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Semiconducting polymer

Description

The present invention relates to polymers, to a process for the preparation of these 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 (OFETSs), 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 orga-
nic 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 and
of the near infra-red light.

G. Kossmehl and G. Manecke, Die Makromolekulare Chemie 176 (1975), pp. 333-340 discloses
the following structures
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HN
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S

NH

which have coplanar conjugated n-electron systems.

WO 2009/053291 describes semiconducting polymers comprising the following units

and

10  and organic field effect transistors comprising these polymers.

WO 2014/071524 discloses monomers, oligomers and polymers comprising a fused ring moiety
of the following structure
N

_—X

X/

)

15
where X is independently O, S or NR and R is independently hydrogen, or an optionally substi-
tuted hydrocarbon.

WO 2016/005891 discloses polymers comprising at least one unit of formulae
20
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or

or

as semiconducting materials for electronic devices.

It was the object of the present invention to provide organic semiconducting materials.
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It was a second object of the present invention to provide semiconducting polymers which can
be synthesized without the need of noble metal catalysts.

5  The problem is solved by compounds of formula (I)

10 °© m

and preferably polymers comprising at least a structure of formula (II’)

15  wherein
nis 3 to 1000,
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T' or T? are independently of each other a group of formulae =0, =S, =NR'®, =CR*R*,

Q2, Qb, Q°, Q¢, Qe or Qf are independently of each other O, S or NR, preferably O or NR?,
Hal is halogen, preferably ClI or Br, especially CI.

10  T'or T? are preferably independently of each other a group of formulae =O, =CR*R#,

15
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6

T or T2 are even more preferably independently of each other a group of formulae

or ;
T or T2 are most preferably independently of each other a group of formula;

The polymers comprising a structure of formula (Il) or (II') can be linked to other moieties by
double bonds, e.g. to other groups of formula (ll) or (II), or e.g. to end groups T' or T2

10  Ar, Ar, Are and Arf are independently of each other a 5- to 6-membered ring, or a ring system
comprising from 2 to 6 fused 5- to 6-membered rings, wherein at least one of the rings is an
aromatic or heteroaromatic ring.

Ar and Ar’ are preferably independently of each other selected from the group consisting of
15
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and =~ to the moieties

wherein Q is O, S or NR', preferably O or NR?,

Ar and Ar’ are more preferably independently of each other selected from the group consisting
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and =~ to the moieties

5 wherein Qis O, S or NR?, preferably O or NR1,
Ar and Ar’ are even more preferably independently of each other selected from

o A

10  Arand Ar are most preferably independently of each other selected from

o A

Ar® is preferably selected from

jehecheopeciis

A3 T3

15  where Ar® is bound via the bonds and = to the moiety
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Are is more preferably selected from

0o 0 0
p s

Are is even more preferably selected from

0

Ar' is preferably selected from the group consisting of

QQ0 o I 2

Yl
SRSNsS,
Arfis more preferably selected from , , .
o)s
Arfis most preferably selected from , .

wherein Ar, Ar’, Are, Arf can be substituted by one or more substituents R2.

Are is most preferably

Y,Y', Y"and Y" are at each occurrence O, S, NR'?3, Se, Te, preferably O, S, NR'a, Se, more
preferably O, S, Se, still more preferably S, Se and most preferably S.

K
- . 2
—=§F
RWis at each occurrence H, Ci.30-alkyl, Ci30-alkoxy, or a moiety Rss , prefe-
rably H, Cy.a0-alkyl, or C4.30- alkoxy, more preferably H or Ci.30-alkoxy, most preferably H,

wherein Rs', Rs2, Rs® are independently of each other H, Ci.20-alkyl, C220-alkenyl, or phenyl,
preferably Ci.20-alkyl.
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R, R'2 are at each occurrence selected from the group consisting of H, C1.100-alkyl, C2-100-alke-
nyl, Co100-alkynyl, Cs.12-cycloalkyl, Cs.1s-aryl, a 5 to 20 membered heteroaryl, C(O)-C1.100-alkyl,
C(0O)-Cs.12-cycloalkyl and C(O)-OCj-100-alkyl,

10

15

20

25

30

35

40

wherein

C1-100-alkyl, Co100-alkenyl and Ca-100-alkynyl can be substituted with one to fourty substitu-
ents independently selected from the group consisting of Cs.s-cycloalkyl, Ces.14-aryl, 5 to 14
membered heteroaryl, OR?, OC(O)-R?, C(0O)-OR?, C(0)-R2, NR2R?, NRa-C(O)R®, C(0O)-
NR2Rb, N[C(O)R2][C(O)RP], SRa, Si(RSi2)(RSib)(RSi¢), -O-Si(RS2)(RSb)(RSic), halogen, CN,
and NO2; and at least two CH2-groups, but not adjacent CHz-groups, of Ci.100-alkyl, Co-100-
alkenyl and Cs.100-alkynyl can be replaced by O or S,

Cs.12-cycloalkyl can be substituted with one to six substituents independently selected
from the group consisting of C1.so-alkyl, C2.s0-alkenyl, Co.s0-alkynyl, Cs.s-cycloalkyl,
Cs-14-aryl, 5 to 14 membered heteroaryl, ORa, OC(0)-R?, C(0)-OR?, C(0)-Ra, NRaRP, NRa-
C(O)R", C(O)-NR2R®?, N[C(O)R?][C(O)R?], SRa, Si(RSa)(RS)(RSic), -O-Si(RSi#)(RSP)(RSic),
halogen, CN, and NO; and one or two CH2-groups, but not adjacent CH>-groups, of Cs.12-
cycloalkyl can be replaced by O, S, OC(O), CO, NR2 or NR2-CO,

Cs-1g-aryl and 5 to 20 membered heteroaryl can be substituted with one to six substituents
independently selected from the group consisting of C1.s0-alkyl, C2.s0-alkenyl, C.s0-alkynyl,
Cs.g-cycloalkyl, Cs.14-aryl, 5 to 14 membered heteroaryl, OR?, OC(O)-R?, C(0O)-OR?, C(O)-
Ra, NR2Rb, NR2-C(O)R?, C(0)-NR2RP, N[C(O)R2][C(O)R"], SRa, Si(RSa)(RSb)(RSic),
-O-Si(RSa)(RS®)(RSi¢), halogen, CN, and NO3,

wherein
R2 and R® are independently selected from the group consisting of H, Ci.e0-alkyl,
C2e0-alkenyl, Coeo-alkynyl, Cs.s-cycloalkyl, Cs.1s-aryl and 5 to 14 membered heteroaryl,

RSia, RSib and RS are independently selected from the group consisting of H,
Ciso0-alkyl, Cos0-alkenyl, Coso-alkynyl, Cs.s-cycloalkyl, Ce.14-aryl, 5 to 14 membered he-
teroaryl, O-C1.s0-alkyl, O-Ca.s0-alkenyl, O-Cze0-alkynyl, O-Cs.s-cycloalkyl, O-Ce.14-aryl,
0O-5 to 14 membered heteroaryl, -[O-SiRSYRS€]-RSf NR5RE, halogen and O-C(O)-R?,
wherein
o is an integer from 1 to 50,

RS, RSie, RS are independently selected from the group consisting of H, C1e0-alkyl,

Co.s0-alkenyl, Caso-alkynyl, Css-cycloalkyl, Ce1s-aryl, 5 to 14 membered heteroaryl,

O-Ci.s0-alkyl, O-Cas0-alkenyl, O-Coso-alkynyl, O-Cs.s-cycloalkyl, O-Cs.14-aryl, O-5 to

14 membered heteroaryl, -[O-SiRS9RSH],-RSi, NR3°R®0, halogen and O-C(O)-R%;
wherein
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11

p is an integer from 1 to 50,

RSig RSih RSii are independently selected from the group consisting of H, C1.30-
alkyl, Ca.30-alkenyl, Cz.s0-alkynyl, Cs.s-cycloalkyl, Ce.10-aryl, 5 to 10 membered
heteroaryl, O-C1.30-alkyl, O-Cs.30-alkenyl, O-Cz.30-alkynyl, O-Cs.s-cycloalkyl, O-
Cs-10-aryl, O-5 to 10 membered heteroaryl, O-Si(CHs)s, NR50R®0 halogen and
O-C(0)-R>500,

R5, R8, R%, R80, R%00 gnd R8% gre independently selected from the group consisting
of H, Cie0-alkyl, Cs.s0-alkenyl, Coeo-alkynyl, Csg-cycloalkyl, Ce.14-aryl, and 5 to 14
membered heteroaryl,

Ciso0-alkyl, Cas0-alkenyl and Ca.s0-alkynyl can be substituted with one to twenty sub-
stituents selected from the group consisting of Cs.e-cycloalkyl, Ce.10-aryl, OR®,
OC(0)-Re, C(0)-ORe, C(0O)-Re, NR°R4, NRe-C(O)R9, C(O)-NR°Rd,
N[C(O)R°J[C(O)RY], SRe, Si(RSi)(RSk)(RSH), -O-Si(RSi)(RSk)(RSH), halogen, CN, and
NOo; and at least two CH»-groups, but not adjacent CHx-groups, of Cieo-alkyl, Co.s0-
alkenyl and C2.s0-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 C1.30-alkyl, C2.30-alkenyl, Ca.s0-alkynyl, Cs.s-cycloalkyl, Ce.10-aryl,
ORe, OC(0)-Re, C(0O)-ORe, C(0)-Re, NR°R¢, NRe-C(O)R¢, C(0)-NR°R¢,
N[C(O)R?][C(O)RY], SRe, Si(RSi)(RSk)(RS!), -O-Si(RSi)(RSk)(RSN, halogen, CN, and
NO-; and one or two CH>-groups, but not adjacent CH2-groups, of Cs.g-cycloalkyl
can be replaced by O, S, OC(O), CO, NRe or NR*-CO,

Ces-14-aryl and 5 to 14 membered heteroaryl can be substituted with one to five sub-
stituents independently selected from the group consisting of Ci.sp-alkyl, C2.30-alke-
nyl, Cz30-alkynyl, Cs.s-cycloalkyl, Ce.10-aryl, OR¢, OC(O)-R¢, C(O)-OR¢, C(O)-Re,
NR°RY, NR°e-C(O)RY, C(O)-NRcR¢, N[C(O)Re][C(O)RH], SRe, Si(RSi)(RSk)(RSH),
-O-Si(RSH)(RSk)(RSM), halogen, CN and NO-,

wherein
Re and R? are independently selected from the group consisting of H, C1.30-alkyl,
C2-30-alkenyl and Cz.30-alkynyl,

RSi, RSk and RS are independently selected from the group consisting of H,
Ci-30-alkyl, C230-alkenyl, Ca.s0-alkynyl, Cse-cycloalkyl, Ce.10-aryl, 5 to 10 membe-
red heteroaryl, O-Ci.30-alkyl, O-Cz.30-alkenyl, O-Cz.30-alkynyl, O-Cs.s-cycloalkyl,
O-Cs-10-aryl, O-5 to 10 membered heteroaryl, -[O-SiRSmRSN-RSe, NR7R8, halo-
gen, and O-C(0O)-R?,

wherein

q is an integer from 1 to 50,
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Rsim RSinRSio are independently selected from the group consisting of H,
Cio-alkyl, Co.s0-alkenyl, Czoa0-alkynyl, Cse-cycloalkyl, Ce.10-aryl, 5 to 10 mem-
bered heteroaryl, O-C1.30-alkyl, O-Ca.30-alkenyl, O-Cz.30-alkynyl, O-Cs.s-cyclo-
alkyl, O-Cs.10-aryl, O-5 to 10 membered heteroaryl, -[O-SiRSPRSiq],-RSir,
NR7R&, halogen, and O-C(O)-R"°,
wherein
ris an integer from 1 to 50,
RSie, RSia, RS are independently selected from the group consisting of H,
Ciao-alkyl, Cas0-alkenyl, Caap-alkynyl, Cs.s-cycloalkyl, Ce.10-aryl, 5 to 10
membered heteroaryl, O-Cq.30-alkyl, O-Cz.30-alkenyl, O-C2.30-alkynyl,
O-Css-cycloalkyl, O-Cs-10-aryl, O-5 to 10 membered heteroaryl,
O-Si(CHs)s, NR790R800  halogen and O-C(O)-R79%°,

R7, R8, R70, R&, R700 gand R8% gre independently selected from the group con-
sisting of H, C10-alkyl, C2-30-alkenyl, Czo.30-alkynyl, Cse-cycloalkyl, Ce-10-aryl,
and 5 to 10 membered heteroaryl,

Ci-s0-alkyl, Cz-30-alkenyl and Ca.30-alkynyl can be substituted with one to ten sub-
stituents selected from the group consisting of halogen, CN and NO».

R, R'a are preferably at each occurrence selected from the group consisting of H, Ci.100-alkyl,
Cas-100-alkenyl, Ca.1o0-alkynyl,

wherein

C1-100-alkyl, Ca.100-alkenyl and Ca.100-alkynyl can be substituted with one to fourty substitu-
ents independently selected from the group consisting of Cs.s-cycloalkyl, OR?, OC(O)-R?,
C(0)-ORa, C(0)-Re, Si(RS=#)(RS)(RS), and halogen; and at least two CH»-groups, but not
adjacent CHx-groups, of C1.1g0-alkyl, Cs.100-alkenyl and Ca.100-alkynyl can be replaced by O
orS,

wherein
Ra is selected from the group consisting of H, C1.s0-alkyl, Cseo-alkenyl, Cs.so-alkynyl, Cs.
g-cycloalkyl,

RSia, RSib and RS are independently selected from the group consisting of H,
Ciso-alkyl, Cos0-alkenyl, Coeo-alkynyl, Cs.g-cycloalkyl, -[O-SiRSdRSi],-RSi,
wherein
o is an integer from 1 to 50,

RS, RSie, RS are independently selected from the group consisting of H, C1e0-alkyl,
Ca.s0-alkenyl, Cos0-alkynyl, Cs.g-cycloalkyl and -[O-SiRS9RSh],-RSii;
wherein
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p is an integer from 1 to 50,
RSis RSh RSii are independently selected from the group consisting of H,
Ciao-alkyl, Cas0-alkenyl, Coao-alkynyl, Cse-cycloalkyl, O-Si(CHa3)s,

R, R'2are more preferably at each occurrence selected from the group consisting of H,
Ciso-alkyl, Caso-alkenyl, Caso-alkynyl,

wherein

Ciso-alkyl, Caso-alkenyl and Cs.so-alkynyl can be substituted with one to twenty substitu-
ents independently selected from the group consisting of OR2, OC(0)-Ra, C(O)-ORa,
Si(RS=)(RSP)(RS), and halogen; and at least two CH2>-groups, but not adjacent CH»-
groups, of Ci.s0-alkyl, Caso-alkenyl and Cas.so-alkynyl can be replaced by O or S,

wherein
Ra is selected from the group consisting of H, C1.20-alkyl, Cs20-alkenyl, Cs.20-alkynyl,

RSia, RSb and RS are independently selected from the group consisting of H,
Ci0-alkyl, Co20-alkenyl, -[O-SiRS<RSie],-RSH,

wherein

o is an integer from 1 to 20,

RS, RSe RSif gre independently selected from the group consisting of H, Ci.x0-alkyl,
Cr0-alkenyl, and -[O-SiRS9RS -RSii;
wherein
p is an integer from 1 to 20,
RSis RSh RSii are independently selected from the group consisting of H,
Ci20-alkyl, Co20-alkenyl, O-Si(CHa3)s,

R, R'@ are even more preferably at each occurrence selected from the group consisting of
Ciso-alkyl, Caso-alkenyl, Caso-alkynyl,

wherein

Ciso-alkyl, Caso-alkenyl and Cs.so-alkynyl can be substituted with one to twenty substitu-
ents independently selected from the group consisting of OR?2, and halogen; and at least
two CHz-groups, but not adjacent CH>-groups, of Ci.s0-alkyl, Cs.so-alkenyl and Cas.so-alkynyl
can be replaced by O or S,

wherein
R2 is selected from the group consisting of H, Ci.20-alkyl, Cs.20-alkenyl, Cs.20-alkynyl,

R, R'@ are much more preferably at each occurrence selected from the group consisting of
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Cis0-alkyl,
wherein

Ciso-alkyl can be substituted with one to twenty substituents independently selected from
the group consisting of OR?, and halogen; and at least two CH>-groups, but not adjacent
CH2-groups, of Ci.s0-alkyl can be replaced by O or S,

wherein
Ra is selected from the group consisting of H, or Ci.x0-alkyl,

R, R'a are especially preferably at each occurrence selected from the group consisting of
Ci-so-alkyl,
wherein

Ciso-alkyl can be substituted with one to twenty halogens;
R1, R'2 are most preferably Ci.so-alkyl,

R?is at each occurrence selected from the group consisting of Ci-sp-alkyl, C2.30-alkenyl, C2-30-
alkynyl, Cs.1>-cycloalkyl, Ces.1s-aryl, 5 to 20 membered heteroaryl, OR?', OC(0)-R?!, C(O)-
OR?', C(0)-R?', NR2'R22, NR2'-C(O)R?%2, C(0)-NR2'R22, N[C(O)R2'][C(O)R%2], SR?!, halogen,
CN, SiRSsRStRSu gnd OH,
wherein
R2" and R??2 and are independently selected from the group consisting of H, C1.30-alkyl,
Ca-30-alkenyl, Co.30-alkynyl, Cs.12-cycloalkyl, Ce.1s-aryl and 5 to 20 membered heteroaryl,
and

Cio-alkyl, Cas0-alkenyl and Cs.30-alkynyl can be substituted with one to ten substituents
independently selected from the group consisting of Cs.s-cycloalkyl, Ce.1s-aryl, 5 to 14
membered heteroaryl, OR¢, OC(O)-Re¢, C(0)-ORe, C(0O)-Re, NReRf, NRs-C(O)Rf, C(O)-
NReRf, N[C(O)Re][C(O)Rf], SRe, halogen, CN, SiRSsRS!RSU and NO»; and at least two
CHa-groups, but not adjacent CHz-groups, of Ci.3c-alkyl, C230-alkenyl and Cz-z0-alkynyl can
be replaced by O or S,

Cs.12-cycloalkyl can be substituted with one to six substituents independently selected
from the group consisting of C1-20-alkyl, C2-20-alkenyl and Cz-20-alkynyl, Cs.s-cycloalkyl,
Cs-14-aryl, 5 to 14 membered heteroaryl, ORe, OC(0)-Re, C(0)-ORe, C(0)-Re, NReRf, NRe-
C(O)Rf, C(O)-NReR', N[C(O)Re][C(O)R, SRe, halogen, CN, SiRSsRStRSU and NO»; and
one or two CHz-groups, but not adjacent CH>-groups, of Cs.1>-cycloalkyl can be replaced
by O, S, OC(0O), CO, NRe or NRe-CO,

Cs-1s-aryl and 5 to 20 membered heteroaryl can be substituted with one to six substituents
independently selected from the group consisting of C1.20-alkyl, C2-20-alkenyl, C.20-alkynyl,
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Cs.g-cycloalkyl, Cs.14-aryl, 5 to 14 membered heteroaryl, OR®, OC(O)-Re, C(O)-ORe, C(O)-
Re, NReRf, NRe-C(O)R', C(O)-NReRf, N[C(O)R®][C(O)RT, SRe, halogen, CN, SiRSisRStRSiu
and NO-,

wherein
RSis, RSt and RS are independently from each other selected from the group consisting
of H, Ci20-alkyl, Cs-20-alkenyl, Coz0-alkynyl, Cse-cycloalkyl, phenyl and O-Si(CHa)s,

Re and R' are independently selected from the group consisting of H, C1.20-alkyl,
Ca-20-alkenyl, Co20-alkynyl, Cs.s-cycloalkyl, Ce1s-aryl, and 5 to 14 membered heteroaryl,
wherein
Ci20-alkyl, Co20-alkenyl and C».20-alkynyl can be substituted with one to five substi-
tuents selected from the group consisting of Cs.s-cycloalkyl, Ce.10-aryl, 5 to 10 mem-
bered heteroaryl, OR9, OC(0)-R9, C(0)-OR¢, C(0)-R9, NR9R", NRe-C(O)R", C(O)-
NR9RP, N[C(O)R9][C(O)R"M], SR, halogen, CN, and NO-,

Cs.s-cycloalkyl can be substituted with one to five substituents selected from the
group consisting of Ci.10-alkyl, C2-10-alkenyl, Cs.10-alkynyl, Cs.s-cycloalkyl, Ce.10-aryl, 5
to 10 membered heteroaryl, OR9, OC(0)-R9, C(O)-OR9, C(0)-R9, NR9IR, NRe-
C(O)RM, C(O)-NR9R", N[C(O)R9][C(O)RM], SR9, halogen, CN, and NO»,

Cs-14-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, Cz.10-alkynyl, Cse-cycloalkyl, Ce-10-aryl, 5 to 10 membered heteroaryl, OR9,
OC(0)-R9, C(0)-ORs9, C(0)-R9, NReR", NR9-C(O)R", C(O)-NR9RP,
N[C(O)R9][C(O)R", SRe, halogen, CN, and NO»,

wherein
Re and R" are independently selected from the group consisting of H, C1.10-alkyl,
Cs.10-alkenyl and Ca.1o-alkynyl,
wherein
Ci-10-alkyl, Cz.10-alkenyl and Cs.10-alkynyl can be substituted with one to five
substituents selected from the group consisting of halogen, CN and NOa-.

R? is preferably at each occurrence selected from the group consisting of Ci.s0-alkyl, Cz-30-
alkenyl, Cs.30-alkynyl, OR?!, C(O)-OR?', C(O)-R?', halogen, and CN,

wherein

R?! is selected from the group consisting of H, C1.30-alkyl, Ca.30-alkenyl, Cs-30-alkynyl, and

Cio-alkyl, Cas0-alkenyl and Cs.so-alkynyl can be substituted with one to ten substituents
independently selected from the group consisting of OR®, OC(0)-Re¢, C(0)-ORe, C(O)-Re,
and halogen; and at least two CH>-groups, but not adjacent CHx-groups, of Ci.s0-alkyl, Cs.
so-alkenyl and Cs.s0-alkynyl can be replaced by O or S,
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wherein
Re is selected from the group consisting of H, C1.20-alkyl, Cs20-alkenyl, Cs.20-alkynyl.

R2? is more preferably at each occurrence selected from the group consisting of Ci-sp-alkyl,
OR?', and halogen,
wherein
R?!is C1.30-alkyl, and
Cio-alkyl can be substituted with one to ten substituents independently selected from the
group consisting of ORe®, and halogen; and at least two CH>-groups, but not adjacent CHo-
groups, of Ci.30-alkyl can be replaced by O or S,

wherein Re is independently selected from the group consisting of H, or C1.x0-alkyl.

R2? is even more preferably at each occurrence selected from the group consisting of Cq20-
alkyl, OR?', and halogen,
wherein R?2' is Cq.-alkyl, and
Ci20-alkyl can be substituted with one to ten halogens; and at least two CH»>-groups, but
not adjacent CHx-groups, of Ci.0-alkyl can be replaced by O or S.

RZ is much more preferably at each occurrence selected from the group consisting of C1.20-
alkyl, OR?', and halogen,

wherein

R?' is Cy.20-alkyl, which can optionally be substituted with one to ten halogens.

R? is especially preferably at each occurrence selected from the group consisting of C1-20-
alkyl, OR?', and halogen,

wherein

R21 is Ci-20-alkyl.

R? is most preferably at each occurrence selected from the group consisting of OR?, and
halogen,
wherein R?" is Cqz0-alkyl.

R# and R* are independently and at each occurrence selected from the group consisting of
H, C1-s0-alkyl, C2-30-alkenyl, Cz-30-alkynyl, Cs.12-cycloalkyl, Ces.1s-aryl and 5 to 20 membered
heteroaryl, C(O)-R*!, C(O)-NR*'R#?, C(O)-OR*! and CN,

wherein

R4 und R#? are independently from each other and at each occurrence selected from the
group consisting of H, Ci.30-alkyl, C2.30-alkenyl, Cza0-alkynyl, Cs.12-cycloalkyl, Ce.1s-aryl and
5 to 20 membered heteroaryl, and
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wherein

Cio-alkyl, Cas0-alkenyl and Cs.30-alkynyl can be substituted with one to ten substituents
independently selected from the group consisting of Cs.s-cycloalkyl, Cs.1s-aryl, 5 to 14
membered heteroaryl, OR/, OC(0O)-Ri, C(0O)-ORi, C(O)-Ri, NRRi, NR-C(O)Ri, C(O)-NRRj,
N[C(O)RI[C(O)R]], SR, halogen, CN, and NO>; and at least two CH>-groups, but not adja-
cent CH>-groups of Ci.sp-alkyl, Cas0-alkenyl and Co.30-alkynyl can be replaced by O or S,

Cs.12-cycloalkyl can be substituted with one to six substituents independently selected
from the group consisting of C1.20-alkyl, C2.20-alkenyl and Cz-20-alkynyl, Cs.s-cycloalkyl,
Cs-14-aryl, 5 to 14 membered heteroaryl, ORI, OC(O)-Ri, C(0O)-ORi, C(O)-Ri, NRRi, NR-
C(O)Rj, C(O)-NRIRj, N[C(O)R][C(O)RI], SR}, halogen, CN, and NO; and one or two CH2-
groups, but not adjacent CH»-groups, of Cs.1>-cycloalkyl can be replaced by O, S, OC(O),
CO, NRior NR-CO,

Ces-1s-aryl and 5 to 20 membered heteroaryl can be substituted with one to six substituents
independently selected from the group consisting of C1.20-alkyl, C2-20-alkenyl, C.20-alkynyl,
Cs.s-cycloalkyl, Ce.14-aryl, 5 to 14 membered heteroaryl, OR/, OC(O)-Rj, C(0O)-ORi, C(O)-Ri,
NRRJ, NR-C(O)RJ, C(O)-NRRi, N[C(O)R][C(O)Ri], SR}, halogen, CN, and NO,

Ri and Rj are independently selected from the group consisting of H, C1-20-alkyl,
20 Co20-alkenyl, Co-o-alkynyl, Cs-s-cycloalkyl,

R* and R* are preferably independently and at each occurrence selected from the group
consisting of H, C1.30-alkyl, C230-alkenyl, Ca.30-alkynyl, Ce1s-aryl and 5 to 20 membered het-
eroaryl, C(O)-R#1, C(O)-NR*'R*2, C(O)-OR*' and CN,

wherein
R4 und R#? are independently from each other and at each occurrence selected from the
group consisting of H, Ci.30-alkyl, C2.30-alkenyl, Co30-alkynyl, and

wherein

Cio-alkyl, Cas0-alkenyl and Cs.30-alkynyl can be substituted with one to ten substituents
independently selected from the group consisting of ORi, and halogen; and at least two
CHa-groups, but not adjacent CH2-groups of C1.30-alkyl, C230-alkenyl and Ca.z0-alkynyl can
be replaced by O or S,

Ces-1s-aryl and 5 to 20 membered heteroaryl can be substituted with one to six substituents
independently selected from the group consisting of C1.20-alkyl, OR', halogen,

Ri is selected from the group consisting of H, C1-20-alkyl,
20 Cz2o-alkenyl, C2-20-alkynyl, Cs-s-cycloalkyl,
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R# and R* are more preferably independently and at each occurrence selected from the
group consisting of H, Cy.3p-alkyl, C(O)-R#!, C(O)-NR*'R*2, C(O)-OR*' and CN,

wherein
R4 und R#? are independently from each other and at each occurrence selected from the
group consisting of H, or Ci.30-alkyl,

R# and R* are most preferably independently and at each occurrence selected from the
group consisting of C(O)-R*!, C(O)-NR#'R*2, C(O)-OR*" and CN,

wherein
R4 und R#? are independently from each other and at each occurrence selected from the
group consisting of H, or Ci.30-alkyl,

R2% js hydrogen, C+-Cssalkyl, Co-Cssalkenyl, Co-Cssalkinyl, Ar2%0, CN, COOR20', CONR202R203
COR204,

R201 R202) R203 gnd R2%4 are independently of each other hydrogen, C1-Cssalkyl, Co-Cssalkenyl,
C>-Cssalkinyl, or phenyl;

Ar2% has the meaning of Arf;

Halogen can be F, CI, Brand I.

Ci4-alkyl, C1-10-alkyl, C120-alkyl, C1.30-alkyl, C1.36-alkyl, C1.s0-alkyl, C1.e0-alkyl and C1-100-alkyl can
be branched or unbranched. Examples of Ci4-alkyl are methyl, ethyl, n-propyl, isopropyl, n-bu-
tyl, sec-butyl, isobutyl and tert-butyl. Examples of Ci.10-alkyl are Ci4-alkyl, n-pentyl, neopentyl,
isopentyl, n-(1-ethyl)propyl, n-hexyl, n-heptyl, n-octyl, n-(2-ethyl)hexyl, n-nonyl and n-decyl.
Examples of Ci20-alkyl are Ci.10-alkyl and n-undecyl, n-dodecyl, n-undecyl, n-dodecyl, n-tri-
decyl, n-tetradecyl, n-pentadecyl, n-hexadecyl, n-heptadecyl, n-octadecyl, n-nonadecyl and n-
icosyl (C20). Examples of Ci.sp-alkyl, Ci.36-alkyl, C1.s0-alkyl, Ci0-alkyl and Ci.100-alkyl are Cq20-
alkyl and n-docosyl (C22), n-tetracosyl (Cz4), n-hexacosyl (Czs), n-octacosyl (Czs) and n-triacontyl
(Cs0).

Co-10-alkenyl, Co20-alkenyl, C230-alkenyl, C2e0-alkenyl and Cz-100-alkenyl can be branched or
unbranched. Examples of Ciz0-alkenyl are vinyl, propenyl, cis-2-butenyl, trans-2-butenyl, 3-bu-
tenyl, cis-2-pentenyl, trans-2-pentenyl, cis-3-pentenyl, trans-3-pentenyl, 4-pentenyl, 2-methyl-3-
butenyl, hexenyl, heptenyl, octenyl, nonenyl and docenyl. Examples of C,.20-alkenyl, Co.s0-alke-
nyl and Cs.100-alkenyl are Cs.10-alkenyl and linoleyl (C+s), linolenyl (C1s), oleyl (C1s), and arachi-
donyl (C20). Examples of Cz.s0-alkenyl are Co0-alkenyl and erucyl (C22).

Co-10-alkynyl, Co0-alkynyl, Co.s0-alkynyl, Cao.s0-alkynyl and Ca-100-alkynyl can be branched or un-
branched. Examples of C».10-alkynyl are ethynyl, 2-propynyl, 2-butynyl, 3-butynyl, pentynyl,
hexynyl, heptynyl, octynyl, nonynyl and decynyl. Examples of Cs.x0-alkynyl, Ca.s0-alkenyl, Co.s0-
alkynyl and Cx.100-alkynyl are undecynyl, dodecynyl, undecynyl, dodecynyl, tridecynyl, tetra-
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decynyl, pentadecynyl, hexadecynyl, heptadecynyl, octadecynyl, nonadecynyl and icosynyl

(C20).

Examples of Cs.s-cycloalkyl are cyclopentyl and cyclohexyl. Examples of Cs.s-cycloalkyl are Cs.e-
5 cycloalkyl and cycloheptyl and cyclooctyl. Cs.12-cycloalkyl are Cs.s-cycloalkyl and cyclononyl,

cyclodecyl, cycloundecyl and cyclododecyl.

Examples of Ce.10-aryl are phenyl,

10
Examples of Cs.14-aryl are Ce.10-aryl and
* *
*
O and O *
15

Examples of Cs.13-aryl are Ce.1s-aryl and

and OQOQ
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Preferred aryl moieties are phenyl,

Most preferred is phenyl.

PCT/EP2017/054507

5 510 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 =0O.

5 to 14 membered heteroaryl are 5 to 14 membered monocyclic or polycyclic, such as dicyclic,
10  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 =0O.

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

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

heteroaryl and
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\ / and S

R100 R101 R R

wherein
R1%0 and R are independently and at each occurrence selected from the group consisting
of H, Ci0-alkyl, Cop0-alkenyl, Co-20-alkynyl, Cs.g-cycloalkyl, Ce.14-aryl, and 5 to 14 membered
heteroaryl, or R1% and R'%, if attached to the same atom, together with the atom, to which
they are attached, form a 5 to 12 membered ring system,
wherein
Ci20-alkyl, Co0-alkenyl and Ca.20-alkynyl can be substituted with one to five substitu-
ents selected from the group consisting of Cs.s-cycloalkyl, Cs.10-aryl, 5 to 10 membered
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heteroaryl, ORY, OC(O)-Rq, C(O)-ORd, C(0)-R9, NRIR', NR-C(O)R', C(O)-NReR,
N[C(O)RY][C(O)RY], SR, halogen, CN, and NO;

Cs.g-cycloalkyl can be substituted with one to five substituents selected from the group
consisting of C1.10-alkyl, C2-10-alkenyl, Cz.10-alkynyl, Cs.s-cycloalkyl, Ce-10-aryl, 5 to 10
membered heteroaryl, OR9, OC(O)-R9, C(O)-OR9, C(0)-R94, NR3IR', NR3-C(O)Rr, C(O)-
NR9Rr, N[C(O)R9][C(O)R'], SR9, halogen, CN, and NO;

Cs.14-aryl and 5 to 14 membered heteroaryl can be substituted with one to five substitu-
ents independently selected from the group consisting of Ci.10-alkyl, C2.10-alkenyl,
Cs.10-alkynyl, Cs.s-cycloalkyl, Cs.10-aryl, 5 to 10 membered heteroaryl, OR3, OC(O)-Rg,
C(0)-0OR9, C(0O)-R9, NRIR", NR4-C(O)R", C(O)-NR9R", N[C(O)R4][C(O)R], SR9, halo-
gen, CN, and NO;

5 to 12 membered ring system can be substituted with one to five substituents selected
from the group consisting of C1-10-alkyl, C2-10-alkenyl, Cz-10-alkynyl, Cs.s-cycloalkyl, Ce-10-
aryl, 5 to 10 membered heteroaryl, ORd, OC(O)-R4, C(0O)-OR¢4, C(0)-R9, NRIR", NRa-
C(O)Rr, C(0)-NRaRr, N[C(O)RY[C(O)R], SR9, halogen, CN, and NO;

wherein

R¢ and Rr are independently selected from the group consisting of H, C1.10-alkyl,
Cz-10-alkenyl and Cz-10-alkynyl,

wherein

Ci-10-alkyl, Co.10-alkenyl and Cs.10-alkynyl can be substituted with one to five substi-
tuents selected from the group consisting of halogen, CN and NO..

Ces-1s-arylene is a 6 to 18 membered monocyclic or polycyclic, such as dicyclic, tricyclic or tetra-
cyclic, ring system, which comprises at least one C-aromatic ring, and which may also comprise
non-aromatic rings, which may be substituted by =0O.

Preferred heteroaryl moieties are
R100

More preferred heteroaryl moieties are
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W

Most preferred heteroaryl moiety is

0
10
Preferred polymers comprise at least a structure of formula (I1')
n
(1
15

where n is an integer of 4 to 500, more preferably n is 5 to 400, more preferably nis 6 to 300,
even more preferably nis 7 to 200 and most preferably n is 8 to 100, especially 10 to 50.

Preferably the polymers contain more than 10% by weight groups of formula (II'), more prefe-
20  rably contain more than 30% by weight groups of formula (II'), even more preferably contain
more than 50% by weight groups of formula (II’), much more preferably contain more than 70%

by weight groups of formula (II'), and most preferably contain more than 90% by weight groups
of formula (II').

25  Preferred polymers comprise at least one group of formula 1, 2 or 3, wherein groups of formulas
1 and 2 are especially preferred.
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More preferably polymers comprise at least one group of formula 1°, 2’ or 3’, wherein groups of
5 formulas 1" and 2’ are especially preferred and n is defined above or below.

Ar and Ar’ can be the same.
R'2 and R™ can be the same.
R'c and R can be the same.
10 R, R, R and R'¥ can be the same.

R, R’ and R are defined as R'@ above, including the preferred ranges.
15
The polymers can e.g. be end-capped by moieties T' or T2.

Very preferred polymers e.g. comprise at least a group
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where n is an integer from 3 to 1000 and m is an integer from 3 to 1000.

m is preferably an integer of 4 to 500, more preferably m is 5 to 400, more preferably m is 6 to
300, even more preferably m is 7 to 200 and most preferably m is 8 to 100, especially 10 to 50.

Polymers comprising the formula (II’) can be synthesized e.g. via the following synthesis route 1
by condensation of a tetraone A with a dione B:
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In the case of tetraones A, Q2 and QP are preferably substituted nitrogen atoms.
In the case of diones B, Q° and Q¢ are preferably oxygen or substituted nitrogen atoms.

The condensation can be effected in a solvent like acetic acid, toluene, xylene etc. by the appli-
cation of heat (room temperature up to reflux temperature of the used solvents). Bases or acids,
preferably acids can be added as catalysts.

Such bases can be e.g. sodium acetate and sodium hydroxide.

Such acids can be e.g. protic acids like formic acid, acetic acid, propionic acic, trifluoroacetic
acid, HCI, H>SO4, HPFs, para-toluenesulfonic acid, or Lewis acids like AlCls, preferably protic
acids, especially para-toluenesulfonic acid.

The water obtained by the condensation reaction can be removed e.g. by azeotropic distillation
with e.g. toluene as solvent, or e.g. with 4 A molecular sieves. The ends of these polymers are
determined by the starting materials A and B. Special end-cappers might be added during the
synthesis like e.g.:

N 10 11 10
WN ’\\/EO/RZ \OUO/Rz

H,NR'@,
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preferably

where R210 and R2'" are independently of each other hydrogen, Ci.s0-alkyl, Cz.30-alkenyl, Cx-30-
alkynyl or Cs.12-cycloalkyl, preferably Ci.so-alkyl.

The starting materials A1, A2, B1, B2 wherein Q2, Qb, Q° and Q¢ are substituted nitrogen atoms
10 can e.g. be synthesized as follows by synthesis routes 2 or 3:

Synthesis route 2:
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1
H Q 1 1
| ) O\[OI/ | hydrolysis |
Ar - Ar © —>y Y Ar
triethylamine

[l\j\ 1 dichloromethane | KCQ |

O O

| Thiophenol (PhSH)

oxidation
- - Ar E——
oxalylchloride | TFAA

O

A1 B1
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Synthesis route 3:

oxalylchloride reduction
= -
eg. HoN—NH,
H/ N\R1
A2 B2

Starting materials B where Qc and Q¢ are oxygen atoms can e.g. be synthesized according to
the following methods described in J. Am. Chem. Soc., 1944, 66 (9), pp 1540-1542 for

O

and Chem. Commun., 2015, 51, 13515-13518 for

Synthesis route 4

The polymers can be synthesized as well via homo-polymerization of a tetraone A, e.g. by mix-
ing a monomer A with the reagent P(NEt2)z in a solvent, e.g. in toluene:

A IIII
where mis an integer from 3 to 1000.
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The invention also relates to electronic devices comprising the compounds or the polymers of
the invention, especially organic field effect transistors.

The invention is illustrated by the following non-limiting examples.
Examples

The scheme for the synthetic route to 1,5-bis(2-decyltetradecyl)-5,7-dihydropyrrolo[2,3-flindole-
2,6(1H,3H)-dione and 1,5-bis(2-decyltetradecyl)-1,5-dihydropyrrolo[2,3-flindole-2,3,6,7-tetraone

10 is shown below.
o)
\[ C10H21Y\N)J\/O\n/

NH
C10H21 a C.oH b c C12H25 (@]
Br/\r . H2N/\r 10M21
CiaHzs CioHas s ) CioH24
1 2 HN )J\O/\H/N\)\C H
121125
J\ O 4

Ci2H25<_CioH21

CiaHzs™  "CygHay

o o CioHzy
15 P
C10H21Y\N)J\/OH C10H21Y\N)J\¢O N
d Ci2Hzs e CiaHas ; SPt
CioHz CioHzy PhS
N N N
HO/\H/ Ciz2H2s o~ Ciz2Hos S 7
(@] (@]
6 CoH
5 121725 CogHyy
h
20 A
Ci2Hos CioHos
X\CWHZ o CioHa1
N N
(@] (@] o) 0o
N N
o 8
25 9 C12H25 C12H25
CioH21 CioHa

Reaction conditions: (a)PPhs, DCM, NBS, rt 98 %; potassium phthalimide, DMF 62 %; Hydra-
zine hydrate, MeOH; (b) 1,4-cyclohexanedione, EtOH, air, 48 %; (c) NEts, acetoxyacetyl chlo-

30 ride, DCM, 96 %; (d)K2COs, THF/MeOH/H20, 94 %; (e) oxalyl chloride, DMSO, DCM, NEts, -78
°C; (f) DCM, PhSH, TFAA, BFs (g) Sml,, THF, 28%; (h) CAN, THF/H20, 15 %.

Example 1 Synthesis of 1-bromo-2-decyltetradecane (1)
35 Under argon, triphenylphosphine (27.8 g, 70.5 mmol) was suspended in a flask with DCM (47

ml). The mixtures was cooled to 0°C before 2-decyltetradecan-1-ol (29.8 ml, 105.8 mmol) was
introduced. After 5 minutes stirring, N-bromosuccinimide (18.8 g, 105.8 mmol) was added por-
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tion wise to the flask. The reaction mixture immediately turned yellow and continued to darken
to orange. The reaction was stirred for 16 hours after which the solvent was removed by vacu-
um evaporation. The brown residue was diluted with petroleum ether and the solution flushed
through a silica plug. The filtrate was evaporated to give a clear oil. Yield: 28.7 g, 98 %. '"H NMR
(400 MHz, Chloroform-d) & 3.44 (d, J = 4.7 Hz, 2H), 1.66 — 1.47 (m, 2H), 1.44 - 1.15 (m, 40H),
0.88 (t, J=6.6 Hz, 7H)."*C NMR (101 MHz, CDCls) & 39.72, 39.70, 32.75, 32.10, 29.97, 29.82,
29.77,29.53, 26.74, 22.86, 14.26.

Example 2 Synthesis of 2-(2-decyltetradecyl)isoindoline-1,3-dione

A solution of 1-bromo-2-decyltetradecane (20.0 g, 48.0 mmol) and potassium phthalimide (9.98
g, 52.8 mmol) in DMF (57.2 ml) was refluxed for 16 hours. The reaction mixture was cooled to
room temperature and poured into water. The agqueous phase was extracted with DCM three
times. The combined organic phase was washed with 0.2 M KOH, followed by H>O and NH4CI.
After drying the organic phase with MgSO4 and filtering the salt, the solvent was removed under
vacuum. The residue was subjected to a silica plug using 10 % EtOAc in petroleum ether, the
yellow oil (14.4 g, 62 %) obtained was used immediately.

Example 3 Synthesis of 2-decyltetradecan-1-amine (2)

51 % Hydrazine hydrate in water (5.00 ml, 3.1 mmol) was introduced to a solution of 2-(2-decyl-
tetradecyl)isoindoline-1,3-dione (14.40 g, 29.80 mmol) in methanol (10 ml) and refluxed for 16
hours. After cooling, the solvent was removed under vacuum before DCM and 10 % KOH solu-
tion was added to the residue. The phases were separated and the aqueous phase further ex-
tracted with DCM three times. The combined organic phase was washed with brine, dried over
MgSOq, filtered and the solvent removed under reduced pressure. Pale yellow oil, yield 10.0 g,
94 % was obtained. '"H NMR (400 MHz, Chloroform-d) & 3.51 (d, J = 5.5 Hz, 2H), 1.54 — 1.38
(m, 1H), 1.37 —=1.17 (m, 40H), 0.94 - 0.78 (m, 6H). 3C NMR (101 MHz, CDCls) 6 150.50,
108.43, 45.34, 41.01, 36.21, 32.06, 31.67, 30.25, 29.82, 29.49, 27.96, 26.92, 22.82, 14.23. MS
TOF ES+: calculated 354.4100, [M+H]*, C24H51N, found 354.4111.

Example 4 Synthesis of N,N-bis(2-decyltetradecyl)benzene-1,4-diamine (3)

1,4-Cyclohexanedione (0.6 g, 5.0 mmol) was dissolved in ethanol and 2-decyltetradecan-1-
amine added to the solution. Air was bubbled through the reaction mixture for 2 hours before
the solvent was removed under reduced pressure. The red residue was purified on basified sili-
ca gel using 3 % EtOAc in petroleum ether to yield 1.8 g, 46 % brown oil. "H NMR (400 MHz,
Chloroform-d) & 6.54 (s, 4H), 3.24 — 2.71 (m, 4H), 1.57 (s, 2H), 1.26 (s, 80H), 0.88 (t, J = 6.7 Hz,
12H). 13C NMR (101 MHz, CDCI3) 6 141.18, 114.77, 49.07, 37.95, 32.33, 32.09, 30.25, 29.82,
29.52, 26.90, 22.85, 14.27. MS TOF ES+: calculated 781.8278 [M+H]*, C54H104N2, found
781.8269
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Example 5 Synthesis of benzene-1,4-diylbis{[(2-decyltetradecyl)imino]-2-oxoethane-2,1-
diyl} diacetate (4)

Triethylamine (0.70 ml, 4.99 mmol) was added to N,N-bis(2-decyltetradecyl)benzene-1,4-di-
amine (1.77 g, 2.27 mmol) dissolved in dry DCM (22.70 ml) at O °C. Acetoxyacetyl chloride
(0.54 ml, 4.99 mmol) was injected into the flask drop wise before the reaction was allowed to
warm to room temperature and stirred for 16 hours. The reaction was quenched with NaHCO3
and EtOAc added. The phases were separated and the aqueous phase extracted three times
with EtOAc. The combined organic phase was washed with brine dried over MgSOQOys, the salts
filtered and the solvent removed under pressure to give pale yellow solid, 2.00 g, 96 %. 1H
NMR (400 MHz, Chloroform-d) & 7.32 (s, 4H), 4.33 (s, 4H), 3.64 (d, J = 7.0 Hz, 4H), 2.12 (s,
6H), 1.53 - 1.41 (m, 2H), 1.37 — 1.02 (m, 80H), 0.94 - 0.79 (m, 12H). 13C NMR (101 MHz,
CDCI3) 6 170.61, 166.56, 141.13, 129.79, 61.79, 53.41, 36.25, 32.06, 31.23, 30.15, 29.82,
29.75, 29.50, 26.39, 22.83, 20.65, 14.25. MS TOF LD+: C62H112N206 [M+H]* found 980.9

Example 6 Synthesis of N,N-benzene-1,4-diylbis[N-(2-decyltetradecyl)-2-hydroxyacet-
amide] (5)

Benzene-1,4-diylbis{[(2-decyltetradecyl)imino]-2-oxoethane-2,1-diyl} diacetate (3.6 g, 3.7 mmol)
in THF (200 ml) and MeOH/water mixture (180 ml, 20 ml). The reaction mixture was stirred in
the presence of excess K,COs3 at room temperature for 16 hours before the salt was filtered off.
The mixture was concentrated under reduced pressure and water and ethyl acetate added to
the residue. The phases were separated and the aqueous phase is extracted three times with
ethyl acetate. The combined organic phases were washed with brine dried over MgSOs, filtered
and the solvent removed in the rotary evaporator to furnish light yellow, 3.1 g, 94 %. '"H NMR
(400 MHz, Chloroform-d) & 7.24 (s, 4H), 3.76 (s, 4H), 3.70 (d, J= 7.1 Hz, 4H), 3.47 — 3.30 (m,
2H), 1.52 - 1.37 (m, 2H), 1.36 — 1.04 (m, 80H), 0.86 (t, J = 6.7 Hz, 12H). *C NMR (101 MHz,
CDCls) & 171.98, 140.31, 129.69, 60.73, 53.47, 36.21, 32.04, 31.23, 30.11, 29.77, 29.71, 29.47,
26.38, 22.80, 14.22. MS TOF LD+: C58H108N204, [M+H]* found 898.00.

Example 7 Synthesis of N,N'-(1,4-phenylene)bis(N-(2-decyltetradecyl)-2-oxoacetamide)
(6)

Under argon atmosphere, oxalyl chloride (0.31 ml, 3.89 mmol) was diluted with DCM (4 ml) and
cooled to -78°C. A solution of DMSO (0.28 ml) in DCM (4.2 ml ) was added to the reaction flask
at -78°C. The reaction flask was stirred for 20 minutes before N,N'-benzene-1,4-diylbis[N-(2-
decyltetradecyl)-2-hydroxyacetamide] (1.45 g, 1.62 mmol) diluted in 7 ml DCM was injected
dropwise into the flask. The reaction mixture turns aqua green. After 1.5 hours at -78°C, tri-
methylamine (2.26 ml, 16.2 mmol) was added slowly. The reaction was then stirred at -78°C for
4 hours before it was allowed to warm to room temperature slowly. The reaction was stirred for
16 hours before it was quenched with saturated NaHCO; solution. The phases were separated
and the aqueous phase extracted three times with DCM. The combined organic phases were
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dried with MgSOs, filtered and the solvent removed under vacuum to yield brown oil, 0.61 g,
which was used immediately.

Example 8 Synthesis of 1,5-bis(2-decyltetradecyl)-3,7-bis(phenylthio)-5,7-dihydropyrro-
lo[2,3-flindole-2,6(1H,3H)-dione (7)

Crude N,N'-(1,4-phenylene)bis(N-(2-decyltetradecyl)-2-oxoacetamide) (1.44 g, 1.61 mmol) was
diluted with DCM (6 ml) before thiophenol (0.33 ml, 3.23 mml) was added to flask. The reaction
mixture was then stirred for 16 hours at room temperature. Following this, TFAA (2.01 ml, 14.50
mmol) was added slowly to the reaction and stirred for 1 hour 30 minutes, after which, BF3-Et,0O
(0.99 ml, 8.05 mmol) was added to the flask cautiously. Following further stirring for 3 hours, the
reaction was cooled to 0°C before it was quenched with NaHCOs3. The agueous phase was ex-
tracted with DCM three times and the organic phases combined and washed with brine and
dried over MgSOas. The solvent was removed under reduced pressure to furnish red /brown resi-
due as the crude product, which was used without further purification. Yield (1.32 g, 76%) MS
(TOF ES+): calculated 1077.8244 C70H112N202S2, [M+H]+ found 1077.8278

Example 9 Synthesis of 1,5-bis(2-decyltetradecyl)-1,5-dihydropyrrolo[2,3-flindole-2,3,6,7-
tetraone (9)

Cerium ammonium nitrate (9.48 g, 17.8 mmol) was added to the solution of 1,5-bis(2-decyl-
tetradecyl)-3,7-bis(phenylthio)-5,7-dihydropyrrolo[2,3-flindole-2,6(1H,3H)-dione (2.40 g, 2.22
mmol) dissolved in a 6:1 ratio of THF/water (42 ml) mixture. Following 30 minutes stirring at
room temperature the reaction mixture takes a deep purple colouration. After 3 hours stirring the
reaction mixture was reduced under vacuum. The crude residue was purified by column chro-
matography at a gradient of 3-10 % ethyl acetate in petroleum ether 40-60° C to furnish the ti-
tled compound, yield: 300 mg, 15 %. '"H NMR (400 MHz, Chloroform-d) & 7.12 (s, ArH, 2H),
3.62 (d, J=7.5Hz, NCH2, 4H), 1.84 (d, J=9.9 Hz, CH, 2H), 1.40 - 1.12 (m, CH,, 80H), 0.88 (t,
J=6.7 Hz, CHs, 12H). *C NMR (101 MHz, CDCls) 6 183.36, 157.15, 147.85, 123.24, 106.99,
77.16, 45.49, 36.15, 32.06, 31.52, 30.12, 29.79, 29.76, 29.69, 29.47, 26.40, 22.82, 14.25. MS
TOF LD+: C58H100N204 , [M+H]* found 890.0

Example 10 Synthesis of 1,5-bis(2-decyltetradecyl)-5,7-dihydropyrrolo[2,3-flindole-
2,6(1H,3H)-dione (8)

1,5-bis(2-decyltetradecyl)-3,7-bis(phenylthio)-5,7-dihydropyrrolo[2,3-flindole-2,6(1H,3H)-dione
was dissolved in dry THF (37.0 ml) and 0.1 M Smlz in THF (40.0 ml, 4.0 mol) added to the
solution at room temperature. Following 16 hours, saturated NaHCO3 (200 ml) was introduced
into the reaction mixture and the aqueous phase extracted with ethyl acetate three times. The
organic layer was washed with brine, dried over MgSOy, filtered and the solvent removed under
reduced pressure. Purification by column chromatography in 15 % ethyl acetate in 40-60°C pe-
troleum ether afforded 800 mg beige solid; yield: 28 %. 1H NMR (400 MHz, Chloroform-d) &
6.73 (s, 2H), 3.56 (d, J = 7.9 Hz, ArH 4H), 3.54 (s, CH>, 4H), 1.91 - 1.76 (m,CH, 2H), 1.24 (s,
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CH2, 80H), 0.87 (t, CHs, J = 6.7 Hz, 12H). 3C NMR (101 MHz, CDCls) 6 174.85, 140.24,
123.92, 106.05, 44.85, 36.41, 36.25, 32.06, 31.68, 30.20, 29.81, 29.49, 26.60, 22.83, 14.26. MS
TOF LD+: C58H104N202 [M+H]* found 860.9

Example 11 Polymerization to give pDPID P1

A microwave vial was charged with 1,5-bis(2-decyltetradecyl)-5,7-dihydropyrrolo[2,3-flindole-
2,6(1H,3H)-dione (8) (50.0 mg, 0.06 mmol), 1,5-bis(2-decyltetradecyl)-1,5-dihydropyrrolo[2,3-
flindole-2,3,6,7-tetraone (9) (51.6 mg, 0.06 mmol), p-toluene sulfonic acid (3.3 mg, 0.02 mmol
)and 4 A molecular sieves. The vial was sealed and dry toluene (2 ml), already degassed for 30
minutes was injected into the vial. The reaction was heated at 120°C for 21 hours followed by
10 hours at 180°C in the dark. The reaction mixture changed colour from blue to red/brown to
dark purple over the polymerization period. The crude polymer was precipitated in methanol and
purified by Soxhlet extraction with methanol, acetone, and hexane. The hexane fraction was
collected and reduced under vacuum and the polymer precipitated into methanol. The polymer
was filtered and dried. Yield of P1: 83 mg, 82 % dark purple solid. '"H NMR (400 MHz,
Chloroform-d) 6 9.30 (d, J = 8.2 Hz, 2H), 8.93 (s, 2H), 7.11 (d, J=8.2 Hz, 2H), 3.75 (dd, J =
13.6, 7.3 Hz, 8H), 2.02 (dt, J=12.8, 6.1 Hz, 4H), 1.66 — 1.12 (m, 150H), 0.91 - 0.79 (m, J= 3.7
Hz, 24H).

M» = 18 400 g/mol, My = 29 900 g/mol, PDI = 1.6

P1
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Example 12

Fabrication and electrical characterization of an organic field-effect transistor (OFET) based on
compound P1

Preparation of back-contact, top-gate FETs

Compound P1 is dissolved at a concentration of 0,75 wt% in toluene. The transistors have
been fabricated on a PET-substrate with lithographically prepatterned gold contacts, serving as
Source and Drain contact of the FET. Before the deposition of the semiconductor, the substrate
been immersed in a 1wt % solution of 4-methoxybenzenethiol in ethanol for 2 minutes. After-
wards the substrate has been rinsed with ethanol and blown dry using nitrogen. Next, the semi-
conductor formulation was applied by spin coating (1,000 rpm, 15 seconds). After the coating is
completed, the substrate is immediately transferred onto a preheated hotplate and heated for
30s at 90°C. Next the gate dielectric layer consisting of Cytop CTL-809 M is spincoated on top
of the organic semiconductor (1250 rpm, 30 s). After Spincoating, the substrate is again trans-
ferred to the hotplate and annealed for another 5 Min at 90°C. The thickness of the dielectric
layer is 500nm measured by profilometer. Finally 50 nm thick shadow-mask patterend gold gate
electrodes are deposited by vacuum evaporation to complete FETs in the BCTG —configuration.

Electrical characterization

The devices obtained are showing n-type characteristics. The mobility u is calculated from the
root representation of the transfer characteristic curve (solid grey curve) calculated in the satu-
ration region. The slope m is determined from the dashed black line in Figure 1. The dashed
black line in Figure 1 is fitted to a region of the root representation of the current characteristic
ID such that a good correlation to the linear slope of the root representation is obtained.

The threshold voltage Umh can be taken from the intersection of black dashed line in Fig. 1 with
the X-axis portion (Vgs).

In order to calculate the electrical properties of the OFET, the following equations are employed:

2%
m°*2L CG:go*gl U, ——1xM ON/OFF:[DmaX

m
C,*W "d b I, min

‘u:

where ¢ is the vacuum permittivity of 8.85x 10-12 As/Vm, &= 2,1 for Cytop, the thickness of the
dielectric d=500nm, and W/L = 25.



10

15

20

25

WO 2017/148864 PCT/EP2017/054507
42

The following mobility has been calculated for the respective compound:

Compound Field-effect mobility y | Threshold voltage ON/OFF ratio
[cm?/Vs] Urn [V]
P1 9E-5 15 2E2

Figure 1 shows a representative transfer characteristics of a FET fabricated from compound P1
with Vgs = -10 V to +30 V at 0.5V step size with Vps = +30V. 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).

Example 13

12

13
Compound 12 was synthesized according to the reference (J. Mater. Chem. A. 2016, 4, 6940-

6945), which was used as crude product without purification.

The crude bisisatin 12 (300 mg, 1.13 mmol) and dry K>CO3s (660 mg, 4.78 mmol) and the alkyl-
iodide [1639798-42-7] (2.2 g, 3.26 mmol) were dissolved in 10 mL of dry DMF. The reaction
mixture was heated to 100°C for 4 hours. After cooling down, the reaction mixture was poured
over 20 mL H>O. The aqueous layer was extracted with CHCls. The organic layers were dried
over MgSO. and concentrated to yield the crude reside. The crude product was purified by col-
umn chromatography on silica gel (CHCIs: hexane: 2:1) to get the compound 13. Recrystalliza-
tion with dichloromethane and methanol, collected and dried in vacuum. Total yield: 230 mg
(15 %). '"H NMR (400 MHz, CDCI3, rt): 6 =7.99 (d, J = 8.7 Hz, 2H), 7.67 (d, J = 8.6 Hz, 2H),
4.28-4.24 (m, 4H), 1.79-1.74 (m, 4H), 1.59-1.12 (M, 152H), 0.91-0.88 (m, 12H). *C NMR (100
MHz, CDCI3, rt): 6 = 182.76, 158.96, 152.24, 127.21, 120.08, 119.64, 116.27, 42.12, 35.90,
33.46, 33.16, 31.94, 29.99, 29.72, 29.68, 29.37, 26.63, 22.70, 14.12. Calculated: C92H162N20.
1359.25, Found: [M+H]: 1360.6.
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Example 14 Polymerization to give pDPID P9

14

P9

Compound 14 was synthesized according to ref: J. Am. Chem. Soc. 2014, 136, 2135-2141.
Polymer P9: To a vial was added 13 (71.82 mg, 0.053 mmol, 1 equiv) and bisoxindole 14
(10.04 mg, 0.053 mmol, 1 equiv), PTSA (2 mg). The tube was sealed and flushed with Argon,
and then 0.5 ml degassed toluene was added. The mixture was thoroughly degassed under
Argon for half an hour, and then the argon inlet was removed. The vial was heated at 120°C for
3 days. After cooling to RT, the polymer was precipitated into methanol, and filtered through a
Soxhlet thimble. The polymer was extracted using Soxhlet apparatus with methanol, acetone,
hexane and chloroform. The hexane and chloroform fractions were concentrated and precipitat-
ed into methanol. The precipitates were filtered and dried under vacuum to afford P9 as a dark
solid (59 mg, 73 %). GPC (chlorobenzene, 80°C): Mn: 25.2 KDa, Mw: 44.3 KDa, PDI= 1.76. 'H-
NMR (TCE-d», 403 K, 400Hz): & = 9.04 (broad), 7.76 (broad), 4.34 (broad), 2.18-0.85 (m).

Example 15 Polymerization to give pDPID P10

P10

Compound 15 was synthesized according to the ref: Chem. Commun., 2015, 51, 13515.
Polymer P10: To a vial was added 13 (52.78 mg, 0.039 mmol, 1 equiv.) and bisoxindole 15
(9.32 mg, 0.039 mmol, 1 equiv), PTSA (2 mg). The tube was sealed and flushed with Argon,
and then 0.5 ml degassed toluene was added. The mixture was thoroughly degassed under
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Argon for half an hour, and then the argon inlet was removed. The vial was heated at 120°C for
3 days. After cooling to RT, the polymer was precipitated into methanol, and filtered through a
Soxhlet thimble. The polymer was extracted using Soxhlet apparatus with methanol, acetone,
hexane and chloroform. The hexane and chloroform fractions were concentrated and precipitat-
ed into methanol. The precipitates were filtered and dried under vacuum to afford P10 as a dark
solid (47 mg, 77 %). GPC (chlorobenzene, 80°C): Mn: 10.5k, Mw: 15.7 K, PDI: 1.49. "THNMR
(TCE-d2, 403 K, 400Hz): & = 9.33 (d), 9.20 (d), 9.10 (d), 8.05-7.94 (m), 7.71(d), 7.64 (d), 4.41-
4.27 (m), 1.98-1.82 (m), 1.38-0.94 (m).

Example 16 Polymerization to give pDPID P11

16

P11

Compound 16 was synthesized according to the ref: Organic Electronics 37 (2016) 190 - 196.
Polymer P11: To a vial was added 13 (80.95 mg, 0.0595 mmol, 1 equiv.) and bisoxindole 16
(24.39 mg, 0.04 mmol, 1 equiv), PTSA (4 mg). The tube was sealed and flushed with Argon,
and then 0.7 ml degassed toluene was added. The mixture was thoroughly degassed under
Argon for half an hour, and then the argon inlet was removed. The vial was heated at 120°C for
3 days. After cooling to RT, the polymer was precipitated into methanol, and filtered through a
Soxhlet thimble. The polymer was extracted using Soxhlet apparatus with methanol, acetone,
hexane and chloroform. The hexane and chloroform fractions were concentrated and precipitat-
ed into methanol. The precipitates were filtered and dried under vacuum to afford P11 as a dark
solid (65 mg, 70 %). GPC (chlorobenzene, 80°C): Mn = 21.1 K, Mw = 31.2 K, PDI = 1.48.
THNMR (TCE-d2, 403 K, 400Hz): & = 8.71 (broad), 8.01 (broad), 7.57 (broad), 4.33 (broad),
2.12-0.76 (m).
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Example 17

Compound 17 was synthesized according to compound 13 in example 13 with [1044598-79-9]
5 as alkyl iodide instead of [1639798-42-7].

Example 18 Polymerization to give pDPID P12

10
To a microwave vial was added the respective bisisatin 17 (0.1 mmol, 1.0 e.q.) and then sealed.
The sealed vial was degassed via vacuum and then purged with argon for three cycles. Anhy-
drous degassed toluene was added under argon and then tris(diethylamino)phosphine P(NEt2)3
(0.22 mmol, 2.2 e.q.) was added to the mixture at room temperature under bubbling of argon.
15  The mixture turned dark green and then the temperature increased to 100°C. After reaction for
3 hours, the reaction mixture turned dark purple and was then poured into methanol. The result-
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ing polymeric precipitate was filtered via thimble and then purified by Soxhlet extraction in a
sequence of methanol, hexane, ethyl acetate, and finally chloroform. The chloroform fraction
was concentrated by rotary evaporation, suspended in methanol and filtered to afford the poly-
mer as a metallic dark green solid. GPC (Chlorobenzene at 80°C): M, = 20.2 kDa, My, =72.5
kDa, PDI = 3.59.

Example 19 Synthesis of Thieno[3,2-b]thiophene bisisatin 23

\l, 9\
PhO "OPh 03\
(DPPA) J | NaH/DME
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Br
18 19 20
%@ (S B
H Cr&(CI CeHi3
TFA o
Ty —— ; ) —2 » \ 7§
0 CHCh TEA " Yo
;N% NH  CHCh  HiG
Hh7Cé C6|'|13i Hy 7G4 Gtz CGeth7
21 22 23

Compound 18 was synthesized according to the literature: Adv. Mater. 28, 6921-6925 (2016).

Synthesis of compound 19:

To a mixture of dimethyl thieno[3,2-b]thiophene-3,6-dicarboxylate (18) (0.77 g, 3.0 mmol, 1.0
e.q.) in ethanol/tetrahydrofuran/water (50 mL/50 mL /5 mL) was added sodium hydroxide (1.5 g,
37.5 mmol, 12.5 e.q.). After the reaction mixture was refluxed overnight, the solvent was evapo-
rated under vacuum to about half of its original volume. Water (50 mL) was added to the mixture
and the solution was treated with concentrated hydrochloric acid until white precipitates formed.
The precipitate was filtered and then washed with water to give thieno[3,2-b]thiophene-3,6-
dicarboxylic acid (19) as a white solid which was dried in a vacuum oven and then used in the
next step without further purifications (0.61 g, 2.67 mmol, 89 % yield).

Synthesis of compound 20:

Thieno[3,2-b]thiophene-3,6-dicarboxylic acid (19) (0.55 g, 2.4 mmol, 1.0 e.q.), diphe-
nylphosphoryl azide DPPA (0.56 mL, 2.6 mmol, 1.08 e.q.) and triethylamine (0.36 mL, 2.6
mmol, 1.08 e.q.) were combined in anhydrous tert-butanol (4.5 mL) and the resulting mixture
was heated to reflux. After reaction overnight, the solution was cooled and then concentrated in
vacuum to remove solvent. The residue was taken up in diethyl ether and washed with 5 %
aqueous citric acid, water and brine, dried with MgSO., and concentrated. The crude product
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was purified by silica gel column chromatography with ethyl acetate/petroleum ether (1:4) as the
eluent to give di-tert-butyl thieno[3,2-b]thiophene-3,6-diyldicarbamate (20) as a light brown solid.
(0.60 g, 1.61 mmol, 67 % yield). '"H NMR (400 MHz, CDCl3) & 7.38 (s, 2H), 6.60 (s, 2H), 1.57 (s,
18H).

Synthesis of compound 21:

Di-fert-butyl thieno[3,2-b]thiophene-3,6-diyldicarbamate (20) (0.93 g, 2.5 mmol, 1.0 e.q.) was
dissolved in DMF (25 mL) and cooled to 0°C. Sodium hydride (0.40 g, 60% dispersion in miner-
al oil, 10.0 mmol, 4.0 e.q.) was added and the solution was stirred at room temperature for 1
hour. 7-(bromomethyl)pentadecane (2.29 g, 7.5 mmol, 3.0 e.q.) was added to the mixture and
the solution was stirred at 80°C for 3 hours. After the solution cooled to room temperature, the
mixture was poured into iced water, followed by extraction with ethyl acetate for three times.
The organic layers were combined, washed with water, brine and then dried over MgSOQs, con-
centrated. The resulting brown oil was purified via silica gel column chromatography with di-
chloromethane/petroleum ether (1:1) as the eluent to give di-tert-butyl thieno[3,2-b]thiophene-
3,6-diylbis((2-hexyldecyl)carbamate) as a light brown oil (21) (1.64 g, 2.0 mmol, 80 % yield). 'H
NMR (400 MHz, CDCls) & 7.04 (s, 2H), 3.62 (d, J= 7.2 Hz, 4H), 1.58-1.48 (m, 2H), 1.34-1.11
(m, 48H), 0.87 (q, J = 6.8 Hz, 12H). *C NMR (101 MHz, CDCls) 6 154.13, 134.76, 133.70,
119.18, 80.64, 53.38, 36.93, 31.90, 31.77, 31.21, 30.03, 29.68, 29.52, 29.29, 28.15, 26.31,
26.25, 22.66, 22.62, 14.08.

Synthesis of compound 22:
Di-tert-butylthieno[3,2-b]thiophene-3,6-diylbis((2-hexyldecyl)carbamate) (21) (1.64 g, 2.0 mmol,
1.0 e.q.) was dissolved in dichloromethane (20 mL) and cooled to 0°C. Trifluoroacetic acid (2.7
mL) was added and the reaction mixture was allowed to warm to room temperature and stirred
for overnight. The mixture was poured into water, washed with sodium bicarbonate, brine, dried
over MgSO, and then concentrated to afford N, NB-bis(2-hexyldecyl)thieno[3,2-b]thiophene-3,6-
diamine (22) a light brown oil. The product is unstable in air and used immediately without fur-
ther purifications in the next step (1.1 g, 1.78 mmol, 89% yield). '"H NMR (400 MHz, CDCls) 6
5.97 (s, 2H), 3.53 (s, 2H), 3.10 (d, J = 6.1 Hz, 4H), 1.72-1.63 (m, 2H), 1.50-1.16 (m, 48H), 0.91
(t, J=6.6 Hz, 12H).

Synthesis of compound 23:

N8, NB-bis(2-hexyldecyl)thieno[3,2-b]thiophene-3,6-diamine (22) (1.1 g, 1.78 mmol, 1.0 e.q.) in
anhydrous dichloromethane (5 mL) was added dropwise to a stirring solution of oxalyl chloride
(0.39 mL, 4.63 mmol, 2.6 e.q.) in anhydrous dichloromethane (10 mL) at 0°C. The mixture was
allowed to warm to room temperature and stirred for one hour. Triethylamine (2.23 mL, 16.02
mmol, 9.0 e.q.) in anhydrous dichloromethane (5 mL) was added dropwise at room temperature
and the solution was stirred for overnight. The mixture was poured into water and then extracted
with dichloromethane for three times. The organic layers were combined, washed with water,
brine and then dried over MgSOQ., concentrated. The crude product was purified via silica gel
column chromatography with dichloromethane/petroleum ether (3:2) as the eluent and then re-
crystallized with dichloromethane/methanol to the product (23) as a purple solid. '"H NMR (400
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MHz, CDCls) & 3.70 (d, J = 7.7 Hz, 4H), 1.87 (g, J = 6.4 Hz, 2H), 1.47-1.20 (m, 48H), 0.93-0.86
(m, 12H). 13C NMR (101 MHz, CDCls) & 173.02, 160.00, 157.06, 134.45, 116.98, 47.23, 38.99,
31.86, 31.73, 31.28, 29.97, 29.64, 29.49, 29.28, 26.24, 26.19, 22.67, 22.64, 14.13, 14.09.

5 Example 20 Polymerization to give pDPID P14

Polymer P14 was synthesized from compound 23 according to the procedure for polymer P12
in example 18.
10
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Claims

1.

Compounds of formula (I)

wherein
T' or T? are independently of each other a group of formulae =0, =S, =NR'®, =CR*R*,

Q2, Qb, Q°, Q¢, Qe or Qf are independently of each other O, S or NR?,

wherein
Ar, Ar’, Are and Arf are independently of each other a 5- to 6-membered ring, or a ring sys-
tem comprising from 2 to 6 fused 5- to 6-membered rings, wherein at least one of the

rings is an aromatic or heteroaromatic ring,

wherein Ar, Ar’, Are, Arf can be substituted by one or more substituents R?,
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R, R'a are at each occurrence selected from the group consisting of H, C1.100-alkyl, C2-100-
alkenyl, C.100-alkynyl, Cs.12-cycloalkyl, Ce.1s-aryl, a 5 to 20 membered heteroaryl, C(O)-Ca.
100-alkyl, C(O)-Cs.12-cycloalkyl and C(O)-OCi-1g0-alkyl,

wherein

Ci-100-alkyl, Co-100-alkenyl and Cz-100-alkynyl can be substituted with one to fourty
substituents independently selected from the group consisting of Cs.s-cycloalkyl,
Ce-14-aryl, 5 to 14 membered heteroaryl, OR2, OC(0O)-R?, C(0)-OR?, C(O)-Ra,
NR2R®, NRa-C(O)RP, C(0O)-NR2RP, N[C(O)Ra][C(O)RP], SRz, Si(RSi#)(RSi)(RSk),
-O-Si(RSa)(RS®)(RSi¢), halogen, CN, and NO3; and at least two CH>-groups, but not
adjacent CH2-groups, of Ci.100-alkyl, C2-100-alkenyl and Ca.100-alkynyl can be replaced
byOorS,

Cs.12-cycloalkyl can be substituted with one to six substituents independently select-
ed from the group consisting of Ci.e0-alkyl, C2s0-alkenyl, Coeo-alkynyl, Cs.s-cycloalkyl,
Ce-14-aryl, 5 to 14 membered heteroaryl, OR2, OC(0O)-R?, C(0)-OR?, C(O)-Ra,

NR2R®, NRa-C(O)RP, C(0O)-NR2RP, N[C(O)Ra][C(O)RP], SRz, Si(RSi#)(RSi)(RSk),
-O-Si(RSa)(RS®)(RSi¢), halogen, CN, and NOy; and one or two CHz>-groups, but not
adjacent CHx-groups, of Cs.12-cycloalkyl can be replaced by O, S, OC(O), CO, NR?
or NRa-CO,

Cs-1s-aryl and 5 to 20 membered heteroaryl can be substituted with one to six substitu-
ents independently selected from the group consisting of C1.so-alkyl, C260-alkenyl, Cz.60-
alkynyl, Cs.g-cycloalkyl, Ce.1s-aryl, 5 to 14 membered heteroaryl, OR?, OC(O)-Ra, C(O)-
ORa, C(0)-R2, NR2R?, NRa-C(O)R®, C(0)-NR2R®?, N[C(O)R?][C(O)R"], SRe,
Si(RSia)(RSb)(RSi¢), -O-Si(RSi2)(RSi)(RSic), halogen, CN, and NO»,

wherein

R2 and R® are independently selected from the group consisting of H, Cie0-alkyl,
Co.s0-alkenyl, Cas0-alkynyl, Cs.g-cycloalkyl, Ce.1s-aryl and 5 to 14 membered hetero-
aryl,

RSia, RSib and RS are independently selected from the group consisting of H,
Ciso0-alkyl, Cos0-alkenyl, Coso-alkynyl, Cs.s-cycloalkyl, Ce.14-aryl, 5 to 14 membered he-
teroaryl, O-C1.s0-alkyl, O-Ca.s0-alkenyl, O-Cze0-alkynyl, O-Cs.s-cycloalkyl, O-Ce.14-aryl,
0O-5 to 14 membered heteroaryl, -[O-SiRSYRS€]-RSf NR5RE, halogen and O-C(O)-R?,
wherein
o is an integer from 1 to 50,

RS, RSie, RS are independently selected from the group consisting of H, C1e0-alkyl,
Co.s0-alkenyl, Cas0-alkynyl, Css-cycloalkyl, Ce1s-aryl, 5 to 14 membered heteroaryl,

O-Ci.s0-alkyl, O-Cas0-alkenyl, O-Coso-alkynyl, O-Cs.s-cycloalkyl, O-Cs.14-aryl, O-5 to

14 membered heteroaryl, -[O-SiRS9RSH],-RSi, NR3°R®0, halogen and O-C(O)-R%;
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wherein
p is an integer from 1 to 50,
RSig RSih RSii are independently selected from the group consisting of H, C1-30-
alkyl, Ca.30-alkenyl, Cz.s0-alkynyl, Cs.s-cycloalkyl, Ce.10-aryl, 5 to 10 membered
heteroaryl, O-C1.30-alkyl, O-Cs.30-alkenyl, O-Cz.30-alkynyl, O-Cs.s-cycloalkyl, O-
Ce-10-aryl, O-5 to 10 membered heteroaryl, O-Si(CHs)s, NR50R®0  halogen and
O-C(0)-R>500,

R5, R8, R%, R80, R%00 gnd R8% gre independently selected from the group consisting of

H, Cie0-alkyl, C2e0-alkenyl, C2e0-alkynyl, Css-cycloalkyl, Ce.14-aryl, and 5 to 14 mem-

bered heteroaryl,
Ciso0-alkyl, C2s0-alkenyl and Ca.s0-alkynyl can be substituted with one to twenty sub-
stituents selected from the group consisting of Cs.e-cycloalkyl, Ce.10-aryl, OR®,
OC(0)-Re, C(0)-ORe, C(0O)-Re, NR°R4, NRe-C(O)R9, C(O)-NR°Rd,
N[C(O)R°J[C(O)RY], SRe, Si(RSi)(RSk)(RSH), -O-Si(RSi)(RSk)(RSH), halogen, CN, and
NOo; and at least two CH»-groups, but not adjacent CHx-groups, of Cieo-alkyl, Co.s0-
alkenyl and C2.s0-alkynyl can be replaced by O or S,

Cs.g-cycloalkyl can be substituted with one to five substituents selected from the
group consisting of C1.30-alkyl, C2.30-alkenyl, Cs.s0-alkynyl, Cs.s-cycloalkyl, Ce.10-aryl,
ORe, OC(0)-Re, C(0O)-ORe, C(0)-Re, NR°R¢, NRe-C(O)R¢, C(0)-NR°R¢,
N[C(O)R°J[C(O)RY], SRe, Si(RSi)(RSk)(RS1), -O-Si(RSi)(RSk)(RS1), halogen, CN, and
NO-; and one or two CH>-groups, but not adjacent CH2-groups, of Cs.g-cycloalkyl
can be replaced by O, S, OC(O), CO, NRe or NR*-CO,

Ces-14-aryl and 5 to 14 membered heteroaryl can be substituted with one to five sub-
stituents independently selected from the group consisting of Ci.sp-alkyl, C2.30-alke-
nyl, Cz30-alkynyl, Cs.s-cycloalkyl, Ce.10-aryl, OR¢, OC(O)-R¢, C(O)-OR¢, C(O)-Re,
NR°RY, NR°e-C(O)RY, C(O)-NRcR¢, N[C(O)Re][C(O)RH], SRe, Si(RSi)(RSk)(RSH),
-O-Si(RSH)(RSk)(RSM), halogen, CN and NO-,

wherein
Re and R? are independently selected from the group consisting of H, C1.30-alkyl,
C2-30-alkenyl and Cz.30-alkynyl,

RSi, RSk and RS are independently selected from the group consisting of H,
Ci-30-alkyl, C230-alkenyl, Ca.s0-alkynyl, Cse-cycloalkyl, Ce.10-aryl, 5 to 10 membe-
red heteroaryl, O-Ci.30-alkyl, O-Cz.30-alkenyl, O-Cz.30-alkynyl, O-Cse-cycloalkyl, O-
Cs-10-aryl, O-5 to 10 membered heteroaryl, -[O-SiRSmRSn]-RSe, NR7R8, halogen,
and O-C(0O)-R?,

wherein

q is an integer from 1 to 50,



10

15

20

25

30

35

40

WO 2017/148864 PCT/EP2017/054507

52

Rsim RSin RSio are independently selected from the group consisting of H, Ca.
so-alkyl, Czs0-alkenyl, Cs.30-alkynyl, Cs.s-cycloalkyl, Cs.10-aryl, 5 to 10 membe-
red heteroaryl, O-Ci.30-alkyl, O-Cz.30-alkenyl, O-Cz.30-alkynyl, O-Cs.s-cycloalkyl,
O-Cs.10-aryl, O-5 to 10 membered heteroaryl, -[O-SiRSPRSA],-RSr, NR70R&0,
halogen, and O-C(O)-RS;
wherein
ris an integer from 1 to 50,
RSie, RSia, RS are independently selected from the group consisting of H,
Ciao-alkyl, Co.s0-alkenyl, Czs0-alkynyl, Cse-cycloalkyl, Ce.10-aryl, 5 to 10
membered heteroaryl, O-Cy.ap-alkyl, O-C2.30-alkenyl, O-C,.30-alkynyl, O-
Css-cycloalkyl, O-Cs.10-aryl, O-5 to 10 membered heteroaryl, O-Si(CHj3)s,
NR700R800 halogen and O-C(O)-R7%,
R7, R8, R70, R&, R700 gand R8% gre independently selected from the group con-
sisting of H, C10-alkyl, C2-30-alkenyl, Czo.30-alkynyl, Cse-cycloalkyl, Ce-10-aryl,
and 5 to 10 membered heteroaryl,

Cio-alkyl, Ca.s0-alkenyl and Cs.30-alkynyl can be substituted with one to ten sub-
stituents selected from the group consisting of halogen, CN and NO>,
R? is at each occurrence selected from the group consisting of Ci.s0-alkyl, Cz.30-alkenyl, C».
so-alkynyl, Cs.12-cycloalkyl, Ce.1s-aryl, 5 to 20 membered heteroaryl, OR?', OC(O)-R?",
C(0)-OR?%, C(0)-R?!, NR?'R%, NR?'-C(O)R%, C(0)-NR?'R?2, N[C(O)R?'][C(O)R??], SR?",
halogen, CN, SiRSsRStRSu gnd OH,

wherein

R2" and R??2 and are independently selected from the group consisting of H, C1.30-alkyl,
Ca-30-alkenyl, Cao.30-alkynyl, Cs.12-cycloalkyl, Ce.1s-aryl and 5 to 20 membered heteroaryl,
and

Cio-alkyl, Cas0-alkenyl and Cs.30-alkynyl can be substituted with one to ten substituents
independently selected from the group consisting of Cs.s-cycloalkyl, Cs.1s-aryl, 5 to 14
membered heteroaryl, OR¢, OC(O)-Re¢, C(0)-ORe, C(0O)-Re, NReRf, NRe-C(O)Rf, C(O)-
NReRf, N[C(O)Re][C(O)Rf], SRe, halogen, CN, SiRSsRStRSt and NOy; and at least two
CHa-groups, but not adjacent CHz-groups, of Ci.3c-alkyl, C230-alkenyl and Cz-z0-alkynyl can
be replaced by O or S,

Cs.12-cycloalkyl can be substituted with one to six substituents independently selected
from the group consisting of C1-20-alkyl, C2-20-alkenyl and Cz-20-alkynyl, Cs.s-cycloalkyl,
Cs-14-aryl, 5 to 14 membered heteroaryl, ORe, OC(0O)-Re, C(0)-ORe, C(0)-Re, NReRf, NRe-
C(O)Rf, C(O)-NReR', N[C(O)Re][C(O)R, SRe, halogen, CN, SiRSsRStRSu and NO»; and
one or two CHz-groups, but not adjacent CH>-groups, of Cs.1>-cycloalkyl can be replaced
by O, S, OC(0O), CO, NRe or NRe-CO,
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Cs-1s-aryl and 5 to 20 membered heteroaryl can be substituted with one to six substituents
independently selected from the group consisting of C1.20-alkyl, C2-20-alkenyl, C.20-alkynyl,
Cs.g-cycloalkyl, Cs.14-aryl, 5 to 14 membered heteroaryl, OR®, OC(O)-Re, C(O)-ORe, C(O)-
Re, NReRf, NRe-C(O)R', C(O)-NReRf, N[C(O)R®][C(O)R, SRe, halogen, CN, SiRSsRStRSiu
and NOo,

wherein
RSs, RSt and RS are independently from each other selected from the group consisting
of H, Ci20-alkyl, Cs-20-alkenyl, Coz0-alkynyl, Cse-cycloalkyl, phenyl and O-Si(CHa)s,

Re and R' are independently selected from the group consisting of H, C1.20-alkyl,
Ca-20-alkenyl, Co20-alkynyl, Cs.s-cycloalkyl, Ce1s-aryl, and 5 to 14 membered heteroaryl,
wherein
Ci0-alkyl, Co20-alkenyl and C».20-alkynyl can be substituted with one to five substit-
uents selected from the group consisting of Cs.e-cycloalkyl, Cs.10-aryl, 5 to 10 mem-
bered heteroaryl, OR9, OC(0)-R9, C(0)-OR¢, C(0)-R9, NR9R", NRe-C(O)R", C(O)-
NR9RP, N[C(O)R9][C(O)R"], SR, halogen, CN, and NO»,

Cs.g-cycloalkyl can be substituted with one to five substituents selected from the
group consisting of Ci.10-alkyl, C2-10-alkenyl, Cs.10-alkynyl, Cs.s-cycloalkyl, Ce.10-aryl, 5
to 10 membered heteroaryl, OR9, OC(0)-R9, C(O)-OR9, C(0)-R9, NR9R, NRe-
C(O)RM, C(O)-NR9R", N[C(O)R9][C(O)RM], SR9, halogen, CN, and NO»,

Ces-14-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, Cz.10-alkynyl, Cse-cycloalkyl, Ce-10-aryl, 5 to 10 membered heteroaryl, OR9,
OC(0)-R9, C(0)-ORs9, C(0)-R9, NReR", NR9-C(O)R", C(O)-NR9RP,
N[C(O)R9][C(O)R", SRe, halogen, CN, and NO»,

wherein
Ry and R" are independently selected from the group consisting of H, Ci.10-alkyl,
Cs.10-alkenyl and Ca.1o-alkynyl,
wherein
Ci-10-alkyl, Cz.10-alkenyl and Cs.10-alkynyl can be substituted with one to five
substituents selected from the group consisting of halogen, CN and NO;,

R# and R* are independently and at each occurrence selected from the group consisting of
H, C1-s0-alkyl, C2-30-alkenyl, Cz-30-alkynyl, Cs.12-cycloalkyl, Ces.1s-aryl and 5 to 20 membered
heteroaryl, C(O)-R*!, C(O)-NR*'R#?, C(O)-OR*! and CN,

wherein
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R4 und R#? are independently from each other and at each occurrence selected from the
group consisting of H, Ci.30-alkyl, C2.30-alkenyl, Cza0-alkynyl, Cs.12-cycloalkyl, Ce.1s-aryl and
5 to 20 membered heteroaryl, and

wherein

Cio-alkyl, Cas0-alkenyl and Cs.30-alkynyl can be substituted with one to ten substituents
independently selected from the group consisting of Cs.s-cycloalkyl, Cs.1s-aryl, 5 to 14
membered heteroaryl, OR/, OC(0O)-Ri, C(0O)-ORi, C(O)-Ri, NRRi, NR-C(O)Ri, C(O)-NRRj,
N[C(O)RI[C(O)R]], SR}, halogen, CN, and NO>; and at least two CH>-groups, but not adja-
cent CH>-groups of Ci.sp-alkyl, Cas0-alkenyl and Co.30-alkynyl can be replaced by O or S,

Cs.12-cycloalkyl can be substituted with one to six substituents independently selected
from the group consisting of C1.20-alkyl, C2.20-alkenyl and Cz-20-alkynyl, Cs.s-cycloalkyl,
Cs-14-aryl, 5 to 14 membered heteroaryl, ORI, OC(O)-Ri, C(0O)-ORi, C(O)-Ri, NRRi, NR-
C(O)Rj, C(O)-NRIRj, N[C(O)R][C(O)RI], SR}, halogen, CN, and NO; and one or two CHz-
groups, but not adjacent CH»-groups, of Cs.1>-cycloalkyl can be replaced by O, S, OC(O),
CO, NRior NR-CO,

Cs-1s-aryl and 5 to 20 membered heteroaryl can be substituted with one to six substituents
independently selected from the group consisting of C1.20-alkyl, C2-20-alkenyl, C.20-alkynyl,
Cs.s-cycloalkyl, Ce.14-aryl, 5 to 14 membered heteroaryl, OR/, OC(O)-Rj, C(0O)-ORi, C(O)-R;,
NRRi, NR-C(O)RJ, C(O)-NRIRi, N[C(O)R][C(O)R]], SR}, halogen, CN, and NO,,

Ri and Rj are independently selected from the group consisting of H, C1-20-alkyl,
20 Cz-20-alkenyl, C2-20-alkynyl, Cs-s-cycloalkyl,

R2% is hydrogen, C-Cssalkyl, Co-Cssalkenyl, Co-Cssalkinyl, Ar2%0, CN, COOR?2%1,
CONR202R203. COR204,

R201 R202) R203 gnd R2%4 are independently of each other hydrogen, C+-Cssalkyl, Co-
Cssalkenyl, Co-Cssalkinyl, or phenyl,

Ar200 has the meaning of Ar.

Compounds of formula (1) according to claim 1, wherein

Ar and Ar’ are independently of each other selected from the group consisting of

o vy O O
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5 ,
wherein Ar or Ar’ is bound via the single bonds " and = to the moieties
Q
\\ .
Arfis
sR<checpeciPs
10 : : 7 :

Yl

R Yay

wherein Ar® is bound via the bonds and = to the moiety
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wherein Q is O, S or NR1,
5 Arfis selected from the group consisting of

QA0 Q 0

Y,Y', Y"and Y" are at each occurrence O, S, NR'a, Se, Te.
h
- . 2
—=gF
RWis at each occurrence H, Ci.30-alkyl, C1.30-alkoxy, or a moiety Rss ,
10 where Rs', Rs2, Rs? are independently of each other H, Ci20-alkyl, Co20salkenyl, or phenyl.

wherein Ar, Ar’, Are, Arf can be substituted by one or more substituents R?

wherein R!, R'2, R2, R4, R# etc. are all defined as in claim 1.

15
3.  The compounds of claim 2, wherein
Ar and Ar’ are independently of each other selected from the group consisting of
20
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The compounds of any one of claims 1 to 3

wherein T' and T2 are selected from the group consisting of

|
W W
The compounds of any one of claims 1 to 4, wherein Ar and Ar' are selected from the
group consisting of

o YA g

The compounds of any one of claims 1 to 5, wherein Are is

0

The compounds of any one of claims 1 to 6, wherein Arf is selected from the group con-

sisting of
v
Q0

The compounds of any one of claims 1 to 7, wherein Q, Q2, Q°, Q¢, Q4, Q¢ and Qf are se-
lected from the group consisting of O and NR.

Polymers comprising at least a structure of formula (Il)
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°
wherein Q2, Qb, Q¢, QY, Ar and Ar' are as defined in any one of claims 1 to 8.

5 10. The polymers of claim 9, comprising at least a structure of formula (II')

wherein
nis 3 to 1000.

10 11. The polymers of claim 9 or 10, comprising at least one group of formula 1', 2' or 3'

wherein
R R'c and R are defined as Ra,
15 nis 3 to 1000.
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12. Polymers comprising at least one group of formula II”

wherein Q?, Qb, and Ar are as defined in any one of claims 1 to 8,

5
m is 3 to 1000.
13. The Polymers of claim 12 comprising at least one group of formula 4’
10
wherein
R™ is defined as R'a,
m is 3 to 1000.

15 14. A process for preparing polymers as claimed in any one of claims 9 to 11 by condensation
of a tetraone A with a dione B:
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wherein Q2, Qb, Q°, QY, Ar and Ar' are as defined in any one of claims 1 to 6.
5 15. The process of claim 14, wherein Q2 and Q® are NR' and Q¢ and Q9 are O or NR".

16. A process for preparing polymers as claimed in claim 12 or 13, by homopolymerization of
a tetraone A:

10 A 1"

17. Electronic devices comprising a compound of any one of claims 1 to 8 or a polymer of any
one of claims 9 to 13.

15 18. The electronic device of claim 17, wherein the electronic device is an organic field effect
transistor.

19. Use of the compounds of any one of claims 1 to 8 or the polymers of any one of claims 9
to 13 as semiconducting material in electronic devices.
20

20. Use of the polymers of any one of claims 9 to 13 as infrared absorbers.
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