-1- Process for preparing poly- and olipothi ophenes on the industrial scale
The present invention relates to a process for preparing

ol i go/ pol ythi ophenes. 5 In the last 15 years, the field of nolecul ar

el ectronics has deveI oped rapl dly with the discovery. of or gani ¢ conductive

and sem conhrpegsser preps ppdy- and oliggthiophenes omthejdus atf  conpounds whi ch
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technology owing to the cost and lack of flexibility of the silicon
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g/nol, as, for exanple, in thé case of (3,3 , hexyl') quarterthiophene.
In the caseswichingglegints in lorga-seaje flexiblematsia displays. epeat units, reference is
still made to oligoners in the range of 2 to about 20. However, there is a

fluid transition between oligoners and polyners. Oten, the difference in

t he proc es sAh gomfnomlde ka/eoaonqiand sonjugatl swits exdpre Qiy?&t;td \Au'ltb lronjhgatedi pod yinrecst andn

bet ween, are fre P evap orabl e 1and
Bro &

can be 2ppl FierE SUBEPPLIOBiF MelpEoBroohEen Be ELdg dghere
| rrespect i véistimghishddefidm ﬁfﬂhﬁﬁbl inthat Slipetdreisaallyoigvy ﬁfﬁﬁrﬁovﬁf memuﬂnt\»eyght eikteibution
conpounds V\'?nldcgl rr?c)rlcscu a? vxlre?gng up to about 10000 g/mol (Da), whereas polymers generally have a
correspondingly higher molecular weight and a broader molecular weight distribution. However, it
is more sensible to distinguish by the number of repeat units, since a monomer unit can quite
25  possibly reach a molecular weight of 300 to 500 g/mol, as, for example, in the case of (3,3"""'-
dihexyl) quarterthiophene. In the case of a distinction by the number of repeat units, reference is
still made to oligomers in the range of 2 to about 20. However, there is a fluid transition between
oligomers and polymers. Often, the difference in the processing of these compounds is also
expressed with the distinction between oligomers and polymers. Oligomers are frequently
30 evaporable and can be applied to substrates by means of vapour deposition processes. Irrespective

of their molecular structure, polymers frequently refer to compounds which are no longer

evaporable and are therefore generally applied by means of other processes.

An important prerequisite for the production of high-value organic semiconductor circuits is
35  compounds of extremely high purity. In semiconductors, order phenomena play an important role.
Hindrance of uniform alignment of the compounds and development of particle boundaries lead to

a dramatic decline in the semiconductor properties, such that organic semiconductor circuits which
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sem conductive poly- or oligoners include the poly/oligothi ophenes whose
monomer uni The mpstfimporégnh sgrhiegndBetivepplyt lor obgrerees inkiude e polyiédzggthiephenas dvhpselual
or plural thiophene. .1Q uni tp, form ol r.or old.goner . 1t 1§ necessary
" brinei pl BORERGNGY i iR SliludheR o FRnRes it MRUR o bl alFTERS e
t he mul 16 pl enis & fdrinragpoll yeie for Olfigointer, tithie nee@ssagy iafpriaciplelty dBtingnihit®o processdsarthe m
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step, SO asmbdhahignm a nol ecul e which then consists of in each case one unit
of the two starting materials. After a renoval, purification and anot her
functionalization, this new nolecule may in turn serve as a nononer and thus
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t he producind k¥ace to a product with no molar mass distribution and a low level of by-products. It also
20  offers the possibility of building up very defined block copolymers through the use of different
starting materials. A disadvantage here is that molecules which consist of more than 2 monomer

units can be prepared only in a very complicated manner merely owing to the purification steps

and the economic outlay can be justified only for processes with very high quality demands on the

product.
25
One process for synthesizing oligo/polythiophenes is described in EP 1 026 138. In the actual
polymerization, a regioselectively prepared Grignard compound is used as the monomer
(X =halogen, R = substituent):
R
X - mgx!
30 § ’

For the polymerization, the polymerization in a catalysis cycle is started by the Kumada method
(cross-coupling metathesis reaction) with the aid of a nickel catalyst (preferably Ni(dppp)Cl,).



One process for synthesizing oligo/polythiophenes is described in EP 1 026
138. In the actual polynerization, a regioselectively prepared Gignard
conpound is used as the nononer (X = halg§gen, R = substituent): R 30 x
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started by the Kumada net hod %ss-éﬁupl ing met & hesis reaction) with the
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processes can be found, inter alia, in US 4,521,589 and in Loewe et. al.,
Advanced Mathemolymsrsiagogenerally obgined3in the negesguryBBityivid Spxtdefipusficatipns, Jour nal of
Materials Chemstry, 1998, 8(1), p. 25-29. 10 However, the processes
described in EP 1 026 138 and in the further literature are purely
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en the Caéo%c':%?rgtlc}nsof monomers of about 4-6% by weight and hence a maximum product concentration,

for example for the poly-3-hexylthiophene, of 2-3% by weight. The amount of production is
increased only by the enlargement of the batch, as described, for example, in Example 2 of EP 1

15 028 136.

However, such a procedure has the disadvantage that it can frequently barely be used, especially in
industrial processes, since the large amounts of solvent frequently prevent an economically viable
process. The two-stage process likewise has to be viewed very critically from a safety point of
view, since the reaction is started or, better described, ignited a) by the direct addition/mixing of
20  the complete amounts in the Grignard synthesis step or b) also in that case when the catalyst is

added.

In many applications, the sole means of control here is through the heat control through the reactor
jacket. On an industrial scale, there is the risk of uncontrolled runaway of the reaction owing to the
significantly poorer heat removal performance with growing reactor size. In particular, an increase
25  in concentration to enhance the economic viability of the process constitutes a problem in this

connection.

Proceeding from the prior art mentioned, it was therefore an object of the present invention to
provide a process which at least partly overcomes the disadvantages mentioned and enables the
industrial scale preparation of polythiophenes or oligothiophenes with defined mean chain lengths

30  and a narrow molecular weight distribution.

This object is achieved by a process according to Claim 1 of the present invention. Accordingly, a
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increase 25 in concentration to enhance the economc viability of the
process conpuopassisceropespd &is|pelymierizatieh.susalele on dlet industrigbserde eadiah fpastrapmthipiheps i or
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20  Preferably, the polymer concentration defined by the concentration of the two solutions (at 100%

conversion) is > 6%, preferably > 9%, more preferably > 10%.

In the context of the present invention, the term "thiophene derivative" is understood to mean both
mono-, di- or polysubstituted thiophene and unsubstituted thiophene. Preference is given to
25  thiophene derivatives which are alkyl-substituted, particular preference to 3-alkyl-substituted

thiophene derivatives.

In the context of the present invention, the term "leaving group" is understood especially to mean
any group which is capable of reacting by means of a metal or an organometallic compound to
30 form an organometallic thiophene compound. Particularly preferred leaving groups are halogens,

sulphates, sulphonates and diazo groups.
In a preferred embodiment of the invention, the at least one thiophene derivative contains at least
two different leaving groups. This can be useful for the achievement of a better regioselectivity of

35  the polymer in many applications of the present invention.

In an alternative preferred embodiment of the invention, the leaving groups of the at least one



20 Preferably, the polyner concentration defined by the concentration of the
two solutions (at 100% conversion) is? 6% preferably? 9% nore preferably?
10% In the context of the present invention, the term"thi ophene
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or ganonet al I i ¢ thiophene conmpound are tin, sium . zinc_and boron. It is
poi nt ed out Parpathereaving sraup|is misliradly selseisd H@iﬂél&f %%upafomlang MeBriMelt MeClobent
invention. hiukéen&ase that the process according to the invention proceeds
with the involvenent of boron, the |eaving group is preferably sel ected
fromth& group conprising MgBr, Myl, MgCl, Li or mixtures thereof. 15 The
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invention are rganonet al | n cohpounds
tributyl ti nprefetablyi mlgnometa]zhlcmm compqnmdndl@ exfimgple tributyltin chloride, or zinc compounds, for

example activated zinc (Zn*), or borane compounds, for example B(OMe); or B(OH),;, or
magnesium compounds, more preferably organometallic magnesium compounds, more preferably

20  Grignard compounds of the formula R-Mg-X,

where R is alkyl, most preferably C2-alkyl,
and X is halogen, more preferably Cl, Br or I, and especially Br.

25  The term "catalyst" is understood to mean especially a catalytically active metal compound.

In a preferred embodiment of the invention, the at least one catalyst comprises nickel and/or
palladium. This has been found to be favourable in many application examples of the present
invention.
30
More preferably, the at least one catalyst comprises at least one compound selected from the group
of nickel and palladium catalysts with ligands selected from the group of tri-tert-butylphosphine,
triadamantylphosphine, 1,3-bis(2,4,6-trimethylphenyl)imidazolidinium chloride, 1,3-bis(2,6-
diisopropylphenyl)imidazolidinium chloride or [,3-diadamantylimidazolidinium chloride or
35  mixtures thereof; bis(triphenylphosphino)palladium dichloride (Pd(PPh;)Cl,), palladium(II) acetate
(Pd(OACc),), tetrakis(triphenylphosphine)palladium (Pd(PPhs),), tetrakis(triphenylphosphine)nickel
(Ni(PPhs),), nickel(II) acetylacetonate Ni(acac),, dichloro(2,2 " -bipyridine)nickel,
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or ganonet al In aprefsiredherahpdinacshpiohnpresent inMentipp,the vadwne tatip Anild) of tigofirphand second

solution is > 3:1 to <20:1.

20 In this way, it is surprisingly possible once again to improve the reaction in many applications of
the present invention, while at the same time the molecular weight distribution of the resulting
poly- or oligothiophenes remains narrow and there is the possibility of increasing the molecular

weight.

25  The volume ratio (in /) of the first and of the second solution is preferably > 4:1 to <15:1, more

preferably > 5:1 to < 10:1.

In a preferred embodiment, the metering time (i.e. the time within which the first solution is added

fully to the second solution) is

500 Min | V

30 {= % __reactor 7%
k m A m2

reactor

where k is > 0.2 to <5, preferably > 1 to <4, more preferably > 1 to <3. "V o' means the

volume, "Ar.cior’ the heat exchange area, of the vessel in which the reaction takes place.

35  This has been found to be advantageous for many applications within the present invention, since

the reaction can thus be conducted with even better control. Preference is given to using a stirred
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The vol une Gaterab gfaup defihiliomsf Wittén fHerdebcriptioh aiid theeclsRs, qiederslogronips Ofor ieSample:

preferably > 4:1 to <. 15:1, re referaply.? 5:1 t9 <.10;1. |n.a
preferred ety o‘ijﬂﬁﬁ‘ﬁ’ta,ryit Ri& ﬁrétcg;r?’?l arﬁi d%@”%’?‘l.?é?/metsﬁétatﬁi ﬁ&‘ewliehfhﬁ f#ﬂ“’d‘i‘g FAYS
first sof utwihinitse gdgfddeséribell Yin tgendrd) Quré Q6ANFIS BletbirdrR® )in it @tckt of DOQrdvbd *
V1e6ClO m. s k 1n A ndo, mwhere k is > 0.2 to <5, preferably >1 to <

4, nore pref¥pty > 1 to < 3. "VRactor" neans the volume, "Areas,." the
heat exchange area, of the vessel in which the reaction takes place. 35 This
has been found to be advantageous for many applications within the present

i nventi on, akykdmeartané brageletiCarCeeakyls,hus be conducted with even better
control. Preference is given to using a stirred -7- tank apparatus with an
aspect ratio of about 1. General group definitions: Wthin the description
and t helc| aongchagedliedalingir anditsranchet Chgammkds, al kyl, al koxy, aryl, etc., are
cl ai mred and described. Unless stated otherw se, the follow ng groups 5

wi thin the groups described in general are used wth preference in the
context of dikmypress8ikeniinvention: al kyl: Ilinear and branched Cl-C8-al kyl s,
10 long-chain al kyls: |inear and branched C5-C20 al kyls, al kenyl:

C2- C8- al kenyl, cycl oal kyl: C3-C8-cycl oal kyl, 15

cycloalkyl: C3-C8-cycloalkyl,
15
alkoxy: C1-C6-alkoxy,

long-chain alkoxy: linear and branched C5-C20 alkoxy,

20  alkylene: selected from the group comprising:
methylene; 1,1-ethylene; 1,2-ethylene; 1,1-propylidene; 1,2-propylene; 1,3-propylene;
2,2-propylidene; butan-2-ol-1,4-diyl; propan-2-ol-1,3-diyl; 1,4-butylene; cyclohexane-1,1-diyl;
cyclohexane-1,2-diyl;  cyclohexane-1,3-diyl;  cyclohexane-1,4-diyl;  cyclopentane-1,1-diyl;
cyclopentane-1,2-diyl; and cyclopentane-1,3-diyl,

25

aryl: selected from aromatics having a molecular weight below 300Da,

arylene: selected from the group comprising: 1,2-phenylene; 1,3- phenylene; 1,4-phenylene;
1,2-naphthalenylene; 1,3-naphthalenylene; 1,4-naphthalenylene; 2,3-naphthalenylene; 1-hydroxy-
30  2,3-phenylene; 1-hydroxy-2,4-phenylene; 1-hydroxy-2,5-phenylene; and 1-hydroxy-2,6-phenylene,

heteroaryl: selected from the group comprising: pyridinyl; pyrimidinyl; pyrazinyl; triazolyl;
pyridazinyl; 1,3,5-triazinyl; quinolinyl; isoquinolinyl; quinoxalinyl; imidazolyl; pyrazolyl;
benzimidazolyl; thiazolyl; oxazolidinyl; pyrrolyl; thiophenyl; carbazolyl; indolyl; and isoindolyl,
35  where the heteroaryl may be bonded to the compound via any atom in the ring of the selected

heteroaryl,



— |

al koxy: C 1-C6-al koxy, |ong-chain al koxy: linear and branched C5-C20 al koxy,

20 al kyl ene: selected fromthe group conprising: nethylene; 1,1-ethylene;

1, 2-ethylene; 1,1-propylidene; 1,2-propylene; 1, 3-propylene;

2, 2-propylidene; butan-2-of-1,4-diyl; praogan-2-of-1,3-diyl; 1,4-butylene;

cycl ohexane-1, 1-diyl; cycl ohexane-1, 2-diyl; cycl ohexane-1, 3-diyl;

cycl ohexaneheterdarglieyds; selgated fromt sheegrotp comprisiyg:; pyridinetligh eqninphiaediyl? patagediyland

cycl opent ang- -yl .aryl. . egt I G.S: ' r
s e L s R L R

wei ght bel o e e group co

1, 2- phenyl efuagtichs 3s apbrédpy| iantbe cimpount ey hnetom ih, the niqghdththk esaletted dapteroaryl;,

1, 3- napht hal enyl . ene; . 1, 4- napht hal I ene;..2 3-napht hal e ne; 1-hydroxy- 30
23 phanyl oHESATHeBk 5 A, TnE oy 4R, DR b o a0

1- hydr oxy - 2p@idphenahionepydiiiess, eai)! quissllra Ryl r qihdlihe-20raup Gongine-Sjsrayl;
pyridi nyl ; pyr[n{dinﬁl; pyrazinyl;: triazolyl; pyridazinél;,1,3,5-triaziny|;
qui nol i nyl ; 1SPawRAlinr&BraxH isoquiRoliBs & idix} Byrazpledlad div}; Ipyraggle-dPesliylf triazole-3,5-diyl;
benzi m dazolubsie-§ BlidA O WAzine®XAE9!; a6 BiliazoRYY 4-@k Y khioghBhDBARY | thiopRhEA 2! ;

i ndol ylI ; and i%%iné%ﬁ?h?zgg whé?eathe hg?eroargl §§§ be_bqggedoﬁgﬁphe H
conpound vi & Gng6-beterarycivatkiyk seleatgd dfom ke grdupcqommprisingt piperdipyl; pigridine; 1,4-
het er oaryl e .:sele . gr | .Si ng; ol VAR .
quinolinedi@??a%§$azg%?§r%&%g?%%§blegﬁepgggg%%zolgé€§¥%5%§ggg%%%diybfﬂJl

t hi opheih@di tetraazagydlotenadiaaet edidyl,]0,lqEntazahyldpentedasaney | difediafatihthiacymienoasmea

bridge int conpound vi a any at in the ri f the selecited heter yl;,
especial ly g?@f%@@ﬁa'%%qn%W’i di ngqﬂg lg’ﬁaﬁf%?F?CYQg‘P‘i%a?aﬁ%- 2, 4_1&— {xane; £a7
pyri di ne- 2, ditidhdytlondidhd; Pyrielidindafld yetrahydrdpyfandivhee Shedretbrydryl may be bonded to the
pyri di ne-3, 5-dj yl ; quinoline-2,3-diy|; gui nol i ne-2, 4-diyl;

qui nol i ne- 284Gy via paypriern arihs Fae 9f the gplsgied hetekatyt-nol i ne- 1, 4- di vl ;

pyrazol e-1,3-diyl; pyrazole-3,5-diyl; triazole-3,5-diyl; triazole-1,3-diyl;
pyrazine-2,5-diyl; and im dazol e-2,4-diyl, thiophene-2,5-diyl, L

t hi opheh®- 3haeregygloalkylgnesy sebectete fremothgcgrown legmprising: qupesidin b, &iveneiepigerisiy2,6-
conpri si ng: Pl A dbny] 4 opiperidine 1. 4 0l perazd - bhat ydrof:hi 1eRe;
ot ahydr of Leh A 4 RABEC| BpBaah ity b S A Ryn oYY AL hiplioing

t et r aazacy cyletes il davigecaire?,6-y]ede; 71,4 pipdrazipé 2t ydae AL Y-pipepeint ladglesm 6 ;4-piperazin-1,4-

b4 GTaza Tt S0l SNBRNSI) <hidd! Be o RaRn e S QR0 MR inybichidphek 23 yene
tetrahydrofuran-2,5-ylene; tetrahydrofuran-3,4-ylene; tetrahydrofuran-2,3-ylene; pyrrolidin-2,5-
20  ylene; pyrrolidin-3,4-ylene; pyrrolidin-2,3-ylene; pyrrolidin-1,2-ylene; pyrrolidin-1,3-ylene;
pyrrolidin-2,2-ylidene; 1,4,7-triazacyclonon-1,4-ylene; 1,4,7-triazacyclonon-2,3-ylene; 1,4,7-
triazacyclonon-2,9-ylene; 1,4,7-triazacyclonon-3,8-ylene; 1,4,7-triazacyclonon-2,2-ylidene;
1,4,8,11-tetraazacyclotetradec-1,4-ylene; 1,4,8,11-tetraazacyclotetradec-1,8-ylene; 1,4,8,11-tetra-
azacyclotetradec-2,3-ylene; 1,4,8,11-tetraazacyclotetradec-2,5-ylene; 1,4,8,11-tetraazacyclo-
25  tetradec-1,2-ylene; 1,4,8,11-tetraazacyclotetradec-2,2-ylidene; 1,4,7,10-tetraazacyclododec-1,4-
ylene; 1,4,7,10-tetraazacyclododec-1,7-ylene; 1,4,7,10-tetraazacyclododec-1,2-ylene; 1,4,7,10-
tetraazacyclododec-2,3-ylene; 1,4,7,10-tetraazacyclododec-2,2-ylidene; 1,4,7,10,13-pentaazacyclo-
pentadec-1,4-ylene; 1,4,7,10,13-pentaazacyclopentadec-1,7-ylene; 1,4,7,10,13-pentaazacyclopenta-
dec-2,3-ylene; 1,4,7,10,13-pentaazacyclopentadec-1,2-ylene; 1,4,7,10,13-pentaazacyclopentadec-
30  2,2-ylidene; 1,4-diaza-7-thia-cyclonon-1,4-ylene; 1,4-diaza-7-thia-cyclonon-1,2-ylene; 1,4-diaza-7-
thia-cyclonon-2,3-ylene;  1,4-diaza-7-thia-cyclonon-6,8-ylene;  1,4-diaza-7-thia-cyclonon-2,2-
ylidene; 1,4-diaza-7-oxacyclonon-1,4-ylene; 1,4-diaza-7-oxa-cyclonon-1,2-ylene; 1,4-diaza-7-oxa-
cyclonon-2,3-ylene; 1,4-diaza-7-oxa-cyclonon-6,8-ylene; 1,4-diaza-7-oxa-cyclonon-2,2-ylidene;
1,4-dioxan-2,3-ylene; 1,4-dioxan-2,6-ylene; 1,4-dioxan-2,2-ylidene; tetrahydropyran-2,3-ylene;
35 tetrahydropyran-2,6-ylene; tetrahydropyran-2,5-ylene; tetrahydropyran-2,2-ylidene; 1,4,7-trithia-
cyclonon-2,3-ylene; 1,4,7-trithiacyclonon-2,9-ylene; and 1,4,7-trithiacyclonon-2,2-ylidene,



trithiacycl ononane; pyrrolidine; and tetrahydropyran, where the heteroaryl
may be bonded to the d-C6-alkyl via any atomin the ring of the selected
heteroaryl, 15 heterocycl oal kyl enes: sel e¥ted fromthe group conpri sing:

pi per di n- 1, Rrydcengiiil RAE:EH Fof Bre YHENS }%Jar ApYIRGRE: morpholinyl;
1,4- plpera2|n fﬁ -?kgne 1, -Blpefa2|n Zogﬁﬁéﬁg g P*ﬁra?&n-mmg()mr

1, 4- pi per aziiperigingl; yl pinerzzinyl4- e xearetyiene | IZHI}BL enle4-pf.DemZIpY1pertetzahmerthI{)pbﬂn&he
1, 4- pi per azj n t hi,op y ne; _ i
tetrahydroﬁhﬁik %ﬁ"%bﬁ eﬁ%ﬁg&”%p BBQ}Q?OtEﬁgﬁﬁéﬁr mgy@?%%%%amﬂ, 14.7.10,13
tetrahydr ofmntamaé’ycﬁapyﬂltedweanyt didr (ﬁkﬂﬁdFthfaWcMe&n{lﬁl— ¥ J4ediera-7-oxa-cyclononanyl; 1,4 7,10-

t et rahydr of ur an- roI|d n- 2 ne, rroI in-3, 4-yle
pyrroli |nt?“§”VVgﬂg%“ﬁﬁﬁrol FWX?WE féﬁé“t ﬁﬁﬁpp y% %%QQWFMWI and’
pyrrol i di n-gkazbiidink@Mere tHe &te?o@élbﬂﬁﬁ@ﬂé@'b@ B6ftiel tdHthy 'c@tﬂﬁbund via any atom in the ring
1,4,7-triazacycl onon-2, 3-ylene; 1,4,7- triazacyclonon-2, 9-yl ene;

1, 4, 7- t ri aPd&iFsrissiehbetergergloals 1) 4. 7-tri azacycl onon- 2, 2-yi i dene;
1,4,8,11-tetraazacycl ot etradec- 1, 4-yl ene;

1,4,8,11-tetraazacycl otetradec-1,8-ylene; 1,4,8,11-tetra-

azacycl ot ethatogens sdeQed framthe gloup comprisingeFr@aBaandd| ot et r adec- 2, 5-yl ene;
1,4,8,11 -tetraazacycl o 25 tetradec-1, 2-yl ene;
1,4,8,11-tetraazacycl ot et radec-2, 2-ylidene; 1,4,7,

10- t et r aaz aaloalkgll edextedlireln th;lgmw ;corthprsing, rhéhot, effi-f ae,m@yehdaphyhimgeﬂaﬂ& ljtlesraad
1,4,7,10-t tragﬁggx;iggﬁdec ,2-ylene; 1,4,7,10-

t et raazacycl'df =2, | ene; 1,4,7,10-tetraazacyc|ododec-2,2-y|idene;
1,4,7,10, 13- pent aazacycl o- pentadec-1, 4- erne

1,4,7,10, 13- pentaazacyclopentadec 1, 7-yl ene; 10, 13- pentaaza%yclopenta-
dec: 2, 3-yI diendohalogen: selscted fﬁ@ﬁlﬁeaﬁﬁww%&ﬁé&r%e§¢?ﬂ OGN, AR

1,4,7,1{ 13- pentaazacyclopentadec 30 2, 2-ylidene;

1, 4-di aza-7-thi a-cycl onon-1, 4-yl ene; 1, 4di aza-7-t hi a-cycl onon-1, 2-yl ene;
1, 4- di aza- Unlesy |sated3peheowmaﬂze fQHWIBg\erouns ae momeﬁncmgraumwﬂmnthng@w@l glowpe;
1, 4di aza- 7- eﬁhﬁo&yclonon 2,2- ylidene; 1,4-diaza-7-oxacycl onon-1, 4-yl ene;
1, 4-di aza- 7-0xa- cycl onon-1, 2-yl ene; 1, 4- dlaza 7- oxa- cyclonon-2,3-y|ene;
1, 4-di aza- 7- oxa- cycl onon- 6, 8- erne 1, 4-di aza- 7- oxa- cycl onon- 2, 2-yl i dene;

1, 4- di oxan- 6-yl ene; 1, 4-di oxan-2, 2-ylidene;
tetrahydroﬁ@ﬁiﬂxﬁmémépﬁﬁéwg§§§% ¥hhydr opyr an- 2, 6-yl ene:

t et rahygly opyr an- 2, 5- erne tetrahydropyran-2, 2-ylidene; 1,4,7-trithia-
cycl onon- 2, 3- erne 1,4, 7-trithiacycl onon- 2, | ene; and

O-
14, 7-tr1 ¢ HpedshainaieRs: Ehear gad hyenvhed CoCl hltodr mseab b6t alkdel ect ed from t he

group conprising: pyrrolinyl; pyrrolidinyl; norpholinyl; piperidinyl;
pi per azi nyl ; hexanet hyl ene inine; 1, 4- pi per azi nyl ; tetrahydrothiophenyl;
t et r ahydr opjkeanlyC3-Co;atkeriylt ri azacycl ononanyl ; 1, 4,8, 11
-tetraazacycl ot etradecanyl; 1,4,7,10,13- pentaazacycl opentadecanyl ;
1, 4-di aza- 7-t hi acycl ononanyl ; 1, 4-di aza- 7- oxa-cycl ononanyl; 1,4,7, 10

25  cycloalkyl: C6-C8-~cycloalkyl,

alkoxy: Cl-C4-alkoxy,

long-chain alkoxy: linear and branched C5-C10 alkoxy, preferably linear C6-C8 alkoxy,

30
alkylene: selected from the group comprising: methylene; 1,2-ethylene; 1,3-propylene; butan-2-ol-
1,4-diyl; 1,4-butylene; cyclohexane-1,1-diyl; cyclohexane-1,2-diyl; cyclohexane-1,4-diyl;
cyclopentane-1,1-diyl; and cyclopentane-1,2-diyl,

35 aryl: selected from the group comprising: phenyl; biphenyl; naphthalenyl; anthracenyl; and
phenanthrenyl, .



I

5 tetraazacycl ododecanyl; 1, 4-dioxanyl; 1,4,7-trithiacyclononanyl;

t et rahydropyranyl; and oxazolidinyl, where the heterocycloal kyl nmay be
bonded to the conpound via any atomin the ring of the selected

het erocycl oal kyl, hal ogen: selected fromfhe group conprrsrng F, d; Br and
I, 10 hal oal kyl: selected fromthe group conprising nono-, di-, tr|- pol y-
and per hal ogeieae: eetléciedefpmaths gioRm rromeTSITE: - G2-phényiene; ﬂ)éélh@é)r}r@leodénph%)é?@ct ed

fromthe gr AN,

st at ed othe?%ﬁ?@ﬂﬁﬁﬁgﬁ?dlf4&%ﬁgd§§%%mé’argpﬁgggwpre?erre i 21-(%_)g}lﬂ%'tﬁnn t he
gener al group defrnrtrons al kyl: I'inear and branched C1- CB aIkyI 20
Iong-chain | k Irne and hranched C5:-Cl10 al. er abl - C8
[ongychain, gLl Sieol St 200 01 30EhEd Rl Skl BUSL G ORED,
a-c- algoxy, | ong-chai n al koxy: linear and branched C5 Cl O al koxy,

preferably |inear al koxy 30 al kyl en selected fromthe group
conpri si ng: DHRgeR; Eﬁ@‘({:%fméh%gﬁgﬂ Eprisipg: ?rﬁfl‘g moRePrelstAbRBr2- ol - 1, 4-diyl ;
1, 4- butyl ene; cyclohexane 1, 1-diyl; cyclohexane 1, 2-diyl;

cycl ohexane-1, 4-diyl ; cyclopentane- 1, 1 -diyl; and cyclopentane 1, 2-diyl,

35 aryl: s ebrxpreférred erbadieeng pf)thplrw@im@m th¢ atdeasiye myipphens gemptive; comapms pleashy | ;
ant hracenyl . BQQF Ant 0- arylene: selected fromthe group
conpri si ng: Tﬂgggﬂeny enég %Qétm%g%ylene 1, 4- phenyl ene;

1, 2- naph0hal enyl ene; 1, 4- napht hal enyl ene; 2, 3- napht hal enyl ene and 1

-hydroxy-2,6-pheny|ene, het er oaryl ene: t |ophene, pyrrol e, pyridine,
pyridazi ne, pyrimdine, indole, thienothigphene, 5

where R is selected from the group comprising hydrogen, hydroxyl, halogen, pseudohalogen,
formyl, carboxyl and/or carbonyl derivatives, alkyl, long-chain alkyl, alkoxy, long-chain alkoxy,

15 cycloalkyl, haloalkyl, aryl, arylene, haloaryl, heteroaryl, heteroarylene, heterocycloalkylene,
heterocycloalkyl, haloheteroaryl, alkenyl, haloalkenyl, alkynyl, haloalkynyl, keto, ketoaryl,
haloketoaryl, ketoheteroaryl, ketoalkyl, haloketoalkyl, ketoalkenyl, haloketoalkenyl, phosphoalkyl,
phosphonates, phosphates, phosphine, phosphine oxide, phosphoryl, phosphoaryl, sulphonyl,
sulphoalkyl, sulphoarenyl, sulphonate, sulphate, sulphone, amine, polyether, silylalkyl,

20  silylalkyloxy, where, in the case of suitable radicals, one or more nonadjacent CH, groups may
independently be replaced by -O-, -S-, -NH-, -NR-, -SiRR-~, -CO-, -COO-, -OCO-, -OCO-0O-, -SO,-,
-S-CO-, -CO-S-, -CY'=CY? or -C=C-, and in such a way that oxygen and/or sulphur atoms are not
bonded directly to one another (terminal CH; groups are interpreted as CH, groups in the sense of
CH,-H)

25
and where X and X’ are each independently a leaving group, preferably halogen, more preferably

Cl, Br or I and especially preferably Br.

In a preferred embodiment of the present invention, the first and/or the second solution comprises
a solvent selected from the group of aliphatic hydrocarbons, for example alkanes, especially
30 pentane, hexane, cyclohexane or heptane, unsubstituted or substituted aromatic hydrocarbons, for
example benzene, toluene and xylenes, and compounds containing ether groups, for example
diethyl ether, tert-butyl methyl ether, dibutyl ether, amyl ethers, dioxane and tetrahydrofuran

(THF), and solvent mixtures of the aforementioned groups.



hal ogen: selected fromthe group conprising: Br and C, nore preferably Br.
In a preferred enbodi nent of the invention, the at |east one thiophene
derivative conprises at |east one conpoujd of the general fornmula: 10 R X,
where R is selected fromthe group conprising hydrogen, hydroxyl, hal ogen,
pseudohal ogerthe prmyswbordma tdoidix jliveraivd/ mfetcachi@ giykn @emineaolwmwhiah ¢optajn ether

| ong-chain a 1 C

aryl aryl e oS psfitt pREFIECS S P RAE HoBRT Vi e MR PRy e

het er ocycl Qﬁéﬂmyéd, foh mhxﬁehaisemhmy lexan@ﬂdselﬂ)ﬂe ,prd%adt dlektdonytb ,us@.ﬂxﬂ@ﬁw Qf two or more

hal oal kynyl eto, keto I hal oket oaryl, ketoheterqar e

nal okt oa Kk Suiod T lveat BRCPGaP R PO THO I ARRHES of i S hHabee
phosphats s, soe@s pkidN&ith pﬁ@&p&mw Qan@Xa[Rhes, PIod SGARPY! hexahO (RR0MaYple Hebdah any! ,
sul phoal kyl, sul phoare sul phagnat e, sulphate sul phone, am ne, golyether,
si 'yl al kyl ,coppnesgially aaiuléiéleéwtwwpé slarting aterials suchas greanqrnatallis eompqpndsh Wit isne

0 rNH-m)r € Ngo rlﬂﬁ!b%? H{[th%t&[ 9H9§ 1n081¥10n LAG Hﬁ:@gg@ﬁtl fﬁe Q(ﬁvén?smr @%%xmes 'tl@reof ar§
-CY' =CYZ orselecle@:suchaﬂxat the @mhe@ dvalyattvnamsedxgrg@n mhme@zatm’rapthmr manomm are

not - bonded, t Lt hiksohBa 3 G E@rstzgh 10 GUHE Rikup! It SEREGLRE 2

CHZ groups he sense o ere are

i ndepentkentdliphaiclhgdrotanopng swohpas n:aﬁlgfeeafaﬂﬂr;delaad d‘@(ﬁnfonﬁDre preferabl y d, Br
or | and especially preferably Br. In a preferred enbodi nent of the present
I nvention, the first and/or the second solution conprises a solvent

sel ected fram bf&@erﬁzﬂodiﬁboﬁfmeﬂ{ PRt hocdly AeREARP @NShe fnREntRXATRI Bactibik aN esded
especially 30 pentane, hexane, cyclohexane or heptane, unsubstituted or

subst i t ut ed"&eBrhse’ )@YW@‘P%éé?b’ﬁfeh’@ngﬁ@?’e%i@a% PelyBHzasRR solpen, aiséerabiyandlidnes,

and CO”DOUr‘ﬂ&)hspﬂlbﬁ'ﬁ?émbl?%hﬁﬁolgf RAERShol, st ﬁé@%iy@netl%@lt hyl ether,
tert-butyl nethyl ether, dibutyl ether, anyl ethéers, di oxane and

t et r ahyb of ur an (TIFF'), and solvent mxtures of the aforenentioned groups.

-11-Int hel"}ﬁ)er\gorgés1s‘f’1ecff%9tte?ii| gpgergtﬁy tor}) q‘llteHrYgletf ¢! pregpl?gteedr 5io&&t, I@asﬁil Y G i1 ng

sol vents which" cort
precipitant and then taking it up in a solvent.

Alternatively and likewise preferably, a purification can be effected in a Soxhlet, in which case

20  preference is given to using nonpolar solvents, for example hexane, as the extractant.

In a preferred embodiment of the invention, the process is used to prepare copolymers and/or block

polymers.

25  For the preparation of copolymers and/or block polymers, but also for larger homogeneous
polymers, in a preferred embodiment of the invention, first the first and second solution are reacted
in the process according to the invention, then at least one further solution consisting of
polymerization-active thiophene monomer and/or two solutions comnsisting of a) at least one
thiophene monomer with two leaving groups and b) a metal or an organometallic compound are

30 metered in with the purpose of chain extension on the basis of the same thiophene derivative

and/or of at least one other thiophene derivative to prepare block copolymers or copolymers.
The process according to the invention serves to prepare poly- and oligothiophenes.
Preference is given to the preparation of degrees of polymerization or numbers of repeat units n in

35  the chain of > 2 to < 5000, especially of > 5 to <2500, more preferably of > 100 to < 1000.

Depending on the molecular weight of the monomeric thiophene derivative, the molecular weight



)

groups. Very particular preference is given to tetrahydrofuran. However, it
is al so possible and preferred for nunerous working exanples of the present
invention to use mxtures of two or nore of these solvents as the solvent.
For exanple, it is possible to use m xtures. of the tetrahydrofuran 5 sol vent
used with preference and al kanes, for exanple hexane (for exanple present in
commer ci al | 1 2Ve0 wbf 80G¢I0upiefmablp > 200G te <HG0 ALQ, emoralpsefenably 2a&000 to < 80 000,

or ganonet al lSP?%%W%éB iklo\%ﬁﬂ%%ooé ortant in the context of the

invention is IvVent he solvents or the mxtures thereof are
sel ected such that the thlophene derivatives used or the

pol yneri zat active, rs are r.esent orm i st
ol e ron - A &5 pha e BPEerageRR BY R JGERARl of Gt Rayifn £ 2h

hydr ocar pons 26 dhora& uis, pydf@ndy et mblsde B0 pedraslpbor Mod§) a preferred
enbodi ment of the process according to the invention, the reaction is ended
("quenched") by adding a hydrolyzing solvent to the polynerization solution,

preferably anogtdfdted igth GHRAY molERI& Wit afsﬁti@hﬁroﬁiﬁam 9$1y<9§pepea& haRQPDI BPST 1o
preferably nmethanol. 15 The workup is effected %referab y by filtering off

t he precipi ﬁétl@dfe{:abb'cﬁﬂ,lﬁ2 westireigrably RRIEH ktee 1. or eci pi t ant and then taking
it upin a solvent. Alternatively and |ikew se preferably, a purification
can be effected in a Soxhlet, in which case 20 preference is given to using
nonpol ano soflie polymefso and xdigphers hex@ne, basthe hgo@xd rasc tadditionallp raotzpuief mr mady

and or bl ock I BTHBIE Besgisen F ¥ GFER Bkt BRTGv Mooy b 2 W AR ot B

pol ymers, bugsuBdtiioh 8ites! far ffdtioNAFRGRE 60¢h3-cafiithg/i@Bdtidns. i N a preferred
enbodi nrent of the invention, first the first and second solution are reacted

in the process according to the invention, then at |east one further

sol ution copgi $hidAGre@femtB@IAEDS #RHr&RAEHRdnYi6n, [ dHeP BAERRiEPME rH%[ynﬁHQz(tBB Bul\o
solutions consisting of a) at |east one thi ophene nononer with two | eaving

groups ahd befora thewarkupr(esacialhyy e overching), cre@@ﬁlpmﬁﬁﬁecmdewmaﬁblpmgl demivabiive h

t he purpose i t ive
e e e
copol ynmer s havingombt gmrdca/ing'@nwpmrcfcxably passessesh nglcalowhlbiecanrbcefnmdtional'seﬂ foethert 0
prepare poly-_and oli.gothi ophene Pr ef j S given to the preparation of
eoraes of BBl 4 SopeaioR, whieh o GrarE aplefis? 16, o srolf RIS,
2 to <_ 500phossimpse phdsphaé, phdsphife, <phbofiine Ride, PhespRED| yhodfhoaryl, O8ulfHRng,
1000. 20  sulphoalkyl, sulphoarenyl, sulphonate, sulphate, sulphone or mixtures thereof. This has been found

to be advantageous for many applications of the present invention.

Temperatures suitable for the performance of the process according to the invention are, in a
preferred embodiment of the invention, in the range of > +20 to < +200°C, preferably in the range

25  of>+60 to <+160°C and especially > +80 to <+140°C.

In a preferred embodiment of the invention, the reaction is effected at elevated pressures,
preferably at > 1-< 30 bar, especially at > 2-< 15 bar and more preferably in the range of > 4-< 10
bar.

30
The process according to the invention is notable, in particular, in many applications, for the
possibility of controlled establishment of a desired mean chain length, and also for the preparation

of products with a narrow molecular weight distribution.

35 The invention likewise provides the oligothiophenes obtained by the process according to the

invention.



Dependi ng on the nol ecul ar wei ght of the nononeric thiophene derivative, the
nol ecul ar weight ---------- -12- is > 1000 to _< 300 000, preferably >2000
to < 100 000, nore preferably > 5000 to <480 000, especially preferably >
10 000 to <_ 60 000. In the case of oligothiophenes, preference is given to
t he pr epar atheozfoementivaed corepagehts tovibt husedl tn &comlancd wittP thenovantien, andialss,those
preferably of. > 3to,. < 10, .nore preferabl f> 4 to< 8. A so preferred, is a
Pt ow ot <gtire? SEpg bR Rl FeRtE st pbi Sl e R bk Shped 1
toI <_ 3, paéoaﬁig;rabinynﬁﬁh‘alqeﬂxticsmgﬁl tlaﬁejicﬁr adzlon, mnymastéqlllqr@xceipfidnay conligiloime_
pol ymers and ol i gomers .prepare t rocess are additigna .notable, in
many erbodiiFfiahe ?%F“&h@ﬁﬁ?oé‘j‘@ﬂ%’é"‘dge griLoe cairpe a@akﬁdﬁ@%%ra 2R t he
chain emgd, which can serve later as substitution sites for
functionalizations or end-capping reactions. For a preferred enbodi nent of

t he presentFurthgiedetailsfeatarrs and aduafageniolihe subiscimationat the inversipnisrg evident iy tee
the workup (SSRRELAY {”r?{mtﬂn:ede %ﬂ&l‘mﬂé follbWAAE Wofkihg exaRbib Shicdolwsh @ thi ophene
derivative having only one avi ng group. This can achieve a so-called

end- cappi ng. The thi ophene derivative having only one |eaving group
preferably possesses a radical which can be functionalized further,
preferably in the 5 position, which is preferably selected fromthe group of
phosphoal kyl , phosphonat e, phosphate, phosphi ne, phosphi ne oxi de,
phosphoryl, phosphoaryl, sul phonyl, 20 sul phoal kyl, sul phoarenyl,

sul phonat e, sul phate, sul phone or m xtures thereof. This has been found to
be advantageous for many applications of the present invention. Tenperatures
suitable for the perfornmance of the process according to the invention are,
in a preferred enbodi ment of the invention, in the range of >+20 to <+200C,
preferably in the range 25 of > +60 to <+160C and especially > +80 to
<+140C. In a preferred enbodi nrent of the invention, the reaction is effected
at elevated pressures, preferably at > 1-< 30 bar, especially at > 2-< 15
bar and nore preferably in the range of > 4- < 10 bar. 30 The process
according to the invention is notable, in particular, in many applications,
for the possibility of controlled establishnent of a desired nean chain

| ength, and al so for the preparation



S S

of products with a narrow nol ecul ar wei ght distribution. 35 The invention

| i kewi se provides the oligothi ophenes obtai ned by the process according to .
the invention. 13- The aforenentioned conponents to be used in accordance
with the invention, and al so those clai opgl. and those described in the
wor ki ng exanpl es, are not subject, in terns of their size, shape

confi gur at | &xamplgtlerj al sel ection and technical design, to any particul ar
exceptional conditions, such that the selection criterion known in the
field of use can be applied without restriction. 5 Further details, features
and advant afeanpé 1 slhwldslw)}nécttstoMpmrelw ikbistratliwly' and @n¢si oh censetutpany egstrickiomod thbie
subcl ai s ang fEP”‘HF% qg%crh%%w ul Bﬁ clalIIovmng wor ki ng exanpl e whi ch
fol |l ows. -13‘5%&§Wﬁ}8 ps%aﬂ?’ be'tfder st ood purely illustratively
and doessnot constitute any restriction of the present invention, whichis
defined pure by the.clains. 5 Preparati on of the organomagnesi um

t hi ophene: %' “?WPQE&ﬁQGQnTW§§ ‘@%@F%E@ﬁ with a stirrer bar and a refl ux
condenser is initially charged with 46 m of ethyl magnesi um brom de

sol ution (1M 150TRreé-héck ok euigped FitR a@dﬁi&d)axl&dga I(eﬂ@x Eﬁi‘ﬁéﬂsexoifs 1n1t1a11y charged with
2, 5-di br ono- 3- hexyl t hi ophene, di ssol ved in

t enper at ur e 40 Kf &thylmagpggium bropydeselitien AN, J@d@saeluyﬁ% ﬁﬁe’zaéfi% b5 g (dfgmol) of

three- neck E'sélﬁé?omgg%i?ﬁ }%x{e,hdl%oﬁz%& fnrs%l Mmﬂmo&nﬁé?ﬁde%ﬁ%ﬂ%%ﬁ& i's
initially charged with 5 Ni (dppp) C12 in of THF. To thrs

m xture is netered the solutlon prepared under a) V|a a droppi ng funnel
under réf| uk) $eapgrmiinuoug galymelizetiph 30 nin. After the netered addition has
ended, the reaction solution is stirred under reflux for a further 1 h. 15

To en d the 31%6 ttﬁrgé" eck Qlagéo 8(91 nqu& }J}ﬂ QQL i C?l?lr &x{iﬂedrl‘eﬁ’lg(dc%gden-ggels %ﬁﬁeﬁf}’ c%&g&%vﬂﬁ Ion

is then adde out he precipitate
filtered of 24%mg oﬁ\Hf(hmqb)(\?\lt {rh6 mb o BB To thisinsxturesis freteravivtbel sdjuyuoan p‘rcpateldemder a)

55 o of porgrcrorti By B reRe ST ik AT bRilp 505,

ended, the reaction solution is stirred under reflux for a further 1 h.

15 To end the reaction, 50 ml of methanol are then added. The reaction solution is then added to
about 200 ml of methanol. The precipitated polymer is filtered off and washed with methanol. This

is followed by a further purification of the polymer by means of a Soxhlet extraction with hexane.
5.8 g of polymer are obtained from the polymerization (yield approx. 75%).
Molar mass (Mn) = 12 600

20  Weight-average molar mass (Mw) =22 200

PDI=1.76



Mol ar mass (Wnh) = 12 600 20 Wei ght-average nolar mass (Mvy) = 22 200 PD =
1:76 15 - Cdains 1. Process for polynerization, usable on the industrial
scale, of at |east one thiophene derivatjsve havi ng at | east two | eaving
groups, the polynerization proceeding by means of 5 an organonetallic

t hi ophene c@lmuind and of at | east one catalyst, characterized in that a
first solution which conprises the at | east one organonetal lic thiophene
conpound is netered into a second solution which conprises the at | east one
cat al yst, where Prhess pal ymhexﬁraﬁmenisalﬂet iof rthel exidusteidl Ebﬁlet lo€ ac deaste e thidpheheOf
the two sol utio(? 00% convers is > ht. 10 2. Proces

a S0 3
according to d af$vave %‘P%Iatnle‘fsﬁg”oc ?1‘6 FPHS; BAPY ‘H@ 187 Broncsiise by means o

t hi ophene  conpoinstgdndmefaRiclthibgifens ednfolifaridSof 2t 186 Bie WeilBH ichard cteRECAGR $iat
according to Caim1 or 2, wherein the volune ratio (in 1/1) of the first
and of the 15 se8fhaolyéanvhigh comprisegthe af dpast opg-organgmetaliip dhigrheng eqsmmarndyist o
any one of d ai i i t

f| rst solution P@etgrggg&éf ul gﬁfg&gﬁée}pgg}ggﬁ%h@gfhtt?%ﬁ{ }ésﬁﬁstZ(;(%{enca%{:mhl\/féq%e
'reac,w nm k mpRlsgtegencentratigthdefinelt bysths @ngentratien Bf dhed twv,selations, (at i1§0%he
vol ume, "A, eaca; "Onvergw%eggs Chag@‘? surface, of the vessel in which the
reaction takes place 5 S according to any one of Clains 1 to 4,
charact&rized in that the at | east one thi ophene derivative cont a| ns at

| east one | eavi selected fro rou ens S,
sul phonat esf andn%iogef% Prifgto Caaimg, & 8r§"§”‘g ’f‘?ﬂo‘f %ﬁ%r%ﬂ%n%#fl €1 to
5, char acterlzedcdlﬂi,oaﬁmhtgetmstlssmﬂbm@>g;o/pb5p§elgh_ 30 the at | east one

t hi ophene derivative are identical. 7. Process according to any one of
Clains 1 to 6, characterized in that the organonetallic

3. Process according to Claim 1 or 2, wherein the volume ratio (in I/l) of the first and of the
15 second solution is > 3:1 to <20:1.
4. Process according to any one of Claims | to 3, wherein the metering time t within which

the first solution is added fully to the second solution is

14 3
20 t 500 Mln reactor """

kmA m2

reactor

where k is > 0.2 to <5 and "V o 1S the volume, "A.,cor” the heat exchange surface, of

the vessel in which the reaction takes place.

25 5. Process according to any one of Claims 1 to 4, characterized in that the at least one
thiophene derivative contains at least one leaving group selected from the group of

halogens, sulphates, sulphonates and diazo groups.

6. Process according to any one of Claims 1 to 5, characterized in that the leaving groups of
30 the at least one thiophene derivative are identical.
7. Process according to any one of Claims 1 to 6, characterized in that the organometallic

thiophene compound contains at least one metal selected from the group of zinc,
magnesium, tin and boron.
35

8. Process according to any one of Claims 1 to 7, characterized in that the at least one



t hi ophene conpound contains at | east one netal selected fromthe group of
zinc, magnesium tin and boron. 35 8. Process according to any one of
Claims 1 to 7, characterized in that the at | east one -16- catal yst
conprises nickel and/or palladium 9. Proggess according to any one of C ains
1 to 8, characterized in that the at |east one thiophene derivative

conpri ses at | easttalysicompmgsouinkt! afd/erpellaggurer al fornmula: 5 R X S X. where R
is selected fromthe group conprising hydrogen, hydroxyl, hal ogen,

pseudohal ogen, fornyl, carboxyl and/or carbonyl derivatives, alkyl,

| ong- chai n &l kyl Procddd3 atdeding ,to laoy@ne ofiChimb kox\8, charadtarzzed yh thahaheoatl leyst ,one

aryl, arylene, hal.oaryl, .heteroaryl et eroaryl ene, . het erocycl oal kyl ene,

et ef ocyel oal kyl TP SR b FPRPTSE RAStore RSN G DF et Ky

hal oal kygyl , keto, ketoaryl, hal oketoaryl, ketoheteroaryl, ketoalkyl,

hal oket oal kyl , ket oal kenyl , hal oket oal kenyl, phosphoal kyl, phosphonates,
phosphat es, phosphi ne, phosphi ne oxi dey phosphoryl, phosphoaryl, sul phonyl,
sul phoal kyl , sul phoarenyl, 15 sul phon sul phate, sul phone, am ne,

pol yet her, silylalkyl, silylalkyl oxy, e, in the case of suitable

radi cal s, one or nore nonadj acent ‘may i ndependently be replaced
by -0-, -S-, -NH, -NR, -SIRR-, -CO, “COO, -0CO, -0CO0O, -S2-, -S-CO,
- C0OS, -CY=CY2 or -C=C-, and in such a way that oxygen and/or sul phur
atons are not bonded directly to one another (term nal CH3 groups are
interpreted as Chhergr Bups sefectee fromo thee rgseupofcomppising)  hydepgoh e edroxyhn dalggenar e
each i ndependent | | o] I ] d
B or 1 and capeticafiaBRh, tndlPUiel SiEtoRlYorh Baae AL, BREVEREN, O
Clains 10to 9, chikoactleng-ceth atkosyatyclohldylathaloglkst ayle ardertealhabhryt,ohgierpagls at

caralysts witn | PRt e Pt b Ghedupof o R B RO, Rhssthom,

alkynyl, haloalkynyl, keto, ketoaryl, haloketoaryl, ketoheteroaryl, ketoalkyl, haloketoalkyl,

ketoalkenyl, haloketoalkenyl, phosphoalkyl, phosphonates, phosphates, phosphine,

phosphine oxide, phosphoryl, phosphoaryl, sulphonyl, sulphoalkyl, sulphoarenyl,
15 sulphonate, sulphate, sulphone, amine, polyether, silylalkyl, silylalkyloxy, where, in the

case of suitable radicals, one or more nonadjacent CH, groups may independently be

replaced by -O-, -S-, -NH-, -NR-, -SiRR~, -CO-, -COO-, -OCO-, -OC0O-0-, -SO,-, -S-CO-, -

CO-S-, -CY'=CY? or -C=C-, and in such a way that oxygen and/or sulphur atoms are not

bonded directly to one another (terminal CHj; groups are interpreted as CH, groups in the
20 sense of CH;-H)

and where X and X’ are each independently a leaving group, preferably halogen, more

preferably Cl, Br or I and especially preferably Br.

25 10. Process according to any one of Claims 1 to 9, characterized in that the at least one
catalyst comprises at least one compound selected from the group of nickel and palladium
catalysts with ligands selected from the group of tri-tert-butylphosphine,
triadamantylphosphine, 1,3-bis(2,4,6-trimethylphenyl)imidazolidinium chloride, 1,3-
bis(2,6-diisopropylphenyl)imidazolidinium chloride or 1,3-diadamantylimidazolidinium

30 chloride or mixtures thereof; bis(triphenylphosphino)palladium dichloride (Pd(PPh;)Cl,),
palladium(Il) acetate (Pd(OAc),), tetrakis(triphenylphosphine)palladium (Pd(PPhs),),
tetrakis(triphenylphosphine)nickel (Ni(PPhs),), nickel(Il) acetylacetonate Ni(acac),,
dichloro(2,2"-bipyridine)nickel, ~dibromobis(triphenylphosphine)nickel (Ni(PPh;),Br;),
bis(diphenylphosphino)propanenickel dichloride (Ni(dppp)Cl,) or



tri adamant yl phosphi ne, 1, 3-bis(2,4,6-trinethyl phenyl)im dazolidinium
chloride, 1,3- bis(2,6-diisopropylphenyl)imdazolidiniumchloride or

1, 3-di adamant yl i m dazol i di ni um 30 chl ori_dlfj or mxtures thereof;

bi s(tri phenyl phosphi no) pal | adi um di chl ori de (Pd(PPh3)C12), palladiun(ll)
acet at e ( Pd( OAc)®y(diphetytphlsphinbyethahenivkblptichiqaidi dNe(dppd) Cla di mint(ré&dhd?edf3) 4) ,
tetraki s(tri phenyl phosphi ne)ni ckel (N (PPh3)4), nickel (Il) acetyl acetonate
Ni (acac) 2, dichloro(2,2'-bipyridine)nickel,

di br onobi s(f1r i phabyds$ hewrding) €9 r&hﬁlﬂﬂb dfNE1iRBN3)2 B0 2which is performed at >+20 to

bi s(di phenyl phosphi no) propaneni ckel dichloride (N (dppp)Cl2) or -17-

bi s(di phenyl phos he2f® T et haneni ckel dichloride N (dppe) C12 or m xtures
thereof.5 11. Process according to any one of Clainms 1 to 10, which is
performed at > + 20 to <+ 200C. 5 12. Process according to any one of
Clains 1 tol21l, Rehéeshaccerdimgtd anyromel oflaims]l-ter 1 B0ovhaelris perf@medbatl>y)-sB9 bast hi ophene
prepared according to any one of Clains | to 12.

13. Poly/oligothiophene prepared according to any one of Claims 1 to 12.





