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Thieno-lndeno-Monomers and Polymers

The present invention relates to new monomers and polymers made thereof, in particular

thieno-indeno-monomers and polymers, to a process for the preparation of these monomers

and polymers, to intermediates, to electronic devices comprising these polymers, as well as to

the use of these polymers as semiconducting material.

Organic semiconducting materials can be used in electronic devices such as organic photovol

taic devices (OPVs), organic field-effect transistors (OFETs), organic light emitting diodes

(OLEDs), organic photodiodes (OPDs) and organic electrochromic devices (ECDs).

It is desirable that the organic semiconducting materials are compatible with liquid processing

techniques such as spin coating as liquid processing techniques are convenient from the point

of processability, and thus allow the production of low cost organic semiconducting material-

based electronic devices. In addition, liquid processing techniques are also compatible with

plastic substrates, and thus allow the production of light weight and mechanically flexible organ

ic semiconducting material-based electronic devices.

For application in organic photovoltaic devices (OPVs), organic field-effect transistors (OFETs),

and organic photodiodes (OPDs), it is further desirable that the organic semiconducting materi

als show high charge carrier mobility.

For application in organic photovoltaic devices (OPVs) and organic photodiodes (OPDs), the

organic semiconducting materials should also show a strong absorption of the visible light.

It was the object of the present invention to provide organic semiconducting materials. This ob

ject is solved by the polymers of the invention, a process for preparing the polymers, intermedi

ates for preparing the polymers electronic devices containing the polymers and the use of the

polymers.

The polymers of the present invention comprise at least one unit of formula



Also part of the invention are compounds of the formulae

wherein, in formulae 1, V , 2 and 2'

n is O, 1, 2 , 3 or 4

m is O, 1, 2 , 3 or 4

M 1 and M2 are independently of each other an aromatic or heteroaromatic monocyclic or

bicyclic ring system;

X is at each occurrence selected from the group consisting of O, S, Se or Te, preferably O,

S or Se, more preferably S or Se, most preferably S;

Q is at each occurrence selected from the group consisting of C, Si or Ge, preferably C or

Si, most preferably C;

R is at each occurrence selected from the group consisting of H, Ci-100-alkyl, C2-ioo-alkenyl,

C2-ioo-alkynyl, C 5-i2-cycloalkyl, C6-i8 -aryl, a 5 to 20 membered heteroaryl, C(0)-Ci-ioo-alkyl, C(O)-

C 5-i2-cycloalkyl and C(0)-OCi-ioo-alkyl,



wherein

Ci-ioo -alkyl, C2-ioo -alkenyl and C2-ioo -alkynyl can be substituted with one to fourty substitu

ents independently selected from the group consisting of Cs-s -cycloalkyl, C 6-i4 -aryl, 5 to 14

membered heteroaryl, OR , OC(0)-R , C(0)-OR , C(0)-R , NRaR , NR -C(0)R b, C(O)-

NRaR , N[C(0)R ][C(0)R ] , SR , Si(R i )(R i )(R i ) , -0-Si(R i )(R i )(R i ) , halogen, CN, and

NO2; and at least two Chb-groups, but not adjacent Chb-groups, of Ci-100 -alkyl, C2-100-

alkenyl and C2-ioo -alkynyl can be replaced by O or S,

C 5-i2 -cycloalkyl can be substituted with one to six substituents independently selected from

the group consisting of C i -60-alkyl, C 2-6o-alkenyl, C 2-6o-alkynyl, Cs-s -cycloalkyl, C 6-i4 -aryl, 5 to

14 membered heteroaryl, OR , OC(0)-R , C(0)-OR , C(0)-R , NRaR , NR -C(0)R , C(O)-

NRaR , N[C(0)R ][C(0)R ] , SR , Si(R i )(R i )(R i ) , -0-Si(R i )(R i )(R i ) , halogen, CN, and

NO2; and one or two Chb-groups, but not adjacent Chb-groups, of Cs-12 -cycloalkyl can be

replaced by O, S, OC(O), CO, NRa or NRa-CO,

C 6-i8 -aryl and 5 to 20 membered heteroaryl can be substituted with one to six substituents

independently selected from the group consisting of C i -60-alkyl, C 2-6o-alkenyl, C 2-6o-alkynyl,

Cs-s -cycloalkyl, C6-i 4-aryl, 5 to 14 membered heteroaryl, ORa, OC(0)-R a, C(0)-OR a, C(O)-

R , NRaR , NR -C(0)R , C(0)-NR R , N[C(0)R ][C(0)R ] , SR , Si(R i )(R i )(R i ) ,

-0-Si(R i )(R i )(R i ) , halogen, CN, and N0 2,

wherein

Ra and R are independently selected from the group consisting of H, C i -60-alkyl,

C 2-6o-alkenyl, C 2-6o-alkynyl, Cs-s -cycloalkyl, C6-i 4-aryl and 5 to 14 membered heteroar

yl,

R ia, R i and R i are independently selected from the group consisting of H,

C i -6o-alkyl, C 2-6o-alkenyl, C 2-6o-alkynyl, Cs-s -cycloalkyl, C6-i 4-aryl, 5 to 14 membered

heteroaryl, O-Ci -60-alkyl, 0-C2-6o-alkenyl, 0-C2-6o-alkynyl, O-Cs-s-cycloalkyl,

0-C 6 -i4 -aryl, 0-5 to 14 membered heteroaryl, -[0-SiR SidR ie]0-R i , NR R6, halogen and

0-C(0)-R 5,

wherein

o is an integer from 1 to 50,

R i , R ie, R if are independently selected from the group consisting of H, C 1-60-

alkyl, C 2-6o-alkenyl, C 2-6o-alkynyl, Cs-s -cycloalkyl, C6-i 4-aryl, 5 to 14 membered

heteroaryl, O-Ci -60-alkyl, 0-C2-6o-alkenyl, 0-C2-6o-alkynyl, O-Cs-s-cycloalkyl,

0-C 6 -i4 -aryl, 0-5 to 14 membered heteroaryl, -[0-SiR i R Sih]P-RSii , NR 0R60, halo-

gen and 0-C(0)-R 50;

wherein

p is an integer from 1 to 50,



RSig RSih RSii are independently selected from the group consisting of H , Ci-

3o-alkyl, C2-3o -alkenyl, C2-3o -alkynyl, C5-6 -cycloalkyl, C6-io -aryl, 5 to 10 mem-

bered heteroaryl, O-Ci-30 -alkyl, 0-C2-3o-alkenyl, 0-C2-3o-alkynyl, O-Cs-6 -cyclo-

alkyl, O-Ce-10 -aryl, 0-5 to 10 membered heteroaryl, 0-Si(CH 3)3, NR 00R600 ,

halogen and 0-C(0)-R 500 ,

R5, R6, R50, R60, R500 and R600 are independently selected from the group consist

ing of H , Ci-6o -alkyl, C2-6o -alkenyl, C2-6o -alkynyl, Cs-s -cycloalkyl, C6-i4 -aryl, and 5 to

14 membered heteroaryl,

Ci-6o -alkyl, C2-6o -alkenyl and C2-6o -alkynyl can be substituted with one to twenty

substituents selected from the group consisting of C5-6 -cycloalkyl, C6-io -aryl, OR ,

OC(0)-R , C(0)-OR , C(0)-R , NR R , NR -C(0)R , C(0)-NR R ,

N[C(0)R ][C(0)R d] , SR , Si(R i0(RSik)(RSil) , -O-Si(R i0(RSik)(RSil) , halogen, CN,

and NO2; and at least two Chb-groups, but not adjacent CH2 -groups, of C1-60-

alkyl, C2-6o -alkenyl and C2-6o -alkynyl can be replaced by O or S,

Cs-s -cycloalkyl can be substituted with one to five substituents selected from the

group consisting of Ci-30 -alkyl, C2-3o -alkenyl, C2-3o -alkynyl, C5-6 -cycloalkyl, Ce- ι ο-

aryl, OR , OC(0)-R , C(0)-OR , C(0)-R , NR R , NR -C(0)R , C(0)-NR R ,

N[C(0)R ][C(0)R ] , SR , Si(R i0(RSik)(RSil) , -O-Si(R i0(RSik)(RSil) , halogen, CN,

and NO2; and one or two Chb-groups, but not adjacent Chb-groups, of Cs-s -cyclo

alkyl can be replaced by O, S, OC(O), CO, NR or NR -CO,

C6-i4 -aryl and 5 to 14 membered heteroaryl can be substituted with one to five

substituents independently selected from the group consisting of Ci-30 -alkyl, C2-30-

alkenyl, C2 -3o-alkynyl, Cs-e -cycloalkyl, C6 -io -aryl, OR , OC(0)-R , C(0)-OR , C(O)-

R , NR R , NR -C(0)R , C(0)-NR R , N[C(0)R ][C(0)R ] , SR , Si(R i0(RSik)(RSil) ,

-O-Si(R i0(RSik)(RSil) , halogen, CN and N0 2;

wherein

R and R are independently selected from the group consisting of H, C1-30-

alkyl, C2-3o -alkenyl and C2-3o -alkynyl,

Rs 'j, R ik and R il are independently selected from the group consisting of H,

Ci-3o -alkyl, C2-3o -alkenyl, C2-3o -alkynyl, C5-6 -cycloalkyl, C6-io -aryl, 5 to 10

membered heteroaryl, O-Ci-30-alkyl, 0-C2-3o-alkenyl, 0-C2-3o-alkynyl, O-C5-6-

cycloalkyl, 0-C 6 -io -aryl, 0-5 to 10 membered heteroaryl, -[0-SiR imR i ] -R io,

NR7R8, halogen, and 0-C(0)-R 7,

wherein

q is an integer from 1 to 50,



R im, R i , R i0 are independently selected from the group consisting of

H, C i -3o-alkyl, C2-3o -alkenyl, C2-3o -alkynyl, C5 -6-cycloalkyl, Ce-io -aryl , 5 to

10 membered heteroaryl, O-Ci -30-alkyl, 0-C2-3o-alkenyl, 0-C2-3o-alkynyl,

0 -C5 -6-cycloalkyl, 0-C6 -io -aryl, 0-5 to 10 membered heteroaryl,

-[0-SiR iPR iq] R i , NR70R80, halogen, and 0-C(0)-R 70;

wherein

r is an integer from 1 to 50,

R 'p, R i , R i are independently selected from the group consisting

of H, C i -3o-alkyl, C2-3o -alkenyl, C2-3o -alkynyl, C5 -6-cycloalkyl, Ce-io -aryl ,

5 to 10 membered heteroaryl, O-Ci -30-alkyl, 0-C2-3o-alkenyl, O-C2-30-

alkynyl, 0 -C5 -6-cycloalkyl, 0-C6 -io -aryl, 0-5 to 10 membered hetero

aryl, 0-Si(CH 3)3, NR R800 , halogen and 0-C(0)-R 700 ,

R7, R8, R70, R80, R700 and R800 are independently selected from the group

consisting of H, C i -30-alkyl, C2-3o -alkenyl, C2-3o -alkynyl, C 5-6-cycloalkyl,

C 6-io -aryl, and 5 to 10 membered heteroaryl,

C i -3o-alkyl, C2-3o -alkenyl and C2-3o -alkynyl can be substituted with one to ten

substituents selected from the group consisting of halogen, CN and NO2,

R2, R2' , R2", R* are at each occurrence independently selected from the group consisting of hy

drogen, C i -3o-alkyl, C2-3o -alkenyl, C2-3o -alkynyl, C 5-i2 -cycloalkyl, C 6-i8 -aryl, 5 to 20 membered

heteroaryl, OR2 1, OC(0)-R 2 1, C(0)-OR 2 1, C(0)-R 2 1, NR R22, NR -C(0)R 22, C(0)-NR R22,

N[C(0)R ][C(0)R 22] , SR2 , halogen, CN, SiR isR i RSiu and OH,

wherein

R2 and R22 and are independently selected from the group consisting of H, C i -30-alkyl,

C2-3o -alkenyl, C2-3o -alkynyl, C 5-i2 -cycloalkyl, C 6-i8 -aryl and 5 to 20 membered heteroaryl, and

C i -3o-alkyl, C2-3o -alkenyl and C2-3o -alkynyl can be substituted with one to ten substituents in-

dependently selected from the group consisting of C s-8-cycloalkyl, C 6-i4 -aryl, 5 to 14 mem

bered heteroaryl, OR , OC(0)-R , C(0)-OR , C(0)-R , NReRf, NR -C(0)R f, C(0)-NR Rf,

N[C(0)R ][C(0)R f] , SR , halogen, CN, SiR isR i R i and N0 2; and at least two CH2-groups,

but not adjacent Chb-groups, of C i -30-alkyl, C2-3o -alkenyl and C2-3o -alkynyl can be replaced

by O or S,

C 5-i2 -cycloalkyl can be substituted with one to six substituents independently selected from

the group consisting of C i -20-alkyl, C2-2o -alkenyl and C2-2o -alkynyl, Cs-s -cycloalkyl, C 6-i4 -aryl,

5 to 14 membered heteroaryl, OR , OC(0)-R , C(0)-OR , C(0)-R , NReRf, NR -C(0)R f,

C(0)-NR Rf, N[C(0)R ][C(0)R f] , SR , halogen, CN, SiR isR i R i and N0 2; and one or two

Chb-groups, but not adjacent Chb-groups, of C s-i2 -cycloalkyl can be replaced by O, S,

OC(O), CO, NRe or NR -CO,



C 6-i8 -aryl and 5 to 20 membered heteroaryl can be substituted with one to six substituents

independently selected from the group consisting of Ci-20-alkyl, C2-2o-alkenyl, C2-2o-alkynyl,

C
5 -8-cycloalkyl, C

6 -i4 -aryl, 5 to 14 membered heteroaryl, ORe, OC(0)-R e, C(0)-OR e, C(O)-

R , NReRf, NR -C(0)R f, C(0)-NR Rf, N[C(0)R ][C(0)R ] , SR , halogen, CN, SiR isR i R i

and N0 2,

wherein

R is , R it and R i are independently from each other selected from the group consisting

of H, Ci-2o-alkyl, C2-2o-alkenyl, C2-2o-alkynyl, C 5-6-cycloalkyl, phenyl and 0-Si(CH3 )3,

Re and R are independently selected from the group consisting of H, Ci-20-alkyl,

C2-2o-alkenyl, C2-2o-alkynyl, Cs-s-cycloalkyl, C 6-i4 -aryl, and 5 to 14 membered heteroaryl,

wherein

Ci-2o-alkyl, C2-2o-alkenyl and C2-2o-alkynyl can be substituted with one to five sub-

stituents selected from the group consisting of C 5-6-cycloalkyl, C 6-io-aryl, 5 to 10

membered heteroaryl, OR9, OC(0)-R9, C(0)-OR9, C(0)-R9, NR Rh, NR9-C(0)R h,

C(0)-N R9Rh, N[C(0)R 9][C(0)R h] , S R9, halogen, C N, and N0 2;

Cs-s-cycloalkyl can be substituted with one to five substituents selected from the

group consisting of Ci-10-alkyl, C2-io-alkenyl, C2-io-alkynyl, C 5-6-cycloalkyl, C 6-10-

aryl, 5 to 10 membered heteroaryl, OR9, OC(0)-R9, C(0)-OR9, C(0)-R9, NR9Rh,

NRg-C(0)R h, C(0)-N R9Rh, N[C(0)R 9][C(0)R h] , S R9, halogen, C N, and N0 2;

C 6-i4 -aryl and 5 to 14 membered heteroaryl can be substituted with one to five

substituents independently selected from the group consisting of Ci-10-alkyl, C2-io-

alkenyl, C2-io-alkynyl, C 5-6-cycloalkyl, C 6-io-aryl, 5 to 10 membered heteroaryl,

OR9, OC(0)-R9, C(0)-OR9, C(0)-R9, NRgRh, NRg-C(0)R h, C(0)-N RgRh,

N[C(0)R 9][C(0)R h] , S R9, halogen, C N, and N0 2;

wherein

R and Rh are independently selected from the group consisting of H, C1-10-

alkyl, C2-io-alkenyl and C2-io-alkynyl,

wherein

Ci-io-alkyl, C2-io-alkenyl and C2-io-alkynyl can be substituted with one to

five substituents selected from the group consisting of halogen, C N and

N0 2,

L and L2 are independently from each other and at each occurrence selected from the group

consisting of C 6-3o-arylene, 5 to 30 membered heteroarylene,



wherein

C6-3o -arylene and 5 to 30 membered heteroarylene can be substituted with one to six substi-

tuents R3 at each occurrence selected from the group consisting of Ci-30 -alkyl, C2-3o -alkenyl, C2-

3o-alkynyl, Cs-12 -cycloalkyl, C6-is -aryl and 5 to 20 membered heteroaryl, OR3 1, OC(0)-R 3 1,

C(0)-OR 3 1, C(0)-R 3 1, NR R32, NR3 -C(0)R 32, C(0)-NR 3 R32, N[C(0)R ][C(0)R 32] , SR3 1, ha lo

gen, CN, SiR i RSiwR i and OH, and

wherein

and

can be substituted with one or two substituents R4 at each occurrence selected from the group

consisting of Ci-30 -alkyl, C2-3o -alkenyl, C2-3o -alkynyl, C5-i2 -cycloalkyl, C 6-i8 -aryl and 5 to 20 mem

bered heteroaryl, C(0)-R 4 1, C(0)-NR R42, C(0)-OR 4 1 and CN,

wherein

R3 , R32, R4 und R42 are independently from each other and at each occurrence se

lected from the group consisting of H, Ci-30 -alkyl, C2-3o -alkenyl, C2-3o -alkynyl, C5-12-

cycloalkyl, C 6-i8 -aryl and 5 to 20 membered heteroaryl, and

wherein

Ci-3o -alkyl, C2-3o -alkenyl and C2-3o -alkynyl can be substituted with one to ten substi

tuents independently selected from the group consisting of Cs-s -cycloalkyl, C 6-i4 -aryl, 5

to 14 membered heteroaryl, OR', OC(0)-R, 0(0)-0^, Ο(Ο )-^, N R'Rj, N R i-C(0)Rj,

C(0)-N RiRj, N[C(0)R i][C(0)Rj], SR', halogen, CN, SiR ivR i R i and N0 2; and at least

two Chb-groups, but not adjacent Chb-groups of Ci-30 -alkyl, C2-3o -alkenyl and C2-30-

alkynyl can be replaced by O or S,

C5-i2 -cycloalkyl can be substituted with one to six substituents independently selected

from the group consisting of Ci-20 -alkyl, C2-2o -alkenyl and C2-2o -alkynyl, Cs-s -cycloalkyl,

C
6 -i4 -aryl, 5 to 14 membered heteroaryl, OR', OC(0)-Ri, C(0)-OR i, C(0)-R i, N R'Rj, N R'-

C(0)Rj, C(0)-N RiRj, N[C(0)R i][C(0)R], SR', halogen, CN, SiR ivR i R i and N0 2; and

one or two Chb-groups, but not adjacent Chb-groups, of Cs-12 -cycloalkyl can be re

placed by O, S, OC(O), CO, N R ' or N R i-CO,

C 6-i8 -aryl and 5 to 20 membered heteroaryl can be substituted with one to six substi

tuents independently selected from the group consisting of Ci-20 -alkyl, C2-2o -alkenyl, C2-

20-alkynyl, Cs-s -cycloalkyl, C 6-i4 -aryl, 5 to 14 membered heteroaryl, OR', O C (0)-Rj,



0(0)-0^, C{0 )- NR'R , NRi-CCO)^, C(0)-N RiRj , N[C(0)R i][C(0)R ] , SR', halogen,

CN, SiRSivR i R i and N0 2,

wherein

R i , R iw , R ix are independently from each other selected from the group con

sisting of H, Ci-2o -alkyl, C2-2o-alkenyl, C2-2o-alkynyl, C 5-6-cycloalkyl , phenyl and

R' and R are independently selected from the group consisting of H, Ci-20 -alkyl,

C2-2o-alkenyl, C2-2o-alkynyl, Cs-s -cycloalkyl, C 6-i4 -aryl, and 5 to 14 membered

heteroaryl,

wherein

Ci-2o -alkyl, C2-2o-alkenyl and C2-2o-alkynyl can be substituted with one to five

substituents selected from the group consisting of C 5-6-cycloalkyl, C6-io -aryl, 5

to 10 membered heteroaryl, ORk, OC(0)-R', C(0)-OR k, C(0)-R k, NRkR', NRk-

C(0)R', C(0)-N RkR', N[C(0)R k][C(0)R'], SRk, halogen, CN, and N0 2;

Cs-s -cycloalkyl can be substituted with one to five substituents selected from

the group consisting of Ci-10 -alkyl, C2-io -alkenyl, C2-io -alkynyl, C 5-6-cycloalkyl,

Ce-io -aryl, 5 to 10 membered heteroaryl , ORk, OC(0)-R', C(0)-OR k, C(0)-R k,

NRkR', NRk-C(0)R', C(0)-N RkR', N[C(0)R k][C(0)R'], SRk, halogen, CN, and

N0 2;

C 6-i4 -aryl and 5 to 14 membered heteroaryl can be substituted with one to

five substituents independently selected from the group consisting of C1-10-

alkyl, C2-io -alkenyl, C2-io -alkynyl, C 5-6-cycloalkyl, C6-io -aryl, 5 to 10 membered

heteroaryl , ORk, OC(0)-R', C(0)-OR k, C(0)-R k, NRkR', NRk-C(0)R',

C(0)-N RkR', N[C(0)R k][C(0)R'], SRk, halogen, CN, and N0 2;

wherein

Rk and R' are independently selected from the group consisting of H,

Ci-io -alkyl, C2-io -alkenyl and C2-io -alkynyl,

wherein

Ci-io -alkyl, C2-io -alkenyl and C2-io -alkynyl can be substituted with

one to five substituents selected from the group consisting of halo

gen, CN and N0 2.

Halogen can be F, CI, Br and I.

X are preferably at each occurrence the same.

Q are preferably at each occurrence the same.

R2 are preferably at each occurrence the same.



R* are preferably at each occurrence the same.

Ci-4-alkyl, C i -10-alkyl, C i -20-alkyl, C i -30-alkyl, C i -36-alkyl, Ci-50-alkyl, C i -6o-alkyl and C i -100-alkyl can

be branched or unbranched. Examples of Ci-4-alkyl are methyl, ethyl, n-propyl, isopropyl, n-bu-

tyl, sec-butyl, isobutyl and fert-butyl. Examples of C i -10-alkyl are Ci-4-alkyl, n-pentyl, neopentyl,

isopentyl, n-(1-ethyl)propyl, n-hexyl, n-heptyl, n-octyl, n-(2-ethyl)hexyl, n-nonyl and n-decyl. Ex

amples of C i -2o-alkyl are C i -10-alkyl and n-undecyl, n-dodecyl, n-undecyl, n-dodecyl, n-tridecyl,

n-tetradecyl, n-pentadecyl, n-hexadecyl, n-heptadecyl, n-octadecyl, n-nonadecyl and n-icosyl

(C20). Examples of C i -30-alkyl, C i -36-alkyl, Ci-50-alkyl, C i -60-alkyl and C i -100-alkyl are C i -20-alkyl

and n-docosyl (C22), n-tetracosyl (C24), n-hexacosyl (C26), n-octacosyl (C28) and n-triacontyl

C 2-io-alkenyl, C2-2o -alkenyl, C2-3o -alkenyl, C2-6o -alkenyl and C 2-ioo-alkenyl can be branched or

unbranched. Examples of C i -20-alkenyl are vinyl, propenyl, c/s-2-butenyl, frans-2-butenyl, 3-bu-

tenyl, c/s-2-pentenyl, frans-2-pentenyl, c/s-3-pentenyl, frans-3-pentenyl, 4-pentenyl, 2-methyl-3-

butenyl, hexenyl, heptenyl, octenyl, nonenyl and docenyl. Examples of C2-2o -alkenyl, C2-6o -alke-

nyl and C 2-ioo-alkenyl are C 2-io-alkenyl and linoleyl (Cis), linolenyl (Cis), oleyl (Cis), and arachi-

donyl (C20). Examples of C2-3o -alkenyl are C2-2o -alkenyl and erucyl (C22).

C 2-io-alkynyl, C2-2o -alkynyl, C2-3o -alkynyl, C2-6o -alkynyl and C 2-ioo-alkynyl can be branched or un

branched. Examples of C 2-io-alkynyl are ethynyl, 2-propynyl, 2-butynyl, 3-butynyl, pentynyl,

hexynyl, heptynyl, octynyl, nonynyl and decynyl. Examples of C2-2o -alkynyl, C2-3o -alkenyl, C2-60-

alkynyl and C 2-ioo-alkynyl are undecynyl, dodecynyl, undecynyl, dodecynyl, tridecynyl, tetra-

decynyl, pentadecynyl, hexadecynyl, heptadecynyl, octadecynyl, nonadecynyl and icosynyl

Examples of C 5-6-cycloalkyl are cyclopentyl and cyclohexyl. Examples of Cs-s-cycloalkyl are C 5-6-

cycloalkyl and cycloheptyl and cyclooctyl. Cs-i2 -cycloalkyl are Cs-s-cycloalkyl and cyclononyl,

cyclodecyl, cycloundecyl and cyclododecyl.

Examples of C6-io-aryl are phenyl,

Examples of C 6-i4 -aryl are C 6-io-aryl and



5 to 10 membered heteroaryl are 5 to 10 membered monocyclic or polycyclic, such as dicyclic,

tricyclic or tetracyclic, ring systems, which comprise at least one heteroaromatic ring, and which

may also comprise non-aromatic rings, which may be substituted by =0.

5 to 14 membered heteroaryl are 5 to 14 membered monocyclic or polycyclic, such as dicyclic,

tricyclic or tetracyclic, ring systems, which comprise at least one heteroaromatic ring, and which

may also comprise non-aromatic rings, which may be substituted by =0.

5 to 20 membered heteroaryl are 5 to 20 membered monocyclic or polycyclic, such as dicyclic,

tricyclic or tetracyclic, ring systems, which comprise at least one heteroaromatic ring, and which

may also comprise non-aromatic rings, which may be substituted by =0.

Examples of 5 to 10 membered heteroaryl are





Examples of 5 to 14 membered heteroaryl are the examples given for the 5 to 10 membered

heteroaryl and
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Examples of 5 to 20 membered heteroaryl are the examples given for the 5 to 14 membered

heteroaryl and



wherein

R 00 and R 0 are independently and at each occurrence selected from the group consisting of

H, Ci-2o-alkyl, C2-2o -alkenyl, C2-2o -alkynyl, Cs-s-cycloalkyl, C 6-i4 -aryl, and 5 to 14 membered hete¬

roaryl, o r R 00 and R 0 , if attached to the same atom, together with the atom, to which they are

attached, form a 5 to 12 membered ring system,

wherein

Ci-2o-alkyl, C2-2o -alkenyl and C2-2o -alkynyl can be substituted with one to five substituents se-

lected from the group consisting of C 5-6-cycloalkyl, C 6-io-aryl, 5 to 10 membered heteroaryl,

OR , OC(0 )- , C(0)-ORi, C(0)-Ro, NR R , NRq-C(0)R , C(0)-NRqR , N[C(0)R ][C(0)R ] ,

SR", halogen, CN, and N0 2;

Cs-s-cycloalkyl can be substituted with one to five substituents selected from the group con-

sisting of Ci-10-alkyl , C 2-io-alkenyl, C 2-io-alkynyl, C 5-6-cycloalkyl, C 6-io-aryl, 5 to 10 membered

heteroaryl , OR^, OC(0)-Ro, C(0)-ORo, C(0)-Ro, NR R , NRq-C(0)R , C(0)-NRqR ,
N[C(0)Rq][C(0)R ] , SR^, halogen, CN, and N0 2;

C 6-i4 -aryl and 5 to 14 membered heteroaryl can be substituted with one to five substituents

independently selected from the group consisting of Ci-10-alkyl, C 2-io-alkenyl, C 2-io-alkynyl,

Cs-e-cycloalkyl, C6-io-aryl, 5 to 10 membered heteroaryl, OR", OC(0)-Rq, C(0)-OR ,
C(0)-Ro, NR R , NRq-C(0)R , C(0)-NR R , N[C(0)R ][C(0)R ] , SR^, halogen, CN, and N0 2;

5 to 12 membered ring system can be substituted with one to five substituents selected

from the group consisting of Ci-10-alkyl, C 2-io-alkenyl , C 2-io-alkynyl, C 5-6-cycloalkyl, C 6-io-aryl,

5 to 10 membered heteroaryl, OR^, OC(0)-R ' , C(0)-OR ' , C(0)-Rq, NR R , NRq-C(0)R ,
C(0)-NRqR , N[C(0)Rq][C(0)R ] , SR^, halogen, CN, and N0 2;

wherein

R and R are independently selected from the group consisting of H, Ci-10-alkyl,

C 2-io-alkenyl and C 2-io-alkynyl,

wherein

Ci-io-alkyl, C 2-io-alkenyl and C 2-io-alkynyl can be substituted with one to five sub¬

stituents selected from the group consisting of halogen, CN and NO2.



C6-3o -arylene is a 6 to 30 membered monocyclic or polycyclic, such as dicyclic, tricyclic, tetracy

clic, pentacyclic or hexacyclic ring system, which comprises at least one C-aromatic ring, and

which may also comprise non-aromatic rings or heteroaromatic rings, which may be substituted

by =0.

Examples of C6-3o -arylene are



wherein

R is at each occurrence selected from the group consisting of H , Ci-100 -alkyl, C2-ioo -alkenyl, C2-

100-alkynyl, C5-i2 -cycloalkyl, Ce-is -aryl, a 5 to 20 membered heteroaryl, C (0)-Ci-ioo-alkyl, C(0)-C 5-

2-cycloalkyl and C (0)-OCi-ioo-alkyl,

wherein

Ci-100 -alkyl, C2-ioo -alkenyl and C2-ioo -alkynyl can be substituted with one to fourty substi-

tuents independently selected from the group consisting of Cs-s -cycloalkyl, C 6-i4 -aryl, 5 to 14

membered heteroaryl, O R , O C (0)-R , C (0)-OR , C (0)-R , N R a R , N R - C (0)R b ,



C(0)-NR Rb, N[C(0)R ][C(0)R b] , SR , Si(R i )(R i )(R i ) , -0-Si(R i )(R i )(R i ) , halogen,

CN, and NO2; and at least two Chb-groups, but not adjacent Chb-groups, of Ci-100 -alkyl, C2-

100-alkenyl and C2-ioo -alkynyl can be replaced by O or S,

C5-i2 -cycloalkyl can be substituted with one to six substituents independently selected from

the group consisting of Ci-60 -alkyl, C2-6o -alkenyl, C2-6o-alkynyl, Cs-s -cycloalkyl, C6-i4 -aryl, 5 to

14 membered heteroaryl, OR , OC(0)-R , C(0)-OR , C(0)-R , NRaR , NR -C(0)R ,

C(0)-NR R , N[C(0)R ][C(0)R ] , SR , Si(R i )(R i )(R i ) , -0-Si(R i )(R i )(R i ) , halogen,

CN, and NO2; and one or two Chb-groups, but not adjacent Chb-groups, of Cs-12 -cycloalkyl

can be replaced by O, S, OC(O), CO, NRa or NRa-CO,

C6-i8 -aryl and 5 to 20 membered heteroaryl can be substituted with one to six substituents

independently selected from the group consisting of Ci-60 -alkyl, C2-6o -alkenyl, C2-6o -alkynyl,

Cs-s -cycloalkyl, C6-i 4-aryl, 5 to 14 membered heteroaryl, ORa, OC(0)-R a, C(0)-OR a,

C(0)-R , NRaR , NR -C(0)R , C(0)-NR R , N[C(0)R ][C(0)R ] , SR , Si(R i )(R i )(R i ) ,

-0-Si(R i )(R i )(R i ) , halogen, CN, and N0 2,

wherein

Ra and R are independently selected from the group consisting of H, Ci-60 -alkyl,

C2-6o -alkenyl, C2-6o -alkynyl, Cs-s -cycloalkyl, C6-i 4-aryl and 5 to 14 membered hetero

aryl,

R ia, R i and R i are independently selected from the group consisting of H,

Ci-6o -alkyl, C2-6o -alkenyl, C2-6o -alkynyl, Cs-s -cycloalkyl, C6-i 4-aryl, 5 to 14 membered

heteroaryl, O-Ci-60-alkyl, 0-C2-6o-alkenyl, 0-C2-6o-alkynyl, O-Cs-s-cycloalkyl,

0-C 6-i4 -aryl, 0-5 to 14 membered heteroaryl, -[0-SiR Sid R ie]0-R i , NR R6, halogen and

0-C(0)-R 5,

wherein

o is an integer from 1 to 50,

R i , R ie, R if are independently selected from the group consisting of H, C1-60-

alkyl, C2-6o -alkenyl, C2-6o -alkynyl, Cs-s -cycloalkyl, C6-i 4-aryl, 5 to 14 membered

heteroaryl, O-Ci-60-alkyl, 0-C2-6o-alkenyl, 0-C2-6o-alkynyl, O-Cs-s-cycloalkyl,

0-C 6-i4 -aryl, 0-5 to 14 membered heteroaryl, -[0-SiR i R Sih]P-RSii , NR 0R60, halo-

gen and 0-C(0)-R 50;

wherein

p is an integer from 1 to 50,

RSig RSih RSii are independently selected from the group consisting of H,

Ci-3o -alkyl, C2-3o -alkenyl, C2-3o -alkynyl, Cs-6 -cycloalkyl, C6-io -aryl, 5 to 10 mem-

bered heteroaryl, O-Ci-30-alkyl, 0-C2-3o-alkenyl, 0-C2-3o-alkynyl, O-Cs-6-cyclo-

alkyl, 0-C 6-io -aryl, 0-5 to 10 membered heteroaryl, 0-Si(CH 3)3, NR 00R600 ,

halogen and 0-C(0)-R 500 ,



R5, R6, R50, R60, R500 and R600 are independently selected from the group con

sisting of H, Ci-6o -alkyl, C2-6o -alkenyl, C2-6o -alkynyl, Cs-s -cycloalkyl, C6-i4 -aryl, and

5 to 14 membered heteroaryl,

Ci-6o -alkyl, C2-6o -alkenyl and C2-6o -alkynyl can be substituted with one to twenty

substituents selected from the group consisting of C5-6 -cycloalkyl, C6-io -aryl, OR ,

OC(0)-R , C(0)-OR , C(0)-R , NR R , NR -C(0)R , C(0)-NR R ,

N[C(0)R ][C(0)R d] , SR , Si(R i0(RSik)(RSil) , -O-Si(R i0(R ik)(R il) , halogen, CN,

and NO2; and at least two Chb-groups, but not adjacent Chb-groups, of C1-60-

alkyl, C2-6o -alkenyl and C2-6o -alkynyl can be replaced by O or S,

Cs-s -cycloalkyl can be substituted with one to five substituents selected from the

group consisting of Ci-30 -alkyl, C2-3o -alkenyl, C2-3o -alkynyl, C5-6 -cycloalkyl, C6-10-

aryl, OR , OC(0)-R , C(0)-OR , C(0)-R , NR R , NR -C(0)R , C(0)-NR R ,

N[C(0)R ][C(0)R ] , SR , Si(R i0(R ik)(R il) , -O-Si(R i0(R ik)(R il) , halogen, CN,

and NO2; and one or two Chb-groups, but not adjacent CH2 -groups, of Cs-s-

cycloalkyl can be replaced by O, S, OC(O), CO, NR or NR -CO,

C6-i4 -aryl and 5 to 14 membered heteroaryl can be substituted with one to five

substituents independently selected from the group consisting of Ci-30 -alkyl, C2-30-

alkenyl, C2 -3o-alkynyl, Cs-e -cycloalkyl, C6 -io -aryl, OR , OC(0)-R , C(0)-OR , C(O)-

R , NR R , NR -C(0)R , C(0)-NR R , N[C(0)R ][C(0)R ] , SR , Si(R i0(RSik)(RSil) ,

-O-Si(R i0(RSik)(RSil) , halogen, CN and N0 2;

wherein

R and R are independently selected from the group consisting of H, C1-30-

alkyl, C2-3o -alkenyl and C2-3o -alkynyl,

Rs 'j, R ik and R il are independently selected from the group consisting of H,

Ci-3o -alkyl, C2-3o -alkenyl, C2-3o -alkynyl, C5-6 -cycloalkyl, C6-io -aryl, 5 to 10 mem

bered heteroaryl, O-Ci-30-alkyl, 0-C2-3o-alkenyl, 0-C2-3o-alkynyl, O-Cs-6-cyclo-

alkyl, 0-C 6 -io -aryl, 0-5 to 10 membered heteroaryl, -[0-SiR imR i ] -R io,

NR7R8, halogen, and 0-C(0)-R 7,

wherein

q is an integer from 1 to 50,

R im, R i , R i0 are independently selected from the group consisting of

H, Ci-3o -alkyl, C2-3o -alkenyl, C2-3o -alkynyl, Cs-e -cycloalkyl, Ce-io -aryl, 5 to

10 membered heteroaryl, O-Ci-30-alkyl, 0-C2-3o-alkenyl, 0-C2-3o-alkynyl,

0-C5-6-cycloalkyl, 0-C6-io-aryl, 0-5 to 10 membered heteroaryl,

-[0-SiR iPR iq] R i , NR70R80, halogen, and 0-C(0)-R 70;

wherein



r is an integer from 1 to 50,

R 'p, R i , R i are independently selected from the group consisting

of H, Ci-3o-alkyl, C2-3o -alkenyl, C2-3o -alkynyl, C5 -6-cycloalkyl, Ce-io-aryl,

5 to 10 membered heteroaryl, O-Ci-30-alkyl, 0-C2-3o-alkenyl, O-C2-30-

alkynyl, O-Cs-6-cycloalkyl, 0-C6-io-aryl, 0-5 to 10 membered hetero¬

aryl, 0-Si(CH 3)3, NR700R800 , halogen and 0-C(0)-R 700 ,

R7, R8, R70, R80, R700 and R800 are independently selected from the group

consisting of H, Ci-30-alkyl, C2-3o -alkenyl, C2-3o -alkynyl, C 5-6-cycloalkyl,

C 6-io-aryl, and 5 to 10 membered heteroaryl,

Ci-3o-alkyl, C2-3o -alkenyl and C2-3o -alkynyl can be substituted with one to ten

substituents selected from the group consisting of halogen, C N and NO2,

R 02 and R 03 are independently and at each occurrence selected from the group consisting of

H, Ci-20-alkyl, C2-2o -alkenyl, C2-2o -alkynyl, Cs-s-cycloalkyl, C 6-i4 -aryl, and 5 to 14 membered hete¬

roaryl, o r R 02 and R 03 , if attached to the same atom, together with the atom, to which they are

attached, form a 5 to 12 membered ring system,

wherein

Ci-20-alkyl, C2-2o -alkenyl and C2-2o -alkynyl can be substituted with one to five substituents se¬

lected from the group consisting of C 5-6-cycloalkyl, C 6-io-aryl, 5 to 10 membered heteroaryl,

OR , OC(0)-R , C(0)-OR , C(0)-R , NRSR', NR -C(0)R , C(0)-NR R , N[C(0)R ][C(0)R ] ,

SRS, halogen, CN, and N0 2;

Cs-s-cycloalkyl can be substituted with one to five substituents selected from the group con¬

sisting of Ci-10-alkyl, C 2-io-alkenyl, C 2-io-alkynyl, C 5-6-cycloalkyl, C 6-io-aryl, 5 to 10 membered

heteroaryl, OR , OC(0)-R , C(0)-OR , C(0)-R , NRSR', NR -C(0)R , C(0)-NR R ,

Ν[ (0 ][0(0)^], SR , halogen, CN, and N0 2;

C 6-i4 -aryl and 5 to 14 membered heteroaryl can be substituted with one to five substituents

independently selected from the group consisting of Ci-10-alkyl, C 2-io-alkenyl, C 2-io-alkynyl,

Cs-e-cycloalkyl, Ce-io-aryl, 5 to 10 membered heteroaryl, ORs, OC(0)-R', C(0)-OR s, C(0)-R s,

NRSR', NR -C(0)R , C(0)-NR R , N[C(0)R ][C(0)R ] , SR , halogen, CN, and N0 2;

5 to 12 membered ring system can be substituted with one to five substituents selected

from the group consisting of Ci-io-alkyl, C 2-io-alkenyl, C 2-io-alkynyl, Cs-e-cycloalkyl, C 6-io-aryl,

5 to 10 membered heteroaryl, OR , OC(0)-R , C(0)-OR , C(0)-R , NRSR', NR -C(0)R ,

C(0)-NR R , Ν[ (0 ][0(0)^], SR , halogen, CN, and N0 2;

wherein

Rs and R are independently selected from the group consisting of H, Ci-io-alkyl,

C 2-io-alkenyl and C 2-io-alkynyl,



wherein

Ci-io-alkyl, C2-io-alkenyl and C2-io-alkynyl can be substituted with one to five sub-

stituents selected from the group consisting of halogen, CN and NO2.

5 to 30 membered heteroarylene is a 5 to 30 membered monocyclic or polycyclic, such as di-

cyclic, tricyclic, tetracyclic, pentacyclic or hexacyclic ring system, which comprises at least one

heteroaromatic ring, and which may also comprise aromatic rings or non-aromatic rings, which

may be substituted by =0.

Examples of 5 to 30 membered heteroarylene are



1
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wherein

R is defined as above

X' is at each occurrence selected from the group consisting of O, S, Se or Te, preferably O, S or

Se, more preferably S or Se, most preferably S;

R 04 and R 05 are independently and at each occurrence selected from the group consisting of

H, Ci-2o -alkyl, C2-2o-alkenyl, C2-2o-alkynyl, Cs-s -cycloalkyl, C 6-i4 -aryl, and 5 to 14 membered hete-

roaryl, or R 04 and R 05 , if attached to the same atom, together with the atom, to which they are

attached, form a 5 to 12 membered ring system,

wherein

Ci-2o -alkyl, C2-2o-alkenyl and C2-2o-alkynyl can be substituted with one to five substituents se-

lected from the group consisting of C 5-6-cycloalkyl, C6-io -aryl, 5 to 10 membered heteroaryl,

OR , OC(0)-R , C(0)-OR , C(0)-R , NRSR', NR -C(0)R , C(0)-NR R , N[C(0)R ][C(0)R ] ,

SRS, halogen, CN, and N0 2;



C 5-8-cycloalkyl can be substituted with one to five substituents selected from the group con

sisting of Ci-io -alkyl, C2-io -alkenyl, C2-io -alkynyl, C 5-6-cycloalkyl, C6-io -aryl, 5 to 10 membered

heteroaryl, O R , OC(0)-R , C (0)-OR , C (0)-R , N R s R t , N R - C (0)R , C (0)-N R R ,

Ν [0(0)^][0(0)^, S R , halogen, C N , and N0 2;

C 6-i4 -aryl and 5 to 14 membered heteroaryl can be substituted with one to five substituents

independently selected from the group consisting of Ci-10 -alkyl, C2-io -alkenyl, C2-io -alkynyl,

Cs-e -cycloalkyl, C 6 -io -aryl, 5 to 10 membered heteroaryl, O R s , 00(0)-^, C (0)-OR s , C (0)-R s ,

N R SR', N R - C (0)R , C (0)-N R R , N[C (0)R ][C (0)R ] , S R , halogen, C N , and N0 2;

5 to 12 membered ring system can be substituted with one to five substituents selected

from the group consisting of Ci-10 -alkyl, C2-io -alkenyl, C2-io -alkynyl, C s-6-cycloalkyl, C6-io -aryl,

5 to 10 membered heteroaryl, O R , OC(0)-R , C (0)-OR , C (0)-R , N R SR', N R - C (0)R ,

C (0)-N R R , Ν[ (0 ][0(0)^], S R , halogen, C N , and N0 2;

wherein

R s and R are independently selected from the group consisting of H, Ci-10 -alkyl,

C2-io -alkenyl and C2-io -alkynyl,

wherein

Ci-io -alkyl, C2-io -alkenyl and C2-io -alkynyl can be substituted with one to five sub-

stituents selected from the group consisting of halogen, C N and NO2.

The 5 to 12 membered ring system can contain, in addition to the atom, to which R 00 and R 0 ,

respectively R 02 and R 03 , respectively R 04 and R 05 , are attached, ring members selected from

the group consisting of CH2, O , S and N R , werein R is at each occurrence selected from the

group consisting of H, Ci-10 -alkyl, C2-io -alkenyl and C2-io -alkynyl.

Preferred are moieties of formulae 1, 1', 2 and 2', where M 1 and M2 enable an electronically

conjugated link between L and L2.

Preferred are polymers comprising at least one unit of formulae
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n , m, L 1 , L2, X, Q, R, R2, R2', R2" are defined as above;

Y is at each occurrence selected from the group consisting of O, S, Se or Te, preferably O, S or

Se, more preferably S or Se, most preferably S;

More preferred are polymers comprising at least one unit of formula 1a, 1b, 1d, 1e, or 1f, where

n , m, L 1 , L2, X, Q, R, R2, R2', R2" are defined as above;

Even more preferred are polymers comprising at least one unit of formula



where n , m, L 1 , L2, X, Q, R, R2, R2', R2" are defined as above;

Still more preferred are polymers comprising at least one unit of formula

where n , m, L 1 , L2, X, Q, R, R2, R2', R2" are defined as above;

Most preferred are polymers comprising at least one unit of formula



where n , m, L 1 , L2, X , Q , R , R 2 , R 2 ' , R 2" are defined as above;

Preferably, the polymers of the present invention comprise at least 60% by weight of units of

formulae ( 1 ) or ( 1 ' ) based on the weight of the polymer.

More preferably, the polymers of the present invention comprise at least 80% by weight of units

of formulae (1) or (V) based on the weight of the polymer.

Most preferably, the polymers of the present invention essentially consist of units of formulae ( 1 )

or ( ).

Preferably, R and R are at each occurrence selected from the group consisting of H, Ci-ioo-

alkyl, C2-ioo -alkenyl, C2-ioo -alkynyl, C5-i2 -cycloalkyl, C 6-i8 -aryl, and a 5 to 20 membered hetero-

aryl,

wherein

Ci-ioo -alkyl, C2-ioo -alkenyl and C2-ioo -alkynyl can be substituted with one to fourty substitu-

ents independently selected from the group consisting of C s-8-cycloalkyl, C 6-i4 -aryl, 5 to 14

membered heteroaryl, O R , O C (0)-R , C (0)-OR , C (0)-R , N R - C (0)R b , C (0)-N R R b , S R ,

Si(R i )(R i )(R i ) , -0-Si(R i )(R Sib )(R i ) , halogen and CN; and at least two CH2-groups, but

not adjacent Chb-groups, of Ci-100 -alkyl, C2-ioo -alkenyl and C2-ioo -alkynyl can be replaced by

O or S,

C5-i2 -cycloalkyl can be substituted with one to six substituents independently selected from

the group consisting of C i -6o-alkyl, C 2-6o-alkenyl, C 2-6o-alkynyl, Cs-s -cycloalkyl, C 6-i4 -aryl, 5 to

14 membered heteroaryl, O R , O C (0)-R , C(0)-OR , C(0)-R , N R -C(0)R , C(0)-N R R ,

S R , Si(R i )(R i )(R i ) , -0-Si(R i )(R i )(R i ) , halogen, and C N ; and one or two C H 2-

groups, but not adjacent C -groups, of Cs-12 -cycloalkyl can be replaced by O , S , OC(O),

CO, N R a or N R -CO,

C 6-i8 -aryl and 5 to 20 membered heteroaryl can be substituted with one to six substituents

independently selected from the group consisting of C i -6o-alkyl, C 2-6o-alkenyl, C 2-6o-alkynyl,

Cs-s -cycloalkyl, C6-i 4-aryl, 5 to 14 membered heteroaryl, O R a , O C (0)-R a , C(0)-OR a , C(O)-



NR -C(0)R b, C(0)-NR Rb, SR , Si(R i )(R i )(R i ) , -0-Si(R i )(R i )(R i ) , halogen, and

wherein

Ra and R are independently selected from the group consisting of H, C i-6o-alkyl,

C2-6o-alkenyl, C2-6o-alkynyl, Cs-s-cycloalkyl, C6-i4 -aryl and 5 to 14 membered heteroaryl,

R ia , R i and R i are independently selected from the group consisting of H,

C i-6o-alkyl, C2-6o-alkenyl, C2-6o-alkynyl, Cs-s-cycloalkyl, C6-i4 -aryl, 5 to 14 membered

heteroaryl, 0 -Ci -6o-alkyl, 0-C2-6o-alkenyl, 0-C2-6o-alkynyl, O-Cs-s-cycloalkyl,

-[0-SiR Sid R i ]0-RSif,

wherein

o is an integer from 1 to 50,

R i , R ie and R i are independently selected from the group consisting of H,

C i-6o-alkyl, C2 -6o-alkenyl, C2 -6o-alkynyl, Cs-s-cycloalkyl, C6 -i4 -aryl, -[0-SiR i R Sih ] p -

RSii ,

wherein

p is an integer from 1 to 50,

RSig Sih anc | RSii are independently selected from the group consisting of H,

C i-3o-alkyl, C2-3o-alkenyl, C2-3o-alkynyl, Cs-e-cycloalkyl, Ce-io-aryl , 0-Si(CH 3 )3,

C i-6o-alkyl, C2-6o-alkenyl and C2-6o-alkynyl can be substituted with one to twenty

substituents selected from the group consisting of C s-6-cycloalkyl, C 6-io-aryl, O R ,

OC(0)-R , C(0)-OR , C(0)-R , NR -C(0)R , C(0)-NR R , SR , Si(R i0(RSik)(R Sil) ,

-O-Si(R i0(R ik)(R il) , halogen, and CN; and at least two CH2-groups, but not ad

jacent Chb-groups, of C i-6o-alkyl, C2-6o-alkenyl and C2-6o-alkynyl can be replaced

by O or S ,

Cs-s-cycloalkyl can be substituted with one to five substituents selected from the

group consisting of C i-30-alkyl, C2-3o-alkenyl, C2-3o-alkynyl, C5-6 -cycloalkyl, Ce-io-

aryl, O R , OC(0)-R , C(0)-OR , C(0)-R , NR -C(0)R , C(0)-NR R , SR ,

Si(R i0(RSik)(R Sil) , -O-Si(R i0(RSik)(RSil) , halogen, and CN; and one or two CH2-

groups, but not adjacent Chb-groups, of Cs-s-cycloalkyl can be replaced by O, S,

OC(O), CO, NR or NR -CO,

C6-i4 -aryl and 5 to 14 membered heteroaryl can be substituted with one to five

substituents independently selected from the group consisting of C i-30-alkyl, C2-30-

alkenyl, C
2
-
3
o-alkynyl, Cs-e-cycloalkyl, C

6
-io-aryl, O R , OC(0)-R , C(0)-OR , C(O)-

R , NR -C(0)R , C(0)-NR R , SR , Si(R i0(RSik)(R il) , -O-Si(R i0(RSik)(R Sil) , halo

gen and CN;



wherein

R and R are independently selected from the group consisting of H, C1-30-

alkyl, C 2-3o-alkenyl and C 2-3o-alkynyl,

Rs 'j, R ik and R il are independently selected from the group consisting of H,

C i -3o-alkyl, C 2-3o-alkenyl, C 2-3o-alkynyl, C5-6-cycloalkyl, Ce-io -aryl,

-[0-SiR SimR i ] -R i ,

wherein

q is an integer from 1 to 50,

R im, R i , R i0 are independently selected from the group consisting of

H, C i -3o-alkyl, C 2-3o-alkenyl, C 2-3o-alkynyl, C5-6-cycloalkyl, Ce-io -aryl, 5 to

10 membered heteroaryl, O-Ci -30-alkyl, 0-C2 -3o-alkenyl, 0-C2 -3o-alkynyl,

0 -C5-6-cycloalkyl, 0-C6-io-aryl, 0-5 to 10 membered heteroaryl,

-[0-SiR iPR iq] R i , NR70R80, halogen, and 0-C(0)-R 70;

wherein

r is an integer from 1 to 50,

R 'p, R i , R i are independently selected from the group consisting

of H, C i -3o-alkyl, C 2-3o-alkenyl, C 2-3o-alkynyl, C5-6-cycloalkyl, Ce-io -aryl,

5 to 10 membered heteroaryl, O-Ci -30-alkyl, 0-C2 -3o-alkenyl, O- C2-30-

alkynyl, 0 -C5-6-cycloalkyl, 0-C6-io-aryl, 0-5 to 10 membered het

eroaryl, 0-Si(CH 3)3, NR R800 , halogen and 0-C(0)-R 700 ,

R70, R80, R700 and R800 are independently selected from the group con-

sisting of H, C i -30-alkyl, C 2-3o-alkenyl, C 2-3o-alkynyl, C5-6-cycloalkyl,

C6-io -aryl, and 5 to 10 membered heteroaryl,

C i -3o-alkyl, C 2-3o-alkenyl and C 2-3o-alkynyl can be substituted with one to ten

substituents selected from the group consisting of halogen and CN.

More preferably, R and R are at each occurrence selected from the group consisting of C1-100-

alkyl, C2-ioo -alkenyl and C2-ioo -alkynyl,

wherein

Ci-100 -alkyl, C2-ioo -alkenyl and C2-ioo -alkynyl can be substituted with one to fourty substitu

ents independently selected from the group consisting of C s-8-cycloalkyl, C 6-i4-aryl, 5 to 14

membered heteroaryl, OR , OC(0)-R , C(0)-OR , C(0)-R , NR -C(0)R b, C(0)-NR Rb, SR ,

Si(R i )(R i )(R i ) , -0-Si(R i )(RSib)(R i ) , halogen, and CN; and at least two CH2-groups,

but not adjacent Chb-groups, of Ci-100 -alkyl, C2-ioo -alkenyl and C2-ioo -alkynyl can be repla-

ced by O or S,

wherein



Ra and R are independently selected from the group consisting of H, Ci-6o -alkyl,

C2-6o -alkenyl, C2-6o -alkynyl, Cs-s -cycloalkyl, C6-i4 -aryl and 5 to 14 membered heteroaryl,

R ia, R i and R i are independently selected from the group consisting of H,

Ci-6o -alkyl, C2 -6o-alkenyl, C2 -6o-alkynyl, Cs-s -cycloalkyl, C6 -i 4-aryl, -[0-SiR Sid R ie]0-R
i ,

wherein

o is an integer from 1 to 50,

R i , R ie and R i are independently selected from the group consisting of H, Ci-

6o-alkyl, C2 -6o-alkenyl, C2 -6o-alkynyl, Cs-s -cycloalkyl, C6 -i 4-aryl, -[0-SiR i R Sih]P-R
Sii ,

wherein

p is an integer from 1 to 50,

Sig RSih RSii are independently selected from the group consisting of H , Ci-

3o-alkyl, C2 -3o-alkenyl, C2 -3o-alkynyl, Cs-e -cycloalkyl, Ce-io -aryl, 0-Si(CH 3 )3,

Ci-6o -alkyl, C2 -6o-alkenyl and C2 -6o-alkynyl can be substituted with one to twenty

substituents selected from the group consisting of Cs-6 -cycloalkyl, C6-io -aryl, OR ,

OC(0)-R , C(0)-OR , C(0)-R , NR -C(0)R , C(0)-NR R , SR , Si(R i0(RSik)(RSil) ,

-O-Si(R i0(R ik)(R il) , halogen, and CN; and at least two CH2-groups, but not ad

jacent CH2-groups, of Ci-6o -alkyl, C2 -6o-alkenyl and C2 -6o-alkynyl can be replaced

by O or S,

Cs-s -cycloalkyl can be substituted with one to five substituents selected from the

group consisting of Ci-30 -alkyl, C2 -3o-alkenyl, C2 -3o-alkynyl, C5-6 -cycloalkyl, Ce-io-

aryl, OR , OC(0)-R , C(0)-OR , C(0)-R , NR -C(0)R , C(0)-NR R , SR ,

Si(R i0(RSik)(RSil) , -O-Si(R i0(RSik)(RSil) , halogen, and CN; and one or two CH2-

groups, but not adjacent CH2-groups, of Cs-s -cycloalkyl can be replaced by O, S,

OC(O), CO, NR or NR -CO,

C6-i4 -aryl and 5 to 14 membered heteroaryl can be substituted with one to five

substituents independently selected from the group consisting of Ci-30 -alkyl, C 2 -3o-

alkenyl, C 2-30
-alkynyl, Cs-e -cycloalkyl, C 6 -io -aryl, O R , O C (0)-R , C (0)-OR , C(O)-

R , N R - C (0)R , C (0)-N R R , S R , Si(R i0(RSik )(R il) , - O -Si(R i0(RSik )(R Sil ) , halo

gen, and C N ;

wherein

R and R are independently selected from the group consisting of H , C1-30-

alkyl, C 2 -3o-alkenyl and C 2 -3o-alkynyl,

Rs 'j, R ik and R il are independently selected from the group consisting of H,

Ci-3o -alkyl, C 2 -3o-alkenyl, C 2 -3o-alkynyl, Cs-e -cycloalkyl, Ce-io -aryl,

-[0-SiR SimR i ] -R i ,



wherein

q is an integer from 1 to 50,

R im, R i , R i0 are independently selected from the group consisting of

H , Ci-3o -alkyl, C2-3o-alkenyl, C2-3o-alkynyl, C 5-6-cycloalkyl, Ce-io -aryl,

-[0-SiR iPR iq] R i ,
wherein

r is an integer from 1 to 50,

R 'p, R i , R i are independently selected from the group consisting

of H , Ci-3o -alkyl, C2-3o-alkenyl, C2-3o-alkynyl, C 5-6-cycloalkyl, Ce-io -aryl,

0-Si(CH 3 )3 ,

Ci-3o -alkyl, C2-3o-alkenyl and C2-3o-alkynyl can be substituted with one to ten

substituents selected from the group consisting of halogen and C N .

Even more preferably, R and R are at each occurrence selected from the group consisting of

Ci-5o -alkyl, C2-so -alkenyl and C2-so -alkynyl,

wherein

Ci-5o -alkyl, C2-so -alkenyl and C2-so -alkynyl can be substituted with one to twenty substituents

independently selected from the group consisting of C5-6 -cycloalkyl, C6-io -aryl, 5 to 10 mem-

bered heteroaryl, OR , SR , Si(R i )(RSib)(R i ) , -0-Si(R i )(RSib)(R i ) , halogen, and C N ; and

at least two C -groups, but not adjacent C -groups, of Ci-50 -alkyl, C2-so -alkenyl and C2-50-

alkynyl can be replaced by O or S,

wherein

Ra is independently selected from the group consisting of H, Ci-30 -alkyl, C2-3o-alkenyl, C2-30-

alkynyl, C5-6 -cycloalkyl and C6-io -aryl,

R ia, R i and R i are independently selected from the group consisting of H, Ci-30 -alkyl,

C 2-3o-alkenyl, C 2-3o-alkynyl, C 5-6-cycloalkyl, C 6-io -aryl, -[0-SiR SidRSie]0-R
i ,

wherein

o is an integer from 1 to 50,

R i , R ie, R i are independently selected from the group consisting of H, Ci-30 -alkyl,

C 2-3o-alkenyl, C 2-3o-alkynyl, C 5-6-cycloalkyl, C 6-io -aryl, -[0-SiR i R Sih]P-R
Sii ,

wherein

p is an integer from 1 to 50,

R ' RSih , RSii are independently selected from the group consisting of H, C1-30-

alkyl, C2-3o-alkenyl, C2-3o-alkynyl, C 5-e-cycloalkyl, Ce-io -aryl, 0-Si(CH 3 )3,



Ci-3o -alkyl, C2-3o -alkenyl and C2-3o -alkynyl can be substituted with one to ten substituents se

lected from the group consisting of halogen and CN.

Still more preferably, R and R are at each occurrence selected from the group consisting of Ci-

5o-alkyl, C 3-so-alkenyl and C 3-so-alkynyl,

wherein

Ci-5o -alkyl, C3-so -alkenyl and C3-so -alkynyl can be substituted with one to twenty substituents

independently selected from the group consisting of C5-6 -cycloalkyl, C6-io -aryl, 5 to 10 mem-

bered heteroaryl, ORa, SRa, Si(R ia)(R ib)(R i ) , halogen, and CN; and at least two CH2-

groups, but not adjacent Chb-groups, of Ci-36 -alkyl, C2-36 -alkenyl and C2-36 -alkynyl can be

replaced by O or S,

wherein

Ra is independently selected from the group consisting of H, Ci-20 -alkyl, C 3-2o-alkenyl,

C 3-2o-alkynyl, C 5-6-cycloalkyl and C6-io -aryl

R ia, R i and R i are independently selected from the group consisting of H,

Ci-2o -alkyl, C2 -2o-alkenyl, C2 -2o-alkynyl, C5-6-cycloalkyl, C6 -io -aryl, -[0-SiR Sid R ie]0-R
i

wherein

o is an integer from 1 to 50,

R i , R ie, R if are independently selected from the group consisting of H, C1-30-

alkyl, C2 -2o-alkenyl, C2 -2o-alkynyl, C5-6-cycloalkyl, C6 -io -aryl, -[0-SiR i R Sih]P-R
Sii ,

wherein

p is an integer from 1 to 50,

RSig RSih RSii are independently selected from the group consisting of H , C1-30-

alkyl, C2-2o -alkenyl, C2-2o -alkynyl, C5 -6-cycloalkyl, Ce-io-aryl, 0-Si(CH 3 )3,

Ci-20 -alkyl, C2-2o -alkenyl and C2-2o -alkynyl can be substituted with one to ten substitu

ents selected from the group consisting of halogen and CN.

Most preferably, R and R are at each occurrence selected from the group consisting of C1-50-

alkyl, C 3-so-alkenyl and C 3-so-alkynyl,

wherein

Ci-5o -alkyl, C 3-so-alkenyl and C 3-so-alkynyl can be substituted with one to ten substituents in

dependently selected from the group consisting of ORa, SRa, Si(RSia)(RSi )(RSic) , and ha lo

gen; and at least two Chb-groups, but not adjacent Chb-groups, of Ci-50 -alkyl, C 3-so-alkenyl

and C 3-5o-alkynyl can be replaced by O or S,

wherein



Ra is independently selected from the group consisting of H, Ci-20 -alkyl, C3-2o -alkenyl,

C3-2o -alkynyl, C5-6 -cycloalkyl and C6-io -aryl

R ia, R i and R i are independently selected from the group consisting of H,

Ci-2o -alkyl, C2-2o-alkenyl, C2-2o-alkynyl, C5-6-cycloalkyl, C6-io -aryl, -[0-SiR Sid R ie]0-R
i

wherein

o is an integer from 1 to 50,

R i , R ie, R if are independently selected from the group consisting of H, C1-30-

alkyl, C2-2o-alkenyl, C2-2o-alkynyl, C5-6-cycloalkyl, C6-io -aryl, -[0-SiR i R Sih]P-R
Sii ,

wherein

p is an integer from 1 to 50,

RSig RSih RSii are independently selected from the group consisting of H , C1-30-

alkyl, C2-2o -alkenyl, C2-2o -alkynyl, C5-6 -cycloalkyl, C6-io -aryl, 0-Si(CH3)3,

Ci-20 -alkyl, C2-2o -alkenyl and C2-2o -alkynyl can be substituted with one to ten substi-

tuents selected from the group consisting of halogen and CN.

Especially preferably, R and R are at each occurrence selected from the group consisting of Ci-

5o-alkyl, C3-so -alkenyl and C3-so -alkynyl,

wherein

Ci-5o -alkyl, C3-so -alkenyl and C3-so -alkynyl can be substituted with one to ten fluorine groups;

and at least two Chb-groups, but not adjacent Chb-groups, of C i -50-alkyl, C3-so -alkenyl and

C3-5o -alkynyl can be replaced by O or S.

In particular, R and R are at each occurrence unsubstituted C i -50-alkyl, C3-so -alkenyl and C 3-50-

alkynyl, especially Ci-36 -alkyl, more especially Cs-36 -alkyl.

Preferably, R2, R2' , R2" and R* are at each occurrence selected from the group consisting of hy

drogen, Ci-3o -alkyl, and halogen,

wherein

Ci-3o -alkyl can be substituted with one to ten substituents independently selected from the

group consisting of Cs-s -cycloalkyl, C 6-i4 -aryl, 5 to 14 membered heteroaryl, ORe, OC(0)-R e,

C(0)-OR , C(0)-R , NReRf, NR -C(0)R f, C(0)-NR Rf, N[C(0)R ][C(0)R ] , SR , halogen,

CN, SiRSisRSitRSi and N0 2; and at least two CH2-groups, but not adjacent CH2-groups, of

Ci-3o -alkyl can be replaced by O or S,

wherein

R is , R it and R i are independently from each other selected from the group consist

ing of H , Ci-20 -alkyl, C2-2o -alkenyl, C2-2o -alkynyl, C5-6 -cycloalkyl, phenyl and 0-Si(CH3)3,



Re and R are independently selected from the group consisting of H, Ci-20-alkyl,

C 3-2o-alkenyl, C 3-2o-alkynyl, Cs-s-cycloalkyl, C6-i4 -aryl, and 5 to 14 membered heteroar-

yi.
wherein

Ci-2o-alkyl, C 3-2o-alkenyl and C 3-2o-alkynyl can be substituted with one to five sub-

stituents selected from the group consisting of C5-6 -cycloalkyl, C 6-io-aryl, 5 to 10

membered heteroaryl , OR9, OC(0)-R9, C(0)-OR9, C(0)-R9, NR Rh, NR9-C(0)R h,

C(0)-N R9Rh, N[C(0)R 9][C(0)R h] , S R9, halogen, C N, and N0 2;

Cs-s-cycloalkyl can be substituted with one to five substituents selected from the

group consisting of Ci-10-alkyl, C2-io-alkenyl, C2-io-alkynyl, C5-6 -cycloalkyl, Ce-ιο-

aryl, 5 to 10 membered heteroaryl, OR9, OC(0)-R9, C(0)-OR9, C(0)-R9, NR9Rh,

NRg-C(0)R h, C(0)-N R9Rh, N[C(0)R 9][C(0)R h] , S R9, halogen, C N, and N0 2;

C6-i4 -aryl and 5 to 14 membered heteroaryl can be substituted with one to five

substituents independently selected from the group consisting of Ci-10-alkyl, C2-10-

alkenyl, C2-io-alkynyl, C5-6 -cycloalkyl, C 6-io-aryl, 5 to 10 membered heteroaryl,

OR9, OC(0)-R9, C(0)-OR9, C(0)-R9, NRgRh, NRg-C(0)R h, C(0)-N RgRh,

N[C(0)R 9][C(0)R h] , S R9, halogen, C N, and N0 2;

wherein

R and Rh are independently selected from the group consisting of H, Ci-10-alkyl,

C3-io-alkenyl and C3-io-alkynyl,

wherein

Ci-10-alkyl, C3-io-alkenyl and C3-io-alkynyl can be substituted with one to five

substituents selected from the group consisting of halogen, C N and NO2.

More preferably, R2, R2' , R2" and R* are at each occurrence selected from the group consisting

of hydrogen, unsubstituted Ci-30-alkyl and halogen.

In particular, R2, R2', R2" and R* are in each occurrence hydrogen.

Preferably, n is 0 , 1 or 2 . More preferably, n is 0 or 1. Most preferably, n is 0 .

Preferably, m is 0 , 1 or 2 .

In some embodiments, L and L2 are independently from each other and at each occurrence

preferably selected from the group consisting of C6-3o-arylene, 5 to 30 membered heteroarylene,

and

wherein



C6-3o -arylene and 5 to 30 membered heteroarylene can be substituted with one to six sub

stituents R3 at each occurrence selected from the group consisting of Ci-30 -alkyl, C2-30-

alkenyl, C2-3o -alkynyl, C5-i2 -cycloalkyl, C 6-i8 -aryl and 5 to 20 membered heteroaryl, OR3 1,

OC(0)-R 3 1, C(0)-OR 3 1, C(0)-R 3 1, NR R32, NR3 -C(0)R 32, C(0)-NR 3 R32, SR3 1, halogen,

CN, SiRSivR i R i and OH, and

wherein

can be substituted with one or two substituents R4 at each occurrence selected from the

group consisting of Ci-30 -alkyl, C2-3o -alkenyl, C2-3o -alkynyl, C5-i2 -cycloalkyl, C6-is -aryl and 5 to

20 membered heteroaryl, C(0)-R 4 1, C(0)-NR R42, C(0)-OR 4 1 and CN,

wherein

R3 , R32, R4 und R42 are independently from each other and at each occurrence se

lected from the group consisting of H, Ci-30 -alkyl, C2-3o -alkenyl, C2-3o -alkynyl, C5-12-

cycloalkyl, C 6-i8 -aryl and 5 to 20 membered heteroaryl, and

wherein

Ci-3o -alkyl, C2-3o -alkenyl and C2-3o -alkynyl can be substituted with one to ten substitu

ents independently selected from the group consisting of Cs-s -cycloalkyl, C 6-i4 -aryl, 5

to 14 membered heteroaryl, OR', OC(0)-R, 0(0)-0^, (Ο )-^, N R'R, N R i-C(0)Rj,

C(0)-N RiRj, N[C(0)R i][C(0)R], SR', halogen, CN, SiR ivR i R i and N0 2; and at least

two Chb-groups, but not adjacent CH2 -groups of Ci-30 -alkyl, C2-3o -alkenyl and C2-30-

alkynyl can be replaced by O or S,

C5-i2 -cycloalkyl can be substituted with one to six substituents independently selected

from the group consisting of Ci-20 -alkyl, C2-2o -alkenyl and C2-2o -alkynyl, Cs-s -cycloalkyl,

C6 -i4 -aryl, 5 to 14 membered heteroaryl, OR', OC(0)-Ri, C(0)-OR i, C(0)-R i, N R'R,

N R i-C(0)Rj, C(0)-N RiRj, N[C(0)R i][C(0)R], SR', halogen, CN, SiR ivR i R i and N0 2;

and one or two Chb-groups, but not adjacent CH2 -groups, of Cs-12 -cycloalkyl can be

replaced by O, S, OC(O), CO, N R ' or N R i-CO,

C 6-i8 -aryl and 5 to 20 membered heteroaryl can be substituted with one to six substit

uents independently selected from the group consisting of Ci-20 -alkyl, C2-2o -alkenyl,

C2-2o -alkynyl, Cs-s -cycloalkyl, C 6-i4 -aryl, 5 to 14 membered heteroaryl, OR', OC(0)-Ri,

0(0)-0^, C{ )- N R'Rj, N R i-C(0)Rj, C(0)-N RiRj, N[C(0)R i][C(0)Rj], SR', halogen,

CN, SiRSivR i R i and N0 2,

wherein



R i , R iw , R ix are independently from each other selected from the group con

sisting of H, Ci-2o -alkyl, C2-2o -alkenyl, C2-2o -alkynyl, C 5-6-cycloalkyl, phenyl and

0-Si(CH 3)3,

R' and Ri are independently selected from the group consisting of H, Ci-20 -alkyl,

C3-2o -alkenyl, C3-2o -alkynyl, Cs-s -cycloalkyl, C 6-i4 -aryl, and 5 to 14 membered hete-

roaryl,

wherein

Ci-2o -alkyl, C3-2o -alkenyl and C3-2o -alkynyl can be substituted with one to five

substituents selected from the group consisting of C 5-6-cycloalkyl, C6-io -aryl, 5

to 10 membered heteroaryl, ORk, OC(0)-R', C(0)-OR k, C(0)-R k, NRkR', NRk-

C(0)R', C(0)-NR kR', N[C(0)R k][C(0)R'], SRk, halogen, CN, and N0 2;

Cs-s -cycloalkyl can be substituted with one to five substituents selected from

the group consisting of Ci-10 -alkyl, C2-io -alkenyl, C2-io -alkynyl, C 5-6-cycloalkyl,

C6 -io -aryl, 5 to 10 membered heteroaryl, ORk, OC(0)-R', C(0)-OR k, C(0)-R k,

NRkR', NRk-C(0)R', C(0)-NR kR', N[C(0)R k][C(0)R'], SRk, halogen, CN, and

N0 2;

C 6-i4 -aryl and 5 to 14 membered heteroaryl can be substituted with one to

five substituents independently selected from the group consisting of Ci-io-

alkyl, C2-io -alkenyl, C2-io -alkynyl, C 5-6-cycloalkyl, C6-io -aryl, 5 to 10 membered

heteroaryl, O R k , O C (0)-R', C (0)-OR k , C (0)-R k , N R k R', N R k- C (0)R', C(O)-

N R k R', N[C (0)R k ][C (0)R'], S R k , halogen, C N , and N0 2;

wherein

R k and R ' are independently selected from the group consisting of H ,

Ci-io -alkyl, C3-io -alkenyl and C3-io -alkynyl,

wherein

Ci-io -alkyl, C3-io -alkenyl and C3-io -alkynyl can be substituted with

one to five substituents selected from the group consisting of halo

gen, C N and N0 2.

In some other embodiments, L and L2 are independently from each other and at each c

rrence selected from the group consisting of C6-C3o -arylene and 5 to 30 membered het

eroarylene,

and

wherein

C6-C3o -arylene and 5 to 30 membered heteroarylene can be substituted with one to six

substituents R3 at each occurrence selected from the group consisting of C i -30-alkyl, C2-:



alkenyl, C2-3o-alkynyl, C s-12-cycloalkyl, C 6-i8-aryl and 5 to 20 membered heteroaryl, O R 3 1 ,

O C (0)-R 3 1 , C (0)-OR 3 1 , C (0)-R 3 1 , N R R 32 , N R 3 - C (0)R 32 , C (0)-N R 3 R 32 , S R 3 1 , halogen,

C N , SiR Siv R i R i and OH, and

wherein

can be substituted with one or two substituents R4 at each occurrence selected from the

group consisting of Ci-30 -alkyl, C 2-3o-alkenyl, C 2-3o-alkynyl, C 5-i2-cycloalkyl, C 6-is-aryl and 5 to

20 membered heteroaryl, C(0)-R 4 1, C(0)-NR R42, C(0)-OR 4 1 and CN,

wherein

R3 , R32, R4 und R42 are independently from each other and at each occurrence se

lected from the group consisting of H, Ci-30 -alkyl, C 2-3o-alkenyl, C 2-3o-alkynyl, C5-12-

cycloalkyl, C 6-i8-aryl and 5 to 20 membered heteroaryl, and

wherein

C i -3o-alkyl, C 2-3o-alkenyl and C 2-3o-alkynyl can be substituted with one to ten substitu

ents independently selected from the group consisting of Cs-s -cycloalkyl, C 6-i4-aryl, 5

to 14 membered heteroaryl, OR', OC(0)-R, 0(0)-0^, Ο(Ο )-^, N R'Rj, N R i-C(0)Rj,

C(0)-N RiRj, N[C(0)R i][C(0)Rj], SR', halogen, CN, SiR ivR i R i and N0 2; and at least

two Chb-groups, but not adjacent Chb-groups of Ci-30 -alkyl, C 2-3o-alkenyl and C2-30-

alkynyl can be replaced by O or S,

C 5-i2-cycloalkyl can be substituted with one to six substituents independently selected

from the group consisting of Ci-20 -alkyl, C 2-2o-alkenyl and C 2-2o-alkynyl, Cs-s -cycloalkyl,

C
6-i4

-aryl, 5 to 14 membered heteroaryl, OR', OC(0)-Ri, C(0)-OR i, C(0)-R i, N R'Rj,

N R i-C(0)Rj, C(0)-N RiRj, N[C(0)R i][C(0)R], SR', halogen, CN, SiR ivR i R i and N0 2;

and one or two Chb-groups, but not adjacent Chb-groups, of C s-12-cycloalkyl can be

replaced by O, S, OC(O), CO, N R ' or N R i-CO.

Preferably, L and L2 are independently from each other and at each occurrence selected from

the group consisting of -3o-arylene and 5 to 30 membered heteroarylene,

and

wherein -3o-arylene and 5 to 30 membered heteroarylene is selected from the group consist

ing of



- 4 1 -



wherein

R 04 and R 05 are independently and at each occurrence selected from the group consisting

of H, or Ci-2o-alkyl and C 6-i4 -aryl,



wherein

Ci-2o -alkyl can be substituted with one to five substituents selected from the group con

sisting of ORs and halogen;

C6-i4 -aryl can be substituted with one to five substituents independently selected from

the group consisting of Ci-10 -alkyl, ORs and halogen;

wherein

Rs is independently selected from the group consisting of H and Ci-10 -alkyl,

R is at each occurrence selected from the group consisting of C i -36-alkyl, C3-36-alkenyl and C3-

36-alkynyl,

wherein

C i -36-alkyl, C3-36-alkenyl and C3-36-alkynyl can be substituted with one to twenty substituents

independently selected from the group consisting of C 5-6-cycloalkyl, C6-io -aryl, 5 to 10 mem

bered heteroaryl, OR , SR , Si(R i )(RSib)(R i ) , -0-Si(R i )(RSib)(R i ) , halogen, and CN; and

at least two Chb-groups, but not adjacent Chb-groups, of Ci-36 -alkyl, C 2-36-alkenyl and C2-36-

alkynyl can be replaced by O or S,

wherein

Ra is independently selected from the group consisting of H, Ci-20 -alkyl, C 3-2o-alkenyl,

C 3-2o-alkynyl, C 5-6-cycloalkyl and C6-io -aryl

R ia, R i and R i are independently selected from the group consisting of H,

Ci-20 -alkyl, C2 -2o-alkenyl, C2 -2o-alkynyl, C5-6-cycloalkyl, Ce-io -aryl, -[0-SiR Sid R ie]0-R
i

wherein

o is an integer from 1 to 50,

R i , R ie, R if are independently selected from the group consisting of H, C1-30-

alkyl, C2 -2o-alkenyl, C2 -2o-alkynyl, C5-6-cycloalkyl, Ce-io -aryl, -[0-SiR i R Sih]P-R
Sii ,

wherein

p is an integer from 1 to 50,

RSig RSih RSii are independently selected from the group consisting of H ,

Ci-3o -alkyl, C2-2o -alkenyl, C2-2o -alkynyl, C5 -6-cycloalkyl, Ce-io-aryl, 0-Si(CH 3 )3,

Ci-20 -alkyl, C2-2o -alkenyl and C2-2o -alkynyl can be substituted with one to ten substitu

ents selected from the group consisting of halogen and CN.

wherein

C6-3o -arylene and 5 to 30 membered heteroarylene can be substituted with one to six sub

stituents R3 at each occurrence selected from the group consisting of Ci-30 -alkyl, C1-30-

alkoxy, CN and halogen, and



wherein

can be substituted with one or two substituents R4 at each occurrence selected from the

group consisting of Ci
-3

o-alkyl, C(0)-R 4 1, C(0)-OR 4 1 and CN,

wherein

R4 is at each occurrence Ci-3o-alkyl.

More preferably, L and L2 are independently from each other and at each occurrence C6-30-

arylene and 5 to 30 membered heteroarylene

and

wherein C6-3o -arylene and 5 to 30 membered heteroarylene is selected from the group consist-

ing of

R104 R105

Sir



wherein

R 04 and R 05 are independently and at each occurrence selected from the group consisting

of H and Ci-20-alkyl,

X' is O, S, or Se, preferably S or Se, particularly preferably S.

R are independently and at each occurrence a Ci-36-alkyl group,

wherein

5 to 30 membered heteroarylene can be substituted with one to six substituents R3 at each

occurrence selected from the group consisting of Ci-30-alkyl, Ci-30-alkoxy, CN and halogen.

wherein



is unsubtituted.

In particular, L and L2 are independently from each other and at each occurrence C6-

and 5 to 30 membered heteroaryle

and

wherein C6-3o -arylene and 5 to 30 membered heteroarylene is selected from the group consist

ing of

wherein

5 to 30 membered heteroarylene is unsubstituted,

X' is O, S, or Se, preferably S or Se, particularly preferably S.

R are independently and at each occurrence a group Ci-36-alkyl.

In even more preferred polymers comprising at least one unit of formulae (1) or (V)



R is at each occurrence selected from the group consisting of Ci-36-alkyl, C2-36-alkenyl and C2-

36-alkynyl,

wherein

Ci-36-alkyl, C2-36-alkenyl and C2-36-alkynyl can be substituted with one to twenty substituents

independently selected from the group consisting of C5-6 -cycloalkyl, C6-io -aryl, 5 to 10 mem¬

bered heteroaryl , O R , S R , Si(R i )(R Sib)(R i ) , -0-Si(R i )(R Sib)(R i ) , halogen, and C N; and

at least two Chb-groups, but not adjacent Chb-groups, of Ci-36-alkyl, C2-36-alkenyl and C2-36-

alkynyl can be replaced by O or S ,

wherein

Ra and R are independently selected from the group consisting of H , Ci-20-alkyl,

C2-2o-alkenyl, C2-2o-alkynyl, C5-6 -cycloalkyl and C6-io -aryl

R ia , R i and R i are independently selected from the group consisting of H,

Ci-20-alkyl, C2 -2o-alkenyl, C2 -2o-alkynyl, C5-6-cycloalkyl, C6 -io -aryl, -[0-SiRSid R ie]0-R i

wherein

o is an integer from 1 to 50,

R i , R ie, R if are independently selected from the group consisting of H , C1-30-

alkyl, C2 -2o-alkenyl, C2 -2o-alkynyl, C5-6-cycloalkyl, C6 -io -aryl, -[0-SiR i R Sih]P-RSii ,

wherein

p is an integer from 1 to 50,

RSig RSih RSii are independently selected from the group consisting of H , Ci-

3o-alkyl, C2-2o-alkenyl, C2-2o-alkynyl, C5 -6-cycloalkyl, Ce-io-aryl, 0-Si(CH 3 )3,

Ci-20-alkyl, C2-2o-alkenyl and C2-2o-alkynyl can be substituted with one to ten substitu¬

ents selected from the group consisting of halogen and CN,

R2 is at each occurrence selected from the group consisting of unsubstituted hydrogen, Ci-

3o-alkyl and halogen,

n is 0 or 1,
m is 0 , 1 or 2 , and

L and L2 are independently from each other and at each occurrence selected from the group

consisting of 5 to 30 membered heteroarylene,

wherein 5 to 30 membered heteroarylene is selected from the group consisting of



wherein

R 04 and R 05 are independently and at each occurrence selected from the group consisting

of H, Ci-2o-alkyl , C2-2o -alkenyl, C2-2o -alkynyl , Cs-s-cycloalkyl, C 6-i4 -aryl, and 5 to 14 membered

heteroaryl , o r R 04 and R 05 , if attached to the same atom, together with the atom, to which

they are attached, form a 5 to 12 membered ring system,

wherein

Ci-2o-alkyl, C2-2o -alkenyl and C2-2o -alkynyl can be substituted with one to five substitu-

ents selected from the group consisting of C 5-6-cycloalkyl, C 6-io-aryl, 5 to 10 membe-



red heteroaryl, O R , O C (0)-R , C (0)-OR , C (0)-R , N R s R t , N R - C (0)R , C (0)-N R R ,

Ν [0(0)^][0(0)^, S R , halogen, C N , and N0 2;

C5-8 -cycloalkyl can be substituted with one to five substituents selected from the group

consisting of Ci-10 -alkyl, C2-io -alkenyl, C2-io -alkynyl, Cs-6 -cycloalkyl, C6-io -aryl, 5 to 10

membered heteroaryl, O R , O C (0)-R , C (0)-OR , C (0)-R , N R SR', N R - C (0)R ,

C (0)-N R R , Ν [ (0 ][ (0 , S R , halogen, C N , and N0 2;

C6-i4 -aryl and 5 to 14 membered heteroaryl can be substituted with one to five sub

stituents independently selected from the group consisting of Ci-io -alkyl, C2-io -alkenyl,

C2-io -alkynyl, Cs-6 -cycloalkyl, C6-io -aryl, 5 to 10 membered heteroaryl, O R s , O C (0)-R t ,

C (0)-OR , C (0)-R , N R SR', N R - C (0)R , C (0)-N R R , N[C (0)R ][C (0)R ] , S R , halo

5 to 12 membered ring system can be substituted with one to five substituents selec

ted from the group consisting of Ci-io -alkyl, C2-io -alkenyl, C2-io -alkynyl, Cs-6 -cycloalkyl,

Ce-10 -aryl, 5 to 10 membered heteroaryl, O R s , O C - R , C (0)-OR s , C (0)-R s , N R SR',

N R - C (0)R , C (0)-N R R , N[C (0)R ][C (0)R ] , S R , halogen, C N , and N0 2;

wherein

R s and R are independently selected from the group consisting of H , Ci-io-

alkyl, C2-io -alkenyl and C2-io -alkynyl,

wherein

Ci-10 -alkyl, C2-io -alkenyl and C2-io -alkynyl can be substituted with one to five

substituents selected from the group consisting of halogen, C N and NO2,

wherein

5 to 30 membered heteroarylene can be substituted with one to six substituents R 3 at each

occurrence selected from the group consisting of Ci-30 -alkyl and halogen, and

wherein

can be substituted with one or two substituents R 4 at each occurrence selected from the

group consisting of Ci-30 -alkyl, C (0)-R 4 1 , C (0)-OR 4 1 and C N ,

wherein

R 4 is at each occurrence Ci-30 -alkyl.

In most preferred polymers comprising at least one unit of formulae (1) or (1')

R is at each occurrence unsubstituted Ci-36 -alkyl,



R2 is hydrogen,

n is 0 ,

m is 0 , 1 or 2 , and

L1 and L2 are independently from each other and at each occurrence 5 to 30 membered het

eroarylene,

wherein 5 to 30 membered heteroarylene is selected from the group consisting of

wherein

5 to 30 membered heteroarylene can be substituted with R3, in particular with fluorine.

In other preferred embodiments, L and l_2 are selected from

and



wherein

R is at each occurrence unsubstituted Ci

R3 and R4 is hydrogen,

n is 0 , 1 or 2

m is 0 , 1 or 2



1a-4,



where polymers comprising at least a group of formula 1a-1 are especially preferred, and

wherein p is an integer from 2 to 1000

X, X' Q, R, R2, R2', R2" are defined as above;



1b-5



1b-6

1b-7

where polymers comprising at least a group of formula 1b-1 are especially preferred, and

in still another embodiment of the present invention particularly preferred polymers comprise at

least one unit of formula

1f-2
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1f-7

where polymers comprising at least a group of formula 1f-1 are especially preferred, and

wherein p is an integer from 2 to 1000

X, X' Q, R, R2, R2', R2" are defined as above;

p is preferably 3 to 200, more preferably 4 to 100 and most preferably 5 to 50,

R is preferably at each occurrence Ci -36 -alkyl,

R2, R2' and R2" are at each occurrence preferably hydrogen,

Q is preferably at each occurrence carbon,

X is preferably at each occurrence S, or Se, especially S,

X' is preferably at each occurrence S or Se, especially S,

The polymers of the present invention have preferably a weight average molecular weight (Mw)

of 1 to 10000 kDa and a number average molecular weight (Mn) of 1 to 10000 kDa. The poly

mers of the present invention have more preferably a weight average molecular weight (Mw) of 1

to 1000 kDa and a number average molecular weight (Mn) of 1 to 100 kDa. The polymers of the

present invention have even more preferably a weight average molecular weight (Mw) of 5 to

1000 kDa and a number average molecular weight (Mn) of 5 to 100 kDa. The polymers of the

present invention have still more preferably a weight average molecular weight (Mw) of 10 to

1000 kDa and a number average molecular weight (Mn) of 10 to 100 kDa.The polymers of the

present invention have most preferably a weight average molecular weight (Mw) of 10 to 100

kDa and a number average molecular weight (Mn) of 5 to 60 kDa. The weight average molecular

weight (Mw) and the number average molecular weight (Mn) can be determined by gel permea

tion chromatography (GPC) e.g. at 80 °C using chlorobenzene or preferably at 150 °C using

trichlorobenzene as eluent and a polystyrene as standard.

The polymers of the present invention can be prepared by methods known in the art, e.g. by

Suzuki-, Stille, Yamamoto- or direct heteroaryl-polymerization.

The polymers of the present invention are preferably fully conjugated along the whole polymer

backbone.



For examples, polymers of the present invention comprising at least one unit of formulae (1) or

(V), wherein n is 0 and which are of formulae (1-1) or (1- )

wherein

p, M 1 , M2, Q, X, R, R2, R2', and L2 are as defined above,

m is 0 , 1, 2 , 3 or 4 ,

can be prepared by reacting a compound of formulae (3)



wherein Z* is at each occurrence I, Br, C I or 0-S(0)2CF 3, and p, M1, M2, Q, X, R, R2 and R2' are

as defined above,

with one mol equivalents of a compound of formula ( 10)

wherein

L2 is as defined for the compound of formula ( 1-1), and

Za and Z are independently selected from the group consisting of B(OZ )(OZ2) , SnZ Z2Z3

wherein Z , Z2, Z3, Z4, Z5 and Z6 are independently from each other and at each

currence H or Ci-4-alkyl.

Z* is preferably at each occurrence I or Br, especially Br.

Za and Z are preferably independently selected from the group SnZ Z2Z3 or

, especially SnZ Z Z3.



The polymer comprising a compound of formulae (1-1) or (1- ) can also be obtained in analogy

from compounds (4) or (4') and ( 1 1) , where the meaning of R , R2, R2', Q , X , L2, Z * , Za and Z is

defined above:

Z*- -Z*
m

( 1 1)

For example, polymers of the present invention comprising at least one unit of formulae ( 1 ) o r

(1'), wherein n and m are 0 and which are of formulae (1-11) o r (1- Ι )

1-11 o r



wherein Z* is at each occurrence I , Br, C I or 0-S(0)2CF3, and R, R2 and R2' are as defined

above,

with a compound of formulae (4) or (4')



wherein

R, R2 and R2' are as defined for the compound of formula (1-11), and

Za and Z are independently selected from the group consisting of B(OZ )(OZ 2) , SnZ Z2Z3,

wherein Z , Z2, Z3, Z4, Z5 and Z6 are independently from each other and at each

occurrence H or Ci-4-alkyl.

preferably at each occurrence I or Br, especially Br

Za and Z are preferably independently selected from the group SnZ Z2Z3 or

, especially SnZ Z2Z3.



a and Z are independently selected from the group consisting of B(OZ )(OZ2) ,

wherein Z , Z2, Z3, Z4, Z5 and Z6 are independently from each other and at each occurrence H or

Ci-4-alkyl,

the reaction is usually performed in the presence of a catalyst, preferably a Pd catalyst such as

Pd(P(Ph)3)4, Pd(OAc)2 and Pd2(dba)3, and a base such as K3P0 4, Na2C0 3, K2C0 3, LiOH and

NaOMe. Depending on the Pd catalyst, the reaction may also require the presence of a phos-

phine ligand such as P(Ph)3, P(otolyl) 3 and P(fert-Bu)3. The reaction is also usually performed

at elevated temperatures, such as at temperatures in the range of 40 to 250 °C, preferably 60 to

200 °C. The reaction can be performed in the presence of a suitable solvent such as tetrahydro-

furan, toluene or chlorobenzene. The reaction is usually performed under inert gas.

When Za and Z are independently SnZ Z2Z3, wherein Z , Z2 and Z3 are independently from

each other Ci
-4

-alkyl, the reaction is usually performed in the presence of a catalyst, preferably

a Pd catalyst such as Pd(P(Ph)3)4 and Pd2(dba)3.Depending on the Pd catalyst, the reaction

may also require the presence of a phosphine ligand such as P(Ph)3, P(otolyl) 3 and P(fert-Bu)3.

The reaction is also usually performed at elevated temperatures, such as at temperatures in the

range of 40 to 250 °C, preferably 60 to 200 °C. The reaction can be performed in the presence

of a suitable solvent such as toluene or chlorobenzene. The reaction is usually performed under

inert gas.

The compound of formulae (3) or (3') can be prepared by methods known in the art from a

compound of formulae (5) or (5').

For examples, compounds of formulae (3) or (3'), wherein



wherein Z* is I , Br, C I or O-triflate, and R is at each occurrence Ci

gen

can be prepared by treating a compound of formulae (5) or (5')

wherein R is at each occurrence Ci-36-alkyl, R2 and R2' are hydrogen

with a Z* -donor.

Z* is preferably I or Br, especially Br.

For example, when Z* is Br, the Z* -donor can be N-bromosuccinimide. When using N-bromo-

succinimide as Z* -donor, the reaction can be performed at 0 °C in the presence of CHCb/acetic

acid as solvent.

A compound of formula (5) where Q is a carbon atom and M 1 is a phenyl ring, can e.g. be pre

pared by the synthetic pathway, depicted in Scheme 1. R2, R2', X and R have the meaning de

fined above.



Scheme 1

R2 is preferably hydrogen,

R2' is preferably hydrogen,

X is preferably O, S or Se, more preferably S or Se, especially S,

R is preferably C -36-alkyl.

Also part of the invention are intermediates of formulae (3), (3'), (4), (4'), (5) and (5'):



wherein



R2, R2', R2', X, Q, M 1 , M2, Za, Zb and R have the meaning defined above.

Z* is at each occurrence I , Br, C I or 0-S(0)2CF3.

In preferred intermediates of formulae (3), (3'), (4), (4'), (5), (5') at each occurrence

R2 and R2' are hydrogen, unsubstituted Ci-30-alkyl or halogen;

X is O, S or Se;

Q is a carbon atom;

R is hydrogen, C -36-alkyl, C2-36-alkenyl, C2-36-alkynyl, C5-i2-cycloalkyl, or phenyl, preferably

Ci-36-alkyl;

Z* is at each occurrence I or Br;

Za, Z are .where Z -Z4 are methyl.

In more preferred intermediates of formulae (3), (3'), (4), (4'), (5), (5') at each occurrence

R2 and R2' are hydrogen or halogen;

X is S or Se;

Q is a carbon atom;

R is C -36-alkyl,

Z* is I or Br;

In most preferred intermediates of formulae (3), (3'), (4), (4'), (5), (5') at each occurrence

R2 and R2' are hydrogen,

X is S,

Q is a carbon atom;

R is Ci-36-alkyl,

Z* is I or Br;

Preferred intermediates of formula (3) are



(3-111)

wherein

R is at each occurrence Ci -36 -alkyl,

Hal is independently at each occurrence Br or I .

Particular preferred i

wherein, R is at each occurrence Ci -36 -alkyl and R2 is hydrogen.

Preferred intermediates of formula (4) are



wherein

R is at each occurrence Ci-36-alkyl.

Particular preferred intermediates of formula (4) are



(5-III)
wherein

R is at each occurrence Ci-36 -alkyl.



Particular preferred intermediates of formula (5) are

wherein, R is at each occurrence Ci-36-alkyl and R2 is hydrogen.

In another embodiment of the present invention intermediates of formula (6) are preferred

(6-III)
wherein

R is at each occurrence Ci-36-alkyl

Z , Z2 and Z3 are independently from each other Ci-4-alkyl.



Particular preferred intermediates of formula (6) are

(6-1)

Also part of the invention is an electronic device comprising the polymer of the present inven-

tion.

The electronic device can be an organic photovoltaic device (OPVs), an organic field-effect

transistor (OFETs), an organic light emitting diode (OLEDs) or an organic photodiode (OPDs).

Preferably, the electronic device is an organic photovoltaic device (OPVs), an organic field-

effect transistor (OFETs) or an organic photodiode (OPDs).

More preferably, the electronic device is an organic field effect transistor (OFET).

Usually, an organic field effect transistor comprises a dielectric layer, a semiconducting layer

and a substrate. In addition, an organic field effect transistor usually comprises a gate electrode

and source/drain electrodes.

Preferably, the semiconducting layer comprises the polymer of the present invention. The semi-

conducting layer can have a thickness of 5 to 500 nm, preferably of 10 to 100 nm, more prefer

ably of 20 to 50 nm.

The dielectric layer comprises a dielectric material. The dielectric material can be silicon dioxide

or aluminium oxide, or, an organic polymer such as polystyrene (PS), poly(methylmethacrylate)

(PMMA), poly(4-vinylphenol) (PVP), polyvinyl alcohol) (PVA), benzocyclobutene (BCB), or poly-

imide (PI). The dielectric layer can have a thickness of 10 to 2000 nm, preferably of 50 to 1000

nm, more preferably of 100 to 800 nm.

The dielectric layer can in addition to the dielectric material comprise a self-assembled mono-

layer of organic silane derivates or organic phosphoric acid derivatives. An example of an orga

nic silane derivative is octyltnchlorosilane. An examples of an organic phosphoric acid derivative



is octyldecylphosphoric acid. The self-assembled monolayer comprised in the dielectric layer is

usually in contact with the semiconducting layer.

The source/drain electrodes can be made from any suitable organic or inorganic source/drain

material. Examples of inorganic source/drain materials are gold (Au), silver (Ag) or copper (Cu),

as well as alloys comprising at least one of these metals. The source/drain electrodes can have

a thickness of 1 to 100 nm, preferably from 20 to 70 nm.

The gate electrode can be made from any suitable gate material such as highly doped silicon,

aluminium (Al), tungsten (W), indium tin oxide or gold (Au), or alloys comprising at least one of

these metals. The gate electrode can have a thickness of 1 to 200 nm, preferably from 5 to 100

nm.

The substrate can be any suitable substrate such as glass, or a plastic substrate such as poly-

ethersulfone, polycarbonate, polysulfone, polyethylene terephthalate (PET) and polyethylene

naphthalate (PEN). Depending on the design of the organic field effect transistor, the gate elec

trode, for example highly doped silicon can also function as substrate.

The organic field effect transistor can be prepared by methods known in the art.

For example, a bottom-gate top-contact organic field effect transistor can be prepared as

follows: The dielectric material, for example AI2O3 or silicon dioxide, can be applied as a layer

on a gate electrode such as highly doped silicon wafer, which also functions as substrate, by a

suitable deposition method such as atom layer deposition or thermal evaporation. A self-assem-

bled monolayer of an organic phosphoric acid derivative or an organic silane derivative can be

applied to the layer of the dielectric material. For example, the organic phosphoric acid deriva

tive or the organic silane derivative can be applied from solution using solution-deposition tech

niques. The semiconducting layer can be formed by either solution deposition or thermal evapo

ration in vacuo of the polymer of the present invention on the self-assembled monolayer of the

organic phosphoric acid derivative or the organic silane derivative. Source/drain electrodes can

be formed by deposition of a suitable source/drain material, for example tantalum (Ta) and/or

gold (Au), on the semiconducting layer through a shadow masks. The channel width (W) is typi

cally 10 to ΙΟΟΟµηη and the channel length (L) is typically 5 to 500 µ η .

For example, a top-gate bottom-contact organic field effect transistor can be prepared as

follows: Sorce/drain electrodes can be formed by evaporating a suitable source/drain material,

for example gold (Au), on photo-lithographically defined electrodes on a suitable substrate, for

example a glass substrate. The semiconducting layer can be formed by depositing a solution of

the polymers of the present invention, for example by spin-coating, on the source/drain electro-

des, followed by annealing the layer at elevated temperatures such as at a temperature in the

range of 80 to 360 °C. After quenching the semiconducting layer, a dielectric layer can be

formed by applying, for example, by spin-coating, a solution of a suitable dielectric material such



as poly(methylmethacryate), on the semiconducting layer. The gate electrode of a suitable gate

material, for example gold (Au), can be evaporated through a shadow mask on the dielectric

layer.

Also part of the invention is the use of the polymer of the present invention as semiconducting

material.

The polymers of the present invention show high charge carrier mobilities. In addition, the poly-

mers of the present invention show a high stability, in particular a high thermal stability. Fur

thermore the polymers of the present invention are compatible with liquid processing tech

niques.

Also part of the invention is the use of the polymer of the present invention as luminescent ma-

terial.

Also part of the invention is the use of the compound of the present invention as luminescent

material.

Examples

General experimental details for synthetic part

Methods and materials: All reagents from commercial sources were used without further purifi-

cation. Solvents were dried and purified using standard techniques. Most of the compounds

were characterized by NMR, usually at room temperature. High-resolution mass spectrometry

(HRMS) data was recorded using a Thermo Scientific - LTQ Velos Orbitrap MS in positive a t

mospheric pressure photoionization (+APPI) mode. UV-Vis spectra were recorded in a Varian

Cary 100 spectrophotometer. Thermogravimetric analysis (TGA) was performed under N 2 using

Bruker TGA-IR TG209F1 with a ramp of 10 °C/min. Differential Scanning Calorimetry (DSC)

was run on DSC-204F1 -phoenix. Number average (Mn) and weight-average (Mw) molecular

weight were determined by Agilent Technologies 1200 series GPC running in chlorobenzene at

80 °C, using two PL mixed B columns in series and/or in trichlorobenzene at 150°C and ca li

brated against narrow polydispersity polystyrene standards. Flash chromatography (FC) was

performed on silica gel. Microwave experiments were performed in a Biotage initiator V 2.3.

Synthetic details and characterization

Scheme S 1: Synthesis of intermediates corresponding to formulae J-9 and J-10



82%

J-9: R = n-C H

J-10: R = 2-ethylhexyl

Example 1

Synthesis of 1-bromo-2-chloro-4-(dibromomethyl)-5-fluorobenzene (J-2):

1-bromo-2-chloro-5-fluoro-4-methylbenzene (20.Og, 90mmol), NBS(48.06g, 270mmol) and BPO



(2.18g, 9mmol) dissolved in 1,2-dichloroethane (250ml). Stirred at reflux until the starting mate

rial was consumed monitored by GC-MS and quenched with water and extracted with ethyl ace

tate. Organic phases collected and dried over magnesium sulfate, filtered and concentrated

under vacuum. Purified via column chromatography on silica gel with 1: 1 ethyl acetate:hexane

as eluent to afford a brown oil. Yield: 32.50g (95%)

H NMR (700 MHz, CDCI3) δ 7.91 (d, J = 7.1 Hz, 1H), 7.36 (d, J = 9.1 Hz, 1H), 6.80 (s, 1H).

Example 2

Synthesis of 4-bromo-5-chloro-2-fluorobenzaldehyde (J-3):

1-bromo-2-chloro-4-(dibromomethyl)-5-fluorobenzene (34.Og, 89.2mmol), dissolved in formic

acid (500ml) and stirred at relfux overnight. Allowed to cool to room temperature and poured

into water. The resulting solid was collected, washed with water until the washings were no

longer acidic and dried to afford a white solid. Yield: 15.32g (72%)

H NMR (700 MHz, CDC ) δ 10.25 (s, 1H), 7.92 (d, J = 6.5 Hz, 1H), 7.53 (d, J = 9.2 Hz, 1H).

Example 3

Synthesis of Ethyl 6-bromo-5-chlorobenzo[b]thiophene-2-carboxylate (J-4):

4-bromo-5-chloro-2-fluorobenzaldehyde (22.40g, 94.4mmol) was dissolved in DMSO (200ml).

Triethylamine (39.5ml, 283.2mmol) and ethyl thioglycolate (12.4ml, 113.2mmol) were added

and the mixture stirred at 80 °C. The reaction was quenched with water when the starting mate

rial was totally disapeared monitored by GC-MS and extracted with ethyl acetate. The organic

phases were collected, dried over magnesium sulfate, filtered and concentrated under vacuum.

The product was purified by column chromatography on silica gel with 5:1 hexane : dichloro-

methane as eluent. Resulting in a yellowish solid. Yield: 24.74g (82%)

H NMR (400 MHz, CDCb) δ 8.14 (s, 1 H), 7.96 (s, 1 H), 7.94 (s, 1 H), 4.43 (q, 2 H), 1.44 (t,

3H).

Example 4

Synthesis of Diethyl 6,6'-(2,5-dimethyl-1 ,4-phenylene)bis(5-chlorobenzo[b]thiophene-2-carboxy-

late) (J-5):

Ethyl 6-bromo-5-chlorobenzo[b]thiophene-2-carboxylate (2g, 6.29mmol), 2,2'-(2,5-dimethyl-1 ,4-

phenylene)bis(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolane) (0.90g, 2.52mmol) was dissolved in

toluene/H20 (15 ml / 3ml_) in a 50 ml flask and digassed with argon, then Pd2(dba)3 (0.09 g ,

0.25mmol), (o-tol)3P (0.09g, 0.76 mmol), K3PO4 (8.01g, 37.74 mmol) and 2 drops of aliquat

were added into the misture and digassed with argon again. The mixture was subjected to reflux

for 24 h . After cooling to room temperature, the reaction mixture was extracted with chloroform,

and the organic phase was collected and then passed through a short silicon gel column quickly

and then recrystalized from chloroform/methanol, resulting in a white solid. Yield: 1.06g (72%)



H NMR (500 MHz, CDCI3) δ 8.05 (s, 2H), 8.01 (d, J = 1.9 Hz, 2H), 7.86 and 7.77 (2 s

(rotamers), 2H), 7.12 (s, 2H), 4.45 (q, 4H), 2.15 (s, 6H), 1.45 (t, J = 7.2 Hz, 6H).

Example 5

Synthesis of 6,6'-(2,5-dimethyl-1 ,4-phenylene)bis(5-chlorobenzo[b]thiophene-2-carboxylic acid)

(J-6):

Diethyl 6,6'-(2,5-dimethyl-1 ,4-phenylene)bis(5-chlorobenzo[b]thiophene-2-carboxylate) (10 g ,

17.14 mmol) was dissolved in hot ethanol (300 mL) and potassium hydroxide (9.62 g , 171 .4

mmol) in water (80 mL) added. The suspension was heated at reflux overnight. After cooling

slightly, 6 N HCI (60 mL) was added portionwise. The residual solid was filtered, washed with

water and dried to give an off-white solid. Yield: 9.04g (98%)

H NMR (700 MHz, DMSO) δ 13.68 (s, 2H), 8.25 (d, J = 1.9 Hz, 2H), 8.13 (d, J = 2.1 Hz, 2H),

8.1 1 and 8.07 (2 s (rotamers), 2H), 2.06 (s, 6H).

Example 6

Synthesis of 6,6'-(2,5-dimethyl-1 ,4-phenylene)bis(5-chlorobenzo[b]thiophene) (J-7):

6,6'-(2,5-dimethyl-1 ,4-phenylene)bis(5-chlorobenzo[b]thiophene-2-carboxylic acid) (8 g , 15.21

mmol) and copper powder (2.24 g , 35 mmol) were suspended in quinoline (120 mL) and heated

at 185 °C overnight. After cooling down to rt, the mixture was filtered and the solid was washed

with chlorofrom and the combined organic solutions was washed with 2 N HCI twice. The res i

due was purified by chromatography on silica with chlorofrom/hexane to afford a white solid.

Yield: 5.53g (83%)

H NMR (700 MHz, DMSO, 80 °C) δ 8.10 (s, 2H), 8.02 and 7.98 (2 s (rotamers), 2H), 7.85 (d, J

= 5.3 Hz, 2H), 7.48 (d, J = 5.3 Hz, 2H), 7.13 (s, 2H), 2.07 (s, 6H).

Example 7

Synthesis of (J-8):

A mixture of 6,6'-(2,5-dimethyl-1 ,4-phenylene)bis(5-chlorobenzo[b]thiophene) ( 1 g , 2.28 mmol),

Pd(OAc) 2 (0.15 g , 0.228 mmol), IPr-HCI (0.19 g , 0.456 mmol), K2CO3 ( 1 .26 g , 9.12 mmol) and

NMP (25 mL) in a 50 mL flask was purged with nitrogen for 5 min. The mixture was then kept in

an oil bath at 170 °C overnight. After cooling to room temperature, the solution was extracted

with chloroform and washed with water. The solvents of the organic phase were removed under

reduced pressure. The residue was subjected to chromatography on silica gel, eluting with

hexane/chloroform to afford a white solid. Yield: 0.69g (83%)

H NMR (700 MHz, DMSO) δ 8.51 (s, 2H), 8.15 (s, 2H), 8.05 (s, 2H), 7.70 (d, J = 5.3 Hz, 2H),

7.46 (d, J = 5.3 Hz, 2H), 4.10 (s, 4H).

Example 8

Synthesis of compound (J-9):



To a suspension of compound 8 ( 1 g , 2.73 mmol) in anhydrous DMSO (50 ml) was added so

dium tert-butoxide (2.63 g , 27.3 mmol) in parts. The reaction mixture was heated at 80 °C for 1

h , followed by the addition of 1-bromohexadecane (5 g , 16.38 mmol) dropwise. After complete

addition, the resultant mixture was heated at 85 °C for 12h. After cooling to room temperature,

water was added to quench the reaction, then the solution was extracted with dichloromethane

and washed with water. The solvents of the organic phase were removed under reduced

pressure. The residue was subjected to chromatography on silica gel, eluting with hexane to

afford a light-yellow solid. Yield: 3.45g (81 %)

H NMR (700 MHz, CD2C I2) δ 8.24 (s, 2H), 7.79 (s, 2H), 7.75 (s, 2H), 7.46 (d, J = 5.3 Hz, 2H),

7.39 (d, J = 5.3 Hz, 2H), 2.13-2.1 1 (m, 8H), 0.96-1 .36 (m, 104H), 0.90-0.86 (m, 12H), 0.83-0.69

(m, 8H).

Example 9

Synthesis of compound (J-10):

To a suspension of compound 8 ( 1 g , 2.73 mmol) in anhydrous DMSO (50 ml) was added so

dium tert-butoxide (2.63 g , 27.3 mmol) in parts. The reaction mixture was heated at 80 °C for 1

h , followed by the addition of 2-Ethylhexyl bromide (3.16 g , 16.38 mmol) dropwise. After com

plete addition, the resultant mixture was heated at 85 °C for 12h. After cooling to room tempera-

ture, water was added to quench the reaction, then the solution was extracted with dichloro

methane and washed with water. The solvents of the organic phase were removed under re

duced pressure. The residue was subjected to chromatography on silica gel, eluting with hexa

ne to afford a light-yellow solid. Yield: 2.23g (71 %)

H NMR (700 MHz, CD2C I2) δ 8.20 (s, 2H), 7.78 - 7.75 (m, 2H), 7.74 (d, J = 3.1 Hz, 2H), 7.41

(d, J = 5.3 Hz, 2H), 7.36 - 7.33 (d, 2H), 2.1 8 - 1.95 (m, 8H), 1.02-0.41 (m, 60H).

Scheme S2: Synthesis of polymers P-1 to P-4, starting from intermediate J-9:

J-9
J-11
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[15155-41-6] [1347736-74-6] [1295502-53-2] [25121-87-3]



Example 10

Synthesis of intermediate (J-1 1) :

To a suspension of compound J-9 ( 1 g , 0.79 mmol) in anhydrous THF (30 ml) and cooled to

-78°C, then nBuLi (2.73 mmol) was added dropwisely. The reaction mixture was stirred at -78°C

for 1 h, then the temperature was rised to room temperature and cooled again to -10°C followed

by the addition of MesSnCI (2.73 mmol) dropwise. After complete addition, the resultant mixture

was slowly warmed up to rt and stirred overnight. Water was added to quench the reaction, then

the solution was extracted with ethyl acetate and concentrated. The mixture was subjected to

chromatography on AI2O3, eluting with hexane to afford J-1 1 as a light-yellow oil. Yield: 1.09g

(87%)

H NMR (500 MHz, CD2CI2) δ 8.23 (s, 2H), 7.76 (s, 2H), 7.73 (s, 2H), 7.45 (s, 2H), 2.13-2.1 1 (m,

8H), 0.96-1 .36 (m, 104H), 0.90-0.86 (m, 12H), 0.83-0.69 (m, 8H), 0.44 (t, 18H).

Example 11

Synthesis of intermediate (J-12):

To a suspension of compound J-10 (0.64 g , 0.79 mmol) in anhydrous THF (30 ml) and cooled to

-78 °C, then nBuLi (2.73 mmol) was added dropwisely. The reaction mixture was stirred at

-78°C for 1 h , then the temperature was rised to room temperature and cooled again to -10°C

followed by the addition of MesSnCI (2.73 mmol) dropwise. After complete addition, the resultant

mixture was slowly warmed up to rt and stirred overnight. Water was added to quench the reac

tion, then the solution was extracted with ethyl acetate and concentrated. The mixture was sub

jected to chromatography on AI2O3, eluting with hexane to afford a light-yellow solid. Yield:

0.77g (85%)

H NMR (500 MHz, CD2CI2) δ 8.24 (s, 2H), 7.77 (s, 2H), 7.75 (s, 2H), 7.48 (s, 2H), 2.13-1 .36 (m,

8H), 0.90-0.69 (m, 60H), 0.44 (t, 18H).

Examples 12 - 19

Synthesis of polymers P-1 to P-8:

A 2.5 ml microwave vial was charged with bis(trimethylstannyl) monomer J-10 or J-12 (0.233

mmol), 1 eq. of dibrominated monomer (corresponding (fluorinated)benzothiadiazole or

thienothiophene), 2 mol% of tris(dibenzylideneacetone)dipalladium(0) and 8 mol% of tri(o-tolyl)

phosphine. The vial was sealed and chlorobenzene ( 1 ml.) was added. The obtained solution

was degassed with argon during 30 minutes. The vial was subjected to the following reaction

conditions in the microwave reactor: 2 minutes at 100°C, 2 minutes at 120°C, 5 minutes at

140°C, 5 minutes at 160°C and 40 minutes at 180°C. The polymer was end-capped by addition

of 0.1 eq. of 2-bromothiophene before the reaction mixture was resubmitted to the microwave

reactor, 1 minute at 100°C, 1 minute at 120°C, 2 minutes at 140°C and 5 minutes at 160°C. The

polymeric solution was cooled down and 0.1 eq. of 2-(trimethylstannyl)thiophene was added by

syringe. The reaction vial was subjected to the previously mentioned temperature scheme to



finalize the end-capping reaction. After reaction, the crude polymer was precipitated in methanol

and then further purified by Soxhlet extractions with acetone, hexane and chloroform during 24

hours each. Remaining palladium residues were removed by treating a polymeric chloroform

solution with an aqueous sodium diethyldithiocarbamate solution for 2 hours at 50°C under vig-

orous stirring. Afterwards the organic phase was separated from the aqueous phase and

washed several times with water. The polymeric solution was concentrated under reduced

pressure and precipitated into cold methanol. The polymer was filtered off and dried under high

vacuum for at least 24 hours.

Polymer P-1: H NMR (500 MHz, CDCI3) δ 8.73 (br, 2H), 8.27 (br, 2H), 8.03 (br, 2H), 7.88 (br,

2H), 7.76 (br, 2H), 2.13-2.1 1 (br, 8H), 0.96-1 .36 (br, 104H), 0.90-0.86 (br, 12H), 0.83-0.69 (br,

8H);

Polymer P-2: H NMR (500 MHz, CDCI3) δ 8.77 (br, 2H), 8.71 (br, 2H), 8.28 (br, 3H), 7.90 (br,

2H), 7.77 (br, 2H), 2.13-2.1 1 (br, 8H), 0.96-1 .36 (br, 104H), 0.90-0.86 (br, 12H), 0.83-0.69 (br,

8H);

Polymer P-3: H NMR (500 MHz, CDCI3) δ 8.75 (br, 2H), 8.32 (br, 2H), 7.93 (br, 2H), 7.79 (br,

2H), 2.13-2.1 1 (br, 8H), 0.96-1 .36 (br, 104H), 0.90-0.86 (br, 12H), 0.83-0.69 (br, 8H);

Polymer P-4 H NMR (500 MHz, CDCI3) δ 8.14 (br, 2H), 7.69 (br, 4H), 7.49 (br, 2H), 7.46 (br,

2H), 2.13-2.1 1 (br, 8H), 0.96-1 .36 (br, 104H), 0.90-0.86 (br, 12H), 0.83-0.69 (br, 8H);

Polymer P-5: H NMR (500 MHz, CDCI3) δ 8.74 (br, 2H), 8.27 (br, 2H), 8.02 (br, 2H), 7.86 (br,

2H), 7.74 (br, 2H), 2.13-2.1 1 (br, 8H), 0.96-1 .36 (br, 104H), 0.90-0.86 (br, 12H), 0.83-0.69 (br,

8H), 0.44-0.48 (br, 18H);

Polymer P-6: H NMR (500 MHz, CDCI3) δ 8.76 (br, 2H), 8.73 (br, 2H), 8.25 (br, 3H), 7.93 (br,

2H), 7.77 (br, 2H), 2.13-2.1 1 (br, 8H), 0.96-1 .36 (br, 104H), 0.90-0.86 (br, 12H), 0.83-0.69 (br,

8H), 0.44-0.48 (br, 18H);

Polymer P-7: H NMR (500 MHz, CDCI3) δ 8.75 (br, 2H), 8.34 (br, 2H), 7.92 (br, 2H), 7.79 (br,

2H), 2.13-2.1 1 (br, 8H), 0.96-1 .36 (br, 104H), 0.90-0.86 (br, 12H), 0.83-0.69 (br, 8H), 0.44-0.48

(br, 18H);

Polymer P-8: H NMR (500 MHz, CDCI3) δ 7.95 (br, 2H), 7.83 (br, 2H), 7.71 (br, 2H), 7.40 (br,

2H), 7.23 (br, 2H), 2.13-2.1 1 (br, 8H), 0.96-1 .36 (br, 104H), 0.90-0.86 (br, 12H), 0.83-0.69 (br,

8H), 0.44-0.48 (br, 18H).

GPC data:



Polymer Mn Mw PDI

KDa KDa

P-1 4 1.6 56.6 1.36

P-2 55.2 82.7 1.50

P-3 49.0 74.2 1.51

P-4 29.8 60.9 2.04

Scheme S4: Synthesis of intermediate corresponding to formula J-18



Example 20

Synthesis of intermediate (J-13)

Intermediate J-13 can be obtained commercially [1 197732-41-4] or by literature described

methods from 1,4-dibromo-2,3-dimethyl-benzene [75024-22-5].

Example 2 1

Synthesis of intermediate (J-14)



56.3 mmol (18.0 g) of compound J-4, 28.15 mmol (9.604 g) of compound J-13, 0.67 mmol

(0.633 g) tris-(dibenzylideneacetone)-dipalladium(0) [51364-51-3] and 1.61 mmol (0.481 g) tri-

tertbutyl-phosphonium-tetrafluoroborate [131274-22-1] were added to a 250 ml 3-necked-flask

equipped with a thermometer, reflux condenser with argon inlet and a septum. The system was

evacuated and refilled with argon two times. Then 150 ml of dry and degassed tetrahydrofuran

was added to the reaction flask. After dissolution of the starting material at 50°C, a degassed

solution of 83 mmol (18 g) potassium phosphate in 3.8 ml of water was added and the reaction

mixture was heated to reflux and stirred for 4 hours. The reaction mixture was allowed to cool to

rt over night, where the product precipitated. The reaction mixture was filtered, washed with

THF and then with water and then dried to give the crude J-14 which was used directly in the

next step.

H NMR (400 MHz, CDCI3) δ 8.06 (s, 2H), 8.02 (s, 2H), 7.86 and 7.79 (2 s (rotamers), 2H), 7.13

(s, 2H), 4.45 (q, 4H), 2.13 (s, 6H), 1.46 (t, 6H).

Example 22

Synthesis of intermediate (J-15)

20 mmol ( 1 1.5 g) of compound J-14 was suspended in 300 ml of ethanol, and then a solution of

5.5 g of KOH in 20 ml of water was added to the suspension. The suspension was then refluxed

over night. The suspension was cooled to rt and then poured into 4 M HCI. The precipitate was

filtered and washed well with water and then dried to give crude J-15 which was used directly in

the next step.

H NMR (400 MHz, DMSO-D 6) δ 8.28 (s, 2H), 8.15 (s, 2H), 8.10 and 8.06 (2 s (rotamers), 2H),

7.13 (s, 2H), 2.06 (s, 6H).

Example 23

Synthesis of intermediate (J-16)

11.82 mmol (6.400 g) of compound J-15 was suspended in 25 ml of quinoline. Then 1.728 g of

copper powder was added and the reaction mixture was heated for 8 hours at 185°C. The cop

per was allowed to settle to the bottom of the flask, and the solution was decanted and the

product precipitated with ethanol to give crude J-16 which was used directly in the next step.

H NMR (400 MHz, DMSO-D 6) δ 8.14 (s, 2H), 8.05 and 8.01 (2 s (rotamers), 2H), 7.90 (d, 2H),

7.51 (d, 2H), 7.1 1 (s, 2H), 2.06 (s, 6H).

Example 24

Synthesis of intermediate (J-17)

7.282 mmol (3.20 g) of compound J-16, 29.129 mmol (4.066 g) potassium carbonate, 0.728

mmol (0.163 g) palladium(ll)acetate and 1.456 mmol (0.619 g) 1,3-Bis(2,6-

diisopropylphenyl)imidazoliumchloride [250285-32-6] have been loaded to a 50 ml 3-necked-

flask equipped with a thermometer, reflux condenser with argon inlet and a septum. Then 20 ml



of anhydrous N-methylpyrrolidone were added under nitrogen and the reaction mixture was

stirred for 7 hours at 170°C. Then the mixture was cooled to rt and water was added. The pre

cipitate was filtered and washed with water and then dried to give crude J-17, which was used

directly in the next step. The product was too insoluble to measure an NMR.

Example 25

Synthesis of intermediate (J-18)

3.82 mmol ( 1 .46 g) of compound J-17 were suspended in 20 ml of dry dimethylsulfoxide. Then

38 mmol (3.67 g) of sodium tert-butoxide were added under nitrogen. The reaction mixture was

heated to 85°C for 1 hour. Then a solution of 23 mmol (8.075 g) 1-iodohexadecane in 5ml of

dimethylsulfoxide was added over a period of 2 hours. The reaction mixture was stirred over

night at 85°C. The mixture was cooled to rt and water was added. The mixture was then ex

tracted with heptane. The heptane solution was washed with water and dried over MgS0 4 and

then the solvent was evaporated. The product was purified by column chromatography on silica

gel. Then the product was recrystallized from ethyl acetate to get compound J-18.

H NMR (400 MHz, CDCI3) δ 8.18 (s, 2H), 7.85 (s, 2H), 7.69 (s, 2H), 7.44 (d, 2H), 7.39 (d, 2H),

2.46 (br t , 4H), 2.10 (br t , 4H), 1.35-1 .02 (m, 104H), 0.90 (t, 12H), 0.62-0.58 (br, 8H).

Scheme S5: Synthesis of polymer P-9 starting from intermediate J-18:

P-5: R = n-C H



Example 26

Synthesis of intermediate (J-19)

0.791 mmol ( 1 .0 g) of compound J-18 were added to a 100ml 3-necked-flask equipped with a

thermometer, reflux condenser with argon inlet and a septum. The system was evacuated and

refilled with argon two times. Then 50 ml of dry and degassed tetrahydrofuran was added to the

reaction flask. After dissolution of the starting material, the temperature was lowered to -78°C.

Then 2.689 mmol (0.996 ml) of 2.7M n-butyllithium solution in heptane were added slowly via a

syringe. After stirring for 15 minutes, the reaction mixture was allowed to come to room temper-

ature for 1 hour. Then the temperature was reduced to -20°C and 2.689 mmol (2.689 ml) of 1M

trimethyltinchlonde solution in (in hexanes) were added via a syringe. The reaction mixture was

stirred then overnight at room temperature. The reaction was quenched by the addition of water

and the product was extracted with ethylacetate. The organic phase was dried over MgS04 and

evaporated. The residue was recrystallized from ethyl actetate and then from heptane to yield

400 mg of compound J-19.

H NMR (400 MHz, CD2C I2) δ 8.21 (s, 2H), 7.88 (s, 2H), 7.73 (s, 2H), 7.50 (s, 2H), 2.50 (br t ,

4H), 2.13 (br t , 4H), 1.35-1 .04 (m, 104H), 0.90 (t, 12H), 0.64-0.55 (br, 8H), 0.49 (t, 18H).

Example 27

Synthesis of polymer (P-9)

0.019 mmol (30.2 mg) of compound J-19 and 0.019 mmol (5.6 mg) of 4,7-dibromo-benzo[c]-

1,2,5-thiadiazole [15155-41-6], 0.001 mmol (0.9 mg) of tris-(dibenzylideneacetone)-

dipalladium(O) [51364-51-3] and 0.004 mmol ( 1 .2 mg) of tri-(o-tolyl)-phosphine [6163-58-2] were

charged to a 10 ml 3-necked-flask equipped with a thermometer, reflux condenser with argon

inlet and a septum. The system was evacuated and refilled with argon for five times. Via a sy

ringe 2 ml of degassed chlorobenzene was added. The reaction mixture was then brought to

reflux for 22 hours. The reaction mixture turned to intense red color. The reaction mixture was

added to 20 ml of acetone, where the polymer precipitated. The polymer was filtered and the

residue washed with acetone. The polymer was taken up into toluene and refluxed for 3 hours

with an aquous solution of sodium-diethyl-dithiocarbamate to remove Pd residues. The solution

was cooled to rt, separated the phases and the organic phase was washed twice with deionized

water. The toluene phase was added to aceton to precipitate the polymer once again. After f il

tration, the polymer was added to a soxhlet thimble and extracted first with acetone, then hex-

anes, and finally with toluene. The aceton fraction contained no polymer. The hexanes and to l

uene fractions were added to aceton, where the polymer precipitated. The hexane fraction

yielded 22 mg of the polymer P-9 (GPC data (trichlorobenzene, 150°C): Mw 32'665 PDI 2.21),

and the toluene fraction yielded 7 mg of the polymer P-9.



Example 28

Synthesis of intermediate (J-20)

64 mmol (10.0 g) of 2,6-dimethylnaphthalene were dissolved in 100 ml dichloromethane and 20

mg of iodine were added. 139 mmol (22.21 g) bromine were added dropwise over 7 hours at

2 1°C. The mixture was then stirred over night at rt. The organic phase was washed with aquous

sodiumthiosulphate and water, dried and evaporated. The crude product was recrystallized from

ethanol to give compound J-20.

H NMR (400 MHz, CDCI3) δ 8.22 (d, 2H), 7.44 (d, 2H), 2.65 (s, 6H).



Example 29

Synthesis of intermediate (J-21)

33.4 mmol (10.50 g) of compound J-20, 94.5 mmol (24.00g) bis(pinacolato)diborone [73183-34-

3], 268 mmol (26.52 g) potassium actetate and 2.006 mmol ( 1 .47 g) Pd(dppf)CI2 [72287-26-4]

were placed in a 250 ml 3-necked-flask equipped with a thermometer, reflux condenser with

argon inlet and a septum. The system was evacuated and refilled with argon for five times. Via

a syringe 80 ml of degassed dimethylformamide was added. The reaction mixture was then

heated and stirred at 110°C for 48 hours. The mixture was cooled to rt, and water was added

and the product was extracted with heptane. The organic phase was dried and evaporated. The

product was recrystallized from isopropoanol to get compound J-21 .

H NMR (400 MHz, CDCI3) δ 8.03 (d, 2H), 7.27 (d, 2H), 2.60 (s, 6H), 1.49 (s, 24H).

Example 30

Synthesis of intermediate (J-22)

Intermediate J-22 was synthesized from compound J-4 and J-21 according to compound J-14

described in example 2 1 .

H NMR (300 MHz, DMSO-D 6) δ 8.41 (s, 2H), 8.29 (s, 2H), 8.18 and 8.09 (2 s (rotamers), 2H),

7.40 (d, 2H), 7.12 (d, 2H), 4.40 (q, 4H), 2.10 (s, 6H), 1.37 (t, 6H).

Example 3 1

Synthesis of intermediate (J-23)

Intermediate J-23 was synthesized from compound J-22 according to compound J-15 described

in example 22.

H NMR (300 MHz, DMSO-D 6) δ 8.40 (s, 2H), 8.21 (s, 2H), 8.08 (s, 2H), 7.39 (d, 2H), 7.13 (d,

2H), 2.12 (s, 6H).

Example 32

Synthesis of intermediate (J-24)

Intermediate J-24 was synthesized from compound J-23 according to compound J-16 described

in example 23.

H NMR (300 MHz, DMSO-D 6) δ 8.25 (s, 2H), 8.09 and 8.00 (2 s (rotamers), 2H), 7.94 (d, 2H),

7.57 (d, 2H), 7.37 (d, 2H), 7.13 (d, 2H), 2.12 (s, 6H).

Example 33

Synthesis of intermediate (J-25)

Intermediate J-25 was synthesized from compound J-24 according to compound J-17 described

in example 24.



H NMR (400 MHz, DMSO-D 6) δ 9.23 (s, 2H), 9.02 (d, 2H), 8.16 (s, 2H), 7.99 (d, 2H), 7.81 (d,

2H), 7.52 (d, 2H), 4.24 (s, 4H).

Example 34

Synthesis of intermediate (J-26)

Intermediate J-26 was synthesized from compound J-25 according to compound J-18 described

in example 25.

H NMR (300 MHz, CDCI3) δ 8.89 (d, 2H), 8.87 (s, 2H), 7.86 (s, 2H), 7.73 (d, 2H), 7.50 (d, 2H),

7.42 (d, 2H), 2.19-2.1 1 (br, 8H), 1.35-0-95 (m, 104H), 0.89 (t, 12H), 0.75-0.60 (br, 8H).

Scheme S7: Synthesis of polymer P-10 starting from intermediate J-26:

P-10: R = n-C H

Example 35

Synthesis of intermediate (J-27)

Intermediate J-27 was synthesized from compound J-26 according to compound J-19 described

in example 26.

H NMR (300 MHz, CDC ) δ 8.89 (d, 2H), 8.87 (s, 2H), 7.85 (s, 2H), 7.73 (d, 2H), 7.51 (s, 2H),

2.19-2.1 1 (br, 8H), 1.50-1 .00 (m, 104H), 0.90 (t, 12H), 0.73-0.62 (br, 8H), 0.49 (t, 18H).

Example 36

Synthesis of polymer (P-10)



Polymer P-10 was synthesized from 0.274 mmol (449 mg) of compound J-27 and 0.274 mmol

(80.5 mg) of 4,7-dibromo-benzo[c]-1 ,2,5-thiadiazole [15155-41-6], according to polymer P-9

described in example 27. Soxhiet extraction gave 79mg polymer P-10 from hexane fraction

(GPC data (trichlorobenzene, 150°C): Mw 27' 139, PDI 2.23) and 257 mg polymer P-10 from

toluene fraction (GPC data (trichlorobenzene, 150°C): Mw 78 62, PDI 2.28).

Example 37

Synthesis of polymer P-1 1 (same structure as polymer P-1 above) via direct heteroarylation

polymerization

J-9 P-1 1

0.032 mmol (40 mg) of compound J-9 and 0.032 mmol (12 mg) of 4,7-dibromo-benzo[c]-1 ,2,5-

thiadiazole [15155-41-6] were placed together with 10% Pd(Herrmann) catalyst and 15%

tri(ortho-methoxy-phenyl)phosphine, 2 equivalents of pivalic acid, 3 equivalents of potassi-

umcarbonate and 2 ml dimethylacetamide in a vial and degassed with argon. Then the reaction

mixture was heated and stirred vigorously for 48 hours at 140°C. The polymer P-1 1 was precipi

tated with water, filtered and washed with water. Then the polymer was purified and fractionated

in analogy to experiments 12-19 described above. The chloroform fraction gave a polymer P-1 1

with the following GPC data (chlorobenzene at 80°C): Mw 52'300, PDI 1.41 .

Application Examples A-1 to A-4

Fabrication and electrical characterization of organic field-effect transistors (OFET) based on

the polymers P-1 , P-2, P-3, and P-4

The polymers are dissolved at a concentration of 0,75 wt% in dichlorobenzene. Back-contact,

Top-gate FETs are fabricated from each formulation according to the following procedure:

A PEN-substrate with lithographically pre-patterned gold contacts, serving as source and drain

contact of the FET are used as substrates. 100 µ Ι of the formulation is coated by a standard

blade coater yielding a homogenous layer of the semiconductor over the entire substrate. After



the coating is completed, the substrate is immediately transferred onto a preheated hotplate and

heated for 30 s at 90°C. Next the gate dielectric layer consisting of Polystyrene 4 wt% dissolved

in PGMEA is spin-coated on top of the organic semiconductor (2500 rpm, 30 s). After spin-

coating of the dielectric, the substrate is again transferred to the hotplate and annealed for an-

other 5 Min at 90°C. The thickness of the dielectric layer is 420 nm measured by profilometer.

Finally 50 nm thick, shadow-mask patterned gold gate electrodes are deposited by vacuum

evaporation to complete FETs in the BCTG-configuration.

The mobility µ is calculated from the root representation of the transfer characteristic curve (sol-

id grey curve) in the saturation region. The slope m is determined from the dashed black line in

the respective transfer characteristics. The dashed black line is fitted to a region of the square

root representation of the drain current ID such that a good correlation to the linear slope of the

root representation is obtained.

The threshold voltage can be taken from the intersection of black dashed line with the X-

axis portion (VGS).

In order to calculate the electrical properties of the OFET, the following equations are employed:

where so is the vacuum permittivity of 8.85 x 10 12 As/Vm. s = 2,6 for Polystyrene and d is the

thickness of the dielectric . The width over length ratio W/L is 10.

Figure 1 show representative transfer characteristics of an FET fabricated from polymer P-1

with VGS = 30 V to -30 V at 0.5 V step size with VDS = -30 V . Drain current (black solid curve),

Gate current (dotted grey curve), Square root of drain current (grey solid curve), and fitted slope

of square root (dashed black curve).

Figure 2 show representative transfer characteristics of an FET fabricated from polymer P-2

with VGS = 30 V to -30 V at 0.5 V step size with VDS = -30 V . Drain current (black solid curve),

Gate current (dotted grey curve), Square root of drain current (grey solid curve), and fitted slope

of square root (dashed black curve).

Figure 3 show representative transfer characteristics of an FET fabricated from polymer P-3

with VGS = 30 V to -30 V at 0.5 V step size with VDS = -30 V . Drain current (black solid curve),

Gate current (dotted grey curve), Square root of drain current (grey solid curve), and fitted slope

of square root (dashed black curve).

Figure 4 show representative transfer characteristics of an FET fabricated from polymer P-4

with VGS = 30 V to -30 V at 0.5 V step size with VDS = -30 V . Drain current (black solid curve),



Gate current (dotted grey curve), Square root of drain current (grey solid curve), and fitted slope

of square root (dashed black curve).

The following mobilities, threshold voltages and ON/OFF ratios are the average values obtained

for the respective compound. The number of TFTs entering the calculation of the average is

given in the table:

Compound Number Field-effect mobility Threshold volt ON/OFF

of TFTs µ [cmWs] age UTH [V] ratio

P-1 20 2,0 - 1 1 4E6

P-2 19 1,4 -8,5 4E6

P-3 18 1,4 -10,7 2E6

P-4 13 7E-4 -8,9 8E2



Polymers comprising at least one unit of formulae

and compounds of the formulae

wherein, in formulae 1, 1', 2 and 2'



n is O, 1, 2 , 3 or 4

m is O, 1, 2 , 3 or 4

M 1 and M2 are independently of each other an aromatic or heteroaromatic monocyclic or bicyc-

lie ring system;

X is at each occurrence selected from the group consisting of O, S, Se or Te, preferably O,

S or Se, more preferably S or Se, most preferably S;

Q is at each occurrence selected from the group consisting of C, Si or Ge, preferably C or

Si, most preferably C;

R are at each occurrence selected from the group consisting of H, Ci-100 -alkyl, C2-100-

alkenyl, C2-ioo -alkynyl, C 5-i2 -cycloalkyl, C 6-i8 -aryl, a 5 to 20 membered heteroaryl, C (0)-Ci-ioo-

alkyl, C(0)-C 5-i 2-cycloalkyl and C (0)-OCi-ioo-alkyl,

wherein

Ci-100 -alkyl, C2-ioo -alkenyl and C2-ioo -alkynyl can be substituted with one to fourty substitu-

ents independently selected from the group consisting of Cs-s -cycloalkyl, C 6-i4 -aryl, 5 to 14

membered heteroaryl, OR , OC(0)-R , C(0)-OR , C(0)-R , NRaR , NR -C(0)R b, C(O)-

NRaR , N[C(0)R ][C(0)R ] , SR , Si(R i )(R i )(R i ) , -0-Si(R i )(R i )(R i ) , halogen, CN, and

NO2; and at least two Chb-groups, but not adjacent Chb-groups, of Ci-100 -alkyl, C2-ioo -alke-

nyl and C2-ioo -alkynyl can be replaced by O or S,

C 5-i2 -cycloalkyl can be substituted with one to six substituents independently selected from

the group consisting of C i -60-alkyl, C 2-6o-alkenyl, C 2-6o-alkynyl, Cs-s -cycloalkyl, C 6-i4 -aryl, 5 to

14 membered heteroaryl, OR , OC(0)-R , C(0)-OR , C(0)-R , NRaR , NR -C(0)R , C(O)-

NRaR , N[C(0)R ][C(0)R ] , SR , Si(R i )(R i )(R i ) , -0-Si(R i )(R i )(R i ) , halogen, CN, and

NO2; and one or two Chb-groups, but not adjacent Chb-groups, of Cs-12 -cycloalkyl can be

replaced by O, S, OC(O), CO, NRa or NRa-CO,

C 6-i8 -aryl and 5 to 20 membered heteroaryl can be substituted with one to six substituents

independently selected from the group consisting of C i -60-alkyl, C 2-6o-alkenyl, C 2-6o-alkynyl,

Cs-s -cycloalkyl, C6-i 4-aryl, 5 to 14 membered heteroaryl, ORa, OC(0)-R a, C(0)-OR a, C(O)-

R , NRaR , NR -C(0)R , C(0)-NR R , N[C(0)R ][C(0)R ] , SR , Si(R i )(R i )(R i ) ,

-0-Si(R i )(R i )(R i ) , halogen, CN, and N0 2,

wherein

Ra and R are independently selected from the group consisting of H, C i -60-alkyl,

C 2-6o-alkenyl, C 2-6o-alkynyl, Cs-s -cycloalkyl, C6-i 4-aryl and 5 to 14 membered heteroaryl,

R ia, R i and R i are independently selected from the group consisting of H,

C i -6o-alkyl, C 2-6o-alkenyl, C 2-6o-alkynyl, Cs-s -cycloalkyl, C6-i 4-aryl, 5 to 14 membered

heteroaryl, O-Ci -60-alkyl, 0-C2-6o-alkenyl, 0-C2-6o-alkynyl, O-Cs-s-cycloalkyl,



O-Ce-14-aryl, 0-5 to 14 membered heteroaryl, -[0-SiR Sid R ie]0-R i , NR R6, halogen and

0-C(0)-R 5,

wherein

o is an integer from 1 to 50,

R i , R ie, R if are independently selected from the group consisting of H, C1-60-

alkyl, C2-6o -alkenyl, C2-6o -alkynyl, Cs-s -cycloalkyl, C6-i4 -aryl, 5 to 14 membered

heteroaryl, 0-Ci-6o-alkyl, 0-C2-6o-alkenyl, 0-C2-6o-alkynyl, O-Cs-s-cycloalkyl,

0-C 6 -i4 -aryl, 0-5 to 14 membered heteroaryl, -[0-SiR i R Sih]P-RSii , NR 0R60, halo-

gen and 0-C(0)-R 50;

wherein

p is an integer from 1 to 50,

RSig RSih RSii are independently selected from the group consisting of H , Ci-

3o-alkyl, C2-3o -alkenyl, C2-3o -alkynyl, C5-6 -cycloalkyl, C6-io -aryl, 5 to 10 mem-

bered heteroaryl, O-Ci-30-alkyl, 0-C2-3o-alkenyl, 0-C2-3o-alkynyl, O-Cs-6-cyclo-

alkyl, 0-C 6 -io -aryl, 0-5 to 10 membered heteroaryl, 0-Si(CH 3)3, NR 00R600 ,

halogen and 0-C(0)-R 500 ,

R5, R6, R50, R60, R500 and R600 are independently selected from the group consist-

ing of H, Ci-6o -alkyl, C2-6o -alkenyl, C2-6o -alkynyl, Cs-s -cycloalkyl, C6-i4 -aryl, and 5 to

14 membered heteroaryl,

Ci-6o -alkyl, C2-6o -alkenyl and C2-6o -alkynyl can be substituted with one to twenty

substituents selected from the group consisting of C5-6 -cycloalkyl, C6-io -aryl, OR ,

OC(0)-R , C(0)-OR , C(0)-R , NR R , NR -C(0)R , C(0)-NR R ,

N[C(0)R ][C(0)R ] , SR , Si(R i0(RSik)(RSil) , -O-Si(R i0(RSik)(RSil) , halogen, CN,

and NO2; and at least two Chb-groups, but not adjacent Chb-groups, of C1-60-

alkyl, C2-6o -alkenyl and C2-6o -alkynyl can be replaced by O or S,

Cs-s -cycloalkyl can be substituted with one to five substituents selected from the

group consisting of Ci-30 -alkyl, C2-3o -alkenyl, C2-3o -alkynyl, C5-6 -cycloalkyl, C6-10-

aryl, OR , OC(0)-R , C(0)-OR , C(0)-R , NR R , NR -C(0)R , C(0)-NR R ,

N[C(0)R ][C(0)R ] , SR , Si(R i0(RSik)(RSil) , -O-Si(R i0(RSik)(RSil) , halogen, CN,

and NO2; and one or two Chb-groups, but not adjacent Chb-groups, of C5-8-

cycloalkyi can be replaced by O, S, OC(O), CO, NR or NR -CO,

C6-i4 -aryl and 5 to 14 membered heteroaryl can be substituted with one to five

substituents independently selected from the group consisting of Ci-30 -alkyl, C2-30-

alkenyl, C2 -3o-alkynyl, C5-6-cycloalkyl, C6 -io -aryl, OR , OC(0)-R , C(0)-OR , C(O)-

R , NR R , NR -C(0)R , C(0)-NR R , N[C(0)R ][C(0)R ] , SR , Si(R i0(RSik)(RSil) ,

-O-Si(R i0(RSik)(RSil) , halogen, CN and N0 2;



wherein

R and R are independently selected from the group consisting of H, C 1-30-

alkyl, C 2-3o-alkenyl and C 2-3o-alkynyl,

R ' , R ik and R il are independently selected from the group consisting of H,

C i -3o-alkyl, C 2-3o-alkenyl, C 2-3o-alkynyl, C 5-6-cycloalkyl, C 6-io-aryl, 5 to 10 mem-

bered heteroaryl, O-Ci -30-alkyl, 0 -C2 -3o-alkenyl, 0 -C2 -3o-alkynyl, O-Cs -6-cyclo-

alkyl, O-Ce -10-aryl, 0-5 to 10 membered heteroaryl, -[0-SiR imR i ] -R io,

NR7R8, halogen, and 0-C(0)-R 7,

wherein

q is an integer from 1 to 50,

R im, R i , R i0 are independently selected from the group consisting of

H, C i -3o-alkyl, C 2-3o-alkenyl, C 2-3o-alkynyl, C5-6-cycloalkyl, Ce-io-aryl , 5 to

10 membered heteroaryl, O-Ci -30-alkyl, 0 -C2 -3o-alkenyl, 0 -C2 -3o-alkynyl,

0-C5-6-cycloalkyl, 0-C6 -io-aryl, 0-5 to 10 membered heteroaryl,

-[0-SiR IPR iq] R i , NR70R80, halogen, and 0-C(0)-R 70;

wherein

r is an integer from 1 to 50,

R 'P, R i , R i are independently selected from the group consisting

of H, C i -3o-alkyl, C 2-3o-alkenyl, C 2-3o-alkynyl, C5-6-cycloalkyl, Ce-io-aryl ,

5 to 10 membered heteroaryl, O-Ci -30-alkyl, 0 -C2 -3o-alkenyl, O-C2 -30-

alkynyl, 0 -C5 -6-cycloalkyl, 0-C6 -io-aryl, 0-5 to 10 membered hetero

aryl, 0-Si(CH 3)3, NR R800 , halogen and 0-C(0)-R 700 ,

R7, R8, R70, R80, R700 and R800 are independently selected from the group

consisting of H, C i -30-alkyl, C 2-3o-alkenyl, C 2-3o-alkynyl, C 5-6-cycloalkyl,

C 6-io-aryl, and 5 to 10 membered heteroaryl,

C i -3o-alkyl, C 2-3o-alkenyl and C 2-3o-alkynyl can be substituted with one to ten

substituents selected from the group consisting of halogen, CN and NO2,

R2, R2' , R2", R* are at each occurrence independently selected from the group consisting of

hydrogen, C i -30-alkyl, C 2-3o-alkenyl, C 2-3o-alkynyl, C5-i2 -cycloalkyl, C6-i8 -aryl, 5 to 20 membered

heteroaryl, OR2 1, OC(0)-R 2 1, C(0)-OR 2 1, C(0)-R 2 1, NR R22, NR -C(0)R 22, C(0)-NR R22,

N[C(0)R ][C(0)R 22] , SR2 , halogen, CN, SiR isR i RSiu and OH,

wherein

R2 and R22 and are independently selected from the group consisting of H, C i -30-alkyl,

C 2-3o-alkenyl, C 2-3o-alkynyl, C5-i2 -cycloalkyl, C6-i8 -aryl and 5 to 20 membered heteroaryl, and



Ci-3o-alkyl, C2-3o -alkenyl and C2-3o -alkynyl can be substituted with one to ten substituents in

dependently selected from the group consisting of Cs-s-cycloalkyl, C 6-i4 -aryl, 5 to 14 mem

bered heteroaryl, OR , OC(0)-R , C(0)-OR , C(0)-R , NReRf, NR -C(0)R , C(0)-NR R ,

N[C(0)R ][C(0)R f] , SR , halogen, CN, SiR isR i R i and N0 2; and at least two CH2-groups,

but not adjacent Chb-groups, of Ci-30-alkyl, C 2-3o-alkenyl and C2-3o -alkynyl can be replaced

by O or S,

C 5-i2 -cycloalkyl can be substituted with one to six substituents independently selected from

the group consisting of Ci-20-alkyl, C2-2o -alkenyl and C2-2o -alkynyl, Cs-s-cycloalkyl, C 6-i4 -aryl,

5 to 14 membered heteroaryl, OR , OC(0)-R , C(0)-OR , C(0)-R , NReRf, NR -C(0)R f,

C(0)-NR Rf, N[C(0)R ][C(0)R f] , SR , halogen, CN, SiR isR i R i and N0 2; and one or two

CH2 -groups, but not adjacent Chb-groups, of Cs-12-cycloalkyl can be replaced by O, S,

OC(O), CO, NRe or NR -CO,

C 6-i8 -aryl and 5 to 20 membered heteroaryl can be substituted with one to six substituents

independently selected from the group consisting of Ci-20-alkyl, C2-2o -alkenyl, C2-2o -alkynyl,

Cs-s-cycloalkyl, C6-i4-aryl, 5 to 14 membered heteroaryl, ORe, OC(0)-R e, C(0)-OR e, C(O)-

R , NReRf, NR -C(0)R f, C(0)-NR Rf, N[C(0)R ][C(0)R ] , SR , halogen, CN, SiR isR i R i

and N0 2,

wherein

R is , R it and R i are independently from each other selected from the group consisting

of H, Ci-20-alkyl, C2-2o -alkenyl, C2-2o -alkynyl, Cs-6-cycloalkyl, phenyl and 0-Si(CH3)3,

Re and R are independently selected from the group consisting of H, Ci-20-alkyl,

C2-2o -alkenyl, C2-2o -alkynyl, Cs-s-cycloalkyl, C 6-i4-aryl, and 5 to 14 membered heteroaryl,

wherein

Ci-20-alkyl, C2-2o -alkenyl and C2-2o -alkynyl can be substituted with one to five sub

stituents selected from the group consisting of Cs-6-cycloalkyl, C 6-io-aryl, 5 to 10

membered heteroaryl, OR9, OC(0)-R9, C(0)-OR9, C(0)-R9, NR9Rh, NR9-C(0)R h,

C(0)-NR9R h, N[C(0)R9][C(0)R h] , SR9, halogen, CN, and N0 2;

Cs-s-cycloalkyl can be substituted with one to five substituents selected from the

group consisting of Ci-10-alkyl, C 2-io-alkenyl, C 2-io-alkynyl, Cs-6-cycloalkyl, C6-10-

aryl, 5 to 10 membered heteroaryl, OR9, OC(0)-R9, C(0)-OR9, C(0)-R9, NR9Rh,

NRg-C(0)R h, C(0)-NR9R h, N[C(0)R9][C(0)R h] , SR9, halogen, CN, and N0 2;

C 6-i4 -aryl and 5 to 14 membered heteroaryl can be substituted with one to five

substituents independently selected from the group consisting of Ci-10-alkyl, C2-10-

alkenyl, C 2-io-alkynyl, Cs-6-cycloalkyl, C 6-io-aryl, 5 to 10 membered heteroaryl,

OR9, OC(0)-R9, C(0)-OR9, C(0)-R9, NRgRh, NRg-C(0)R h, C(0)-NR gRh,

N[C(0)R9][C(0)R h] , SR9, halogen, CN, and N0 2;



wherein

R and Rh are independently selected from the group consisting of H, C1-10-

alkyl, C2-io -alkenyl and C2-io -alkynyl,

wherein

Ci-10 -alkyl, C2-io -alkenyl and C2-io -alkynyl can be substituted with one to

five substituents selected from the group consisting of halogen, CN and

N0 2,

L and L2 are independently from each other and at each occurrence selected from the group

consisting of C6-3o -arylene, 5 to 30 membered heteroarylene,

wherein

C6-3o -arylene and 5 to 30 membered heteroarylene can be substituted with one to six substitu

ents R3 at each occurrence selected from the group consisting of Ci-30 -alkyl, C2-3o -alkenyl, C2-30-

alkynyl, C5-i 2-cycloalkyl, C6-i 8-aryl and 5 to 20 membered heteroaryl, OR3 1, OC(0)-R 3 1, C(O)-

OR3 , C(0)-R 3 1, NR R32, NR3 -C(0)R 32, C(0)-NR 3 R32, N[C(0)R ][C(0)R 32] , SR3 , halogen,

CN, SiRSivR i R i and OH, and

wherein

and

can be substituted with one or two substituents R4 at each occurrence selected from the group

consisting of Ci-30-alkyl, C2-3o -alkenyl, C2-3o -alkynyl, C5-i2 -cycloalkyl, C6-i8 -aryl and 5 to 20 mem

bered heteroaryl, C(0)-R 4 1, C(0)-NR R42, C(0)-OR 4 1 and CN,

wherein

R3 , R32, R4 und R42 are independently from each other and at each occurrence selec-

ted from the group consisting of H, Ci-30 -alkyl, C2-3o -alkenyl, C2-3o -alkynyl, Cs-12 -cyclo-

alkyl, C6-i8 -aryl and 5 to 20 membered heteroaryl, and

wherein

Ci-3o -alkyl, C2-3o -alkenyl and C2-3o -alkynyl can be substituted with one to ten substitu-

ents independently selected from the group consisting of Cs-8 -cycloalkyl, C6-i4 -aryl, 5 to

14 membered heteroaryl, OR', OC(0)-R, 0(0)-0^, C{ )- N R 'Ri, N R i-C(0)Rj, C(O)-

N R'Rj, N[C(0)R i][C(0)Rj], SR', halogen, CN, SiRSivR i R i and N0 2; and at least two

Chb-groups, but not adjacent CH2 -groups of Ci-30 -alkyl, C2-3o -alkenyl and C2-3o -alkynyl

can be replaced by O or S,



C 5-i2 -cycloalkyl can be substituted with one to six substituents independently selected

from the group consisting of Ci-20 -alkyl, C2-2o -alkenyl and C2-2o -alkynyl, Cs-s -cycloalkyl,

C e-14-aryl, 5 to 14 membered heteroaryl, OR', OC(0)-Ri, C(0)-OR i, C(0)-R i, NR'Rj , NR'-

C(0)Ri, C O -N 'Ri, N[C(0)R ][C(0)Ri], SR', halogen, CN, SiRS Rs ' Rs ' and N0 2; and

one or two Chb-groups, but not adjacent Chb-groups, of C5 -i2 -cycloalkyl can be re

placed by O, S, OC(O), CO, NR' or NRi-CO,

C 6-i8 -aryl and 5 to 20 membered heteroaryl can be substituted with one to six substitu

ents independently selected from the group consisting of Ci-20 -alkyl, C2-2o -alkenyl, C2-20-

alkynyl, C5-8-cycloalkyl, C6 -i 4-aryl, 5 to 14 membered heteroaryl, OR', OC(0)-Ri, C(O)-

O C{ )-R NR'Ri, NRi-C(0)R j , C(0)-NR iRj , N[C(0)R i][C(0)RJ], SR', halogen, CN,

S j Siv R Siw R Six and N 0 2

wherein

R i , R iw, R ix are independently from each other selected from the group con

sisting of H, Ci-20 -alkyl, C2-2o -alkenyl, C2-2o -alkynyl, Cs-6 -cycloalkyl, phenyl and O-

Si(CH3)3,

R' and R are independently selected from the group consisting of H, Ci-20 -alkyl,

C2-2o -alkenyl, C2-2o -alkynyl, Cs-s -cycloalkyl, C6-i 4-aryl, and 5 to 14 membered het

eroaryl,

wherein

Ci-20 -alkyl, C2-2o -alkenyl and C2-2o -alkynyl can be substituted with one to five

substituents selected from the group consisting of Cs-6 -cycloalkyl, C6-io -aryl, 5

to 10 membered heteroaryl, ORk, OC(0)-R', C(0)-OR k, C(0)-R k, NRkR', NRk-

C(0)R', C(0)-NR kR', N[C(0)R k][C(0)R'], SRk, halogen, CN, and N0 2;

Cs-s -cycloalkyl can be substituted with one to five substituents selected from

the group consisting of Ci-10 -alkyl, C2-io -alkenyl, C2-io -alkynyl, Cs-6 -cycloalkyl,

Ce-10 -aryl, 5 to 10 membered heteroaryl, OR , OC(0)-R', C(0)-OR k, C(0)-R k,

NRkR', NRk-C(0)R', C(0)-NR kR', N[C(0)R k][C(0)R'], SRk, halogen, CN, and

N0 2;

C 6-i4 -aryl and 5 to 14 membered heteroaryl can be substituted with one to

five substituents independently selected from the group consisting of C1-10-

alkyl, C2-io -alkenyl, C2-io -alkynyl, Cs-6 -cycloalkyl, C6-io -aryl, 5 to 10 membered

heteroaryl, ORk, OC(0)-R', C(0)-OR k, C(0)-R k, NRkR', NRk-C(0)R',

C(0)-NR kR', N[C(0)R k][C(0)R'], SRk, halogen, CN, and N0 2;

wherein

R k and R ' are independently selected from the group consisting of H , Ci-

10-alkyl, C2-io -alkenyl and C2-io -alkynyl,



wherein

Ci-io-alkyl, C 2-io-alkenyl and C 2-io-alkynyl can be substituted with

one to five substituents selected from the group consisting of halo

gen, CN and N0 2.

2 . The Polymers according to claim 1 comprising at least one unit of formulae



n , m, L 1 , L2, X, Q, R, R2, R2', R2", R* are defined as in claim 1;

Y is at each occurrence selected from the group consisting of O, S, Se or Te, preferably O,

S or Se, more preferably S or Se, most preferably S;

3 . The polymers of claims 1 or 2 wherein

R2, R2' , R2" and R* are at each occurrence selected from the group consisting of hydrogen, C1-30-

alkyl, and halogen,



wherein

Ci-3o-alkyl can be substituted with one to ten substituents independently selected from the

group consisting of Cs-s-cycloalkyl, C 6-i4 -aryl, 5 to 14 membered heteroaryl, ORe, OC(O)-

R , C(0)-OR , C(0)-R , NReRf, NR -C(0)R , C(0)-NR R , N[C(0)R ][C(0)R ] , SR , ha lo

gen, CN, SiR SisR itR i and N0 2; and at least two CH2-groups, but not adjacent CH2-

groups, of Ci-30-alkyl can be replaced by O or S,

wherein

R is , R it and R i are independently from each other selected from the group consisting

of H, Ci-2o-alkyl, C2-2o-alkenyl, C2-2o-alkynyl, C 5-6-cycloalkyl, phenyl and 0-Si(CH3)3,

Re and R are independently selected from the group consisting of H, Ci-20-alkyl,

C3-2o-alkenyl, C3-2o-alkynyl, Cs-s-cycloalkyl, C 6-i4 -aryl, and 5 to 14 membered heteroaryl,

wherein

Ci-2o-alkyl, C2-2o-alkenyl and C2-2o-alkynyl can be substituted with one to five

substituents selected from the group consisting of C 5-6-cycloalkyl, C 6-io-aryl, 5

to 10 membered heteroaryl, OR9, OC(0)-R9, C(0)-OR9, C(0)-R9, NRsRh, N R9-

C(0)R h, C(0)-N R Rh, N[C(0)R ][C(0)R h] , S R9 , halogen, CN, and N0 2;

Cs-s-cycloalkyl can be substituted with one to five substituents selected from the group

consisting of Ci-10-alkyl, C 2-io-alkenyl, C 2-io-alkynyl, C 5-6-cycloalkyl, C 6-io-aryl, 5 to 10

membered heteroaryl, O R9 , OC(0)-Re, C(0)-ORe, C(0)-Re, NRsRh, N R9-C(0)R h, C(O)-

N R Rh, N[C(0)R ][C(0)R h] , S R9 , halogen, CN, and N0 2;

C 6-i4 -aryl and 5 to 14 membered heteroaryl can be substituted with one to five substi

tuents independently selected from the group consisting of Ci-10-alkyl, C 2-io-alkenyl,

C 2-io-alkynyl, Cs-6-cycloalkyl, C 6-io-aryl, 5 to 10 membered heteroaryl, OR9, OC(0)-R9,

C(0)-OR , C(0)-R , NRsRh, NRg-C(0)R h, C(0)-NR gRh, N[C(0)R 9][C(0)R h] , S R9 , ha lo

wherein

R and Rh are independently selected from the group consisting of H, C1-10-

alkyl, C 3-io-alkenyl and C 3-io-alkynyl,

wherein

Ci-10-alkyl, C 3-io-alkenyl and C 3-io-alkynyl can be substituted with one to

five substituents selected from the group consisting of halogen, CN and

N0 2.

is at each occurrence selected from the group consisting of O , S , or Se

is at each occurrence a carbon atom



R is at each occurrence selected from the group consisting of C i -50-alkyl, C 3-so-alkenyl and

C3-5o-alkynyl,

wherein

Ci-5o -alkyl, C 3-so-alkenyl and C 3-so-alkynyl can be substituted with one to ten substituents in-

dependently selected from the group consisting of ORa, SRa, Si(RSia)(RSi )(RSic) , and ha lo

gen; and at least two Chb-groups, but not adjacent Chb-groups, of C i -50-alkyl, C 3-so-alkenyl

and C 3-5o-alkynyl can be replaced by O or S,

wherein

Ra is independently selected from the group consisting of H, Ci-20 -alkyl, C 3-2o-alkenyl,

C 3-2o-alkynyl, C 5-6-cycloalkyl and C6-io -aryl

R ia, R i and R i are independently selected from the group consisting of H,

Ci-2o -alkyl, C2 -2o-alkenyl, C2 -2o-alkynyl, C5-6-cycloalkyl, Ce-io-aryl, -[0-SiR Sid R ie]0-R i

wherein

o is an integer from 1 to 50,

R i , R ie, R if are independently selected from the group consisting of H, C1-30-

alkyl, C2 -2o-alkenyl, C2 -2o-alkynyl, C5-6-cycloalkyl, Ce-io -aryl, -[0-SiR i R Sih]P-RSii ,

wherein

p is an integer from 1 to 50,

RSig RSih RSii are independently selected from the group consisting of H , C1-30-

alkyl, C2-2o -alkenyl, C2-2o -alkynyl, C5-e-cycloalkyl, Ce-io-aryl, 0-Si(CH 3)3,

Ci-20 -alkyl, C2-2o -alkenyl and C2-2o -alkynyl can be substituted with one to ten substitu

ents selected from the group consisting of halogen and C N .

and L , L , n and m are as defined in claim 1.

4 . The polymers according to any one of claims 1 - 3 wherein

R2, R2' , R2" and R* are at each occurrence selected from the group consisting of hydrogen, un-

substituted C i -30-alkyl and halogen, and

X is at each occurrence selected from the group consisting of O, S, or Se

Q is at each occurrence a carbon atom,

R is at each occurrence unsubstituted C i -50-alkyl, C 3-so-alkenyl, or C 3-so-alkynyl.
L , L2, n and m are as defined in claim 1.

5 . The polymers according to claim 4 , wherein

R2, R2' , R2" and R* are at each occurrence hydrogen,



X is at each occurrence S

Q is at each occurrence a carbon atom,

R is at each occurrence C i -36-alkyl
L , L2, n and m are as defined in claim 1.

6 . The polymers of claims 1 - 5 , wherein

L and L2 are independently from each other and at each occurrence selected from the group

consisting of C6-3o -arylene and 5 to 30 membered heteroarylene,

and

wherein

C 6-3o-arylene and 5 to 30 membered heteroarylene can be substituted with one to six sub-

stituents R3 at each occurrence selected from the group consisting of Ci-30 -alkyl, C2-30-

alkenyl, C2-3o-alkynyl, C5-i2 -cycloalkyl, C 6-i8-aryl and 5 to 20 membered heteroaryl, OR3 1,

OC(0)-R 3 1, C(0)-OR 3 1, C(0)-R 3 1, NR R32, NR3 -C(0)R 32, C(0)-NR 3 R32, SR3 1, halogen,

CN, SiRSivR i R i and OH, and

wherein

can be substituted with one or two substituents R4 at each occurrence selec

ted from the group consisting of Ci -30-alkyl, C2-3o-alkenyl, C2-3o-alkynyl, C5-12-

cycloalkyl, C 6-i8-aryl and 5 to 20 membered heteroaryl, C(0)-R 4 1,

C(0)-NR R42, C(0)-OR 4 1 and CN,

wherein

R3 , R32, R4 und R42 are independently from each other and at each occu

rrence selected from the group consisting of H, Ci -30-alkyl, C2-3o-alkenyl, C2-30-

alkynyl, C5-i2 -cycloalkyl, C 6-is-aryl and 5 to 20 membered heteroaryl, and

wherein

Ci-3o -alkyl, C2-3o-alkenyl and C2-3o-alkynyl can be substituted with one to ten

substituents independently selected from the group consisting of Cs-s-cyclo-

alkyl, C6-i4-aryl, 5 to 14 membered heteroaryl, OR', OC(0)-R, C(0)-OR i, C(O)-

NR'R , NRi-C(0)R , C(0)-NR iRi, Ν[0(0^][0(0)^], SR', halogen, CN, SiR-
i R iwR ix and NO2; and at least two Chb-groups, but not adjacent Chb-groups

of Ci-3o -alkyl, C2-3o-alkenyl and C2-3o-alkynyl can be replaced by O or S,



C5-i2 -cycloalkyl can be substituted with one to six substituents independently

selected from the group consisting of Ci-20 -alkyl, C2-2o -alkenyl and C2-2o -alky-

nyl, C 5-8-cycloalkyl, C 6-i4 -aryl, 5 to 14 membered heteroaryl, OR', OC(0)-R,

C(0)-OR, C(0)-R, NR'R, N R i-C(0)Rj, C(0)-NR Ri, N[C(0)R i][C(0)Rj], SR',

halogen, CN, SiRSi RSiwRSix and N0 2; and one or two CH2-groups, but not ad

jacent Chb-groups, of Cs-12 -cycloalkyl can be replaced by O, S, OC(O), CO,

C 6-i8 -aryl and 5 to 20 membered heteroaryl can be substituted with one to six

substituents independently selected from the group consisting of Ci-20 -alkyl,

C2-2o -alkenyl, C2-2o -alkynyl, Cs-s -cycloalkyl, C 6-i4 -aryl, 5 to 14 membered het

eroaryl, O R , OC(0)-R, C(0)-OR, C(0)-R, N R 'R, N R i-C(0)R, C(0)-NRR,

N[C(0)R i][C(0)R], SR', halogen, CN, SiR ivR i R i and N0 2,

wherein

R i , R iw , R ix are independently from each other selected from the

group consisting of H, Ci-20 -alkyl, C2-2o -alkenyl, C2-2o -alkynyl, C s-6-cyclo-

alkyl, phenyl and 0-Si(CH 3)3,

R' and R are independently selected from the group consisting of H, Ci-

2o-alkyl, C2-2o -alkenyl, C2-2o -alkynyl, Cs-s -cycloalkyl, C 6-i4 -aryl, and 5 to 14

membered heteroaryl,

wherein

Ci-2o -alkyl, C2-2o -alkenyl and C2-2o -alkynyl can be substituted with

one to five substituents selected from the group consisting of C 5-6-

cycloalkyl, Ce-io -aryl, 5 to 10 membered heteroaryl, ORk, OC(0)-R',

C(0)-OR k, C(0)-R k, NRkR , NRk-C(0)R, C(0)-NR kR ,

N[C(0)R k][C(0)R'], SRk, halogen, CN, and N0 2;

-cycloalkyl can be substituted with one to five substituents selected from the group consist-

of Ci-10 -alkyl, C2-io -alkenyl,

C2-io -alkynyl, C 5-6-cycloalkyl, C6-io -aryl, 5 to 10 membered hetero

aryl, ORk, OC(0)-R, C(0)-OR k, C(0)-R k, NRkR , NRk-C(0)R, C(O)-

NRkR , N[C(0)R k][C(0)R'], SRk, halogen, CN, and N0 2;

C 6-i4 -aryl and 5 to 14 membered heteroaryl can be substituted with

one to five substituents independently selected from the group

consisting of Ci-10 -alkyl, C2-io -alkenyl, C2-io -alkynyl, C 5-6-cycloalkyl,

Ce-io -aryl, 5 to 10 membered heteroaryl, ORk, OC(0)-R', C(0)-OR k,

C(0)-R k, NRkR , NRk-C(0)R, C(0)-NR kR , N[C(0)R k][C(0)R'], SRk,

halogen, CN, and NO2;



wherein

Rk and R' are independently selected from the group consist¬

ing of H, Ci-io-alkyl, C2-io-alkenyl and C2-io-alkynyl,

wherein

Ci-io-alkyl, C2-io-alkenyl and C2-io-alkynyl can be substi¬

tuted with one to five substituents selected from the

group consisting of halogen, C N and NO2,

and n and m are as defined in claim 1.

7 . The polymers of claim 6 , wherein

L and L2 are independently from each other and at each occurrence selected from the group

consisting of C6-3o -arylene and 5 to 30 membered heteroarylene

and

wherein

C6-3o -arylene and 5 to 30 membered heteroarylene is selected from the group consisting

of



- 108 -



wherein

R is defined as R

R 04 and R 05 are independently and at each occurrence selected from the group con

sisting of H, Ci-2o-alkyl, C2-2o -alkenyl, C2-2o -alkynyl, Cs-s-cycloalkyl, C 6-i4 -aryl, and 5 to 14

membered heteroaryl, or R 04 and R 05 , if attached to the same atom, together with the

atom, to which they are attached, form a 5 to 12 membered ring system,

wherein

Ci-2o-alkyl, C2-2o -alkenyl and C2-2o -alkynyl can be substituted with one to five substi

tuents selected from the group consisting of C 5-6-cycloalkyl, C 6-io-aryl, 5 to 10 mem

bered heteroaryl, OR , OC(0)-R , C(0)-OR , C(0)-R , NRSR', NR -C(0)R ,

C(0)-NR R , N[C(0)R ][C(0)R ] , SR , halogen, CN, and N0 2;

Cs-s-cycloalkyl can be substituted with one to five substituents selected from the

group consisting of Ci-10-alkyl, C 2-io-alkenyl, C 2-io-alkynyl, C 5-6-cycloalkyl, C 6-io-aryl, 5



to 10 membered heteroaryl, OR , OC(0)-R , C(0)-OR , C(0)-R , NRsRt, NR -C(0)R ,
C(0)-NR R, Ν[0(0)^][0(0)^, SR , halogen, CN, and N0 2;

C6-i4 -aryl and 5 to 14 membered heteroaryl can be substituted with one to five sub¬

stituents independently selected from the group consisting of Ci-10-alkyl , C2-10-

alkenyl,

C 2-io-alkynyl, Cs-6-cycloalkyl, C 6-io-aryl, 5 to 10 membered heteroaryl, ORs, OC(O)-

R, C(0)-OR , C(0)-R , NRSR', NR -C(0)R , C(0)-NR R, N[C(0)R ][C(0)R ] , SR ,
halogen, CN, and NO2;

5 to 12 membered ring system can be substituted with one to five substituents se¬

lected from the group consisting of Ci-10-alkyl, C 2-io-alkenyl, C 2-io-alkynyl, Cs-6-cyclo

alkyl, C6-io-aryl, 5 to 10 membered heteroaryl, ORs, OC -R , C(0)-ORs, C(0)-Rs,
NRSR', NR -C(0)R , C(0)-NR R, N[C(0)R ][C(0)R ] , SR , halogen, CN, and N0 2;

wherein

Rs and R are independently selected from the group consisting of H, C1-10-

alkyl, C 2-io-alkenyl and C 2-io-alkynyl,

wherein

Ci-10-alkyl, C 2-io-alkenyl and C 2-io-alkynyl can be substituted with one to five

substituents selected from the group consisting of halogen, CN and NO2,

wherein

C6-3o -arylene and 5 to 30 membered heteroarylene can be substituted

with one to six substituents R3 at each occurrence selected from the

group consisting of Ci-30-alkyl and halogen, and

wherein

can be substituted with one or two substituents R4 at each occurrence

selected from the group consisting of Ci-30-alkyl , C(0)-R4 1, C(0)-OR4 1

and CN,

wherein

R4 is at each occurrence Ci-30-alkyl,

X ' is O , S , or Se, more preferably S or Se, particularly preferably S ,

and n and m are as defined in claim 1.

8 . The polymers of claim 7 , wherein

L and L2 are independently from each other selected from a group consisting of



- 1 -



wherein

R , R 04 and R 05 are as defined as in claim 7 .

X' is S, or Se.

9 . The polymers of claim 8 , wherein L and L2 are selected from



10 . The polymers of claims 1-9, wherein

n is 0 , 1 or 2 , and

m is 0 , 1 or 2 .

11. A process for the preparation of the polymers of claim 1, wherein n is 0 and which com

prises units of formulae (1-1) or (1- )

wherein R2, R2', R2", Q, M 1, M2, X, R and L2 and m are as defined in claim 1,



which process comprises the step of reacting a compound of formula (3)

or of formula (3')

wherein Z* is at each occurrence I , Br, CI, 0-S(0) 2CF3 or H, and R2, R2', Q, M 1, M2, X, R are as

defined for the compound of formula (1-1)

with a compound of formula (10)

(10)

wherein

L2 is as defined for the compound of formula (1-1) or (1- ) , and

Za and Z are independently selected from the group consisting of B(OZ )(OZ2) , SnZ Z2Z3



wherein Z , Z2, Z3, Z4, Z5 and Z6 are independently from each other and at each occurrence H

C i -4-alkyl,

Za and Zb are Br if Z* is H,

p is an integer from 2-1 000.

12 . Intermediates of formulae



wherein

R2, R2', R2", Q, M 1 , M2, X and R are as defined in claim 1, and

Z* is at each occurrence I , Br, C I or 0-S(0)2CF3,

Za and Z are independently selected from the group consisting of B(OZ )(OZ2) , SnZ Z2Z3,

wherein Z , Z2, Z3, Z4, Z5 and Z6 are independently from each other and at each occurrence H or

Ci-4-alkyl

13 . Electronic devices comprising the polymers of any of claims 1 to 10 .

14. The electronic device of claim 13, wherein the electronic device is an organic field effect

transistor.

15 . Use of the polymers of any of claims 1 to 10 as semiconducting material.

16 . Use of the polymers of any of claims 1 to 10 as luminescent material.

17 . Use of the compounds of claim 1 as luminescent material.
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