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Description

[0001] The presentinvention relates to a process for the preparation of a tetracarboxynaphthalenediimide compound
disubstituted with heteroaryl groups, comprising the reaction of at least one disubstituted N,N’-dialkyl-1,4,5,8-tetracar-
boxynaphthalenediimide with at least one heteroaryl compound.

[0002] Said tetracarboxynaphthalenediimide compound disubstituted with heteroaryl groups can be advantageously
used as monomer in the synthesis of semiconductor polymers which can be advantageously used in the construction
of organic field effect transistors (OFET) or of organic thin film transistors (OTFT). Furthermore, said tetracarboxynaph-
thalenediimide compound disubstituted with heteroaryl groups can be advantageously used as monomer in the synthesis
of semiconductor polymers which can be advantageously used in the construction of photovoltaic devices such as, for
example, photovoltaic cells, photovoltaic modules, solar cells, solar modules, on both rigid and flexible supports.
[0003] N,N’-dialkyl-1,4,5,8-tetracarboxynaphthalenediimide compounds (NDIs) are at present of great interest for their
physical and electronic properties.

[0004] In particular, (co)polymers comprising units deriving from said N,N-dialkyl-1,4,5,8-tetracarboxynaphthalenedi-
imide compounds (NDIs) can be advantageously used in the construction of organic field effect transistors (OFET) or
of organic thin film transistors (OTFT) and in the construction of photovoltaic devices such as, for example, photovoltaic
cells, photovoltaic modules, solar cells, solar modules, on both rigid and flexible supports.

[0005] It is known that N,N*-dialkyl-1,4,5,8-tetracarboxynaphthalenediimide compounds (NDIs) have very interesting
characteristics such as, for example, a good thermal stability, good properties as electron-acceptor compounds, a good
processability in organic solvents normally used in the construction of the above-mentioned transistors or of the above-
mentioned photovoltaic devices.

[0006] It is also known that the substituents present on the imide nitrogen of said N,N*-dialkyl-1,4,5,8-tetracarboxy-
naphthalenediimide compounds (NDIs) can considerably influence the molecular packing, the solubility in the above-
reported organic solvents, the morphology of the thin films that comprise them.

[0007] Furthermore, said N,N-dialkyl-1,4,5,8-tetracarboxynaphthalenediimide compounds (NDIs) have good electron-
ic properties such as, for example, a strong n-n interaction and consequently, when used in the construction of photovoltaic
devices, for example photovoltaic cells, they have a short intermolecular distance and, in particular, optimum charge
transport properties.

[0008] It is also known that said electronic properties can be modulated by introducing different substituents on the
tetracaboxynaphthalenediimide nucleus.

[0009] Itis known, for example, that (co)polymers comprising units deriving from tetracaboxynaphthalenediimide com-
pounds disubstituted in position 2 and 6 with thienyl groups, have strong absorptions in the visible and near infrared
(NIR), thus allowing the production of photovoltaic devices, for example photovoltaic cells, capable of more efficiently
exploiting solar radiation.

[0010] Thanks to the above-reported characteristics, efforts of scientific community towards the development of both
new tetracarboxynaphthalenediimide compounds and new processes for their preparation, are greatly encouraged.
[0011] N,N’-dialkyl-1,4,5,8-tetracarboxynaphthalenediimide compounds (NDIs) disubstituted in position 2 and 6 with
aryl or heteroaryl groups can generally be prepared by means of a Stille reaction or of a Suzuki reaction starting from
2,6-dihalogen-1,4,5,8-tetracarboxy-naphthalene-N,N-dialkyldiimide which can be prepared through a two-step process
starting from 1,4,5,8-tetracarboxynaphthalenedianhydride (NDA). In the first step, the halogenation of 1,4,5,8-tetracar-
boxynaphthalenedianhydride (NDA) is generally carried out to give 2,6-dihalogen-1,4,5,8-naphthalenedianhydride which,
in the second step, by treatment with a primary amine, is transformed into the corresponding diimide.

[0012] The halogenation reaction of 1,4,5,8-tetracarboxynaphthalenedianhydride (NDA) can be carried out according
to methods described in literature such as, for example:

- reaction of 1,4,5,8-tetracarboxynaphthalene-dianhydride (NDA) with dibromoisocyanuric acid in the presence of
sulfuric acid, at 130°C, for 15 hours, as described by Chaignon F. at al. in the article: "Very large acceleration of the
photoinduced electron transfer in a Ru(bpy)3-naphthalene bisimide dyad bridged on the naphthyl core", Chemical
Communications (2007), pages 64-66) ;

- reaction of 1,4,5,8-tetracarboxynaphthalene-dianhydride (NDA) with dibromoisocyanuric acid, in the presence of
oleum in a quantity higher than 20%, at room temperature, for 4 hours, as described in American patent application
US 2008/0300405;

- reaction of 1,4,5,8-tetracarboxynaphthalene-dianhydride (NDA) with bromine and iodine, in the presence of oleum,
at 95°C, for 24 hours, under a nitrogen stream, as described in international patent application WO 2007/146250;

- reaction of 1,4,5,8-tetracarboxynaphthalene-dianhydride (NDA) with bromine and iodine, in the presence of oleum,
at room temperature, overnight, as described by Piyakulawat P. et al. in the article: "Synthesis and preliminary
characterization of novel naphthalene bisimide based copolymers", Synthetic Metals (2009), Vol. 159, pages
467-472.
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[0013] Subsequently, the 2,6-dihalogen-1,4,5,8-tetra-carboxynaphthalenedianhydride is transformed into the corre-
sponding diimide following methods described in literature, such as, for example:

- reaction of 2,6-dibromo-1,4,5,8-tetra-carboxynaphthalenedianhydride with a primary amine (e.g., 2-ethyl-hexy-
lamine), in the presence of acetic acid, at 120°C, as described by Guo X. et al. in the article: "Conjugated Polymers
from Naphthalene Bisimide", Organic Letters, (2008), Vol. 10 (23), pages 5333-5336;

- reaction of 2,6-dibromo-1,4,5,8-tetra-carboxynaphthalenedianhydride with a primary amine (e.g., n-octylamine) in
the presence of acetic acid and N-methyl pyrrolidone, at 85°C for 6 hours under a stream of nitrogen, as described
in international patent application WO 2007/146250;

- reaction of 2,6-dibromo-1,4,5,8-tetracarboxy-naphthalenedianhydride with a primary amine (e.g., 2-octyl-do-
decylamine) in the presence of a mixture of propionic acid and o-xylene, at 140°C, for 2 hours, as described by
Chen Z. et al. in the article "Naphthalenedicarboximide- vs Perylene-dicarboximide-Based Copolymers. Synthesis
and Semiconducting Properties in Bottom-Gate N-Channel Organic Transistors", Journal of the American Chemical
Society (2009), Vol. 131, pages 8-9;

- reaction of 2,6-dichloro-1,4,5,8-tetra-carboxynaphthalenedianhydride with a primary amine (e.g., n-octylamine) in
the presence of glacial acetic acid, at 140°C, for 2 hours, as described by Thalacker C. et al. in the article: "Synthesis
and Optical and Redox Properties of Core-Substituted Naphthalene Diimide Dyes", Journal of Organic Chemistry,
(2006), Vol. 71 (21), pages 8098-8105.

[0014] In the case of the Stille reaction, the N,N’-dialkyl-1,4,5,8-tetracarboxynaphthalenediimide compounds (NDIs)
disubstituted in position 2 and 6 with aryl or heteroaryl groups, can be prepared by the reaction of 2,6-dihalogen-1,4,5,8-
tetracarboxy-naphthalene-N, N-dialkyldiimide with a tributylstannyl-arene or with a tributylstannylheteroarene.

[0015] In the case of the Suzuki reaction, the N,N’-dialkyl-1,4,5,8-tetracarboxynaphthalendiimide (NDls) compounds
disubstituted in position 2 and 6 with aryl or heteroaryl groups, can be prepared by reaction of 2,6-dihalogen-1,4,5,8-
tetracarboxynaphthalene-N,N’-dialkyldiimide with the ester of 2-arylboronic acid or with the ester of 2-heteroarylboronic
acid.

[0016] Both of the above Stille and Suzuki reactions are carried out in the presence of catalysts containing palladium,
in the presence of solvents such as, for example, toluene, xylene, 1,2-dimethoxyethane, tetrahydrofuran, dimethylsul-
foxide, N,N-dimethylformamide, 1,4-dioxane, at a temperature ranging from 80°C to 130°C, for a time ranging from 12
to 24 hours.

[0017] Examples of the above Stille and Suzuki reactions are described in the art.

[0018] Piyakulawat P. et al., for example, in the article "Low band gap copolymers containing naphthalene-1,4,5,8-
tetracarboxylic bisimide: Synthesis, properties and organic solar cell applications", Synthetic Metals (2011), Vol. 161,
No. 18, pages 1238-1244, describe a process for the preparation of 2,6-di-(2,2-thienyl)-N,N-diethylhexyl-1,4,5,8-tet-
racarboxynaphthalenediimide [formula (Ia) wherein R = ethylhexyl] as reported in the following Scheme 1:

Scheme 1

+ 2 n-BuySnBr

(ITla) (IVa)

(Ila) (Ta)

wherein 2,6-dibromo-N,N’-diethylhexyl-1,4,5,8-tetracarboxynaphthalenediimide [formula (lla) wherein R = ethylhexyl] is
reacted with 2-tri-n-butylstannylthiophene [formula (Illa)], in the presence of anhydrous toluene, at reflux temperature,
under a stream of argon, overnight. At the end of the reaction, after adding an aqueous solution of hydrochloric acid 2
N, extraction is carried out with chloroform. After washing the organic phase to neutrality with water and anhydrification
on sodium sulfate, the solvent is removed by distillation at reduced pressure, obtaining, after purification by means of
crystallization from ethanol, 2,6-di-(2,2’-thienyl)-N, N’-diethylhexyl-1,4,5,8-tetracarboxynaphthalenediimide with a yield
of 92%.

[0019] In the article: "Synthesis and preliminary characterization of novel naphthalene bisimide based copolymers",
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Synthetic Metals (2009), Vol. 159, pages 467-472, reported above, Piyakulawat P. et al. describe a process for the
preparation of 2,6-di-(2,2’-thienyl)-N,N’-dihexyl-1,4,5,8-tetracarboxynaphthalene-diimide [formula (Ib) wherein Ry =
hexyl] as reported in the following Scheme 2:

Scheme 2
(0] 0]
N\~
Br
OO + 2 n—Bu3Sn<© —_— + 2 n-BusSnBr
p S Br (IlTa) Ve
o 9 o
(Vo)

wherein 2,6-dibromo-1,4,5,8-tetracarboxynaphthalene dianhydride [formula (Va)] is reacted with 2-tri-n-butylstannyl thi-
ophene [formula (llla)], in the presence of anhydrous toluene, at reflux temperature, for 15 hours, in the presence of
bis(triphenylphosphine)palladium(ll)chloride [PdCl,(PPhj),] as catalyst, in quantities equal to 3 moles per 100 moles of
the starting 2,6-dibromo-1,4,5,8-tetracarboxynaphthalenedianhydride [formula (Va)]. At the end of the reaction, after
adding an aqueous solution of hydrochloric acid 2 N, extraction is carried out with chloroform. After washing the organic
phase to neutrality with water and after anhydrification with sodium sulfate, the solvent is removed by distillation at
reduced pressure, obtaining, after purification by washing with hexane and crystallization from methanol, 2,6-di-(2,2'-
thienyl)-1,4,5,8-tetracarboxynaphthalenedianhydride [formula (Vla)] with a yield equal to 41%. Subsequently, the 2,6-
di-(2,2’-thienyl)-1,4,5,8-tetracarboxynaphthalene-dianhydride [formula (Vla)] is reacted with n-hexylamine [formula (Vlla)
wherein R4 = hexyl], at 150°C, under a stream of argon, for 5 hours. At the end of the reaction, after adding an aqueous
solution of hydrochloric acid 2 N, extraction is carried out with chloroform. After washing the organic phase to neutrality
with water and after anhydrification, the solvent is removed by distillation at reduced pressure, obtaining, after purification
by means of elution on a chromatographic column of silica gel (eluent: chloroform), 2,6-di-(2,2’-thienyl)-N,N*-dihexyl-
1,4,5,8-tetracarboxynaphthalenediimide [formula (Ib) wherein R4 = hexyl] with a yield of 23%.

[0020] The 2-tri-n-butylstannylthiophene [formula (llla)] used in the above processes, is a commercial product, gen-
erally prepared starting from thiophene, n-butyllithium and tri-n-butylstannylchloride through a two-step process as re-
ported in the following Scheme 3:
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Scheme 3
[} wmaiow )
Li + n-Bu
S S
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n-Bu
Cl—/—SnT—n-Bu (Xa
~ (Xa)
n-Bu
n-Bu
/I \ .
Sn—#»n-Bu + LiCl
S AN
n-Bu
(I11a)

wherein thiophene [formula (VIlla)] is reacted with n-butyl-lithium [formula (IXa)] to give 2-thienyl-lithium [formula (VIIIb)]
which is reacted, in situ, with tributyl stannyl chloride [formula (Xa)] giving 2-tri-n-butyl stannyl thiophene [formula(llla)].
[0021] The above process has various drawbacks, such as, for example:

- use of organic derivatives of lithium, highly flammable substances which must be handled with care and with the
absolute absence of oxygen and of humidity;
- use of the tin derivatives, highly toxic substances for human beings and harmful for the environment.

[0022] It is known that instead of 2-tri-n-butylstannylthiophene, the ester of 2-thienylboronic acid, also a commercial
product, can be used, which is generally prepared starting from thiophene, with n-butyl-lithium and triester of boronic
acid through a two-step process as reported in the following Scheme 4 :

Scheme 4
-Buli (IX
(Y omion [,
S S
(VIIIa) (VIIIb)
OR'
/
R'O— Xb
B\ (Xb)
OR'
OR'
S ORV
(VIIIc)

wherein thiophene [formula (VIlla)] is reacted with n-butyl-lithium [formula (IXa)] to give 2-thienyl-lithium [formula (VIlIb)]
which is reacted in situ with a triester of boronic acid [formula (Xb)] wherein B = boron; R’, equal to or different from each
other, represent a hydrogen atom, or a linear or branched C,-C, alkyl group; or the substituents R’, together with the
other atoms to which they are bound, can form a heterocyclic ring having formula (IV):
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RV
B /O \L Rv
% /TR' V)

RV

wherein B = boron; R’, equal to or different from each other, represent a hydrogen atom, or a linear or branched C4-C,,
alkyl group, obtaining the ester of 2-thienylboronic acid [formula (Vllic)].
[0023] The above process however also has various drawbacks, such as, for example:

- use of organic derivatives of lithium, highly flammable substances which must be handled with care and with the
complete absence of oxygen and of humidity;

- use of trialkyl esters of boronic acid which often have problems linked to their purification with low yields of the end-
product.

[0024] It should also be noted that the above processes for the preparation of 2,6-di-(2,2’-thienyl)-N,N’-dialkyl-1,4,5,8-
tetracarboxynaphthalenediimide reported above, can have various drawbacks, such as, for example:

- use of derivatives of tin, toxic substances for human beings and harmful for the environment;

- use of organic derivatives of lithium, highly flammable substances which must be handled with care and with the
complete absence of oxygen and of humidity;

- relatively long times, ranging from a few hours and a few tens of hours (normally from 3 hours to 24 hours);

- use of an excess of 2-tri-n-butylstannylthiophene (llla) in order to obtain high yields of end-product, with consequent
higher production costs and wastewater disposal costs;

- use of 2-tri-n-tributylstannylthiophene (llla) which creates problems due to the fact that for each mole of 2,6-di-(2,2’-
thienyl)-N, N-dialkyl-1,4,5,8-tetracarboxynaphthalenediimide obtained, two moles of tri-n-butyl-stannyl-bromide
(Iva) are formed (as reported above in Scheme 1 and Scheme 2), which must be suitably disposed of with a
consequent increase in the process costs;

- relatively high quantities of catalyst used, as normally a quantity of catalyst containing palladium not lower than 0.5
moles per 100 moles of 2,6-dibromo-1,4,5,8-tetracarboxy-naphthalene starting derivative, is used (these quantities,
even if small in absolute terms, are in any case high considering the cost of palladium or its complexes, as it is not
always possible to prepare the complexes in situ).

[0025] The development of new processes for the preparation of tetracarboxynaphthalenediimide compounds disub-
stituted with heteroaryl groups capable of overcoming the above drawbacks, is consequently of current interest.
[0026] Systems are described in literature, for example, for forming aryl-aryl (Ar-Ar) bonds without the use of tin or
boron derivatives. Said reactions, known as direct arylation of aromatic systems, are normally carried out by reacting
an aryl halide (Ib) with an aryl or heteroaryl compound (llb), as reported in the following Scheme 5:

Scheme 5

Ar-X + Af-H—> ArAr . HX
(Ib) (IIb)

wherein X represents a chlorine, bromine or iodine atom in the presence of a catalyst containing palladium and, in some
cases, in the presence of phosphines as ligands of the catalyst containing palladium.

[0027] Tamba S. et al., for example, in the article "Palladium-Catalyzed C-H Functionalization of Heteroarenes with
Aryl Bromides and Chlorides", Journal of Organic Chemistry (2010), Vol. 75 (20), pages 6998-7001, describe an arylation
reaction according to Scheme 5 reported above, wherein Ar’ is a thiophene, in the presence of a catalyst containing
palladium such as, for example, bis(tri-tert-butylphosphine) palladium(ll) ([Pd(P-t-Bus),]), of a solvent such as, for ex-
ample, dimethylformamide (DMF) and of a strong base such as, for example, lithium tert-butylate (LiO-t-Bu), at a tem-
perature of 100°C, for 15 hours.

[0028] In the article "Ligand-less palladium-catalyzed direct 5-arylation of thiophenes at low catalyst loadings", Green
Chemistry (2009), Vol. 11, pages 425-432, Roger J. et al. describe an arylation reaction according to Scheme 5 reported
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above, wherein Ar’ is a thiophene substituted in position 2, in the presence of a catalyst containing palladium, such as,
for example, palladium(ll)acetate ([Pd(OAc),]), of a solvent such as, for example, dimethylacetamide (DMAc) and of a
base such as, for example, potassium acetate (KOAc), at a temperature of 150°C, for 20 hours.

[0029] Inthe article "Palladium-catalyzed direct arylation of thiophenes tolerant silyl groups", Chemical Communication
(2011), Vol. 47, pages 1872-1874, Chen L. et al. describe an arylation reaction according to Scheme 5 reported above,
wherein Ar’ is a thiophene substituted in position 2 with a (R);Si group wherein R can be an alkyl group (e.g., a methyl
group), in the presence of a catalyst containing palladium such as, for example, palladium(ll)acetate ([Pd(OAc),]) as-
sociated with diphenylphosphinebutane (dppb) as ligand, of a solvent such as, for example, dimethylacetamide (DMAc)
and of a base such as, for example, potassium acetate (KOAc), at a temperature of 120°C, for a time ranging from 1
hour to 48 hours.

[0030] In the article: "Mechanistic Analysis of Azine N-Oxide Direct Arylation: Evidence for a Critical Role of Acetate
in the Pd(OAc)2 Precatalyst", Journal of Organic Chemistry (2010), Vol. 75 (23), pages 8180-8189, Sun H. Y. et al.
describe various reaction mechanisms for direct mono-arylation, basically distinguishing three types of direct arylation
on the basis of the nature of the arene under examination, which can be: a) electron-rich, b) electron-neutral and c)
electron-poor. In all cases the presence of palladium (Il) acetate ([Pd(OAc),]) is of crucial importance.

[0031] SheshanathV.Bhosale et al. disclose a process for the preparation of a 2,6-diaryl-naphthalenediiimide through
a "cross-coupling" Suzuki reaction.

[0032] Phimwipha Piyakulawat et al. disclose an alternating donor-acceptor copolymer containing fluorene, as the
donor segment and naphthalene bisimide, dithienylbenzothiazole, as the acceptor segment. Said copolymer being
synthesized for the use of photovoltaic cells.

[0033] The processes reported above, however, can have various critical aspects, such as, for example:

- useofarylorheteroaryl compounds, in particular thiophene, substituted in position 2 and, consequently, the necessity
of subjecting the end-product to further treatment (e.g., deprotection) in order to obtain the desired product, and the
impossibility of using the product obtained as precursor of monomeric units in the preparation of semiconductor
polymers;

- use of strong bases (e.g., lithium tert-butylate (LiO-{-Bu) and, consequently, difficulty in handling said bases, an
increase in the possibility of damage with respect to both the health of the operators and to the environment, and
higher disposal costs;

- relatively high temperatures and long reaction times and, consequently, higher energy costs and longer process
times which can cause degradation of the product obtained.

[0034] The Applicant has therefore considered the problem of finding a process for the preparation of a tetracarbox-
ynaphthalenediimide compound disubstituted with heteroaryl groups, capable of overcoming the drawbacks reported
above. In particular, the Applicant has considered the problem of finding a process for the preparation of a tetracarbox-
ynaphthalenediimide compound disubstituted with heteroaryl groups, through direct arylation, more specifically through
a double direct arylation, of a tetracarboxynaphthalenediimide compound.

[0035] The Applicant has now found that the preparation of a tetracarboxynaphthalenediimide compound disubstituted
with heteroaryl groups, can be carried out through a process comprising a double direct arylation of a disubstituted
tetracarboxynaphthalenediimide compound, more specifically through a process comprising the reaction of at least one
disubstituted N,N’-dialkyl-1,4,5,8-tetracarboxynaphthalenediimmide with at least one heteroaryl compound.

[0036] There are numerous advantages in operating according to the above process, such as, for example:

- reduction in the process steps with a consequent reduction in the process times and lower production costs;

- non-use of substances toxic for human beings and harmful for the environment such as tin derivatives and highly
flammable substances such as lithium alkyls;

- possibility of functionalizing the product obtained to allow it to be used, for example, in (co)polymerizations;

- relatively low temperatures and low reaction times with lower energy costs and lower process times in order to avoid
the possible degradation of the product obtained;

- greater safety conditions (e.g., absence of strong bases), with respect to both the health of the operators and the
environment.

[0037] Said tetracarboxynaphthalenediimide compound disubstituted with heteroaryl groups can be advantageously
used as monomer in the synthesis of semiconductor polymers which can be advantageously used in the construction
of organic field effect transistors (OFET) or of organic thin film transistors (OTFT)]. Furthermore, said tetracarboxynaph-
thalenediimide compound disubstituted with heteroaryl groups can be advantageously used as monomer in the synthesis
of semiconductor polymers which can be advantageously used in the construction of photovoltaic devices such as, for
example photovoltaic cells, photovoltaic modules, solar cells, solar modules, on both rigid and flexible supports. In
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addition, said tetracarboxynaphthalenediimide compound disubstituted with heteroaryl groups has a good thermal sta-
bility, good properties as electron-acceptor compound, a good processability in organic solvents normally used in the
construction of the above-mentioned transistors or of the above-mentioned photovoltaic devices.

[0038] An object of the present invention therefore relates to a process according to appended claim 1.

[0039] For the purposes of the present description and of the following claims, the definitions of the numerical ranges
always comprise the extremes unless otherwise specified.

[0040] The term "C4-Cjyq alkyl group" or "C4-C, alkyl group” refers to a linear or branched alkyl group having from 1
to 30 carbon atoms or from 1 to 20 carbon atoms, respectively. Specific examples of a C4-C5q or C4-C,q alkyl group
are: methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, pentyl, ethyl-hexyl, hexyl, n-heptyl, octyl, nonyl, decyl,
dodecyl, dodecyloctyl.

[0041] The term "C4-C,, alkylene group" refers to a linear or branched alkylene group having from 1 to 20 carbon
atoms. Specific examples of a C4-C, alkylene group are: methylene, ethylene, n-propylene, iso-propylene, n-butylene,
iso-butylene, tert-butylene, pentylene, ethyl-hexylene, hexylene, heptylene, octylene, nonylene, decylene, dodecylene.
[0042] The term "cycloalkyl group" means a cycloalkyl group having from 3 to 10 carbon atoms. Said cycloalkyl group
can be optionally substituted by one or more groups, equal to or different from each other, selected from: halogen atoms;
hydroxyl groups; C4-C,q alkyl groups; C4-C,q alkoxyl groups; cyano groups; amino groups; nitro groups. Specific exam-
ples of a cycloalkyl group are: cyclopropyl, 2,2-difluorocyclopropyl, ciclobutyl, ciclopentyl, ciclohexyl, methylcyclohexyl,
methoxycyclohexyl, fluorocyclohexyl, phenylcyclohexyl.

[0043] The term "aryl group" means an aromatic carbocyclic group. Said aromatic carbocyclic group can be optionally
substituted with one or more groups, equal to or different from each other, selected from: halogen atoms such as, for
example, fluorine, chlorine, bromine, preferably fluorine; hydroxyl groups; C4-Cyq alkyl groups; C4-C5 alkoxyl groups,
cyano groups; amino groups; nitro groups. Specific examples of an aryl group are: phenyl, methylphenyl, trimethylphenyl,
methoxyphenyl, hydroxyphenyl, phenyloxyphenyl, fluorophenyl, pentafluorophenyl, nitrophenyl, dimethylaminophenyl,
naphthyl, phenylnaphthyl, phenanthrene, anthracene.

[0044] The term "C4-Cyq alkoxyl group" means a linear or branched alkoxyl group having from 1 to 20 carbon atoms.
Specific examples of a C4-C, alkoxyl group are: methoxyl, ethoxyl, n-propoxyl, iso-propoxyl, n-butoxyl, iso-butoxyl, tert-
butoxyl, pentoxyl, hexyloxyl, heptyloxyl, octyloxyl, nonyloxyl, decyloxyl, dodecyloxyl.

[0045] The term "polyethyleneoxyl group" means a group having oxyethylene units in the molecule. Specific examples
of a polyethyleneoxyl group are: methyloxy-ethyleneoxyl, methyloxy-diethyleneoxyl, 3-oxatetraoxyl, 3,6-dioxaheptyloxyl,
3,6,9-trioxadecyloxyl, 3,6,9,12-tetraoxahexadecyloxyl.

[0046] The term "heteroaryl group" means an aromatic heterocyclic group, penta- or hexa-atomic, also benzo-
condensed or heterobicyclic, containing from 1 to 4 heteroatoms selected from nitrogen, oxygen, sulfur, silicon, selenium,
phosphorus. Specific examples of a heteroaryl group are: pyridine, methylpyridine, methoxypyridine, phenylpyridine,
fluoropyridine, pyrimidine, pyridazine, pyrazine, triazine, tetrazine, quinoline, quinazoline, furan, thiophene, hexylthi-
ophene, pyrrole, oxazole, thiazole, isooxazole, isothiazole, oxadiazole, thiadiazole, pyrazole, imidazole, triazole, tetra-
zole, indole, benzofuran, benzothiophene, benzooxazole, benzothiazole, triazolepyridine, triazolepyrimidine, coumarin.
[0047] The term "cycle or polycyclic system" means a system containing one or more rings containing from 3 to 14
carbon atoms, optionally containing heteroatoms selected from nitrogen, oxygen, sulfur, silicon, selenium, phosphorus.
Specific examples of a cycle or polycyclic system are: thiadiazole, benzothiophene, quinoxaline, pyridine.

[0048] The above process can be carried out according to the following scheme:

wherein X, Y, Z, R, R3 and R4, have the same meanings described above.

[0049] Accordingtoa particularly preferred embodiment of the present invention, said process relates to the preparation
of 2,6-di-(2,2’-thienyl)-N,N’-dialkyl-1,4,5,8-tetracarboxynaphthalenediimide corresponding to a tetracarboxynaphthalen-
ediimide compound disubstituted, in positions 2 and 6, with heteroaryl groups having general formula (I) wherein R
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represents an ethyl-hexyl group or a n-heptyl group, Y represents a sulfur atom, Z represents a group CR2 wherein R2
represents a hydrogen atom, and R3 and R#, represent a hydrogen atom.

[0050] According to a preferred embodiment of the present invention, said disubstituted N,N’-dialkyl-1,4,5,8-tetracar-
boxynaphthalenediimide having general formula (Il) and said heteroaryl compound having general formula (lll) can be
used in molar ratios ranging from 1:2 to 1:20, preferably ranging from 1:4 to 1:12.

[0051] Said process is carried out in the presence of at least one weak organic base.

[0052] Said weak organic base is selected from: carbonates of alkaline metals (e.g., lithium, sodium, potassium,
caesium) or of alkaline-earth metals (e.g., magnesium, calcium) such as, for example, lithium carbonate, potassium
carbonate, sodium carbonate, caesium carbonate, magnesium carbonate, calcium carbonate, or mixtures thereof. Said
weak organic base is preferably potassium carbonate.

[0053] According to a preferred embodiment of the present invention, said disubstituted N,N*-dialkyl-1,4,5,8-tetracar-
boxynaphthalenediimide having general formula (ll) and said weak organic base can be used in molar ratios ranging
from 1:2.2 to 1:20, preferably ranging from 1:2.5 to 1:4.

[0054] Said process is carried out in the presence of at least one weak organic acid.

[0055] Said weak organic acid is selected from: acetic acid, propionic acid, pivalic acid, isobutyl acid, or mixtures
thereof. Said weak organic acid is preferably pivalic acid.

[0056] According to a preferred embodiment of the present invention, said disubstituted N,N’-dialkyl-1,4,5,8-tetracar-
boxynaphthalenediimide having general formula (ll) and said weak organic acid can be used in molar ratios ranging
from 100:10 to 100:50, preferably ranging from 100:15 to 100:40.

[0057] Said process is carried out in the presence of at least one catalyst containing palladium, selected from: palla-
dium(ll) chloride [PdCI,], palladium(ll) acetate [Pd(OAc),], palladium(0) bis(dibenzylidene) [Pd(dba), wherein dba =
CgH5CH=CHCOCH=CHCgH5], palladium(ll) bis(acetonitrile) chloride [Pd(CH;CN),Cl,], or mixtures thereof . Said cata-
lyst containing palladium is preferably palladium(ll) acetate [Pd(OAc),].

[0058] According to a preferred embodiment of the present invention, said disubstituted N,N*-dialkyl-1,4,5,8-tetracar-
boxynaphthalenediimide having general formula (ll) and said catalyst containing palladium can be used in molar ratios
ranging from 100:0.1 to 100:3, preferably ranging from 100:0.4 to 100:2.

[0059] According to a preferred embodiment of the present invention, said process can be carried out in the presence
of at least one ligand of the catalyst containing palladium.

[0060] According to a preferred embodiment of the present invention, said ligand can be selected, for example, from:
triphenylphosphine, tricyclohexylphosphonium tetrafluoroborate, 2-dicyclo-hexylphosphine-2’-(N,N-dimethylamino)-bi-
phenyl (DavePhos), di-tert-butyl(methyl)phosphonium tetrafluoroborate, tri-tert-butyl(methyl)phosphonium tetrafluorob-
orate, or mixtures thereof. Said ligand is preferably di-tert-butyl(methyl)phosphonium tetrafluoroborate.

[0061] According to a preferred embodiment of the present invention, said disubstituted N,N*-dialkyl-1,4,5,8-tetracar-
boxynaphthalenediimide having general formula (Il) and said ligand can be used in molar ratios ranging from 100:1 to
100:10, preferably ranging from 100:3 to 100:6.

[0062] According to a preferred embodiment of the present invention, said disubstituted N,N’-dialkyl-1,4,5,8-tetracar-
boxynaphthalenediimide having general formula (IlI) can be used in a molar concentration ranging from 0.05 mmoles to
2 mmoles, preferably ranging from 0.1 mmoles to 1.5 mmoles.

[0063] Said process can be carried out in the presence of at least one non-polar organic solvent.

[0064] Said non-polar organic solvent is selected from: toluene, xylene, chlorobenzene, or mixtures thereof. Said non-
polar organic solvent is preferably toluene.

[0065] According to a preferred embodiment of the present invention, said process can be carried out at a temperature
ranging from 80°C to 170°C, preferably ranging from 100°C to 150°C.

[0066] Accordingto apreferred embodiment of the presentinvention, said process can be carried out for a time ranging
from 30 minutes to 24 hours, preferably ranging from 1 hour to 20 hours.

[0067] The disubstituted N,N-dialkyl-1,4,5,8-tetracarboxynaphthalenediimide having general formula (ll) can be ob-
tained according to processes known in the art, for example, by halogenation of the corresponding N,N-dialkyl-1,4,5,8-
tetracarboxynaphthalenedianhydride and subsequent diamidation reaction. Greater details relating to these processes
can be found, for example, in international patent application WO 2007/146250; or in the article of Chaignon F. et al.:
"Very large acceleration of the photoinduced electron transfer in a Ru(bpy)3-naphthalene bisimide dyad bridged on the
naphthyl core", Chemical Communications (2007), pages 64-66; or in the article of Thalacker C. et al.: "Synthesis and
Optical and Redox Properties of Core-Substituted Naphthalene Diimide Dyes", Journal of Organic Chemistry, (2006),
Vol. 71 (21), pages 8098-8105.

[0068] The heteroaryl compound having general formula (lll) can be easily found on the market.

[0069] The analysis and characterization methods reported hereunder were used.
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TH-NMR Spectroscopy

[0070] The 'H-NMR spectra of the tetracarboxynaphthalenediimide compounds disubstituted with heteroaryl groups
object of the present invention, were registered by means of a nuclear magnetic resonance spectrometer Bruker Avance
400, at a temperature of 25°C, using deuterated chloroform (CDCI5). The signal of the solvent used [i.e. deuterated
chloroform (CDCl,)] set at 7.26 ppm was used as reference for the chemical shifts.

[0071] Solutions of the tetracarboxynaphthalenediimide compounds disubstituted with heteroaryl groups object of the
present invention, having concentrations equal to 5 mg - 10 mg of tetracarboxynaphthalenediimide compound disubsti-
tuted with heteroaryl groups to be analyzed in 0.75 ml of solvent, were used for the purpose.

Mass spectra

[0072] The mass spectra of the tetracarboxynaphthalenediimide compounds disubstituted with heteroaryl groups were
carried out with an inverse geometry double-focusing spectrometer AT 95S in DCI ("Desorption Chemical lonization™)
with iso-butane as reagent gas in positive ion modality. The emission current of the filament was calibrated at 0,1 mA
with an electron beam energy equal to 100 eV and with a temperature of the ion source maintained at 90°C.

[0073] Some illustrative and non-limiting examples are provided hereunder for a better understanding of the present
invention and for its embodiment.

EXAMPLE 1

Preparation of 2,6-di-(2,2’-thienyl)-N, N-di-(2-ethyl-hexyl)-1,4,5,8-tetracarboxynaphthalenediimmide having formula (a)

[0074]

[0075] 2,6-dibromonaphthalene-1,4,5,8-tetracarboxy-N,N’-di(2-ethyl-hexyl)imide (0.324 g, 0.5 mmoles), potassium
carbonate (0.207 g, 1.5 mmoles), pivalic acid (15 mg, 0.15 mmoles), anhydrous toluene (5 ml), thiophene (0.421 g, 5
mmoles) and palladium (Il) acetate [Pd(OAc),] (1.2 mg, 0.005 mmoles), were charged into a 10 ml Pyrex glass reactor
equipped with a screw stopper.
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[0076] The reactor was placed in an oil bath preheated to 120°C and left under vigorous stirring for 18 hours. After
cooling to room temperature (25°C), the reaction mixture was put in a saturated solution of sodium chloride (25 ml) and
extracted with ethyl acetate (3 x 25 ml). The organic phase obtained was dried on anhydrous sodium sulfate and
evaporated. The residue obtained (brown solid) was purified by flash chromatography on silica gel using toluene as
eluent, obtaining 262 mg of pure 2,6-di-(2,2’-thienyl)-N, N’-di-(2-ethyl-hexyl)-1,4,5,8-tetracarboxynaphthalenediimmide
as a red solid (yield 80%).

[0077] Said 2,6-di-(2,2-thienyl)-N,N’-di-(2-ethyl-hexyl)-1,4,5,8-tetracarboxynaphthalenediimmide was characterized
by means of TH-NMR (400 MHz, CDCl5) obtaining the following spectrum: § = 8.76 (s, 2H), 7.56 (dd, J = 5.2, 1.2 Hz,
2H), 7.29 (dd, J = 3.2, 1.2 Hz, 2H), 7.19 (dd, J = 5.2, 3.2 Hz, 2H), 4.13-4.10 (m, 4H), 1.94-1.88 (m, 2H), 1.38-1.25 (m,
16 H), 0.95-0.89 (m, 12H) .

[0078] Said 2,6-di-(2,2-thienyl)-N,N’-di-(2-ethyl-hexyl)-1,4,5,8-tetracarboxynaphthalenediimmide was also character-
ized by means of mass spectrum MS obtaining the following value: m/z: 654.9 (M*).

EXAMPLE 2

Preparation of 2,6-di-(2,2’-thienyl)-N,N’-di-(n-heptyl)-1,4,5,8-tetracarboxynaphthalenediimmide having formula (b)

[0079]

[0080] 2,6-dibromonaphthalene-1,4,5,8-tetracarboxy-N,N’-di(n-heptyl)imide (0.310g, 0.5 mmoles), potassium carbon-
ate (0.207 g, 1.5 mmoles), pivalic acid (15 mg, 0.15 mmoles), anhydrous toluene (5 ml), thiophene (0.421 g, 5 mmoles)
and palladium (l1) acetate [Pd(OAc),] (1.2 mg, 0.005 mmoles), were charged into a 10 ml Pyrex glass reactor equipped
with a screw stopper.

[0081] The reactor was placed in an oil bath preheated to 120°C and left under vigorous stirring for 18 hours. After
cooling to room temperature (25°C), the reaction mixture was put in a saturated solution of sodium chloride (25 ml) and
extracted with ethyl acetate (3 x 25 ml). The organic phase obtained was dried on anhydrous sodium sulfate and
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evaporated. The residue obtained (brown solid) was purified by flash chromatography on silica gel using toluene as
eluent, obtaining 266 mg of pure 2,6-di-(2,2’-thienyl)-N,N’-di-(n-heptyl)-1,4,5,8-tetracarboxynaphthalenediimmide as a
red solid (yield 85%).

[0082] Said 2,6-di-(2,2'-thienyl)-N,N’-di-(n-heptyl)-1,4,5,8-tetracarboxynaphthalenediimmide was characterized by
means of 'H-NMR (400 MHz, CDClI,) obtaining the following spectrum: : § = 8.72 (s, 2H), 7.59 (dd, J = 5.2, 1.2 Hz, 2H),
7.29 (dd, J = 3.6, 1.2 Hz, 2H), 7.21 (dd, J = 5.2, 3.6 Hz, 2H), 4.10-4.07 (m, 4H), 1.69-1.64 (m, 4H), 1.37-1.27 (m, 16H),
0.90-0.86 (m, 6H).

[0083] Said 2,6-di-(2,2’-thienyl)-N,N’-di-(n-heptyl)-1,4,5,8-tetracarboxynaphthalenediimmide was also characterized
by means of mass spectrum MS obtaining the following value: m/z: 627.2 (M*).

Claims

1. A process for the preparation of a tetracarboxynaphthalenediimide compound disubstituted with heteroaryl groups
having general formula (1)

wherein:

- R represents a C4-C alkyl group;

-Y represents an oxygen atom; a sulfur atom; a group NR5 wherein R5 represents a hydrogen atom, or a C;-Cyg
alkyl group;

- Z represents a nitrogen atom; or a group CR2 wherein R2 has the meanings below reported,;

- R3 represents a hydrogen atom; a linear or branched C4-C, alkyl group; a cycloalkyl group optionally substi-
tuted; an aryl group optionally substituted; a linear or branched C4-C, alkoxyl group; a polyethyleneoxyl group
R1-O-[-CH,-CH,-0],- wherein R has the same meaning above reported and n is an integer ranging from 1 to
4; a group -R6-OH wherein R® represents a linear or branched C4-C, alkylene group; a group -R8-OR7 wherein
R6 has the same meanings above reported and R7 represents a linear or branched C4-C,, alkyl group, or a
polyethyleneoxyl group R1-O-[-CH,-CH,-O],- wherein R has the same meaning above reported and n is an
integer ranging from 1 to 4; agroup -COR' wherein R has the same meanings above reported; a group -COOR
wherein R has the same meanings above reported; a -CHO group; a cyano group (-CN);

- R2 represents a hydrogen atom; a linear or branched C-C, alkyl group; or, when R3 is different from hydrogen
or when R3 = R2, it represents a linear or branched C4-C, alkoxyl group;

- or R3 and R2 can be optionally bound to each other so as to form, together with the carbon atoms to which
they are bound, a cycle or polycyclic system containing from 3 to 14 carbon atoms, saturated, unsaturated, or
aromatic, optionally containing one or more heteroatoms such as oxygen, sulfur, nitrogen, silicon, phosphorous,
selenium;

- R4 represents a hydrogen atom; a linear or branched C4-C, alkyl group; a cycloalkyl group optionally substi-
tuted; an aryl group optionally substituted; a heteroaryl group optionally substituted; a -CHO group; a group
-COR"wherein R has the same meanings above reported; agroup -COOR"! wherein R has the same meanings
above reported; a group -CONRZ2 wherein R2 has the same meanings above reported; a cyano group (-CN);

- or R2 and R# can be optionally bound to each other so as to form, together with the carbon atoms to which
they are bound, a cycle or polycyclic system containing from 3 to 14 carbon atoms, saturated, unsaturated, or
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aromatic, optionally containing one or more heteroatoms such as oxygen, sulfur, nitrogen, silicon, phosphorous,
selenium;

said process comprising reacting at least one disubstituted N,N*-dialkyl-1,4,5,8-tetracarboxynaphthalenediimide
having general formula (ll):

Rl

|
@) 0
NN

X 1D

N
Rl

4
0

wherein X represents a halogen atom selected from chlorine, bromine, iodine; R has the same meanings above
reported;
with at least one heteroaryl compound having general formula (lll):

R3
B
R“% H (1)
Y

wherein Y, Z, R3 e R4, have the same meanings above reported; characterized in that said process is carried out:

in the presence of at least one weak organic base selected from: carbonates of alkaline or of alkaline-earth
metals; or in the presence of at least one weak organic acid selected from: acetic acid, propionic acid, pivalic
acid, isobutyl acid, or mixtures thereof; and

in the presence of at least one catalyst containing palladium selected from: palladium(ll) chloride [PdCl,], pal-
ladium(ll) acetate Pd(OAc),], palladium(0) bis(dibenzylidene) [Pd(dba), wherein dba = CgH;CH=CH-
COCH=CHCgHg], palladium(ll) bis(acetonitrile) chloride [Pd(CH3;CN),Cl,], or mixtures thereof; and

in the presence of at least one non-polar organic solvent selected from: toluene, xylene, chlorobenzene, or
mixtures thereof.

The process according to claim 1, wherein said process relates to the preparation of 2,6-di-(2,2’-thienyl)-N, N’-dialkyl-
1,4,5,8-tetracarboxynaphthalenediimide corresponding to a tetracarboxynaphthalenediimide compound disubstitut-
ed, in positions 2 and 6, with heteroaryl groups having general formula (l) wherein R represents an ethyl-hexyl
group or a n-heptyl group, Y represents a sulfur atom, Z represents a group CR2 wherein R2 represents a hydrogen
atom, and R3 and R4, represent a hydrogen atom.

The process according to claim 1 or 2, wherein said disubstituted N,N’-dialkyl-1,4,5,8-tetracarboxy-naphthalenedi-
imide having general formula (II) and said heteroaryl compound having general formula (Ill) are used in molar ratios
ranging from 1:2 to 1:20.

The process according to any of the previous claims, wherein said disubstituted N,N*-dialkyl-1,4,5,8-tetracarboxy-

naphthalenediimide having general formula (Il) and said weak organic base are used in molar ratios ranging from
1:2.2 to 1:20.
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5. The process according to any of the previous claims, wherein said disubstituted N,N-dialkyl-1,4,5,8-tetracarboxy-
naphthalenediimide having general formula (Il) and said weak organic acid are used in molar ratios ranging from
100:10 to 100:50.

6. The process according to any of the previous claims, wherein said disubstituted N,N-dialkyl-1,4,5,8-tetracarboxy-
naphthalenediimide having general formula (ll) and said catalyst containing palladium are used in molar ratios
ranging from 100:0.1 to 100:3.

7. The process according to any of the previous claims, wherein said process is carried out in the presence of at least
one ligand of the catalyst containing palladium.

8. The process according to claim 7, wherein said ligand is selected from: triphenylphosphine, tricyclohexylphospho-
nium tetrafluoroborate, 2-di-cyclohexylphosphine-2’-(N,N-dimethyl-amino)-biphenyl (DavePhos), di-tert-butyl(me-
thyl)-phosphonium tetrafluoroborate, tri-tert-butyl(methyl)phosphonium tetrafluoroborate, or mixtures thereof.

9. The process according to any of the previous claims, wherein said disubstituted N,N-dialkyl-1,4,5,8-tetracarboxy-
naphthalenediimide having general formula (Il) and said ligand are used in molar ratios ranging from 100:1 to 100:10.

10. The process according to any of the previous claims, wherein said disubstituted N,N*-dialkyl-1,4,5,8-tetracarboxy-
naphthalenediimide having general formula (Il) is used in a molar concentration ranging from 0.05 mmoles to 2
mmoles.

11. The process according to any of the previous claims, wherein said process is carried out at a temperature ranging
from 80°C to 170°C.

12. The process according to any of the previous claims, wherein said process is carried out for a time ranging from 30
minutes to 24 hours.

Patentanspriiche

1. Ein Verfahren zur Herstellung einer Tetracarboxynaphthalindiimidverbindung, disubstituiert mit Heteroarylgruppen,

mit der allgemeinen Formel (1)

O _N_P°

worin:

- R steht firr eine C4-Csy-Alkylgruppe;

-'Y steht fiir ein Sauerstoffatom, ein Schwefelatom, eine Gruppe NRS5, worin RS fiir ein Wasserstoffatom oder
eine C4-C,-Alkylgruppe steht;

- Z steht fur ein Stickstoffatom, oder eine Gruppe CR2 worin R2 die unten angegebene Bedeutungen hat;

- R3 steht fur ein Wasserstoffatom, eine lineare oder verzweigte C4-Cyo-Alkylgruppe, eine Cycloalkylgruppe
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gegebenenfalls substituiert, eine Arylgruppe gegebenenfalls substituiert, eine lineare oder verzweigte
C4-Co-Alkoxylgruppe, eine Polyethylenoxyl-gruppe R1-O-[-CH,-CH,-O],-, worin R die gleiche Bedeutung hat
wie oben angegeben und n ist eine ganze Zahl im Bereich von 1 bis 4, eine Gruppe -R6-OH, worin R® fiir eine
lineare oder verzweigte C4-C,-Alkylengruppe steht; eine Gruppe -R8-OR7, worin R® die gleichen Bedeutungen
hat wie oben angegeben, und R7 steht fur eine lineare oder verzweigte C4-Coy-Alkylgruppe, oder eine Polye-
thylenoxyl-gruppe R1-O-[-CH,-CH,-O],,-, worin R die gleiche Bedeutung hat wie oben angegeben, und n ist
eine ganze Zahl in einem Bereich von 1 bis 4; eine Gruppe -COR?, worin R die gleichen Bedeutungen hat wie
oben angegeben; eine Gruppe -COOR!, worin R die gleichen Bedeutungen hat wie oben angegeben; eine
-CHO Gruppe; eine Cyanogruppe (-CN);

- R2 steht fiir ein Wasserstoffatom; eine lineare oder verzweigte C4-Cyo-Alkylgruppe; oder, wenn R3 anders ist
als Wasserstoff oder wenn R3 = R2, steht es fir eine lineare oder verzweigte C4-C,4-Alkoxylgruppe;

- oder R3 und R2 kénnen gegebenenfalls miteinander verbunden sein, sodass sie, zusammen mit dem Koh-
lenstoffatom, an das sie binden, einen Zyklus, oder einen polyzyklisches System bilden, enthaltend von 3 bis
14 Kohlenstoffatomen, geséattigt, oder ungesattigt oder aromatisch, gegebenenfalls enthaltend ein oder mehrere
Heteroatome wie beispielsweise Sauerstoff, Schwefel, Stickstoff, Silicium, Phosphor, Selen;

- R4 steht fur ein Wasserstoffatom, eine lineare oder verzweigte C4-Cyy-Alkylgruppe, eine Cycloalkylgruppe
gegebenenfalls substituiert; eine Arylgruppe gegebenenfalls substituiert; eine Heteroarylgruppe gegebenenfalls
substituiert; eine -CHO Gruppe; eine Gruppe -COR?, worin R die gleichen Bedeutungen hat wie oben ange-
geben; eine Gruppe -COOR!, worin R die gleichen Bedeutungen hat wie oben angegeben; eine Gruppe
-CONR?Z, worin R2 die gleichen Bedeutungen hat wie oben angegeben, eine Cyanogruppe (-CN);

- oder R2 und R4 kénnen gegebenenfalls miteinander verbunden sein, sodass sie zusammen mit dem Kohlen-
stoffatom, an das sie binden, einen Zyklus oder ein polyzyklisches System bilden, enthaltend von 3 bis 14
Kohlenstoffatomen, gesattigt, ungesattigt, oder aromatisch, gegebenenfalls enthaltend ein oder mehrere He-
teroatome wie beispielsweise Sauerstoff, Schwefel, Stickstoff, Silicium, Phosphor, Selen;

wobei das Verfahren die Umsetzung mindestens eines disubstituierten N, N’-Dialkyl-1,4,5,8-tetracarboxy-naphtha-
lindimids mit der allgemeinen Formel (II) umfasst:

R
0. N 0

worin X fiir ein Halogenatom steht, ausgewahlt aus Chlor, Brom, lod; R hat die gleichen Bedeutungen wie oben
angegeben;
mit mindestens einer Heteroarylverbindung der allgemeinen Formel (l11):

R
[
R—L H o
Y
worin Y, Z, R3 und R4 die gleichen Bedeutungen haben wie oben angegeben; dadurch gekennzeichnet, dass das
Verfahren ausgefiihrt wird:
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in Gegenwart mindestens einer schwachen organischen Base ausgewahlt aus: Carbonaten der Alkali- oder
Erdalkali-Metalle; oder in Gegenwart mindestens einer schwachen, organischen Saure ausgewahlt aus Essig-
saure, Propionsdure, Pivalinsdure, Isobutylsaure, oder Mischungen davon; und

in Gegenwart mindestens eines Katalysatoren, enthaltend Palladium, ausgewahlt aus: Palladium(ll)-chlorid
[PdCl,], Palladium(ll)-acetat [Pd(OAc),], Palladium (0)-bis(dibenzyliden) [Pd(dba),, worin dba =
CgH5CH=CHCOCH=CHCg4Hj;], Palladium(ll)-bis(acetonitril)-chlorid [Pd(CH3;CN),Cl,] oder Mischungen davon;
und

in Gegenwart mindestens eines nicht polaren organischen Lésungsmittels ausgewahlt aus: Toluen, Xylen,
Chlorbenzen, oder Mischungen davon.

Verfahren nach Anspruch 1, worin sich das Verfahren auf die Herstellung von 2,6-Di-(2,2-thienyl)-N, N’-dialkyl-
1,4,5,8-tetracarboxynaphthalindiimid bezieht, entsprechend einer Tetracarboxynaphtalindiimid-Verbindung, disub-
stituiert in den Positionen 2 und 6 mit Heteroarylgruppen, mit der allgemeinen Formel (1), worin R? fiir eine Ethyl-
hexyl-Gruppe oder eine n-Heptylgruppe steht, Y steht fiir ein Schwefelatom, Z steht fiir eine Gruppe CR2, worin R2
fiir ein Wasserstoffatom steht, und R3 und R4 stehen fiir ein Wasserstoffatom.

Verfahren nach Anspruch 1 oder 2, worin das disubstituierte N, N’-Dialkyl-1,4,5,8-tetracarboxy-naphthalindiimid mit
der allgemeinen Formel (1) und die Heteroarylverbindung mit der allgemeinen Formel (l11) in molaren Verhaltnissen
in einem Bereich von 1:2 bis 1:20 verwendet werden.

Verfahren nach irgendeinem der vorhergehenden Anspriiche, worin das disubstituierte N, N’-Dialkyl-1,4,5,8-tetra-
carboxy-naphthalindiimid mit der allgemeinen Formel (II) und die schwache, organische Base in molaren Verhalt-
nissen in einem Bereich von 1:2,2 bis 1:20 verwendet werden.

Verfahren nach irgendeinem der vorhergehenden Anspriiche, worin das disubstituierte N, N’-Dialkyl-1,4,5,8-tetra-
carboxy-naphthalindiimid mit der allgemeinen Formel (1) und die schwache, organische Saure in molaren Verhalt-
nissen in einem Bereich von 100:10 bis 100:50 verwendet werden.

Verfahren nach irgendeinem der vorherigen Anspriiche, worin das disubstituierte N, N’-Dialkyl-1,4,5,8-tetracarboxy-
naphthalindiimid mit der allgemeinen Formel (Il) und der Palladium enthaltende Katalysator in molaren Verhaltnissen
in einem Bereich von 100:0,1 bis 100:3 verwendet werden.

Verfahren nach irgendeinem der vorhergehenden Anspriiche, worin das Verfahren mindestens in Gegenwart eines
Liganden des Palladium enthaltenden Katalysatoren durchgefihrt wird.

Verfahren nach Anspruch 7 worin der Ligand ausgewahlt ist aus: Triphenylphosphin, Tricyclohexylphosphonium-
tetrafluorborat, 2-Di-cyclohexylphosphin-2’<(N, N’-dimethyl-amino)-biphenyl (DavePhos), Di-tert-butyl(me-
thyl)-phosphonium-tetrafluoroborat, Tri-tert-butyl(methyl)-phosphonium-tetrafluorborat, oder Mischungen davon.

Verfahren nach irgendeinem der vorhergehenden Anspriiche, worin das disubstituierte N, N’-Dialkyl-1,4,5,8-tetra-
carboxy-naphthalindiimid mit der allgemeinen Formel (ll) und der Ligand in Molverhaltnissen in einem Bereich von
100:1 bis 100:10 verwendet werden.

Verfahren nach irgendeinem der vorhergehenden Anspriiche, worin das disubstituierte N, N’-Dialkyl-1,4,5,8-tetra-
carboxy-naphthalindiimid mit der allgemeinen Formel (Il) in einer molaren Konzentration in einem Bereich von 0,05
mmol bis 2 mmol verwendet wird.

Verfahren nach irgendeinem der vorhergehenden Anspriiche, worin das Verfahren bei einer Temperatur in einem
Bereich von 80°C bis 170°C durchgefiihrt wird.

Verfahren nach irgendeinem der vorhergehenden Anspriiche, worin das Verfahren iber einen Zeitraum in einem
Bereich von 30 Minuten bis 24 Stunden durchgefiihrt wird.

Revendications

1.

Procédé de préparation d’'un composé de type diimide d’acide naphtaléne-tétracarboxylique, porteur de deux grou-
pes substituants hétéroaryle, de formule générale (1) :
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R* (I)

dans laquelle

- R représente un groupe alkyle en C4-Cs,

- Y représente un atome d’oxygéne ou de soufre ou un groupe de formule NR5 ou RS représente un atome
d’hydrogéne ou un groupe alkyle en C4-Cy,

- Z représente un atome d’azote ou un groupe de formule CR2 ot R2 a I'une des significations données ci-
dessous,

- R3 représente :

- un atome d’hydrogéne,

- un groupe alkyle en C4-C,,, a chaine linéaire ou ramifiée,

- un groupe cycloalkyle, en option porteur de substituant(s),

- un groupe aryle, en option porteur de substituant(s),

- un groupe alcoxy en C4-C,, a chaine linéaire ou ramifiée,

- un groupe poly(éthyléne-oxy), de formule R1-O-[CH,-CH,-O-],- ol R a la méme signification que celle
donnée ci-dessus et I'indice n est un nombre entier valant de 1 a 4,

- un groupe de formule -R8-OH ou R8 représente un groupe alcane-diyle en C4-Cy, & chaine linéaire ou
ramifiée,

- un groupe de formule -R6-OR7 ot R® a la méme signification que celle donnée ci-dessus et R7 représente
un groupe alkyle en C4-C,q, a chaine linéaire ou ramifiée, ou un groupe poly(éthyléne-oxy), de formule
R1-O-[CH,-CH,-0-],- ou R a la méme signification que celle donnée ci-dessus et I'indice n est un nombre
entier valant de 1 a 4,

- un groupe de formule -COR" ou R! a la méme signification que celle donnée ci-dessus,

- un groupe de formule -COOR" ot R a la méme signification que celle donnée ci-dessus,

- un groupe formyle (-CHO),

- ou un groupe cyano (-CN),

- R2 représente un atome d’hydrogéne ou un groupe alkyle en C4-Cy, & chaine linéaire ou ramifiée, ou bien,
si R3 représente une autre entité qu’'un atome d’hydrogéne ou si R3 représente la méme entité que R2, il
représente un groupe alcoxy en C4-C,, a chaine linéaire ou ramifiée,

- ou bien R3 et R2 peuvent, en option, représenter des entités liées I'une a I'autre pour former, conjointement
avec les atomes de carbone auxquels elles sont liées, un cycle ou un systéme polycyclique comportant de 3
a 14 atomes de carbone, saturé, insaturé ou aromatique, et comportant, en option, un ou plusieurs hétéroato-
me(s), tel(s) un ou des atome(s) d’'oxygene, de soufre, d’azote, de silicium, de phosphore et/ou de sélénium,
- et R4 représente :

- un atome d’hydrogéne,

- un groupe alkyle en C4-C5q, a chaine linéaire ou ramifiée,

- un groupe cycloalkyle, en option porteur de substituant(s),

- un groupe aryle, en option porteur de substituant(s),

- un groupe hétéroaryle, en option porteur de substituant(s),

- un groupe formyle (-CHO),

- un groupe de formule -COR" ou R! a la méme signification que celle donnée ci-dessus,

- un groupe de formule -COOR' ou R! a la méme signification que celle donnée ci-dessus,
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- un groupe de formule -CONR?2 ou R2 a la méme signification que celle donnée ci-dessus,
- ou un groupe cyano (-CN),

- ou bien R2 et R4 peuvent, en option, représenter des entités liées I'une a I'autre pour former, conjointement
avec les atomes de carbone auxquels elles sont liées, un cycle ou un systéme polycyclique comportant de 3
a 14 atomes de carbone, saturé, insaturé ou aromatique, et comportant, en option, un ou plusieurs hétéroato-
me(s), tel(s) un ou des atome(s) d’'oxygene, de soufre, d’azote, de silicium, de phosphore et/ou de sélénium ;

lequel procédé comporte le fait de faire réagir au moins un N,N’-di-alkyl-diimide d’acide naphtaléne-1,4,5,8-tétra-
carboxylique porteur de deux substituants, de formule générale (l1) :

—_

|

X (11)

dans laquelle X représente un atome d’halogéne choisi parmi les atomes de chlore, de brome et d'iode, et R' a la
méme signification que celle donnée plus haut,
avec au moins un composé hétéroaromatique de formule générale (lll) :

y ,ZXH (I11)

dans laquelle Y, Z, R3 et R4 ont les mémes significations que celles données plus haut ;
et lequel procédé est caractérisé en ce qu’il est mis en oeuvre

- en présence d’au moins une base organique faible choisie parmi les carbonates de métal alcalin ou alcalino-
terreux, ou en présence d’au moins un acide organique faible choisi parmi les acides acétique, propionique,
pivalique et isobutyrique et leurs mélanges,

- et en présence d’au moins un catalyseur au palladium, choisi parmi les suivants : chlorure de palladium-(ll)
[PdCI,], acétate de palladium-(ll) [Pd(OAc),], palladium-(0)-bis(dibenzylidéne-acétone) [Pd(dba), ou dba re-
présente CgHsCH=CHCOCH=CgH5], chlorure de palladium-(Il)-bis(acétonitrile) [Pd(CH3CN),Cl,], et leurs mé-
langes,

- et en présence d’au moins un solvant organique non-polaire choisi parmi les toluéne, xyléne et chlorobenzéne
et leurs mélanges.

Procédé conforme a la revendication 1, lequel procédé concerne la préparation d’un N,N’-dialkyl-diimide d’acide
2,6-di(thién-2-yl)-naphtaléne-1,4,5,8-tétracarboxylique, c’est-a-dire d’'un composé de type diimide d’acide naphta-
lene-tétracarboxylique porteur, en positions 2 et 6, de deux groupes substituants hétéroaryle, de formule générale
(1) dans laquelle R représente un groupe éthyl-hexyle ou un groupe n-heptyle, Y représente un atome de soufre,
Z représente un groupe de formule CR2 ol R2 représente un atome d’hydrogéne, et R3 et R4 représentent des
atomes d’hydrogéne.

Procédé conforme a la revendication 1 ou 2, dans lequel ledit N,N’-dialkyl-diimide d’acide naphtaléne-1,4,5,8-

tétracarboxylique porteur de deux substituants, de formule générale (ll), et ledit composé hétéroaromatique de
formule générale (lll) sont utilisés en un rapport molaire valant de 1/2 a 1/20.
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Procédé conforme a 'une des revendications précédentes, dans lequel ledit N,N’-dialkyl-diimide d’acide naphtaléne-
1,4,5,8-tétracarboxylique porteur de deux substituants, de formule générale (11), et ladite base organique faible sont
utilisés en un rapport molaire valant de 1/2,2 a 1/20.

Procédé conforme a I'une des revendications précédentes, dans lequel ledit N,N’-dialkyl-diimide d’acide naphtaléne-
1,4,5,8-tétracarboxylique porteur de deux substituants, de formule générale (1), et ledit acide organique faible sont
utilisés en un rapport molaire valant de 100/10 a 100/50.

Procédé conforme a I'une des revendications précédentes, dans lequel ledit N,N’-dialkyl-diimide d’acide naphtaléne-
1,4,5,8-tétracarboxylique porteur de deux substituants, de formule générale (ll), et ledit catalyseur au palladium
sont utilisés en un rapport molaire valant de 100/0,1 a 100/3.

Procédé conforme a I'une des revendications précédentes, lequel procédé est mis en oeuvre en présence d’au
moins un ligand pour le catalyseur au palladium.

Procédé conforme a la revendication 7, dans lequel ledit ligand est choisi parmi les suivants : triphényl-phosphine,
borofluorure de tricyclohexyl-phosphonium, 2-(dicyclohexyl-phosphino)-2’-(N,N-di-méthyl-amino)-biphényle (Dave-
phos), borofluorure de ditertiobutyl-méthyl-phosphonium, borofluorure de tritertiobutyl-méthyl-phosphonium, et leurs
mélanges.

Procédé conforme a I'une des revendications précédentes, dans lequel ledit N,N’-dialkyl-diimide d’acide naphtaléne-
1,4,5,8-tétracarboxylique porteur de deux substituants, de formule générale (Il), et ledit ligand sont utilisés en un
rapport molaire valant de 100/1 a 100/10.

Procédé conforme a I'une des revendications précédentes, dans lequel ledit N,N’-dialkyl-diimide d’acide naphtaléne-
1,4,5,8-tétracarboxylique porteur de deux substituants, de formule générale (Il), est utilisé en une concentration

molaire valant de 0,05 a 2 millimoles.

Procédé conforme a I'une des revendications précédentes, lequel procédé est mis en oeuvre a une température
de 80a 170 °C.

Procédé conforme a I'une des revendications précédentes, lequel procédé est mis en oeuvre durant 30 minutes a
24 heures.
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