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WD 2009/ 047104 PCT/ EP2008/ 062586 1 Pyrrol opyrrol e
derivatives, their manufacture and use The present
WO nooentiion rel ates to 1, 4-di ket opyrrol o[ 3, 4- c] POT/EP1088/062586
(DPP) derivatives of the below fornula I, wherein the
substituents are as defined herein below, to their
manuf acture; to their use as organic sem conductors,
Pvrr(ﬁorQ/rro!é‘de?ﬁ/ml\%nfﬂl'éﬁtrﬁ%\'nu%‘tﬂrg @fd ugspeci al ly a sensor, a
diode, a photodiode, an organic field effect
tranS|stor a transistor for flexible displays, and/or
a sol ar cel q hot ovol t ai c » o such .
The B@ﬁ?%W&GE%Fe gvicks d&@%ﬁ@wrrelph%" BIPNEPIS BV PP O AeTpRYes of the

beloW ®srm@d I, Whsredf thERabétRlidnK arel asasefine® ﬁ@ﬂeﬁﬂﬁkﬂ’&ﬁttb Tﬂﬂalr manufacture;
fective means, and to devjces containin

ef
to thgléngC%gr@@{ng,se@éc\ppgyé(gorsl@gyp SSBMPDeEend g‘ieé Wﬁ'a“hﬂ sensor. a

dioddVRpHobsdidtd, BB ofdinichiche &Mt Fankider, apiansielod Ry flegible dlsplays and/or
derivatives for _use in organjic electrolun pnesce

2 Solgr ERAPEOVRIAEEY: 4§ SyrTRam Sl ia) SOdeRp ToRRUBOGTRamyrrolopyrrol

deriveliivdel ciyise fobHtilan @k afs@fidtHeluéti giT@aMicCme41s, 6 Bddvies containing
WD 2004/ 090046 Al to Ci ba discloses fluorescent

said E?QQPBMQFd*eB'ﬁ??roI (DPP) derivatives, 15 mainly for
use in inks, toners, colorants, plgnented pl astics,

ol o n 'n solid e. |asers and o
JP 2@@%8{7 ?%F%ﬁ? h@g% Eﬁ%w%wg (g%idnglgsps S%PW&W'Q%W ggvatives for
use it oBgERid SlEctRIlurBiRBsdeR cleiméAts, MlEAidt paRel RIkiphys iafle i@l chyael
, dlkgto rrol opyrrol nDIetéF{hgg t he
displgys, 8¢ rf?rdis&i?r%ﬂ”'cd%??@ UFEXS: | ai med per se in the
present specification. In addition, specifically

isclo .. 1 ndividualized, ounds clude only
wo SHERStRER b Cina e ot eSO H D GBNl BIE) dgyatves.
malnﬁf for §480atinKks\tondrsh¥olatalys, p@h@m&ﬁj Mastich Lo cRBfidgindg AdBiadsolid dye

lasorS apa AIRCHRLMTiSSCoRHetipe. il R Centaet 5o farale arsherter side

chairt6h béthtshsf medukaépﬁ@rdyynol rﬁb@ﬂ?&hérlﬂth@&ﬁll’ét@éyrrbhfbyﬁbllﬁénvatlves
substltuents on the PnIL{O en atonslisf%?%{

claimegdner s8HLBE PERENE PRI linn, speciijga
individ@aited 1€bm@dunbiy |H¢ﬁ@e§im[yﬂhb§d (ﬂkiglvﬁtlmalyhefr@ih gk DPthltrogen atoms
rc | keto ol o rro erlva S,
are SQES&@PQW?“‘WE%E%%W%”‘F &H&wag%ﬁr@% pgs. %%Jr‘?so*éee” found by
ap@e%dlt ?Ser?fogaﬁ)k theSE/t HTisHY 103 ph@av&ttaucot@ns et mmr ey gbon
exce en SOl U enat e
atoms 4n Gt & tk‘%?‘:k%'vﬁuhﬁ“té%{g? on ?fbﬁwﬁ?#’ ﬁ‘g OgeRRIAMS| r? B@Jor importance

and Shouldesataeskt Fapietdrablipaniepstd porers (al | owi ng cost
savings), and they are easy to purify (allow ng very

pure products to be obtained at |ow cost). 30 For
It ha$ @umoﬁgﬂgw @éerﬂ@wﬁ@‘me@ @8rtaih lnkﬁwo&@haﬁuk@&ipwolow»ﬁ)l Aemettives,

n efficien e the perce .
espegIly st NBERG rOBEaTe EiaEb L3 Bedsr] B propBcsRaPpLapr. Said
derivafn\ﬁ:rsq)avle les(c%i@m @é&éﬂélty }thnehalégzdgtayrt%rg@ﬁ%gsﬂt@(al|@wlnlgs‘easy

.eac alre a u, (0] (0]
nandigg) S PR SIS PaS B HaR ST bl OME G508 Soiedah and they
are da@yVey purify Ellowingtvasy 5ae @rodattstio Ye fobtail 3tM@y t6st).

For semiconducting devices, like solar cells, the power conversion efficiency (PCE), i.e. the
the percentage of power converted from absorbed light to electrical energy, is decisive. While
silicon based solar cells reach already a PCE of up to 20 %, the PCE of solar cells based on
organic semiconductors is still much lower, i.e. in the range of 5 % for polymeric

semiconductors. For monomeric, i.e. small molecule based semiconductors the PCE, as
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based sem conductors the PCE, as WO 2009/ 047104
weFanbePA0N8/ 062586 2 reported before the pri opCT/EPIIAS/@652586

of the present invention, is even |ower than for

pol ymeric sem conductors. SQI ution processed sol ar

cells so far were reaching a PCE just up to about

repo&e@%fo@ tRe pRbItS dbfé%fltt%’\ﬁﬂ'esg%\@nh& ne8vdrNbwed Ban fc? FBlymeric

nol ecul es potenti al fer several advantages _over
Sem'ﬁ@]%ﬁ’é’ifs agr%ﬁ@r‘ IpFQC@ﬁSQS’aM GeH$ 89 fagMere (geching @SD&E:tUSf gp to about
13961 licon based materials said advantages include |ower

cost fabrication by solution processing, |ightweight

and conpatibility with flexible substrates. Wth

Despﬁt@il@@%%e? P CEO] tiwiR I thudBE, & o ol SETR pd'f@rﬁt%ﬂ)u besr s‘éoerané’dvantages
fer frombatch to batch variations, broad nol ecul ar

Over\W@ﬁy@Wf agq sitigqnhasee materiaty Witbigsrad te ligoarhassd msieriaigmzpid
advaﬂ‘tafgfaé ﬁiéhfde%%érfd&ﬁ*ab@d'étlﬂﬁbz QEBitior ok o r\"qJ li§htwEigRt &nd

["ecul es er hole an ectron

ComFP?S'BI“FY W'F%@Xt%ﬁuqsﬁ"é fes- de)th)y%epktomm%@égatenﬁlggm%mqmuIes do

not saﬁerafrdnesytlch t@Batcrbe&ﬁaelbnMrwrherec%ﬂ%gﬂgd.stIB&.dng%ooéroup
esent i nventi on was identification of snal

CO”"%‘F‘@ 8d diffayltirnplicaiied mei@dPOrE””]ﬂ”@Href PEpl metacates may display

highdFHeld éﬁd/elé&mr@@olﬁ%fé%rtheﬁ{th@%bkh{eﬂ; ané\b@urbsoﬁr‘e%ﬁﬁably as a result of
current ratio, and low threshold voltage. A h

bettes Moiilas QFdesRY- ratio is especial ly useful for an
organic field effect transistor (OFET). According to
the present invention it has been found that certain

The iggl Pl thepresent vyegionias the egfification ot $orlbpgerdes it ggproved

PCESMII;Iﬁ’ﬁéI%'eﬁGJ:Mn@dﬂhy irar er%llty&ﬁgﬁ)@ﬁﬁ)fﬁ dur@Rl Afio, and low
oun exhi exceeding 4 %!

thresggidhyoliags, é’sh'%fa(?g}g’ﬁ&t”r%éﬁ“q @ﬁép?‘éﬂ'yﬂ&ef%fw ag jpeganic field effect
transigibrqOWEg) before! It should be kept in mnd that these
efficiencies have not even been optim zed.
Optim sation may be effected in various ways, e.g. by

AccoY(ﬁﬁg ﬁ)tth@ 'bré%feni iAferfien (Ptrhasfb%éﬁ RAUP tﬁé’ttdeﬂaln%nﬂall rh&led o3 the
y coating the anode with a very thin (5

by
dlketp@yr@p@g Oh@wm%ngﬂw it Qg Mehioh PLay dr SQJPF ¢alle k§Pme

comiBtng§ exribie PCEY @REdfhd £YAt RiRcheBRRS Ihaléd Mot ben reported for any smalll
di ket opyrr ol oi)dyrrol erivatives of the formula | Rl

moIeRpI@bRK)r(f'A} %]ou e kgpt iny@ind t[a@t4h@§e39ﬁ|0|%cies ha_v[eﬂpge\ﬁnabqe@
optmﬁ@ad @pﬁr‘m'%%ho@%a@'@e effected in various ways, e.g. by variation of the donor-
acceptor ratio, e.g. to 70:30 by weight, or by coating the anode with a very thin (5 to 10

nanometers thick) and smooth layer of nickel oxide.

The invention relates especially to diketopyrrolopyrrol derivatives of the formula |

R ac-Farart .
LT Jel A\ \ T 21 T s .
\ M R
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WD 2009/ 047104 PCT/ EP2008/ 062586 3 wherein Rl and R2

are i ndependently of each other an aliphati c,
wae@ymbo#linphati c, cycloaliphatic- aliphatic, arPOEEPI)S/062586

aromatic-aliphatic, heteroaromatic or

het er oaromati c- al i phatl C groyp having up to 49 carbon

atons, a and d i ndependently of each other are 0, 1, 2

Whergfn F@" amd ¥ ke ﬁ%g@ﬁcﬂanﬂij Bf émecﬁl%}%rﬁhbb{at%f )‘%‘?&J’lpﬁ’étﬁe%yc?oahphatlc-

bi val ent group formula Il _or
aliphgiiq, prqmajic, argrtieiafipRbicaltRieRArOMAIC LS hﬁ@f‘?ﬁﬁ@ﬁa pliphatic group

havnR; Je@r@s@mggn Bomd, or 2, RS is an aliphatic
ocar bon group havi ng uE) to 25 carbon atoms, or two

a a”@/ﬁ@i%ﬁ?”@ﬁr@&iﬁe@@ otheyRs€ Rer: 4 @pt-esent al kyl ene or
Ar' 2Rl K\@ﬂé/rb%p@ﬁd'érﬂlg o‘f'@a(t,rpotﬁerc‘é‘!’)lbélentaér@lﬁ@of thé fRILRAI or IV

possible that two groups R5 present t he group of
formula Il differ fromeach other, b, c, e, and f

i ndependent (Re)gch ot her represent R 2 oR3, 15
Are , Ar3 , , and Ar6 are independen of each

ot her a bivallent group of one of the f IVto X
and L, R RT RB NS S R4S Il RO RI2 RI5 S S R10

R11 R13 S RIGIIV) (V) (V1) (M) (M I11)(V20 RI9 R2 S
Wherg N~S~N R17 S R18 R21 (IX) (X) (L) wherein R6 , R7 ,
@ RO , R12 R13 R15 R16 R17 , R18, R19, R20 and R21
RearairyianexmpiaﬁdembelyWZS of each ot her hydrogen,
.k Cl- Cl18al koxy, C6-C24aryl, Cr-C25aral kyl,
prep?éseﬁgsts(gmét , or R6 and R7 together represent
R® isanlafipeate hydrcnvlart@n;greureha/vlmg:llrp 1035 daebdyoathmbporded vidirel groups R®

togetﬂéy %@%sgﬂﬁgé\%nestw JI Feﬁg t;ngg Hb gk) %Y lca{R%ﬁ g%ﬁ? gﬂ%ﬁ&;ﬁbocsglble that

two WMSEFR’?@G@&@GQ&B@FOUp of formula Il differ from each other,
b, ¢, e, and f independently of each other represent 1, 2 or 3,

Ar?, Ar’, Ar’, and Ar® are independently of each other a bivalent group of one of the
formulae IV to X and L,

o s A ol 5

(IV) (V1) (VII) (VIll)
igm
(IX) (X)

wherein R®, R", R%, R?,R"?, R"”® | R" ,R"™ R",R", R", R®and R* are independently
of each other hydrogen, C,-Cysalkyl, C4-Cqgalkoxy, Ce-Coiaryl, C7-Cosaralkyl, or heteroaryl, or
R®and R’ together represent alkylene or alkenylene which may be both bonded via oxygen

and/or sulfur to the thienyl residue and which may both have up to 25 carbon atoms,
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4 R10 and R' are independently of each other hydrogen,
Cl- Cl8al kyl, C6-C24aryl, heteroaryl, or R10 and R11
WO ogebkmn4 represent oxo or forma five or six PENBR06£062586
ring, which is wunsubstituted or substituted by a) an
al i phatic hydrocarbon group having up to 18 carbon
atons, 5 b) Cl-Cl8al koxy or - Cl8al kyl enedi oxy in
R10 a*ﬁ@tl'\m Qrfe |H@\éd"e|ﬂd§ﬁryttﬂréaai Qiﬁﬁr HVHrGgﬁbnarCﬁCﬂ k&% f%ﬁll h&tRroaryl, or
F%g be repl aced oxygen, or
@Q?@Pk!&ﬂpresﬁét @?Od%ilf%m a @8‘3 @'1%1‘:WF€F®'I'”% which is
unsugﬁﬂt@%a%ygbt%@ih}féfd ppl kyl, and R3 and R4 are
i ndependent|y of ‘each other a group of one of the
a) ary 3Jphalicaly drgcapmgraup m”%@tc’s1fg&@@b@€39t0”ﬁ25 23 S\ R
b) C1@§alﬁ@§ 6r¢2-0\,1 ﬂ%ﬁet\ed‘loRg in b&WRDf WRh cafff dtod?d dhlchlar&R& adjacent
R 10 (XI) (X)) (X1) (X1v)
to oxpgen 'Rsubem@ams)ymg%@mss R53 R47 R45 47 R45 R56
c) CeRO2aio € raliyh, R4éroBr cl3ak R§]C - chhikyRaiRyIR4Rd
) O %@5732%2 K s ﬁRﬁ(ﬂ%’/ X ) 4@%’ OV T )??y
R® angsg" pessndepgnpgntly qugachgtj]eragquQ@f 0'1% Of'«ﬂllg ermUk)e X' to XIX,
V\,herel n RR2 to R26 and R29 to R58 represent R

épendent |y of each other hydr&den, an _al$phati cR®

R h &&dr bon group hayj ng cagrzbon at\p Y_ss
| kenyl oxyRNavi up to \ R
RS R?2 ] R? R
g R R R® R R RY
(XI) (X1 (X1 (XIV)

(XVII) (XVII

(XIX)

wherein R to R% and R? to R*® represent independently of each other hydrogen, an

aliphatic hydrocarbon group having up to 25 carbon atoms, alkoxy or alkenyloxy having up to
18 carbon atoms, halogen, a cycloaliphatic, cycloaliphatic-aliphatic, aromatic, aromatic-
aliphatic, heteroaromatic or heteroaromatic-aliphatic group having up to 25 carbon atoms, or

a group of the formula (l11)
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18 carbon atons, hal ogen, a cycloaliphatic,

cycl oali phatic-aliphatic, aromatic, aromatic 20
wa@bdophatinL, heteroaromati c or heteroaromati c- aPCPRPLVL062586

group having up to 25 carbon atons, or a group of the

formula (111) WO 2009/ 047104, PCT/ EP2008/ 062586 5 PR3

Pt PR3 (I1l) wherein R represents an aliphatic

hydrocar bon group having up pr, carbon atons, or two

5 groups R22 to R26 and_B?_—Q_,t,t which are in the

nei ghbor hood of each ot her, et fler represent

al kyl ene or al kenyl ene having %p to 8 carbon atons,

thereby formng a ring, and( 27 and R28 are

i ndependent|ly of each other hydrogen, C, -C25al kyl,

C -C, 8al koxy, C6-C24aryl, Cr-C25aralkyl, heteroaryl,

wher@in R r&pr&démt4n élfbﬂaﬁ@ﬁyﬂﬂb@arlﬁdd drbus ReVRg abey €2 cHBsH gtd'msRor two
resents —ap aliphatic hydrocarbon group having

QFOUP%Blio Car ¥hRate s, Wjeh reezn %”W@W%@tﬁ@ﬁc%ﬁhmﬁ@er

repre%@ﬁt ﬂ%ﬂeﬂeo&%me% Ieﬁ@t%ﬁﬁ&ﬂb t&8 léﬁllb%t:t%té?ﬁs Qﬂté?@Wto?rﬂ@lg a rlng and
whi ch nay bonded vi a oxygen /or_‘sul

R” and R ﬁ"eéﬁ%per”é@”tb’dé caAti oY BYIraesh. Eot%se}’t‘é/tﬁ@ LHE)ISQ'%PXZSCG'CMW'
C7-C?5§Fa¢r§w htedoFryl, e gﬂﬁl?%“f #He fbﬁﬁl% (IM$ SEbvAPF e h\ﬁN&efan@ represents

| oW ng nmeani ngs phatl c. group_having, o7
an alwag%h%ﬁcaépmrouagay@@ pgé@ﬂ@ ggrban @tonpﬁ, of ﬁe and together orR

and IS@Q@g%etﬁétQ%r%séﬂ alk§RAe B2 alkbfyleht WRSH Redyi HeLBde&{ded via oxygen
ituted aliphatic hydrocarbon gr oup havi ng to

and/grgpulfi ig the hﬁt?rtybre?'b”“@ ét‘ﬁ@‘r‘i‘ CAtBREOAR BPYE HP {hed F?@%” atoms

val ency extends froma carbon atom Preferably,

al i phatic groups as reﬁr esented by the substituents Rl
The ggngraiempnisedabpeBaverne fpllowinggpedningshl y at | east 8,

even nore preferably at |east 10, and nost preferably

at | east 14 20 carbon atons. An aliphatic hydrocarbon ]
An aliphgtip IFAPiNFYing piPtte 4293“@”@"0"0% asFepESUpHB9- AY Bipssuipgtituents R

and RZ lid AYeahsuBEtitieans Resstalky taliph%tltfﬁt]B’rbcé?bor@br%)ABWawﬁQ'u%% 49, e.g.
el l ed al ki nyl) group having Bwto 49

25
up tog tHPeHRigms Wherip dhe feep \éﬁ@oaqu 4p .frem@a?rgeraﬁ@mu Preferably,
aliph8iO4BEps hd t@gr@s%ae@l ) thys@ttéf.}dentwmsaz rtmlamea& #ore

especi al | 49 ,. especially
pref%fr‘@f étr'ﬁﬁt@ w,erz@or,ea?rg@ﬁabhé@tdﬁ%st 1@@'&(@9& Féefoabﬁ/ atleast 14

carb&H SbRfs! Rﬁ' a%tt‘a\(llc h%r@b‘aﬁ’rboﬁ@rdu%ﬂfa@ﬁ@%&g 4b)/e %;h@p to 25 carbon atoms is
substit R2, | -tefradecy

2 lindt ArprBE bRk 2T APl GlApSPal A HY SIOVBAAYING Up o 49, 6.0,
up totrQeﬂri’({Ea%’é/rt atoht%OPFeﬂglz]@td’ ar@'at?bﬂéélﬁihy&%ﬁarbeh”gydups ke RPENAIlY alkyl
aroups. Balin Aty PErasiA BA6. £.co.7 50 Evnenal Ryd pisfiargPly 14-25 carbor

atomB: Ngé%(éyrlnpleloggtﬁ?f{arl?&%éﬂkylIgl%dbsagge t gﬁ%@@%%ﬁ??ﬁ@%ts R'and R?,

'SZQQ%tﬁﬁ?‘ij%btyl 3-net hyl heptyl, n-octyl,
3, 7-di met hyl - octyl , 1,1,3, 3-

Examples for C4-Cysalkyl groups are methyl, ethyl, n-propyl, isopropyl, n-butyl, sec.-butyl,
isobutyl, tert.-butyl, n-pentyl, 2-pentyl, 3-pentyl, 2,2-dimethylpropyl, 1,1,3,3-tetramethylpentyl,
n-hexyl, 1-methylhexyl, 1,1,3,3,5,5-hexamethylhexyl, n-heptyl, isoheptyl, 1,1,3,3-
tetramethylbutyl, 1-methylheptyl, 3-methylheptyl, n-octyl, 3,7-dimethyl-octyl, 1,1,3,3-
tetramethylbutyl, 2-ethylhexyl, 2-n-butyl-hexyl, n-nonyl, decyl, 2-hexyl-decyl, undecyl,
dodecyl, tridecyl, tetradecyl, 2-decyl-tetradecyl, pentadecyl, hexadecyl, heptadecyl,
octadecyl, eicosyl, heneicosyl, docosyl, tetracosyl and pentacosyl, of which 2-decyl-

tetradecyl is especially preferred as a meaning of R' and R%
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tetranet hyl butyl, 2-ethyl hexyl, 2-n-butyl-hexyl,
n-nonyl, decyl, 2-hexyl-decyl, undecyl, dodecyl,
wo eoodeenmb4 tetradecyl, 2-decyl-tetradecyl, penPEOER200$/062586
hexadecyl , heptadecyl, octadecyl, eicosyl,
henei cosyl, docosyl, tetracogsyl and pentacosyl, of
whi ch 2- decyl- tetradecyl is especially preferred as a
Exar@@%‘\ggg%oé? 0622@0% argalnvpgquor%é@\ﬁczﬂqgfospropenyl 2- but%nuyl S3
DutonJSGRURTIL. napanA-2 ArbeTva, T Py - STy Bt 2 redfes Zieny,
|sodc;’o“ecQMII %M&dec‘-ﬁ@@l‘b?ﬂﬂctad@c-ﬂ%ﬁ 2, 4-di enyl,
3-met’hyl - but - 2-enyl, n-oct-2-ényl, n dodec-2-eny|,
i sododecenyl, n-dodec-2-enyl or n-octadec-4-enyl. 5

ExanEﬁé‘imblr 3. zsfa )@%ﬂﬁﬁ)@'alﬁé’ Qﬂ‘ll}/nﬁ@rﬂ?%yﬁ-@%ﬂ QLBM?NMWI 1-pentyn-5-yl,

butyn- 4 - pént yn- 5-
2- methrét n%yéh@me_njaq’yn -3yl, 4 %@qnt%yry B 1S)'|exyn -6-yl, cis-3-methyl-2-
pentéln $yﬁelﬂ§/|at%riéﬂs ﬁerHw 2Jpeh%y41yr§1 ;ﬂ 1 @héxa%nyﬁ% iy h o%tyn 8-yl,
n-4-yn-1- trans- 3- net penten 4-yn- 1-yl,

1”0'1y”39‘bﬂ9>16{’@i0¥/ﬁ‘r1@yﬂllor1iet&09§¥fl' 1- nonyn- 9-yI,

1 decyn-10-yl, or 1-tetra cosyn 24-yl. 10 Al phatl c

roups can, .in contrast to aliphatic hydrocarbon

A“thF‘bG?%'pS Ban.dny ptliastoeirhsfi %TWFOC&B%P@IQFQU@UB%W?%@H?% by any

acycﬁBJéutﬁ,fll%eﬁt%ef)@ra?@bbéfém@l&‘ l@ﬁéuﬂsﬂﬁj@éﬂi PPéf@lfré’d Eﬁﬁtltuents are C-Cgalkoxy
substituents are Cl-CBal kox roups

or C1a§85‘@$¥5|i‘|*9Igrqqpé@sf%PF‘ﬁéfiedﬁéﬂW be”FH‘é Tthéli?ff“ é’l}lﬁ)rﬁﬂﬁ'étgqr@p comprises

also SkPURouFONRrbif @8rtaift ndR-aldexht &WWOM@%’?@P@I&@H%WOW en, like
non-adj acent carbon atons are replaced by oxy

e
-CH =@l itrD-Giep T e tatisT 9rpHe cpabe 699ageeslips @smbw%s&fgéﬁdorwo CH,-
CH,-@scHEt hyl substituted by -O CH2- 15 CH2-O CH3. A
cycl oal i phatic group having up to 49, e.g. up to 25
carbon atons, as represented e.g. by the substituents

A cycﬁ@al%ﬂgtlc@roub ﬁa\ﬂﬁ‘g Uﬂ?dw@te'é Whead 29rca§iéh%ttérﬁéﬂa%¢epresented e.g. by
CoaIEatlc drocarbon gro
0

the Ségﬁ'tuemés anbRo & %Hn%{bé%teﬂ% ﬁé'i)ﬂ'“ttﬁ% Cycﬂ@élpwcéwégpcarbon

grouﬁ}ﬁb\ﬂﬁ‘gﬁpftd My, uplo PERAIEAIEs Fherdin tﬁe@rﬂé@'@@nb@@ﬂbh@s from a
drocarbon group is a cycloal kyl or cycl oal kenyl

””giﬁ%@ba -ch may be substituted by one or nore

al i phatic and/or cycl oal i phati ¢ hydrocarbon groups. 25

A cycl oal k ggoup has at | east 3, preferably at | east
A cygoligplimh Qﬁ% %OP%'S@/WC@WY&OFC‘SJC'OQIQW SrBRIWjgh may be
subsHdedy t?ysorféy&|n§’&8"éﬁlbfﬂatlc%ﬁ@)o@Bf‘d&dllph@ﬂ&h@ﬁﬁﬁ]’fbdndgroups

cycl ooctyl, cyclononyl, cycl odecyl cycl oundecyl

cycl ododecyl, preferably cycl opentyl, cycl ohexyl,

A cyQ¥akPBRRIpHas 2R 1ea8YS | Reretably at I8¥ QQaFB%M disins and is t%plcally Cs-
unsybstituted or substituted by one or nore aliphatic

Crooygingiiyh sEGR Ao aYGIoneaM &yclﬁp%ﬁyb&a?'ewtbdr%E@C%&Mﬁmony' cyclodecyl,
cyclcﬁ:ﬂﬂé’(%lﬂ%?é‘o%dé&yl?ﬁ@f@fbblg lcPdIBSe g, (@@foh@)@ﬂi dyeoREMyI2BIARIboCtyl,

30 condensed w t r
whick yray bgl UnsHbgtiteed Py ?}H%i’f u&ed&;yo(m? Qré'”%fﬁ aliphgiisgnper gydeaiirhatic
hydr&d8Rsdn §ratgfaorcopehRalvithhsHehgl F6@¥as defined herein and/or

condensed with phenyl groups.

A cycloaliphatic-aliphatic group is an aliphatic group substituted by a cycloaliphatic group,
wherein the terms “cycloaliphatic” and “aliphatic” have the meanings given herein and
wherein the free valency extends from the aliphatic moiety. Hence, a cycloaliphatic-aliphatic

group is for example a cycloalkyl-alkyl group.
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wherein the terns "cycloaliphatic" and "aliphatic"”
have the neani ngs given herein and wherein the free
wo 200en0eM0£xt ends fromthe aliphatic noiety. HePCEEPR08/062586
cycl oal i phatic-aliphatic 35 group is for exanple a
cycl oal kyl -al kyl group. WO 2909/047104
PCT/ EP2008/ 062586 7 A cycl oal kyl -al kyl group is an
A cyélbé%()ll a%pg?i'ﬁuﬁ%ba?{ élk}!b%p@ﬁb&ltﬁﬁé@lwfg Mloa&&%’r@up &.¢-
cycl ohex cycl oal kenyl" group” "neans an
CdeDﬁ§dWWﬁ%Med allcycllc hydr ocarbon group contai ni ng one
or 5 nore double bonds, such as cycl opentenyl,
cycl opent adi enyl , cyclohexenyl and the |ike, whi ch
A Cnﬁga'wyw@%sm?@rm Fyursetyaisd Elieydie iydgcashen gioupspataining one or
morePd duBftAbdries 8Uh Qs c9¥l6hé}ﬁéh)@ Q%IbﬁenthFQﬁﬂC@%féﬁ@x@{y%‘rﬁﬁthe like,

and/ or condensed gr oups. For exa
Wh'C%V‘rﬂyc%?l prﬁi'ﬁu"@? el MSR@W byg?rtﬂﬁf m‘i”ﬁ %ﬂ@ﬁ‘qticc?@p Cﬁc'oa“phat'c
hydré‘dé% M;Bs Qﬁd?é%on@@fﬁke’é@mtlmopﬁ’eﬂilldg%&%d one or two tines
wi th enyl whi ch can be substituted one to three
tinmes vvlth C - C4-alkyl. Exanples of such condensed
For &ﬁmpfy‘ﬁ)ﬁ:\ﬁblo%@% aéeﬂlz@fypg&ﬁ;e‘p ah gbn.@ulfapa ey&lé}%xmrb@p can be

in particular or
condensad ang) Or(t‘ﬁ(th'WFS\)Oﬁ'ihd}ﬁ‘eeléerVfH@ %elmtpﬁ substitated anerta dhrpp Eimgs with Cr-
C4-aIR§H' Eldrffe£BEsUCA chRd&Rel 'c?@§hé60yt dtolips 4-Rblpsl of the2Brmulae XX to
Preferred substituents of a substituted cycloaliphatic
Vhydrocarbon group are e.g. C, -C8al koxy or
C,-C8a|ky|thio groups, Preferably, a and d,
[ M~other, are 0, 1 of 2. Also
e

(al so spell ed i 3
carbon atons as exenpllfled above. 30 WO 2009/047104

(XX)PCT/ EP2008/ 062586XX8 Al kyl ene is biva&dnt al kyl, i.e.
al kyl having two (instead of one) free val encies, e.g.
trinmethyl ene or tetranethyl ene.

sollsod

(XXIIT) (XXIV)

in particular

which can be substituted in the phenyl moieties one to three times with C4-Cy-alkyl.

Preferred substituents of a substituted cycloaliphatic hydrocarbon group are e.g. C4-Csalkoxy

or C4-Cgalkylthio groups.

Preferably, a and d, independently of each other, are 0, 1 or 2. Also preferably a and d have

the same meaning.

An aliphatic hydrocarbon group having up to 25 carbon atoms R®is a linear or branched
alkyl, alkenyl or alkynyl (also spelled alkinyl) group having up to 25 carbon atoms as

exemplified above.
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Al kenyl ene is bival ent al kenyl, i.e. al kenyl having
two (instead of one) free valencies, e.g. 5
wo a0 CHeCH CH2- . A bival ent group of the fornedEEP1008/062586

wherein two vicinal groups R5 together represent
al kyl ene or al kenyl ene havigg up to 7 carbon atons,
it being possible that two groups R5 present in the

A|ky|sﬁ@l¢n).@‘|erft Qlidt.a dnlyl %J ﬁg%fwcf {r%@@a%p&fbne}#a@évalé&.és% g
exanp group o formula 10 or or or (XXV)

trimeg )OW©6®W¢WYW&&v| I | ) Cl-C25al kyl as represented
by R , R7 , R8, RO, R12 , R13 , R15 R16 R17 , R1S,

R19, R20 and R21 has the neani ngs given above. 15
AIket@yier@llggwﬁmyalkg%yl r'@p?'@@@ﬁbéﬂn@t"!}) (|rﬂ§eqq60f’onﬁj7fre’ze p@engigs, e.9.
-CH2+C+$4@I+CI-F513 , R15 R16 R17 R18, R19, R20 and R21 to

6, Is e.g. nethoxy, ethoxy, n-propoxy, i Sopropoxy,

n- butoxy, sec. - but oxy, isobutoxy, tert.-butoxy,
A blvﬁreﬁﬁgltogﬁléf th%‘fﬁr‘?rﬂ{l&ﬁ)&vhe%nﬁ’% AsMal gfodostRY BBERYY RpRIREXYalkylene
hexox 0X n- oct

ora'@nylegeﬁaw@g MRk Wrb@utaé@ms 'tzbeéigwmﬂﬁ%%?t W grBWRSy  Present in
the &&wy@rmmﬂ@%wmma@%%@wforfe&a%@%/roué 6t thadeaxey »

pent adecoxy, hexadecoxy, heptad ecoxy, and octadecoxy,
preferably Cl1- C4a|koxy The term "al kylthio group

by RL and R2 is prefer;
CZ4aryb,; as represgnted e , , R7
R3, RO R12 R13 R15 R16 RL17. R18, RL9 R20 and R21

Ve, g. sub&MDuted or prefSKYBY y unsubSYH Ut ed
phenyl i ndenyl , azulenyl 30 napht hyl, bi phenyl,

as-i ndacenyl, s-indacen ,acenapht enyl | unr eny!
Cr- Cgﬁﬁ@waaﬁrﬁpsﬂsentefnbu(ﬁéaﬁf h%nﬁ R e LenEi% Ry FeeR R and

R?' hage Mas®iRgs §iveeadve. peryl enyl pent aphenyl ,
hexacenyl , pyrenyl, or anthracenyl preferably phenyl ,

1- napht hyI 2- napht hyl, 3- or V\D2009/ 047104

C1 CPQ%E;P%QQ&@@&&&% g% Fbl RAeRYIR’, 9%1bhﬁﬁarn1hrw6 R+, RP, R",
fLyor epyl - or 4-hbji phenyl, which all )é
aﬂﬁﬁjb@tﬁt e 6(9 ”‘@Fh%‘Mb%tP‘i”fyuf‘é’(ﬂOF’OédeOFHS)p%VkW ufgy, sec.-butoxy,

|sobtﬂb)@01@ﬁ bﬁfbx?rrﬂﬁ@ﬁtbﬁy Q'-pielﬂtt%/' Slptgﬁt@kﬁp 2@d|ﬁ%lﬂfﬁ§r8;56>@dn -hexoxy, n-
hati c

whi ch
hept%’i}’bgﬂchﬁ/ eH1 @f’ @Ha@PHWﬁ’lUFCB‘yg@ SWM'heWr @l”ﬁ”?We d?%‘?xbfsundecoxy

dodecaxyd fdelc6xy, dthdeddryPparthdecory, hef8decdRy,iNepthdBESS! Bnd octadecoxy,
an aral kyl group, |ike 3-phenyl-propyl.

prefec‘?/‘%t@;‘f&;ﬁ@l‘?% as represented e.g. by R6 , R7 , R8, RO
, Rl12 , R13 , R15 R16 R17 R18, R19,

The term "alkylthio group™ means the same groups as the alkoxy groups, except that the

oxygen atom of ether linkage is replaced by a sulfur atom.
An aromatic group as represented e.g. by R' and R? is preferably Cg-Coaryl.

Ce-Casaryl, as represented e.g. by R", R ,R*, R", R%, R?, R"?, R"® ,R" ,R" ,R" ,R" , R"
, R®and R?' | is e.g. substituted or preferably unsubstituted phenyl, indenyl, azulenyl,
naphthyl, biphenyl, as-indacenyl, s-indacenyl, acenaphthylenyl, fluorenyl, phenanthryl,
fluoranthenyl, triphenlenyl, chrysenyl, naphthacen, picenyl, perylenyl, pentaphenyl,
hexacenyl, pyrenyl, or anthracenyl, preferably phenyl, 1-naphthyl, 2-naphthyl, 3- or
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R20 , R21, R27, or R28 is e.g. phenyl-alkyl, like
benzyl, 2-benzyl -2-propyl, R-phenyl-ethyl, 10
wa2@odirret hyl benzyl , 3-phenyl - propyl, cor phenyPcbBP200§/062586
w, cor di met hyl - o - phenyl -butyl, corphenyl - dodecyl,
cor phenyl - oct adecyl (j)phen%I-eicosyI, and
cor phenyl - docosyl, wherein the phenyl noiety nay be

4- bIﬂHQIS}H b@bhédﬁnﬂﬂyloﬁ &@ﬁldrédﬂ efd or 8-bihhehYl, Rhi bl n@y"{@‘%s%stltuted

hal ‘ogen. ferred neaning for Cr- C25ara|ky , as
Orsulbétﬁldf@ge?rﬂetw@JWIQBa'kOW? , R27, or R28 is e.qg.

3- phenyl -propyl. 15 A heteroarormti C group having up

to 49, preferably up to 25 carbon atong as represented
An a@n@ahc@plpatlcegﬁgjq@s fepreseRiedSr R apddtipisad le@ﬁa%oup which is

subsh@teMby fHdroRRtic B%Ylbn\ghefﬁfn%e Rams4SomaRE e adnatiobre as
nmore than 25 carbon atons. Heter oarP/I as represented

defingd @eredﬂ/ erg an argikyl gresip, [ 3-RASNYFPIRPY! | R15 R16 R17 RIS,
R19 R20 20 and R21, is e.g. 2 C26heteroary| i.e.

ring with five tq sevep rjng,atQqms 8 =19
C7'C@8F?d@h§§deprﬁﬁ?{ﬁe%9§t bR wiker BIR°nifF t ogen, R oxﬁgerﬁ or R, R,

R, ®el Rar ares (heg p&%ﬁ&/lbdll%d hk %e&ﬁt?%zyﬁﬂgrdﬁl B phenyl ethyI
typically an unsaturated heterocyclic group Wt

a, u—dlmemlbandtm pheryl- g@hpmlgwmbnehyldmtsbanw@methhéwmhenﬂtwtm)wphenyl-
Vin t SIX n&on ated electr
dOdePﬁ r?g'F”y' e z(’f?%] PR 8%6' SYi %enzé’f‘ﬁ”%l]"? P "Yq‘ere'”%”e phenyl
mmet;hrnambhUamdstltufedgrlsubétumteme/b by2aticydyaileoxylor halogen. A preferred
benzo |sobenzof 5 tben of ur an
meal R T GARY. S0RRRERY I PRt 0 B e aB ey o ehenytpropy.
pyridyl, bipyridyl, triazinyl, pyrl m di nyl,
razi nyl idazin in sai nd |,
AnefGBAN arolHLISE LB 20 0BIALR o2 GfhoH St g rgprosented
e.g. bysRtdridR? igla hgidrbbal gmupy\b deﬂl&}:mlid‘llgwmﬂjt nyt having more than 49,
noxal i ny in cinnolinyl, pteridinyl,
prete g RGP P GIBRT PloMenzot r 1 azol yi | bensoxazol yi
phenant hri di nyI acridinyl, pyri rri di nyl ,
henant hrol i n henagzi yI Ol l.
Hete R oA R R e o €8 aS oI R G aBangy of 3" R R®. R, R
and Iﬁﬁele@kgaﬂzm&heteﬁbarghl eaeng b;srmgmlttbﬁs\te toiseeeh omg atoms or a condensed
Stitut ed

. eroar hat
ring BB HEF M pitigo Sadh B alihe BRI Belefe FphRr
typlcalty(nrsur&ﬁturatepmemnyehb gogp \Mtty filRd. teaBWatBéhsi (mclading both carbon and
al r bstitute n het eroaromati c gr
neteyAPBENIAIE 4 ek SR Zpries aoleghine rauch PR U ten LB ey
duberm[tg@]imé}@d thientdremye Ra@pturfien, Zl—hﬁyrglﬁ)}l &ien@&ufmﬁybﬁobeﬁzofuranyl,
b o RO OR R S Al DI i D Ae s Bistivt Roridy, ziny!,
pyrmﬂ&hﬂhﬁ;ﬁ?ﬂn%ﬁﬁ?z{gnﬁOlggcl)lheizyﬁfszﬁfd%(')loyi gﬂ&ibdlw,hlnde\lﬁ?lyl purinyl, qumolizinyl,
i'val en u
chindhyl Pyl oA TRL TR ARG SRR il SiRe.
pteri@hyyd@ibgz00/, ca&idﬁlﬁﬂyﬂ)metriwhd)lylhEMle)ﬁ)l}b,quenbﬂthdgdylya@ld|nyI
o e S s, 0 Mo RS RS St o
phenokaimg, viocHtdrabethskibetitutéér sbbatitied) eYg. by alkyl.

A heteroaromatic-aliphatic group having up to 49, preferably up to 25 carbon atoms as
represented e.g. by R and R? is an aliphatic group substituted by an heteroaromatic group
wherein the terms “aliphatic” and “heteroaromatic” are as defined herein except for the total
number of carbon atoms which must not exceed 49, preferably 25, and wherein the free

valency extends from the aliphatic moiety, e.g. heteroaryl-methyl.
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Sor S(XXIX) (XXX) wherein A represents |inear or
branched al kyl ene having up to 25 carbon at ons,
w@e@bosAabl y et hyl ene or propyl ene whi ch may bBCT/EP2008/062586
substituted by one or nore al kyl groups, and Y 10
represents oxygen or sul phur,, For exanple, the
bi val ent group of the fornula -Y-A-O represents
-0 CH2- CH2- O or - O CH2- CH2 CH2-O . A bival ent group
of the formula VI where R10 and R' tog
A b'Vla@ﬁF 8 oaROf W&OF@'%'\@WBW@%R aRthR@ fQﬂthﬂréeF(rWF)i'kylfBe gr
aIker@Ien@QNlﬁQ#mapbéml Bond%v@@?b@éﬂd/bﬁs%i ©he ﬁﬁ&ﬁ/ﬂresmue and

whi ch” are not adjacenf to oxygen may be repl aced
Wh'C'bWayZ@”ka%)@éw ‘i0@5é33&)0”a?t@'|“6u5 Sr a(ﬂﬁ@JFb‘?f ”ﬁ‘h@rﬁnbﬂa | Xeor XXX
-0 CH2- O CH2- CH2- O- CH3, - O (CH2) 20CH3,
-0 (CH2CH20) 2CH2CHS, - O CH2- O CH3, - O CH2CH2- O CH2CH3,
- O CH2CH2 \OCH(CHS)Z -O[CH2 Qg n-CH3 wherein n =
1-10, CH2-@H( CH3) - O- CH2- CH2

yl enedi oxy in
whi ch car cent to oxygen
may be r/gpl aged by oxygen is e.g. a\group of the
fornu -
cycloaliphaSic cycloawrphatlc al iphatic, aromatic,
aromatic-aliphatic, heteroaromatic or
het er oar dfX)c- al i phati c group h&X¥y up to 25 carbon

Wher@FnWFep@&eW@ I%@Q%r%grq@%d PW#B%@%@%@%@Q@ caﬁo%n atoms preferably
substituent R22 group O formul

ethylpag ot preryiermvhigs WQWSHUW@V one qﬁmrelarkébgrgwm En@f’(

reprets@ﬁtsfd%?w & Qﬁiph‘u? ﬁ&%x%@bﬂﬂ@%al&ﬁ@ KRip oMHeGBrRY BeA-O-

unsubstitut substi d wth |nt e scope of the
repreggaipe Q- @Hw@"'z@m—l@cglﬂmcé"szz'@rkenyl oxy is e.g.

3-but enyl oxy. Halogen is fluoro chl oro, brono or

i odo. A group of the formula wherein two groups R22
A bivalgnRaupief te faimula M Wh@reﬁ'eR I@B@ﬁo&ﬂeﬁfer repesasé Axo is a group of
the fOHIES pob@get her represent aI kyl ene or al kenyl ene

having up to 8 carbon atons, thereby formng a ring,

is e.g. a group of the formula XXXI1 or XXXIII (XXX 1)

(XXXI)

C+-Cysalkoxy in which carbon atoms which are not adjacent to oxygen may be replaced by
oxygen is e.g. a group of one of the formulae -O-CH,-O-CH,-CH,-O-CHj,

-O-(CH;),0CHg, -O-(CH,CH,0),CH,CHg;, -O-CH,-O-CHj;, -O-CH,CH,-O-CH,CHj,
-O-CH,CH,CH,-O-CH(CHj3),, -O-[CH,CH,0],-CH3 wherein n = 1-10,
-O-CH2-CH(CHj3)-O-CH,-CH,CHj3 and -O-CH,-CH(CH3)-O-CH,-CHs.

C,-Cqsalkylenedioxy in which carbon atoms which are not adjacent to oxygen may be

replaced by oxygen is e.g. a group of the formula -O-CH»-O-CH,-CH,-O-.

An aliphatic, cycloaliphatic, cycloaliphatic-aliphatic, aromatic, aromatic-aliphatic,

heteroaromatic or heteroaromatic-aliphatic group having up to 25 carbon atoms as
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15 wherein in the group of the formula XXXIl R23 and
R24 together represent 1,4-butylene and wherein in

wo bmogsTap of the formula XXXI11 R23 and R24 tPQEEP®NS/062586
represent 1,4-but-2-en-ylene. A group of the formula
X, mhereln R27 and R28 tqqether represent al kyl ene
or al kenyl ene 20 which may be both bonded via oxygen

subsﬁtﬂgﬁmzzwwqﬂf atg% 5&& th&t@MYila )fl@fa'sqweeméﬁl‘ﬁnﬁ@b@ffheﬂ%ove A
bot h have up carbon atons, is

prefecrwé g‘r@rm%tﬁe mpka Xris Rdbiplygny| eﬁovpﬂsfscmmy%xmswst'tuted or
subsﬁtﬁ?@é\@nthlﬂﬁne\%%@bﬂhé\ab%@%ﬁé‘tS l'inear or branched
al kyl ene having up to 25 carbon atons, preferably
et hyl ene or propyl ene which may be substi t ut ed by one
An e%mﬂerr@remléﬁyioxgrswg% -b@BRlyIdky. F EPresent s oxygen or
sul phur. For exanple, the bi vaI ent group of the
formula -Y-A-O represents -O CH2-CH2- O or
Halog& SHidofdnisF2 bémo oME4£009/ 047104 PCT/ EP2008/ 062586
2 Preferred are conpounds of the fornula | wherein Rl
and R2 are independently of each other an aliphatic,

A gréupCdi @ foRRah MG whedsh ffd ?@nag RE-t8RPPRREH Gre iRHITREIGISborhood of

aromati c-aliphatic, eroaromatic or
eachiihedy PepHRREPERSENt iihsé\?nq;orﬁ@npﬂeﬁa\'ﬂawgg 4p 1@ 8 caePopatqsBs thereby
formRg g, B &9 AHEURST REforhfieRRRABAKKXIOf each ot her a

group of one of the fornulae X to XIX, R24 R33 S R40

R39 R25 23 S\ RR8R27\ / \ R32\ / \ \ Ras R34

26 /| R22 | R29 31 35 37 Sj RBo RR R36 R (Xl)
1) (XIIIHI?W‘V) R54 R54 R46 R46 R55 R53 R55 R53

R4Z" R56 R52 R56 R52 41 R44 R R44 R51 R57

R43 R48 R50 R50

(XXXII) (XXX

wherein in the group of the formula XXXII R* and R** together represent 1,4-butylene and

wherein in the group of the formula XXXIll R® and R* together represent 1,4-but-2-en-ylene.

A group of the formula XII, wherein R¥ and R?® together represent alkylene or alkenylene
which may be both bonded via oxygen and/or sulfur to the thienyl residue and which may

both have up to 25 carbon atoms, is e.g. a group of the formula XXXIV or XXXV

'a A\o Y
B B
s= R S R
(XXXIV) (XXXV)

wherein A represents linear or branched alkylene having up to 25 carbon atoms, preferably
ethylene or propylene which may be substituted by one or more alkyl groups, and Y
represents oxygen or sulphur. For example, the bivalent group of the formula -Y-A-O-
represents —O-CH,-CH»>-O- or —O-CH,-CH,-CH,-O- .



RA2 R42 RA9 R4A9 10 (XV) (XVI) (XVII) (XVII1) R54 R55

R53 R52 R57 R51 R48 RS0 R49 (XIX) wherein R22 to
wWeR2B9asm0R29 t o R58 represent independently of PEBREP2008/062586

ot her hydrogen, an 15 ali phatic hydrocarbon group

having up to 25 carbon atomal,2 or a group of the

formula (111) PR3 Pt (1'11) WD 2009/ 047104

PCT/ EP2008/ 062586 13 V\,her ein R represents an

al i phatic hydrocarbon group having ug to 12 carbon

Pref%f%*r?ée C@’PDPWS Q& thsuigsmme 2 whereipB - 2t Fore indppragenilyicf gach other
an alfghtié, '%y&lbﬁldﬂﬁh(g Q?&BQ%QU@&M&%Q@ a%rﬁ@tfo aFo‘Pr?aQUHﬁ hatic,
represent kyl ene or al kenyl ene having up t car bon
heter@@m@atwt%@?@&ﬁr%avﬁ ﬁlgphatw giegP hanag ureiq%ﬁarbmetoam%
5 R ah@ﬂe%nﬁféﬁehMer%@ cﬁ—‘%%h Qlthieé gPBrPGRE of fhe TErdrAddNl to XIX,
C, - C, 8al koxy, , 5 Cr7-C25ar al kyl heteroaryl
Org& group of the for rrul a (1) ﬂh;ovvn above wheREj ﬁng
rR2represents an aliphatic hydesocaybon group va!
F0%2 ‘car bon Fﬁjeorrs ROt R27_nd RRE kBget her
3 R58 toget present,,atk STTe
wh chRmay be b onged i a qxygas and/or vl fq t Q¥
th t hi enyl rési éf’ue F’and whi clR'may both have up tho 25
on atoms, an remai zkﬂg substltuentg{)?ve t he
n| ngs given above 10 Especially preferre
conmpounds of the fornmula | wherein RL and R2 are
i ndependent|y of each other an aliphajic, s

cycloaliphatic or cycloaliphatic-ali Phat |% hydr ocar bg s
36 havi ng up top®5 carbon atBnms,a.aRd d reptes R
D45 C, P refsesent Ara , éyeS
6 are |n dently of eachyother “R°bi va R

57

10 (XV) (XVI) (XVIN) (XVIIN)

(XIX)

wherein R* to R% and R? to R* represent independently of each other hydrogen, an

15  aliphatic hydrocarbon group having up to 25 carbon atoms, or a group of the formula (l11)

1
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R6 R S (1V) wherein R6 and R7 are independently of

each ot her hydrogen or C, -C25al kyl, and 20 R3 and R4
wae@oiosmependent | y of each other a group of theCT/BPI00$/662586

R28 R27 S R58 (XIl) wherein R58 represents hydrogen

or an aliphatic hydrocarbon %roup having up to 25

carbon atons, and 25 R27 and R28 are independently of

wher@RA réHr&L’é’ntsr‘é/rdélﬁﬂ@fb Wdr&ar%@%lﬁy haw%’ﬁ? t&$PE%bBh L:dbms or two

prererr garezg OIT'QPUHSO f or mul wher ei n

QFOU&%B “fo Rar@nd Rnde fendiah pie 'Bﬁh%%ﬂgf‘t&ril‘fé}d o pagh P%‘ﬁétt‘i’g,ether

repré%léﬁﬂ Q@Iér@@tdllé‘enWenG}‘lﬁlnﬁ@hbW@%bt%bﬁ'a‘tcﬂﬂ@tthé}eby form|n8 a ring, and
a@ﬁ(ﬁzgcar bon rouE havi ng to 25 carbon at ons

aredpeepspAent of@acr@:othgr hygheoen. pe‘ﬁﬁ@é‘%’htc11c1s%k%yaﬁqcz4aryl

C7-Céél%llé}1 %etéﬂé’nﬁrple BF’@@FdV\g @ghﬁgﬁgggﬂ?%@ﬁépbgggy%é%gw Fepresents

an aIP@aP@hWOC%bor( 9"o1P haKieg 8P 0 dhearepPn RPMEH QT R7 and it e degetther or R*
and I@g‘tégesl?ér‘?é!ﬂ)remﬂaﬁ(gféﬂ@ o@bfk@ﬁyl@rﬁe \ﬁﬁlcﬁ%g%% Bo¥P b&&fRAANEa oxygen

drogen or Ara and are a bival ent
a”d/%frsé'ﬁbr tgtthe W&Wbﬁeﬁﬁpa aPQ/Wh\'MH‘éF@{ bota Have ep tRed ‘éﬁ‘THOfR?tomS and the

rema“rﬁvﬁ’gﬁ SRRMuBNtsMEVE @ULMeadgs HPeBsbvid4 ar e independent |y
each other a group of the fornula R28 R27 S R58

(XII) 10 wherein R58 represents hydrogen or an

Espe%|dl|?B?§férFed’1é/r€rc@ﬁ?69l%k &rtl%lﬂ)rrhal\é'lm\ﬂwe%ﬂn R@’al?@ RE afehﬁ&ependently of
at ons one of R27 and R28 re&pesents C25al k

yl
each gigr@n;alighafich eyclentiphatie ofcyclraliphatisplihatic By(hwfa@bgroup having

up to 25 carbon atoms,
a and d represent 0,
b, ¢, e, and f represent 1,

Ar?, A, Ar’, and Ar® are independently of each other a bivalent group of the formula IV,

(IV)
wherein R®and R’ are independently of each other hydrogen or C4-Cusalkyl, and

R® and R* are independently of each other a group of the formula
27

(X1
wherein R* represents hydrogen or an aliphatic hydrocarbon group having up to 25 carbon
atoms, and

R? and R?® are independently of each other hydrogen or C;-Casalkyl.

More especially preferred are compounds of the formula | wherein R'and R? are
independently of each other an aliphatic, cycloaliphatic or cycloaliphatic-aliphatic
hydrocarbon group having up to 25 carbon atoms,

a and d represent 0,

b, ¢, e, and frepresent 1,

Ar? and Ar® are independently of each other a bivalent group of the formula IV,
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or C, -C25al kyl. 15 Very preferred are conpounds of the
formula | wherein Rl and R2 are i ndependently of each
w@tdvensdam al kyl group having up to 49 carbon aPOIEP2008062586
and d are independently of each other 0, 1 or 2, Ar'
and Ar4 are independently of1 each other a bival ent
group of the formula IV R6 Ié? S 20 (IV) wherein R6
and R7 are independently of eacly other hydrogen or
C -C25alkyl, b, c, e, afd independently of each
other represent 1, 2 or 3 el, Ara, Ar5, and Ar6
are independently of each”other™a bival ent group of
the formula IV, 25 R6 R7 ﬁ}{ (1'V) WD 2009/ 047104
PCT/ EP2008/ 062586 15 wherefl¥) R6 and R7 are
whereindepesi R ahd R’ obpreaeits Gt {0asalkyy dhitgide otiEt-oCRSah kRl remesents

Cr-C2haral kyl, and R3 and R4 are independently of
hydr%g(f@hor%h(%ﬁéﬁgyl,gr oup of one of the formulae Xl to XIII,

Ar® aX¥ Ar%afe a tavelentigrouRPet i8R blaRZ 3witereiR2BicR2T RR3™ RR26resents
- R22 IE@% R231Sj RBOR 5 (XI) (XII) (XII1) R54 R46
yaredes' R53 R47 R45 47 R45 R 52 41

R® and R* are independently of each other a group of the formula

27

(XN

wherein R* represents hydrogen or an aliphatic hydrocarbon group having up to 25 carbon
atoms, and

one of R and R® represents C;-Cpsalkyl while the other of R*” and R? represents hydrogen

or C4-Cysalkyl.

Very preferred are compounds of the formula | wherein
R'and R? are independently of each other an alkyl group having up to 49 carbon atoms,
a and d are independently of each other 0, 1 or 2,

Ar' and Ar* are independently of each other a bivalent group of the formula IV

(IV)
wherein
R® and R’ are independently of each other hydrogen or C-Casalkyl,
b, ¢, e, and f independently of each other represent 1, 2 or 3

Ar?, A, Ar’, and Ar® are independently of each other a bivalent group of the formula IV,
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R44 R R44 R57 R51 R41 R43 R43 p48 RS0 R42 R42 R R4S
(XV) (XVI) (XIX) 10 wherein R22 to R26 , R29 to R33 ,

weAmIDeTIRES , R57 and R58 represent i ndependene¢EP{008/062586
each other hydrogen, an aliphatic hydrocarbon group
having up to 25 carbon at oms,, aryl, al koxy having up
to 18 carbon atons, or hal ogen, or two groups R22 to

wherBRER VNI G é\%@ndeﬁbeﬁ&@nﬂ%r@)@bM&ﬁQﬂ%r&j‘en?@?—@ QHYELr C-Cosaralkyl,
t oget her represent al kyl ene or al’kenyl ene ﬁaV|ng up to

and 8 carbon atoms, thereby formng a ring, and 15 R27

R® a /! 8 & RnbEHRRE BEENbINr 5rdRBDOR 0RE BEhe RFHUREER to XIII, XV, XVI
Cl- C25al kyl, or "Cr7-C25aral kyl, or R27 and R28

and Xl§get her represent al kyl ene or al kenyl ene which may be
bgts bonded via oxygen and/or stsfur to the thienyl

Rare idBe; and which may both hgve pp to 25 carbon atons.

aBve- menti oned

o Logpounds of 1t rmul a |, e Rl 20 and R2 have
R™“thg sBne neani d &4 he Bide ,¢dhalgts of the formul ae
and XLVI areS identical th each other. FArl Ja L
A(r%VJa L Ara Jo F&” 4 [Ar6 JfyhyArS Je L Ard Jd (XLV)
%L ) 25 Most preterred ar t?1e conpounds of the
formula | described in the Exanples, r¥pecially a
conpound of the genefal formula R°sel ected fromthe

conmounds havi nq7th forpul ae 13, 2

4 4

8/ 062586 , 24, 25, 88, 44, 45,
56, 5 61, 63 64 74, 76, 78,
1T,R82, SR 86, 87, *89,
“ ctd vely, ar g depi ctgg hg Exanples. The
R “conpobnds of tHe flormMdla | ¢ nGf act ured by

kfidwn net hods. 5RA possi bl e rout & of manufacture
S ts froma co nd of the for a XXXIv. H 4 d N
[ %Ar'q H ONERWXXXW) R

wherein R% to R® , R® to R®, R* to R*®, R* and R®represent independently of each
other hydrogen, an aliphatic hydrocarbon group having up to 25 carbon atoms, aryl, alkoxy
having up to 18 carbon atoms, or halogen, or two groups R** to R* which are in the
neighborhood of each other, together represent alkylene or alkenylene having up to 8 carbon
atoms, thereby forming a ring, and

R% and R? are independently of each other hydrogen, C-Casalkyl, or C-Casaralkyl, or R%
and R?® together represent alkylene or alkenylene which may be both bonded via oxygen

and/or sulfur to the thienyl residue and which may both have up to 25 carbon atoms.

Very preferred are especially the above-mentioned compounds of the formula | wherein R’
and R? have the same meaning and the side chains of the formulae XLV and XLVI are

identical to each other.

P —r e btk

(XLV) (XLVI)

Most preferred are the compounds of the formula | described in the Examples, especially a

compound of the general formula | selected from the compounds having the formulae 13, 22,
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10 wherein a and d represent 1 and Ar' and Ar4 have
t he nmeani ngs gi ven above, or froma conpound of the

wo o0 AaOXXXY H N O HAr5 ] [ Ard d [ArH O PCHEP2008/062586
(XXXV) 15 wherein a and d represent 0, b and e
represent 1, and Ar2 and Ar 5 have t he neani ngs given
above. Said starting corrpoung of the fornulae XXXIV

23,290 Q|5>%X§’2 %‘4&?9453%8551%@ 8§65 50e66,61068, 44717028, P8, ARigNs1, 82,
reacting (in the presence of a strong

83, %a%%)%eﬁé ﬁ%cméi & r%ﬁpeeﬁ'\@b'c &Vhwataée depigied in iettgmples.
sucm nate, wwth 1 nole of a nitrile of the fornul ae
or XXXVII  H Ar1-CN (XXXVI) H Ar4-CN ( XXXVI )
The %F?WPQU”% ogthgfformula t ¢an ke menyiReiures Ry iinewnetPds. or
XXXI X HAr2-CN (XXXVITT) HAr5-CN (XXX X) 25
Alternatively, said starting conpounds of the fornul ae
A posgile Ui af bfeetife Hartshemiafamresind gétherforuta KXX(Ys
pat ent 4, 659, 775 by reactlng anitrile with a suitable
ester, like a pyrrolinon- _3-¢arBoxylic ester
derivative. WO 200 A N / EP2008/ 062586 17 The
t hus obtai ned compound of “th 1B, XXXI'V or the
t hus obt ai ned conmpound of t XXXV is then
N-al kyl ated for introducti®n O’E t he groups Rl and R2,
e.g. by reaction wth a brom de of the fornmula Rl-Br
or R2-Br in the presence rkxp/)suitable base, Iike
pot assi um carbonate, in a sui tabl e solvent, Ilike
N- et hyl - pyrrol i done. The reaction is carried 5 out at
Wher@mtaﬁémﬁd Adpésent 1 QY APOsHd A©BBVE ﬁl@ﬁﬁéeﬂﬁr\{{?%niéh 08 Lor from a
refer abI fromabout 100 C to about 170 C,
Coml%oué‘doé heffgnida X t hus obt ai ned conpound of the
formula XL RL N O

g O
e
r R r d\ .
Db
N a b
O \
H

(XXXV)

wherein a and d represent 0, b and e represent 1, and Ar? and Ar® have the meanings given

above.

Said starting compounds of the formulae XXXIV and XXXV can be obtained as described in
US patent 4,579,949 by reacting (in the presence of a strong base) one mole of a

disuccinate, like dimethyl succinate, with 1 mole of a nitrile of the formulae XXXVI or XXXVII

H-Ar'-CN (XXXVI) H-Ar*-CN (XXXVII)
and 1 mole of a nitrile of the formulae XXXVIII or XXXIX.
H-Ar*-CN (XXXVIII) H-Ar’-CN (XXXIX)

Alternatively, said starting compounds of the formulae XXXIV and XXXV can be obtained as
described in US patent 4,659,775 by reacting a nitrile with a suitable ester, like a pyrrolinon-

3-carboxylic ester derivative.



H--f Ar4 d 1-1 Arlga ON R2 10 (XL) wherein a and d
represent 1, and Rl , R2 , Art and Ar4 have the

wore@niosmys4 gi ven above, or the thus obtai ned cPOPBP2VIS/062586
of the formula XLI RL O N HAr5] [ Ar4 d Art Ar2bH
ONR2 15 (XLI) wherein agnd d represent 0, b and e
represent 1, and Rl , R2 , Ar2 and Ar5 have the

The ﬂﬁ@@bﬁ%d%o%@uﬁ@@f’tﬁe férﬁ1ui&ﬁﬂXlWﬁ@ﬂquobfhn?eoSdHrﬂpﬁﬂh@ of the
brom nati ng agent, |ike N-brono- succinin 1o [ d

formgla 2gRpois e oN- adhy@tercbfpﬁwﬁraéugtopn |of BYecDr YRS R and R% e.g. by reaction

with 5 %ﬁme& b’f/fﬁle)felr_ni%ﬁ)a RNBr aI\ROBQn tRRE ﬁsze%ﬁc%ﬂoff’a ﬂ.tébrérbdasg Ne

pOtaMP@@?E@t& 'P@T?@PQ'@@QW@B"ZB‘SBN ”1@““"1’%”8?‘1%‘?@ § Eﬂ@cﬁ'@‘ is carried

5 out a@ §rtér’n§éfaﬁl% frbm a%oﬁﬂobﬁ‘hlen%pér%ltl)/r@% abédti‘igo@'p%f@ﬁaﬁrymom about
t wo eqqujlva ents of N brono-succininmi de at

100 tCe 4t 1F " b heéndQ 36C and +50 C, preferably betvveen
-1OC and roomtenperature, e.g. at 0C. 5 The

npounds of the formulae XLII or XLIIl can then be
Theth§§8€mﬂ$§|qqﬂmoéﬂ@8it§9'for%’iﬁ Xk ep- wise adding further

groups Arl-H Ar4-H Ar2-HgiAr5-H Ara-R3 and
Ar6-R4. The step-wise \N 0
1
Ar%aH

-Ar4

hz

10 (XL)

wherein a and d represent 1, and R", R?, Ar' and Ar* have the meanings given above,
or the thus obtained compound of the formula XLI

S

1

R

R2

wherein a and d represent 0, b and e represent 1, and R' , R?, Ar? and Ar® have the
meanings given above, is then reacted with a suitable brominating agent, like N-bromo-

succinimide, to yield a compound of the formulae XLII and XLIII, respectively.
20

o Ar~}Br i %Af I\T A —Fa]Br

'\!
R’ R’

(XLII) (XL
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addi tion of these groups can be effected e.g. by

reacting a conpound of the formulae XLII or XLIII
wowdob/ogrisui t abl e tin conpound of the fornula XedNEP2008/062586

(R59)3Sn-Ar1-6 (XLIV) 10 wherein R59 represents

C1_7al kyl, |ike butyl, and ér81 6 represents Arl-H,

Ard-H Ar2 -H Ar5-H, or Ar6-R4,

The br@ffesibh Yse&éfrledT&ﬁ ith §%ﬁﬁét9@sél§erﬁqu6'cﬁﬂ>r6¥6ﬁn 'lfélrbhﬁ/o equivalents of
presence of a suitable palladiumcata

i K
N- br@a@ppmd@a{ a tem,pﬁragjrg@p{vg-:tﬂne?,@&] @@nfg/ & g)refgﬁpbly between -10°C
and RbANBED gralayrgré)gaétk@p@_ sol vent, like toluene, at a
tenperature bet ween about 50 C and 180C, e.g.
under reflux, and under inert conditions including,

The d:d?'ﬁ&dun@% 'oﬁthethS‘@m}FﬁXQf odXM1128h Yf%rhtb% siﬁfatd%lnce%}rluga'ﬁ&j by step-
the reaction mxture, may ? at e

Wlse@dglngaﬁtr@r EYBE &r 5&’& Ig,/r\rz +h Q'jei"/ |.4y —r%( rapd Ar -R*.'The step-wise

addutﬁﬂ%%é@r&ﬂ)s%ﬂ Heh#fe@@%'er @%y‘?@éﬁ?uﬂﬁ%d:oﬁ{p%ﬁh@ bt RE€8kmulae XLII or
addi ti on of nethanol

X'—”""@,‘i%c?es%tﬁ9|ieﬁmé1°6"rpg’aﬂ‘ij ghthe dermutaeXkl¥npounds of the
formul ae XLII or XLII Rﬁwgnt}o\,aﬁ a(d@l_q\yl onal thi enyI
resi due can al so be eff g reaction wt

whergindR ureprasents @maéwyl“b%%tﬁ'u en%ér fe&fﬁ?@”&%ﬁf gdt 8 ;H. AP, A,

Ar-RAZdRaR3 bigdciidly.benzyl i deneacet one) - di - pal | adi um ]
and tri-tert-butyl- phosphoniumtetrafluoroborate in

tetrahydrofurane. 25 The 2-thienyl boronic acid pinacol

The R3t®dn iFRYrrid8 o@pfnalhélﬁﬂasgnéb oftéysﬁggl'e%”%@ﬁtdaiag}ﬁs@dlk@Pd(P[Cs sla)a
unsubstituted thiophene to a m xture prepared from

 in afUgRlg oIV Rtne: an@raa@naﬁt'p@aﬁrpéwpaﬁplﬁentaw tolypne, ¢ prigmperature

betw@eh S8Rt BB OV Yamd: 14305055\@;@%@”%““5('%@ uhdér ﬂb@ééﬁlﬂf&{saﬂﬁ@udmg inter
to the thus obtained mxture. Analogously, th

alia, thej yse-of By 5/ \v@ntn e erplingfowpdhe 6@?&8%6@“@18 r’ﬂ"Webe e.g. filtrated,
e.qg. (ﬁrpé HUU@@ 12kt Sili@ géﬂHyhé@V%dnBer&%t&ﬁaﬁdjﬁbtdegfﬁ@d cdhsanl FPécipitated,

i phenyl reS| due may be effected with phenyl -boronic
e.g. @t@@'t&”ﬁﬁ@&ﬁ hanodt er " or bi phenyl - boroni ¢ aci d pi nacol
ester. Alternatively, for the manufacture of corrpounds
of the formula | wherein the side chains of

th
The fsiglerkiiaiee!RNSAURA AN &/FORP YIS OF Em??f%‘lu'@@*F'EPQéblﬁlVU%‘z%B@d't'ona'
thlen§¢I9re§‘ d&é car’J Alsb bé‘reﬁ‘eétéd . g°\b§‘ rédetio® witd almik@ire) b i—trﬁﬁlba)ﬂ)rﬁc acid

V)) re identical to each other
p'”a"?(% eﬁpé & dp@?% BT'%dPS”%)’UF’WP%?B"WH@'O%%‘I“@W@ apdddr t%’h%‘l‘tﬁ's

phos hérﬁﬁmﬂ@t@aﬂubh%@rdt@ﬁptbtrﬁlgyd?of[]ia*né' le of the formula
R4 [Ar6 Jf L Ar5 Je L ArddCN 5 (XLVI | ) with a

swtabl e disuccinate, e.g. di-tert-anyl succinate. For
he 2XA6M)I8bromc BEiY piHaRolstdrm@dYBd bbtained e.g. by adding substituted or

unsubstituted thiophene to a mixture prepared from n-butyl-lithium and diisopropylamine and

by adding 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane to the thus obtained mixture.

Analogously, the “side-chain-elongation” of the compounds of the formulae XLII or XLIII with
an additional phenyl or biphenyl residue may be effected with phenyl-boronic acid pinacol

ester or biphenyl-boronic acid pinacol ester.

Alternatively, for the manufacture of compounds of the formula | wherein the side chains of
the formulae XLV and XLVI
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chloride (FeCl3), sodium and tert-anylal cohol may be
heated to 60-160C, e.g. 110 C, before a m xture of

wo beonitiod | e of the fornula XLVII and di-tert-eamyEP2008/062586
succinate is added drop 10 wise. After stirring the
reaction mxture until the rgaction is conplete, e.g.
for about 19 hours at 110 C~ the reaction mxture is
poured onto a water-nethanol m xture. Conpounds of the

+Hhprupag Mfanald Mvka containiag fhejgonplidiays)de

le RB R4 [Ar6 L-t h-- 15 (XLva) (XLVIa) manufactured
e.g. WV eacting a bromo derivative OkLMlhe fornul a

Bl AL i pot i M ' . . ar
r S 5, B B TS, SR o8 i
then gesicting amitrilerpf diedformpula gLM8r of N (dppp) Cl2 and a nono-

or, if desired, dibrono conmpound of the fornmula
Br-Ar2 or Br-Ar2TBr, riﬁp%g?kﬁélg.m cNhe conversion
of a conpound of the fornmul'dt XLV¢ta 190 the nitrile of

the formula XLVII may be effected e.g. by adding a
solution of a conpound of OH¥Ihornmula XLVIa, e.g. in

with %?.l“?ﬁkgd'3%‘%9”@?‘%]%éé't%?é@'és)'ﬁ}"u@t“?%ﬁétgf IQ(pr e@('amf)%, Q%l%pel 5]fg|ron(lll)-
chlorief (6e6s), nsodiugh, sanidItgéntremylafcobolgmay bé beated tabdt16@&cigng10 °C,
' , . |
oo gl AL b U o Bt B e
wise shftefr stigingriheeregictian mrixtung lunfildhereasictien is\0OTMRE0D /0 TdrGabout 19 hours
- : t ai ! d of
2t 1S PR isn e, st e s A REHoGAIRAY Phen
be transfornmed into a desired end product of the

Comb&l lcfl’.tﬂ%f@ﬂﬁlﬁlgé RL aﬂ{i'g(Le?a Hrtai ng heaébmp%tia%mtc!h%ins can be
ycloalip cyclo or

1
atic, ali phatic-aliphatic,

ar tic—-al i phatic group, |ike espegially uch
H%h&;ﬁca?—@w@p,—bﬁw al kyIRit-om. T&%&a@t@@%na
as described above, or by 5 heating a solution thereof

and p i um carbonate in dinethyl for nggq fol | owed
by a@(ﬁi???on of R1-Br or R2-Br, or by re 0\35% with a
mangfactt el eeg.i ydedeingfa hromofderinativa dRihd foonulRBr-Ar' etc. first with
magnesium in diethyl ether and then adding the thus obtained Grignard solution to a solution
in diethyl ether of Ni(dppp)Cl, and a mono- or, if desired, dibromo compound of the formula

Br-Ar® or Br-Ar’T-Br, respectively.

The conversion of a compound of the formula XLVla into the nitrile of the formula XLVII may
be effected e.g. by adding a solution of a compound of the formula XLVIa, e.g. in toluene, to
the reaction mixture obtained by adding triflic anhydride to a solution of N-formylmethylaniline

in e.g. toluene, and reacting the obtained aldehyde of the formula XLVlla

H
Re—— [ ack \<
O

(XLVlla)

with hydroxylamine sulfate in e.g. dimethyl formamide.
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For exanple, a m xture of a conmpound of the fornmula I
wherein RL and R2 are hydrogen in N nethyl -pyrroli
wa@lene/0id04 reat ed, preferably under cooling, e.PCT/EP2088/062586
tenperature between about 0 C and 10 C, e.g. about 5
C, with a suitable strong baz%e e.g. a suitable
hydride, like an 10 alkali metal hydride, e.g. sodium
The mﬁgbb@ﬁwed-@&ﬁfp%ﬁm 8f the'i‘(ﬂ%u'laolqht‘i’&elﬁfR“dﬁ@ FfzoerrérH &o?@ﬁ }na9rthen be

. t the f
ransigg g dftp aripSied 87 BIOOHEO! B (OFBAN BACEIR| ARG 1R 0. o
ahphﬁﬁ’df rc?é@&libﬂhﬂﬂ cﬁélé’ﬁlﬂﬁ% éﬂfphbﬂ? of Qfdmjelt@—a?fbﬁﬁh'c'grod%‘l Ilke especially

g. by reaction
SUCh\ﬂ”thfﬁﬁéFQ%)ﬂr%ﬁ g N-gdlylgtion, 6(919@1@099“5!341@ deseiRgdabove, or by

heahﬁét\é's'ohtlﬁﬁl/heb@of%rrm@%@fa%gluﬁr &brbérfa%nn%l lﬁgr%ﬁﬁiarﬁﬂ‘detiﬁﬁ‘owed by
fornmul.a 20

additigp of fidi BigoreR St ot bsbwaelfonaw%ﬁﬁwmf '@fi'dtewétmapr@mﬁlm l'or R,

For dxBmples HirhigihEorsPbomiiundlof R hRhHE NRhereiPRt A% ReAEtHYBRbgen in N-
m xture of N-fornylnethylaniline in a suitable

methybpyreionq is eates) Br@iﬁ%abléHﬂerrqoﬂ'ﬂ% .2t & HIMRATRIYES befyaen about

0°C @ﬁ@ﬂ@nt b @V%Hu't gncr ﬁ/hl@b%ﬁlt@dl&?@trérg; E&‘é’ §Ea£ %hl%le hydrlde like an
erials, especjal to co

I
alkal\,mgﬁaéhyqugﬁee gfsqg&np] hbcfrldplTlgﬁfgafﬁ@' tgpéoqﬁ%gfdb@fprmula R1 | or R%-l is
adddarefererably to such conpounds which, |ike the end

products of the formula | can al so be used as the
sem conductor layer in 30 sem conductor devices.

The Mtrfd 67 th&fbraut: XINABEse AT dthril Bg m&&rau ﬁ1|a§ beford Ofi"aeed 85Mibd the
wherein one or both of Rl and are hydrogen and

corrggpPRAing Bl elyde Cﬁﬁhqféﬁﬁ't"a%ky”br t hr ee Ar groups in each
side chain. WD 2009/ 047104 PCT/ EP2008/ 062586 21 The
conmpounds of therformil g, fAN did Ype
transi stor behavi or and- cafi‘tbe ed a§ the
sem conductor |ayer in seniconductor devices.
Accordingly, the present i®¥Hbion also relates to a

e.g. BEBLEQMANE RdrS§¥dnsiRe cONPri sing as a sem conducting
ef fective neans "a conpound of the formula | 5 RL NO

Said aldehyde of the formula XLVIII may be prepared e.g. from a compound of the formula
IL,

R Ar® ]f[ Ar® L[ Ar‘LkH

(IL)
e.g. by adding a solution of a compound of the formula IL in a suitable solvent, like toluene,
to the reaction mixture of N-formylmethylaniline in a suitable solvent, like toluene, and triflic

anhydride.

The present invention relates also to new starting materials, especially to compounds of the
formula | wherein one or both of R' and R? are hydrogen, prefererably to such compounds

which, like the end products of the formula | can also be used as the semiconductor layer in
semiconductor devices. Preferred are those starting materials of the formula | wherein one or
both of R and R? are hydrogen and which contain at least two or three Ar groups in each

side chain.
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R4 [Ar6] 1 L Ar5]eL Ardd A" ] [ Abe Are JCR3 ON
R2 (1) wherein RL and R2 are independently of each
w@tdvensdam al i phatic group having 7 to 25 car borCT/BP2008/062586
atons, or a cycloaliphatic, cycloaliphatic-aliphatic,
aromatic, aromatic aliphati%,1 het er oaromati c or
het eroaronmati c-al i phatic group having up to 25 carbon
The e%rﬁ’ﬂiﬁimds 3 fRGorchUid PeRANEEAM JJ M/p@ftraﬁﬁﬁbr Qéﬁb‘%for %F\@ cBn bd used as
or 3, Art and Ar4 are indepen ent(y each other a
the Ssﬂwnémtordamrpn é‘?mlcﬁ@dlfcéﬁrrﬁﬂ’b"&e%ﬁcﬁpr ingly, {rsRrgseRd inyentipn also
relatés5to(a1é]§m|(:6r}6)ucto%8\%€é Borkbi @ryaﬁ s%%oﬁ&c@ﬁé efledivE Meds a
represents 0, 1, or 2, R5 is an aliphatic
m“M%@ﬂéEHWH@H“@?%up having up to 25 carbon atonms, or two
vi cinal groups R5 20 together represent al kyl ene or
al kenyl ene having up to 7. car bon atons, it being
possi ble that two groupﬁ\RS gresent in the group of
formula | di ffer f-romeat ther, b and e
i ndBpenden|Ars represent 1, 3, C

and f |ndepenofently of éac ﬁr_egx ]_,_LRE
3, Are , Ar3 , Ar5, and are iadepen Iy‘of each

ot her a bival ent group of onp2of the 25 fornulae IV
to Xand L, R RT R NS S/ Rl4 S Il RRRI2 RI5 S S
R10 R11 R13 S R16 (I1V) (V) (W) (Vi) (VI11) WO
2009/ 047104 PCT/ EP2008/ 062586 22 R19 R20 S S S NN
17 18 RS R R21
wherein R'and R? are independently of each other an aliphatic group having 7 to 25 carbon

)>

atoms, or a cycloaliphatic, cycloaliphatic-aliphatic, aromatic, aromatic aliphatic,
heteroaromatic or heteroaromatic-aliphatic group having up to 25 carbon atoms,
a and d independently of each other are 0, 1, 2 or 3,

Ar' and Ar* are independently of each other a bivalent group of the formula Il or IV

(R°), R R
L
S
(1) (IV)
wherein
R® and R’ are as defined below,
p represents 0, 1, or 2,
R® is an aliphatic hydrocarbon group having up to 25 carbon atoms, or two vicinal groups R®
together represent alkylene or alkenylene having up to 7 carbon atoms, it being possible that
two groups R® present in the group of formula |l differ from each other,
b and e independently of each other represent 1, 2 or 3,
¢ and f independently of each other represent 0, 1, 2 or 3,
Ar?, Ar’, Ar’, and Ar® are independently of each other a bivalent group of one of the

formulae IV to X and L,

o S A ol

(V) (V1) (Vi) (VI
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(IX) (X) (L) 5 wherein R6 , R7, Rs, R9, R12 , R13 ,
R15 R16 R17 , R18, R19, R20 and R21 are independently
w@booeachont her hydrogen, Cl-C25al kyl, Cl- Cl8al ROKREP2008/062586
C6- C24aryl, Cr7-C25aral kyl, or heteroaryl, or R6 and
R7 together represent al kyl epe or al kenyl ene whi ch may
be both bonded via oxygen and/or sulfur to the
t hi enyl residue and which nay both have up to 25
carbon atons, R10 and R11 agre independently of each
ot her hydrogen ClrE€l18al k", C6- C24aryl, heteroaryl,
og 10 RlO and R11 thbgetfersrepresent oxo gy fQrma

/ X menbered r Vi h is unsubstit/uted or
ted by a) ansatighafi c hydrocar ban N D
&
R”haV|%g uRr't o 18 carbon atonsg®'b) Cl-Cl8al ko

C2- Cl8al kyl enedi oxy in both of which carbon atorrB
kh are not adjacent o oxygen may be replldced by
oxygen, or 15 c) C6-C24aryl, Cr7-C25aral kyl,
Whergilt%_%g;ég R @?1%?{0%8&[3‘% R?ggRjagn,qR RaR&aad R are independently
ofsea'cg?ﬁufé@ﬂ%ﬁ%;éry CQfC ?eﬂkﬁﬂ ®©] @Kgélkéxy%f:g-%ﬂl @P@zsgfa”@gh%r heteroaryl, or
R°a Roether yep\reqqggalkylene; o alkgnylengavhichrpgy pe Roth hondeqyig oxygen
and/é”r]suﬁ@r 13 thedthiZ?1 iB3RuBaRd RBRhFnay Both nadd Lp td 26 ddrbort SloMs,
54  RA6 46 R55 R53 R55 R53 R47 R45 47 RA5 R56
aRsi? R8s irggpendgntiyof epcirgtheraydragen. Qs £1atvh Gedayizhedgeparyl, or
R a\'ﬁ%@?égégethgpr el e Rk Jor S ileM sik MémbeteMidl, whitklis 1 )

/047104 PCT/ EP2008/ 062586 23 R54 R R53 R5z
unsubstituted or substituted by

a) an aliphatic hydrocarbon group having up to 18 carbon atoms,

b) C+-Cysalkoxy or C,-Cqsalkylenedioxy in both of which carbon atoms which are not adjacent
to oxygen may be replaced by oxygen, or

¢) Ce-Coparyl, C;-Cysaralkyl, heteroaryl, Cs-Cq,cycloalkyl or C4-Cqocycloalkyl-alkyl, and

R® and R* are independently of each other a group of one of the formulae Xl to XIX,

R%

(X1

(XVI) (XVIN) (XVIIN)




R57 R51 R48 R50 R49 (XIX) wherein R22 to R26 and R29
to R58 represent independently of each other hydrogen,
waeodakiiphat i ¢ hydrocarbon group having up to PSI/EP200£0652586
atons, or a group of the forrmula (I1l) 5 PR3 Pt PR3
(I'11) wherein R represents an aliphatic hydrocarbon
group having up to 12 carbon atons, or two 10 groups
R22 t@sR 26 and R29 to R57 which are in the
s ghljor d of each other, together represent
Y¢~'or al kenyl ene having up to 8 carbon atons,
orjing a ring, and R27 and R28 are
it |y of each other hydrogen, C,-C25al kyl,
kkoxy, C6-C24aryl, C7-C25aralkyl, heteroaryl,
group of the fornmula (111) shown above, wherein R
w8hts an al i phatic hydrocarbon group having up
t or®2 carbon atons, or R27 and R28 together or R27 15
and R58 together represent al kylene or al kenyl ene
wWi’®oh may be both bonded via oxygen and/or sulfur to
Wher{am%mlﬂﬂ ﬁﬁyAndrF@S'tdjﬁﬁ réad?? é’?ﬁ”in%la MntBpe Vsthdty D gﬁ an
carbon atons, especla ?y {0 8 'sem tonductor devi oe
aliphglimipydredanigpragroap Savine up tudd cargor hfostss pve grawares the formula (I11)
conpound of the fornmula | as defined in this paragraph
Wth the proviso that at |east one of R6, R7 , R27 ,

R28 and R58 is different frofRdyeiogen. 20 The
invention rel ates espectaHyP @ em conduct or devi ce

conprising as as a sem conderfrmng effective nmeans a
conpound of the fornula | described in the Exanpl es
sel ected fromthe conpounds(lHavi ng the fornulae 3, 16,

53, 67, 68, 69, 71, and 77, respectively, which are
depicted in the Exanples. 25 Preferably, the invention
whereinl Rirepsesentssarsaliphatimbolrrocarbetegiote hawn@ b ¢¢ hgcarbomsgtoms, or two

P2 uct | B b l
aouBERSORSH R S SN BT gAY ol b0 eqeer
represket dligrend erealkeBylepg hagigg up4Q 8 28rbop@tore theggby Mpaming®, ring, and

R¥ aggﬁzgg?dg@?pgggg%tgpof 5%9“ othE FARSGA ELR4.aikyl, C1-Cisalkoxy, Ce-Cauaryl,

C-Cysaralkyl, heteroaryl, or a group of the formula (l11) shown above, wherein R represents

an aliphatic hydrocarbon group having up to 12 carbon atoms, or R¥ and R?® together or R*’
and R® together represent alkylene or alkenylene which may be both bonded via oxygen
and/or sulfur to the thienyl residue and which may both have up to 25 carbon atoms,
especially to a semiconductor device comprising as a semiconducting effective means a
compound of the formula | as defined in this paragraph with the proviso that at least one of
R®, R’, R”, R?® and R*® is different from hydrogen.

The invention relates especially to a semiconductor device comprising as as a
semiconducting effective means a compound of the formula | described in the Examples
selected from the compounds having the formulae 3, 16, 53, 67, 68, 69, 71, and 77,

respectively, which are depicted in the Examples.

Preferably, the invention relates to a semiconductor device comprising as as a
semiconducting effective means a compound of the general formula | selected from the
compounds having the formulae 13, 22, 23, 24, 25, 26, 32, 38, 44, 45, 50, 55, 56, 58, 59, 60,
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61, 63, 64, 70, 74, 76, 78, 80, 81, 82, 83, 84, 85,
86, 87, 88, and 89, respectively, which are depicted
wo eoovloeriikanpl es. Preferably said sem conduct oPCTHER100€062586
is a diode, a photodi ode, a sensor, an organic field
5 effect transistor (CFET),ZQ transistor for flexible
di spl ays, or a solar cell, or a device containing a
61, 63 o4 &roang/ @y, 7@%6"8@362 ®3f 8&'8@ 86 ferC B tdrAsd, ’dsPketively, which are
and/or a sol ar cel There ‘are nunerous types of
dﬂ”@@%F@BﬁEﬁéW@PSdeV|ces Common to all is the presence
of one or nore sem conductor materials. Sem conduct or
devi ces have been described, for exanmple,
Prefesahly saidsgindgapgdueier dRvifiedd AdiRdeo? pheteriods; 2 mowntqrgﬁwc field
effecd RARsiMbI @FEANh mmﬂ\ﬂ@l\"fle&ﬂﬂ@dl%@ag/sl%%)solagk?!élh of8\ieGies
include rectifiers, transistors (of here are
cont%ﬁg atW@sand{q{@nlmgq{@c fleﬁd ﬁffgct tl‘ﬁnﬁsfﬁl‘ a@ﬁ@)rprﬁo}grppql rhhere are
numérbad §ipss ef §§m|c$rﬂd§bl3for aBlitdd. COnHEH ©AUNGY HeQre SRE ©B8ne or more
(for "exanple, _organic Ilag&}en1tt|n di odes

in
semigprabyiciey ”ﬁ’&?ﬂﬁ'sc %Wdé?tob esgee paeredescripegy fpigexample, by S.

M. SEé ¥ Rksicd o BERKDhd uctH I RAERNIY GHABS, JohH w.%@tanblssntseméw York
ar ‘cells, therm stors, p-n unctlons fiel d-ef

ol a
(1988} §H@l§deV|(g§HBqlg(p@,regpf@ﬂ§§ran§|ﬁ@r%@f w@p{lﬁherp@r%g@ﬁy types including

p-n-p AP-K AHIURIGTIm ARNESRrs) L IR §|%Tﬂ|@§éﬂ1ﬁ!§érﬂfucf&ﬁé\hb(% (férsexéﬁlple
conbi ned with one or nore metal's and/or insulators

orgalplglhgli]ttq%ttlag\gj'o@gs ingdigplay applicatinns g baridight ip £ fjguid crystal displays),

phot®doRBa&ted, QirrdRRIMitas! sHISthY, thaRidloreh- RGETtisHE MieRiSeficPdiodes,
exanpl e, those described by Peter Van Zant in

Schafiky fiedes: @”F‘a@@rf?'@ht'” éﬁCh WJP‘?WUEHHFQPHPP tM@’H‘\‘RPWHCFOF material is

comtﬁﬁé‘lﬂ Wi Kne 6288 metald HRIdrindilAbrs tOTHRANHE d@\h@é:tgeﬁﬂd:&]ductor

onponents can be manufactured as descri bed y D.R
deV"@ﬁr?@f‘ Regrepgred thﬁ"ﬂlﬂfﬁ‘fté@d@d@ﬁl’vﬁ ngtaodvpush @safer example, those
deschb&Eby PBieE Tan KhrvR 'i\/hé?@é?ﬂ& Ffbsnd’aw@h Foudfl E%FR%OWICG%QIQAHII RNew York

articularly useful type of transistor device, the
(2009 ImRariguiary Q@ﬁglpga!%trowpwpog@ﬂ%ﬁ% bg Mankfagiyead aSad@S&f'téed by
D.R. €@%dth 0ER, in@PrBdd LORYaRlcMdNIQe Sl FNEctBRISR, RIUGE! ARRBMIAPUDbI.,
source el ectrode and a drain electrode adjacent to
Bostph084t e diel ectric, and a semi conductor |ayer
adJ acent to the gate 25 diel ectr| c and adJ acent to the
ce and drain el ectrodes

A pa@g@larly pﬁ%fgl tyre %fftragémqg(gﬁug%ttg? t%{}lp’bi@%nswjorgTBTh @ene'z\ﬁlally includes

a gat%da'lédtr@ﬂe a]%m@ did@ic sthe RRSeleRARR, é%gurcél%véctrbl@é ¥nd a drain
ese conmponents can be assenb| ed

e'eCt%e@é’}%peBtf toé%ﬁ?"@l&’l‘%‘?qt%énd Riseancasngretrr lpyel chaceghto the gate

dieleBtrig @Rl @dfabém-tb tHemduF@r%Ser.h eﬁ&Tr%arés (RE RRerHHREIS. M. Sze,
sem conduct or a er. 30 T I cal a subst rate

Physiis 3 SPTCOTHECteSRAVigRsy ?ﬁgpﬁﬂ@aftlsetiﬂh.nﬁ/&"eyt%w@ page 492, New

York3NgE19). THES confineARiadahnbe és@@mﬁlé@fiﬁ é@bﬁetf JfNcEHiguialBnsMore
electrical functjon for the OTFT. Useful substrate

Specﬁ'ﬁ@'é’v R PLanicdhindim diegaisios (@R h@@@@@ﬁg@l@rﬁq@pp@q@torﬁﬁer
exanpl e, the substrate can conprise silicon materials

i ncl usive of various _E‘Lpro priate forns of silicaon,
Typigalipraihstralg syorers the & Ul Quringgnanufachdingmissiing. RREGF Uss-s

Optlc{rfaw tﬁé@u”ﬂ%‘tr@te @ bYiES an B@c#i@éﬁf@ﬁehoﬂﬂ@‘th@@TFT Useful substrate
yam des, 35 pol ycarbonat es, Eol yim

mateﬂgqsylp@qq%@gam%@w r@;@anic @_a}gﬁglﬁy g,fé@wlelthf substrate can comprise

s.l.coﬁhﬁmhﬁ@%%mwbaﬂou@ d%EﬁbebféW@Bms( SfQfRbh RErghRit Qfds86s, ceramic
to as poly(ether ether ketgne) or

foils, polymeric materials (for example, acrylics, polyester epoxies, polyamides,

polycarbonates, polyimides, polyketones, poly(oxy-1,4-phenyleneoxy-1,4-

phenylenecarbonyl-1,4-phenylene) (sometimes referred to as poly(ether ether ketone) or



10

15

20

25

30

35

WD 2009/ 047104 PCT/ EP2008/ 062586 25 PEEK),

pol ynor bor nenes, pol yphenyl eneoxi des, pol y(ethyl ene
woapbbkmEbenedi car boxyl ate) (PEN), pol y(ethyl ePrer/EP2008/062586

terepht hal ate) (PET), poly(phenylene sulfide) (PPS)),

filled polynmeric materials for exanple,

fiber-reinforced plastics (FRP)), and coated netallic

PEEf(P'pb@nor%omﬁeﬁ%@pﬁél%ﬁéﬁ@%é 8;ﬂ)lﬂ@th BMe H§;§'fth'élened|carboxylate)

onducti ve material For ex ate el ectrode

(PEN}applx(gmy}eingéenglbtgalag) |(Pl§'@npolg&>hgnmea$u fide) fRP SN filled polymeric
mateﬂlalér(?o‘ﬂ H%mﬁl@rﬁf{f@r%fo%&dqﬂas‘ﬁbé WHR)), rﬁn@‘&%bted rRh li@ebiism
platinum tantalum and titanium’ Conductive oxides,
such as indiumtin oxide (1TO, or conducting

The gé’[lé%fe%ﬁ@@@(%arpl@érﬂﬁy S85uI ¥bn G10O MR rRE lF”o@ ERRAHIE BthBgate electrode
| oi dal silver ~ dispersions, optionally containing

can W‘Wﬁérdoﬁ?%ﬂ'@?%‘ euh mgttal sush agalmineBnefifelnure 9ok} pier gnickel,

palla@lﬂr‘rﬁ' I%‘ﬂn@rﬁntahéldﬁ%d tﬁéfﬁurﬁ@@ﬂﬂu@tn@éﬂ@é’é‘ Eud?%SQHdlum tin oxide
4- et hyl enedi oxyt hi ophene)/

(IToggr pW@)g ip q:gg)]prlspﬁ of garen iy g k//grqp}éyg or colloidal silver
d.spé;—gam rb?hbr%ﬂl? coﬁt@ﬁh.ﬁ@é&gﬁm@w&er@éad 58S 8e ug@d Qfdn@héhv@%lymers

be use n sone the sane materia

also ke Heed: F e@fa'i*@leé?(@(ﬁnfhaé@r PPlyied- ﬁ@ﬁlea%owt@@pl'pﬂn@\)/p@jé(styrene
sulfohé‘tﬁ) @Hﬂ@fps@)mﬁtab@lﬂo@fallbﬁe céMBﬁlbﬁ&{sean(’fﬁfult@é%F@éthese

silicon can function as the gate el ectrode and
mate@agﬁambeméfumwm&mﬁ?é Gatsamgireateda!cae Prayvidgdhe ogie glectrode

functiIndgh vt thedRfpP ol e fetib® 8fthe SDbsraldtmr dkehge! (Hdpfed silicon

electrically insulates the gate el ectrode fromthe
can fynttionas the geiRelesirde gad surporiibeUiFTnat erial s for the
gate dielectric can conprise, for exanple an

inorganic electrically insulating mter
The gaie é'%ﬁ@"‘e’étgﬁﬂ%raw Providad ep Yhecgaie B@CHO%tT@ﬁ %qte d@lﬁ?@H'C electrically

insul8@s tRgAL 'eﬂa%trod% frdir‘ndl‘?e bé]éndet of RO E T }levitBt @ddf@|materials for the
sel ected fromthe ferroelectric insulators

gate (ﬂ@'%t”w&@m”ﬁatf@r ‘i’@”bo){% FEHNganip slegirigaliinsaing material.
fluoride/trifluoroethylene or poI y(m xyI yI ene
adi pam de)%, or it can be an ganl c yneric

The ga{g Q[eﬁqtﬁc r@“@torb%ry?%m?é‘?ﬂ%ﬂ%'ﬁ 78, a"p‘%ﬂ (iﬁ( altiids. of Byan be a
mateﬁ@i S| dBélefom t@ﬁﬁﬂ?bﬂe%@?é@ﬂ@%s@%@@(e p&gﬁh@ﬁ%?terlals such as

yl al cohol , pol yvi nyl phenol (PVP
pon(rglgyﬁ}/iQny i Igﬁ@ge/trlﬁwrgg@ylgpe OhRAYEEF YRR %@?a"ﬁ@e?)oﬁ” it can be an
orgaﬁé@ﬁ?k@r@ﬁ%ﬁb‘td}g@ gl ﬂoI)J(me\l'f@Jc%ﬂat@ Bbly(ag‘i@éfé)s M}lmld%godf

acchetti et

benzggysipbutgnes (B Bs ke RaMSNES Qﬁywr\yﬂ@hpbpglngﬂpmﬁnq EJDrVFf)he

polyﬁ_\ﬂbﬁeéj Itpslysﬁbr Ip@lyb%bhl&ss)sésrf@né*a@ﬁ&édeéc%éailnaJ %res et al. Chem.
es

Mat. 8Q%Ié§ 3543004 LﬁﬁC@BﬁtHé%a' /l\‘i’\t Mﬁtu%ﬂoéx%ég 053$W‘?C€t9rﬁxamp'es of

matefiblsusERBfor BRY ddeNdieldctrRNAdi®de fAntitidl Sthh@ttdd) MahbieaNAt®@nates,
bari um zi rconate titanate, zinc sel enide, and zinc 30

a'Umgerb??f'%%s silieRn W%taﬁbﬁlu'ﬁ@wdpﬁ ﬁt@%wn%'dpﬁﬁlwpf'tm barium
tltane{tg’ﬁﬁrwnﬁtt&)—ﬁhm@ana&a%ﬁém zﬁ@&r?eﬁéh%ﬁbté) £Bc sé1B4ide,- anldinc

dition, allo de_mater|
SUIDI R SOM RIS O TE s 111 1) BT 1507y 3AMEF. Ba(Zr,Ti)Os

(BZTS.QRRUBBbM, AiNSys, ASHidELhhlelialy €6 8. Mlyéilbﬁa?%s@ﬁhﬁﬁépﬁa'rtﬁ:l&ﬁ%d
be used for the gate dielectric. The thickness of the

polygers) erpbipgligngyaid maltilaygrs cgmm@temql%ﬁ@rh%%e(hfgr thg gate
dieledBEOTHEMhickness of the dielectric layer is, for example, from about 10 to 1000 nm,

with a more specific thickness being about 100 to 500 nm, providing a capacitance in the

range of 0.1 — 100 nanofarads (nF).
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with a nore specific thickness being about 100 to 500

nm providing a capacitance in the 35 range of 0.1 -
wde@onenes arads (nF). WO 2009/ 047104 PCT/ EP2008¢ D6PH8E062586

26 The source el ectrode and drain el ectrode are

separated fromthe gate el eczt6rode by the gate

dielectric, while the organi'C sem conductor |ayer can

The &8ir&Y &Ectﬂfde%ﬂedralh RescBaYE 8R KIpBRtEPHEM 19 gatd'eRicirode by the gate
el ectrode. The source and drain el ectrodes can be any

dielegigies winiledBp ATRANI GRS MHERNSHPIAT layerafaReadiey OpvRsAr fengpuscq @wtrode

and dirﬁfn' e‘?éc'ir%@@ m&lr@é)éﬁoa%mtéi’eét%@e§ Séﬂ SQEH’W%&UI c'oﬁéh%tlve material
5 materials include nost of those materials

faVOlHé%'M PFQY@H”%@J Kyereststanch @hgitt @& ﬁhsdiém'qoafiuct@&'am gseful

mateR b4 B mB&Idf tBse M t&ridideSRb&IEIbEVe 180the aga% d1¥&Fode, for
ni ckel, palladium platinum titanium yani |l i ne

exan‘%@h’m’w BRAEY CRISHEU O THY U Y feFiyer. §|CE@y§alpH@m§@}atmum
tltan|Qﬁﬁ”?bl9§ﬂ|l'|r%n@EDU‘Iepggfoth@*%nHU&tFnb'p%Wés ta‘"l@ﬁsetﬂfareos(?:%bmatlons

ese materials are ag{%ro riate for use with n-ty
theregh Ang sridileyass thesrdr $Ne ohRgsd Mt alsA"8 appioPEpieifet ltﬁef"tﬂth n-type
semlb'&ﬁju‘é’ldr%a@erta}’%os&ﬁér%%@%ér@bnéltgf&%@%ltﬁ'pstypél%eﬂnﬁzonductor
known in the art. hin filmelectrodes (th is,
matefigls. @%‘ﬁé‘”@W@&W@d’ét the source el ectrode, and the
drain electrode) can be provided by any useful means
such as physical vapor dep05|t| on (for exa .
The tthﬁbf’,lwﬁgle(gr@gﬁ% (tggtll%ﬁh%gatgmqtr@gq; ﬁ@? S@qrc% pw;gtrr% ?nd the drain

electRideNEaMBe pRIVIYCE By ahh @ st hesmd fdheks ph?s&ﬁl%ﬁor deposmon (for
el ectrodes can be acconplished by known net hods such

example, glp@'m\p\fﬁp@kqtﬁ@ or sp\dtaring wor (md@tbprlthggpgbmp The patterning of

theséHIQEt"r(ﬁfefs' ‘éﬁ bﬁ%ﬁ&hbltslﬂgg bRAYwn RetitdsRech B Sh&fohasiing, additive
i nting attern coating. The present invention

phOt?'LtﬁQ%%thp?Wra@ e Rhatlithporanin Prr'rﬁ'ﬁéi Biospcopidgt prEnting, and pattern
coatif@nprising 20 a plurality of electrically conducting
gate el ectrodes di sposed on a substrate; a gate
i nsul ator |ayer disposed on said electrically

The sﬁgawwenﬂorg@meﬁb@ﬂaé@a@ﬁn filth PAAYiRb deXicRicortisingf
el ectricall Y conducti ve source and drain el ectrodes
g

a pluggligpefciastiss ﬁ?rdjuct'ﬁ‘%@ﬁtﬁlelﬂdm%ﬁe(?'s%q?@ﬁ Op [RatUDEYRIR: of

a gat%@héi:la“—t@rt@yér%ldpﬁsé’d b9 BAB Riecchily &3elctHy G dicaRbdes;
el ectrodes; an organi c sem conductor |ayer disp osed

a plurality pfeseisef pirotriogly GrastyclisurLEceANs dPiRigiecr9des @'é?‘?sc?@ég‘ said

insulQtdr %@éﬂsdcﬂ&hﬁt%@lﬁ of $@Eets @lﬁtaﬂgﬁm%ﬂvwhc%%ﬁ lorBRE REteSAéErodes;
gate el ectrodes; wherein  said organi c sem conductor

an 04989'&836’&?&9?%*@ 'ay%vﬁpea%mdheph@nebbﬂwpan pourgpgnd drain

eIectFUo%?;%HtsaldﬂHﬁﬂétbplﬁ¥érLHubBl%htlzﬂl&%‘&bﬂiﬁﬁ)lrfg RhiP§RE TIdc@bdes; wherein
preparin | mtransistor device_ conprising

said PW@”%’tS@ﬁECOé‘ijCtSO'aM‘@'pF@mW'ﬁﬁQ CS”WOHF%P‘? tf‘? fegmula 1.

el ectrically conducting gate el ectrodes on a

substrate; depositing a gate insulator |ayer on said
The @]eg%qt,mvggth)n),fu ﬁHQI’@Y'Fj%a @H%C@S%foé@ferp@%% a th'ﬂ@b‘bgﬁ@ﬁ'ﬂ@r dpvice
comptsiHgahé kiep8lbof:set s of el ectrically conductive source

and drain_el ectrodes on said
depositing a plurality of electrically conducting gate electrodes on a substrate;

depositing a gate insulator layer on said electrically conducting gate electrodes;

depositing a plurality of sets of electrically conductive source and drain electrodes on said
layer such that each of said sets is in alignment with each of said gate electrodes;
depositing a layer comprising a compound of the formula | on said insulator layer such that
said layer comprising the compound of formula | substantially overlaps said gate electrodes,

thereby producing the thin film transistor device.
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| ayer such that each of said sets is in alignment wth
each of said gate el ectrodes; depositing a |ayer
wa@eowpnidadfng a conpound of the formula | on sai BCT/EP2008/062586

i nsul ator layer such that 35 said |ayer conprising the
conmpound of formula | substaptially overlaps said gate
el ectrodes, thereby producing the thin film
transi stor device. W 2009/ 047104 PCT/ EP2008/ 062586
27 The above-nentioned | ayer conprising a conpound of

The akaveumentionad {2YRHERMPRISHIE 3 GoraRarsd; of iormyta || eysaddifppgiegomprise

at led®EREtha! matbhsl. Phé theﬁﬁ{a%rria%arp@é‘ bQ?IS r@UFeslr%té?JCtb another
restricted to anot her onpound the formul a |

compaam-of BledaEryia g ap%ﬂnyﬁa@nduo&n%pgvﬁ’@f POyt bm@ﬁrgérﬁaelc small

moleéﬂiéé Hlf@réﬁ@“rgﬁltﬁ &smpsbunb & ?Hétfoifnﬁlﬂm %a%ﬁ'ﬁ%ﬁ%ﬁﬁlb@i 4 ffferene
formula I, carbon nanotubes, a fullerene derjvative,

derivafis, g’&rﬂa@'cp%ﬁrfwl%# ERIAPHILIAIBAUIBIIE ragSemaTHT Seds, TIO2 ZnO

etc. )%Bﬁé{ﬁbtp"al‘tf%%@smu TA gtc )28 in8liSto} matRAUKE itVeEones descrlbed for
insulator materials lik

the glaF?ed'glﬁété'C &I'ge%-E rPE‘b@‘@ )f '6? )staqui@t@a@,ethg Semisendycive awer Cwlso be

com;%s%d of aﬁaﬁxtaﬁeaéf%ﬂe%b%ee sinB R mPRIEL RS tHel fhveLIL BYEd a %@E}merlc
nposed of a m xture of one or nore snal

be
b'”d%T% [ﬂt'@§’f 3\‘9 Tl ’T‘%‘Pﬁkﬂ?%\(’ﬁ forgpiga thptBP PRYFTEEC PmdBY ‘Pﬂjle\fa"y from 5

to 95T6é$cérﬁtp@fe@5b|§ hige BEREiBhESUS ﬁ%eﬁlfcrlfs%ﬂlﬂ‘é'p@ly'metr@uémﬁs
yneric er can vary from5 per cent.

po'y%‘fé'ﬂ%(%“@b Q'Qhﬂﬁés'b/ofr%?éw'%edﬁ@&’@r) w%ypéo%@ﬂec(ﬁ%ﬁam i ne

polyrR&thyIFREihatHidte aMMRQ! Wiith Wl@fl%hﬁlﬁ’@ a %%Uaglﬁg%f thé electrical

pol yet hyl ene ( HDPE ropyl ene (
peﬁ%@?%@%%ﬁ%r(ﬂ) mﬂﬂ‘fy 23fMh this technique, a
degradation of the electrical perfor mance can be
avoi ded (cf. WD 2008/ 001123 Al). For heterojunction
For heigraiunetion) %"a(rﬁ@l'ﬂ((bHH;‘tf@t%Pluﬂ%ttqncﬁﬁ"aé@P'é?r) theepqtiyg Iaygecomprises
prefeaévsw M@mkt@b@%f aCéB??ﬁb'du%G%f th%rf&fnﬁﬂé‘péd’dl AfUlerend! ﬁjcﬂfas%O]PCBM (=
| erene, su

6,6- F{héOX'ITﬁ@‘BthyBC GC'BWMWI -e@@!l) AUl QIR BMdp @ W%@hﬁy@t'oe@cﬂeT fo 1:3.
Meth@ﬁo%?&bﬁ@%nyI@GPBM\ﬁhtgmzldfl\%thﬂ Egter]([Gb]ﬁ@B Né3e 1-[3-(methoxy-

Met hanof ul | er'ene - -Butyric-Acid | - Ester
carbenybpopyiilyphenylds. 61C6[|-§J-t Mq%(;@a[é@]ﬁ 6]fullerene-Ceo-l-3"butanoic acid

3'- ph%ﬁylbl%}b{)fl)eﬁfe@ Ry bh 'e#ed?m@ @Wutlbr@p@k@sjab% Hﬂty%ﬁ%'rébw @%lé@rﬂﬂuctor It

[5 | erene- C60-1 h-3' -butanoi.c acid phenyl
is b'%@?ﬁwthé‘@f‘lggateﬂ §°%{Weé? W%f‘?%p%@% plgh %ﬁ%@essabl e
n-type organi c semconductor. It is blended W|th

conj ugat ed pol yners wi th nano-particles such as
Any sifigble fupgirate caiy s uped K rrapRBdhe heflilng %F*‘@d&'@%ﬂ@s Pfhtf‘ﬁformU'a

1. Préféﬂaﬁ@ Bk subsir£8 peddsieSdre titead Ve MMh &Im£i8 d metal, silicon, plastic,
Preférably, the substrate used to prepare the above

papef {fioatadiRapg’ ifabrig. glagsier cogfed ¢8ss: plastic, paper,
coat ed paper, fabric, glass or coated gI ass.
Alternatively, a TFT is fabricated, for examp
Alteragfivgtys 8 Faé%%l?é’ﬂ??t% for e@%@lﬁ‘?ﬁ“'@'ﬂ dFIPféS't'OF‘d}f ﬁtﬂoﬁ‘ﬁou% of the

form@ah‘bg Bl Hig kP 885k dSdill dof @b SHHIRS Ebvlr&d wRY 8 RS Bron oxide layer
mal |'y grown_oxide layer 30 followed by vacuum

fo"o"éﬁ"é’p@éY‘iqUHW %ﬁﬁ’&s'ﬂ‘é@ ?%‘F H?tFF‘gj”'BQ OE%QW%%?‘%QF?‘H‘(GA?WOO'GS
el ectr odes.

In yet another approach, a TFT is fabricated by deposition of source and drain electrodes on
a highly doped silicon substrate covered with a thermally grown oxide and then solution

deposition of the compound of the formula | to form a thin film.
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In yet another approach, a TFT is fabricated by
deposition of source and drain electrodes on a highly
waleped4ddd i con substrate covered with a ther maP¢TEB008062586
oxi de and then solution deposition of the conpound of
the formula Ito forma thi nZISi Im 35 WD 2009/ 047104
PCT/ EP2008/ 062586 28 The gate el ectrode could al so be
The Gat@ldchbaSELUIRERD b8 3! SutRIRet hOEFyRE cRBHRSHK §%§b§¥at@or a
conducting material such as a conducting poly
condyplingmatgriglfeah @s atceadygting Paymershich 'értherh‘ﬁﬂﬂtﬁi’de‘d'”é?@ [splator
appliBy eﬁl@ér%'s@fbh@@@éétfﬁ@ by k}ﬁc&{ﬁﬁ HEFBSHRAQH thé QBtté}Hetﬁ & electrodes.
patternéd gate el ectrodes. 5 Any suitabl e solvent can
be used to dissolve, and/or disperse a conmpound of the
Any &Qt%mé's%l\)ent cdi Sé/ué%%% ldlssbige] eﬂﬁﬁdr d@éﬁ)@rs‘é@c&ﬁp&ﬁl%‘f% formula |,
partly, or conpletely fromthe substrate
prov'é‘%iﬁ ENPEB AR Can Hf RNAeSRarfYe O comaRIBielYCERT Eﬂ? Yrostiaigdy
convé%ﬁ%?&yﬂ?%ﬁ%?e g2hplitanesihelt, re%!-ﬂ:'c&@?’fe%sur‘ér Qﬁ’l’(‘)‘\/\ﬁetc) Suitable
sol vent S processing the sem conductors
organi $alyents forinreqagaiag thr geraipendystors pf the invgntien '”QP@W" gre not

limite?l to 2arbRBad blCaIWGT@WrM@onshﬁéI@@&%(ﬁQJoﬁlé%rbhﬁf’lnated or fluorinated
chl orinated or fluaorinated 10 hydrocarbons,

hydreqBeans. aFip@esinomAEOas SEmh 85 BNBIR™ éqtrraselﬁr%%#@@@ht&ﬁéhydrofuran,

tolueh8 tERAA! Qﬁ|§’<5I@rkylenboétH?lrb%etatt@tnﬁé%hyl R¢h I @&bﬁ@'o‘ﬁnetﬁYl'f@M@amlde
thyl acetate, nethyl eth ket one,

d'Chlf’@pﬁ%ﬁnﬁetr'ChIGTO@ﬁp%ﬁr@b@Wﬁ)éﬁé@e Q{VPQ'MW%@H ?éﬁé acetate (PGMEA)
and RIXQRYS BRAdl DHeoITBACARY dhdis R HEH isasd &3 Jﬂeé BiENEAdtho@R@ch as,

m xtures thereof. The solution, and/or dispersion is
Sp'”‘P%Wgaﬁ'ﬁfqoéﬁﬂ%ycr&eﬁ@f'ﬁw ”B‘H@?P”é%c" Prigton deeiat plagjng or other
solut@inRpAcibASechBRUES RndWir Rith& 8t oRtSd QRRIERGD dBEdiMihimims of the

doctor bl ading or other 15 solution application
semicendystiRf@3tkiAbwn i n the art on the substrate to obtain

th| nfilnms of the sem conducting material. The term
"di spersion" covers any composition conprisin

The t@gﬁp@gwggp eqgrSfijrﬁgpg)opltloq\,ﬁpr@ﬁr|3|n%a ﬁgmpplﬂnq %tﬁe formula |, which

is no{j\'uﬂy‘lB Bls¥&ited R Asohiny et dis ?@%I&H SREBSHEHR é%ﬂ’ébtlﬁga%ﬁw%osition
sel'ecting a conposition 20 including at |eas

includipagbigast %$°’FWI°$fqrmUl?r| ar Wﬂéﬂeéoﬁ@ﬁﬁ%g %P?@p%tund of formula |,

and &Q&P@M NAh&tinfteé Bbll}/ﬁ\efr exhlﬁﬁdo@erséall}bﬂﬁgt in 166184 at RBm
ymer exhibits [ower ubility in the solvent at

templef%‘#ﬁe Wéﬁﬁé?'&tﬂi?@%ﬁﬂ'“@'ﬁhFrb‘ih?é‘obﬂe%taqté‘f‘ elyplas tPinP9r31“|"fe wherein

the cbh@o&%r\/ §8% wibn 3 AbeMAd R JPADRY i idWeRed WEfiBE IBwet Rehperature
npositiron gels when the el evated tenperature is

W'thquéﬁ%'F%'éf”t o afirst lower temperature without

- dlssi‘ﬂhﬁgﬂétl tR& ele¥Bted t@lh|§§ra{uv¢ BOeadt of gt i BsmpAINRSS &lcifofnula | in

east a portion of the conmpound of the formula | in

the spwgnts oweERg the tSW@pfaft,lgetqf] they nga framdhe elgyated temperature to
the fifR TERRS itdrh Setafurd 'Bgtt@ﬁg&h@%@r‘hsgslﬁ&{m%'@&;Wafhytg@”ln% Reherein the

first lower tenperature; agitating the conposition to

agitaling, FIBMORRRP FV RS, Pk ko SV HIEReOUSAKIN, 8t PiligeauRantedowering

the efdvaftiiMtefpERtIRE oPthelc@mpdkifith tARE AkLE [0Mdr Ebm;%raﬁ#’@%@ﬁé‘ﬁt"ﬂg a layer
to the |owering the elevated tenperature of

of the, B%B%ﬁ'tiqnd’ﬁhqr%'”tﬂPFeC‘?’T‘P%St't'qndﬁé?a ?%‘i?ﬁ@ﬂ%\’i"ﬂrt%mp@@%% fqwendhan the
elevaled &Y@ferature; and drying at least partially the layer.

The dispersion can also be constituted of (a) a continuous phase comprising a solvent, a
binder resin, and optionally a dispersing agent, and (b) a disperse phase comprising a

compound of formula I, or a mixture containing a compound of formula | of the present
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30 of the conposition wherein the conposition is at a
second | ower tenperature |ower than the elevated

wo eovpesAadur e; and drying at |east partially theCT/BEp®08/062586
The di spersion can also be constituted of (a) a
conti nuous phase conpr|3|ngz§ solvent, a binder
resin, and optionally a dispersing agent and (b) a

mverﬂﬂoﬁpﬂ{egt?eg‘i@@&esm bth8 GoRpodR &f‘?&?fﬂ}ﬂé‘ findhe g&{/éﬂiln?ayl vary for
or a mxture containing a conpound of formnmula I

of

exanytie §emt0- 9 oL daseTybdity. IPPE@G@I'E@QS‘BB% togibout 5 % solublhty

i nvention. The degree of solubility of the conpound of

formula | in the solvent may vary for exanple from
Prefesalyy offie §ricihg6e oitbe opaapiassimiganducion ey pici iratheyangeophfromygbout 5 to
about @O@Epﬁ’rHt espe¥afPlhdlhickiess is |th|$<§ RIndBlo¥ fromlolit (H‘é%%ﬁt £60 nm.

t he organic sem conductor |ayer i's in the range of

fromabout 5 to 5 about 1000 nm especially the

The &&hﬁdﬂ?‘l@§%f ih® fbrinuld PedrAitd@s el aldHe0dR iR BSMbindfort & RBAHdanic
100 nm The conpounds of the fornmula | can be used

Sem'ﬁ‘l’ﬂﬂﬁ’ét% rYEhOidBRBeRiRPNGrtedevise- Brgyanercandemrederliex apy useful

meaﬁsaléﬁéh o férha&aﬁ@m ng%be@n&qeyﬂop&mtﬁﬁg €odhAdyBEs.CMR dBfhpounds of
ded b useful means, such as, for ex

the fQIrng&ﬁ,I \M@B'E)@Tet s;u@ffplqﬂt]lm sgiuplgtin ﬁ@aﬁ@cﬁﬁ’h’ed%” bﬁ@lutlonldeposned and
pattegrgm@%%@mgfe EQSﬁlh%oétﬂ{g‘THin:obtlﬁﬁ"|rﬂﬂe%rﬁ1tlﬁ§|f§rh\ﬁjr8'ﬁhhﬁh flexo

le in organic solvents can sol ution deposit
pr|ntlgaooﬁs&a@rfrg.lpgeqﬂzrqq:rbqun@g@”fﬁlp@cog@cts(maﬁe)c@mtlpggdro;apbzone casting, or
othe@@dWnNBehridies).et printing, gravure printing, flexo
printing, offset printing, screen printing,
m crocontact (wave)-printing, drop or zone casting, or

The %ﬁ&dunb@@%etfm P&ERSHe uske ﬂhﬁeg’%@l@ﬁ%&‘ﬂ% @mpdriRg a plurality of

ormula | can be used in inte ed circuits
OTF'E%@M@Ilq{fgn aarm%reé@thlc(ﬁrtlcl@r% gh aiglegdnqludgg for gxample, radio-

frequ\éﬂey @@ﬁt.f@bﬁ&# (mnbptagg tBdekSianesTof flox®ié d&bRSs (fBPuéédﬁ for example,
for  exanple adi o- frequency identification (R ré

pers ezl somBerep PalheoneerOrRBsNaN Hevipash siAt ¢S rumomflevices,

sensBl‘%r(e%Xﬁ@Fﬁl fnagd S6i8 9 BREME FRih &1iSal- &Qéﬂnp%ﬁﬂ@%ené?frs) especially
handhel d devices), snart cards, memory devj ces,

photedipdssy or gasugty qewgﬁg and fhedike- Duqﬂodts ar@m@g@@nty the ‘material can also

be uSERGATIG &AL ti ﬁfEhﬁ%emwgt@rss s), especially 20
phot od?odesg or security devﬂ:%?)and the like. Due to

its anbi-polarity the material can also be used in

The fNERIBhQrévidEd orGanié bh&@vc;ﬁraﬁﬂP'\@HQ\Vlées((Qelgﬂ;?:l)vgb&nprlsmg a

I nvention provides organi c photovoltaic ( devi ces
compayad o thedPimayla bonpr i si ng a conpound of the formula I.
25 The PV device conprise in this order: (a) a
cat hode (el ectrode), (b) optionally a transition
The PYglgvice gomRrisasinds Qrdes | hal ogeni de, especial |y

(a) alchtiob RIEdtkReh de, (c) a phot oactive layer, 30 (d)
optionally a smoothing |ayer

(b) optionally a transition layer, such as an alkali halogenide, especially lithium fluoride,

(c) a photoactive layer,

(d) optionally a smoothing layer,

(e) an anode (electrode),

(f) a substrate.

The photoactive layer comprises the compounds of the formula |. Preferably, the photoactive
layer is made of a compound of the formula |, as an electron donor and an acceptor material,

like a fullerene, particularly a functionalized fullerene PCBM, as an electron acceptor. As
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(e) an anode (electrode), (f) a substrate. The
phot oacti ve | ayer conprises the conpounds of the

wo eooadad . Preferably, the photoactive 35 | aper/EP®08/062586
made of a conpound of the fornula I, as an el ectron
donor and an acceptor materigl, Ilike a fullerene,
particularly a functionalized fullerene PCBM as an

state@la‘%% Qe M@éﬂtl@é byéﬁm\é@a?s@%ﬁ%@-g&yﬂ@% EPaQrO%Q@&%&ﬁ the

30 stated above, phot oacti ve | ayer nmay al so
smalppatesylas af fﬁﬂﬂ%ﬁéFQ @‘GMOWH@”C birkler ean vYayy ETP”I hio 95pRIpent.

PreféFQﬂ)I?OtHé %@Iyﬁlferlf: Bfn%‘ll i al SMCI‘ISM“D%%WFISQICP ngSI&stﬂ}%‘ﬂe (PS) high-
from5s percent. Preferably,

densﬁy ﬁ@'é@thvlgn%('i%%b PPYPEOPYiERR () Weqolxgnﬁhy'%thacerate (PMMA)
pol ystyrene (PS), high- density polyethyl ene (HDPE)
ol ypropyl ene (PP) and pol ynet hyl net hacryl ate
The g'”qfﬁ@ef’r vi$afd e Ressinyidion mayavgiasbrpad eange S'ﬁﬁ%/(rﬁ'ﬁipé*r Qf carbon

atomRIpRAFOIR0GS THe téﬂniﬁ.ﬁierﬁaﬂé@Q%"se@ﬁer‘éﬁﬁh@ﬂdesa‘&é?ﬂﬁs E§§e -like molecules
nol ecul e). The rmfull erene as used herein inc

of PURFFBOR; “&%{%09’ BH@‘”HB‘F"@'EW%%”G (ko) B0F Enecrgtaierh sphﬁr(tqaud‘pl}?genes as

well &J%Hbmﬁérﬁfnﬁb&sl sm%m@néstm) b&8&ledtBE b tﬁé&d«noﬁmnﬂﬂé&k ranging
| erenes_as as car bon nanot ubes. Full

fromnfayew@@ %eice@io Pf%fﬁfetbiv@&@ brsare |Sr§eiew&edaffqm FW@P%O‘E@GO to Coe.
Mostfpfr@f@atf)pthe M%Meﬁs C&?&"@{!—Q@Qh Bcg(mb@bw or [Wbﬁ’bchl\I/I l1eiand

is selected fromthe r

permigsiiefoafiize efrmieg|ly @?‘Bﬁ?ﬂgigﬁl&ef%@ BFovised, thafi s megified fullerene
retaif SRHRBMy pRrank EE dieBMobillty bifaraétefstico erHa a%%b&bﬁ‘mtaﬁarlﬁl can also be

utilize chemcally nodified fullerenes, provided
a mafeqial pRieted Eamste 9@“@&@”3'?@tga‘?fr@§0ﬁ‘§&@?ﬁ/'6?t efyfpranudg for any semi-

condftfigt rfdpﬁnémﬁb\}ldéd’thﬁhtﬁé %6Fyﬁfe'r§?e‘teﬁ§ ac@ﬂﬁorﬁlg%em&électron mobility

material can also be a material selected fromthe
charaeigice HIINdq $RY! BPleswes Harbguaneiibessingrgapig particleg(quantum
dotsaﬁuﬁnwod%%%mmdoag TOob,yivey etB)Ovi ded that the
pol ymers retain acceptor-type and electron nobility
characteristics, organic small nol ecul es, carbon
The élé&ﬂidé@%% ?ﬂeméil%br‘ﬁp@@ﬁdtdf%éms of Llﬁé‘tb“éﬁbsﬁ't@ie%" HEf&RtERerm
rods, uan umtri Ti 02, ZnO etc.). The el ectrodes
"metalr is yse F%?@BT%e@@ﬁbﬁié@ﬂa'ﬁfcoﬂ’@P&‘F%d&“ elgreniplly pure metal, e.g., Mg,
and 5P et HFI(%/% whidiear@iRatbhfs tc@r'hﬁbse%(bf W& bAMord éleMéﬁl‘élI)t Bure metals,

enbrace both materials conposed an el enent al |

e.g.. Mg aNd Aglogethefrgienoted Maifgdiore: e Tam Syl gpeRulE? feftrs to a

mateﬁBFtﬁét‘ |§|n§t &ﬁﬁmmﬂm%e h¥fen P Uefiich, BLIBNMER BAd theMHt8I-like
and Ag together, denoted My: Ag

'\@ .
prop%g@tha{ A Q%F & '”rﬁé’t”ﬁl” @H’H@Rriaf%@@“c?t@f”ér Qommoa'ynal&?@ Fmesg!

substifd@ds fblSeIé'&Fodés BRY @harpb&@hgrei RGerd Aot m@haaé BbpdPWideDahdgap
whi ch has the netal roperties that are _deS|r ed

semipondugiors for %ﬁﬁP@pFrﬁaﬁF@r%’ﬁﬁpﬂw'P%%meW igdig@ep oxide (ITO),

gallldﬁﬂn@unﬂ?ﬁn §H9§(Gltr®)9é5ndfﬁrﬁc RHRAT frPslede BT RABBRr suitable metal
transfer layers would include doped w de-band
b@ﬂﬁ?&‘?rﬁ@“'ca'

subsUfR 18 JIRARASHAENt FRICUEIERANMET ROMREBIEAN]

relatiQ¥d, @R PEDIEMPSS. MBGI siBstiufeskhfBe furthe) seleddd ’frbmra w.a@llrwge of
tin oxide (G TO), and zinc indiumtin OXIdeE) O .

non-mgisllisepaterig!s. yP1eseindhegierm "non-metallic” is meant to embrace @ wide range of

materials provided that the material is free of metal in its chemically uncombined form. Highly

transparent, non-metallic, low resistance cathodes or highly efficient, low resistance

metallic/non-metallic compound cathodes are, for example, disclosed in US-B-6,420,031 and

US-B-5,703,436.

The substrate can be, for example, a plastic (flexible substrate), or glass substrate.
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substitute is the transparent conductive pol ymer
pol yanaline (PANI) and its chem cal relatives, or
WORDOVIRGS. Metal substitutes may be further sSECBEP®OS/062586
froma w de range of 30 non-netallic materials,
wherein the term"non-netal lj,c" is nmeant to enbrace a
wi de range of materials provided that the material is
free of nmetal in its chemcally unconbined form
transparent, non-netallic, |ow resistance
In an@gleﬁ@@é@rregiferﬁb%lﬂnenté}ffthq;lpéeﬂtlom @ﬁmp@@r@tlw@ situated between the
anod@%@'tlﬁé Bﬁ%il%éléhyg'isagj& :Aﬁpﬁsfeﬂffé@uﬂﬂergeﬂg%mﬁllgﬁnﬁfoﬁnnd aYer comprises a
film Qf)S. %Oey@tbﬁemwxyﬁsomﬁée é%%@@?bt% Sdaprlyinylenndioxyihigphgne:poly-
styrefle RUASHHE (REDEXPRIS. substrate), or glass substrate. WO
2009/ 047104 PCT/ EP2008/ 062586 31 In another preferred
enbodi ment of the invention, a snoothing |ayer is

Ina &bfe‘#@ﬁ%%%%tn‘ﬂ@rﬁ Bf fh@%reé@ﬁ@meﬁﬂﬂ tRHHBRALRAS LEIVEhEHERE; as

preferred material for Hussmmtmn | ayer

descrlogthior Seamle. TS 819% 4R07 raRsPRUAG Alads SLRC8lsrdieh an
elect(da'émg@r mle o?u‘ﬂﬂtﬁ@/hb(%h ¥|(Iq’02¢d WE@'W@IB&rd&' I¥ye? generally has a

tyrene-sul fonate referred
Com@%tb’ﬁlyrf@th %‘frfetcﬁétrfsl?tééee §9 thﬁWéﬁ@‘PV@Fﬁ Vifea sRePHNNY lpygrenade of a

ponrﬁ&J gp&%@PE@@' whh i§888é eRefichi caiadiRkahrolidh doping. The
6, 933,436 a transparent glass carrier, onto ch

phOt%?t'V%laéé't ie GRAsiel of e comBenests. hasiR lawer thickegssief. tqrmmple 100 nm
to a ﬁﬁlﬂlrh @gpenHHgsor?ih%%bﬁl%%oﬁ ﬁ')é@rfoogﬁﬂtﬂsaédp}fedqéﬁo@hlégmoothmg layer.
nparat i vel y roug surface struct ure, so t hat it
The @hﬁﬁ@&@de Eye his anagepd riompouny of thederaud |, as ap elegiren | donor and a
| .
fuIIerBﬁ pﬁagtL u g Emngionéﬂﬁéghﬂg't%gagc%t | VI\g ayr{eérﬂsl&sdryaég |f"eI{h'e¥§two
companeprase mixediuit esolasyéranti libelkasessa eglutidnomte feraneothing @yer by,

| a
for e%ﬁwdplléghgs%g Efﬁg"ﬁ?%ﬁ‘?ﬁ.@g g?n%bolté %n% H&j feq! gﬁﬁjh%iodgett(LB)

methpﬁoth@ardw inting arethagl angdbe dfipring mﬂfm&inﬁ SGfJewee dreriptingmethod
could als@Be @ ecﬁa oe&)ta'f %ﬂ%é}i%ﬂﬁ{)ce%q@thastfzﬁ fdf',oltc%rcﬁvrbelayer Instead of toluene,
ctionalized fu

particu fun erene PCBM
Whlcleiséumlﬁaina d@@@rﬁmragemh%% atswblor@tzﬂﬁrgemfeﬁt%efara@lym%é@s a solvent.

AmoH‘ﬂr;m ﬁl i nfhe%éu@ﬁ%lab@é#tlcﬁsm h§&’|tHé 5HR-BaERY h@ﬁ]od the ink jet

ayer , for exa e spin-coating
prmtlﬁemﬁsf@pd angethg p@ﬁlf@dﬁ@thﬂ@ areeRay ngwlarb/wéefeaﬂ@ fuyiew Bf e@F@eqftOperatlon
and éoskB") nethod, the ink jet printing nmethod and the

dri ppi ng met hod. A squeegee or printing nmethod could

al so be used to coat larger surfaces with such a

In th@eeéeoe%wﬁg Y Sfer bl Behg ek Sin- kﬁéw@nﬁ thed tH\éi‘béEé?m $hethod and ink

ypi cal di spersi on agent such as c | orobenzene is

jet prpmég @?eémq/ thesetating an Bororag out USithi Selkticneandéentsnersion
prepér%@ by%‘fééHMn%e&oﬁéﬁérgﬂg f%t(ﬂﬂg)osFtleﬁ ird b@nc%ﬂﬁéﬂlngof%W@@1 to 90%

prlntln ecastlng
by Walgbt Ip@ntap@mpame;prmw aplyerd sueh ¢ bwzeneetalyen@fxylene

tt%%fﬁFd%n ﬁt%@&féé%khﬁ% Mardi®d, HeBGnb NRoetonitril
ere l‘ayer 3 Wgﬁﬁ ° S l|?rnncoat| nra mgﬁ?]r éj I&Le cag ti nge enire.
anlsq{@tqmﬁprgmgthaﬁﬁ dimethylsulfoxide, chlorobenzene, 1,2-dichlorobenzene and

mixtures thereof.

Before a counter electrode is applied, a thin transition layer, which must be electrically
insulating, having a layer thickness of, for example, 0.6 nm, is applied to the photoactive

layer. In this exemplary embodiment, this transition layer is made of an alkali halogenide,
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jet printing nmethod, the coating can be carried out
using a solution and/or dispersion prepared by
wale@solmdfng, or di spersing the conposition in BCT/EP2008/062586
concentration of fromO0.01 to 90% by weight in an
appropriate organic solventdauch as benzene, tol uene,
xyl ene, tetrahydrofurane, nethyltetrahydrofurane,
e
namé;lll%/’] %r?rtﬁemklg?fﬂé{]eoowrﬁoﬁtﬂne'r gﬁ%pr?g%@%(l%nntg? Hf/‘? uflf‘dgill:)fdie 10S8rr at a rate of 0.2
nmﬁmhM©robenzene 1, 2-di chl or obenzene and m xtures
thereof. Before a counter electrode is applied, a thin
transition |layer, which nust be electrically

If ITQ isgusied wis rdholhadlleatinaelpelyasie. alnmikims 9@t is vaper depasisideonto the
electg%ﬁlgr‘r@uldtrﬁ #BRbitiGHIal &, Fsh%e@ré LR BR-cotfettih ?)éf‘erctroélep The electric
exenp i ment is transition Fayer
insulatgerroperties tggltrianﬁmrdgwn@élouv@pz@@gr i0#ergas which hinder the
I i b I
crosél:) rgJ éﬁﬁ%?gﬁég gérﬁi%ﬁfrorﬁﬁ)eﬁa@'v@*a c%ﬂ% ?Ftlgbl_%‘mﬂ_lgr_tg@ 'frgﬁgtlorw&g%h from
the phatoécwe layez to theitranaitipelayef. | TO i s used as a
hoI e-col | ecting el ectrode, alum num which is vapor
eposited onto the 5 electrically insulating
Ina furt ersinobasimentyo the ingentigedongsoranore loé therlayere glaly dettieated with
plasn% E%rr tBQi%Ro? L}?l%;(tr Ié}‘rﬂer I’Pj'yrtﬂ:tu'la‘r)lg) aﬂp?rﬁggidéjgstr\}\ﬂ prrhpﬁ the

ayer obvi ousl revent
depomtlﬁd@fthterf’eEDQ 0SS layprdie amdledhalede i aubi¢ated foraomilé elaaga
vemﬁ£ﬁ€0t've particularly in the transition region from
he photoactive layer to the transition layer. 10 In a
further enbodi nent of the invention, one or nore of

As artr BRerhaeNt8 P@Of’ﬁs g &B?éﬁnk‘éﬁl@hol@ltr%ﬁgﬁorphb%rnar hsed on

eposrtln next ayer. 1S partlcu ar
triarytaivines agyetrrenedsdn Macramolt Bamlﬁ&om@ﬂbept 2%2235%/ (19A@) can be used.

In ad@ﬁ@éﬂ Flé?rré@béﬁﬂné P\%te"f'rﬁptﬂg |é§%¥ 29 é‘lg? 'in%l@%!@n%@é&r%ntagc@ptor to

treat nent ternative

Impr@motrnssra@swb@mh ﬁQﬁ‘l@p@nd‘ﬁcﬁré dtsp@ﬁgﬁbmlﬂs #QO€90%433 Preferably,
elﬂé%%@ﬁi a@ébptér%é’tébfél%&@&e ﬁrsorfeeé &4 %ﬂl@smé)ﬂ?blcally the

(1999) can be used
electchebtﬁr mtquﬁblsw¢8@nyllnéh¢ ﬁa@gﬁﬁ@ 851 ta120t% by mgjght ottha triarylamine
mate®hS0 i nclude an el ectron acceptor to inprove electron
transport. Such conpounds are disclosed in US
2004/ 0004433. Preferably, the electron acceptor

The t@xfdlt%ﬂc (P& ﬁé\l éébéa% di5h Q5HRisPbf Mﬁﬁrﬁle%&%h %ol%P&éﬂ@'?ﬁaﬁ are

ypi cally, el ectron acceptor teriral 1s

procmg entton of Qerfé qtreﬂﬁg*eorrd@r ©.3pspd moresf rﬂye sRargmectHIm: Hech
struchJ’rla@éﬁéI fW‘eQ&mpl@%é’é’ch@éd mTC{b% PR Q%P|9ba’14%5(15\(i0(ﬁ§vh9@ Funct

can al SO consi st junction solar cel
Mateg16. 1%9%68%@0@%3@%W%00é5631@1 her in order to absorb

nore of the solar spectrum Such 25 structures are,
for exanple, described in App. Phys. Let. 90, 143512
A so caltrai7 jandagnsolarigalt comppigg erthis peder1897- 1903 (2006) and

(a) 20304/ diddiRL,

(b) optionally a transition layer, such as an alkali halogenide, especially lithium fluoride,
(c) a photoactive layer,

(d) optionally a smoothing layer,

(e) a middle electrode (such as Au, Al, ZnO, TiO; etc.)

(f) optionally an extra electrode to match the energy level,

(g) optionally a transition layer, such as an alkali halogenide, especially lithium fluoride,

(h) a photoactive layer,
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A so called "tandem solar cell' comprise in this
order: (a) a cathode (electrode), 30 (b) optionally a
wo e@pmitidon | ayer, such as an al kali hal ogeni dBCT/EP2008/062586
especially lithiumfluoride, (c) a photoactive | ayer,
(d) optlonallyasrmothlngl (e) a mddle
el ectrode (such as Au, O T| 02 etc.) (f)
(i) opqgﬁé@rgag,hyoﬁﬂ ekF @ el ectrode to match the energy
35 )) optionally a transition |ayer, such as
1), a”a?ﬂ%ﬂ?l(%'??"“ﬁ% ogeni de, especially lithium fluoride,
(k) a6lbstaatdhot oactive layer, WO 2009/ 047104
PCT/ EP2008/ 062586 33 (i) optionally a snoot hing
| ayer, (j) an anode (electrode), (k) a substrate 5
The IW%eE"c,/e @&rY b%@ bé%'ﬂoc%ls%b 582 AbOCRSRRLriINY ﬂ)rfe'xQ:%I
describ for exa e, in USZOO700798 and
USZW@Q@%&@W U$ga0§ 1?’?1%? r excellent self-or ganl SI ng
propert| es the materials or filnms conprising the
npounds of the fornmula I can al so be used al one or
Due Fth@'( Bxeelgntaeiiroriising pioppaies thematerials or flnsgampiisingtthe

comﬁcﬁmag of 1hB &I Dr cdAldrEd Q@Méébeéioneaér t@l@étﬁéﬂ \blﬂdotf@rrmaterlals in or as
nple in US200310021913. The fol |l ow ng

a'lgnmenh'@wraﬂret@ﬁ@r.%@#vms a%@ﬁﬁcé@‘?(bfqr6@“9'95‘%6003/0021913

nmelting point In the reported NVR spectra the

foll ow ng abbrevi ations are used: d: dublet dd:
The folipviag eximalgplluptratgthedaventionet 20 s: singulet t:

triplet quint: quintet sext: sextet 25 Exanple 1:

Manuf acture of the sem conducting conpound of the
Abbrevjaligisa 3 H/ \ NNOBr SO

m.p. melting point

In the reported NMR spectra the following abbreviations are used:
d: dublet

dd: dublet of dublet

m: multiplet

s: singulet

t: triplet

quint: quintet

sext: sextet

Example 1: Manufacture of the semiconducting compound of the formula 3

a) A solution of 4.5 g of the 1,4-diketopyrrolo[3,4-c]pyrrole (DPP) derivative of the formula 1,
6.23 g of K,CO3 and 8.68 g of 1-bromo-2-ethyl-hexyl in 60 ml of N-methyl-pyrrolidone (NMP)

is heated to 140°C for 6h. The mixture is washed with water and extracted with
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S\ A\ COON\S Br 0S1X2 3 NBrEH H2.NBS 1 2
a) A solution of 4.5 g of the
wd 2ob9diet opyrrol o] 3, 4-c] pyrrol e (DPP) deri vat PBEP{008/062586

the formula 1, 6.23 g of K2CO3 and 8.68 g of
1- br ono- 2- et hyI hexyl in 60&1 of N-nethyl-pyrrolidone
(NMP) is heated to 140C for 6h. The m xture is washed

dichl¥ohibtieeThé D aﬁ?étprh§§é RadhdM Bifed¥A LR LG 4 B8uble layer of silica gel
PCT/ EP2008/ 06258 4 di chl oronet hane. The organic

and HHleR(GAS 9 HIS- %W ecduke?n’eﬁGFﬁP befpredt i§eoBCy@inde Tha yasidussis

dlsso‘Neld' if300%lI of 8N&rotdtinl eddiad &I%Stog(ﬂ-%gn@%eéwvﬁbmé%f 5@678)

before it is concentrated. The residue is dissolved
bromoguaqiimide ase tham asidge @Pﬁhond"ﬁ%ﬂ er damrod 8f th-Afighéhereaction has
beerEHMpIALENhS mdbtuiis %%@ﬁ#lﬂ?%ﬁﬂemﬂ% cﬁ‘({g@nlé PiedeasleRfhcted, dried and
portion w se over a period ter the reaction
CO”CH%ltéatsd bdercopmopn@isegen PH@'%QY?U? é"'F%QQ\'A@W@H‘ Ridiyp 1.90 g of a
violeVedveder of th@ /0 abiivatiPd85Be Fsmixd s.acted, dried and
concentrated. The conpound is then purified over a
' gel colu to give 1.90 g of a violet powder
he DPP derijative of the fornula 27 N O
+ 0(S Br Pd(PPh3)a N\ 2 3 Br /\ NS O7r\S//
[ g of the dibr or;i nat DPP

b) A

ShBu i cted abo gng O mM of
‘dry tol uené | Fuxed ert
condi tions? YAfter coollng , m xture is
filtrated & doubl e layer { sili gél / Hyfl o(r),
concentrat-ed and precipit d w nmet hanol . The

precipitate is filtrated an rinsed with nmethanol to

b) A ?ﬂhe’ﬁc%ré?f#u &g gf th%gméxb'rﬁmﬁfgd' Lgpﬁkpﬁ i) F’thg%H{ﬁ{ﬁ# VE48] of the tin

derivativei dﬂ:ﬂltdertabm@ enﬂ@tﬁm@ @Pd(%sﬁm A oBdryBoltiemanisgefiuxed
overrzlgré)trhn n’% ﬂl—}hr gﬁﬁgﬁ{soﬂﬁér—r{ anegi&évw tttlr'é ﬁ%(tlwg\tl'%flllgat_gg Sg?éxlt ?o}yble layer

silicat QB@’HN‘_?J(I@ $o®2entaajmi argf DFBOIDItatmi with gﬁr;@l dde\peecipitate is fi.Itrated and
rinseg%it%%@ﬁ%cﬂttcp ive qf1 7% g dC héﬁﬁpécdei'l%lt% o?ﬂLe #thdia 3.
our ce nd es are patterned by

phot ol i t hogr aphy direct I y on the gat e- OXI de. &old
Exa !@ﬁ%rﬁ eAQél?d?%oﬁ'o?‘iﬁé Qg@ﬁzoﬁ%hﬁh 34 fétulfd §th

Bottans-gdte tRinifiom traosistep O TY) istuuptmfest\/\nte p- Slrm(‘kﬁ) cm) are used for all
expeﬁﬁgh&oﬂqw L e{llh}\ﬁerﬁl\acl) % (§2U15y<§%? 3b§ n%qﬁfcxﬁés'szs%meg'agb%{e insulator

exd [‘azane
of Ci=32.6 nF/cm? capaC|tance per unit area. Source and drain electrodes are patterned by

photolithography directly on the gate-oxide. Gold source drain electrodes defining channels
of width W=10 mm and varying lengths L= 4, 8, 15, 30 m are used. Prior to deposition of the
organic semiconductor the SiO; surface is derivatized either with hexadimethylsilazane
(HMDS) by exposing to a saturated silane vapour at 160°C for 2 hours or treating the
substrate at 60°C with a 0.1 m solution of octadecyltrichlorosilane (OTS) in toluene for 20

minutes. After rinsing with iso-propanol the substrates are dried.

The semiconductor thin film is prepared either by spin-coating or drop casting the DPP
derivative of the formula 3 obtained in example 1 in a 1% (w/w) solution in toluene. Before

use the solution is filtered through 0.2 m filter. The spin coating is accomplished at a spinning
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(HVDS) by exposing to a saturated sil ane vapour at
160C for 2 hours or treating the substrate at 60C
wowRdb/0&104 1 m sol uti on of octadecyl trichl or osi PEIEP2008/062586
(OrS) in toluene for 20 mnutes. After rinsing with
i So- propanol the substrates Al e dried. 25 The
sem conductor thin filmis prepared either by
spee@@f BOG A '(rﬁgnd)srpéi”n‘ﬂF?utﬁﬁifstﬁr bB&JttZt)eseQ?r%s ifl &bt b(yrﬁjltﬂfns The
formula 3 obtained in exanple 1 in a 1% (ww)
devu<§§|au@ deer atPX Biferehlaourisfase valyaliont he sol ution is
filtered through 0.2 mfilter. The spin coating is
acconpl i shed at a spinning WO 2009/ 047104
Trangigtor PRIQI0BN0%62586 35 speed of 800 rpm (rounds per
The mﬁgﬁt&)befh%o@h@%ea%@re%%%ﬂ&tbrﬂat%ﬂ‘@ﬂaﬁ%toﬁE%bF iT#N$0, CSEM
devices are dried at 80C for hour before
Zurigg¥al uati on. Transi stor performance 5 The transi stor

FromP$ h?éé\'r ‘ﬂ’tJtro th§ shPRE %cﬁ of P8 sAflratdl @RERAHCHIraNSIistEo fleld
10, Zurich Froma linear fit to the

r (TP-
eﬁec@@f@ﬁk"@ afd&d 0orore %’5*1‘ ap Qp/et cUFraRSAEG OfthRr 9c can P%tdﬁ@ém'”ed-
The mrééhgldd/oﬁsgﬁee%tat@w ity of 1X10-03 cnR/Vs with an
on/off current ratio of 8.9x105 can be determ ned.
The threshold voltage is at -3.0 V. 10 El ectrochem cal

Electi®R®e Hi@IMRidhSurdmeRfsticosrding tBRidish A El ectrochem cal
data are obtal ned by cyclic voltanmmetry §Pr| ncet on

Electraahemics! Apiaese ebtaingd by gyelistvojtammetyy {BiinpefasrAppfigg Research-

Versgéﬁﬁlelf)'lt‘ﬁ&hﬁorﬁ“rﬂe Bﬁﬁérﬂﬁéﬁgamﬂbrrﬁé@Qﬁ‘dér%rg’brﬁﬂtauefaﬂirﬁt@d solution
sol ut'ion of ydrous nethylene chloride with

of g PED YRR DN B0t mtsva@ﬁﬂsamm@r@u@sheasgﬂttqﬁ@ohosphate as
the sﬁH&Dﬁ’rﬁé bIBSr 1B CA ERleY hG/AEI ShliETs Lﬁ@ﬁ’%@%%e@dlﬁé’ﬂeﬁbrﬂcé electrode. All

used pseudor ef erence el ectrode. Al data are
data ggs @F%%‘@d’ tp ¢he IeErOFRNS/ BT RSRINIUN FRUSXERFRIR WéH‘é)@‘Q?@Hr;ﬂd@ﬁer the

scantiffle datnd @AM FbrRbERL |stb|°k‘€r] -§LRPehBdiehR)iANRBeBYEhRM is the
Ferrocene ‘i s bi s(n5-cycl opent’adi enyl )iron. Ferroceni um

oxidated foi of frggpedne s¢4 'Gte IBSOB¥ENe. The scan rate is 50

For ¢8¥¢h SambR!, tHRa6| &d8ihRited lﬁb@nd l‘ﬁ%%rrﬂa‘ﬁ pSRhiidIRt S5wHS | ltrflﬂassumptlon
the formal potential (E12) t he assunption

that f?HQ?erfeeld?%%%@e injereg! anqdaig. heﬁtaeHQMO Ql'gﬂ‘f"éb?‘iﬂ?“pﬁﬁén%ecu'ar

orb,thdaLng@gt occupi ed nol ecular orbital) level of
The resulting | evel HOMO | evel of exanple 1

The feS@'tmgie'V?'HéOM%&%mae@m@'ﬁé FRrafesompoupg of E@ﬁ%rﬁa%a o
corre@ m|aQ¥©M@I%v@Wé%ox 523%@%3&36%% LMﬁI’()’g(ﬁfvésltJmccupled

unoccupi ed nolecular orbital) 1evel o
moleguyar g@ltal) level of -3.31 eV.

Electrochemical measurements according to method B

For the example 2 and the following examples electrochemical data are obtained by cyclic
voltammetry (Princeton Applied Research-Versastat Il) following a slightly different method
as described above for method A (inter alia, thin film instead of saturated solution). The
experiments are performed at room temperature under argon on drop-cast thin films in
anhydrous acetonitrile with 0.1 m tetrabutyl-ammonium tetrafluoroborate as the supporting
electrolyte. A silver Ag/AgCl couple was used as pseudoreference electrode. All data are
referenced to the ferrocene/ferrocenium redox couple, that is measured after the scan in the
same system. The scan rate is 100 mV/s (millivolt per second).

For each sample, the level is estimated using the formal potential (E4;) with the assumption

that ferrocene, used as the internal standard, has a HOMO level of -5.15 eV (electron volt).
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El ectrochem cal neasurenents according to nethod B For
the exanple 2 and the follow ng exanpl es
webmensTiehen cal data are obtained by cyclic PCT/EP2008/062586

voltammetry (Princeton Applied Research-Versastat I1)
following a slightly differeat nethod as described
above for nethod A (inter alta, thin filminstead of

The %hlﬂﬁ@te@gl (ﬁ%élbpprb)erlvaﬂ\‘/% oB EorReES EARRbSNE 18 P8OMY IBRS of

room tenperature under argon on drop-cast thin
appr%|h§qvnresaﬁﬂ9/§tyo%uw9eiﬁmhot $8Vwith 0.1 m

In thé BrAsBOivY lof Qﬂﬁ@ﬂte%nk%hh@t)t féﬂh@l@@rtﬂérﬁje%%lfHEO]PCBM in a solar cell
porting ectr ol A silver Ag cou

deV'WWt%h%@QH&*@P%@]\#&B'\éP@:@'?%@@a'”ﬁ\ﬁ Iby(%‘t?'t‘f vgﬁ@mmetry of a thin

film. frﬁé %s%rt.ﬁgtveJepoft[b@]Pt@rM SSRRBOAGS tb%CIQ@MGJT?eK/@Idﬂ)épﬁr%HPJGQ) eV,
hat i s neasured after the scan in the sane systent

reSpefcﬂ'ée|§@d-rU'\4@t|@/ei| §f#60e¥v/ s (millivolt per second). 35
For each sanple, the level is estimated using the
folr rraIPpot ent| al (|E12) WI t ht he assunptl on that

Exa

A gIats@‘éﬁﬂ)stgéfct)e gﬁseslﬁmet\»{ctﬁé@grwtﬁ rbatté}hba wa%a(n%(?dte%r (65 nm

08/ 062586 he resulting | evel
thickpress; Rat5 10BN dtsr 2 Psie derrmeaptiprdinadha DPW@'I%” 61‘“0'6

|nJecﬁcﬂ'pérQ:P(smo<§hlﬁg‘P3'§er @mﬁbgéeﬂ%é/ytl%nwmyéreﬁl@ |s%§)pheﬁ Sht€ e

persp ectlve of u3|n t'he COHFOUH ormula 3
pattem%a@dawrtm spmqam/[at Groda g@s&pe@@ 15004e( feg1 minute and then

acceRr&RGUPAH DG Adm. dﬁirﬂ? of theQRMPEBM 8f e 3brERIPLD tRJeHRA WitM 10 mg of

Q{B}‘élc vol tametr athinb5 film The resultlntg
[60]RCRM fullgrene et ﬁ@B@W%hﬂe@b@‘ﬁa@et% hgaiadmp tp S0t apd stirred for 3

hour@ﬂﬁ’(ﬁ f?%ally a@pl@aoeéht% tt{eeé@(l?zf)tn' W&!%gﬁa}éﬁ%@sbﬁyﬁatlﬁé at 3003pm. The so-
: otovol taic

form%ﬁq:tblgmtsi thgn é‘éﬁﬁﬁ%Wﬂh afl rfr@“thﬁh IdF :gllthlAn’g|u;9§ge) hole blocking layer
and FPsH M(eﬂurﬁ@ttﬁ’@ é%t%ﬁé Od%ﬁl‘%ﬁﬁlletﬂ/'ufnﬁerﬂ%tch@ﬁﬂ@g vhp&ar depggtlon

(|n|umt|nOX|b)?31 ayer hi ckness, Rs
equigment (Bestee &eprargnpadie apt@pl q,fg@] 9? %W@ ,quﬁ@sqqﬁjévlched between both ITO
and R @nvvakbi al fboted lhm?A hol e injection and snoot hi ng
| ayer (PEDOT: PSS Baytron P, Bayer AG is applied onto
the patterned ITO layer by spin coating at a rotating
The §RRAAO hét@@&ta\'ooé'ﬁlér%ll 35 éﬁhfﬂﬂr@ @P&lstrtgﬂfgoo@cﬁeﬁﬂoﬁﬁﬁde%d

up to 4000 rpm he compoun the formula 3

eff'C'%@éttr?éteWw tPo“Mt(]A'éMan)Bb? SOBRPHRIPT Pe{pbORAIX: number of

phot6HsS5e? Is¥88hd pbr Linltharedf). t ol uene, heated up to 50C and
stirred for 3 15 hours and finally applied onto the

el ectron bl ocking [ ayer by spin-coating at 500 rpm

Example 4 MarudsdiBeb 8fcthie\s@ mliddidudtihgtdbiip suesifie binhuld 13
nmthick LiF (ItthirumTtluoride) hole blocking |ayer
and 100 nm Al (al um niunm) el ectrode, both applied
under vacuumin a,vapour deposition, equi pnent
(Bestec, Germany){ The actual area of active |ayer
sandw ched betweern) both ITO and Al el ectrodes is
about 9 mM2. 20 Tke -formed photovoltaic solar cel
is exhibiting surppisingly good perf nce and

NBS, HCIO,
/\
CHCI
3 Br S
4 5

a) To a solution of 40 g of 3-(2-ethylhexyl)thiophene of the formula 4 and 0.4 ml of perchloric

acid in 350 ml of chloroform at 12 °C are added portion wise 36.2 g N-bromosuccinimide. At
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efficiency when exposed to AM (Air Mass) 1.5 sol ar

photon flux (photon flux: nunber of photons per
waeemond7iper unit area). 25 Exanpl e 4: Manuf act BEBEP{008/062586

t he sem conducti ng conpound of the forrmula 13 NBS,

HO Q4 S CHO3 Br /S 4 5 a) jlo a solution of 40 g of

3-(2-et hyl hexyl )t hi ophene ofsthe formula 4 and 0.4 ni

the &bl oPBleCHHdRIoh Ghe %@(ttﬂr@'léjaﬂd)vegﬁg ré&alrpfooﬁ%ﬁ{pgfa%r@aﬂﬁ idtirfed for
are added portion w se ronosucci ni m de

one WFZBW/GGQEM‘OWXWISEXQG%F’ g\gtgg%er drieq gnd %e@fat?%é‘- he product

is théigﬁlér'fr‘éﬂtldn‘%\@ed%@éﬁ' H“ﬁ%rbﬁx é‘élhlﬂﬂ@éjylb@ 399ﬁ§'of‘cérﬁ9cﬂ]nd 5 as colorless
mper ature and irred one hour. The reaction

iauidis RENVE G485 (o, SEL@er G AR OGS T 245 ZHg, 1:47-1.81 THIm, 1.15-
1.238PNRENBY 8gd. The product is thereafter fractionated
over a Vigreux colum to yield 39.7 g of conpound 5 as
colorless liquid; 1 HHNWR data (ppm CDC13): 7.11 1 H

b)Sﬁth&lsﬁﬁcem'dand? 43 2Hd, 1.47-1.51 1 Hm 1.15- 5
1. 8HKm % 81 6Ht b) Synt hesi s of conpound 7
Aol ‘. H g~hegs

: K . HMcoupling reaction 1) My,
et her 30 2) Nl(dppp) C12 ether SBr SSS Br S Br 10
56 7 Inareactor 0.28 g of freshly activated

at room tenperat ure and then reflux d 15

propane- 1, 3\di yl bi ﬁgm—rfhe%l—mrs‘ph . g of
2, 5-di brom)phe N§EPPPI #1851l 5/ 6\\ar e sugpepded in

20 ml of BT etdiyl et her jand cool ed
freshly prepared Gi gnﬂﬂs@ruti on of th onmpound of
the formula 5 is added drop wi se. The olt ai ned dark

mxture is xirred at robm t enperature over night.
The reaction is quenched by the addition of 10% of
hydrochloric acid (HCl). After 20 conpletion the

In a rieagtoud @8igsofieshiy @ciiatdr megreesiurmtureidgaar@ sisperedrime anl of diethyl

etherpﬁ{ol 3 *7@% Tl &Npouﬂb%ﬁ‘ el Bt B2 é E@H&dcag%f fgpl'l'pgrr]mxture is stirred

roma ograp y on silica ge ords 1
for 2 @@m@j mepny tepgperature and then refluxed overnight.

Into a second reactor 22 mg of Ni(dppp)Cl, [dppp = propane-1,3-diylbis(diphenylphosphane)]
and 1.0 g of 2,5-dibromothiophene of the formula 6 are suspended in 20 ml of diethyl ether
and cooled to 7 °C before the freshly prepared Grignard solution of the compound of the
formula 5 is added drop wise. The obtained dark mixture is stirred at room temperature over
night. The reaction is quenched by the addition of 10% of hydrochloric acid (HCI). After
completion the mixture is washed with water, dried and concentrated. Purification by
distillation followed by column chromatography on silica gel affords 1.05 g of compound 7 as

slightly yellow oil.

Version 2 via a Suzuki cross-coupling reaction
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slightly yellow oil. Version 2 via a Suzuki
cross-coupling reaction 25 WO 2009/047104

weEFonbaPaAen8/ 062586 O O + 238z;e?::: Br S S 5rGI/EP2048/062586
m xture of 4.1 g of conpound 5, 2.0 g of the diboronic
ester of the fornula 8, 6. 93% of potassi um phosphate
(K3PO4), 0.7 g of
2-di cycl ohexyl phosphi no-2', 6' - di net hoxybi phenyl, (S 5
Phos), 67 ng of palladiunm(ll)acetate, 20 nml of
di pxane, 20 m of toluene and 12 m of water i
heagted to 95 C for 21 hours. The obtai ned m xt
di Kuted with\gdi ethyl eth and extracted wi
dri and congeptratedq-RurifigphdoRpos perfor
bulp to bulb [disgtildatgon\ f ‘ol u
chr gmat ogf oontsi J1 ca Bivslang elueis: 1. 9
gpApoUNd 7 as slig y vyell ow Oighier 1 H NVR p
CDC13): 7.18 2H d, 7.04 2H's, 6.91 2H d, 2.72 4H d,
1.631.67 10 2H m8 1.23-1.36 16H m 0.81-0.86 121é| m
(CF3sS2)20 S S,0 S\/ S Nfornylnethylaniline \/
S 7 9¢c) To a solution of 0.66 g of

Amiue B, 8e Spofinerd 29 aPamiogRric e el €6 of
potagyi@s ppbsphiate (KsPOYL 0nFdy of Dhdicyaiaheiy/pogphiiowd’ € -Hlismetti dxouiekienyl (S-
Phogyit,Ba iSRS, dDBE T yidhEne, Z0GhiHr Radert Bl aa! of water s

heatddht® 98 °C for 21 hsulsedhedothided hiixtQref ioWil@d hithidgthyh\ether and extracted

with 36 1R S OAAR: BOAalor e by 810 3 Py stnaton

follovesd Iyacdledn whitomatedraphy ordsilicadyehnnd giehiselnd g af esmpdtinda as slightly

ur.i £ ian, i achi ol r t.agr n
vellofidit L\ 8% @pfir RCHF g Y268, LER A M S A5 ErYafly. 16167
2H mi1l23-1.36H BINh,de8 BOBppIPH @DCL3): 9.84 1 Hs, 7.56 1 H

200s, 7.23 1 Hd, 7.22 1 Hd, 7.01 1Hd, 6.92 1 H s,

2.76 2H, d, 2.72 2Hd, 1.61-1.71 2H m 1.23- 1.39 16H

m 0.81-0.89 12H m WO 2009/ 047104 PCTLEP2008/ 062586

39 NH2CH

¢) To a solution of 0.66 g of N-formylmethylaniline in 10 ml of toluene are added at 5 °C 1.34
g of triflic anhydride, while a white precipitate is formed. The reaction mixture is allowed to
return to room temperature before 2.0 g of compound 7 are added, dissolved in 10 ml of
toluene. The mixture is heated to 110 °C for 22 hours. After cooling to room temperature 5 ml
of a 10% sodium hydroxide solution are added. The mixture is then extracted with water,
dried and concentrated. Final purification is achieved by column chromatography on silica gel
yielding 1.58 g of compound 9 as yellow oil; 1H-NMR data (ppm, CDCl;): 9.84 1H s, 7.56 1H
s,7.231Hd,7.221Hd,7.01 1Hd,6.921H s, 2.76 2H, d, 2.722H d, 1.61-1.71 2H m, 1.23-
1.39 16H m, 0.81-0.89 12H m.
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d) A mxture of 1.2 g of the al dehyde of the fornula 9

and 0.2 g of hydroxylam ne hydrochloride in 10 m of
waleowokmb4 f or mam de (DMF) is heated to 145 C fPeT/EB2008/062586

hours. After <cooling to roomtenperature the m xture

is diluted with diethyl ethey, washed with water, 5

dried and concentrated. The Crude product is purified

by filtratio a silica gel plug,under reduced

pressure aff ' itri

7.41 1 Hs\_¢. d 7.14 1 H . d, 6.92 1
Hs, 2.71 4H) d, (1.60-1.66 2H m 1.17-1.85 16H m
0.81-0. 87 \o Q NS s | kohol S /

S/ SO S
m xture of 5 |rontr|chlor|de(Fe01 64 ng of
sodiumand 10 ml of t-Anylalcohol is HMeated to 110 C

d) A fityBs TS bEBe ARleRY e St Kl B Pand %.E@?ofg{ygéog}%@mg}?w

hydr&dhtatideat €0 ﬁfl of ditnettoft fornamide (DR Rshted Qp145 “efor ThAours. After

coolipg bR teMp8ralisE it S byt defiul Sher et Sikvitn water,

driedBiteihdo@tentfatéd. W&blcﬁmmddaxmfle&ey mh@m@veﬁﬂatshlca gel plug under

hanol
reduitalEaaye B DTS sle dea L ErbIE HiRS rriipehgs gk oit
1H- l\fl\ﬂ]:kﬂuiaé(pﬂra GDC@@m‘bﬂHS DQMHrd 7EQ 1'|'|VB 7. UgZIH(d)/(ﬁlgﬂ‘lH §,2.71 4H,

o 1 B PRRS O8] DTS PB. O TOOIAN ™ 6 1\ N/ L S/ \

1SS0/ S\/ SSSONaH, CH31 SSSHDW\A SV N
O 12 13 f) To a m xture of 0.25 g of the DPP
derivative of the formula 12 in 10 m of N
pyrrolidone (NWVP) e added at 5 C 28 ng of s
[ o by weight in
o}

o)

10 1
e) A mixture of 5 mg iron trichloride (FeCls), 64 mg of sodium and 10 ml of t-Amylalcohol is
heated to 110 °C for 20 minutes before a mixture of 0.5 g of the nitrile of the formula 10 and
0.16 g of di-tert-amyl succinate of the formula 11 is added drop wise. The reaction mixture is
stirred at 110 °C for 19 hours before it is poured onto a water—methanol mixture. Blichner
filtration and exhaustive washing with methanol affords 340 mg of the desired 1,4-
diketopyrrolo[3,4-c]pyrrole (DPP) derivative of the formula 12 as dark blue powder; ESI-MS
m/z (% int.): 1077.5 ([M+H]+, 100%).
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5 mneral oil). The mxture is allowed to warmto room
tenperature and is stirred for 2 hours at this

wo eovpesAadure. After cooling to 5 C 100 ng of netTyP2008/062586
i odi de (CH31) are added. The stirring is continued
for 3 hours at roomtenperatjyre before water is slowy
added. The m xture is then poured into
di chl or onet hane, washed, wth water and concentrated to
1 n before nethangl i's added. The precipitate is

derivative of t4he orrrul a,13 as dark blue | po

H NVR data (ppm—GDC13)"8.85 2H s, 7.25.24 d,
d’ e a I—ﬁs /
1.80-1.85 % . . ﬂ%’:pns ]

0.82-0. Exanpl e 5"
1 /C hng compound of the

1, 4-di ketopyrro’f o[ 3, 4-c] pyrrol e (DPP) deri Vative of
the formula 14, 41 g of K2CO3 and 55 g of
rono- 2- but yl - hexg (BrBH) in 500 %
f) TO&;}WW abhéd giatthe pR PH@&Y%HGPBthﬁ@@Lﬁ%FZ 6h10 mh@f methyl-

pyrrofHSHeNMP SarbRafed atd {1 28miesr sBARNEMITAE (198H; 88% By weight in
di chl or onet hane. The organic phase is then dried

minergl jof o 1 B MbHure igaliayed ‘Pé(%'fn tgroQ (lgrererotyreyand igsérred Por 2 hours at
this tEMF)bl%@Jré Afkéffcbgllrigsto wseth @Sma of et iodidd- (CHEI) bl% added. The stirring

cined infusorial earth treated with so
is coplijugd et Ehows at ropm tgnpsratue bsfose Waﬁﬁruﬁ(ﬁo%@@?lg?d pdegpigture is

then 'pbur'ea nﬂ@@l%[&érﬁétﬁgne -Ulv'b%hé@%tﬂ %térsand%ﬁééﬂtl\é% tbn rililo&efore
of | orof orm cool ed down to C and 2 equival ents

meth@f}oINs V@eg@@'gge oreciiiatepsepllasirgion) ng@flltraﬁpn and is washed several

tlme@wmﬂ%b%'ﬁ(ﬁ@@(ﬁ Agtdiet @ﬁﬂ%@n@eﬁﬁ/b 'o@fhe"ﬁb%l@‘f@%s @ark blue
eriod of 1 h. After the reaction been co

powdeig! W%fi@tau(epfwa%@b) RSV ATIEEYS 2'1*hﬂe T@3ghfi /- a”)?ﬁaa@ P92 2Hss,
2.83Kt hagvedr Anigeth 88dH koNEs:le7at-e6. 1. Dhe £08MPHNM 8250.91 24H m.
then purified over a silica gel colum to give 9.5 g
of a violet powder of the DPP derivative of the

Exarhgle'8! IMantfactiiFd Me%ﬁc&ﬁ]ﬁtin@%ﬂdurﬁi Sthedorriuld 167,
o (.21, d, 4.1 Hz; 5.91, d; [/.0Hz; .oo,m 1.30, m

0.86, t, 7.4Hz. 13C NMWR (CDC13) 161.54; 139.57;
135.40; 131.61; 119. 14, .28; 46.68; 38.06; 31.23;

28 76; 23.39; 14.37. u3 N/\ 411 S

a) A solution of 24.88 g of the 1,4-diketopyrrolo[3,4-c]pyrrole (DPP) derivative of the formula
14, 41 g of K,CO3 and 55 g of 1-bromo-2-butyl-hexyl (BrBH) in 500 ml of N-methyl-
pyrrolidone (NMP) is heated to 140°C for 6h. The mixture is washed with water and extracted
with dichloromethane. The organic phase is then dried and filtered on a double layer of silica
gel and Hyflo® (Hyflo is used as a filter aid. It is calcined infusorial earth treated with sodium
carbonate, cf. CAS 91053-39-3 and Fluka 56678) before it is concentrated. The residue is

dissolved in 100 ml of chloroform, cooled down to 0 °C and 2 equivalents of N-
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SBr S/ SO +Br Sp Pd(PPh3)4 SN/ N 15 16 b) A

solution of 2.24 g of the di brom nated DPP derivative
w@boovkeribor mul a 15, 3.9 g of the tin derivatiREI/EP2008/062586

depi ct ed above, and 351 ng of Pd(PPh3)4 in 50 m of

dry toluene is refluxed 10 guernight under inert

conditions. After cooling down, the mxture is

bromosliddiritnRid £8 tndRi4BH B oHdK Sise &iériaﬁp%r@@ hf Wlfﬁlf@frf]ﬁee’ reaction has

concentrated and precipitated wi_th nmethanol. .
bee”moétﬂ'?fﬁ‘ﬂsatt‘% migure;is Wﬁ&ft‘%’d""ﬁh\datef-i'rﬁ@élﬂg%ﬁ@ Rhafstih BXEACtady dried and
concBhitRed. 198 @Dnfloudd Rl tHEn B@fifled R¥br & chﬁa ORIMVRLJiNLD.8 of a violet

the formula 16; m g 139.5 C, 1H NVR data S:pﬂpm
powdenel B DRY, derivativejoiithg faggnulaz17HNMG daten (opgr. CPCIG &894, 4.1HzZ;
7.21,:1d,£16w9£ 33, §; 7.6H9,31H§é:tn€112>,0§xﬂﬁ,2 0.88; 6F.4H4. Pt MVMROGHEIN161.54;

.4 44H g% 0.88 30H m 15 angle 6: Application o
139.3id 38R toh@ilidiPAg: t&hefs dRePSP -Pﬁ@?-%?:réﬁé: 2839t 37
sem conductor thin filmis prepared either by
spi n-coating or drop casting the derivative
the fornmula 16 obtaingd in exanple 5 fn a 0.5% (
solution in chlorofoym| The spin coating is
aeconpl i shed at a spi np
e %?ﬁute) for 2
ondi tions. The dew
fter beingr Py heatramen)at  100(
m nutes. Trans or) performance The transi
behavi or is nmeagurjed on an automated transigtdr prober
(TP-10, CSEM 2 r'Pch) and showed cl ear p<types
transi stor behayfror. Froma linear fit tot square
root of the saturated transfer characteristics a

field effect bility. 0-3 cnP i th ,
o) A SIS 2859 e b ingleciDRR a8 0GR SR e F i o of the tin
derivggmgge%plgimo@bggyraﬂédpg@erg}ggoéa’lg(slmhsﬁ it\/5¢')£|6nl 6{ Sty thGne islrefluxed
. [ L ect rocheni ca
overwgrgéwpgwgﬁégoﬁléc&sr 88%%0 £ W’iheamg%gﬁtj% 'IE%@dW a double layer

silicacyel/Hiy Bo®,aoh agnteited/ar dFrie bipdtad whib phdtiethoRaseréedipitate is filtrated and
ast

insofSURFR Bl bR 5% GUERI A OB T PARESH iRy 1
m.p.PB?.BOldt; "R estgl(pprﬂgcbswls.sﬁzm ha.Pﬁi\?e?fterrzwamvg;(aﬁa 2H's;
6.92 28/ 4 Mol PRI SR momae i B Pagn ™

nol ecul ar orbital) |evel of -3.8 eV

esg are eval,uat ed

Example 6: Application of the semiconducting compound of the formula 16

The semiconductor thin film is prepared either by spin-coating or drop casting the DPP
derivative of the formula 16 obtained in example 5 in a 0.5% (w/w) solution in chloroform.
The spin coating is accomplished at a spinning speed of 3000 rpm (rounds per minute) for
about 20 seconds in ambient conditions. The devices are evaluated as deposited and after

being annealed by heating at 100°C for 15 minutes.

Transistor performance

The transistor behavior is measured on an automated transistor prober (TP-10, CSEM
Zurich) and showed clear p-type transistor behavior. From a linear fit to the square root of the
saturated transfer characteristics a field effect mobility of 3.7x10™ cm*Vs with an on/off

current ratio of 1.7x10° can be determined. The threshold voltage is about 2 V to 4 V.
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Exanpl e 7: Photovoltaic application of the
sem conducti ng conpound of fornula 16 DPP-nononer
whamedstid kK het eroj unction solar cell 10 The sSPCHEPIE$/062586

has the followi ng structure: Al (alum nium

el ectrode/Li F (lithiumfluorjde) layer / organic

| ayer, including the corrpoun& of the fornula 16 and
Elecﬁ(fl;‘?\ef’rﬁ’dél ﬁfe@ﬁ‘@re[n@msPCBM /

ol y(3, 4- et hyl enedi oxy-t hi ophene) PEDOT} in adm xture

Eleckv\s?qhﬁww' 9@@@;@ eh@@ﬁﬂMﬁwelca/@it@rrmew@)qce on| ﬁm"eﬁi Reserfch-
Vershdtht IQ’beQﬁ)ingfé@%ﬂ_\y el ASScEHPS bE a&&nbwﬁh Dgilﬁle Qerlnétﬁod B, i.e.

are q05é5|n coati ng alaero
the tranﬁmnpm Thedesuiroodevelpiite Valiee offwawam_cqrrepponds toa
HOM® Pé%’lrd? aBMroV&EJ5Q§"éV qbs F;%éﬂmw@um) Iéw&t%o&@]g@'dtmblecular orbital)
chl or of orm substituted
'eve|f°ur3 @e¥ne) (aI so 1% by weight in chloroforn) is spin
coated (organic layer). LiF and Al are sublined under
hi gh vacuumthrouh a shadow— rrask Sol ar ceII
Examples7; Photovolts pplica g gting gompopnd|of fermula 16

DPPIhsn&ﬁé.asam 6u|k$uefa?aﬁ%ﬁenl¢6tb$rcen sol ar Ilght
imulator. Then with the External Quantum Efficie

The sgé@:_gell@laaﬁw folwipg, pt{rléqyrer Al (@g.{mlwﬂméglegtﬁ%@mﬁwmgm quorlde) layer
/ org&918 Qiybif HHfudingths cb@peend & the formlike162dndithe fiflerent [BG}PGBWI /

é er square centimetre, JSc means short
poly( |4r%tDY'F”e<EQ?WrtBWP5‘e”eF)I¢PED@TM'&S‘ Wtuqu'Fh PelYEtysInesyifrnic acid)

(PSSYPATO (rdfn tih 6ME6) éfetﬁl%@@/gfdsé %Ubétra‘(@'ﬁh@%)ar cléﬁéeér@fnﬁé?fé‘ by spin
an overall effici encSIy % i s _cal cul at ed.

coatippplaxsh ohbe AR tPS %@Pres@qt@fne,déﬂp orh@ass $L&>§Eates,6m%na 1
m.xtu;—@ Ibly m@t\t bhéo Cé%dnewsrw%%yw&?w.@ chl&of&hf; Ghé qéﬂpleam (a
e

substi tu I'erene)/
subsgt',uéa,g qllgpq@,e) gﬁlsq he by oy mjchlgrpform) |s spin coated (organic layer).

LiF aR@lAY b dfiBY luRB&Hi g VacuuM tHFH‘ R®)shB&lXATask
adm xture wth poystyrenesu oni c aci d) (PSS)]/ITO
el ectrode/ gl ass 30 substrate. The solar cells are nmade

Solalbéfellsd%'rl’flrrﬁé}%’eld?%eabdllabf@térdjﬁnch&?s&m PSS on a pre-
patterned |1 TO OEW(F;I ass substrate. Then a | ayer of t

%@fﬁiﬂ]r‘ﬁimﬁff‘s"fr@? & 21%9I3r 1igbh Hpulaigs Hranmwithsthg ﬁx@r@%é}@@tum
EfflCIéﬁ(E}g@QEg dradtethg cuﬁ;@@t is bstimABE uMdera®1.8 eBhdifidH. ¥RYSads to a

@g vacuum H%hrou a shadow mask. 35 Sol ar cel |
valueb k0T AdBe/C (anI@nmqr%9@rr30é1@[ea¢er@g]e|tre\/@ TORPOS G o1t gicuit

curre'ﬁ@T/Fﬁpgﬁqg/(@Iﬁszﬁ@act aﬁéneocwd) 88 \Cell =icpeARrat RHtage)dI®herefrom

a solar light sinul hen with the External
an O‘Qﬁﬂh?fﬂﬁ?”%qflzc@%%ﬁc%@@fﬁ graph the current is
esti mat ed under AI\/Il 5 conditions. This leads to a
value of JSc = 0.013 md¥cnR, FF = 0.26 and Voc = 0. 65
DPPymongmerbasad bilavsyeplar celbf f i ci ency of 0.0023% i s

The 6iftyEHd ARl has the following structure: Al electrode/LiF layer/ [60]PCBM (a
substituted Cego fullerene)/ organic layer of the compound 16/ poly(3,4-ethylenedioxy-

thiophene) (PEDOT) in admixture with poly(styrenesulfonic acid) (PSS))/ITO electrode/glass
substrate. The solar cells are made by spin coating a layer of the PEDOT-PSS on a pre-
patterned ITO on glass substrate. Then a layer of the compound of formula 16 (1% by
weight) is spin coated (organic layer). Ceo, LiF and Al are sublimed under high vacuum

through a shadow-mask.

Solar cell performance of the bilayer solar cell
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As evident froma conparison of the above bul k
heterojunction solar cell with the bilayer solar cell
wo bmoovanal | sol ar cell performance of the bul RCT/EP2008/062586
heterojunction solar cell is much higher. 10 Exanple
8: Manufacture of the sem cq‘nl%ducti ng conpound of the
formula 22 1) My, ether 2) Ni (dppp)Cl2, ether / \ s
The a2l B mehsUBEd Snder aoldf 1148t ShulabraTHRag i he Extorfal @uantum

. .freshld/ activated magnesi umturnings are suspended in
Efficioney (RQEigsantythe cafrarirds esfnajeq) upder 8 GARdiionsa  ais iepgsde a
valu€ar £f bl 3 mAIBmPIPH L1061 hdSEL £ 08 VI iifdreffdh ar ol Bffidfency of
roomtenperature then refluxed overnight. 15 Into a
0.00%%%e éneplewdaied-or 0.46 g of Ni (dppp)Cl2 and 20.4 g
2, 5-di br onot hi ophene are suspended in 250 m ether
and cooled to 15 C. To this suspension the freshl .
As eyjfrip dioatia epmpaaca of & arave rﬁ’uﬂffheiefoliuﬁc"ti’@cﬁé’lfr&P%W'tb\}/f@eb"ayer
solar@ell SHCEV eRall 818 de® pBROMIACE o2E-bulYRtOBIALIRL RTKI is much
. mxture is thereafter stirred at roomtenperature
highgfyer ni ght. The reaction is quenched by the addition
of 10% HCl. After conpletion the mxture is washed
with water, tdri efdhand c_oncentt_rat ed. The 20 caompound is

romat ogy PRV, on Si
co und_’@’_a_s_s]_i_gh
13) : 2)Ridbdp)@bkttlr 7.705 /]
Br—-65 4H quipt, 1.27- 1. 88 6H t. (CF3S2)20
S S N-fosmnretshyl aniline s S 18 19 25 b) To a
ol ution of 9.3 g N-fornyl nmegfylaniline in 150 ni

toluene are added at 5 C 19.5 g ¢triflic anhydride,
a) Inalteh 00684yl df Ereptilg atiateatf adriysiten tuFhiegs &@cluspehdaddit B5@mI diethyl

[ llowed to return ro t eratur.e before 25
ether, 308 ¢ 3R piotnd 87 Sreddbasa i TBP LU RIS 95 FfiSisp2 Rours at
roort tehmiperure tidrerefluxddisv@rnightheat ed to 110 C over ni ght.

Af ter ,cool i 0 t er re of ,a 10% WO
into &g ity e P ebBTRoRn ehE 20 ZadbraBhutorbig A suspended
in 250aalether BiRe coblst te €5 PG. T fispersidreitie Wiekhly wedpared Grigregld
solut%l?ldof(:l9'?scgé1f}erdac}rgg\'/vise at such a rate to maintain 20°C. The obtained dark mixture

is thereafter stirred at room temperature over night. The reaction is quenched by the addition

]

-inéf é9.9 g of

‘2H d, 2.78 4H t,

of 10% HCI. After completion the mixture is washed with water, dried and concentrated. The
compound is purified by distillation followed by column chromatography on silica gel affording
29.9 g of compound 18 as slightly yellow oil.

'H-NMR data (ppm, CDCls): 7.17 2H d, 7.05 2H s, 6.93 2H d, 2.78 4H t, 1.65 4H quint, 1.27-
1.40 12H m, 0.88 6H t.

(CF,S0,),0

BN —
S \ / S N-formyimethylaniline

18 19

b) To a solution of 9.3 g N-formylmethylaniline in 150 ml toluene are added at 5°C 19.5 g
triflic anhydride, while a white precipitate forms. The reaction mixture is allowed to return to
room temperature before 25.0 g of compound 18 are added, dissolved in 100 ml of toluene.

The mixture is heated to 110 °C over night. After cooling to room temperature 25 ml of a 10%
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Final purification is achieved by col um
chromat ography on silica gel yielding 20.54 g of
waeempounos 19 as yellow oil. 1H NVR data (ppm BEDZLBI0DS/062586
9.83 1 Hs, 759 1 Hs, 7.23 1 Hd, 7.21 1 Hdd, 7.10
1 Hd 6.95 1 Hs, 2.82 2H M 2.76 2H t, 1.60-1.74 4H
m 1.30-1.34 12H m 5 0.89 Sﬁ t, 0.88 3H t. ( NH2OH) 2
NaOH%%%o@are added\ TR %lxﬁj@l%n ‘%x@ac%d \l/ﬂh %tér?dﬁ%drﬂr?@tdéhéentrated
g of al dehyde 19 and % dr oxyl am ne
F'na'stmr'f'%t@n 'ﬁwameﬁrpy&p'lmh@trﬁ@ﬂﬁtogw ¥ OF PHigR @6' gy 204 g of
com;ﬂﬁfﬁHQ‘é éscyeﬁé\ﬁ oFP 1PNIQK/IRVH£$‘KppnNG[ﬁ§I3)CQQB'1FQS t7059fﬂ-<l7§1 7.231Hd,
erat ure mxture is dil di e

7.21 éﬁggﬂ 1%7diﬁe@9€wﬁrﬁ Reet b 8r76e'4i'| hﬂcﬁocbﬁ%éﬁt"ﬂd é@ﬂ 3thleH m,
0.898HUdgggBHaduct is purified by filtration over a silica
gel plug under reduced pressure affording 15.23 g of
the desired nitrile 20 as dark oil. 1H NVR data (ppm
13): 744 1 H s, 7.21 1 Hd—.14 1 d, 7.08 1 H
NGoHEH do, 1.,59-1)69 4H m 27-1. 43
t_,_ﬁ_és_BJ;L N O 5| S) mAal cohol
N Na, DWAS S S N o8 N xture of
eCl3, @.7 g sodi um and 200 t-anyl al cohol is
heateggto 110 C for 30 mnutes befmare a m xture of
32.0 g of nitrile 20 and 11.7 g ditertanyl succi nate
(DTAS) is added drop wise. The reaction mxture is

c) A ﬁ%tﬁr@‘%ﬁl 185 g@f%l(%h%f@% Bhgaty @ﬁy&Bﬁ/Iérﬁlne%u@é}H ePOPAL @ d|methyI

a water - nethanol m xture.” Buchner Itration and

form@%ﬁiﬁlﬁQMF\)éé; hawdet] iogl ARi tCrpVﬁéﬂlsaharﬁewqodw@@ ropg tempgragre the
mmtdr@‘i’s (ﬂ%@éd’ With @gﬁyﬁ&?ervﬂi%éw&sxmmwé%ur %’%5 amj 'é@n(fe‘?i‘ﬂgﬁe'a The crude

ol N
prod@t[yq purmg{;q bgg‘lgragorgoveqmllma(gel pl[ug under reduce pressure affordlng 15.23 g

of the desired nitrile 20 as dark oil. "H-NMR data (ppm, CDCl3): 7.44 1H s, 7.21 1H d, 7.14
1Hd, 7.081Hd, 6.951H s, 2.77 4H t, 1.59-1.694H m, 1.27-1.43 12H m, 0.89 3H t, 0.88 3H

/A s /B t-amylalcohol

Na, DTAS

A mixture of 10 mg FeCls, 4.7 g sodium and 200 ml t-amylalcohol is heated to 110 °C for 30
minutes before a mixture of 32.0 g of nitrile 20 and 11.7 g ditertamylsuccinate (DTAS) is
added drop wise. The reaction mixture is stirred at 110 °C over night before it is poured onto
a water — methanol mixture. Blichner filtration and exhaustive washing with methanol affords
28.15 g of the desired DPP derivatives 21 as dark blue powder. ESI-MS m/z (% int.): 965.5
(IM+H]", 100%).

CH,l, NaH

NMP

d) To 2.5 g of the 1,4-diketopyrrolo[3,4-c]pyrrole (DPP) derivative 21 in 40 ml N-methyl
pyrrolidone (NMP) are added 0.3 g NaH (60% in mineral oil) at 5°C. The mixture is allowed to
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22 25 d) To 2.5 g of the

1, 4-di ketopyrrol o[ 3,4-c]pyrrole (DPP) derivative 21 in
wdadooat4Me4et hyl  pyrrolidone (NWP) are added OpGr/griNashe2586

(60%in mneral oil) at 5C. The mxture is allowed to

WO 2009/ 047104 PCT/ EP2008/ 062586 45 warmto room

tenperature and is stirred for 2 hours at this

warnk %8%&51‘7‘1{)6@&1% BRE QRIS 2 RoRs & thiks tdmPefdi?d. A& cooling to 5 °C
ed. The stirring iIs continued over night at room

1.1 gtgﬁﬁéfeh@q}’re@ Thegliriggiseqonfinuedsqvsinighbrideem teReeraiuke. ihen water is

sIowI'ysadHQé}”'I@\@ letugé % &F%H%W@m%§ﬂ@%é@hb@mﬁfﬁ%@ﬁer concentrated
concentr at ed precipitated with nethanol. The

and pregipitaipd wite m%hw' | TdetrsRrinjiptesigrhrated by BHchinesfiltrafien and is
washedWRs&arimey @Ttl@he"tﬂa‘ﬁ%ﬁto‘%él@ﬂ'?&i&i@ﬁ@é Dbp 22' eﬁJ djarlz b%é pdwder. 'H
of the DPP_ 22 as pm
NMRgsta pm. & [3ds)2£188 2Hzs, 72334 d 72120 gy H) 2"}’d1@9§|2|H 3.66 6H s,
2.89 ﬁH352 8blagh t, 3606 d3B1$ m, 12338054Huii.m,D.$06K M d.89 dHEA- 1.83
Hm 1.33°1.54 24H m 0.91 6Ht, 0.89 6H t. Exanple
9 Application of the sem conductl ng conmpound of the

Exarhgle'd |Aébgﬁ@at1<9n Ehﬂmess%m.eenmwcdrh?émd bfiHeSoRhBRA2Ed

el tne Spl n-coatlng or_drop castin
The W'PQ’H’MC tr@ﬂ fimhis rrepated aithes b&ﬁ?'ﬂr%@&!”@ A @Qaﬁﬁq;t@gghqz RPP

derivativd §ihd RirlilaS! dBtaiREY infbxapRy @1ros 05% (W)\ﬁ%)%uﬂbn%?%hl'oﬂﬂorm
is acconplished at a spinning speed o

The %9"@)8%5‘9@?(3%?'?9(1 @ spingi greed %8@%@ (rﬁu%eémlnute) for

abou@Q@%édn‘aQ% arhBRnEeHIRRRs. AR RVREY aFLslARtsERPSdRAePRRY after
after being annealed at 100C for 15 mi nutes. 15

beingranneglad 310y fo5 1 famibeleThe transi stor behavior is

Trang@@ﬁfé@&w@ﬂcgn aut omat ed transi stor prober (TP-10,
Zurich) and showed cl ear gﬂ pe transistor

CSEN ).
The freifierdieharpbimmeasuregan 3n autpmateqdrangisir @rabspiTRofl 0.1 GreEM

Zurloﬁ%h’d Mebd (flé’dig)tt?be FrBﬁshﬁ@F §dHaS ot FFoR nr@bﬁf.t%&r%:;quare root of the
n2/Vs with an on/off ,eurrent

saturlag{dl t@”é%reh@ﬁ@@QSt@ﬁ@ figdd eftqct MePHER! 91hd OF Ikresayith an on/off
curreh®Htid 3 610%160QAtbedde¥erhfhed. Yhe AftesrobdPbiRgd & about 0 Vto 2 V.

Manuf act ure of the sem conducti ng conmpound of the
fornul_aZB Br ON" ~0o21 +SSS DWSSS NO 23
ExarApleA 07Mdndffet@ie oF-the Geﬁfcérﬂﬁlctlnq co FE)ound of the formula 23
1,4-d|$etopyrro| o[ 3,4-CcJpyrrole (DPP) dertvative 21
and 17 g

KLCO,

21 + _—

DMF

a) A mixture of 3.0 g of the 1,4-diketopyrrolo[3,4-c]pyrrole (DPP) derivative 21 and 1.7 g
K>COj3 in 50 ml DMF is heated to 110 °C before 1.6 g 1-bromo-3-phenylpropane are added
drop wise. The mixture is stirred over night at this temperature. After cooling to room
temperature, the mixture is poured into dichloromethane, washed with water, concentrated
and precipitated with methanol. The precipitate is collected by Biichner filtration and washed
several times with methanol to yield 3.32 g of the DPP 23 as dark blue powder. "H-NMR data
(ppm, CDCl3): 8.84 2H s, 7.21-7.26 10Hm, 7.222H d, 7.152H d, 7.11 2H d, 6.96 2H d, 4.16
4Ht, 2.77-290 12H m, 2.10 4H t, 1.62-1.78 8H m, 1.12-1.43 24H m, 0.90 6H t, 0.88 6H 1.
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15

K2COB in 50 Ml DW is heated to 110 C before 1.6 g 1
- brono- 3- ph enyl propane are added 25 drop w se. The
wWorRoowsA04 s stirred over night at this tenper apCr/BP2008/062586
After cooling to roomtenperature, the mxture is
poured into dichl oronet hane,,washed wi th water,
concentrated and precipitated with nmethanol. The
ExarRpROI1R MadiufadtreCot the Sk Rfic dhiuBUAR R¥M-Pdund’ Githe Forifla 24
washed several tinmes wih nethanol 0 yreld 3.3Z g of
the DPP 23 as dark bl Ue powder\, NVR data (ppm
CDC13)! 8.84 : : m-7.22 2H d, 7.15
2H d,[ 7.dd,. 2H d, ) . L, 2.77-2.90
21 12 2% 90 4H t [ § 8 SN A By 12 2 i8S
0. 6H bvF 0. 88 6f1 t \

46 Exanpl e 11: Manuf actre i nng
conmpound of the fornmul a S- 11
DM SS/ 1 SI N 024 a) Ag ordlngtothe procedure

for the synthesis of conpound 423 2.0 g of the DPP 21

is 5 reacted with 1.3 g 2-ethyl-1-hexyl iodide, 1.1 g
a)A%%ﬂogﬁég% %Lgrlé/g%rﬁﬁélé éb&sizﬂ;fo rﬁpé)gﬁ&?%,?’ﬁ% of e DPP 21 is
reacted edthpi.3 g 2i-adylddtexgf iodide ot. d10d€.L0: imBd hmhbMF. Pufification is achieved

by C%%ﬁﬁ%ﬁ%@ﬂrg@%@;gm e@éﬂ gﬁlp%pf pu%ﬂﬁ?ﬁlétﬂfgﬁlogy‘?%ﬂ‘zrﬂethanol

whicly afferdg H.4dg obthe SlegiFediDPR 28 astiedsolid, BHNMR (ppnR COTIAH8.84 2H s,

0
721%H£7€?0§%—1 é"‘h% 2H]1d0%g5;2n|¥p?,e4‘3.§%%$ ﬁa%ﬂﬁﬁkes‘bo  £h.93-1.97 2H m,
1.619et8 dmdd28-hd4 doifpoWRb-002RKHE mormula 25 O N 21
K2COB SSS + DWW SS NO 25 a) According to the
procedure for the synthe3|s of conpound 23, 2.0 g of
Example 1T2PMahufacture Semijg 2tifag . L
iodide, 1.1 g KZCGS in 40 m DM Purification is

achieved 15 by colum chro graphy over silica gel
and/preci pitati on out chl orof or met hanol
@]

21,

AR

a) According to the procedure for the synthesis of compound 23, 2.0 g of the DPP 21 is
reacted with 2.9 g 2-hexyl-1-decyl iodide, 1.1 g K,CO3 in 40 ml DMF. Purification is achieved
by column chromatography over silica gel and precipitation out of chloroform / methanol
which affords 2.4 g of the desired DPP 25 as blue solid.

'H-NMR data (ppm, CDCls): 8.82 2H s, 7.21 2H d, 7.20 2H d, 7.10 2H d, 6.95 2H d, 4.05 4H
d,2.894Ht,2.804Ht, 1.95-2.01 2H m, 1.58-1.78 8H m, 1.23-1.45 72H m, 0.86-0.92 24H m.



which affords 2.4 g of the desired DPP 25 as bl ue

solid. 1HNWR data (ppm CDC13): 8.82 2H s, 7.21 2H d,
wQ2@0/02Hod, 7.10 2H d, 6.95 2H d, 4.05 4H d, PCBBP2WBB/062586

t, 2.80 4Ht, 1.95-2.01 2H m 1.58-1.78 8H m

1.23-1.45 72H m 0.86-0.92 24H m WD 2009/ 047104

PCT/ EP2008/ 062586 47 Exanple 13: Manufacture of the

Exarfi§ig! faomwiarmme%eméﬁndd&ﬁn Qo Gundiof th fé¥nfidla 26

RZCO3_ SV ST SV 3 26 According to
th rocedure for the synthe3|s und 23, 10.0 g
of Jt P21 is

. U|f|9<%|on|s
5 Ghr ogr aphy’-over! $i Y tion out
of | rof ormF/ net Kan 4 .64 of the
desired DPP 26. 1tk N : 2H s,

7.21 2H d, 7.20 2H \ . M d 4. 04 4H d.
2.80 4Ht 2.80 4Ht. 1.981.97Z72H m 1.61-1.79 8H m
1.28-1.34 104H m 0. 84-0.90 Z4Hsm 10 Exanple 14:

ture qf the sem ondu i n 0 of .th
Accq@pg{gﬁﬁe@gxe yrewr thStSWét e§§ Q’W%B’Sg@.?%]gtgﬁgﬁhq BEP§1 is
reaciij \AEKH 19.5g 2Blecgl- Bletrdde @Biod)de 8.0 QY KO, ih @00 e DMR GREfication is
the synthesis of co

5 achqugg by£|o|u \Necglri)raaliog%py ]on?r l'lh%gteﬁér%%pr?mglt%t&)&adgPﬁ?ﬁl(?rﬂform /
methdf8 wHictdafedriiy 8.6ef dfele deiregdxRMA6.Y HINIVIR dbatdt(ppm, TP B4 2H s,

721 G R0 ponda 2 BT Lo ERRLE AR AP oBo U s o7 21 m,

1.61827.978H ol .28he341e84H ad OcsaapoondH28. 1H NVR dat a (ppm
CDC13): 7.17 2H d, 7.05 2H s, 6.93 2H d, 2.79 4H t,

1.65 4H quint, 1.40 4H sext, 0.93 6Ht. (CF3S2)20 S

10  Exarfiple2H4: Sanufaptanel ofeths geaicdriduetibg Sompound of the formula 32

1) Mg, ether
g 2) Ni(dppp)Cl,, ether I N\ s I\
Br

S S S
Br/@\ Br L
27 28

a) According to the procedure for the synthesis of compound 18, 140 g of adduct 27 was
allowed to react first with 20.7 g magnesium in 300 ml diethyl ether and secondly with 1.4 g
Ni(dppp) Cl; and 64.4 g 2,5-dibromothiopene in 300 ml diethyl ether. Microdestillation at

15 reduced pressure gives 82.7 g of the desired compound 28. 'H-NMR data (ppm, CDCls):
7172Hd,7.052H s,6.93 2H d, 2.79 4H t, 1.65 4H quint, 1.40 4H sext, 0.93 6H t.

(CF,S0,),0

s \ / S N-formyimethylaniline

28 29

20  b) According to the procedure for the synthesis of 19, 60 g of the adduct 28 are reacted with
25.9 g N-formylmethylaniline, 54.0 g triflic anhydride in 500 ml toluene. Column
chromatography on silica gel affords 51.3 g of the title compound 29. 'H-NMR data (ppm,
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S O 28 29 20 b) According to the procedure for the
synthesis of 19, 60 g of the adduct 28 are reacted
wowdb/04AB4 9 g N-fornyl methyl aniline, 54.0 g trpdT/ER2008/062586
anhydride in 500 m toluene. Columm chromat ography on
silica gel affords 51.3 g of,qgthe title conpound 29.
1H-NNR data (ppm WO 2009/04?104 PCT/ EP2008/ 062586 48

18'33)1H8 13§0 1H'§ $,2471HB@ 712H1ﬁ,d 713:‘1I-ﬂd"é§‘51l-7]'szﬂ-812ﬁt 2.80 2H

t 161 16712 iHm 144@ ﬂn46fH4fD Q%é“zirpﬁ?%* 97 3Ht, 0.95 3H t,
(NH2OH) 2 H2SO4 ODWF 2S\ - / S N RS\ RS\ 29 30 5 ¢)
According to the procedure for the synthesis of 20,

am e S FaLe in
ilicaogel affor s9~8f the desired

> 1H-NVR data (ppm 13): 7.44 1 Hs, 7.21
1kWd 7.151Hd, 7.091Hsd, 6.95 1 Hs, 2.78 4H t,

o) acifts Be gt i tudl Bar”sBd ke apREplience
with 3@0@ hydlox§Rnthe A6 idiZ200 rhiONMPEFipaoseasre figy oftdiza gel affords

50.7 G108 e st iy 0o NI i bntr: Cafbl 2 B P e B P o

7.09400, 8195 tHaBY2. 28 g 01.58-8.60 4H AR dI3UM . 461dH40), 0.9D31He Q1S 3H t.
and 21.2 g ditert arryl succinate. Precipitation of the

affords t he desired

Filtrati on over a

d) According to the procedure for the synthesis of 21, 50.0 g of the nitril 30 are reacted with
freshly prepared sodium t-amylate (prepared from 400 ml t-amylalcohol, 8.4 g sodium and 40
mg FeCl;) and 21.2 g ditertamylsuccinate. Precipitation of the crude DPP from NMP /
methanol affords the desired compound 31 (47.6 g); ESI-MS m/z (% int.): 853.3 ([M+H]",
100%).

KO,

31+ —_—

| DMF

32

e) According to the procedure for the synthesis of compound 26, 12.5 g of the DPP 31 are
reacted with 16.3 g 2-decyl-1-tetradecyl iodide and 4.5 g K,CO3; in 200 ml DMF. Purification
is achieved by column chromatography over silica gel and precipitation from chloroform /
methanol which affords 3.1 g of the desired DPP 32 as blue solid. '"H-NMR data (ppm,
CDCl3): 8.842Hs,7.212Hd,7.202Hd, 710 2H d,6.952H d, 4.04 4H d, 2.90 4H t, 2.81 4H
t, 1.99-2.01 2H m, 1.62-1.78 8H m, 1.30-1.41 88H m, 0.84-1.00 24H m.



N DV 0 | 15 32 e) According to the procedure for

the synthesis of conmpound 26, 12.5 g of the DPP 31 are
WO e@gherdom th 16. 3 g 2-decyl - 1-tetradecyl i odi Per/APZN0S/062586

4.5 g K2ZCC8 in 200 M DWMF. Purification is achieved

by col umm chr omat ogr aphy OVEly silica gel and

precipitation from chl or oform /[ met hanol whi ch

Exarﬁél@ofﬁd Matutaduif of thE s@ﬁﬁédrﬁﬂ:c@ﬁg c%znﬁunal ot2hé fbrintula 38
ata (ppm . S, 21 ZH d,

Hd, 7.10 2H d, 8. H\d, 4.04 4H d, 2.90 4H t,
.14H10Mgith699201 Hmy1/62-1.78 8H m 1.30-1.41
W 009/ 047104
o EP2 }%5@% 5: Manufacture of the
s&ni cond conpou of th ormula 38 1) My,
gf her 2) Ni (Yppp) C12, ethes s S Br S Br \s, 11s\\1
Br--O S 33 34 a) In a reactor 13690f
nesi.um.

a) In 2gBebP LTS SR B e Rl RRSHER bhddt i 2 A FRRER ik foo mi diethy
ethef. The tixtorgris stred frenfot & ipearsadt vroen td?mreraitefd e eefluxed overnight to

. ive the i : ut' Into a
5 give RERRRRLsdfinn 19 ¥ Serg i EabPERs 4 Nlpo kO pp s drbage-1.0-
diylbig{ dipHaingipd ogpihany ] ph@SpB&gW@‘)a]ddactcB?ﬂaqfe Sugpanidea td@t mBdethyl ether
e dln 100 m iethyl ether, .and cooled to
and oo IBCES wilsuRendRin P Fepbiafing s oRlul SR s gaed drop
wise a0bwdhi orate ® laeageaicke diixmlre belose2@C. She bbiainedtdark mixiee s thereafter
ure bel ow e obtai ned da i xture.is o
stirrop 15 reey Jetferdlie et Mgt TS PRl B S eRRe L L oot of 10% Ho.
10 After'EJompmuantrne)mmtlsednmmfeeldmbwétbe deédlahd omaehtrdtedo HCI .
10 After | eti.on,.the e, .S washed with tier
CO'“E‘PiCé‘ExO”&%gré‘B B%F{f'rcﬁ?oé‘dga"éo @ﬁ% OEJﬁ‘Féjr?B'{% ?OAB%%}‘”O'%'@"NMR data
(ppmp GOdIi)cAas2 @A dgiavd42Hdd, J.08f 2H He, 223t Hed .60 A auird, 1.30-1.45 12H
0§ ~ H NVR data (ppm CDC13): 7.32 2H dd, 7.14 2H dd,

m, 07288 L1 ad, 2.72 4H t, 1.56 4H quint, 1.30-1.45 12H
m 0.92 6Ht. (C F3S2)20 S N-form4neth 4aniline s O
15 34 35

(CF;80,),0
s. A\ s >
\ / S \ / N-formyimethyaniline

15 34 35
b) According to the procedure for the synthesis of 19, 7.0 g of the adduct 34 is allowed to
react with 2.6 g N-formylmethylaniline and 5.5 g triflic anhydride in 75 ml toluene. Filtration
over a silica gel plug affords 6.2 g of the desired aldehyd 35. "H-NMR data (ppm, CDCls):
9.881Hs,7.701Hd, 7.34 1H dd, 7.20 1H d, 7.19 1H dd, 7.08 1H dd, 2.77 2H t, 2.70 2H t,
20 1.53-1.58 4H m, 1.28-1.4212H m, 0.90 3H t, 0.89 3H t;

DMF

¢) According to the procedure for the synthesis of 20, 6.0 g of the aldehyd 35 is allowed to
25 react with 1.12 g hydroxylamine sulfate in 75 ml DMF. Column chromatography affords 4.9 g



b) According to the procedure for the synthesis of 19,
7.0 g of the adduct 34 is allowed to react with 2.6 g
woRdoonmbset hyl aniline and 5.5 g triflic anhydp¢TEP1008/062586

75 m toluene. Filtration over a silica gel plug
affords 6.2 g of the desire%oaldehyd 35. '"H NWR data
(ppm CDC13): 9.88 1 H's 70 1 Hd, 7.34 1 H dd,

of thg d@&rela anré 367 |=’I-$u|v1R blaféctppr% @@CL) K, @bdm & 7. §53H dd 721 57ﬂ4 dd, 7.09

TH dé 78@73H0t 2. 7@%@%)@9 4@3@44951 57 éHsnﬂ %8 N43§2dﬁ fDM’c9|1 3§t 0.89 3H
t 35 36 c) Accordl ng to the procedure for the synthesis
of 20, 6.0 g of the aldehyd 35 is allowed to 25 react
\ Col um

7.15
, . . , 2. 2H t,
1.59-1.57 4H m 1.28-1.43{12 0.9 3Ht, 0.89 3H
t. OHS S ~N + t-anyial\c S SSSNS Na 36
O 37 5 d) According to the procedure for the

S synthesis of 21, 4.8 g of the nitril 36 is allowed to
d) Adc%mﬁq toWhé Brcfcé@&@'fd(r tRE §mﬁ@£is &oziv ury &oﬂﬁb‘ Inﬁmeae(.z 5ucm/ed to react
at e, g sodi um and

with Eﬂ?%r@f Prﬁﬁ?’leg @@@'Iuﬁhtt%“ylﬁileé35 fﬂlf QWV@F? pﬂo@rﬁ‘l’w’maﬁﬁ‘d 5 mg FeCls) and
1.8 gad?l%HQ@?Is@&flr‘PJtéiSPrgclgltﬁloﬁffroWﬁ I\/FTJJ‘P/anor &Qio(;m@ﬁa%o?d% 2. ‘frg'oT M% desired

DPP@Zcégt M§\m/s/(°/q igt.): §65. %[([Mmr ’100%
10

37 + —_—

e) According to the procedure for the synthesis of 26, 2.8 g of the DPP 37 is allowed to react
with 4.1 g 2-decyl-1-tetradecyl iodide and 1.3 g K,CO3 in 100 ml DMF. Precipitation from

15  dichloromethane and methanol affords 2.8 g of the desired DPP 38. 'H-NMR data (ppm,
CDCl3): 9.032H d, 7.34 2H dd, 7.28 2H d, 7.17 2H dd, 7.08 2H dd, 4.06 4H d, 2.78 4H t, 2.71
4Ht, 1.94-2.16 2H m, 1.23-1.61 112H m, 0.81-0.93 24H m.



10

15

20

DMF O 38 e) According to the procedure for the
synthesis of 26, 2.8 g of the DPP 37 is allowed to
wo e@en471mi th 4.1 g 2-decyl - 1-tetradecyl i odi dePemEPDIB062586

g K2CB in 100 mM DMF. Precipitation from 15
di chl or onet hane and nethano%1affords 2.8 g of the
desired DPP 38. 1H NWR data (ppm CDC13): 9.03 2H d,

Exan?pl%41 62 Wla(mlfac?u%&)fahb demlconduéting %n‘?g&ﬁtd%‘ﬂ tHE form S 44H

d, 2./8 4H t, Z. JH T, 1.94-2.16 ZH m 1I.23-1.61

m 0. 81-0. 93 2 104

P2008/ 062586 ‘ Manuf acture of the

ormula 44 1) My,

s B SS\/ S Br s

synt hesi s pf\ conpound 187 ™ g of adduct 39 are 5
react ed & Bvith 4.6 g magnesiumin 200 m di et hyl
%t her and secondly with 0.34g Ni (dppp)Cl2 and 14.3 g
2, 5-di br onot hi opene in 200 m diethyl ether.
Filtration over silica gel gives 18.3 g of the

=) AGSRAGCE 50 BRMATe gl M Dbl 16708 b grpgauct 39 ae

reacted Gigst 4 4,6 ¢ TB@nsiImU AO0 mmmo'am gecen@y Mith 03 g

Nl(d%klpg@lr gﬁr d ?E%Yé ?Qj' drbrﬂgihdbg)seﬁé n]‘%)ob%u @%@Weﬁhé}gﬂtﬁ{%ﬂ%ver silica gel

givesititlg gtof #® dasired ggmjp@l@hd 40.{H- NMR&!&@ (ppm, CDCI3) 7.15-7.27 12H m, 6.96
2H s bRBM, BRI Bidg 161 Argh ARofing Lrif i c anhydride

Uené: “°Col unh >~ chronat ography on silica gel
ffords 16 oipound 41. ANNMVR dat a

2\g of the title
@ 9.83 1 Hs, 7

d, 6.99 1 Hd, 6.98-1 0-2.88 4H

.74 4H 1.96-2. 08 4H 15 (NH2OH) 2 H2SO4
S S ~0 %SEA%%&E A1l 42

N-formylmethylaniline

40 41
b) According to the procedure for the synthesis of 19, 18.2 g of the adduct 40 are reacted
with 25.8 g N-formylmethylaniline and 12.2 g triflic anhydride in150 ml toluene. Column
chromatography on silica gel affords 16.2 g of the title compound 41. 'H-NMR data (ppm,
CDCl3): 9.831Hs,7.59 1H s, 7.14-7.28 11Hm, 7.121H d, 6.99 1H d, 6.98 1H d, 2.80-2.88
4H m, 2.66-2.74 4H m, 1.96-2.08 4H m.

41 42

¢) According to the procedure for the synthesis of 20, 16.2 g of the adduct 41 are reacted
with 3.1 g hydroxylamine sulfate in 100 ml DMF. Column chromatography affords 10.0 g of
the desired nitril 42; "H-NMR (ppm, CDCl): 7.43 1H s, 7.14-7.28 11H m, 7.04 1H d, 6.97 1H
d,6.951Hd, 2.77-2.84 4H m, 2.67 4H t, 1.94-2.04 4H m.



10

15

c) According to the procedure for the synthesis of 20,
16.2 g of the adduct 41 are reacted wth 3.1 g
whyapoxybam ne sulfate in 100 mM DVF. Col unm  PCT/EP2008/062586
chromat ography affords 10.0 g of the desired nitri
42; 1H NWR (ppm CDC13): 7. 1 Hs, 7.14-7.28 11 Hm
7.04 1 Hd, 6.97 1 H 20 d, 6.95 1 Hd, 2.77-2.84 4H
t, 1.94-2.04 4H m WD 2009/ 047104

m 2.67 4H t,
PCT/ EP2008/ 062586 . 5 O HN s + t-am4ai cohoi Ss s S
SNSSS Na DIAS

42 O 43 d) According to
\

{-anyl at e (100mnV6t éhy\slcohoh 1. g;So\ um and 10
ng ReCl3) and 3.2 g dltertanffs%00|<a S
Precipitation of the crude DPP “rom NV et one

affords the 5 desired DPP 43 (7.2 Q); mz (%

d) Acc\ongag tg\]t %pro%e&%%ol_r“&% ﬁyrgﬁe@Acgfoér]l dlgrl}is gg 911 th% n%rlldﬁ arg?%%d with

freshiyoprepdred syditimesansylatt (2H) mBt- ﬁngalobhdilh‘e3 @Féiédm& amde10 mg FeCl;) and

3.2 g@%gglﬁ\ﬁw&%t?ﬁ$ %ﬁﬁlta%pu S %e Céltléj e@g }ogghlg@’ \/ e%‘egcip%ﬁgfords the
desirpd &@HF43 612 9)y ERSI-MS ahiz(¥h ont. g OhSr(EMEld, 1084)anol  whi ch

affords 3.6 g of the desired DPP 44. 1H NMR (ppm
CDC13): 8.88 2H's, 7.15-7.28 22H m 7.07 2H d, 6.98 2H

d, 6.96 2H d, 484 4H d, 2.9 t, 2.84 4Ht, 2.76
: . 9 1.52-1.56 2H m
. > : : 1 anple 17:
2 3 S

St ng cound of the

e) According to the procedure for the synthesis of 25, 3.5 g of the DPP 43 are reacted with
4.5 g 2-hexyl-1-decyl iodide, 1.8 g K,CO3 in 120 ml DMF. Purification is achieved by
precipitation from dichloromethane and methanol which affords 3.6 g of the desired DPP 44.
'H-NMR (ppm, CDCls): 8.88 2H s, 7.15-7.28 22H m, 7.07 2H d, 6.98 2H d, 6.96 2H d, 4.04
4Hd,2.934Ht,2.844Ht,2.76 4Ht, 2.694H t, 1.94-2.16 8H m, 1.52-1.56 2H m, 1.22-1.34
48H m, 0.81-0.84 12H m.

Example 17: Manufacture of the semiconducting compound of the formula 45

43 4+

a) According to the procedure for the synthesis of 26, 3.5 g of the DPP 43 are reacted with
5.9 g 2-decyl-1-tetradecyl iodide and 1.8 g K,CO3 in 120 ml DMF. Purification is achieved by
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NS | DWW O45 a) According to the procedure for the

synthesis of 26, 3.5 g of the DPP 43 are reacted wth
wh2®9m47A0decyl - 1-tetradecyl iodide and 1.8 g K2CXIBP1008/062586

120 M DMF. Purification is achieved by WD 2009/ 047104

PCT/ EP2008/ 062586 53 pr eci % tation from

di chl or onet hane and net hanol V\,hl ch affords 3.1 g of

precﬁ;ﬁ‘ﬁ oﬂ@&in{ Gl@hl@Pﬁwé}ﬁane éﬁd’rh@ﬁaﬁ&mﬁlch%&):? 1 % &Qneo—é'éﬁed DPP 45.

2H d 4. 04
"H-NyR Qﬂ’PmZ C@ﬂﬁw gé 2y, 881 19 27 2%Hms 741—"{ %H d26 8@ ZkﬂHi t6 96 2H d, 4.04
4H d12 @Q 42| tl‘ésﬁldmﬂ 23765@rt12%§42ﬂ Moel2. 28 nd 4. 528@156@14 m, 1.20-1.34
12H m 5 Exanpl e 18: Manufacture of the
80H %918@001%&8'4@@ conpound of the fornula 50 1) My,
ether 2) N (dppp)Cl2, ether / \ S/ \ SBr Rs s s 17
Br SBr s 46 -O-U a) According to the procedure for
MEE&MQQ&QQUW“@‘* SW"M&L&@M ound ofdhe forguda 50,
react first with 2.4 ¢ nesiumin 100 m di et hyl
ethier and 1pecaedl y wit .2 g N (dppp)C12, 10.0 g 10
5' Adi breo-2,2—b+t hi o di et hyl ether.
'C! urm chiNgdra)ggeteaphy gi e desired

" Sonpound 4 \1HéNI\/R (ppm 4): 7. _7.11 2H
, 7.01 Br 2H d, 2.78 #H t, 4H qui nt,
1 29-1.35 12H 0.89 6Ht. S S (CF3S2)20 SS S S

N-fornylmethylaniline S S -J~ 1"-J~ 0 0 46 47 b)
a) Ackoadtingliortije pmcethae pordbe dynteedioof 18148 Symbfreatslust 1Tis Aowed to react

. .15, f th dd 4 d
st gy Pt oo G R0 EPeerel Wik idhopics. 1000
5,5 -dibdnd-2,Rebitkophen&ol 100nmEdietbpedtiogyr @playnnashrehatog@aphgbives 15.1 g

or APk PRI Gk NPTy O 0. 05
2H d62.98 4H tH1.87 421 @int2H29,1.35 781 20189 6H 64- 1. 72 4H m

1.25-1.41 12Hm 0.90 3Ht, 0.89 3Ht. S S (NH2OH) 2
SS-N

(CF,S0,),0

N-formylmethylaniline

b) According to the procedure for the synthesis of 19, 15.0 g of the adduct 46 are reacted
with 4.7 g N-formylmethylaniline and 9.8 g triflic anhydride in 100 ml toluene. Column
chromatography on silica gel affords 9.1 g of compound 47. 'H-NMR (ppm, CDCl): 9.83 1H
s, 7.591Hs,7.15-7.254Hm, 7.031Hd,6.951H d, 2.82 2H t, 2.78 2H t, 1.54-1.72 4H m,
1.25-1.4112H m, 0.90 3H t, 0.89 3H 1.

(NH,OH), H,SO,

DMF

¢) According to the procedure for the synthesis of 20, 9.1 g of the adduct 47 is reacted with
1.7 g hydroxylamine sulfate in 100 ml DMF. Column chromatography affords 4.9 g of the
desired nitril 48. "H-NMR data (ppm, CDCls): 7.44 1H s, 7.11-7.20 4H m, 7.03 1H d, 6.95 1H
d,2.78 4H t, 1.54-1.67 4H m, 1.33-1.43 12H m, 0.88-0.91 6H m.



10

15

20

SSSS DW 47 48 f-2~ 0 20 c) According to the

procedure for the synthesis of 20, 9.1 g of the adduct
wdadZomwm4mieacted with 1.7 g hydroxyl am ne sul f ap@r/EP202g052586

m DMF. Col um chr omat ography affords 4.9 g of the

desired nitril 48. 1H NWR dafa (ppm CDC13): 7.44 1 H

s, 7.11-7.20 4H m 7.031Hé 6.95 1 H d, 2.78 4H t,

1.54-1.67 4Hm 1.33-}143 12Hm 0.88-0.91 6Hm WO

2009/ 047104 PCT/ EP2608/ 06258 ohol
sS S\ S\ gto
teapthacedur s f ' ) t he

18 ni t 3 8 ane/reéctad/w € d Sodi um
t-amylate t-anyl al cohﬁolo 0.6)g sodium and 5 ng

FeCl13) and 1.5 g ditertanyl succi Preci pitation
of the crude DPP from NWP / rfet hanol a ords t he
desired conpound 49 (3.1 g); ESI-Ms mz (%int.):
1129.3 ([M+H +, 100%. ON 49 + KKCOB SSSSSSS
d) AcSordiidroNhépras8dee féahesyhithesid of 21hd.8og oftted nitedl 4i8care trdeeted with

ooty oRET30 e iprmiad Bt Bli-ataichha 8o RABEAFE 8 ffow ano

1.5 gliertafyisuddircé.i Racipisatiaa lof éhesatudyy DPO fiooh NP / methanol affords the

desi B o IRP G AT Ll BRESSTIS Py POPABREHY RN e O
desired DPP 50. 1H NWMR (ppm CDCK3): 8.82 2H s,

7.14-7.21 8Hm 7.05 2H d, 6.095 2H d, 4044Hd 2.88
) . 1. 24-

50

e) According to the procedure for the synthesis of 25, 3.0 g of the DPP 49 are reacted with
3.7 g 2-hexyl-1-decyl iodide and 1.5 g K,COj3 in 80 ml DMF. Purification is achieved by
column chromatography over silica gel and precipitation from chloroform / methanol which
afforded 2.9 g of the desired DPP 50. "H-NMR (ppm, CDCl5): 8.82 2H s, 7.14-7.21 8H m,
7.052Hd,6.952Hd,4.04 4H d, 2.88 4H t,2.794H t, 1.99-2.01 2H m, 1.61-1.82 8H m, 1.24-
142 104H m,0.8912H t. 0.84 12H 1.

Example 19: Manufacture of the semiconducting compound of the formula 53

I e I

[58670-89-6] 51

a) 228.069g of 2-decyl-1-tetradecanol [58670-89-6] are mixed with 484.51g 47% hydroiodic
acid and the mixture is refluxed overnight. The product is extracted with t-butyl-methylether.
Then the organic phase is dried and concentrated. The product is purified over a silica gel
column to give 211.54 g of the desired compound 51 (73%). "H-NMR (ppm, CDCls): 3.26 2H
d, 1.26-1.1241H m, 0.88 6H 1.
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1.42 104Hm 0.89 12Ht. 0.84 12H t. 15 Exanple 19:
Manuf acture of the sem conducting conpound of the

wo oooamda0b3 OH "*' ~~~~ | [58670-89-6] 51 a) PCBEPRES/062586
of 2-decyl-1-tetradecanol [58670-89-6] are m xed with
484.51g 47% hydroi odi c aci% and the mxture is
refl uxed overnight. The product is extracted with
t-butyl -nmethylether. 20 Then the qyganig phase is

/\drled and comaefitieatioed. The pr $ied over a
[ﬁ&*ﬁizazgﬂl colume-to give 211.5
S conpdund 51 (mg%TAslﬂN 3%) 3.26 2H d,
47

1.26-1.12 41 H'm 0.88 6Wt.\ 2009 104
PCT/ EP2008/ 062586 55 N t-amyTal cdhol 0 NS S Na,
[MBAARDIR]S N O H [16278-99-2] 52 b) According to the
procedure for the synthesis of 21,5230.52 g of the
nitril [16278-99-2] are reacted with freshly prepared
sodiumt-anylate (600 m t-anylal cohol, 10.27g sodi um
b) Acgaedinmtoghegrgrocgdirrgordhel Smth%“s o 2. 30 Sr9 e @'Ug £1624899-2] are
reactel %t‘hmetsﬁ%'p%ba%d E&ﬁurﬁrt (TN, o Eéoﬁ)rrﬂméﬂyf’aléohomb@@%lodlum and 30

fords he desi'red co
mg Fka;) an$44.889 r’;\pmgsgqcm@tg,frpmpl;atlomo{jhegguq[g DPP from NMP /
metfﬁﬁ&l%f@kd&%ﬁ@%bhﬁ]eﬂfegﬁ&ﬂj%rﬁpém 52*@0%&;%@%%54@ 25,
g of t are reacted wth 10 74.4 ¢
2-decyl -1-tetradecyl iodide, 1.27 g LiHin 1300nlL DM.
Purification is achi chr omat ogr aphy
over silica gel rds 35.1 g of the desired DPP
53 (42.7% . 1H x{3)5.8.91 2H d, 7.35-7.32
6H m 7.09 2H dd, 4 g
51 #Nn520. 89—6H=t, O.
the seni conduct i

‘5 Exanple 20: Nhnufacture of
do of e formula 55

¢) According to the procedure for the synthesis of 25, 33.55 g of the DPP 52 are reacted with
74.4 g 2-decyl-1-tetradecyl iodide, 1.27 g LiH in 1300mI DMF. Purification is achieved by
column chromatography over silica gel and affords 35.1 g of the desired DPP 53 (42.7%). 'H-
NMR (ppm, CDCls): 8.91 2H d, 7.35-7.32 6H m, 7.09 2H dd, 4.05 4H d, 1.98 2H m, 1.35-1.20
80H m, 0.89 6H t, 0.87 6H t.

Example 20: Manufacture of the semiconducting compound of the formula 55

53 —_—

54

a) According to the procedure for the synthesis of 2, 10.00 g 53 are dissolved in 200 ml of
chloroform, cooled down to 0 'C and 2 equivalents of N-bromosuccinimide (NBS) are then

added portion wise over a period of 1h. After the reaction is completed, the mixture is
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NBS ONSBr 53 S1 S Br SNO54 a) According to
the procedure for the synthesis of 2, 10.00 g 53 are
waele@soimed in 200 mM of chloroform cool ed donT/EP2008/(52586
and 2 equivalents of N-bronpsuccininide (NBS) are then
added portion wi se over a pgfiod of 1 h. After the
reaction is conpleted, the mxture is WO 2009/ 047104
wasf%@‘&(n!ﬁ%&@ﬁfrﬂ@% ic &@s@%&&%cygdt Bridpa Ry eon-EQﬁtrélé(ﬂaIWe%ompound
hase is extracted, dried and concentrat ed.
is th%b?kﬁ@@ﬁﬁveﬁ %S'HQ@eG?' pelEMNjte §ive\vet19:0f & qqr‘é&'"@épo‘@@ﬁrtﬂﬂ’f‘q [gPP
der.vgh\)éeofShéﬁeﬂmgi‘a 521 (da%l; HLIQURL d RS cBCit)hg.sBPR 4, 7.22 2H d, 7.03
derivative of formul a 54 %78(%-1 H'NVR data (ppm
4Hd¢0t@@)4H081£9§221-md12‘ﬁ‘2%1 8¢t an, LABSRH 4. 00 4H d,
1.93 2H m 1.29-1.21 80H 85 6H t; 54 +

~S\ IOON ISV I S 0_ [19978233]
5 55 b) 1 g of conmpound(54 oroni c
acifd\pi macol ester [193 d2(dba) 3

54 1y |ss(8|j§nzyl—rde‘neacet i ium] and 9.4 ny
tri-terd ut yl - phogp [ S ) borate are
di ssolved in 10 n . |Thi's sol ution
i s [98Y&ssdd with 3 pufrp/ t haw (Ar).

0.7 g of potassi um pho ved in 1.5 n
of 10 water and degassed under argon The wat er
solution is added to the THE soution and the
b) 1 ¢ eBcdirm@oundisd dtemigR- ﬂh@‘nhﬂb&&m\lm&ﬁf plha@fh"esteﬂ'[’n@39m343q;rﬂ2 mg

e s dilute er. a e X
ro Rl Bafiis e ton BBl Ei AN mg b BE L atsbRonium-
tetraﬂilcﬁ@tﬁmalb%de d"§b@ve§dam| duel oflt@traltjyﬂlrdfwenle ahey sbcﬁutiohaﬁd@ssed with 3

roduct, 55 i obt.al ned, as

cyole e figerelaing sk D B pAESHUES bkPipl T8 g CEesis) S miof
wateBa®ddeddsded Un@9 adddnd Thé W%ilertﬂ;bludon i6.abded kb the THF Sol@dnZird the
reactg)%’srnﬁggé {Sﬁ'é#h%gglrpaggmé'li{ %%qq%ﬁ%qlml urggngiR}éedo W%nggélrtahd then
extrag e vihndeibyieng ciilorigs tMhe cﬁjarﬁdﬁﬁ]a‘sersﬁdldlaj &yl evBberated. The residue

d b, ) )
s pulfl S g BoladgBg sh Bhah BE R BT Sy orydfipg as wiplet sold
(509%)hen. f.ors0uica BNt (apmedDCR): @@muﬂ @, 20004 d 7027586 W WD 2H d,

7. 032@0%{1,6 D 4o Pgﬂf o ﬁg%@&;ﬁ%% 56000 B%ﬁh rounds

per mnute) for

Example 21: Application of the semiconducting compound of the formula 55

The semiconductor thin film is prepared either by spin-coating or drop casting the DPP

derivative of the formula 55 obtained in example 20 in a 0.5% (w/w) solution in chloroform.
The spin coating is accomplished at a spinning speed of 3000 rpm (rounds per minute) for
about 20 seconds in ambient conditions. The devices are evaluated as deposited and after

being annealed at 100°C for 15 minutes.

Transistor performance

The transistor behavior is measured on an automated transistor prober (TP-10, CSEM
Zurich) and shows clear p-type transistor behavior. From a linear fit to the square root of the
saturated transfer characteristics a field effect mobility of 1.6x10? cm*/Vs with an on/off

current ratio of 1.3x10° is determined. The threshold voltage is about -2 V.

Electrochemical measurements



10

15

20

25

about 20 seconds in ambient conditions. The devices

are eval uated as deposited and after being anneal ed
wW@e00200@o4 or 15 mi nutes. Transistor perfor mancECRBEPN062586

transi stor behavior is neasured on an automated

transistor prober (TP-10, CSEM Zurich) and shows

clear p-type transistor behavior. Froma linear fit to

Elecﬁ(fl'?\eﬁf?dé%@ta ra‘Pé’Bbt‘afneH fg)? cy&%t\}éft%ﬁ\@tr? rf(ﬂl%ﬁ/frf?;" exactby the same
characteristics a fect _nobili

procedype 98 dgpariRed in WEF 2, ’B@tlhpéﬁt Thgqué”t'@g queBQfltbg qu derivative of
formGﬁQtS?)rcr&rB%ndgm@a Hogehelel oAk es. B%Va%géctwgly\é L3O (lowest

El ect rochem cal neasurenments WO 2009/ 047
unocpypipEPRiRgalen 8928 evsioER 8@\ ocheni cal data are

obt ai ned by cyclic voltametry followi ng exactly the
_orocedure asldescrlb?d |n exanple 2 nethod B.

DPPSﬁoﬁ&hé.esmmm%e@erbpx@t.bﬁ\éslar%||appr ox. -5.6 eV,
respectively a west unoccupi ed nol ecul ar

The g0igjj gelf hps I”@vaI'OVHf‘Q s@S@ur@vA' eesodrfifelayer/orparie LYBT smRrising
com&ﬁﬂh'%%UqGD]PﬁBW@p&ﬂG‘gC&HQHI%d|(BQ -tRiOPREHEYdP IQIf)OfI'WanHnﬂxture with

teroj unction sol ar

poly(styeengsyifaniccadiq) (Ras)iHe efestrresiplags selhstigtauTae spler ceIIs are made by

spin %&%raqgﬁérldf the W@@#WW{% ) p#@ié@tferﬁm & Elgss §L§H§lﬂﬁ’tén¢hen a
and LGO ] PCBM / [ pol y? yl enedi ox

1:1 BTN RORBRHRELATTEAR 35 (1Eb DhRRLDL Yo URESM Bowpetuted Co
fuuer@ﬁé)d% spieSitet [ digakik affer)0die/ Haas %réé{hﬂlhfe@tlﬁlder-r gh $84@&M through

I'ls are made by spi'n coating a | ayer of the
ashm@vaﬁss on a pre-patterned I TO on gl ass substrate.
Then a 1:1 m xture of the conmpound of forrmula 55 (1 %
by vveirfght) : [60] PCBM (a substituted C60 fullerene)
Solaj cellqgrfRmpieeed (organic layer). LiF and Al are
The §an4 deﬂﬁ?éim@agt@éd Ohéd avwm.ghwmendwa T@namﬁﬂmwemkal ckRintum

Sol ar_ cel |l performance The sol ar cel i S neasu

Eﬁ'C'Qﬁ‘éVeQEQE)%%thP|C§Jﬁf’”t§$ ﬁﬂl”éﬁt%?' U”WWWFH”Q'F@SEIF@HQ?QIS toa
valu&‘laﬂct 813 rhchel EneY). 446k v g=antu ¥ her Msrtlﬁﬁﬁed @\/erall efficiency of
estimated under AML.5 conditions. This |eads t
75%al ue of JSc = 8.3 mAcnR, FF = 0.54 and Voc = 0. 84 V
for an estimated overall efficiency of 20 3.75%

Exanpl e 23: l\/hnuf acture .of the sem conducting conpound
Exarpple;43: Manufagturecef theg semiegndusgting comggynd aof the formula 56

56

According to the procedure for the synthesis of compound 55, 2,2’-bithiophene-5-boronic
acid pinacol ester [479719-88-5] and compound 54 have been reacted to give compound 56;
m.p. 196 °C; "H-NMR (ppm, CDCl,): 8.87 2H d, 7.27 2H d, 7.25-7.17 6H m, 7.11-7.08 6H m,
7.02 2H dd, 4.034H d, 1.98 2H m, 1.34-1.18 80H m, 0.86 6H t, 0.84 6H t.
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S S NO 56 According to the procedure for the
synthesis of conmpound 55, 2,2'-bithi ophene-5-boronic
w@200a0iopi nacol ester [479719-88-5] and conpOoRCEBM08/062586
have been reacted to give conmpound 56; mp. 196 C
1H NVR (ppm CDC13): 8.87 21 d, 7.27 2H d, 7.25-7.17
6HmM 7.11-7.08 6HmMm 7.02 EH dd, 4.03 4H d, 1.98 2H
le}243Applid&ictObt the sénfifofdiidtingd &h’ic{oft\j?formula 56
€
The %P@WF%W'N"W lePrepaie B O iSAt- ‘@éﬁ@ﬂ)%‘ﬁogﬁa%tlﬁ‘é the DPP
derlvfaWéTéﬂtﬁe Rffmulbhss &ﬁﬂhé@ﬂ%ﬁfﬁe 24 4. BJVJ'(W/\ﬁ) SEHI Féﬂrn@@hloroform
ei ther by spin-coating or dr casti ng
The gpip P%PQ\}%a‘éﬂO”tH’iéhqdo?trﬁﬁp&‘W %ﬂﬂeéloﬁéa 9 W%kamﬂse%zmnwe) for

abou@Z@ séc@n@‘ﬁ’/lr\"%mﬁi%hﬂédn@ﬂlohs‘ TRl d%'VQ:faQ%\FB evaTd'é@e(ﬁzﬁ’é HesRALd BEY after
acconpl i shed at a spi nning speed of 0 rpm

be'”Q?@lﬁ%‘-sd %éporﬁ:fﬂﬁﬂé)m'f%tﬁ% about 20 seconds in anbi ent
conditions. The devices are eval uated as deposited and
after being annealed at 100C for 15 m nutes.
TrangipionREEQBYENERY f or nence The transi stor behavior is
The m&s&%amoa@ st Gtart éLﬂBl%bﬁJdQFanﬁstP%FotfeTEﬂi% CSEM
CSEM 10 Zurich) and shows cl ear pe transistor
Ziriche A sstwvs Gpas-HPe fraesistor ‘i’?haﬁ’@rtF&@msﬁq'U@@éf'trtagie uafg oot of the

satur%ﬁatstFaaltsfé‘F' cﬁér@&@ﬁ@tfes%ﬁﬂa‘kﬁ@ﬁ&rﬁ hﬁ)blllﬁ/sofa §>d1@{2 drPhs&fith an on/off
9x10-2 cn?2/Vs with an on/off current

Cu”ei”éfqt'é 06% 4§1 Qfx":’tdétef@'”éétW%Bo'dVﬁBag%'ﬁ S8A &7 YAy
Is about 0.7 V and 2 V. Electrochem cal neasurenents
15 El ectrochem cal data are obtained by cyclic
ElectjeaheryrmbMepsyreMestd ng exactly the sane procedure as
Elecﬁ&‘ﬁ%ﬁ'hé%#gatb%r@éﬁtﬁmea b9 %/aﬁ:t\}%ﬁéﬁnﬁret I‘F&Iol’tvﬁﬁj%xfablc}gthb%‘éﬁﬂe
he DPP derlvatlve 0 forrrula 56 corresponds to a
proc@‘lt‘](&)%é@@” B8f in exAmRYK 2 methgd By, respectively a LUMD

The @s@Mﬁ%tele%@t%lDPﬁdjeﬁ%t%lﬁf fIrmAREe &riesh&YR! to @fHemervel of
| e 25: Photovoltaic application of

appPre?-E &Y C@lp?ﬁt{jebfcﬁﬁlé“”@o('%‘fesf B@WPQGQ@O'WW%@H&W' of -4.0 eV.
based bul k heterojunction solar cell The solar cell
has the foI I O\tNI ng st ruct urfet ‘_ el ect rode/ Li F

Exa d of formula 56

DPP[rﬁ@r}nméiéMMkefe‘rS ; hsn%@lamént hi ophene) ( PEDOT)

m xture w renesul fonic acid)

The %cﬂ%gef'/hﬁﬁ“@eeﬂowmsagijs @%@Pﬁf%laymgsw lyep epmerising
compduRd %%dﬁ&O]ﬁ@Bﬁpgﬁbngaﬁ-étﬁﬁeﬁ’eduﬁbﬁho@ﬁeﬂé}?Pfﬁ@@_m%%%lxture with

on a pre-patte | ass substrate. The
poly(iysangPRasic 3968 (RSB GastroneBkes SUsiyater The 59/aieslgierg made by
spin coe[t@@]aﬁgﬁ’évloﬁ‘ ﬂleSPQ§©TFIF‘S§Qn %@e pétt@rh&f ﬁ'@?én I§s§§’utfstrate Then a

('or gani

. ubli med unde
1:1 npﬁdﬁﬁa Qfd%@&qmp%ﬁ%omylasmﬁlc/mpyrﬁ@lght) [60]PCBM (a substltuted Ceo

fullerene) is spin coated (organic layer). LiF and Al are sublimed under high vacuum through

a shadow-mask.

Solar cell performance

The solar cell is measured under a solar light simulator. Then with the External Quantum
Efficiency (EQE) graph the current is estimated under AM1.5 conditions. This leads to a
value of Js. = 10.5 mA/cm?, FF = 0.55 and V. = 0.76 V for an estimated overall efficiency of
4.4%.
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30 Sol ar cell performance The solar cell is measured

under a solar light sinmulator. Then with the External
wax@nnurm4 Ef fi ci ency (EQE) graph the current iBCT/EP2008/062586

esti mated under AML.5 conditions. This leads to a

value of JSc = 10.5 mAcn2, I5F = 0.55 and Voc = 0.76 V

for an estinmated overall efficiency of 4.4% 35 WO

Exaﬁé@%ﬁ@ﬁ%&@ SHRE QBMIGRAR tin§ L omiFIdf4Re formula 58
nut acture o € sem conducirng compound of the
rmula 58 ,g O [120245-35-4] 57 a) 370.1 n
/6 Mn-BuLi (n tyl lithium is added under argon
dsop wise to a solution of 5 67.5g diisopropyl am ne
iQ 550mL THE at -X8C. After stirring at -78C for 30
ynutes the mxtyre is allowed to reach 0 C where the
[sVirring is gontli nued for 2 hours, then the mxture
i8s cool ed B78(§ 100.0 g 3- phenyl propyl t hi ophene
[ 120245- 35-41 %are then added drop wise and after 2
hours stirring 115.0 g
[120225-35% pr opoxy- 4, 475, 5-t et ranet hyl - 1, 3, 2- di oxabor ol ane
[61676-62-8] are added dropwi se. The reaction m xture
is stirred at -78 C for additional 30 10 m nutes and
a) 370s1 tmhe6 Myndslha (n-putydithied) s @dded mmdes rEpgoradrup @isend a solution of
stirred overn ti an. &S r Opt 1
67. S%dl%prow min Eg‘gr]bbénlig?tats%g chr ﬁtlrrdpqﬁl{ ﬁg’ggfgr méqurt&ﬁ the
mixtuae &t @ltoweddn ceaich Ovissileate whe $tir@@isontivatedrfor Iheursytgemthe mixture
AgS drde I V.
is co%lgﬁgc\g/e C ‘[ (9 ucegfg%ﬁg‘l‘%g@%n%go@% é]oar;% ggraaddﬁd drop wise
and aftee 2 rmurs siarlrgp1 159(1) g@ssdﬁ@p@@(ygﬂfA,GfS tehremdthsl t.8@-diomgbotokhe

(6162652 ] ol eBBEryls 190 fedff by e’ 38 o 76 fpionai a0
minufesShdasithepnignddually 84 rmi@dHosrooin temp&allire \an& sBredbdvernightST ke

solut[}')ﬁlg)% 9%&? oﬁ775§$1l lPI)\I H%gun (g!@gnla %ah fg )Rrragf:e%%{h%ofo%l ethyl acetate

esl's
and id-w@gshedwitp BOP yril )N-atdm Tphegenic layer is dried over Na,SO4 and the solvents

are removed under reduced pressure. Column chromatography over silica gel gives 130.4 g
of the desired compound 57: "H-NMR (ppm, CDCls): 7.48 1H s, 7.30-7.26 2H m, 7.23 1H s,
7.20-7.16 3HmM, 2.67 2H t, 2.64 2H t, 1.96 2H quint, 1.34 12H s.

b) According to the procedure for thesynthesis of compound 55, 4-(phenylpropyl)-thiophene-

2-boronic acid pinacol ester 57 and compound 54 are reacted to give compound 58: "H-NMR
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20 2-boronic acid pinacol ester 57 and conpound 54 are

reacted to give conpound 58: 1H NMR WD 2009/ 047104
wEFanpaPA0O8/ 062586 60 (ppm CDC13): 8.91 2H dPCT/EP2008/062586

7.32-7.17 14Hm 7.06 2H d, 7.03 2H s, 6.85 2H s, 4.03

4H d, 2.68 4Ht, 2.63 4Ht,2.03-1.93 6H m 1.33-1.19

80HmM 0.85 6Ht, 0.83 6H t.  Exanple 27: Application

(ppnptdchs 83§{fQﬂQﬁdl$<2T-7 mmmrﬂﬂpcrttmz% fb@ 2hoer @dsﬂz#§ hodhA d, 2.68
duct or hi n n1|s%85epare ei t her

4Ht£p$3n4'éba?t@?n@ 9§r6Hdmob3§ésﬁ fh 8-t t, 8@\&%%/ ive of
the formula 58 obtained in exanple 26 in a 0.5% (W w)
solut |_on |_n chl ofr%form The spin coating |sf

Exam

ducting compaunehof, th i
The %ﬁlcéﬂdﬂ}&cﬁ}hlrﬂ ﬂlrm |S§J?@¢Ered29|tr%$%9'§?§| doﬁtn@g"’&' &Bp castlng the DPP
condi ti ons. devi ces are eval uat ed de osited. 10

VA2 85 B SRR e PR Gt & @A RIondh hioroform.

The ﬁ@%éﬁtﬁﬁ@ |§Qc®%pﬁ§ﬁ&f@t idifSleeb & 300PRA (roURdsIfer minute) for
Zurich) and showed cl ear p-type transistor

abouh 2 §6¢ds inFrBRieAt ¢andiigps.flihe deyices, éres%{\@él’@éeq doterositethe
saturated transfer characteristics a field effect
mobility of 1.1x10-4 cnR/Vs with an on/off current

Trangigior BeIMBNG& 104 can be deternined. The threshol d

The Néﬂsﬁs?&%éh%vuabi@,uﬁeasﬁre\ﬁ Gsh a&oMate&ftraﬁéafmlpﬂ)b%%% (TP-10, CSEM
Manuf acture of the sem conductl n npound_of the

Zirichapg,shpwagl clear prtygg trangistor lpghgyior. ngom@ linear & tgthg square root of the
satula B3 RBrs?? charaRriste Gofell Bk ck Fhobhﬁ/ Fr1osa@dU A ARWith e on/off

nt hesi s of, conpound 55, enyl -boroni ¢ aci d pi haco
currepraygIOE -0 S8 AR TR Era@raaaﬁwlcsuolae@ 5 et iV g0 3 V.
gi ve conmpound 59; mp. 158 C'H NVR data (ppm CDC13):
8.93 2H d, 7.61 4H d, 7.40 4Ht, 7.33-7.26 8H m 4.04
4Hd, 1.98 2HmMm 1.33-1.19 80H m 0.87 6Ht, 0.85 6H
Exarhple262 MRinifz3dre SIRRL ise i Rtink RS nBRITINGISTAHE Fbritlla 59
conpound of the fornula b9 25 Ihe sem conductor thin
filmis prepared either by '
casting the DPP derivativ
in rrple28|na05%(
54 +h g1° ting iss acconpl' iing speed
of 30000 (rounds pe | about 20 seconds
i n anbi ent®” condi ti ong » ; : uated as
deppesissedeland aft er for 15
m nutes. 30

59

According to the procedure for the synthesis of compound 55, phenyl-boronic acid pinacol
ester [24388-23-6] and compound 54 are reacted to give compound 59; m.p. 158 °C; 'H-
NMR data (ppm, CDCl3): 8.93 2H d, 7.614H d, 7.40 4H t, 7.33-7.26 8H m, 4.04 4H d, 1.98
2Hm, 1.33-1.19 80H m, 0.87 6H t, 0.85 6H t.

Example 28a: Application of the semiconducting compound of the formula 59

The semiconductor thin film is prepared either by spin-coating or drop casting the DPP

derivative of the formula 59 obtained in example 28 in a 0.5% (w/w) solution in chloroform.
The spin coating is accomplished at a spinning speed of 3000 rpm (rounds per minute) for
about 20 seconds in ambient conditions. The devices are evaluated as deposited and after

being annealed at 100°C for 15 minutes.
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WO 2009/ 047104 PCT/ EP2008/ 062586 61 Transi stor
performance The transi stor behavior is neasured on an
wa@edoonetied transi stor prober (TP-10, CSEM ZurPChEPRNE062586
showed cl ear p-type transistor behavior. Froma |inear
fit to the square root of tt%q saturated transfer
characteristics a field effect nobility of 5.2x10-3

Tran§i§%f ¥&rfMraRc@n on/of f 5 current ratio of 1.2x105 can
be determ ned. The threshold voltage is of about -3 V

The Egngigierdepgvions mgagstadra It aqtﬁ@a%ﬁfa@éﬁ%@fqm{; (-EDO%W

Zuncﬂﬁ aﬁch?ncfv@d’@l'éé}éﬁtgge trhndist& S&rvio?. F\ror'n a Im'éﬁr fit td the équa@ foot of the
1444 60 Accord ocedure
satur,a@d tfaﬁ'éf%yh@rﬁé@f%t'céfa @Jﬂ‘rﬁf{ﬁfﬁﬂw@i‘ity Qf%quﬂﬁeﬁm R/EdY'@rﬁrbon/Oﬁ
curreR€ Fflio B9 1 Pk NECRIn t%sde%m{lﬁéd‘“fﬁ@ﬂﬁgsiﬂd @&@g@%'&%ﬂ)@m 34
are reacted to give conpound 60;
(ppm CDC13): 8.89 2H d, 7.67 4Hd 7.66-7.60 4Hm

Exarﬁgl4z3294 Wahdifacturefofthé %eﬂi‘boﬁﬂuc?iné‘l:ao_gﬁo%nddofqpie 4d#nfula 60
) m I.35-1T. m 0. T, 83 6H 1.

Exanpl e 29a: Application o

compound of the fornula 6Q) 15 The sem conducts n
f{ pr epared either
C heo DPP deri vati ‘W o a 60 obt ai ned

54 %in exangl € 2Kin aD.5%
The spln 08a i ng |s

Of (r Q (]
[;[)’I‘I‘gl ent cond val uat ed as

dep05| ted and after Dbei 00C for 15
m nutes. 20 Transistor performangg The transistor
behavi or is nmeasured on an automated transi stor prober
Accofdify tlthe @BEERHUZ oI bh)syathedsis hbowapawind &S5, f-bipheayl-boronic acid
: ' | e
pinagl 0%} Bl PE0R b porlbAMIBA LB eicd DA (R0 m.p. 200
°C; TH-BMR @bfre ©DGD3.B9 2 b f7.67. 8K d.0Z. QGﬂre@/%rrWﬂB 44hdd, 7.36-7.29 4H

™. 73R, BB G b PaBe SR o g8YH L0 TRl () Mo

Sol ar cell performance of the bul k heterojunction

le¥0al Rhblid P4 the REMFE A LWL ¥dniidiHd Stihb formula 60

The $eminornductod thilsr,filneplm@mw)yitrmm@pheboeﬂng gr drepsasting the DPP
derlvH{\ﬂeetgf the ﬁ)?r%ﬁlra dd &J?éméd m'ﬂxg%?){e ZQTHGJ]O W’/ (Q//w) solution in chloroform.

The spin coating is accomplished at a spinning speed of 3000 rpm (rounds per minute) for

chl orof orm
nni ng speed
20 seconds

vv) softition in

0)912 V;.'

about 20 seconds in ambient conditions. The devices are evaluated as deposited and after

being annealed at 100°C for 15 minutes.

Transistor performance

The transistor behavior is measured on an automated transistor prober (TP-10, CSEM
Zurich) and showed clear p-type transistor behavior. From a linear fit to the square root of the
saturated transfer characteristics a field effect mobility of 1.3x10? cm*/Vs with an on/off

current ratio of 2.0x10° can be determined. The threshold voltage is of about -6 V to -1.5 V.

Solar cell performance of the bulk heterojunction solar cell
The bulk heterojunction solar cell described in Example 7 wherein the compound of the
formula 16 is replaced by compound 60 is measured under a solar light simulator. Then with

the External Quantum Efficiency (EQE) graph the current is estimated under AM1.5
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30 the External Quantum Efficiency (EQE) graph the
current is estimated under AML.5 WD 2009/ 047104
weEanbBPAM8/ 062586 62 conditions. This | eads POT/BEP2008/062586

value of JSc = 4.8 mMNcn2, FF = 0.59, Voc = 0.80 V and

an overall efficiency of about 2.2 % Exanple 30:

Manuf acture of the sem conducCti ng conpound of the
condfti%ﬁg'wrﬁs I@&ds §>4a Jalce 8 J.S= hBQRRAO#F 0859, O N 030 V! a?rdsan overall

61 According to t he procedure for the
eﬁw'@%ﬂ’tq{@?%"?e? /‘con'pound 55, 5'-hexyl -2, 2" -bithi ophene-5-
boronic acid plnacol ester [579503- 59 6] and conpound
54 are reacted to |ve corrpound 61 mp. 135 C
actune of X ¢ 0]y’ dfthefwn’lujaﬁ1

Examplend U G =
7.04 4H dd, 6. 4g-| dd 6.67 2H d, 4.01 4H d, 2.79 4H
t, 1.@6 ZHm tXt —1384-1.18 92H m 0.90 6H t,

10 0.86 6K, 0.85
the sem co té%{ hélw%

senrconducto

. Exanple 31: Application of
ound of the formula 61 The

per m nut e) FC
condi ti ons. The de'
Transi stor performanc ehavior is
measured on an aut omat ober (TP-10,
CSEM 20 Zurich) and shows clear p-type transistor
behavior. Froma linear fit to®he square root of the

Accoﬁ&ﬁgrroathe@rdoean@ffer thé @%tﬂ@ére bf @dmp‘&ma 555! fslgrrbxert:f gcrs.th.ophene 5-
on/ o curre

Oror'arapls %%1308' %Eﬁirdﬁ?@%%‘% @Hﬂdrr@mporﬂ% ot greazsied 1@ SIVF&QG‘DOU”O'
61; nh. § ﬁGHMI HmrﬁR\(pérﬁ @CDWL): S@SGQFDde? @QQHWQHQ\@H aar 04 4H dd 6.97

(? ication of the_sem con g conpou
4H dg; 9%2W4r96rﬂ51@f2 hased: b%@ r%HH”ét POt | f éf‘r 15151 W @epr90 6H,
0.86 6h&, sgbaH icel | has the follow ng structure: Al
el ectrode/Li F | ayer / organic layer, including the
conpound of the formula 61 and the fullerene [60] PCBM
Eﬁ%ﬂcﬁmﬁﬁm@eﬁﬁ&oﬁ&&mmpmoﬁaﬂ%%ﬁﬂ&é 61

. 8/ 062586 . . . .
The semiconductor thin film is prepared either by spin-coating or drop casting the DPP

derivative of the formula 61 obtained in example 30 in a 0.5% (w/w) solution in chloroform.
The spin coating is accomplished at a spinning speed of 3000 rpm (rounds per minute) for

about 20 seconds in ambient conditions. The devices are evaluated as deposited.

Transistor performance

The transistor behavior is measured on an automated transistor prober (TP-10, CSEM
Zurich) and shows clear p-type transistor behavior. From a linear fit to the square root of the
saturated transfer characteristics a field effect mobility of 3.4x10-3 cm2/Vs with an on/off

current ratio of 6.4x104 is determined. The threshold voltage is about-0.5Vto 2 V.

Example 32: Photovoltaic application of the semiconducting compound of formula 61

DPP-monomer based bulk heterojunction solar cell
The solar cell has the following structure: Al electrode/LiF layer / organic layer, including the

compound of the formula 61 and the fullerene [60]PCBM / poly(3,4-ethylenedioxy-thiophene)
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63 (PEDOT) in adm xture wth poly(styrenesul fonic
acid) (PSS)] / I1TO el ectrode/ gl ass substrate. The
waedoan4Tiel | s are made by spin coating a | ayer pET/EP®08/062586
PEDOT- PSS on a pre-patterned I TO on glass substrate.
Then a 1:1 m xture by wei ght6 of conpound 16 (1 % by
wei ght in chloroforn and [80] PCBM (a substituted Cho
(PECGH)if b&r‘ﬂf-’x}u rk ith Cbo@(s@r@ﬁeé’tﬁfbgletacld‘)‘ (F‘@é)&f ﬂ@él@'&trdo%/&ss substrate.
spi'n coated éf(gr gani ¢’ | ayer Li are sub
The %m@réie"ﬁa@rm@ By BRip ﬁ%tur@ha ay%meﬁ@JkPS%@n arpr%r@mtemed ITO

on gIB%élﬂfoFﬁféC%é—mﬁﬁloﬂnMuré% Iwel.gﬁ]t BEGTHE R UBLEY, B B& mrm
sinulator. Then w Ext er nal Quant um

Chlorewmkﬁ%d@]?ﬁéﬁb (agfulpiuied Cop lulerene) (@oelse Prmeidht lﬁ‘rﬁ’ﬂ‘&f oform) is
spin @@@te%&@ﬁ'ﬁé Fa'y@r‘)s LlFTJHdSA”a@@Q@oIl%d%ndéathﬁ vQJ‘:uu?nSﬁroug% @shadow-
and Voc = 0. for "an esti nat ed
masloyeral | ef f i CI ency of 1.1% Exarrpl e 33: Manufacture
of the sem conducti ng conpound of the fornula 63 15 S
S 11-1 S Nt-anylalcohol SHS \ / \ Na, DTAS ON S
Sola@e"[pﬂfemom 21 S/ \ S/ SHO 62 a) According to
The §ch§r | %ﬁ@‘d&ﬁeé gﬁdér%es%yaitnbﬁtssmﬁuraforcnr&%nﬂthééxtemal Quantum
Cyano- 2, - Tert hiophene [110230-97- 2]
Eﬁ'C'P@Wc(tE&E)t%aFﬁl tl?é CPH@'@I 19 B?té“i‘té%ﬁ‘éﬁfd"'\ébf’ CREgitigns. T@'Qéeadﬁl toa

valué ofJd = 8.2 RhARnBZFr=Id3e dndv o= %N@f&%n@tm@edﬁﬁ%l%ﬁ@ency of
to the procedure for the synthesis of 53, the DPP 6

A1%-s reacted with iodonmethane [74-88-4] to give
i nsol uble (i.e. insoluble in chloroforntol uene)

conpound 63 M5 nfz: 656. 25 WO 2009/ 047104
Examptle;33pManufagtorecef the semiconducting compound of the formula 63

t-amylalcohol
s. A N\ s_ =N Y

—_—

Na, DTAS
[110230-97-2]

62

a) According to the procedure for thesynthesis of compound 52, 5-Cyano-2,2":5',2"-
Terthiophene [110230-97-2] is reacted to give insoluble compound 62: MS m/z: 628.

62 + HC—I

b) According to the procedure for the synthesis of 53, the DPP 62 is reacted with
iodomethane [74-88-4] to give insoluble (i.e. insoluble in chloroform/toluene) compound 63.
MS m/z: 656.
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64 Exanpl e 34: Manufacture of the sem conducting
conpound of the formula 64 ON | S\ | S62 + S| \
W®2000/001@3 S 64 According to the procedure forPCT/RR2008/062586

synthesis of 53, the DPP 62 is reacted with

2-ethyl-hexyl 5 iodide [1653-16-3] to give conpound

64. 1H NWR (ppm CDC13): 8.94 2H d, 7.28-7.21 8H m
Exarﬁ%ﬂa%@ Mahufdotire oitihedenflediRiutling .colngttindtbfithe forfnuld 643

1oH M 0.95 6H 1, 0U.Y1 oH . EXanmpl e s5: Manuracture

of the sem conducting conmpognd of the formula 67 O, s

6 1S , 0 [34722-01-5] 6510 a) According to the

utyl -t hi ophene [ 34722
' opoxy-4,4,5,5-tetp

62 1[61 76- 62_8}>are r
(

OL-5 \nds
(3 2- ti oxobor ol ane
gi ve conpound 65: 1H NWR
: 1 Hs, 2.65 2Ht, 1.63
. .34 12H's, 0.91 3Ht. ON
SBr OM S 65+ SSBr N I NO 15 66 67 b)
According to the procedure J the synthesis of
compound 55, 4-butyl-2- thlophe e-boronic acid pinaco
ester 65 and the DPP derivative 66 (Exanple 2 of WO
2008/000664) are WD 2009/ 047104 PCT/ EP2008/ 062586 65

Accoéqeﬁc 0 tge o gprgz,fSOt_ﬁg %ﬂ‘e%.s o%ggllh Nﬁﬁ&%‘i”%r@g@&n Bethyi-hexyl

iodid2 [H653416-8] to Giv@Scalipound s4ﬁ1ﬂ-mvm4(p56Honcu) B84 BH d, 7.98-7771 8H m,

7128 d 2R eihOa gt Tl Bt e naBroat DA g e £Bot 6t

Example 35: Manufacture of the semiconducting compound of the formula 67

3 B
8 0 ALs
7o

[34722-01-5] 65

a) According to the procedure for the synthesis of compound 57, 3-butyl-thiophene [34722-
01-5] and 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxoborolane [61676-62-8] are reacted to
give compound 65: "H-NMR (ppm, CDCl3): 7.47 1H s, 7.21 1H s, 2.65 2H t, 1.63 2H quint,
1.38-1.312Hm, 1.34 12H s, 0.91 3H 1.

66

67
b) According to the procedure for the synthesis of compound 55, 4-butyl-2-thiophene-boronic
acid pinacol ester 65 and the DPP derivative 66 (Example 2 of WO 2008/000664) are
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ON/S\ Br ONS S 57+ Br SSNOSNO 5 66 68
According to the procedure for the synthesis of
wa@eovpounod 55, 4- (phenyl propyl)-2-thi ophene- boPONER2008/062586
acid pinacol ester 57 and the DPP derivative 66
(Exanple 2 of WD 2008/ 00066 are reacted to give
conpound 68: 1H NVR (ppm 13): 8.79 2H d, 7.25-7.09
reacttd b i B’Nezoﬁ’lgour?d'b'ﬁ Hingé (&h'nSCDéL?% 7@%—% 21@§H?d 56‘(‘)782‘#1 s, 6.84
2H S?)% 96 4614, t254e%ééhﬁrge9 Z7m. ot %@@Hé“ &8%'ét 017 6H1, 0.756H t.
sem conducti ng conpound of the formula 69 oB/ \ 0 S
O N S + 66 S S 635305 48-5]. S N O 69 According to
: ylapyy : t grlucting ¢ and gfthe formula 68

4- nethyl 2 thlophene'bf [ 15'acfd plnacol ester

635305- ard t he 4 (Exanpl e 2 of
0664) are r gi ve conpound 69:
[ 13) 8379 2H d .\2Hgd 7.06 2H s,
Béanm\l ¢ 3'cMa ¢ture of the
sem conducY compound of the f a7 ON/ \ S/
S [ 579503- 59- 6] di ng @ he procedure

for the sgsnt hesis of conpound 5
-hexyl -2,2"-bithi ophene-5- boronic acid pinacol .
Accogdingto thg pasedusdocie siotheds af eomeand &, 4-dplginykpropyl)-2-thiophene-

borof B BRRMHYsgEPssteret 38 2 peRBriviilp et e amdfe 281 Y0 4o%ioooses)
are rea@dd tpHgive comp@BdBa: rh| NMRs{ppaH GRCIA); 849 2Hod, 76257 AP 12H m, 7.06
2H 50684 20 83 ok8i §12.63-2.54 8H m, 1.96-1.86 6H m, 1.29-1.13 48H m, 0.76 6H 1,
0.74 6H t.

- NG

Example 37: Manufacture of the semiconducting compound of the formula 69

ﬁ/q/ivs
[ S \
N\ s [

[635305-48-5]

According to the procedure for the synthesis of compound 55, 4-methyl-2-thiophene-boronic
acid pinacol ester [635305-48-5] and the DPP derivative 66 (Example 2 of WO 2008/000664)
are reacted to give compound 69: '"H-NMR (ppm, CDCl5): 8.79 2H d, 7.19 2H d, 7.06 2H s,
6.832Hs,3.964Hd, 2.216H s, 1.89 2H m, 1.31-1.14 48H m, 0.77 6H t, 0.75 6H t.



Exanpl e 39: Application of the sem conducting conpound

of the formula 70 The sem conductor thin filmis
w@e@pasaM ei t her by spin-coating or drop castiPQI/EP®08/062586

DPP 10 derivative of the fornmula 70 obtained in

exanple 38 in a 0.5% (w w) lution in chloroform

The spin coating is acconplished at a spi nning speed

ExarfRple 330 ManifdtlRUsFARe B8MidB Htliclihg [c@mpoiadr tRe rsrdnal 48

I'n anbl ent conditlions. Ihe devices are eval uated as

deposited. Transistor performance 15 The nst st’or
behavi or is neasured on an automated t NSt or prober
(TP 10, CSEM Zurich) and shows clear 'p-§ BN

r [ s{or havi or. From

sat ussat ed—+r a
|eId ect nobility of 8.7x10
onfsadsbs-seeurrent ratio of 2.9x104 is determ ngd:
threshold voltage is about -5 V and-~ Exanpl e
40: l\/anuf acture of the sem conducting conpomnd of the

S 66. S OO S 19
Accoﬁ”% ° tﬁE 86908&@‘ ff’roﬂg‘{e ﬁ%”tﬁgﬂﬁ 8&%9“%'0‘?“6‘ @Mﬁé%é QgL”e 5>
borogio Bpidwivthcbbesté (6 PPBO3E9-B} dnolr 68 1are reasted tomumwhpmﬂmo H-NMR

5 Gom B S0 A bR SERL00%) G0 BROPET EBBT0BIbALERR 1 4H

1.98 BH B, ﬂ@? 2H i, 1.34-3246082m6619270.82 {8H & dd, 4.04 4H d,
1.98 2HmMm 1.35-1.20 48H m 0.87-0.81 12HmMm NS N S
Br 0S\ / NBS/ S\ / SOBr S\ \SS INO SN71 72

Exalﬁplb)39A(DQ9hdétIUh MJthbl'senﬂC@mﬂdﬂrrﬁ domipdured sfythelfesnhaladio

The STRRIUREIE i SR PEanrd ol oY po RO APl e DPp
10 denv@ﬁ)@l&)the Bir@6la 70Hbdaindd R7exahpth 387inG40.8%4 @dy) ébllﬁ[bn4rh-lcldoroform

The spln coa2't|ngn% accompllg'he2 at4a83|_p|)|nn|ngospeed of gogérpm Flounds per mlnute) for

about 20 seconds in ambient conditions. The devices are evaluated as deposited.

Transistor performance

15  The transistor behavior is measured on an automated transistor prober (TP-10, CSEM
Ziirich) and shows clear p-type transistor behavior. From a linear fit to the square root of the
saturated transfer characteristics a field effect mobility of 8.7x10™ cm*Vs with an on/off

current ratio of 2.9x10* is determined. The threshold voltage is about -5 V and -3 V.

20 Example 40: Manufacture of the semiconducting compound of the formula 74

@)

[193978-23-3]

71

a) According to the procedure for the synthesis of compound 55, thiophene-2-boronic acid
pinacol ester [193978-23-3] and 66 are reacted to give compound 71: '"H-NMR (ppm, CDCls):



[176261-80-6] 73 10 c) According to the procedure for
the synthesis of conpound 57,

W@ 3)09847184 7- di net hyl octyl ) - thi ophene [ 176261-BO¥/BP20881052586
2-i sopropoxy-4,4,5,5-tetramethyl -1, 3, 2-di oxobor ol ane
[61676- 62-8] are reacted t% gi ve conpound 75: ' H NMR
(ppm CDCI3): 7.50 1 Hs, 793 1 Hs, 2.65 2H m

8.90 32H7d3 7134})03@ng]@*’7 03 2F|+ d%64 bZHl—ﬁd 1095{9§H 3 1065 Oz&&sﬁlﬂn Cb 87-0.81
,
12F'N N O 72 74 15 + 73 d) Accordlng to the procedure
for the synthesis of conpound 55, conpounds 72 and 73
are reacted to give conpound 74; mp. 102.5 C, 'H NWR
(ppm S3.92 2H d, 7.9 2H d, 104
PCT/ EP2008/ 062586 68 7.21 2H d; 2H d, 7.06 2H s,

d, 0389- 0.81 24H ™
\ngsco und of the
e sem condu®ios”t fINCRP i s Prepar ed

by spl n-coating or drop castin P
derivatiye~of the fornula 74 obt{ajined _in exanple 40 in
w w) solution in chloroform The spin coating

S accqullshed at a spinning speed @f 3000 rpm

(rounds m nute) for about 20 seconds in anbi ent
5 b) A@@F@H’Qﬁodg% PFOFﬁ@UrGé@r tbe syrihesiegigomposad 44 %memi dd angd -

bromB%@&frrhﬁﬂo%f(NB%')B% f5B0EE td, Bu%e*cbrﬁﬁéurﬁiﬂ W—WW'dgfa (tl)%m CDCls): 8.86

nmeasured on an automated transi stor prober
2H dcaeR2HAL - AdH dact-Shbtig. 31941 . flyBge 2%%%10&7 0.85 12H m.
behavior. Froma linear fit to the square root of the
aturated transfer characteristics a field effect
ility of 1.3x10-4 c Vs with an on/off current
tio of 9.1 x103 is deferm ned. The threshol d voltage

[176261-80-6] 73

10
¢) According to the procedure for the synthesis of compound 57, (S)-3-(3,7-dimethyloctyl)-
thiophene [176261-80-6] and 2-isopropoxy-4.,4,5,5-tetramethyl-1,3,2-dioxoborolane [61676-
62-8] are reacted to give compound 75: "H-NMR (ppm, CDCl3): 7.50 1H s, 7.23 1H s, 2.65
2H m; 1.70-1.10 68 10H m, 1.36 12H s, 0.93 3H d, 0.88 6H d.

15

d) According to the procedure for the synthesis of compound 55, compounds 72 and 73 are
reacted to give compound 74; m.p. 102.5 °C; "H-NMR (ppm, CDCl5): 8.92 2H d, 7.9 2H d,
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15

20

1) [7943 %N NBr N Br S/ 2) NBS NO 75 a)
According to the procedure for the synthesis of
wa@ eovpouros 2, conmpound 1 and (S)-3-3,7- PCT/EP2008/062586
di met hyl octyl - brom de [ 79434-89-2] are reacted in DV
(i nstead of NWP) foll owed byqthe 20 brom nati on wi th
N- br onmosucci ni m de (NBS) vyiel'di ng conpound 75. 'H NWR

7.21 QP|FHTI7 mah o§2ﬁ% %%5% Z 42(?5 2H g9 66 4@2m4lr|9m2H m: 1.35-1.20 68
72-1 2 nt / \ 0.86 12H d. WD 2009/ 047104
(0]

Hm@@?/ﬁtt%b@@e& N\s/ s 01~ + 75 s s/
s\ s [479719-88-5] s\ / s NO 76 b) According to

t he frocedure for the synthesis of corrpound 55,
Example 41 Appligationef theisemigonducti rmula 74

The éﬂl@gﬁ&m%ﬂ% fildnd p?ééﬁﬂ?é’dl@l@ne?%y%hi_ﬂ do%ﬁﬁé 8kirbg cgét}f@ the DPP

derlvgtl\ge40f2tlp.p H)rrgyla:yf- ocqqalaed ip ez(?rr@l.q qp ina &4 A4(ﬁ{/\ﬂbs%tl)tghomén olploroform.
The %)ln cgatgél @‘Elzcﬁl)%pllgfhéaeat"a"&dﬂnlri‘g dpted- ol@O(?@*ﬂnWro&nd&p& Fhiflte) for

|1 cation of

aboué@?rﬁ@‘é?’i‘él’éért ?'ﬁ@'eﬁ G'ﬁas hetq%'oﬁéﬁfﬂﬁ‘@m?ée‘j gheeposited.

sem conductor thin filmis prepared either by

spin-coating or drop casting the DPP 10 derivative of
Tra”?'ﬁt@rf’@ﬁfcﬁmaﬁCWG obtained in exanple 42 in a 0.5% (W w)
The #MsittbrtehbRofRInMEz1IRMBN anlARomBicd thPdistdd Grdbr (TP-10, CSEM

accompl i shed at a spinning speed of 3000 rpm Erou ds
Zurlcbé@ncmsh}ﬂﬂsegleqrd)rtypggagﬁlstgbb%t@g@ﬁatgom@ linegr Biie the square root of the

satur@@actidnisfn SharhBR iSRRI LRI affctt MoBliHadraB:as RPASIWithrAdHloff
after being annealed at 100C for 15 minutes. 15

curren egtieiof PJx1 (e fetermined. TMecthtashpldivetizge isahavt bfVi s
nmeasured on an automated transi stor prober (TP-10,
CSEM Zurich) and shows cl ear p-type transistor

Exampgle42;: Manufaciure of the sgmiegnductingcompaundof the formula 16
saturated transfer characteristics a field effect
nobi it f 6.5x10-4 cnR/Vs)ywith an on/off

Br N
1) [79434-89-2] . / \ Y

it N s ¢ \ /
N

2) NBS

1 75

a) According to the procedure for the synthesis of compound 2, compound 1 and (S)-3-3,7-
dimethyloctyl-bromide [79434-89-2] are reacted in DMF (instead of NMP) followed by the
bromination with N-bromosuccinimide (NBS) yielding compound 75. "H-NMR (ppm, CDCls):
8.652Hd,7.232Hd, 4.024H m, 1.72-1.10 20H m, 1.00 6H d, 0.86 12H d.
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current ratio of 4.1x104 is determ ned. The threshold

vol tage is about 1.6V. 20 Exanple 44: Photovoltaic
wappbiocavi on of the sem conducting conmpound of PEDEP2DE062586

76 DPP-nononer based bul k heterojunction solar cell

The solar cell has the follquy ng structure: Al

el ectrode/Li F | ayer/organi c Tayer, including conpound

76 and [ 60] PCBM /[ pol y( 3, 4- et hyl enedi oxy-t hi ophene)

(PEDOT)/ 25 pol y(styrenesul fonic acid PSS)]/1TO

el ectrode/ gl ass substrate. The solar gells are nade by

spin coating a |ayer of the PEDOT- PSS ony.a

s Pr patterned | TO on gl ass substrabe. en a 1:1
Qm@n t he conpoung-of form (15% By\wekght)
[ 60]PEBMY a’substTt Ut O~20097 047

47148882008/ 062586 70 Ul | i B=§pi n coat ed
(organic layer). LiF and Al are bl i%ed under hi gh
vacuum t hrough a shadow mask."" lar cell performance
5 The solar cell is neasured under)a ol ar |ight
sinmulator. Then with the Externatk=XQuantum Efficiency
(EQE) graph the current is estinmated under AML.5
conditions. This leads to a value of JSc = 7.7

o) AT o 167 procPisiE SR SHMagHS Y(FEpRHR 55422 SihiEDhEfe-6-boronic

acid ]Eyfaactﬁl i@sbg %H%ﬂQ-BBENS] %ggbcmpdeTm@eoew@wrwlgumé cdrigound 76; m.p.
or nu a +
239.8 162 6B MiRgPOM, BDCHY. 8943 ¢ AGT12H ¢, ﬂe27p?|d@ea@?’é"\‘féﬁ, tHe2H d,

7.0 K S osBiy T 780 a#&bﬁﬁé B3P tactea to

gi ve conpound 77, mp 275.0 C 1HNWR 15 (ppm
_ . 7 2H

The éerﬁ)lGorﬁ}dchr t0n 86n ikZirbpiarecExmlbg sgib:- coépnp)d; chdi‘bp oastmﬁg thdnBPP

derlvgfe\{ﬁ %f(%ﬁ L%mgl?a\ t(ﬁ?oﬁ? W\ (?xgmé) ee‘galrnegbjé%t (Hvévlv) %ci/lﬁlon in chloroform.
The sgim neaimgtus acg;omphslhiemthMnmrg; $|dmd DFPQO(XDrpﬂre(rouraisl pee nofiute) for

a_ 7/ ot)ta ned in.a 0.5% (w

aboui 2& apﬁ:o&rqs |q,]ar@R||e8 %qngpl .ﬁ? eé’%ugﬁ areo%\{ailq?éeq as gepo(sneg\gnd after
beinqacwadd #tHed°Gford 5phmesng speed of 3000 rpm (rounds

per mnute) for
Transistor performance
The transistor behavior is measured on an automated transistor prober (TP-10, CSEM
Zurich) and shows clear p-type transistor behavior. From a linear fit to the square root of the
saturated transfer characteristics a field effect mobility of 6.5x10™ cm?Vs with an on/off

current ratio of 4.1x10* is determined. The threshold voltage is about 1.6V.

Example 44: Photovoltaic application of the semiconducting compound of formula 76

DPP-monomer based bulk heterojunction solar cell

The solar cell has the following structure: Al electrode/LiF layer/organic layer, including
compound 76 and [60]PCBM /[poly(3,4-ethylenedioxy-thiophene) (PEDOT)/
poly(styrenesulfonic acid) (PSS)J/ITO electrode/glass substrate. The solar cells are made by
spin coating a layer of the PEDOT-PSS on a pre-patterned ITO on glass substrate. Then a
1:1 mixture of the compound of formula 76 (1% by weight) : [60]JPCBM (a substituted Ceg
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about 20 seconds in ambient conditions. The devices
are eval uated as deposited and after being anneal ed
W@e00200@o4 or 15 minutes. 25 Transi stor perfor nBCIEPIN062586
transi stor behavior is neasured on an automated
transistor prober (TP-10, CSEM Zurich) and shows
clear p-type transistor behavior. Froma linear fit to
fuIIerE?:% i§q ﬁrcgat%eg@)rggﬁlctl NVGFZRA Q«fggi%med under high vacuum through
EP2008/ 06 6 71 saturated transfer
a shaqearmasleri stics a field effect nobility of 1.8x10-3
cn2/Vs with an on/off current ratio of 2.7x104 is
deternined. The threshold voltage is about -4 Vto O
SolarcellpegRpn@ance7: Phot ovol tai ¢ application of the
The §&£ﬂ &Q@M%&éuﬁgd GRAR QUMb Bibh{ é%UHicﬁ Then vﬁtrﬂﬁg’ﬂ'ﬁéﬂmuantum
based bul k heterojunction solar cell The sol ar_cell
Efficigaey QElﬁ%E)f%EPFPrbRWFr‘f@”g'@tr'ﬁéf"m‘%ed pndes|Addt-p sgedifions. This leads to a
valué é‘fy\Ecré @I7aARICcE2! @Y €10.34 dHd MAEND70 0 WALt mbteBé\erall eff|C|ency of
[6 ] PCBM /[ pol y( 3, 4- et hyl enedi oxy-t hi ophene) (PEDQCT)/
°po| y(styrenesulfonic acid) (PSS)]/1TO el ectrode/ gl ass
substrate. The solar cells are made by spin coating a
Ialyer of the PEDOT PSS on a pre patter ned ITO on gl ass
the semicon com 77
formul a 77 (1 %by wei ght) : [60] PCB M(a substltuted
C60 fullerene) is spin coated ( anic layer). LiF
and Al are sublinmed under high vacuumthrough a
shadow mask. Sol ar cell performance-15 The sol ar cell
is nmeasured under a solar |light gtful ator~.Then with
25 Lt mgr%l Quant um Eff' [ { t he
c PocHestlmat ' . This
leads to a value @ = A/cn2, FF = 0.30 and
Voc 1%284: ¥s0ly. Exanpl e 48 Auf z?cture of the
seni conducti ng compound of \the fornula 78 0 NS Sg
S\ SS SNSo [579503-59-6] 75 78 20 According to
the procedure for the synthesys of conpound 55,
5' -hexyl -2, 2' - bi t hi ophene-5- bqoronic acid pinacol
ester [579503-59-6] and corrpouﬁa 75 are reacted to
gi ve conpound 77: 'H NVR (ppm CDC13): 8.94 2H d,

7.27 2H d, 7.19 2H d, 7.02 4H dd, 6.70 2H d, 4.13 4H
According to the procedure for the 'synthesis of compound 55, T-benzothien-2-ylboronic acid

[162607-15-0] and compound 75 are reacted to give compound 77; m.p. 275.0 °C; 'H-NMR
(ppm, CDCl3): 8.952Hd, 7.312Hd, 7.794Hm, 7.552H s, 7.44 2H d, 7.37 4H m, 4.16 4H m,
1.85-1.10 20H m, 1.06 6H d, 0.85 12H d.

Example 46: Application of the semiconducting compound of the formula 77

The semiconductor thin film is prepared either by spin-coating or drop casting the DPP

derivative of the formula 77 obtained in example 45 in a 0.5% (w/w) solution in chloroform.
The spin coating is accomplished at a spinning speed of 3000 rpm (rounds per minute) for
about 20 seconds in ambient conditions. The devices are evaluated as deposited and after

being annealed at 100°C for 15 minutes.

Transistor performance
The transistor behavior is measured on an automated transistor prober (TP-10, CSEM

Zurich) and shows clear p-type transistor behavior. From a linear fit to the square root of the
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m 2.80 4Ht, 1.81-1.20 36 Hm 1.05 6H d, 0.91 6H t,

0.85 12H d. 25 Exanple 49: Application of the
waemmwoenouct i ng conpound of the formula 78 ThBCT/EP2008/062586

sem conductor thin filmis prepared either by

spin-coating or drop casting.the DPP derivative of

the formula 78 obtained in exanple 48 in a 0.5% (W w)

satura®ldutdrfer 'cﬂar%B’JeﬂEtfbfs%"ﬂBld effdee r’r‘fi)lBlllﬂ/ &qaém 09 ch‘SNs with an on/off
acconplished at a spinning speed of 3000 rp rounds

Curreﬁéfat'mqfl@ﬂéﬂ 0 fig ﬂeW@%Q—VWﬂ?fﬁ?ﬂC"F‘G‘Pﬁ@@Z'@@QP%Q t@ 02
about 20 seconds in anbient conditions. The devices

are eval uated as dep03|ted and after be| ng anneal ed
Example A7y Phptgvoltaicapplication of thesamigondue gempaund of formula 77

DPPIm@RSHSH BisdeBAK IhRterbfundBas o cal an aut omat ed
transi stor prober (TP-10, CSEM Zurich) and shows

The gqlargell has {fisefolioving slugrepAtrlestede/Lifr Byeroroanie ayer. inclyding
comﬁ&u%dW%HEfG@]P@Bw}f[pdlﬂg 4- e‘iﬁ*;tléwe’&cs& tﬁlbﬁrﬁbﬁfe?gPElD%T)/

characteri stics ct nobi

10-3
p0|y(§wn9§mwnﬂqﬁa% @ﬁﬁ&ﬁ?o e@ﬁrp@ﬁglaﬁﬁﬁywtr@¥ Thegelgncells are made by
spin Q%tﬁb@ Iﬁgé} .of ﬂé@lﬁﬂ%?m Qn ¥‘E>|ré Baerh&d ﬂ'@)éﬂ gals &JﬁétraiboThen a

Manuf act ure of sem conductin
11 ”aj%tUEEh%f theFepUngPTieraua & (1% BY Wewt)Nia@]EPBP’P @ Ssbﬁt't@ed Ceo
fuIIer@Qe)aé sﬁiﬂ%b%@l@rgbﬁicqé}%gml@%@lﬂl%ré Qiblikfe@ uRMBt r'ﬂ@ﬁ U&cuRin through
onpound , conpoun is dissolved in chloroform

aSh%‘f’é’(‘i‘{ @@S'lown to 0 C and 2 equival ents of

N-bronmosucci nimide (NBS) are then 15 added portion

wise over a period of 1 h. After the reaction is
SolageshegiPEmNGehe ni xture is washed with water. The

The %I%’é‘ll@s PBasfed Sndortd Rdreight %Ul‘éﬂ)raﬂﬂan%ﬂpﬁgt&@rﬁ& Quantum
ound is then purified over si |

Eﬁ'C'EB‘FMJG%@rg))(Qr@ﬁf\ﬁ@etcH@e@dﬁﬁ%ﬂﬁTﬂﬁie%ﬂ”@Eﬁé’\'\ﬂ bP ﬁam%lt'om T'i'FIJ%ORtO a
vame(@ﬂom COGARm28rP9 0230 dHPRd =9.25v33-7.15 14H m 7.00
Hd 6.87 2HS, 4.00 4H d. 2.69 4H dxd, 2.59 4H dxd,
2.oo 1. 90 6H m 1.33-1.21 80H m 0.87 6Ht, 0.85 6H t.

Exaré@le\ﬁq: BRI RAdrESK the SeFtedHRICHRg *@fpoliad df the ¥érmuh 78
S

101 s

[579503-59-6] e
+ 75 78

According to the procedure for the synthesis of compound 55, 5'-hexyl-2,2’-bithiophene-5-
boronic acid pinacol ester [579503-59-6] and compound 75 are reacted to give compound
77: "H-NMR (ppm, CDCls): 8.94 2H d, 7.27 2H d, 7.19 2H d, 7.02 4H dd, 6.70 2H d, 4.13 4H
m, 2.80 4H t, 1.81-1.20 36 Hm, 1.056H d, 0.91 6H t, 0.85 12H d.

Example 49: Application of the semiconducting compound of the formula 78

The semiconductor thin film is prepared either by spin-coating or drop casting the DPP
derivative of the formula 78 obtained in example 48 in a 0.5% (w/w) solution in chloroform.

The spin coating is accomplished at a spinning speed of 3000 rpm (rounds per minute) for
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[ 849062-17-5] S SISONSS sS/ S\/ SSNO 80
Anal ogous to the procedure for the synthesis of
wa@eovpouros 55, 2,2':5',2"-tert hi ophene-5- bor onPCT/BR1008/062586
pi nacol ester [849062-17-5] and conpound 79 are
reacted to give conpound 5-80; 1H NWR (ppm CDC13):
8.93 2H d, 7.33-6.89 32Hm 4.00 4H d, 2.78-2.71 8H m
abou283ecchd? In g’erl'éht dondftiohs. lﬁ]e%c% aft 8RiIukdd &s deposited and after

Transi stor performance The transistor behavior of
being arprslatrtd00] S fard asnirelgson an aut omated transi stor
prober (TP- 10 10, CSEM Zurich) and shows cl ear p-type
transi stor behavior. Froma linear fit to the square
Trangiglgf PRfforfRaC® at ur at ed transfer characteristics a field
The ®A{<R&ér BBRRUIbH Fs)r’négsuﬂededhl& gut@r‘?ig{e\‘fscra%fs{br %bee@ k6, cSEM

current ratio of can be determ ned
Zurichp prd; shw Q}@qrtpaigge Frgn%g@{]l@eh_@glov Frg%(%,lﬁ]e@r gt:[[o the square root of the

satur%(ﬁa‘%i%a@r%fe‘# 'E:ﬁar@f:teh&ﬁ:s%eﬂgld:é’ﬁ&#' flobNg sFanB@Bndm2A withean on/off
fornul ae 8 Usi ng the et hods descri bed

curreRg Fdip ot 6&9%3)@ éS f’ﬁ@”’f‘kﬁ‘?fjoW% resbai yoleRs iarkodhP @i hed:
Exanple 51 a2 S ONS\ | | SS SSSSSNO 81 W

2009/ 047104 PCT/ EP2008/ 062586 74 Exanple 51 b: O N s
): Mangfactdye of the semigonduisting compaundqof the formula 80

58

a) Analogous to the procedure for the synthesis of compound 54, compound 58 is dissolved
in chloroform, cooled down to 0 “C and 2 equivalents of N-bromosuccinimide (NBS) are then
added portion wise over a period of 1h. After the reaction is completed, the mixture is
washed with water. The organic phase is extracted, dried and concentrated. The compound
is then purified over a silica gel column to give the compound of the formula 79; "H-NMR
(ppm, CDCls): 8.90 2H broad s, 7.33-7.15 14H m, 7.00 2H d, 6.87 2H s, 4.00 4H d, 2.69 4H
dxd, 2.59 4H dxd, 2.00-1.90 6H m, 1.33-1.21 80H m, 0.87 6H t, 0.85 6H t.



ONIS\V 1T Is\V 1 S Ss SSSNOS83 5 Exanple 51 d:

S ONSSsss SNOS84 Exanple 5le: ONS S s s s
w@®20d90471856 10 WO 2009/ 047104 PCT/ EP2008/ 062586PCT/BP2008/062586

Exanple 51f: ONSSS SSSNOS86 Exanple 51 g: O

NSSS SSI/IISN087735ExarrpIe51h:
! N\ s /\B,
79 s\ s 0

[849062-17-5]

E—

Analogous to the procedure for the synthesis of compound 55, 2,2:5’,2 -terthiophene-5-
boronic acid pinacol ester [849062-17-5] and compound 79 are reacted to give compound

5 80; 'H-NMR (ppm, CDCls): 8.93 2H d, 7.33-6.89 32H m, 4.00 4H d, 2.78-2.71 8H m, 2.05-
1.97 6H m, 1.34-1.18 80H m, 0.85 12H 1.

Transistor performance

The transistor behavior of compound 80 is measured on an automated transistor prober (TP-
10 10, CSEM Zirich) and shows clear p-type transistor behavior. From a linear fit to the square

root of the saturated transfer characteristics a field effect mobility of 1.3x102 cm%Vs with an

on/off current ratio of 1x10° can be determined. The threshold voltage is about 10 V.

Example 51: Manufacture of the semiconducting compounds of the formulae 81 to 85

15  Using the methods described herein before the following compounds are obtained:
Example 51a:

81
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ONSS~1 1\ IVIVI T SSNOS88 10 Exanple 51
isONSsS SSs N 89 W 2009/047104
weFanbaPAen8/ 062586 76 Cainms 1. A conpound OPCT/RB2008/062586

formulal RLNO R4 [Ar6] 1 LAS5]elL Ad4dA" ][
Are Are ]CR3 ONR2 5 (I), wherein Rl and R2 are
i ndependently of each other ‘an ali phati c,

Exarfpl€598! i phatic, cycloaliphatic aliphatic, aronatic,
aromati c-aliphatic, heteroaromatic or

> pendent |y of each ot her
mula Il or IV (R5p R6 R7

Example 51c¢:

Example 51d:

Example 51e:




wherein 15 R6 and R7 are as defined below, p
represents 0, 1, or 2, R5 is an aliphatic hydrocarbon
w@emap4hed/i ng up to 25 carbon atons, or two vi BCTEP2008/062586
groups R5 together represent al kyl ene or al kenyl ene
having up to 7 carbon atoms, it being possible that
two groups RS present in the group of fornula l
Exarfihié 6@ fromeach other, 20 b, ¢, e, and f
i ndependently of each other represent 1, 2 or 3, Are ,
Ar3 , Ar5 , and Ar6 ar

S R16 25 (1V)
PCT/ EP2008/ 062

SNN 17 18 RS R
R21 (I X) (X)) ( R8, R9, R12 , R13
, RI5 R 16 R17 , R18, “Rt9, 1 R®. are
i ndependently 5 of each other hydrogen, Cl-C25alkyl,
Cl- Cl18al koxy, C6-C24aryl, Cr-C25aral kyl, or

Exarhde 8ilgaryl , or R6 and R7 together represent al kyl ene
or al kenyl ene whi ch may..b nded vi a oxygen

and/or sulfur to the t resi due [and whi ch may
bot h have up to 25 cafb¢natons ar e

i ndependently of each Ty 3¢ 8@l Xyl ,
C6- C24aryl ¢ @ ‘ &t her
represent

X 3 P spxynmenbered ring,
which is 10 unsubstituted or ifuted by a) an
al i phatic hydrocarb r Vi upsto 18 carbon
5 atons, b) Cl1-Cl8al koxy or C2-Cl8al kyl enedi oxy in both
Exangfle ®i:ch car bon at onms whi ch are not adjacent to
oxygen may be replaced by oxygen, or c) C6-C24aryl,
C7- C25ar al kyl, heteroaryl, C3-Cl2cycl oal kyl or
CA- Cl2cycl oal kyl -al kyl, and 15 R3~Nand R4 are
i ndependent |y of each
formulae XI to Xl X,

10  Example 51i:
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R25 23 S\ RRea RR7 ~/ \ R32\ ~\ \ Ras R34 R26 /
R22 1 | R29 31 35 37 S R58 R30 RR R36 R (X1) (XI1)
w@ 2030371041 V) R54 R54 R46 R46 R55 R53 R55 R53PCTREF20p81662586

47 R45 R56 R52 R56 R52 41 R44 R R44 R51 R57 R51 R41
R43 RA3 RA8 R50 R50 R42 R42.RA9 R49 20 (XV) (XVI)
(XV11) (XVilil) WD 2009/ 0471(?4? PCT/ EP2008/ 062586 78

Claift®@4 R55 R53 R52 R57 R51 R48 R50 R49 (XIX) wherein

. R22 to R26 and R29 to R58 represent independently of

1. A eeepeuwndrid thenpePdgén, an  al i phatic hydrocarbon group
having up to 25 carbon atons, al koxy or al kenyl oxy
having up to 5 18 carbon at ors, hal ogen, a
cycl oal i phati c, cycl oal i quatl c-al i phatic, aromatic,
aromati c- I| at | het,erb: Bmatic or
het Bt oaro r ratig qr oup having up_to 25 carbon
atons, or ~a group of the w 1 'A)VLFR&‘A‘M] _PR3Rs
10 (I'1'l1) wherein Rrepr8 = st an ‘al t phatbi c
hydr ocar bon group having~“up k& 12 carbon atonms, or two

(1)

wherein R'and R? are independently of each other an aliphatic, cycloaliphatic, cycloaliphatic-
aliphatic, aromatic, aromatic-aliphatic, heteroaromatic or heteroaromatic-aliphatic group
having up to 49 carbon atoms,

a and d independently of each otherare 0, 1, 2 or 3,

Ar' and Ar* are independently of each other a bivalent group of the formula Il or IV

(R°), RS R
L
S
(1) (IV)
wherein
R® and R’ are as defined below,
p represents 0, 1, or 2,
R® is an aliphatic hydrocarbon group having up to 25 carbon atoms, or two vicinal groups R®
together represent alkylene or alkenylene having up to 7 carbon atoms, it being possible that
two groups R® present in the group of formula |l differ from each other,
b, ¢, e, and f independently of each other represent 1, 2 or 3,
Ar?, Ar’, Ar’, and Ar® are independently of each other a bivalent group of one of the

formulae IV to X and L,

o o S o

(V) (V1) (Vi) (VI



groups R22 to R 26 and R29 to R57 which are in the

nei ghbor hood of each other, together represent
wa@bdogloenes or al kenyl ene having up to 8 carbon BCDRB2008/062586

thereby formng a ring, and 15 R27 and R28 are

i ndependently of each ot her -Bydrogen, C, -C25al kyl,

C, - Cl8al koxy, C6-C24aryl, - C25ar al kyl, heteroaryl,

or a group of the fgrrruIaR(zdII) shown above wherein R

represents an ali atic ygrocarbon gr oup hﬂwlng up

6. 12 &arbon atons, d R28 toget herN \Ol NR27
A kyl ene or alke ne
Mxygen and/ r to
h may both have to 25

1pe both bonded vi a
| residue and whi

o on atons. 20 2. Ac ound of the formulg)l

according to claim1l wherein Rl and R2 are

i ndependently of each other an aliphatic,

wherBROMI RAgRT R12CRE 0/1I phati'e- Rid plrat Re.ana@MBid iRdependently
aromati c-al i phatic, ~heteroaronati

5  of eaghokies AydRget Gt skt ¢ cCyrlbop ﬁaxﬂzr?gym%r Eoarmikyb &F hetgroaryl, or
R® arﬁ‘)t F?mbgefﬂ%r ?é'b‘?'es@ﬁt SikPehd deRRMIRMe Whi@H mﬁﬁ‘BQ b@ihh%’nd@d V|a oxygen

oup of one of the formulae Xl to XX,
and/w'furﬁzshezéﬂeyyheﬁﬁae RRG which maysath haye \Jp to %@@arbmatoms
R JR4R'RBr2 ihqd eﬁagnt Jor3acrdther Rydo R éﬁ?@  Kdtbroaryl, or
o (XI1) (X1 I% (X @ WO 2009/ g%?l P(ETOC%E Go8/ O%ali%g Y
R™ apd RR5tegeibar rerrazz@e wq@éorns@ﬂmgr%mem&ve@w WhioR4s
10 unsuB@tﬁut@@% BostiReeg p#tl R4 R R44 R51 R57 | / R51 R41 R43
R48 R50 R50 42 RA2 RA9 RA9 (XV) (XVI) (XVil)
a) an(e)bphqatpc) hydrgrarpensgraigs haxing up to 18 carbon atoms,

b) C+-Cysalkoxy or C,-Cqsalkylenedioxy in both of which carbon atoms which are not adjacent

to oxygen may be replaced by oxygen, or
¢) Ce-Coparyl, C;-Cysaralkyl, heteroaryl, Cs-Cq,cycloalkyl or C4-Cqocycloalkyl-alkyl, and

15 R%*and R* are independently of each other a group of one of the formulae XI to XIX,

(X1

20

(XVI) (XVIN) (XVIIN)
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R57 R51 R48 R50 R49 (XIX) wherein R22 to R26 and R29
to R58 represent independently of each other hydrogen,
waeodakiiphat i ¢ hydrocarbon group having up to PSI/EP200£0652586
atons, or a group of the formula (I11) PR3 Pt 10 PR3
(I'11) wherein R represents an aliphatic hydrocarbon
group having up to 12 carbon atons, or two groups R22
to R and R29 to R57 which are in the nei ghborhood
Her, together 15 represent al kyl ene or
nyRene having up to 8 carbon atons, thereby
ingla ring, and R27 and R28 are independently of
iR hydr ogen, C, -C25al kyl, C, -Cl8al koxy,
Ryl , C7-C25aral kyl, heteroaryl, or a group of
mula (111) shown above, wherein R represents
NRghat i ¢ hydr ocarbon group having up to 12 carbon
atafts, or R27 and R28 together or R27 and R58
toget her represent al kyl ene or al kenyl ene which may be
% bonded via oxygen 20 and/or sulfur to the thienyl
hAdye b ;
wher R R s e i apEndeRul B e i artlgplvon
aliphatic WOrg@oigyrograa0 ha vWaT LiERPZD 6droer 5R61s, 8oRy, oralikamyisesy having up to
0 | - dj L aj : ' :
18 cfibod BBrisOhId, & SECORMHEY hBohehafle At S fip o Henati
aliphalje lheteirdgsbraaticordreterpatonticahiphatic -gadu pprayingcu thip dSaaardnaaioms, or
j p to 25 carbon atons, a and d represent
agK%FQEHEﬁﬂﬁﬁagfmgnd f represent 1, Are , Ara, Ar5 , and
Ar6 are independently of each other a bival ent group

of the formula IV, R6 R7 S pgl wherein R6 and R7
are i ndependently of each othe dr ogen or
C, - C25al kyl, and 10 R3 and i ndependent |y of

each other a group of the forvul a R28 R27
(1

wherein R represents an aliphatic hydrocarbon group having up to 12 carbon atoms, or two
groups R? to R?® and R” to R* which are in the neighborhood of each other, together
represent alkylene or alkenylene having up to 8 carbon atoms, thereby forming a ring, and
R? and R? are independently of each other hydrogen, C;-Cysalkyl, C1-Csalkoxy, Ce-Cosaryl,
C-Cysaralkyl, heteroaryl, or a group of the formula (l11) shown above, wherein R represents
an aliphatic hydrocarbon group having up to 12 carbon atoms, or R¥ and R?® together or R?’
and R® together represent alkylene or alkenylene which may be both bonded via oxygen

and/or sulfur to the thienyl residue and which may both have up to 25 carbon atoms.

2. A compound of the formula | according to claim 1 wherein R' and R? are independently of
each other an aliphatic, cycloaliphatic, cycloaliphatic-aliphatic, aromatic, aromatic-aliphatic,
heteroaromatic or heteroaromatic-aliphatic group having up to 25 carbon atoms,

R® and R* are independently of each other a group of one of the formulae Xl to XIX,

R24 R33

(XI) (XIN) (XIIN)
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S R58 (XI1) wherein R58 represents hydrogen or an

al i phati c hydrocarbon group having up to 25 carbon
watmoam47iend 15 R27 and R28 are independently OPCEERI008/062586

ot her hydrogen or C, -C25al kyl. 4. A conpound of the

formula | according to claimgl wherein Rl and R2 are

i ndependently of each other "an aliphati c,

cycl oal i phatic or cycloaliphatic-aliphatic hydrocarbon

group having up to 25 carbon atoms, 20 a and d

represent 0, b, c, e, and f representR‘i, Ar2 and Ar5R

are i;ndependently ofR weach ot her R>Di

thefformyla 1v, ,R6FR7 S (1V) 56_25

'?epreserR cFbal kyl ~

[_repres rogen or C -
0 OlRJ of the

asents _hyk

f; R6 and

R dependently Igf each ot her algr mu
wc5<2009/ 047104 Pcﬁ EP2008/ 062586 R81 R28 R27 Sl RR58
y wher ei n § fepresents hy en or an ali
H& ocar bon group hQV|ng up to 2 c rbon atons, 3
one of R27 and R28 represents Cl-C25al kyl while the
other of R27 and R28 represents hydrogen or
C%ECZ' L. 5. A conmpound of the fornula | according
th wherein R1 and R2 are independently of each
aIkyI group having up to 49 carbon atons, 10
R’ i ndependent |y of each other 0, 1 or 2, Art
R are i ndependently of each other a bi val ent
Rthe formula IV "R6 R7
R48
R49
(XIX)

wherein R* to R% and R? to R* represent independently of each other hydrogen, an

aliphatic hydrocarbon group having up to 25 carbon atoms, or a group of the formula (l11)

1

wherein R represents an aliphatic hydrocarbon group having up to 12 carbon atoms, or two
groups R? to R?® and R” to R* which are in the neighborhood of each other, together
represent alkylene or alkenylene having up to 8 carbon atoms, thereby forming a ring, and
R? and R? are independently of each other hydrogen, C;-Cysalkyl, C1-Csalkoxy, Ce-Cosaryl,
C-Cysaralkyl, heteroaryl, or a group of the formula (l11) shown above, wherein R represents
an aliphatic hydrocarbon group having up to 12 carbon atoms, or R* and R® together or R’
and R® together represent alkylene or alkenylene which may be both bonded via oxygen
and/or sulfur to the thienyl residue and which may both have up to 25 carbon atoms,

and the remaining substituents are as defined in claim 1.
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S (IV) wherein 15 R6 and R7 are independently of
each ot her hydrogen or Cl-C25alkyl, b, c, e, and f

wo pbepenoent | y of each other represent 1, 2 orPGI/RPR0§/062586
Ara , Ar5 , and Ar6 are independently of each other a
bi val ent group of the formulga IV, R6 R7 S 20 (IV)
wherein R6 and R7 are independently of each other

3. A BYHEQBRINT tr%lfbﬁaééll Eb!éordlﬁé t&Za.@?5Wﬁ@}éﬁyh1 anoaﬁdargerndﬁ'ﬂ)@ndently of

R4 are i ndependent each other a group of one of
eaCth’ﬁ'éerf%‘r%ﬂhﬁ@ WC'Q%pg@tlclor cygjoalipptic- @I@hgh@h»@lr@@m g¥egp having
up tR2cBeh SomB28 R27 \ / R32 R26 R22 | | R29 31 S| R3o
R (X)) xnj (XI11) WD 2009/ 047104 PCT/ EP2008/ 062586
aangd repaseie R46 R55 R53 R47 R45 47 R45 52 R44 R41 R44
b, C, gsgnd:m reBk 1R43 RA3 p48 R50 R42 R42 R R49 (XV) (XVI)
erel R22 to R26 , R29 to R33 , R4l to R55 |
A, F@;W efr’id #@8“\& éliﬁ"@@%?ﬂ”dﬁﬂﬂ}’e?f@%%ﬁfheya@fval%‘&ﬁr@p@ Kerformula 1V,

hydrogen, an aliphatic hydyocarbon group having up to
25 carbon atons, aryl, alfk having up to 18 carbon
atons, or hal ogen, or two groulps R22 to R26 which are
in the nei ghbor hood of eachSother, together represent
al kyl ene or al kenyl ene havi ﬂg)up to 8 carbon atons,
thereby formng a ring, and

wherein R®and R’ are independently of each other hydrogen or Cs-Cusalkyl, and

R® and R* are independently of each other a group of the formula

27

(X1
wherein R* represents hydrogen or an aliphatic hydrocarbon group having up to 25 carbon
atoms, and

R?” and R?® are independently of each other hydrogen or C;-Cysalkyl.

4. A compound of the formula | according to claim 1 wherein R' and R? are independently of
each other an aliphatic, cycloaliphatic or cycloaliphatic-aliphatic hydrocarbon group having
up to 25 carbon atoms,

a and d represent 0,

b, ¢, e, and f represent 1,

Ar? and Ar® are independently of each other a bivalent group of the formula IV,

(IV)
wherein one of R®and R’ represents C;-Casalkyl while the other of R°and R’ represents
hydrogen or C4-Cysalkyl,
Ar® and Ar® are a bivalent group of the formula IV, wherein each of R®and R’ represents
hydrogen, and

R® and R* are independently of each other a group of the formula
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R27 and R28 are independently of each other hydrogen,
Cl- C25al kyl, or Cr7-C25aral kyl, or RR7 10 and R28

wo ogebkmn4 repr esent al kyl ene or al kenyl ene whi BCT/RP200$1@62586
bot h bonded via oxygen and/or sulfur to the thienyl
resi due and whi ch may both ve up to 25 carbon atons.
6. A conpound of the formula | according to any one of
claims 1 to 5 wherein RL gand Rgehave the same nmeaning

and the side chains of tR | ae XLV and XLVI are
identical to each 15 othef. A@% Ja L Are Ja L Ar 3
Jo RB R4 [Ar6 Jf L Ar5 Jeg L RJd (XLV) (XLVI) 7. A

compound of the formula | a Igrdi ng to claim1
sel ected fromthe conpounds ving the 20 follow ng

wherbr Rt tepeedentd HydfodenDr/anQlipkatic h§ddchtbon @rdWipshavingp t925 carbon
t s\ sd N O 13 22 WD 2009/ 047104 PCT/ EP2008/ 062586 83 O
aloms, #d g NS SSX/I SSSSSO N~JO 23 240-0S

one éf R &nd 8**rep@séntS C;-Cosalkyl while the other of R*” and R? represents hydrogen
or C4-Cysalkyl.

5. A compound of the formula | according to claim 1 wherein
R'and R? are independently of each other an alkyl group having up to 49 carbon atoms,
a and d are independently of each other 0, 1 or 2,

Ar' and Ar* are independently of each other a bivalent group of the formula IV

(IV)
wherein
R® and R’ are independently of each other hydrogen or C-Casalkyl,
b, ¢, e, and f independently of each other represent 1, 2 or 3

Ar?, A, Ar’, and Ar® are independently of each other a bivalent group of the formula IV,

(V)

wherein R®and R’ are independently of each other hydrogen, C-Casalkyl, or C-Cosaralkyl,
and

R® and R* are independently of each other a group of one of the formulae Xl to XIII, XV, XVI
and XIX

24 33
R
25 R

R R? s

R% R* | N R* R
S” R R*

(X1 (XN (XN
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$ssS NON 5z7zsz7zs 00sssssSS SSSSS s
NN OO 38 320 Rs/\ s O44 4s 10 WD 2009/047104
weFanbaPAeN8/ 062586 84 s s Ss O N s/ s s BCBERB/®2586
SN=SN O5055 ONS\N\ SSONsSIS I I \V1 [\
I S/ \ S/ SSSNO SSI};ZO/\5658 ONgs ON

SS SNOSNOS5D59 60 s

(XV) (XVI)

wherein R? to R® , R® to R®, R* to R*®, R* and R®represent independently of each
other hydrogen, an aliphatic hydrocarbon group having up to 25 carbon atoms, aryl, alkoxy
having up to 18 carbon atoms, or halogen, or two groups R* to R* which are in the
neighborhood of each other, together represent alkylene or alkenylene having up to 8 carbon
atoms, thereby forming a ring, and

R% and R? are independently of each other hydrogen, C-Casalkyl, or C-Casaralkyl, or R
and R?® together represent alkylene or alkenylene which may be both bonded via oxygen

and/or sulfur to the thienyl residue and which may both have up to 25 carbon atoms.

6. A compound of the formula | according to any one of claims 1 to 5 wherein R' and R? have
the same meaning and the side chains of the formulae XLV and XLVI are identical to each

other.

P —r e etk

(XLV) (XLVI)

7. A compound of the formula | according to claim 1 selected from the compounds having the

following formulae




ONSI I SSNSS SSSSNOOss SNO 16163

10 WD 2009/ 047104 PCT/ EP2008/ 062586 85 \ -s | \ ON
WO RDWok718t/ O NSs/ s/ |/ s\ s \/ s \/ NEBEPNSH62586
SNO aor 64 70 NO-s i s/ /s\ \S\ s s s\ sss/ S

SNNO O%$76 74 50NS/,\ S SS\ [/ S
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N~A O 78 SO NsSSS SSSS\/ S/ SNO 80
10 WD 2009/ 047104 PCT/ EP2008/ 062586 86 s o NIS s Is
wo2®9/087184 1\ S S\/ SNO 81s s S| I O P&/EP1008/062586

—

Il sl ~1 ~1 ssss\/ S\/ SNO 8 oNIS\I IS

61 63
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ssl /\ sssNOSSSNO 84 8 W 2009/047104
PCT/ EP2008/ 062586 87 rv ONSONSSSSS s0SS

W®200904718+ ~S~ S N 87 86 ONS S ON-S S S S PA/EPI00§062586

SSN-~ 8889 5 8. A conpound of the formula I
according to claim1 selected fromthe conpounds
having the followng formrulae s 0O NSSONSI I S
S SSS SNOSSNOS556 10 9. A sem conductor
devi ce copprising as a sem conducting effective nmeans
a conmpoufd of the formulal RL NO



R4 LAr6Ar5Ar4 Wf Ar' ~--~Ar2Ar3 JC R3 ON R2 15 (I)
WO 2009/ 047104 PCT/ EP2008/ 062586 88 wherein Rl and R2
wae@oiosmependent | y of each other an aliphatic PCDEP2008/062586
having 7 to 25 carbon atons, or a cycloaliphatic,
cycl oal i phatic-aliphati c, a%%natlc aromatic
aliphatic, heteroaromatic or heteroaromatic-aliphatic
group havi bon atons, a and d
i ndependent | 01\1 2 or 3, 5A1
' I safh ot her a bi val ent
B (RB)p R R7 S (I1)
sWhPH‘I@ R and R7 are as defined below, 10 p

gnts O /1,%oP 27" R5 is an aliphatic hydrocarbon
group havi ng up rbon atonms, or two vicina
gr oups r resent al kyl ene or al kenyl ene

having up to 7 carbon atons, it being possible that
two groups R5 prgsent in the group of fornula I
differ fromeach other, b and e independently of each
other represent 1, 2 or 3, 15 ¢ and f independently

of each ot her r e 2 or 3, Are, Ar3, Ar5
, and Ar6 are ndently of | heer s bi val ent
group of one [of the f oy Rul ag A Q1] , 6 R 8 S/
I RIS /s R10 R11 R13 S R16 20
(Vigl) jTVITl) RI9 R SSSNSNRL7 S

3 K) ) D5 rein R , R7 , R8, RO
R12 , R13 , [R15 R16 8, R19, R20 and R21 are

i ndependent |

82

84 85



of each ot her hydrogen, Cl-C25al kyl, Cl-Cl8al koxy,

C6- C24aryl, Cr7-C25aral kyl, or heteroaryl, or R6 and
waRoowogavher represent al kyl ene or al kenyl ene PEI/EPRONE62586

be both bonded via oxygen and/or sulfur to the

t hi enyl residue and which both have up to 25

carbon atonms, WO 2009/ 047104 PCT/ EP2008/ 062586 89 R10

and R' are | dently of each ot h ;
C6- het er oar yl
: r 4 epresent | QL S 1LX MTE:

i phat ‘ ) o‘tb‘o' '
al kyl enedi [
bot h i.eh rbom atons which a dj-acent®” to

oxygen nmay be replaced by oxygen, or c) C6-C24aryl,

C7- C25ar al kyl , heteroaryl, C3-Cl2cycl oal kyl or

CA- Cl2cycl oal kyl -al kyl, and R3 and R4 are

I ndependent |y of each other a group of one of the
XLX, R4 R33 S R40 R39 R25 23 S\ R

/ \ R32\ / \ \ Ras R34  R26[/ R221

5
8. A compound of the formula | according to claim 1 selected from the compounds having the
following formulae
\ 8 Ne M DB
0= N/ /S \ NN
I N s I
st S w
55 56
10
9. A semiconductor device comprising as a semiconducting effective means a compound of
the formula |
R\
N-.O
R4 A Iu| Ars] [ Art
L™ Jel a N\
N Ar1] [ Arz] [ Ar3] R3
\ o TA T LA ke
O \

15 (1)
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15 R49 (XIX) wherein R22 to R26 and R29 to R58

represent independently of each other hydrogen, an
wa@bdophatinL hydrocarbon group having up to 25 cBEDBP2008/062586

atons, or two groups R22 to R26 and R29 to R57 which

are in the nei ghborhood of ch other, together

represent al kyl ene or al kenyl'ene 20 having up to 8

wherBR M08 mdbP@rﬁ(fery Bpédﬂhrtﬂheﬂ dhl aﬂghatﬁﬂﬂou ﬁaxﬂr@kﬁ? R?—@\S carbon

are independently of each other hydrogen,
atom@lor@l%'%&@at'cwc@hﬁ?%ﬂp aliplgticcosgads k%FPmaFfé@'&hé%ﬁ yI
heter%\rorh?aﬁlc%ﬁﬂe@?@arérﬁgﬁéﬁ‘lﬁfha% r%%é haid CE% »9881BR Gtoms
represent al kyl ene WO 2009?04 104 % / EP2008/ 062586
a ang g ingepgnienily cepach@ihetaredy 1020bdt h bonded via oxygen
Ar’ aﬁﬂWr‘%re%ﬂé‘p’éﬁdérﬁl&totﬂ6a(t,rhd>tﬁ&5’é bl(/ﬁléhld%?gu@mhe Vel IMBYIV
have up to 25 carbon atons sem conduct or
devi ce accoriding to claim9 conprising as a
sem conduct Rﬁectlve 5 means a comgfound,Rof the
formula | a fined in claim9 vvlththe pVi SO t hat
at least onelof R6, R7 , R27 , R28 and i
di fferent from hydrogen. 11. A sem conduct or device
according to(d)aim9 conprising as as a ¥ conducti ng
Whm@ffectlve means a conpound of the fornula | according
claim9 selected fromthe 10 conpounds having the
RsarﬁCbRTmasgiefﬂoedrbelaw, ON /S\' SS O NSS / SSS\/ N
ONS~ONSS I SI1'l SI SNOSNO
prepg%ﬁ%ﬁ @6’%2 O LH N 15 68 69 WO 2009/ 047104
R® isPEHIpRICIGHAE2BBB grédp having up to 25 carbon atoms, or two vicinal groups R®

together represent alkylene or alkenylene having up to 7 carbon atoms, it being possible that
two groups R® present in the group of formula |l differ from each other,

b and e independently of each other represent 1, 2 or 3,

¢ and f independently of each other represent 0, 1, 2 or 3,

Ar?, Ar’, Ar’, and Ar® are independently of each other a bivalent group of one of the

formulae IV to X and L,

o o A o

(IV) (V1) (VII) (VIll)
igm
(IX) (X)

wherein R®, R", R%, R?,R"?,R"” | R" ,R"™ R",R", R",6 R®and R* are independently
of each other hydrogen, C,-Cysalkyl, C4-Cqgalkoxy, Ce-Coiaryl, C7-Cosaralkyl, or heteroaryl, or
R®and R’ together represent alkylene or alkenylene which may be both bonded via oxygen

and/or sulfur to the thienyl residue and which may both have up to 25 carbon atoms,
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ON SS ONSSNSO SYy11 ... SNO71 77 12. A
sem conduct or device according to any one of clains 9

wo 20090471 t he form of a di ode, a photodi ode, BCHEPR03$/062586
an organic field effect transistor, a transistor for
flexible displays, or a 5 ré%teroj unction solar cell.
13. Use of a conpound of the fornmula | as defined in

R ZABR'08R iRfefendbmly ckeheén 8fePhRirbydE C,10, M8, B saryl, heteroaryl, or
R'" and R" together represent oxo or form a five or six membered ring, which is
unsubstituted or substituted by

a) an aliphatic hydrocarbon group having up to 18 carbon atoms,

b) C+-Cysalkoxy or C,-Cqsalkylenedioxy in both of which carbon atoms which are not adjacent
to oxygen may be replaced by oxygen, or

¢) Ce-Coparyl, C;-Cysaralkyl, heteroaryl, Cs-Cq,cycloalkyl or C4-Cqocycloalkyl-alkyl, and

R® and R* are independently of each other a group of one of the formulae XI to XIX,

(XVII) (XVII

(XIX)

wherein R to R% and R? to R*® represent independently of each other hydrogen, an

aliphatic hydrocarbon group having up to 25 carbon atoms, or two groups R* to R* and R*
to R® which are in the neighborhood of each other, together represent alkylene or alkenylene
having up to 8 carbon atoms, thereby forming a ring, and

R? and R? are independently of each other hydrogen, C;-Cysalkyl, C1-Csalkoxy, Ce-Cosaryl,

C;-Casaralkyl, heteroaryl, or R¥ and R® together or R¥ and R*® together represent alkylene
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or alkenylene which may be both bonded via oxygen and/or sulfur to the thienyl residue and

which may both have up to 25 carbon atoms.

10. A semiconductor device according to claim 9 comprising as a semiconducting effective
means a compound of the formula | as defined in claim 9 with the proviso that at least one of
R®, R’, R”, R?® and R*® is different from hydrogen.

11. A semiconductor device according to claim 9 comprising as as a semiconducting
effective means a compound of the formula | according to claim 9 selected from the

compounds having the following formulae
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71 77

12. A semiconductor device according to any one of claims 9 to 11 in the form of a diode, a
photodiode, a sensor, an organic field effect transistor, a transistor for flexible displays, or a

heterojunction solar cell.

13. Use of a compound of the formula | as defined in any one of claims 1-12 as a p-type

transistor.



