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

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):
30
R
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For the polymerization, the polymerization in a catalysis cycle is started by the Kumada method
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Journal of Materialfs 10Cheni strN)dpPQ@%z 8(1), p.25-29. However, the
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The polymers are generally obtained in the necessary purity via Soxhlet purifications.

In EP 1 026 138, the reaction is effected in such a way that first (as quantitatively as possible) the
Grignard reaction is prepared and then the thiophene is polymerized with C-C bond formation by

———

adding the nickel catalyst. Similar processes can be found, inter alia, in US 4,521,589 and in
Loewe et. al., Advanced Materials 1999, 11, No. 3, p. 250-253 and Iraqj et al., Journal of Materials
10 Chemistry, 1998, 8(1), p. 25-29.

However, the processes described in EP 1 026 138 and in the further literature are purely _
laboratory processes. For example, in the examples from EP 1 028 1386, the reaction solution has a
conceniration of monomers of about 4-6% by weight and hence a maximum product concentration,
15 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

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

20  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
the complete amounts-in the Grignard synthesis siep 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
25 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
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

30 provide a process which at least partly overcomes the disadvantages mentioned and enables the
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up of preparing polythiophenes |ndustr|ally in a. con5|derably
sinmplified reththenntext 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
thiophene derivatives which are alkyl-substituted, particular preference to 3-alkyl-substituted
thiophene derivatives.

30
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
form an organometallic thiophene compound. Particularly preferred leaving groups are halogens,
sulphates, sulphonates and diazo groups.

35



In the context of the invention, the expression "the pol yner
concentrat i owodﬁ??/h]égmoy the concentration of the two sol uF¢HEE2q084006026
100% conversion)" neans, in particular, the concentration of polyner
which is present at 100% conversion (which.is usually hypothetical in
the specific 20applications), or would be present when the first
so: ution is mddﬁder@mﬁﬁﬁ:}i@ézygf fhe iﬂ?ﬁatﬁ)ﬂ,&ﬁmﬁ 16 odé 'tl'ﬁﬁphe]:cnﬁ’la&fv@ﬁ@moﬂtainﬁ Rieast
pol ynmer concentr.ation define t co ntration o e two .
oIt ons (o HEBSHE B SRy T BesG e b BEE pa gm0k s gemioseletivity of
pref er abl y? thOSG@ynben int hary eppticaiohs dhhetgagepiefidoh. | nvention, the term
"t hi ophene derivative" is understood to nmean both nono-, di- or
pol ysubstituted thi ophene and unsubstituted thi ophene. Preference is
gi ven t o & hilophehendse ipreéiried esbydiiiain ofithe imlektitn; Gelkating gioagh, of the at least one
particul ar qﬁpﬁ%rg¥cgmtg 31%I§¥L-substituted t hi ophene derivati ves.
In the conteXtror: therpr 8S& P hvention, the term"leaving group” is
under st ood especially to nean any group which is capable of reacting
by neans of .a petal or organonetal | i.c conmpound to.form.an 0 s
or ganonet al I ctg%ﬁ?%%xheorggtg% VT = tﬂ}ec%‘fnér PSRl  BigPhoa%, gpHpeund” is
groups are haliogedds meal phaiadlg p coupgphdinatids aaiedst dhamealgrboptond te ofe of the
In a preferr I . Of iLnvention, the at |east one
t hi opheﬁl]ie0 dé’rgﬁ%erg{{?rgsgdnﬁ%golﬁeggg%er?cgglgfw{%ﬂt'di fferent | eaving groups.
This can be useful for the achievenment of a better reg,ioselectivity
of,-the poly .0 i I, ORS: i ntion. 5ln.a
aI(t ernati venigl[f3 (taéfngr E%g%g%ngg%icﬁg (%ugg‘f 153'&%&%?%\93%% ?%g%s;p‘!tc%éﬁfaegr\%?rﬁ’ﬁq Blf;?ﬂbcuaﬁ L-
of the at | ewetdl cmeundhi ophene derivative are identical. In the
context of the present invention, the term"organonetallic thiophene
conpound” i s understood to nmean especially a conpound in which at
| east onleé miretreg arckbnvigem the mblee endrgampmetalie didpbene spoppsndare tihemagnesium,
t hi ophene hegLgrRE¥ahe 1i § pBhRd S that i€ hilPwiR y_}ﬂe :
~ts- under st ood to nean“esgec+a+ly aﬁB§?§§ﬁ§ﬁ§§§9??g¥§E§£ ;ﬁ%fgﬁH%%QQ%mn
conpound. 13PeEarIP &t cAwtthat Srerracess accoraedq the Enentiop precesdsgaicheineglvsnent of
t hi ophene CREREURNAR hdu is BERES sdihed yomh@g?& ROLARing Mopk MBOUBELE; or
out that borgn is |Iikew se considered as a ne aF w thin f%e pr esént
i nvention. FYREhEEde that the process according to the invention
proceedowi th t he invol venent of boron, the |eaving group is

preferably selected fromthe group conprising MgBr, Myl, MCl, Li or
m xt ures t hafggreanometallic compounds which are used in the process according to the invention are

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

25  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.

30 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.

35

More preferably, the at least one catalyst comprises at least one compound selected from the group
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20 The concentration of the organometallic thiophene compound in the first solution is > 8% by

weight, more preferably > 10% by weight and most preferably > 12% by weight.

In a preferred embodiment of the present invention, the volume ratio (in /1) of the first and second

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

25
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,

30

The volume ratio (in I/I) 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

35  fully to the second solution) is
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t hi ophene ¢ j he first solution is > 6% by wei ght. Thi

been “f ound f@%@%ﬁh‘i ageous in nmany applications of the B?Q@B%ROS/OOGOZG
irnvention. 20 The concentration of the organonetal lic thiophene
conpound in the first solution is > 8% by7wei ght, nore preferably?

10% by wei ght and nost preferably ? 12% by weight. In a preferred
enbodi ment of the present inventi on,SOg%nvq} ume,patio (in 1/1) of the
first and second solution is > 3:4= Gj?"iz-gflnthls way, it is
surprisingly possible once again to {‘npfove4de™ eaction in many
applications of the present invention, while at the sane tine the

nol ecul ar wei ght -distribution of the resulting poly- or
ol i got hi opheties ¥ éraf-Ade g peirahn= 1 hecd, mretmeferpbim lbiol 5 3. yVm‘cmr means the

i ncreasi ng tRRRDIAESU! A6 niRE:IMnge 30:, THe Ve@éegﬁ%hqcﬁrtﬂe%a(:h& 1 %51 & the

first and of the second solution is prefera

preferabl5y>51to<101 -7- - 500 MnV* reactor in3t k
i NAreact or i Hé@@é’eﬁ f&nﬁ% B aQw%tathbué@)r nﬁﬁfiﬁﬁ@al%ﬁé »ﬁth?n ﬁn@pésf}:nt Iﬁ&'{nﬁom ince
preferably > 1 to . "Vmactor" means the volune, "Areacm at

exchange ar &%, fe%fflort P?@ thus e epuduptedyRite pren etter eenee) Breforearecis Eivbmioaising a stired
This has beemxhsantistambe ageddtadiagarus:.f or many applications within
the present invention, since the reaction can thus be conducted with
even better control. Preference is given to using a stirred tank

appar at us WdeherdraHPREhitibdt Withef tha Revdtiptibn 2O GRNESAY, BdeRl E‘roups, for example:

definitions: VYt in the descr% tion_and _the cl ains genera Prou ps,
fdr exanpl e: alkyl, atkoxy, aryl, ete., are claimed and described. Unless stated otherwise, the following groups

within the groups described in general are used with preference in the context of the present

invention:

15  alkyl: linear and branched C1-C8-alkyls,  _
long-chain alkyls: linear and branched C5-C20 alkyls,
alkenyl: C2-C8-alkenyl,

20
cycloalkyl: C3-C8-cycloalkyl,

' alkoxy: C1-Cé-alkoxy,

25 long-chain alkoxy: linear and branched C5-C20 alkoxy,
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-o0l-1,4-diyl; propan-2-ol-1,3-diyl; 1,4-butylene; cyclohexane-1,1-diyl;

30 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,

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

35  arylene: selected from the group comprising: 1,2-phenylene; 1,3- phenylene; 1,4-phenylene;



<

al kyl, al ko are clained and described. Unless stated
‘ot herwi se, &&82%%13 ng groups within the groups descri be%Ff"ﬁonogmom%

general are used with preference in the context of the present
invention: 15 alkyl: linear and branche&-Cl -C8-al kyls, _ |ong-chain

al kyl's: linear and branched C5-C20 al kyls, alkenyl: C2-C8-al kenyl, 20
cycl oal kyl : 1C8mﬁ&h:ﬁwlenal i &ydphthﬂbdytmg/ 1@1apﬁiﬁalaiytéﬁe§ﬁ,3 ﬁ@hthﬂﬂg}eﬁ&all-@droxy-

al koxy: lin ran | ene: cte from
t he group c?g ! qene’ ! %foﬁ%zeﬁ)hew%fe ﬁ%@%%é Rg%ﬂ&’iel’ﬁ‘ﬂdzlﬁ'@’ OXY' 6-phenylene,
1, 1- propyl i dene; 1, 2 propylene 1, 3- propyl ene; 2, 2- propylldene

01-1, 3- d 1 t
2 ;E: ?g h (23x gﬁe %iéTgﬁy ]yflegtgtg E]I aﬁe‘%’f e ?yaﬁ@%f d%@ﬁ“éd%g L 11’3’?28%3@7 friazolyl;
cycl ohexa@ne-piri dhzu,tyly 1t, Si;yma@inﬁnt @mxﬁyl,l-lchqyxmolmgy C lopeaiingl) e indida2elgli; Y dyrazolyl;
ol ecul ar - weraagah Mg REtleig RhE b R BB Bach addschucy,

nmol ecul ar welg
1, 3- napht haIVélnlyIthenbeterqam -y ietHoaded iy trermemp@ind vizagah talvad mnld impeof the selected
1- hydroxy2, 3-0h 121‘/' ene; 1-hydroxy-2, 4-phenyl ene;
1- hydr oxy- 2, £ p hylene and 1-hydroxy-2,6-pheny|enez heteroaryl:
sel ected fromthe group conpri sing: pyri di nyI pyri m dinyl;

razi ny, ; y a
Py 1|0 tthla-l% eXJs e[lé:teg fré)rgatﬁé ZOP a%mﬁns@ wglpe%}ly% %ZIO%H%# alzo?évflzodwl

i soqui nol'i ny I noxalinyl; 1Tmd
thi azol yl; G)tfa@dﬁld!}'éi|Wplﬁd1plyp)rreﬂugpﬁly1 tl'hnpbphémy lar;d 1madatréfzic}ﬂ yiherei thﬂj!@teydarylene

ST Lo bbby BN I R kB SN,
Vit a a
Y especially preferredgare pyridine-2,3-diyl; pyridine-2,4-diyl; pyndme-z S-diyl; pyridine-2,6-diyl;

pyridine-3,4-diyl; pyridine-3,5-diyl; quinoline-2,3-diyl; quinoline-2,4-diyl; quinoline-2,8-diyl;

15  isoquinoline-1,3-diyl; isoquinoh'ne-I 4-d1'y1' pyrazole-1 3-d1'y1' pyrazole-3, S-diyl' friazole-3 S-diyl'
é: meljcs-;heterocycIoallqu, selected fron; tI;e -g—fot:p ::ompmsmg. p1pendmyl, p1pend1ne, 1,4T
piperazine,  telrahydrothiophene;  tetrahydrofuran; 1,4,7-triazacyclononane; 1,4,8,11-
tetraazacyclotetradecane;  1,4,7,10,13-pentaazacyclopentadecane;  1,4-diaza-7-thiacyclononane;

20 1,4-diaza-7-oxa-cyclononane; 1,4,7,10-tetraazacyclododecane; 1,4-dioxane; 1,4,7-
trithiacyclononane; pyrrolidine; and tetrahydropyran, where the heteroaryl may be bonded to the
C1-C6-alkyl via any atom in the ring of the selected heteroaryl,

i heterocycloalkylenes: selected from the group comprising: piperidin-1,2-ylene; piperidin-2,6-
25  ylene; piperidin-4,4-yhidene; 1,4-piperazin-1.4-ylene; 14-piperazin-2,3-ylene; 1,4-piperazin-2,5-
ylene; 1,4-piperazin-2,6-ylene; 1,4-piperazin-1,2-ylene; 1,4-piperazin-1,3-ylene; 1,4-piperazin-1,4-
ylene; tetrahydrothiophen-2,5-ylene; tetrahydrothiophen-3,4-ylene; tetrahydrothiophen-2,3-ylene;
tetrahydrofuran;Z,S-erne; tetrahydrofuran-3,4-ylene; tetrahydrofuran-2,3-ylene; pyrrolidin-2,5-
ylene; pyrmrolidin-3,4-ylene; pyrrolidin-2,3-ylene; pyrrolidin-1,2-ylene; pyrrolidin-1,3-ylene;

30 pymolidin-2,2-ylidene; 1.4,7-triazacyclonon-1,4-ylene; 1,4,7-triazacyclonon-2,3-ylene; 14,7-
triazacyclonon-2,%-vlene; 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;  1,4,8,1 1-tetraazacyclo-
tetradec-1,2-ylene; 1,4,8,11-tetraazacyclotetradec-2,2-ylidene; 1,4,7,10-tetraazacyclododec-1,4-

35 ylene; 14,7,10-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-



=

10het er oaryl gne ted fromthe group conprising: pyrldlned
qurnollnedlyﬁﬂ)%§%§§%ﬁ¢ pyrazol ediyl; triazolediyl; 89?%%@&§ﬂmﬂW6

t-hi ophenedi yl; and |n1dazoled|yl, where the heteroarylene functions

as a bridge in the conmpound via any atom$n the ring of the sel ected
het eroaryk, especially preferred are: pyridine-2,3-diyl;

pyr i gl ne- g 4pedta§l& 14pylesieqli m@; IQ,JSpdiaytﬂa,cycmpEﬂtﬂheﬂe 7811863 dl4yﬂ-1,0 13-pentaazacyclopenta-
pyri di ne- ui.n

yh
qui nol i ne- 2, % (#’fieng’qui hollrael%ém?a %ﬁaw ai%qu&gﬂ’lendi nlé? 1% “PetegEasyclopentadec-
i soqui InoI |3 ne2,Z-yldeok; i B dlqzy-:*?a]mmbﬁﬂohpﬁi diyleite; Iplydlazﬂltlﬁia-aycﬁmd'l yiﬂylene 1,4-diaza-7-
triazol e-3, 5; ol e
i m dazol e- 2, tﬂg§¥&?n° i2h3| y%f)lﬁene lgd%za Fr ‘E%"'BE%@%G &3, §y4dql§ﬁg'thla"°y‘ﬂ°n°n'2 2-

5 Y.lld@le- C8-dired- ébmcycddrrma-lllﬁlgz}dna, selieatlewkadfcydehion-NE-yiph& U -diaza-7-oxa-

conpr|5|ng . eri |ne 4- ot g _ , .
pi perazine,t 18%{1 2? @E’{rﬁi og%ﬁ%ﬁéa? el IE?PbsfSG’FI%’, 1#diaza-7-oxa-cyclonon-2,2-ylidene;
1,4,7-triaz ab‘yd;lbm@cﬁemexei W -Bipdab-2, &mnbaalzmmhamﬂiﬂﬁflﬁGﬁﬂﬁydmpyran-Z,B-ylene;

1,4,7,10, 13- n 4- dla hi ac 0 N
201, 4 az e G A A AR S s e R B B RURERE L8 it
1, 4- di oxane; cyqlom)n%3-11¢net h4&@Iytblh@'nbnm%-ylwrmﬂlll4cﬂi~tnﬂa;acw1xdx0n—2 2-yhdene,
tetrahydﬁppyran where the heteroaryl may be bonded to the
d - C6- al via any atomin the ring of the sel ected heteroaryl,
heterocyclodmkykﬁﬁéﬁwls@k§91é®nfﬂ@nmbhecgmmmpgcmnphmﬂ;ngKMdmﬂ morpholinyl;
plperldln 1 e; di e; n- e e; .
1, (4- pi per azﬁnpexhlﬁﬂ pﬂie&%ﬂd - g}e%“é’?a }eﬁézﬂgﬁg IQ R’%{azﬂ)ﬁ %dtr%}?%mt ey,
yl ene; 1, 4- ﬁ?tﬁb}'dé rﬁnsfz, 6l Wémacyglomanmyberlafzs hl—mtr@za,clydctetradecanyl 1,4,7,10,13-
1, 4- pi per aziBsda Ry MbShGde F-cxa-
tet rahydr ot I‘?I@ré)pherll( b}%ﬂ ?/lcénr‘{g Ipit cigi?z%gzthgﬁfyélfgbna%@]f‘%gaza 7 olxa ??lclononanyl 1,4,7,10-
t et r ahydot H‘?“@fﬁ?@ﬁloéo@cW'enel 4‘@’@¥qﬂahyd]r‘b? MWYQIOI@I’@HYBne’fetrah}’dmpyran}'l and
t et rahydr of %Rﬁ@hcﬁmﬂ \Mleféﬁﬁ‘e nek@ddyabangi &Bys%naad% me%&ﬁpouﬁic}% Ay Wi dneing

—ylawr—pyrrdrd1n— 4-yl-ene;- pyrrolidin-2, 3-yle
pyrrolidin- §3§W§ﬁ@hdﬁ?ﬁﬁﬁﬁ%ﬂrn 1, 3-yl ene: 30pyrroI|d|n 2, 2-ylidene;
1,4,7- trlazacyclonon 1,4-ylene; 1, 4 7-triazacycl onon- 2, 3-yl ene;
1,4,7- tria cl opon- 9 erne 1,4,7- trlazacyclonon 3, 8-yl ene;

“tri az§§9 off ﬁte% {ieieERYR gomprising: F; C1; Br an
1$mtetraazacyc|otetradec 1, 4-yl ene;

,11-tetra cl of etradec- 1, 8-y ene;

C11-t eﬁi laﬁié’i: Biigqn} th group cq;n;i%sxgg.gmn& di-, tri-, poly- and perhalogenated linear and

,11-tebﬁaﬂﬁacyc&akﬁiradec 2, 5-yl ene;

, 11-tetraazacycl ot etradec- 1, 2-yl ene;

, 11-tetraazacycl ot etradec- 2, 2-yl i dene;

, 10- t epscadvhaloynl @itogetord ﬂ&-gmaﬁyd)@ﬂﬁma —CN, -SCN, -OCN, N3, -CNO, -SeCN.
, 1 5tetraazacyclododec 1, 7-yl ene;
, 10-t etraazacycl ododec-1, 2-yl ene; 1,4,7,10-

az acy c edgdetedhtizryike ie; fo]lowmg groups are more preferred groups within the general group
, 10-te g%%;acyclododec 2,2-ylidene; 1,4,7,10, 13-pentaazacycl o-

ent ade Vlene; 1,4,7,10,13- pentaazacyclopentadec 1, 7-yl ene;

, 7,10, 13- pentaazacyclopentadec 2, 3-yl ene;

4
4710 b ik E&g@fﬁl dene:
4-
4-

-

_1_ -
\I\I'O N \I\I\IOOCDODOOOOCD\I

o - _
h”hhbb_—hhbbbh

9

glaza ; Eﬂla cyclonon i 4-yl ene; _ ;

i aza- i.a: opon- , -di aza-.7-

i a- cycl onSRE AL %/{XP'Z eana 3%8‘%4 QE%#%?&QHC@E%BWES Fo628ene;
, 4-di aza-7-t hi a- cyclonon 2 2-

alkenyl: C3-Cé-alkenyl,

PORRRPRR R RRRRRRRRPRRR]
5 - !

35 cycloalkyl: C6-C8-cycloalkyl,



5 ylidene; - di - {-oxacycl onon-1, 4-yl ene;

1, 4- di-aza- 71%r§}aﬁb%fst§ﬂ%n 1, 2-yl ene; PCIT/EP2008/006026
1, 4-di aza- 7- oxacycl onon- 2, 3-yl ene;

1, 4-di aza- 7- oxa- cycl onon- 6, 8-yl ene; -10-

-1, 4-di azag- oxa- cycl onon- 2, 2-yl i dene; 1, 4-di oxan- 2, 3-yl ene;

1, 4- di oxan- 2llexyl@+id:allkbxy- di oxan- 2, 2-yl i dene;

t et rahydr opyran- 2, 3-yl ene; tetrahydropyran-2, 6-yl ene;

t et rahydropyran- 2, 5-yl ene; tetrahydropyran-2, 2-ylidene;

1, 4, 7-t ri t hilangyahkioptkox)? [igeaydnd banclibd £5-7:10 slkixy] mefyabip finsar 26-88 ykene; and
1,4,7-trithiacycl onon-2,2-ylidene, 10 heterocycloallcyl: selected
fromthe group conprising: pyrrolinyl; pyrrolidinyl; norpholinyl;

pi peri di iyl ;alkyieperselzdteyfram the ganp tdyrsing niettiyieas; 1 2-ethyinRarB@bpydene; butan-2-ol-
tetrahydrothi Nyl tetrah furanyl. . 1,4 7-triazacyclononanyl; .
1,4,8, 11-t epftg.% acilllé‘l b F’adég”%’ﬁeyﬁa?e"@?-ﬂ%, eeighpxane T ZT bionexahe-1.4-diy
pent aazacy clcpgenenianels halyl; andicydeomgtnazat.Z-diyhi acycl ononanyl ;

1, 4-di aza- 7- oxa- cycl ononanyl ; 1,4,7,10- 15tetraazacycl ododecanyl ;

1, 4-di oxanyl ; 1,4, 7-trithiacycl ononanyl; tetrahydropyranyl; and

oxazol i di nylaylwkrigctsdtfiran st enoge yotugrisinige yhenpipbifhenylfomgtialényl; t dnehwacenyl; and

conpoundgvi YmRh@min the ring . ._ of the selected
heterocyclog?ﬁgypé ﬁh]ogen: selected fromthe group conprising: F;
C; Br and I, 20 haloallcyl: selected fromthe group conprising

-, di-, hes s - | dy 4 n el . ene:
GG oy i, ALY S8R GHIE| HERRLES, e 0 MEANSL i

-SC11, - OCN1.2N@phtbatyqgiens; SdopphipBnylens; dqapitheicorewstand - dsexy-24 Gughenylene,
foll owi ng groups are nore preferred groups within the general group
definitions: alkyl: linear and branched Cl-C6-alkyl, 30 |ong-chain
al kyl s: i nésfFrogilane fhigrbenecpyesle @yudias pyridazipy, efrinidise. indok, tignahittiess,
al kenyl : C3-C6-al kenyl, 35cycloallcyl: C6-C8-cycloallcyl,

halogen: selected from the group comprising: Br and Cl, more preferably Br.

In a preferred embodiment of the invention, the at least one thiophene derivative comprises at least

20 one compound of the general formula:

where R is selected from the group comprising hydrogen, hydroxyl, halogen, pseudchalogen,
25 formyl, carboxyl and/or carbonyl derivatives, alkyl, long-chain alkyl, alkoxy, long-chain alkoxy,
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,
30  sulphoalkyl, sulphoarenyl, 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-, -§-, -NH~, -NR", -SiR°R®-, -CO-, -CQO-, -OCO-, -OCO-0O-,
~80,-, -8-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 CHy groups are interpreted as CH, groups in the



- 10 - alko 025{)9&3 koxy, |ong-chain al koxy: |inear -and_branched
C5- C10 alkoxVy O P ePibli y 1inear 06-C8 al koxy, 5allcyl ene: PSHERO#A06026
fromthe group conprising: nethylene; 1,2-ethylene; 1, 3-propylene;
butan-2-ol - 1,4-diyl; 1,4-butylene; cyclohexane-1, 1-diyl;

cycl ohexane-1, 2-di y1; cycl ohexane-1, 4-diyl; cycl opentane-1, 1-diyl,

and cycl opent@saef Q2 yl , aryl: selected fromthe group
conprising: phenyl; biphenyl; naphthal enyl; anthracenyl; and 10
phenant hrenyl , arylene: selected fromthe group conprising:

1, 2- phenyl ered wher8 Xpdnd ) laereech iddoferdbraly el ieNRy gloug -pherariili Bdl6yay, | LR preferably
1, 4- napht halcgrﬁ/rlogpg'd eg e%él naéht Qagenyl ene and

1- hydr oxy- 2, 6= pIEnSHRs e bRt @Y B EF yi ene: t hi ophene, pyrrole,

pyridi ne, pyridazine, pyrimdine, indole, thienothiophene, hal ogen:
sel ect ed 3f r dnn pieéerigd onpprdowmpefited prepent Brvestivd, 6k firstmider pe efcenddohuyioBtomprises
In a preferre, I of .t i pvent i. -the at Jeast .on )

t hi ophene der él%vglﬁ)s\%gktgg %}:ni s%églgb SIP ofrf)5§@}ah§%ydéﬂcea%8%smnf%ruﬁ(am%'f aﬁ(ﬁ%es’ especially
gener al f or memizie, heganengpolobexmre o hemidng cirsbsfimipdot substgutal yortatinhydrsdatigns, for
hydr ogen, h I S fo | , .carboxyl

and/ or car b%ﬂ{/nﬁ%yd{é?nizé\}g’t f&g%gh argjl W%?‘l&ﬁg&@%.% %’P{?{/I%g Ak S S for example
| ong- chai n &iekgk gthere yest-osil |meeftly] etierl dibhityt yiher, amyll stheas, \dicaare, anh abtodydrbiran
het er oarpyl , e, heterocycl oal kyl,

hal ohet elpoar(w)?agllgﬁgﬁ%l?ﬁﬁﬁug%%g%gﬁ%ﬁe%kﬁ%%%ﬁ hal oal | cynyl, keto,
ket-oaryl, hal oketoaryl, ketoheteroaryl, ketoallcyl, hal oketoal kyl,

ké | k | 1 e e i whic i
t oal kenyl f, fa}ekat &@&rﬁ‘%glsd pﬂfll RARERD 91%&" L’éﬁﬁé § gﬁgpl% lrﬁgg%ﬂﬁv%ﬁﬁogrlgli:o,mam ether

phosphat es, phos%hi ne,  ph i ne oxi de, phosphoryl, osph
sul phonyl , g@ugsm B oRRFterkp Pre%ﬁpi?ﬁéa}"émiﬂ Eeff@ﬁi pficanatieweven, IltphaltStepossible and
sul phone, agieRred RRhBERBworishd hBb1ECoflthe pRdsbif hiRbheol kPN miMRES Stwd Br more

itabl e radi cal s, one or_nore nonadj acent CH2 groups nay

th f

i nﬁeﬁiﬁﬁéﬁt Pf/t%ff@ splugiss dop splyentofor examgple, it igpossiblpge.use mixtyres of (G etrahydrofuran
—=000=7" - 000sddverit uSA2 with= Srefeietive afdOxiRaries,~ &Y eﬁ%ﬁéq{emu@c{f@r' anthpleNotteh &

a way that ox en nd/. L sul phur_at ons are not bonded direct Ipy Po one

anot her (t e???i‘};geé‘fl a‘% 1815%%“03? of stapfingmstesiple gl s epproppiailipeompgindsle What is

sense of CHimpdjtant in the context of the invention is that the solvent, the solvents or the mixtures thereof are

selected such that the thiophene derivatives used or the polymerization-active monomers are
20 present in dissolved form in the first solution. Also suitable for the workup are halogenated

aliphatic hydrocarbons such as methylene chioride and chloroform.

In a preferred embodiment of the process according to the invention, the reaction is ended
("quenched") by adding a hydrolyzing solvent to the polymerization solution, preferably an alkyl

25 aleohol, more preferably ethanol or methanol, most preferably methanol.

The workup is effected preferably by filtering off the precipitated product, washing it with the

precipitant and then taking it up in a solvent.

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

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,
35

For the preparation of copolymers and/or block polymers, but also for larger homogeneous



<

and where X each independently a | eaving group,_prefe

hal ogen, ‘gggP@%ﬁéﬁ% y a, Br or | and especially prefer a%(EVEQ'OO&’Q?‘%%
a preferred enbodi nent of the present invention, the first and/or the
second sol ution conprises a solvent sel ected from the group of

al i phatic hydrocarbons, for -exanple al kanes, especially pentane,
hexane, cyclpolyexanie acprefdmepbzaht@imanﬂefuﬂmsiﬁ&eht&maeﬂrsnhe Braldai bdeordediuBsoRBichded
hydrocarbons for )¢ Iue n and.conpounds
contai ning € Pt pmgg%g”@corc}m ? fnf’eng Fﬂ’y% gf‘%eorne ri.e"zrl'ﬁf {’}ﬂtt‘%?l SiRg| of
et her, di butwlymemiaemn,-acaw ithmahhermnodhnxm mobotuebﬂsaébyldxtmgwfau) aiOeast one
(THF), and f the afore ti

process accglg!&p\ﬁg& Tgﬂoﬁe | nvenlteavmr% EOPefer W nac%e ?elsor ’i’\c/)ré nofn(? ﬂlg cﬁﬁpound are
sol vent s 5wh inwtpred@ntvathnﬂlephrepseguf@hps ext‘eferoyr qnathe: basisl ca”rthmaefeethlepneee H&ivative
given to te y. al so and preferred
for numer ou%ﬁcg%roggtqéawﬁg bthm%%lfé w?n%atwg g neiparelrgige hEP oﬁmfrgo (.pgglymers.

m xtures of two or nore 15 of these solvents as the solvent. For

exanpl e, t t he L et uran

sol Verit use[?ﬂép'@\r@e%idcp&%a%% t%slg eghgz}nglrv ﬁ%ﬁg'lref’are pohf éaﬁénroﬁmes hexane
(for- exdmi Bregrénce isigean to the premm pidegietsyof aolaintribfian og obmitersond sepedt units n in
startinggmaggr, h tall L 60

mpor tant | REChe: By e oo AR e oRRR Ry Abo e 0pp,

sol vents or the mxtures thereof are selected such that the thiophene

derl vatives Ué]?fﬁ@lmQBn Fh'@?no%hl)(rn@ééﬁ o 0 Bofihd ¥ i SRBRR: il e?r%m%ﬁ?g&%m

dlssolved ormin first Sol ution.

are hal ogen&t%bﬂoﬁrtmﬁﬁéprt)eo Hyefprala POPS s AP0 &9, merehireionbly cHi08P itel < 880D,
chl orof orm especﬂl?pﬁef@ﬁ]ﬁjﬁﬁ@mt@a@@d@(ﬁ’ent of the process according to
the inventio e reaction is ended ("quenched") by adding a
hydrolyi?ng sol vent to the polynerization solution, preferably an

al kyl 25al cold casd®iToBgdhiSfHRAR ¥ e@hdR en @ th h t Ql
—met hanol .- The wor kup "rgs gé‘ ecttzﬂed er?deérﬂ’abl stfe I?erqrfémﬁlelﬁhgmﬁﬂ 2o
preci pi tat e %F’B’Eﬂi‘(‘?f“m%?f?ﬁblw?%PtSHO’t%eBF%@i’]#rofﬁﬁtmfagnd t hen taki ng
it up in a solvent. 30Alternatively and |ikew se preferably, a
purificati on can_be effected |n a Soxhl et n whi ch case_ preference
is given to®ig PW&Hﬁ%ﬁﬁd}ﬂg?Wgﬁ}eg@ﬁt“gﬂghf @er@&ﬂaﬁmaﬁ@xewﬂ%edrwl of21to
extract aat . <3]dlefarafly BOEL 2, @tbreprbRaAbyeDl > 0fl td 8€7] nvention, the process
is used to prepare copolyners and/or block polyners. 35 - 12 -

The polymers and oligomers prepared by the process are additionally mnotable, in many
embodiments, for the presence of one or two leaving groups at the chain end, which can serve later
{ as substitution sites for functionalizations or end-capping reactions.
25
For a preferred embodiment of the present invention, after performing the polymerization but
before the workup (especially the quenching), reaction is effected with a thiophene derivative
having only one leaving group. This can achieve a so-called end-capping. The thiophene derivative
having only one leaving group preferably possesses a radical which can be functionalized further,
30  preferably in the 5 position, which is preferably selected from the group of phosphoalkyl,
phosphonate, phosphate, phosphine, phosphine oxide, phosphoryl, phosphoaryl, sulphonyl,
sulphoalkyl, sulphoarenyl, sulphonate, sulphate, sulphone or mixtures thereof. This has been found

to be advantageous for many applications of the present invention.

35  Temperatures suitable for the performance of the process according to the invention are, in a

preferred embodiment of the invention, in the range of 2 +20 to < +200°C, preferably in the range



pol ymers, é} ed enbodi mrent of the invention, frrs% the firs

and second g%@&@ % 55 e reacted in the process according t(IpﬁgNOWmmwm
i-nvention, then at |east one further solution consisting of

pol yneri zati on-acti ve thi ophene nononer -ahd/ or two sol utions
consisting of a) at | east one thiophene nonomer with two | eaving
groups and bf=>a6iret<at1607C ad egpegdlyenesbad £ +pi00@npound are Snetered in
with the purpose of chain extension on the basis of the sane

t hi ophene derivative and/or of at |east one other thiophene

derivative tho appefeard einbaiikent gy ahey inyergionr the apmligmis sffectEl et RleOMES Pressures,

according t vent rVes

ol i got hi oph%ﬁetéés}gblweregr 30 B S ‘*‘""a e PETPRE a%&)%’%‘érpéﬁl"rr%ﬁ? igiheqangeebz 45710
pol yneri 2at ibem or nunbers of repeat units n in 10the chain of? 2 to <
5000, especially of? 5 to S 2500, nore preferably of? 100 to < 1000.

Dependi ng on the nol ecul ar wei ght of the nononeric thiophene
derivative, Thheraves acaerding inethe frtveition 3s 4@k, tio pmxem@ maﬁanympﬁicﬁﬁ@b,l 61 *he

S?g?eﬁ gbl<y 1393f18)9%70% @oélg%&%%gﬂg'le){t o?ﬁggsgg% %Qagfsc en%tP,hl OQ]E he %reparahon

pref erence Péprgﬁupemlﬁl@mwmpbp&aratelgbrﬂlmbuahal n | engths wit h n >2to

_ 520 ngnoner units, preferably of? 3to < 10, nore preferably of? 4

t o< 8. Al so preferred is a narrow nol ecul ar wei ght distribution

with a pol ydhe peesion Jikpwigerropides be 2ligothiephg®s <bBined befler mbless #Birdixg 2y the
more preferahly.EDl> 1.1 to < 1.7. The polynmers and ol i goners

pﬁepared by the process are additionally notable, in many

enbodi ments, for the presence of one or two | eaving groups at the

chain end, ‘M?é GhreaRR 06 Vﬁnﬂoﬁ&ﬁsr tode S S LiHhLRD Wit &S n](v@r{non anél also those
functlonallzatlons or end-capping reactions. 25 For a prefe

embodi et einep andyhese daseribed\ie e MRS eRITERCs SR RS oRRIFRG TR fgams of their size, shape

pol ymeri zat b gﬁ’hﬁonbﬂlﬁt@ﬁﬁ sbIBQiNahE EddihidaCIRRG! A dny ﬂanﬁulﬁu&@&mbﬁhg)mndmons
—Teaction is ef fect ed wit h-a thj ophene -der i-vat i ve~ having only —one -

| eavi ng gr otfs™ thrhipgselegiionaifiriay Knoymdiythe Beld atpse pr-be gppyiedhyithoptgstriction.

t hi ophene derlvatlve havi ng only one | eavi ng group preferably
possesses a_r ich c n be functionalized further,

preferably [H* ‘h t%ls CRLYTES 281 2d¥RRRgER of 18e PPbisrianalist ?ftéee‘l‘@@fl@c?f? Fvértent fpan the
group ofo phesgbaakhddm the hessrmh@ﬂ af e folBGIS PRl cRAPERMiNSIdROSPhi ne
oxi de, phosphoryl, phosphoaryl, sul phonyl, sul phoallcyl,

sul phoar enyl, sul phonate, sul phate, sul phone or m xtures thereof.

Thi s has been found to be advantageous for many applications of the
present invention. - 13 - of > +60 to < +160C and especially? +80 to
< +140C.



P

2-< 15 bar and nore preferably in the range of? 4-< 10 5bar. The
process according to the invention is netiéable, in particular, in many
applications, for the possibility of controlled establishnment of a
desi red nearBExahmied | ength, and al so for the preparation of products
with a narrow nol ecul ar wei ght distribution. 10 The invention

| i kewi se provides the oligothi ophenes obtained by the process

accor di ng t Exemgle il phat heomdersfbmd pafely imeatichrad des npensstitus g rdeiciand the
i n accordan A e =00, so .t hose 15 cl ai mred and those
described i ﬁ&ts éﬁr&gr ?’n%%égg#%i?%QU%%ﬁeoﬁm%bj ect, in terns of their
si ze, sha&pe configuration, material selection and technical design,

to any parti i [, §+1: .such that the selection
criterion | r%ggll\? r?nﬁ’ét%ﬁ&e{&%@%ﬁh‘a%%%ggﬂt%g%ebe appl i ed w thout
restriction. Further details, features and advantages of the

subj ect - mat tetS0on! yse-npainflaplt ayipped withey ptiteen barfand araflye coglenseris frdfiaily chargkd
fromthe desgfii4ti - ' ' ; '
e AL eiod e I MO SIE TRafn U fled B4 (W
and does notof %614?[9‘%9?‘@“&11%0#@& figselvedin 9 ol of FEF, prreers trperatuee withostiring.
which is defined purely by the clains. 5 a) Preparation of the

or ganomegne s SenitdatinRieBmefzatd M three-neck flask equipped with a
st(i-rrer bar and a reflux condenser is initially charged with 46 m of
eth

yl magnesi,um.br.om de lution (AM.. To this soluytion are added 15 g
(16" ot of POl Mesk cebipia e vt tos Bl ret b SRACRer of el el
at room t enpéthMimg ofiNifp)CE id 6ol of THB) TEes Rixikd 3UdikGed the solution prepared
pol yneri zat i 150 three-neck fl.as equipped. with a stirrer bar
and a refl u%g%éﬁdg%saeg?pﬁm 1ﬁlﬂrlﬁe P‘?ﬁéf a 81‘15%1’5%"3- %Q?)nwﬂf@ ?ﬂdmﬂ‘f Ahdr' 6 mdfied
Ni (dppp) C12 pdditpndasnéndert, th kectbo solhtin instixtdinraler rsfluxefber fedhek h@. sol uti on

—prepared ~under "a)" via a dropping funnel under refl ux (approx.-68Cy — — — -

W thin 31@ mTB cﬁtﬁ 'ikﬁ{jreicﬁ&, @Eh@'ﬁf%ﬁ@(%‘[ Elie n%ﬁed‘? Q'gee%ach%g%élﬁtgo%lglg ![t eg added to

solution is stirred under ref tor a furthe
reaction, 5@bay 208fmlpEmpthiel The mreaititaied ackimef.is Mkvecdrodirpd weshed withmetbamol. Shis

t hen added isq})I?cR@H' t)y 2 Qﬂh&!puﬁﬁcaﬁ&t c@ %%Bl‘yr_i_l%-{b? r&%ﬁsco'fF Fgﬁﬁe? %ﬁ%&&&ﬁ%ﬁl thi ?ane.

filtered off and washed wi th net hanol . 1s foll owed a further

purification of the polynmer by neans 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

In a preferr iLent of the invention, the reaction i fected
at el'evated Vgge?‘?%?lggmspr eferably at > 1-< 30 bar, especi a?q:ﬁ 5%0%@006026



5.8 g of polyner are obtained fromthe polynerization (yield approx.
75% . Molar mass (Wn) = 12 600 20 Wei ght-average nolar mass (My) = 22
200 PA* = 1.76 - 15 - Cainms: Procesgsfor polynerization, usable on
the industrial scale, of at |east one th| ophene derivative having at

| east typi ls€avi ng groups, the polymerization proceeding by neans of

an or ga'nUrrE‘faI lic thi ophene conpound and of at |east one catal yst,
characteriz t

one. or ganommrs 2 Ry skt w B0k h o MED BT RER oh B heleTRiacve
sol ution \Ah|h@hngcn’qrphcassetw0t leeving gdremst thenpolypmeridaiiat promh@hm ytineans of an
concentrati 0 I o

' said i reedepile BodhERSior B LR QRS e Codty NERRRR TP U v
(in I/1) of splgorf whish cammtisesfthe #téeasiecmwcgas@hmlhothmphexte@omm@mﬂ immetered into
wherein saiq e

oast one or gara SR A OkRUSR Rkl bRl fuhGel Bk ERG A nl o fuior il o
Claim 1, whdeael enetdiganmatielic nigoptiene compwiutdimsaivh fish selitenfis rs¢% sbulwmgmand
i s added ful .

Cinar a giint DuRECERYA) W helhel Bt STt e 1048
-reactor" t h@leteevaialcba(tdbfahg@ thigphene a@eriafive aresogsiste]said rat Wdastoclme torganometallic
reaction ta Process according to any one of Clains 1 or
2, char acterﬁ?%@ka&%}pﬁ%%dthe at | east one thi ophene derivative

cont ai Bs at t I Hho 4

nal ogen, sir s eog RELRG) SRUAA TR SOLAR SOOIV IGHR: B soluion s
accor di ng t@d@d)fulbneﬂtcfse@nésomwluio 3, char acterl zed in that the

| eavi ng groups of the at |east one thiophene derivative are

identical. 5. Pr oces@omﬁ.owq Nng #H any one of Clains 1 to 4,

characterized in tﬁha,t{— grmetal | ic thiophene conpound contains
at least one netal selélted ol the group of ZI nc, rragne5| um tin
and boron. 6. Process according to any one of Claims 1 to

char act er | z&#°K ¢ 782 1 & Veast isdhe dupal PseocBrpral §é@a?ﬂec9!é%f¥°e of the
and/ or pal | €is&)M which the reaction takes place.

3, Process according to any one of Claims 1 or 2, 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.

4, Process according to any one of Claims 1 to 3, characterized in that the leaving groups of the

at least one thiophene derivative are identical.

5. Process according to any one of Claims 1 to 4, characterized in that the organometallic
thiophene compound contains at least one metal selected from the group of zinc, magnesium,

tin and boron.

6. Process according to any one of Claims 1 to 5, characterized in that the at least one catalyst

comprises nickel and/or palladium.

7. Process according to any one of Claims 1 to 6, characterized in that the at least one thiophene

derivative comprises at least one compound of the general formula:

R

YN

s X



7. Process according to any one of Clains 1 to 6, characterized in
that the at | east one thiophene derivative conprises at |east one
conmpound of the general fornula: -_.1g.- where Ris selected from
the group conprising hydrogen, hydroxyl, hal ogen, pseudohal ogen,
formyl, car lydweselR a;rBdYecJted ﬁambMybu;ﬂmnipriaﬂn'g \hE&pgeal kydrgxyl, dlmlggenhpsieﬂdohalogen
al kyl , al ko ong- ¢ al kgx cloa haI al k

aryl ene, haﬁ%rglryiilca & earnoéjrry @ ﬁ’élter(‘)'?’it%v)? enlé'1 Ifag&haR ﬁﬁy{aaﬁ%yewgg{ham
het er ocycl oalkogy| , cyhahlgjiet ealoaikgu agl, keaﬁyll:ne habloalyk e rigleroapdl K yitegdroarylene,
hal oal kynyl , ket hal o

0 e ryil o] ket het .,

ket oal | cyl , hﬁte oc dl?alfk h? y’I hel’t(eé 68%11 gyﬂ,y ﬁz}f%l% 66%& 0 a?l %Hla )f]aloalkenyl, alkynyl,
pﬂospﬂoal rylhalopihmphd«eai, escf:toaﬂybs mhhka&wlphkamm@mylphmme Ieoke®alkyl,
phosphoryl, r oaren
Cui phonat e, *EGTERIE BbkepttalteBionen B BRGNS Wit PhepRORapREHite, phosphine
silyl al kyl O)oyl,dewbhas;ﬂlpryil rpli)k}ﬁom'ﬁ]s eulplionglistlghdatkyt, adiph@lrﬁyl @ﬂl@hcﬁﬁtenﬁﬂﬁate
?&nl_l_adj ?‘&GR[“ Cig%%r amlgﬂc@n@ét ! nd ﬁe?l_ il yllaYISygg% BE (l,rea'c%%%ﬁ:?é/asé %f%t}lﬁé 'radicals,
- ?O S-, - CYlor&i2matr (Ijlelﬁ_d_ﬂlﬂﬁlt CI’I2 gmuﬂjs Iﬁawm&etpﬁﬂit&htl}?wgﬁlﬂceﬂw/ L0, -SUINHMIFNR-,
atonms are nog.,hon ec r
interpreted” lgﬁ(?l—'ésgr'ggéé’ bh}s §C§n§3e %Qfg %’&hdaé%cggr g gﬁ%‘?)@nd n
are each i nde:rhendanhét;oxﬁgeheﬂdibmlpgﬁmmns qe &J)tej’oﬁtﬂhld}dn’ﬁﬁlyogeﬁle arl¥ieL(terminal

Br_or and iall ref erab 8. Process

preferably S .

accor di ng t?}%ﬁryougﬁ%rewer?ﬁeftﬁﬁﬂg %r?)ul:%l CRAPSEY eér/q;bd in that the at

| east one cat al st ri,ses at st .0 ound sel e

oroup of i eRLIIE RO Karc e Sy e € FOPRE e sErutTs 4 PRy ore
t he group ofprdfafrably €=rBrbula;nﬂphmagimmefﬁrabhylmdarmntyI phosphi ne,

1, 3-bis(2,4,6-trimethyl phenypi m dazolidi niunchl oride, 1, 3-bis(2,6-diis
opr Opy|8phen)PIrc)cessian7mIIdmg) kd ghiyrineiof Chiinoy 1 te7,@haracterized in that the at least one catalyst

1, 3-di adanant m. dazo L d| ni_um m xt ur
o1 o( 1 phongPBERbA o) pa PP el Gl bl it Batciom cataysts
pal I adi un( | iithabgnes 6el€:cﬁ’eﬂ @A) ﬂje group of tn—tert—butylphosphme tnadamantylphosphme

e T el

di chl or o( 2, 2didazopiginiui nlﬂ)mdeck:el 3- dchldhmmmﬁinnda(zbhdlmhmnghﬂqmleamhnmm)sm thégedf;

Ni ( PPh3 ZB b
EN: gdpppg C1 sltfl?he%}%éﬁog Qﬁal ad %g%%h?%dggcﬁgﬂjéﬁlﬁ }‘la‘g g‘frx‘?:tﬂg%(Pd(OAC)z)
Ni (dppe) C12 t@mklﬂﬂtmﬂmm&ﬂlos;ﬁmmﬂacﬁum Pr oPe@Phagcor détraki S@I@lﬁlmypmlﬂnm)m ckel

Clalmslto&é]gm for af 20 to %pec 10. .Proc acc.

to any one 1( flc%(gﬁg m?\céjl celoglatger acac& at € dic lélﬁr @Sf—bxpyn me nlc%el
dibromobis(triphenylphosphine)nickel (Ni(PPh;).Br,), bis{diphenylphosphino)propanenickel
dichloride (Ni(dppp)Cl,) or bis(diphenylphosphino)ethanenickel dichloride Ni{dppe)Cl, or

mixtures thereof.
9. Process according to any one of Claims 1 to 8, which is performed at =+ 20 to =+ 200°C.

10. Process according to any one of Claims 1 to 9, which is performed at =1-<30 bar.



