 1@ol ution @b@@ si ng 10°-10°
chni g ncl ude, for exa Lbe, (SpIn c ng,

ﬁ%‘ﬁ- 'éﬁzn(, zon(e8 2dkt i ng, n& plocl:oatl ngggéo 10°-10’
coating, or [Sprayin 'm agditipn, [The de 03|t|on ste
I IMET-CN i| ed ouﬂz‘gyg vaculim VApor depos? P29 [ 007610

The gresent teacnlgg tnererore, urtner provide

% seni corl@uctor nR08pi04}. The 10°

preparQ
met ods car i nctude preparin oS tiom that S
iMRIlEBe€Nane or ®dHe). éonpoundsi()dl syos@@oﬁ@r(& n 10

di ssotved—on—dispersed g tquirdediunr such—asia
FDRBMH-CO, 4 m xtUi€®.2f sol veri()%, ;Lnd dePddi ti ng t he10°
CGi"l"pGSi torror—a—stubstraterto Pt ovirde—a—semconduetor——
nNRDHEM3MB( e.| g %(Ig)gw film sem conduct 003-0that 10
i ncl gNes one or conpounds “di s¢l osed herein. (In
i ydinents —the | iguid-nediumnm-can-be
anor gani ¢ sol vent, an inorgani c sol vent such as water,
[0bB]Ico nlk)¢masemati§e trhaesfergflots pg TETG wevieerhigbrieasest with corapounds of the
on can furi:her |n | ude one or nore additives
P“?Sﬁggﬁaé: ﬁla{eys SR égé‘rffsro vi scosity nodul ators,
detergents, dispersants, binding agents,
conpati blizing agents, curing agents, initiators,
hunmect ant s, antifoarri ng agents, wetting agents, pH
difiers, biocide and bacter erJ ostats. For e

[0 ]dlﬂf ac}“haqﬁrgsegmfpgl}lnwrvﬂ@pgss(e@bg 1mep%s| 1§1§ltl§ﬁr éppé:lfx ic Fprms without
deﬁaﬁ{lﬂg FB tﬁ@ SpiriP&} ééséﬂtﬁpﬁla?ﬂéﬁéh% %EI%BP TIROfoYd o AR iments

pol ypropyl ene, pol ynethyl nethacryl ate, and the [l ke)
arectherefiee s causiflerss ia al irespests dlvstrativelrathi thgn Hgnatintg orathe present

tea GBS fosRahF L te 2 Thk o o e iy ALc RO B Bifbarsd By the

appatide@¥lafthd Piktied thanibyahs! firébihgdidsBliptRin, Ald A10ckBRSesBhd Rt
contact printing techniques (e.g., screen-printing,

witimthgmecapingrandigngesiegeivalency of the claims are intended to be embraced

therein.

[0115] What is claimed is:
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printing, pad printing, |ithographic printing,
fl exographic printing, and mcrocontact printing). In

w@tdendabodi nents, the depositing step can bePCHEPi0e€051313

out by spin coating, drop-casting, zone casting, dip
coating, blade coating, or spraying. [0077] Various
articles of manufacture including electronic devices,
optical devices, and optoel ectroni c devices such as
field effect transistors (aBms tnin film

transi stors), photovoltaics, organic light emtting

_di oges ghgg%pﬁn£ﬁgqlenentary met al oxi de

sem conductors (CMOSs), conplenentary inverters, D

flip-flops, rectifiers, r|?g oscillators, that
make use of the conpounds he sem condut or
material s di sclosed herejn sgyas well as nethods of

maki ng the sane are wthi
teachi ngs. [0078] Accord
provide articles of manu
devi ces descri bed here
havi ng a sem conduct or gmt
teachi ngs, a substrate Cg
conponent. The substrate

¢ Scope of the present

t he present teachings
such as the various
Nglsude a conposite

)1, the present

, and/or a dielectric
ent can be sel ected

[ silicon, an indiumtin
oxide (ITO, ITO coated gks TO- coat ed pol yi m de or
ot her plastics, alunlnun1orJ3ther netal s al one or
coated on a pol yner or ot ubstrate, a doped

pol yt hi ophene or other polyners, and the |like. The

di el ectric conmponent can be Prepared frominorganic
dielectric materials such as'various oxides (e.g.,

whaef8: Al 203, H 2), organic dielectric nmaterials such

2.

as various polyneric materials (e.g., polycarbonate,

pol ye ? t [

Dol §a§l?c§ 2t P?%cﬁ?ecﬁr_?cglgg, elﬁg% eg@én‘i’@ Y ée?&?ed from a C;.30 alkyl group,
supeChad dlkayl geiupas€ephillgmyhgroap, £CephuioalkyBASumAND)R 3-22
materials (e.g., described in Yogn, MH . e PNAS,
1o_zme§%y¥e_dzfa?lgﬁ ingieD, OBy omR e SRR IS LGRS of

WNi' GllepehdbREPERRAA 56k R0k &S, 2R Q@@T [ éi@h —@09) O LI ONH,,
organi ¢/ i norgani c diel ectric materi .
desePHpeHon-COE: ;.1 fatkeh i —XENOCa at alloyl, SBONE (Civp.alky)),

 ncol B0t d e ot &nandk e el bR i, N g

enb@ﬂiynﬂml 14 Beywy, a'@qs slkgl dg&@ﬁm@%anc llémi UG €, b Nikynyl

crossli nked yner bl ends scribed in at ent
AppBiogat 3 ansk@lqaéhyl RESYP, 4 €1-3atkaxy@rown A8464 I3beronp Ca.14

Y

canhmnmhngnﬁme or more el ectrical contacts. Suitable
materials for the source, drain, and gate el ectrodes

I NCRAGE, RBLAUR (ifd endeﬁtly afd H olNan elebtron-twithBSRaK (§3glbup, wherein
conductlng oxi deg | TO, 1ZO ZITO GZ0,

a T@)leasaﬁge ebRdict @n@,Bf Wq}ec@@ngjvlthdrawmg group; and

pol y( 3, 4- et hyl enedi oxyt hi ophene)

pol pist.\2 8nerstil f onat e) ( PEDOT: PSS), pol yaniline

(PANI'), polypyrrole (PPy)). One or

The compound of claim 1, wherein R! and R2, at each occurrence, are selected

from a C,., alkyl group, a C,.1» haloalkyl group, and a phenyl group optionally
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nore of the conposites described herein can be
i ncorporated within various organic el ectronic,
w@piowogd252 and opt oel ectroni ¢ devi ces such as OPCERPIN09/051313
thin filmtransistors (OTFTs), specifically, organic
field effect transistors (OFETs), as well as sensors,
capacitors, unipolar circuits, conplenentary circuits
(e.qg., .inverter circuits), and the like. [0079] An
aspaithstifed wigh hristrawrs ipdepsadanyy selesfed &gt ahalpgang g6 alkyl
nmet bri j organic field effect
tr aglg)iq ’tzg{d {ﬁﬁ{ﬁaﬁﬁ:@;%{)r fes a sem conductor materi al
of t ot [ .’ 1 60 Q i
ot TRERPERENorbBRET g3 Rin ) SRR RG Y e oo TRBL 8lfected
var fromsa Cy peskyd broabgad ia@hénydlgdougf dpgiohally sbstitdtedwith a C .6
i ncl udi ng top-%?te top-contact_caPacitor structures,
t opaks3k FOouBtAER ¥ vl peuEpRgS: isoelested fromyp E4-s alkyl group and a

bott?ghggglgyt%gﬁﬁont act capacitor structures, and
bot t om gat e” bottom cont act capacitor structures.

Fig ] ster . r 10f :
e e L R R
| ef frhm -ORS, 00Fe, 010, G I-(abl -aTH AL @R, latid hypheny(l igffiip optionally
right), bottomcontact top-gate structure (bottom
| ef sybstiiied vishaonelkat 2108B- gat e structure (bottom
right). As shown in Figure 6, an OFET can include a
5. di ellbeeompoyngyadany engyof claimswind.axhegein@ach @ R°, RndR'gand R is

a semn tor r . Q. Spewn 6, ~8 ~ 6" d

o » SUGEDHNE T el UE - 0¥ ooy FERR - Clyc St

10" “CONHEYhSlksY,e- AN .10 SIROW) 86,171 dIRY1), -B25(Ciapdikyl),

12'"% and source and drain contacts (e.g., shown as

2, 2B80BH(Cpmalkyh), ang -SQpN(Caplieylz) . [0080] In certain

enbodi nents, OTFT devices can be fabricated wth the
6. pr edbacompodiasy onc gogaignsst-f. wlemicis gaeh ofR e R, RisprgR " is

Si Qgelé?‘&?& Hgmﬁ%,eﬁ %ﬁtﬂ{,g,’anifirlél\?p' contact geonetries. In

parti cular enbodi men he dctive sem conducti ng
| ay whi chi ncqrporates .at | east. a .congou of, 3she

7. o oabe FonBgR g8y pah Shuins, S tadeif PRl g dh s Br or-cN.
depgsition at, roomte rature or at an el eyvat )

3. ¢ onpBF SPTPRIN af 28Y KBS OLstaN ]r‘rgn‘t"%‘?felflﬁéah%‘{]%vf’éld% is Bror —CN.

sem conducting | ayer which incorporates at | east a
9. conpbapempeund apy eseaf cleisich e compousd hapipgifergnyy Ia or
sol yiiQm fpsed process, for exanple, spin-coating or
jet printing. For top-contact devices, netallic
contacts can be'_p#?terned on top of t f RENB usi ng
shadow nmasks. [0D81] In certain enbodi ngnts, OTFT
devi ces can BeytMhelcated with the pPegdht-Lonpounds
on plastic foilis, Jusing polymers as th [
top-gate bott p act geonetries.

enbodi nent S, z i ve sem conduct j_mg vghl ch

i ncor por at & aast a conpound of"th esdht

t eachi ngs can te_depoBfted at roomte ure or at
an el evat ed ture. I n other enij |s, the
active sem congdctfFng | ayer which inc tes at

| east a conpound of the present teachi an
O~ "N” 0 0~ "N” "0
RZJ\R‘ R2/LR1
Ia Ib

wherein Rl, Rz, R’ , R4, and R® are as defined in claim 1.
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be applied by spin-coating or printing as descri bed

herein. Gate and source/drain contacts can be nmade of
wa09094267 netal s, or conducting polymers and BPEpBBi0D®ES1313

by vapordeposition and/or printing. [0082] O her

articles of manufacture in which conmpounds of the

present teachings are useful are photovoltaics or

sol cell s. Conmpounds_qf, the present teachings can
10g i B FoBPeing %ggy eng Oaﬁgla}splr?,a ¢ SoTBpyind avé‘sghe formula:
positively shifted reduction potential making them
desirabl e for such appli He®i ofsHs Accordi ngly, the
conmpounds descri bed herebn clan ge used as an n-type
sem conductor in a phot oVt ai€-desi gn, which incl udes
an adj acent ptype sem condycting nmaterial that fornms a
p-n junction. The conpou be in the formof a
thin filmsem conductq M€ an be a conposite of
the thin filmseni condlrct of d¢posited on a substrate.
Expl oi tati on of conpound w0 DY esent teachings in
such devices is within t edge of the skilled
artisan. [0083] Accordingly, gnhot her aspect of the
present teachings rel ates_10 #ethods of fabricating an
organic light-emtting tPandyst8r, an organic
light-emtting diode ( ; an organic
phot ovol tai ¢ devi ce thg%gﬁ%corpSrates one or nore
sem conductor materials of the present teachings.

11F1 94H€ cdm)| bﬁﬂ&%ﬂaﬂ% B Bf él&‘xﬁ&is%?ﬂh@&di)ﬁﬂg?ﬁfdrﬂé%ggﬁe Rmila:

bul khet eroj uncti on organi ¢ photovol talc devi (al so
known as solar cell) “hi$Q ca

conpounds of the present %
acceptormaterials. As shg
cell generally includes a
an anode 22 (e.g., |ITO,
or calciun), and an acti

and the cat hode whi ch ngp

i, ncor porate one or nore
“@s as the donor and/or
N.2& _6epresentative sol ar
Subgtrate 20 (e.g., glass),
ode 26 (e.g., alum nium
24 between the anode
porate one or nore
I ng§yas the electron
donor (p-channel) and/or n acceptor (n-channel)
materials. Figure 8 il us ‘ a representative
structure of an OLED whi ch|can incorporate one or nore .
conpounds of the present 89s as
el ectrontransporting and?br m ssive and/ or
hol e-transporting nateriGHg. BHz;shown, an OLED
general ly includes a substrate 30 (nhot shown), a
transparent anode 32 (e.g., I TO, a cathode 40 (e.qg.,
12ret dlhy compdurshed apy one pEcleingrahP cthe agmpsundiayingdbeformula:
i ncorporate one or nore conpounds of the present
teachi ngs as hol e-transpegti ng,hapn- channel ) (layer 34
as shown) and/or em ssive (lpyer 36 as shown) and/ or
el ectron-transporting (p eP) materials (layer 38
as shown). [0084] The fol
to illustrate further an
of the present teachings
intended to limit theNC

xgi | i tate understandi ng
¢ not in any way
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i nvention. [0085] Unless otherwi se noted, all reagents

wer e purchased from comercial sources and used
wowdoboes2st urt her purification. Sonme reagents WeCEEP2009/051313

synt hesi zed accordi ng to known procedures. Anhydrous

tetrahydrofuran (THF) was distilled from

sodi unf benzophenone. Reactions were carried out under

nit en unl ess. otherwise noted, UV-Vis spectra re
137 o c ARG ERmBRn Qhany O AkAAmSUN S he CepRRP BaREE SHfcoapula:
NMR spectra were recorded on a Varian Unity Plus 500
spectronmeter (1H 500 MHH3CI3CsH125 MHz). El ectrospray
nmass spectronmetry was peror d.on a Therno Fi nnegan
nodel LCQ Advant age mass Specifoneter. Exanple 1
Preparation of Organic Se ductors A. Preparation
of
N, N - bi s(I - met hyl pent yanoperyl ene- 3, 4: 9, 10-
bi s(di car boxi m de) (PD1 MP 2) [0086] Preparation of
N, N - bi s(I|-nmet hyl pentyl) - b peryl ene-3, 4:9, 10-
bi s(di carboxi m de) (PDII Rl = CH3, R2 = C4H9).
A m xture O PDA-Br2 (550 ¥"0 nmol) and
2- am nohexane (0.32 nL, 2 Q! ) in triethylene
gl ycol dinethyl ether (5°an‘ma9 seal ed under N2 in a
tube and stirred at 165 o#\ phour. After coolingto
roomtenperature, the sof V&nt Wds distilled to obtain
680 ng of a solid residue. The product was purified by
14c0l g1g c&ﬁg%fﬁt &Qahg BRY oF'ahing (HiGh §c@1§g$dh% tﬁkﬁ%@ﬁe foPmula:
afford 400 ng (0.56 mmol, yield 55.8% of a bright red
solid. Elenental Analysi H(calc. C, 60.35; H 4.50; N
3.91): C_60.29; H 4.5f2My$2%1. [0087] Preparation
of PDII MP-CN 2 (R1 = CH3g . RN=_64H9). Under nitrogen,
CuCN . (0.92 g, 10.2 mmol )Twag added to a m xture of
PDI | MP-Br 2 (400 ng, 0.56-A and di et hyl f or mam de
(DMF, 20 nlL). The m xture eated to 150C and
stirred for 1 hour. ANt 1 xture was cooled to
roomtenperature, a precip e fegnmed which was
collected by filtration a ied several tines with
MeOH. The crude product was purified by

z 7 ¥gi s solid was purified

by recrystallization fromb5 of DM to afford the
pure product as a brown GblsT dCeB30 ng, 0.38 Mol ,
67.5%vyield). Elenmental Analysis (calc. C, 74.98; H
5.30; N, 9.20): C, 75.02; H 5.20; N, 9.25; Solubility

15( DCBhe zom@pundiaf. a8y wn¢ of claids PP cihe compounddfaving the formula:
N, N - bi s(I-net hyl butyl)-1I,7-di cyanoperyl ene- 3, 4: 9, 10-
bi s(di car boxi m de) (Puldg%g?ﬁ%u7

O, N _O

CsH;” CoHj
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[ 0088] Preparation of

N, N - bi s(I -methyl butyl)-1, 7-di bronoperyl ene-3, 4: 9, 10-
whe@bdisesr boxi m de) (PDII MB-Br 2, RL = CH3, R2PCI/EB1469/051313

A m xture of PDA-Br 2 (2.20 g, 4.0 muol ) and

2-am nopentane (1.12 m, 9.60 nmol) in triethyl ene

gl ycol dinmethyl ether (20 nL) was stirred at 165C for

1 hur. After coolin I 00 erat ur Me 10
1611 Thi o BB o1 ZRHOPRE! SR o9 x B EOMBRIY G 8 (o
filtration and was purified by col um chromatography
using CHO 3 as the eluent H€LQf€Hsd the pure product
as a red solid (220 ng, Q.32 I, yield 8. [0089] 1
NVR (CDC 3, 500 MHz): d 98 d, 2H, J = 8.0 Hz), 8.92
(s, 2H, 8.70 (d, 2H J . 8.¢ Hg), 5.33-5.29 (m 2H),
2.26-2.20 (m 2H), 1.92-17F 2H), 1.61 (d, 6H, J =
6.5 Hz), 1.40-1.28 (m 6 094 (t, 6H, J = 7.5 Hz).
El emental Anal ysis (calc. 32; H, 4.10; N, 4.07):
C, 59.44; H 4.14; N, pe T3 990] Preparation of
PDI | MB- CN 2 (Rl = CH3, R2 n Under ni trogen,
CuCN (480 ng, 5.3 mol) \f .oo-d to a suspen3|on of
PDI | MB-Br 2 (200 ng, 0.2% nm i nDVF (10.5 nL). This
m xture was heated to 150CIand stirred for 13 hours.

A tXHEe, a precipitate
formed which was coIIected b fritration and washed
several tines with MeOH. de brown solid (150
ng) was purified by colu chronatography usi ng CHCI 3
as the eluent to affordis&0 rflsof red solid (0.07 nnDI
yield 24% . El enental Analysis (calc. C, 74.47;

174 gg“he Rpmgoxggl)of agyoggo@cgamﬁ 1-9, ¢ gcorNPOLgldjlpvmgtﬁe formula
Preparation of
N, N - bi s(I - met hyl propyl ) FC{-&i;Hyanoperyl ene- 3, 4: 9, 10-
bi s(di carboxi m de) (PDI| MPr- % [009 1] Preparation
of N, N -bis( 1-nmethyl proPsN
1, 7- di br onoperyl ene- 3, 4: 9, | 10-|_ bi s(di carboxi m de)
(PDII MPr-Br 2, R1L = CH3, C2H5). A m xture
O PDA-Br 2 (550 ng, 1.0 and sec-butyl am ne (0.24
m., 2.40 nmol) in tri gl ycol dinmethyl ether (5
m.) was seal ed under N2 in yong tube and stirred
at 165C for 1 hour. Afte g to roomtenperature,
lid was col |l ected by

filtration. The product was i fied by colum

chr omat ogr aphy usi ng CHCPSAﬁg.tﬁe eluent to afford a
red solid (60 ng, yield(}% 092] 1H NWVR ( CDO 3,
500 MHz): d 9.50 (d, 2H %= & 8.92 (s, 2H),

8 g g 5 kb

O 94 (t, 6H, J = 7.2 Hz). Elenental Analysis (calc.
58.20; H 3.66; N, 4.24): C, 58.33; H 3.68; N, 4. 22.

-46 -



[0093] Preparation of PDIIMPr-CN 2 (RL = CH3, R2 =

C2H5). Under nitrogen, CuCN (501 ng, 5.5 mml) was
waodwedot262 a suspensi on of PDII MPr 2-Br2 (200 neCT/BPR09/051313

mrol) in DMF ( 11 nlL). The m xture was heated to 150C

and stirred for 40 mnutes. After cooling to room

tenperature, the solid was collected by filtration and

washed several tines with MeOH._ The crude brown solid

(169 ng) was purified by colu hr omat ogr aphy usi ng

CHCl 3 as the eluent to aH ng of a red solid
(0.25 mol, yield 84% . Elenental Analysis (calc. C
73.90; H, 4.38; N, 10.1495873.87; H, 4.46; N
10. 00. D. Preparation of
N, N - bi s(I - et hyl hexyl) - |
bi s(di car boxi m de) (PDI I M
N, N - bi s( 1-met hyl hex\9 -
10- bi s(dicarboximn de) (PBN
C5H1 1) . A nixture Of PDA
2-am noheptane (0.72 nL,
gl ycol dinethyl ether (10_h and propionic acid (1.1
m.) was stirred at 165C Por N hBur. After cooling to
roomtenperature, MOH was added and a
precipitate forned whi S CSkIected by filtration.
The solid (1.24 g) was I fied by colum
chronatograph usi ng CHO 3 as_the eluent to. af re

195ur dhg co@peyn aaya@%a f glrigtinl -2dhe gOmBRBIdHE Vm@t Fmpia:
yield 39%. [0095] 1H NMR (CDC 3, 500 MHz): d 9.50 (d,
2H, J = 8.0 Hz), 8.91 (s, 2H), Had, 2H, J = 8.5
Hz), 5.31-5.26 (m 2H), 2. 26- (m 2H), 1.94-1.87
(m 2H), 1.60 (d, 6H J B 5™y, 1.40-1.20 (m 12H),
0.86 (t, 6H, J = 7.0 Hz) o ;neatal Anal ysis (calc. C
61.30; H 4.87; N, 3.76): Y 45 H 4.92; N, 3.89.
[ 0096] Preparation O PD | 2 (Rl =CH3, R =CoHL
1). CuCN (131 ng, 1.46 g added to a m xture of

anoperyl ene- 3, 4: 9, 10-
[ 0094] Preparation of
i br onmoperyl ene- 3, 4: 9,
CM Rl =CH3, R2 =
(1.10 g, 2.0 mmol ) and
pl) in triethylene

PDI | M+ Br 2 (372 ng, q,sn 22 and DMF (5.6 nL). The
m xture was stirred at 150 lsfour. After cooling
to roomtenperature, the gpregipiyfate was filtered and
washed several tines wt The crude brown solid

(312 ng) was purified by co chr omat ogr aphy using
CHO 3 as the eluent to afforg-243 ng of red solid
(0.33 mol, yield 67%. H NVR (CDC 3, 500
MHz): d 9.70 (d, 2H, J #H,, 8.96 (s, 2H), 8.91
(d, 2H, J = 8.0 Hz), 5, b.26 (m 2H), 2.25-2.17 (m
2H) , 196189(m2lb§>, “61 (d, 6HJ,:7OHz)
1.40-1.20 (m 12H), 0.86 (t, 6H, J =

20g] erfbicampapngd glsing ope &f elaings 1-95thg somppursi Wlnmhe forgyla:
C, 75.49; H 5.65; N, 8.90.
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E. Preparation of
N, N - bi s(l -ethyl butyl)-I,7-di cyanopery ene-3,4:9, 10-
whe@bdosesr boxi m de) (PDI | EB- CN2) [ 0098] Prepareti/Bpr2009/051313
N, N -bi s(l-ethyl butyl)-1,7-di bronoperyl ene-3, 4: 9, 10-
bi s(di carboximde) (PDIEB-Br 2, RL = CH5, R2 =
C3H7). A mxture OPDA-Br 2 (1.1 g,2.0 mmol ) and
3- am nohexane (486 ny, 4 %ﬁ l) in triethylene
gl ycol dinethyl ether (153‘WE¥33hd propionic acid (1.1
m.) was stirred at 165C §or NL heur. After cooling to
roomtenperature, MeOH (15 nLY was added and the
resulting precipitate col ad by filtration. The
solid was purified by col omat ogr aphy usi ng
CHO 3 as the el uent t g8 e pure product as a
red solid (383 ng, 0.53 d 26.7% . Elenenta
Anal ysis (calc. C, 60. 35; ; N, 3.91): C, 60.57;
H 4.54; N, 4.05. [0099] at i on of PDI | EB-CN 2
(R1 = @2H5, R2 = C3H7). nitrogen, CuCN (105 ny,
1.17 nmmol ) was added to Iintyge O PDIIEB-Br 2 (243
ng, 0.40 nmol) and DVMF (4.5 jnrL). The m xture was
heated to 150C and stirragHsTocHl hour. After cooling
to roomtenperature, a solid formed which was
collected by filtration and washed several tines with
21.Me Che ddvepamddd apy oskicft cl{ifR3 -Hghe emsp@udibhvieg theyformula:
col utm chr omat ogr aphy using CHO 3 as eluent to afford
the pure product as a degpcred,splid (150 ng, 0.25
mol, yield 629. Elenental\ﬁhalysis (calc. C, 74.98;
H 5.30; N, 9.20): C, 72092:NH.05 30; N, 8.97. F
Preparation of
N, N - bi s(I-ethyl propyl) - syanoperyl ene-3, 4: 9, 10-
bi s(di carboxi m de) (PDII# [ 0100] Preparation of
N, N - bi s(I - et hyl propylBr: br onoperyl ene- 3, 4: 9, 10-
bi s(di carboxi m de) (PD I BR1 = CH5, R2 =
C2H5) . A m xture of PDA ?.20 g, 4.0 nmol ) and
3-am nopentane (1.12 nL, € Aol ) in triethyl ene
gl ycol dinmethyl ether (15 ) lJand propionic acid (2.2
m.) was stirred at 165C O6r N hOQur. After cooling to
room tenperature, MCOH (25‘pL) was added and the
preci pitate was coIIecté@Hby Gstration. The resul ting
solid was purified by colum chromat ography using
as the eluent to.afford red soli 1.11
2.7 & T RambogieRt 455 o695 deipReliabb o debibidug foflngl:
59.32; H 4.10; N, 4.07): C, 59.04; H 4.07; N, 4.06.
[0101] Preparation of PDHs&ER.Cab2 (RL = C2H5, R2 =
C2H5) . Under nitrogen, CuCN (321 ng, 3.57 mmol) was
added to a m xture of PD'N 2 (826 ng, 1.20 nmol)
and DMF (13.7 nlL). The resiti m xture was heated at
1500C for 1 hour. After to roomtenperature,
the precipitate was cqéJc\ filtration and washed
several tines
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with MeOH The crude solid (772 nmg) was purified by
col umm chromat ography to affordthe pure product as a
wo eamed2sd (511 ng, 0.88 mmol, yield 47.5% . BPEenEP1089/051313
Anal ysis (calc. C, 74.47; H, 4.86; N, 9.65): C, 74.37;
H 4.93; N, 9.62. G Preparation of
N N -bi s(l,3-di nethybutyl)-I,7-di cyanoperyl ene-3,4:9,1

23.pr eg’bﬁ: %ng(?}lr arrlny 9)1(1e oécla[flrrls] IVQVEG com gounh(})lavm the formula:

N, N - bi s(l, 3-di net hybutyl)-1,7-di bronoperyl ene-3,4:9,1
0- bis(di carboxirn'de) (PBBGNABIEHBr 2, RL = CH3, R2 =
2-methyl propyl). A mixture of PDA-Br2 (2.20 ng, 41.0
mrol ) and 1,3-dimethy|bu9 i (1.35 nL, 9.60 mol)
in triethylene glycol dine
seal ed under N2 in a tubg irred at 165C for 1
hour. After cooling t A erature MeOH (25 i)
was added and the pre plts mas col | ected by
filtration. The crude pr wasBuri fied by col um
chromat ography (CHC 3) ta g PDI IMBMB-Br 2 as a
red solid (1.10 g, 1.54 1 ield 39%. [0103] M p.
>340C; 1 NWR (CDC 3, 500 MW d 9.48 (d, 2H, J =8.0
Hz), 8.91 (s, 2H), 8.67 PdiH Oj = 8.5 Hz), 5.41-5.36
(m 2H), 2.26-2.20 (m é 1.68 (m 2H), 1.59
(d, 6H, J = 6.5 Hz), é‘i46(’m2H) 0.97-0.93 (m
12H). El enental Anal yS|s (calc. C, 60.35; H 4.50; N,

24 3 9 -’F}le c&np@&hd&ﬁ an{loné oPdainl¥ 1 3 tﬁéL corflpoﬁngzﬂavﬁ%%@foﬁhhﬁn
brs( 1, 3-di et hybut yl) di cyano-

bls(d|carbOX|mde) (PDI]!%?I ?\hz Rl = CH3, R2 =
2- et hypropyl ). Under ni 69\{5’ CuCN (401 ngy, 4.46
nmmol ) was added to a m Xg reNofoPDI 1IMBMB-Br 2 (913 ny,
1.50 mol) and DVF (17.1 . [The m xture was heat ed
to 150C and stirred for cool ed, and filtered.
The solid was washed w t geveral tinmes and was
purified by colum chrg y (CHO 3) to give 284
nmg of a red solid, which ger purified by
recrystallization from?7 o afford PDI 1M3MB- CN
2 as a brown solid (264 g 13 Mol , yield 29%.
[0105] M p. >340C, 1H NWR (CDA 500 MHz): d 9.69 (d,
2H, J = 8.5 Hz), 8.96 (so# 891 (d, 2H J =8.0
Hz), 5.41-5.36 (m 2H), 2.24 2.18 (m 2H), 1.76-1.71
(m 2H), 1.60 (d, 6H, JGHZ OdMy, 1.54-1.48 (m 2H),
0.97-0.94 (m 12H). El enent al Anal ysis (calc. C
74.98; H 5.30; N, 9.20): C, 75.04; H 5.31; N, 9.16.
25Sol e cpmpoyrdQHE, any 00CHf claimsll-frthercomraungl having tigy foringla:
Vol tamretry [0106] Cyclic voltamretry experinments were
conduct ed using an Epsi leymsSi jighgchannel potenti onet er
and a BAS C3 cell stand (a oNe-corrpartment cell with a

C di sk
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wor ki ng el ectrode, a bare Ag reference el ectrode, and

a Pt wire counter electrode). Appropriate precautions
WOoRe/0982REN to el i m nate water and oxygen duri PQI/EP2009/051313

measurenent. All measurenments were perfornmed under N2

by di ssolving the conpound (1-3 ng) ina 0.1 M

THFTTBAPF6 sol utions with scanning rates between

0- 150 nV/ s. en the Ita ans are

26, quig? Wrep‘a%n&\gal@ey ong of 2125 Bhecorpoauipg havine fhs: fogmula:
potentials (E/2) as the n1dp0|nts bet ween peak
potentials for the forwardH €Hyerse scans. [0107]
Tabl e 1 sunmari zes certain _physical and el ectrical
properties of sone conpoﬁhﬁ of the present teachings,
including Ered val ues obpai ngd gromthe cyclic
vol tammetry experinents. N I s(4-n-octyl)-
1, 7-di cyanoperyl ene- 3, 4: 9 bi s(di car boxi m de)
(PDI8-CN2), N, N -bis[(35) nmet hyl - 6- oct enyl ] -
1, 7- di cyanoperyl ene- 4 ¢ Di s(di car boxi m de)
(PDICitr-CN 2), N,N -bis(2 I hexyl)- 1,7-
di cyanoperyl ene- 3, 4: 9, 10- '
(PDI 2EH-CN2), and N, N -bi
met hyl hexyty-1J-di cyanoper e- S* O bi sCdi car boxi rn
de) (PDI 2MH CN2) were i ngit '
representative conpounds. Taple 1 Solubility Conpounds
(mg/ ML) DCB CHO 3 PDK-Br 2 .
303-305 -0.150 4 4 PDI 2EH Rr 2 225-227 -0.39 PDI 2EH CN2
319-321 -0.130 5 5 PDI dfsCr - Bt 206- 208 - 0. 40
PDICitr-CN2 278-280 -0.142 8 PDI I M+ Br 2 267-269 -0.38
PDI [ MVH CN 2 305- 307 O 094 52 54 PDI| MP-Br 2 290-292

27. 0. Zhe ponpimdc any 989 gf claing7l9 Abe gampyindBying the formula:
316-318 -0.39 PDIIMB-CN 2 >340 -0.083 5 PDI | MPr-Br 2
334-336 -0.40 PDI | MPr-CNF3C Hg 0. 091 8Sol ubility
Mp. Ered Mp. Ered rmel/ml Conmpounds Conpound
mg/mi (00 (V) (00 (V) ; J PDI | EB-Br 2 319-321
-0.34 PDII EB-CN 2 >360 PDI | EPr-Br 2
309-311 -0. 38 PDIIEPr-CN .101 10
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PDEMH Br 2 211-213 -0.40 PD 2M+ CN2 284-286 -0.120 5

PDI 1M3MB- PDI 1IMBMB- >340 -0.39 >340 -0.088 37 30 Br2
wEhRoxpOB] As shown in Table 1, conpounds of PEEEP2009/051313

present teachings can exhibit solubilities as high as

50 ng/nL, for exanple, in cold organic solvents such

as chlorof orm and di chl or obenzene. G eater

SO|5€I|ItIeS (2-10 tines). can_be achi eved usi ng warm

Bl BHEQTPIGSE ARy oug & claims 1shal 6oTHeoud heing i formula:

peryl ene conpounds havi ng |n1de ni trogens

functionalized with 1-alkyl ituted al kyl groups

(e.g., PDIIMH+CN 2, PDII R CN and PDI 1MBMB- CN2)

shomed an unexpect ed |ncr%a e I solubility conpared

to simlar conpounds subsgi

di fferent al kyl or al kenyl

PDI 2EH CN2, PDI Citr- CN2,

FET Devi ce Fabrication a

Thin-filmtransi stor @F yi ces (25-200 nm channe

lengths (L) and 1.0-4.0 :

fabricated with conmpound§ present teachi ngs

usi ng the top-contact co ion. Sem conductors

films prepared with conpounds|of the present teachings

wer e vacuum vapor - deposi¢€d o 4 As 1, P 10 6 Torr)

or spin coated on n-doped S/ SiO 2 (300 nmthick

t hermal oxi de) substr af whfth had been pretreated

wi t h hexanet hyl di si|l azang# XRD pl ots of these

sem conductor filns show sharp refl éctions, suggesting

high crystallinity. The gate region was accessed by an
29.0hniTae canpaeid dfany bee & clsiub3slt-9,ahe corapsindhasiag tigefoamdla:

drain contacts were evaporated through a shadow mask

onto the sem conductor |ayer. dgctrica

nmeasur enents were perforned ii i ent at nosphere.

Data reported bel ow are Hy®( | ues neasured from

at least three devices tested at different |ocations

on the sem conductor fil¥l i

wi th ot her organic FETs,

cal cul ated by standard fi

equations. In traditiaqng

met al -i nsul ator-sem c

typically a linear and s

VDS curves at different e IDSis the

source-drain saturation c , VDS is the potentia

bet ween the source and drgin, tand VG is the gate

vol tage, see, e.g., FlguPes'ﬁS 97). A large VDS the

current saturates and is~g TSRy by: (i Ds)sat (\WQ /

2L) m (VO - Vt)2 (1) L SH3 Ware the device

channel |ength and wial espectively, Qis the

(tgo with slightly
gr oups (Le., PDI 8-CN2,
Q) 2MH+ CN2) . Exanpl e 3:

FETs (M SFETs), there is
Bregime in the IDS VS

30. A method of making the compound of any one of claims 1-19, the method

comprising reacting a compound of formula II:
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capaci tance of the oxide insulator (~1 x 10 8 F/cm 2
for -300 nmSi2), and V is the threshold voltage.

wO 0ys28bbi lities (n) were calculated i n the PCI/EP2009/051313

saturation regine by rearrangi ng equation (1): nsat =
(21DsL)/ [WQV G Vt)2] (2) The threshold voltage (Vt)
can be estimated as the x intercept of the |inear
section of the plot of VG versus (IDS)1/2 (at VSD =
-100 V). [0112] Table 2 siitmmPizes el ectron nobilities
and current on/off ratiog ORICQ5tain conmpounds of the
present teachings and conpgr atffve representative
conmpounds that were for thin | ayer

sem conductors by vacuu i on, spin-coating, or
dropcasting. In particyl oul d be noted that
peryl ene conpounds havi n{trogens
functionalized with 1- 3tTtuted al kyl groups
showed an unexpected inc current lon:loff
ratio conpared to simlar fonpounds substituted with
slightly different alkyl nyl groups (i.e.,
PDK-CN 2 and PDICitr-CN 9). urther, certain conpounds
of the present teachings QﬁABﬂstrated an unexpect ed

hi gher el ectron nobility than simlar known conpounds
such as PDB-CN 2 and PDICitr-CN 2. Tabl e2 [0113]
Representative transfer pl ok of TFT devices

WﬁB§Q§%&aged w th conpounds of the present teachings are
sho

31.

I'n Figures 1-5. [01 14] The present teachings
enc s enbodi nents in other specific forns w thout
departing fromthe spirit or essential characteristics

t hepeof . _3he foregoi ng enbodi ts ar efore to

conky a B ¥ rrBi R A PRl el st oAl o Ay

|'i MyfoupGa ONsotaleenprl @6epta CLAaIyAAS oGS &Ia, Qe Balb&k Al group, and a

The scope of the present teachings is thus indicate

by B3 ragipeaserbelyclic angietyreach éptl‘?fl‘i’glﬁ spystitpted withdgbgieyps

desgripti I ' t ME Ml

roacepidSihy it o AERTER O NG RCYOH, Lol —conm,

i Int eOﬂngHa,d Jeneomxmsl alkzld, ‘te(metngO z%lk'?%l %@chlﬁt.wi aiiskyl),

clainmed is:Clains 1. conpound of fornul a

wher PR CRrui R —,3&1-1@%12}&1’ oLt (Lol eRH {110

are ec a - I I =

ar ABTh NG AR A AR Fon R P Bty

andgmuf; £€ .10 haloalkyl group, a Cy.1o alkoxy group, a Ce.14 aryl group, a Cs.14
cycloalkyl group, a 3-14 membered cycloheteroalkyl group, and a 5-14 membered

heteroaryl group;

at least one of R aqd at least one of RZ, both of which are attached to a common
carbon atom, are independently selected from a Cy.39 alkyl group, a C, 39 alkenyl
group, a Cy.39 alkynyl group, a C.3p haloalkyl group, and a 3-22 membered cyclic

moiety, each optionally substituted as described herein;
X, at each occurrence, is H or a leaving group; and

nis 1, 2, 3, or4.

The method of claim 30, wherein the cyanide is CuCN.
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menbered cyclic noiety, each optionally substituted
with 1-4 groups independently sel ected from hal ogen,
WO @9/ 2, -C(OH, -C(OOCH -CONH 2, -0OH, -NPCREP2009/051313
-CO(C 1-10 alkyl), -C(OOCC 1-10 al kyl, -CONH(C 1-10
al kyl), -CON(C 1-10 alkyl)2, -S-C 1-10 al kyl, -0-(CH
2CHQC»n(C1 10 al kyl), -NH(C 1-10 alkyl), -N(C 1-10
alk aC al kyl graoup, .a C2-10 al kenyl group, a
32¢o- @e g}a&lgﬂﬁkﬂ]f éq!eu’)& Or glag. %owﬁaqeahqhmacwrbwomgmeﬁ-aien

alkgﬁytg&ggﬂ? Suo- 14 aryl group, a C3-14 cycloal kyl
gr oup, ® frngnbered cycl ohet eroal kyl group, and a

5- 14
- ARG PO s O g o
whensfic.at | east one of R3, R4, R5, and R6 is an
el ectron-w thdrawi ng group; and nis 1, 2, 3, or 4. 2.
34The The AerticbfAhy ©h@bNt1dims¥Ies & iwheléln eeEtoRpoudd of@ehula I is
occurrence, are selected froma Cl-12 al kyl group, a
C1- prepasdda rﬂg,qtmgra@@plpom%nfomelﬁyul group
optional | ysubstituted with 1-4 groups independently
sel ected froma hal ogen, ;g _(3 6cal kyl group, and a
Cl- 6 hal oal kyl group. The ¢ ound of claim1l or claim
2, wherein Rl, at each o ¥ge, is selected froma
Cl-12 al kyl group and a g qr oup optionally
[ ir OMp; and R2, at each
Clx6 al kyl group and a
nd of any one of
Md Ris selected from

occurrence, is selectedcfrg
G 6 hal oal kyl group. Th
clains 1-2, wherein each ;
-CH 3, -CF 3, - CH, - C3if, C4H , -CsH 11, and a
phenyl group optionally fbsoitated with a Cl-6 al kyl
group. The conpound of any one of clainms 1-4, wherein
each of R3, R4, R5, and 5 sel ect ed. fron1H

hal ogen, -CN, -NO 2, - tIF - CO 2(C140 al kyl),

- COMH(hGinlandi@le &l &ydprotic @W(n(} wiheldin ac[ #\ak Jefined30cR{2410
al kyl), -SO 3(Cl-10 al kyl), -0 2NH(C 1-10 al kyl), and

N(Gi - 10 2. The ound of any one of
cI alﬁﬁg’?@d‘&ﬁi‘f‘é% &QEW“{) nei'\i& R5, and Ris
selected fromH F, d, Br, I, and -CN. 7. The
conmpound of any one of cl 1nB 1-6, wherein each of R3
and R4 is Br or -CN. 8. Th ound of any one of
clainms 1-6, wherein each Ranrd Ris Br or -CN. 9.

The conpound of any one of clainms 1-8, the conpound
hav iwigrdioRiah@RP areaxs définetiina]diin:24.

36. The method of claim 34 or claim 35, wherein the aprotic solvent is

(C16 alkyl)O(CH,CH,0),(C 6 alkyl), and m is selected from 1, 2, 3, 4, 5, and 6.

37.  The method of any one of claims 34-36, wherein the aprotic solvent is triethylene

glycol dimethyl ether.

38. The method of any one of claims 30-37, wherein X, at each occurrence, is H or

halogen.

39, The method of any one of claims 30-38, wherein X, at each occurrence, is H or
Br.
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la Ib wherein Rl, R2, R3, R4, and R6 are as defined in

claim1.10. The conpound of any one of clains 1-9, the
wa@eovpoes2s2 havi ng the formula: 11. The conpoundP@f/ER2999/051313

one of clainms 1-9, the conpound having the fornmul a:

12. The conpound of any one of clains 1-9, the

conpound having the fornul a: 13. The conpound of any

one_of clains 1-9, the conpound having the fo a: )
40.14, hﬁ@e@&&@é ARYIOBY Ofa"ﬂ%}mé%g) b wheii e foglpovwéowormula His
conpg gyl ng the formula: 15. The conpound of any
one of ¢ alns 1-9, the conmpound having the fornul a: 16.
The conpound of any one of clainms 1-9, the conpound
havi n@%,eczi-lgr mul a: 17. HEb vaound of anyH €_OfH,q
claims 149, the conpound ha the fornmul a: . The
aiMs-P-9, the conpBu H

glains 1-9
The conﬂ@hnd

any one of a’ai
-Bp2. The cong

the ¢ Bavi ng t he Br
any o lainms 1-9, t /;ound havi ng
fornu The conpound™¢t affy one of cl ai f. the

conpougd having the for X 4 The conpound of

one & cNalﬁ% 1-9, the &nRun® havi ng t he Por Ml 2
ound of any clains 1-9,

conpggﬁ ng. t he for%ﬁr 2 The conpou(;nbf gn? ;

one of clalnB 1-9, the conpound having the fornula:

27. Thge.c ynd of anyc.prg%)dzug:l aims 1-9, d,He__CsH;

compound haV|ng the fornul al 28. The conpound of anz

one PAxecNaisfs 1-9, the ap¥up® having the P
29. Thg coppound of any ome of clains 1-9,

conmpo aw ng the forry A nmet hod of

t he d of any one anms 1-19, the

coBpri g reacting a 'i:o d of formul &I th a
cyani r&rn R and aBh occurrenc Br
i ndep are sel ect H, a Cl-30

group, <30 al kenyl pya C2-30 al kyny a

noi et®, digc P optional |l y®u Quted with 1-9 ﬂ‘bup@

pbNt |

|nde y sel ected p%ﬁ? ogen, -CN, -

c{’J@OH, - CONH ész 5NH 2, - é\? | G2
aIkyI) -C(O OC 1-10 al kyl, -CONH(C 1-10 aIkyI)
- CON( CH,elO0 @Hkyl )2, -S-C 1-1e al kyl, -0-(CH
2CH20) n( C1}110 aIkyI) - é aIkyI), -N(C 1-
al kylﬂa@ Cl1-10 al kyl g{; C2- 10 al ken¥lC
0 h@loalkyl grou§

grjdup, a C3-14 c

t eroal kyl group
at | east on§ and
ch are atta
tly sel@ct a
Ayl group, Br

-54 -



noi ety, each optionally substituted as descri bed

herein; X, at each occurrence, is Hor a |leaving
wa@emapes2zand n is 1, 2, 3, or 4. 31. The net hodPOf/ER1089/081313

30, wherein the cyanide is CuCN. 32. The net hod of

claim30 or claim 31, wherein the reaction is

conducted at an el evated tenperature. 33. The net hod

of claim 32, wherein the el evated tenperature i s about

700C og,@bogty 15C0C. 34. The method of any one of

cl ai s %dﬁés, wherein the conmpound of formula Il is

pr epar@g @acting a conpound of formula I11: 111

with an e in an aprotic solvent, wherein X is as
def i ne im24. 35. The method of claim 34,

ine is wherein RL and R2 are as defi ned
in @rain 6. The nethod of claim 34 or claim 35,
i nJ gyt i c solvent is (Cl-6
PO)m(C1-6 al kyl), and mis selected from
%, and 6. 37. The nethod of any one of
clains 3 , Wherein the aprotic solvent is
f Jbycol di nethyl ether. 38. The nethod of
any one ofl clains 30-37, wherein X, at each
aaeur e, CFs H or hal ogen. 39. The nethod of any one
of clains 30-38, wherein X, at each occurrence, is H
or Br.0. The method of any one of clains 30-39,
wherein the conmpound of formula Il is selected
from4l. A conposition conprising one or nore
41.c omposmgmsisionanmposieg ohe of mbrescoppbndl sfsawlywed obelaims 1-19
dispersed. in.a liquid.medium. 42. The conposition. of
cIaBﬁ§°V?Q°V$§F@$ﬁlqﬁgq@gﬁﬁ%QW?ion conpri ses two or
nor e regi oi sonmers of the one or nore conpounds of any
29ne T8¢ canpesigon of edpimll, Wheeein: (big,seEIPPSIHAN SPMRYISES fQ Ormore

or iy ¢ C v . : _ o
\?/éeggc?%é?@rg oPHRTRE Br Midfe édln\‘i;%ﬁﬁl?csl §"8gk Bf @fzhrfg{ g&}g.f

sol m xture of so 447 An arti

3o 15 CotpRESRERMTR STl o R R HAN oY g orgnic

cl asoiveit or wheikeird1oft dodveatst i cl e of manuf acture conpri ses
two or nore regioisonmers of the conmpounds of any one

440t @nairtide df dAnufacture comprising one or more compounds of any one of

claims 1-19.

45. The article of manufacture of claim 44, wherein the article of manufacture

comprises two or more regioisomers of the compounds of any one of claims 1-19.

46. The article of manufacture of claim 44 or claim 45, wherein the article of

manufacture is an electronic device, an optical device, or an optoelectronic device.

47. A thin film semiconductor comprising one or more compounds of any one of
claims 1-19.
48. The thin film semiconductor of claim 47, wherein the thin film semiconductor

comprises two or more regioisomers of the compounds of any one of claims 1-19.

49. A composite comprising a substrate and the thin film semiconductor of claim 47

or claim 48 deposited on the substrate.
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46. The article of manufacture of claim44 or claim
45, wherein the article of manufacture i s an

we@bmenyasi c devi ce, an optical device, or an PCT/EP2009/051313
opt oel ectronic device. 47. Athin film sem conduct or
conprising one or nore conpounds of any one of clains
1-19. 48. The thin filmsem conductor of claim 47,
wherein the thin film sem conduct or c rlses

50.pr & r%?fé@% &ﬁ’ésrl%tob‘ilevﬂ%ecog’(?ﬁ‘ﬁ’é‘ﬁﬁ%%th&’f §Pf%1ﬁ%ndt&ﬁt°f of claim 47

cl aj p@ %@ 49. A conposite conprising a substrate
and the thin filmsem conductor of claim47 or claim

48 gefpe?(? Effgcg tr%ﬁs&tgredesvlﬂcté ﬁ%n%Qhe ﬁbr&fxﬁ t? o?élfdﬁr%@

t ran evice COlTpI'ISI

0 r..of c m.47
S2r o6 PeraneruP bR P el & Rt sl
cl ajatefiQl, wikreid B didigdtelc Biatediatl corhpizes 8l OFgafie\dici€ctdd material,
claim50 or 51 conprising a dielectric materjal,

wheprinerganic dicletee materiaker artivhrid ossapic/iseeganis dislesiig material.
dielectric material, an inorganic dielectric material,
53 o r A phpbrviotiaicdguice c¢mmmggmedhmlféme€@nn¢@dnqomfl clgim 4530t
qeto§8ltalc devi ce conprising the thin film
ctor of claim47 or claim48. 54. A
photovoltalc devi ce co n the c osife of claim
54.49. Aghotoniolaigiisyisy GPPEH! n%lfﬂ? PPt ec?{ﬁﬂvs‘fé’ or 54 |
conprising a p-type sem conducting nmaterial adja i
55t o0 the phcprpnolﬁlq devaceraf cha St P4 COBPTIANE AP éeIPlF plucting

em h{a'téi‘ 9&% &eﬂé{a tin i éﬁ&'oﬁ&hc‘i&e thin film

sen1con or 0 a|n1 or clalm48. 57. An organic

56I | ght qerg]ﬁ%llglgému 1n§n Op eI (fa%cg%gglrghs?ipg%e tp% fﬁ%ﬁﬁé&}%uctor of

ol-ar ary cilrcui
deVbQQHQQQﬁbmﬁhmg the thin f|In1sen1conductor of claim
47 or claim48. 59. A unipolar or conplenentary

570I r %I drefifY iigh oMM Bbledcvte coRPRSIS: kiR @mpokiad 87 48m 49.
. A nmet hod of naklng an article of manufacture of

58! a n y Aolﬂﬁ]?&far Gl & erﬂe‘h‘té’r? cirbiie dé@&%ﬁﬁ th§ 39 film

depositing the conposition of any one of clains 41-43
ont eemicendistoraif elaif B.7 ofkkim@Bhod of cl ai m 60, wherein
depositing the conposition conprises at |east one of

59vac wmipélposr depdahditany cirpuit Gévicgconspisingothatomposite of claim
drop-casting, zone casting, dip coating, blade
coat?ng, and sprayi ng.

60. A method of making an article of manufacture of any one of claims 44-46, the
method comprising depositing the composition of any one of claims 41-43 onto a

substrate.

61.  The method of claim 60, wherein depositing the composition comprises at least
one of vacuum vapor deposition, printing, spin coating, drop-casting, zone casting,

dip coating, blade coating, and spraying.
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