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Description

Technical Field

[0001] The invention relates to improved fullerene derivatives, to methods for their synthesis and any educts or inter-
mediates used in such methods, to compositions and formulations containing fullerene derivatives, to the use of the
fullerene derivatives, compositions and formulations in, or for the preparation of, organic electronic (OE) devices like for
example organic photovoltaic (OPV) devices or organic photodetectors (OPD), and to OE, OPV and OPD devices
comprising, or being prepared from, these fullerene derivatives, compositions or formulations.

Background

[0002] In recent years, there has been development of organic semiconducting (OSC) materials in order to produce
more versatile, lower cost electronic devices. Such materials find application in a wide range of devices or apparatus,
including organic field effect transistors (OFETs), organic light emitting diodes (OLEDs), organic photodetectors (OPDs),
organic photovoltaic (OPV) cells, sensors, memory elements and logic circuits to name just a few. The organic semi-
conducting materials are typically present in the electronic device in the form of a thin layer, for example of between 50
and 300 nm thickness.
[0003] The photosensitive layer in an OPV or OPD device is typically composed of at least two materials, a p-type
semiconductor such as a polymer, an oligomer or a defined molecular unit, and a n-type semiconductor which is for
example a fullerene derivative.
[0004] Fullerene derivatives are known in the art. See for example Hirsch, Brettreich, Fullerenes: Chemistry and
Reactions, Wiley, 2005. See also for example E. Voroshazi et al., J. Mater. Chem. 2011, 21, 17345-17352; K.-H. Kim
et al., Chem. Mater. 2011, 23, 5090-5095; and X. Meng, ACS Appl. Mater. Interfaces 2012, 4, 5966-5973. See also US
2010/0132782 A1, US 2012/0004476 A1, WO 2008/018931 A1, WO 2010/087655 A1 and US 8,217,260, which disclose
o-QDM (ortho-quinodimethane) fullerenes.
[0005] However, while in recent years many p-type semiconductors, mainly polymers, have been prepared to enhance
the performance of an OPV device, the development of suitable fullerene derivatives for use as n-type semiconductor
in OPV devices has been limited to only a few selected candidates like PCBM-C60. Also, the physical properties of the
fullerene derivatives known in the art, such as solubility, light stability, thermal stability are limiting their use in commercial
applications.
[0006] Thus there is still a need for fullerene derivatives which are easy to synthesize, especially by methods suitable
for mass production, show good structural organization and film-forming properties, exhibit good electronic properties,
especially a high charge carrier mobility, a good processability, especially a high solubility in organic solvents, and high
light and thermal stability.
[0007] It was an aim of the present invention to provide fullerene derivatives that provide one or more of the above-
mentioned advantageous properties. Another aim of the invention was to extend the pool of n-type OSC materials
available to the expert. Other aims of the present invention are immediately evident to the expert from the following
detailed description.
[0008] The inventors of this invention have found that one or more of the above aims can be achieved by providing
fullerene derivatives as claimed hereinafter. These fullerene derivatives are based on o-QDM fullerene, which is sub-
stituted in both alpha-positions to the benzene ring.
[0009] It was found that the fullerene derivatives as claimed hereinafter demonstrate one or more of the improved
properties as described above, especially for use in OPV/OPD applications, and are better suitable for use as n-type
semiconductor in OE devices compared to the fullerene derivatives as disclosed in prior art.
[0010] US 5,763,719 and DE 4301458 A1 disclose an o-QDM fullerene of the following formula

wherein "F" is a fullerene and R1 to R8 denote a H-atom or a substituent selected from a broad variety of meanings.
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However, there is only explicit written disclosure for fullerenes, and their synthesis, wherein all of R5 to R8 denote H.
[0011] JP 2013-128001 A1 and JP 2011-238847 A1 disclose an o-QDM fullerene derivative of the following formula

wherein "FLN" is a fullerene, Ar1 is an aryl group and R1 to R4 denote a H-atom or a substituent selected from a broad
variety of meanings. Again, there is only explicit written disclosure for fullerenes, and their synthesis, wherein all of R1

to R4 denote H.
[0012] S. Lu et al., Org. Letters 2013, disclose an o-QDM fullerene derivative of the following formula

wherein R2 is methyl and R1 is for example COOCH3 or CN.
[0013] Youjun He et al., J. Mater. Chem. 2012, 22, 13391, disclose o-QDM fullerene derivatives of the following formulae

[0014] US 5,763,719 and JP 2010-238847 A1 disclose o-QDM fullerenes with various substituents.
[0015] Hirsch et al., Angew. Chem. Int. Ed. Engl. 1995, 34(15), 1607-1609, and Murata et al., JACS 2008, 130,
15800-15801, disclose the adduct of C60 fullerene and 9,10-dimethylanthracene (DMA).
[0016] Kräutler et al., Chemistry - A European Journal 2001, 7(15), 3223-3235, discloses adducts of C60 fullerene
and methyl-, dimethyl-, tetramethyl- or di-t-butylanthracene.
[0017] Chuang et al., J. Org. Chem. 2007, 72, 2716-2723, discloses the adduct of C60 fullerene and isobenzofurane.
[0018] CAS No. 1101871-58-2 discloses an o-QDM fullerene wherein the benzene ring is substituted by an OH group.
[0019] However, fullerene derivatives as claimed hereinafter have hitherto not been disclosed or suggested in prior art.

Summary

[0020] The invention relates to compounds of formula I, including isomers thereof
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wherein

Cn is a fullerene composed of n carbon atoms, optionally with one or more atoms trapped inside,
Adduct is a secondary adduct, or a combination of secondary adducts, appended to the fullerene Cn,
m is the number of secondary adducts appended to the fullerene Cn, and is 0, an integer ≥ 1, or a non-integer > 0,
o is an integer ≥ 1,

R1, R2, R3, R4, R5, R6, R7 and R8 denote H or an alkyl, alkoxy, thioalkyl, alkylcarbonyl, alkoxycarbonyl or alkylcarbonyloxy
group, all of which are straight-chain or branched, have 2 to 20 C atoms, very preferably 2 to 12 C atoms, and are
optionally fluorinated,
characterized in that in formula I at least one of R5 and R7 is different from H and at least one of R6 and R8 is different from H.
[0021] The invention further relates to the use of the compounds of formula I as electron acceptor or n-type semicon-
ductor.
[0022] The invention further relates to the use of compounds of formula I as electron acceptor or n-type component
in a semiconducting material, organic electronic device or component of an organic electronic device.
[0023] The invention further relates to a composition comprising one or more compounds selected from formula I.
[0024] The invention further relates to a composition comprising two or more fullerene derivatives, one or more of
which are selected from formula I.
[0025] The invention further relates to a composition comprising one or more compounds selected from formula I,
preferably as electron acceptor or n-type component, and further comprising one or more semiconducting compounds,
which preferably have electron donor or p-type properties.
[0026] The invention further relates to a composition comprising one or more compounds selected from formula I, and
further comprising one or more p-type organic semiconductor compounds, preferably selected from conjugated organic
polymers.
[0027] The invention further relates to a composition comprising one or more compounds selected from formula I, and
further comprising one or more compounds which are selected from compounds having one or more of a semiconducting,
charge transport, hole transport, electron transport, hole blocking, electron blocking, electrically conducting, photocon-
ducting and light emitting property.
[0028] The invention further relates to the use of a compound selected from formula I, or a composition comprising it,
as semiconducting, charge transport, electrically conducting, photoconducting or light emitting material, or in an optical,
electrooptical, electronic, electroluminescent or photoluminescent device, or in a component of such a device or in an
assembly comprising such a device or component.
[0029] The invention further relates to a semiconducting, charge transport, electrically conducting, photoconducting
or light emitting material, which comprises a compound selected from formula I or a composition comprising it as described
above and below.
[0030] The invention further relates to a formulation comprising one or more compounds selected from formula I, or
a composition or material comprising it as described above and below, and further comprising one or more solvents,
preferably selected from organic solvents.
[0031] The invention further relates to an optical, electrooptical, electronic, electroluminescent or photoluminescent
device, or a component thereof, or an assembly comprising it, which is prepared using a formulation as described above
and below.
[0032] The invention further relates to an optical, electrooptical, electronic, electroluminescent or photoluminescent
device, or a component thereof, or an assembly comprising it, which comprises a compound selected from formula I,
or a composition or a material comprising it as described above and below.
[0033] The optical, electrooptical, electronic, electroluminescent and photoluminescent devices include, without limi-
tation, organic field effect transistors (OFET), organic thin film transistors (OTFT), organic light emitting diodes (OLED),
organic light emitting transistors (OLET), organic photovoltaic devices (OPV), organic photodetectors (OPD), organic
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solar cells, laser diodes, Schottky diodes, photoconductors, photodetectors and thermoelectric device.
[0034] The components of the above devices include, without limitation, charge injection layers, charge transport
layers, interlayers, planarising layers, antistatic films, polymer electrolyte membranes (PEM), conducting substrates and
conducting patterns.
[0035] The assemblies comprising such devices or components include, without limitation, integrated circuits (IC),
radio frequency identification (RFID) tags or security markings or security devices containing them, flat panel displays
or backlights thereof, electrophotographic devices, electrophotographic recording devices, organic memory devices,
sensor devices, biosensors and biochips.
[0036] In addition the compounds, mixtures or materials of the present invention can be used as electrode materials
in batteries and in components or devices for detecting and discriminating DNA sequences.
[0037] The invention further relates to a bulk heterojunction which comprises, or is being formed from, a composition
comprising one or more compounds selected from formula I and one or more p-type organic semiconductor compounds
that are selected from conjugated organic polymers. The invention further relates to a bulk heterojunction (BHJ) OPV
device, or an inverted BHJ OPV device, comprising such a bulk heterojunction.

Terms and Definitions

[0038] As used herein, any reference to "formula I" or "formula I and its subformulae" is understood to be inclusive of
any specific subformula of formula I as shown hereinafter, including but not limited to formulae I1, I2, I1a, I2a, I1a1, I1a2,
I2a1 and I2a2.
[0039] As used herein, the term "fullerene" will be understood to mean a compound composed of an even number of
carbon atoms, which form a cage-like fused-ring having a surface which comprises six-membered rings and five-mem-
bered rings, usually with twelve five-membered rings and the rest six-membered rings, optionally with one or more atoms
trapped inside. The surface of the fullerene may also contain hetero atoms like B or N.
[0040] As used herein, the term "endohedral fullerene" will be understood to mean a fullerene with one or more atoms
trapped inside.
[0041] As used herein, the term "metallofullerene" will be understood to mean an endohedral fullerene wherein the
atoms trapped inside are selected from metal atoms.
[0042] As used herein, the term "carbon based fullerene" will be understood to mean a fullerene without any atoms
trapped inside, and wherein the surface is comprised only of carbon atoms.
[0043] As used herein, the term "polymer" will be understood to mean a molecule of high relative molecular mass, the
structure of which essentially comprises the multiple repetition of units derived, actually or conceptually, from molecules
of low relative molecular mass (Pure Appl. Chem., 1996, 68, 2291). The term "oligomer" will be understood to mean a
molecule of intermediate relative molecular mass, the structure of which essentially comprises a small plurality of units
derived, actually or conceptually, from molecules of lower relative molecular mass (Pure Appl. Chem., 1996, 68, 2291).
In a preferred meaning as used herein present invention a polymer will be understood to mean a compound having >
1, i.e. at least 2 repeat units, preferably ≥ 5 repeat units, and an oligomer will be understood to mean a compound with
> 1 and < 10, preferably < 5, repeat units.
[0044] Further, as used herein, the term "polymer" will be understood to mean a molecule that encompasses a backbone
(also referred to as "main chain") of one or more distinct types of repeat units (the smallest constitutional unit of the
molecule) and is inclusive of the commonly known terms "oligomer", "copolymer", "homopolymer" and the like. Further,
it will be understood that the term polymer is inclusive of, in addition to the polymer itself, residues from initiators, catalysts
and other elements attendant to the synthesis of such a polymer, where such residues are understood as not being
covalently incorporated thereto. Further, such residues and other elements, while normally removed during post polym-
erization purification processes, are typically mixed or co-mingled with the polymer such that they generally remain with
the polymer when it is transferred between vessels or between solvents or dispersion media.
[0045] As used herein, in a formula showing a polymer or a repeat unit, an asterisk (*) will be understood to mean a
chemical linkage to an adjacent unit or to a terminal group in the polymer backbone. In a ring, like for example a benzene
or thiophene ring, an asterisk (*) will be understood to mean a C atom that is fused to an adjacent ring.
[0046] As used herein, the terms "repeat unit", "repeating unit" and "monomeric unit" are used interchangeably and
will be understood to mean the constitutional repeating unit (CRU), which is the smallest constitutional unit the repetition
of which constitutes a regular macromolecule, a regular oligomer molecule, a regular block or a regular chain (Pure
Appl. Chem., 1996, 68, 2291). As further used herein, the term "unit" will be understood to mean a structural unit which
can be a repeating unit on its own, or can together with other units form a constitutional repeating unit.
[0047] As used herein, a "terminal group" will be understood to mean a group that terminates a polymer backbone.
The expression "in terminal position in the backbone" will be understood to mean a divalent unit or repeat unit that is
linked at one side to such a terminal group and at the other side to another repeat unit. Such terminal groups include
endcap groups, or reactive groups that are attached to a monomer forming the polymer backbone which did not participate
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in the polymerisation reaction, like for example a group having the meaning of R5 or R6 as defined below.
[0048] As used herein, the term "endcap group" will be understood to mean a group that is attached to, or replacing,
a terminal group of the polymer backbone. The endcap group can be introduced into the polymer by an endcapping
process. Endcapping can be carried out for example by reacting the terminal groups of the polymer backbone with a
monofunctional compound ("endcapper") like for example an alkyl- or arylhalide, an alkyl- or arylstannane or an alkyl-
or arylboronate. The endcapper can be added for example after the polymerisation reaction. Alternatively the endcapper
can be added in situ to the reaction mixture before or during the polymerisation reaction. In situ addition of an endcapper
can also be used to terminate the polymerisation reaction and thus control the molecular weight of the forming polymer.
Typical endcap groups are for example H, phenyl and lower alkyl.
[0049] As used herein, the term "small molecule" will be understood to mean a monomeric compound which typically
does not contain a reactive group by which it can be reacted to form a polymer, and which is designated to be used in
monomeric form. In contrast thereto, the term "monomer" unless stated otherwise will be understood to mean a monomeric
compound that carries one or more reactive functional groups by which it can be reacted to form a polymer.
[0050] As used herein, the terms "donor" or "donating" and "acceptor" or "accepting" will be understood to mean an
electron donor or electron acceptor, respectively. "Electron donor" will be understood to mean a chemical entity that
donates electrons to another compound or another group of atoms of a compound. "Electron acceptor" will be understood
to mean a chemical entity that accepts electrons transferred to it from another compound or another group of atoms of
a compound. See also International Union of Pure and Applied Chemistry, Compendium of Chemical Technology, Gold
Book, Version 2.3.2, 19. August 2012, pages 477 and 480.
[0051] As used herein, the term "n-type" or "n-type semiconductor" will be understood to mean an extrinsic semicon-
ductor in which the conduction electron density is in excess of the mobile hole density, and the term "p-type" or "p-type
semiconductor" will be understood to mean an extrinsic semiconductor in which mobile hole density is in excess of the
conduction electron density (see also, J. Thewlis, Concise Dictionary of Physics, Pergamon Press, Oxford, 1973).
[0052] As used herein, the term "leaving group" will be understood to mean an atom or group (which may be charged
or uncharged) that becomes detached from an atom in what is considered to be the residual or main part of the molecule
taking part in a specified reaction (see also Pure Appl. Chem., 1994, 66, 1134).
[0053] As used herein, the term "conjugated" will be understood to mean a compound (for example a polymer) that
contains mainly C atoms with sp2-hybridisation (or optionally also sp-hybridisation), and wherein these C atoms may
also be replaced by hetero atoms. In the simplest case this is for example a compound with alternating C-C single and
double (or triple) bonds, but is also inclusive of compounds with aromatic units like for example 1,4-phenylene. The term
"mainly" in this connection will be understood to mean that a compound with naturally (spontaneously) occurring defects,
or with defects included by design, which may lead to interruption of the conjugation, is still regarded as a conjugated
compound.
[0054] As used herein, unless stated otherwise the molecular weight is given as the number average molecular weight
Mn or weight average molecular weight Mw, which is determined by gel permeation chromatography (GPC) against
polystyrene standards in eluent solvents such as tetrahydrofuran, trichloromethane (TCM, chloroform), chlorobenzene
or 1,2,4-trichlorobenzene. Unless stated otherwise, 1,2,4-trichlorobenzene is used as solvent. The degree of polymer-
ization, also referred to as total number of repeat units, n, will be understood to mean the number average degree of
polymerization given as n = Mn/Mu, wherein Mn is the number average molecular weight and Mu is the molecular weight
of the single repeat unit, see J. M. G. Cowie, Polymers: Chemistry & Physics of Modern Materials, Blackie, Glasgow, 1991.
[0055] As used herein, the term "carbyl group" will be understood to mean any monovalent or multivalent organic
moiety which comprises at least one carbon atom either without any non-carbon atoms (like for example -C≡C-), or
optionally combined with at least one non-carbon atom such as B, N, O, S, P, Si, Se, As, Te or Ge (for example carbonyl
etc.).
[0056] As used herein, the term "hydrocarbyl group" will be understood to mean a carbyl group that does additionally
contain one or more H atoms and optionally contains one or more hetero atoms like for example B, N, O, S, P, Si, Se,
As, Te or Ge.
[0057] As used herein, the term "hetero atom" will be understood to mean an atom in an organic compound that is
not a H- or C-atom, and preferably will be understood to mean B, N, O, S, P, Si, Se, As, Te or Ge.
[0058] A carbyl or hydrocarbyl group comprising a chain of 3 or more C atoms may be straight-chain, branched and/or
cyclic, and may include spiro-connected and/or fused rings.
[0059] Preferred carbyl and hydrocarbyl groups include alkyl, alkoxy, alkylcarbonyl, alkoxycarbonyl, alkylcarbonyloxy
and alkoxycarbonyloxy, each of which is optionally substituted and has 1 to 40, preferably 1 to 25, very preferably 1 to
18 C atoms, furthermore optionally substituted aryl or aryloxy having 6 to 40, preferably 6 to 25 C atoms, furthermore
alkylaryloxy, arylcarbonyl, aryloxycarbonyl, arylcarbonyloxy and aryloxycarbonyloxy, each of which is optionally substi-
tuted and has 6 to 40, preferably 7 to 40 C atoms, wherein all these groups do optionally contain one or more hetero
atoms, preferably selected from B, N, O, S, P, Si, Se, As, Te and Ge.
[0060] Further preferred carbyl and hydrocarbyl group include for example: a C1-C40 alkyl group, a C1-C40 fluoroalkyl
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group, a C1-C40 alkoxy or oxaalkyl group, a C2-C40 alkenyl group, a C2-C40 alkynyl group, a C3-C40 allyl group, a C4-C40
alkyldienyl group, a C4-C40 polyenyl group, a C2-C40 ketone group, a C2-C40 ester group, a C6-C18 aryl group, a C6-C40
alkylaryl group, a C6-C40 arylalkyl group, a C4-C40 cycloalkyl group, a C4-C40 cycloalkenyl group, and the like. Preferred
among the foregoing groups are a C1-C20 alkyl group, a C1-C20 fluoroalkyl group, a C2-C20 alkenyl group, a C2-C20
alkynyl group, a C3-C20 allyl group, a C4-C20 alkyldienyl group, a C2-C20 ketone group, a C2-C20 ester group, a C6-C12
aryl group, and a C4-C20 polyenyl group, respectively.
[0061] Also included are combinations of groups having carbon atoms and groups having hetero atoms, like e.g. an
alkynyl group, preferably ethynyl, that is substituted with a silyl group, preferably a trialkylsilyl group.
[0062] The carbyl or hydrocarbyl group may be an acyclic group or a cyclic group. Where the carbyl or hydrocarbyl
group is an acyclic group, it may be straight-chain or branched. Where the carbyl or hydrocarbyl group is a cyclic group,
it may be a non-aromatic carbocyclic or heterocyclic group, or an aryl or heteroaryl group.
[0063] A non-aromatic carbocyclic group as referred to above and below is saturated or unsaturated and preferably
has 4 to 30 ring C atoms. A non-aromatic heterocyclic group as referred to above and below preferably has 4 to 30 ring
C atoms, wherein one or more of the C ring atoms are optionally replaced by a hetero atom, preferably selected from
N, O, S, Si and Se, or by a -S(O)- or -S(O)2- group. The non-aromatic carbo- and heterocyclic groups are mono- or
polycyclic, may also contain fused rings, preferably contain 1, 2, 3 or 4 fused or unfused rings, and are optionally
substituted with one or more groups L, wherein
L is selected from halogen, -CN, -NC, -NCO, -NCS, -OCN, -SCN, -C(=O)NR0R00, -C(=O)X0, -C(=O)R0, -NH2, -NR0R00,
-SH, -SR0, -SO3H, -SO2R0, -OH, -NO2, -CF3, -SF5, optionally substituted silyl, or carbyl or hydrocarbyl with 1 to 40 C
atoms that is optionally substituted and optionally comprises one or more hetero atoms, and is preferably alkyl, alkoxy,
thioalkyl, alkylcarbonyl, alkoxycarbonyl or alkoxycarbonyloxy with 1 to 20 C atoms that is optionally fluorinated, X0 is
halogen, preferably F, Cl or Br, and R0, R00 have the meanings given above and below, and preferably denote H or alkyl
with 1 to 12 C atoms.
[0064] Preferred substituents L are selected from halogen, most preferably F, or alkyl, alkoxy, oxaalkyl, thioalkyl,
fluoroalkyl and fluoroalkoxy with 1 to 12 C atoms, or alkenyl or alkynyl with 2 to 12 C atoms.
[0065] Preferred non-aromatic carbocyclic or heterocyclic groups are tetrahydrofuran, indane, pyran, pyrrolidine, pip-
eridine, cyclopentane, cyclohexane, cycloheptane, cyclopentanone, cyclohexanone, dihydro-furan-2-one, tetrahydro-
pyran-2-one and oxepan-2-one.
[0066] An aryl group as referred to above and below preferably has 4 to 30 ring C atoms, is mono- or polycyclic and
may also contain fused rings, preferably contains 1, 2, 3 or 4 fused or unfused rings, and is optionally substituted with
one or more groups L as defined above.
[0067] A heteroaryl group as referred to above and below preferably has 4 to 30 ring C atoms, wherein one or more
of the C ring atoms are replaced by a hetero atom, preferably selected from N, O, S, Si and Se, is mono- or polycyclic
and may also contain fused rings, preferably contains 1, 2, 3 or 4 fused or unfused rings, and is optionally substituted
with one or more groups L as defined above.
[0068] As used herein, "arylene" will be understood to mean a divalent aryl group, and "heteroarylene" will be understood
to mean a divalent heteroaryl group, including all preferred meanings of aryl and heteroaryl as given above and below.
[0069] Preferred aryl and heteroaryl groups are phenyl in which, in addition, one or more CH groups may be replaced
by N, naphthalene, thiophene, selenophene, thienothiophene, dithienothiophene, fluorene and oxazole, all of which can
be unsubstituted, mono- or polysubstituted with L as defined above. Very preferred rings are selected from pyrrole,
preferably N-pyrrole, furan, pyridine, preferably 2- or 3-pyridine, pyrimidine, pyridazine, pyrazine, triazole, tetrazole,
pyrazole, imidazole, isothiazole, thiazole, thiadiazole, isoxazole, oxazole, oxadiazole, thiophene, preferably 2-thiophene,
selenophene, preferably 2-selenophene, thieno[3,2-b]thiophene, thieno[2,3-b]thiophene, furo[3,2-b]furan, furo[2,3-
b]furan, seleno[3,2-b]selenophene, seleno[2,3-b]selenophene, thieno[3,2-b]selenophene, thieno[3,2-b]furan, indole, iso-
indole, benzo[b]furan, benzo[b]thiophene, benzo[1,2-b;4,5-b’]dithiophene, benzo[2,1-b;3,4-b’]dithiophene, quinole, 2-
methylquinole, isoquinole, quinoxaline, quinazoline, benzotriazole, benzimidazole, benzothiazole, benzisothiazole, ben-
zisoxazole, benzoxadiazole, benzoxazole, benzothiadiazole, 4H-cyclopenta[2,1-b;3,4-b’]dithiophene, 7H-3,4-dithia-7-
sila-cyclopenta[a]pentalene, all of which can be unsubstituted, mono- or polysubstituted with L as defined above. Further
examples of aryl and heteroaryl groups are those selected from the groups shown hereinafter.
[0070] An alkyl group or an alkoxy group, i.e., where the terminal CH2 group is replaced by -O-, can be straight-chain
or branched. It is preferably straight-chain, has 2, 3, 4, 5, 6, 7, 8, 12 or 16 carbon atoms and accordingly is preferably
ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, dodecyl or hexadecyl, ethoxy, propoxy, butoxy, pentoxy, hexoxy, heptoxy,
octoxy, dodecoxy or hexadecoxy, furthermore methyl, nonyl, decyl, undecyl, tridecyl, tetradecyl, pentadecyl, nonoxy,
decoxy, undecoxy, tridecoxy or tetradecoxy, for example.
[0071] An alkenyl group, i.e., wherein one or more CH2 groups are replaced by-CH=CH- can be straight-chain or
branched. It is preferably straight-chain, has 2 to 10 C atoms and accordingly is preferably vinyl, prop-1-, or prop-2-enyl,
but-1-, 2- or but-3-enyl, pent-1-, 2-, 3- or pent-4-enyl, hex-1-, 2-, 3-, 4- or hex-5-enyl, hept-1-, 2-, 3-, 4-, 5- or hept-6-enyl,
oct-1-, 2-, 3-, 4-, 5-, 6- or oct-7-enyl, non-1-, 2-, 3-, 4-, 5-, 6-, 7- or non-8-enyl, dec-1-, 2-, 3-, 4-, 5-, 6-, 7-, 8- or dec-9-enyl.
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[0072] Especially preferred alkenyl groups are C2-C7-1E-alkenyl, C4-C7-3E-alkenyl, C5-C7-4-alkenyl, C6-C7-5-alkenyl
and C7-6-alkenyl, in particular C2-C7-1E-alkenyl, C4-C7-3E-alkenyl and C5-C7-4-alkenyl. Examples for particularly pre-
ferred alkenyl groups are vinyl, 1 E-propenyl, 1 E-butenyl, 1 E-pentenyl, 1 E-hexenyl, 1 E-heptenyl, 3-butenyl, 3E-
pentenyl, 3E-hexenyl, 3E-heptenyl, 4-pentenyl, 4Z-hexenyl, 4E-hexenyl, 4Z-heptenyl, 5-hexenyl, 6-heptenyl and the
like. Groups having up to 5 C atoms are generally preferred.
[0073] An oxaalkyl group, i.e., where one CH2 group is replaced by -O-, is preferably straight-chain 2-oxapropyl
(=methoxymethyl), 2-(=ethoxymethyl) or 3-oxabutyl (=2-methoxyethyl), 2-, 3-, or 4-oxapentyl, 2-, 3-, 4-, or 5-oxahexyl,
2-, 3-, 4-, 5-, or 6-oxaheptyl, 2-, 3-, 4-, 5-, 6- or 7-oxaoctyl, 2-, 3-, 4-, 5-, 6-, 7- or 8-oxanonyl or 2-, 3-, 4-, 5-, 6-,7-, 8- or
9-oxadecyl, for example.
[0074] In an alkyl group wherein one CH2 group is replaced by -O- and one CH2 group is replaced by -C(O)-, these
radicals are preferably neighboured. Accordingly these radicals together form a carbonyloxy group -C(O)-O- or an
oxycarbonyl group -O-C(O)-. Preferably this group is straight-chain and has 2 to 6 C atoms. It is accordingly preferably
acetyloxy, propionyloxy, butyryloxy, pentanoyloxy, hexanoyloxy, acetyloxymethyl, propionyloxymethyl, butyryloxyme-
thyl, pentanoyloxymethyl, 2-acetyloxyethyl, 2-propionyloxyethyl, 2-butyryloxyethyl, 3-acetyloxypropyl, 3-propionyloxy-
propyl, 4-acetyloxybutyl, methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl, pentoxycarbonyl, meth-
oxycarbonylmethyl, ethoxycarbonylmethyl, propoxycarbonylmethyl, butoxycarbonylmethyl, 2-(methoxycarbonyl)ethyl,
2-(ethoxycarbonyl)ethyl, 2-(propoxycarbonyl)ethyl, 3-(methoxycarbonyl)propyl, 3-(ethoxycarbonyl)propyl, 4-(methoxy-
carbonyl)-butyl.
[0075] An alkyl group wherein two or more CH2 groups are replaced by -O- and/or -C(O)O- can be straight-chain or
branched. It is preferably straight-chain and has 3 to 12 C atoms. Accordingly it is preferably bis-carboxy-methyl, 2,2-
bis-carboxy-ethyl, 3,3-bis-carboxy-propyl, 4,4-bis-carboxy-butyl, 5,5-bis-carboxy-pentyl, 6,6-bis-carboxy-hexyl, 7,7-bis-
carboxy-heptyl, 8,8-bis-carboxy-octyl, 9,9-bis-carboxy-nonyl, 10,10-bis-carboxy-decyl, bis-(methoxycarbonyl)-methyl,
2,2-bis-(methoxycarbonyl)-ethyl, 3,3-bis-(methoxycarbonyl)-propyl, 4,4-bis-(methoxycarbonyl)-butyl, 5,5-bis-(methoxy-
carbonyl)-pentyl, 6,6-bis-(methoxycarbonyl)-hexyl, 7,7-bis-(methoxycarbonyl)-heptyl, 8,8-bis-(methoxycarbonyl)-octyl,
bis-(ethoxycarbonyl)-methyl, 2,2-bis-(ethoxycarbonyl)-ethyl, 3,3-bis-(ethoxycarbonyl)-propyl, 4,4-bis-(ethoxycarbo-
nyl)-butyl, 5,5-bis-(ethoxycarbonyl)-hexyl.
[0076] A thioalkyl group, i.e., where one CH2 group is replaced by -S-, is preferably straight-chain thiomethyl (-SCH3),
1-thioethyl (-SCH2CH3), 1-thiopropyl (= -SCH2CH2CH3), 1- (thiobutyl), 1-(thiopentyl), 1-(thiohexyl), 1-(thioheptyl),
1-(thiooctyl), 1-(thiononyl), 1-(thiodecyl), 1-(thioundecyl) or 1-(thiododecyl), wherein preferably the CH2 group adjacent
to the sp2 hybridised vinyl carbon atom is replaced.
[0077] A fluoroalkyl group is perfluoroalkyl CiF2i+1, wherein i is an integer from 1 to 15, in particular CF3, C2F5, C3F7,
C4F9, C5F11, C6F13, C7F15 or C8F17, very preferably C6F13, or partially fluorinated alkyl with 1 to 15 C atoms, in particular
1,1-difluoroalkyl, all of which are straight-chain or branched.
[0078] Alkyl, alkoxy, alkenyl, oxaalkyl, thioalkyl, carbonyl and carbonyloxy groups can be achiral or chiral groups.
Particularly preferred chiral groups are 2-butyl (=1-methylpropyl), 2-methylbutyl, 2-methylpentyl, 3-methylpentyl, 2-ethyl-
hexyl, 2-butyloctyl, 2-hexyldecyl, 2-octyldodecyl, 2-propylpentyl, in particular 2-methylbutyl, 2-methylbutoxy, 2-methyl-
pentoxy, 3-methylpentoxy, 2-ethyl-hexoxy, 2-butyloctoxyo, 2-hexyldecoxy, 2-octyldodecoxy, 1-methylhexoxy, 2-octy-
loxy, 2-oxa-3-methylbutyl, 3-oxa-4-methyl-pentyl, 4-methylhexyl, 2-hexyl, 2-octyl, 2-nonyl, 2-decyl, 2-dodecyl, 6-meth-
oxy-octoxy, 6-methyloctoxy, 6-methyloctanoyloxy, 5-methylheptyloxy-carbonyl, 2-methylbutyryloxy, 3-methylvaleroy-
loxy, 4-methylhexanoyloxy, 2-chloro-propionyloxy, 2-chloro-3-methylbutyryloxy, 2-chloro-4-methyl-valeryl-oxy, 2-chloro-
3-methylvaleryloxy, 2-methyl-3-oxapentyl, 2-methyl-3-oxa-hexyl, 1-methoxypropyl-2-oxy, 1-ethoxypropyl-2-oxy, 1-pro-
poxypropyl-2-oxy, 1-butoxypropyl-2-oxy, 2-fluorooctyloxy, 2-fluorodecyloxy, 1,1,1-trifluoro-2-octyloxy, 1,1,1-trifluoro-2-
octyl, 2-fluoromethyloctyloxy for example. Very preferred are 2-ethylhexyl, 2-butyloctyl, 2-hexyldecyl, 2-octyldodecyl, 2-
hexyl, 2-octyl, 2-octyloxy, 1,1,1-trifluoro-2-hexyl, 1,1,1-trifluoro-2-octyl and 1,1,1-trifluoro-2-octyloxy.
[0079] Preferred achiral branched groups are isopropyl, isobutyl (=methylpropyl), isopentyl (=3-methylbutyl), tert. butyl,
isopropoxy, 2-methyl-propoxy and 3-methylbutoxy.
[0080] In a preferred embodiment, the alkyl groups are independently of each other selected from primary, secondary
or tertiary alkyl or alkoxy with 1 to 30 C atoms, wherein one or more H atoms are optionally replaced by F, or aryl, aryloxy,
heteroaryl or heteroaryloxy that is optionally alkylated or alkoxylated and has 4 to 30 ring atoms. Very preferred groups
of this type are selected from the group consisting of the following formulae
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wherein "ALK" denotes optionally fluorinated, preferably linear, alkyl or alkoxy with 1 to 20, preferably 1 to 12 C-atoms,
in case of tertiary groups very preferably 1 to 9 C atoms, and the dashed line denotes the link to the ring to which these
groups are attached. Especially preferred among these groups are those wherein all ALK subgroups are identical.
[0081] As used herein, "halogen" or "hal" includes F, Cl, Br or I, preferably F, Cl or Br.
[0082] As used herein, -CO-, -C(=O)- and -C(O)- will be understood to mean a carbonyl group, i.e. a group having the
structure

[0083] Above and below, Y1 and Y2 are independently of each other H, F, Cl or CN.
[0084] Above and below, R0 and R00 are independently of each other H or an optionally substituted carbyl or hydrocarbyl
group with 1 to 40 C atoms, and preferably denote H or alkyl with 1 to 12 C-atoms.

Detailed Description

[0085] The compounds of formula I are easy to synthesize, especially by methods suitable for mass production, and
exhibit advantageous properties, for example good structural organization and film-forming properties, good electronic
properties, especially high charge carrier mobility,good processability, especially high solubility in organic solvents, and
high light and thermal stability.
[0086] The compounds of formula I are especially suitable as electron acceptor or n-type semiconductor, especially
in semiconducting materials containing both donor and acceptor components, and for the preparation of a mixture of p-
type and n-type semiconductors which are suitable for use in BHJ OPV devices and OPD devices.
[0087] For OPV and OPD application, the compounds of formula I, or a mixture comprising two or more fullerene
derivatives, one or more of which are selected from formula I, is blended with a further p-type semiconductor such as a
polymer, an oligomer or a defined molecular unit to form the active layer in the OPV/OPD device (also referred to as
"photoactive layer").
[0088] The OPV/OPD device is usually further composed of a first, transparent or semi-transparent electrode, typically
provided on a transparent or semi-transparent substrate, on one side of the active layer, and a second metallic or semi-
transparent electrode on the other side of the active layer. Additional interfacial layer(s) acting as hole blocking layer,
hole transporting layer, electron blocking layer and/or electron transporting layer, typically comprising a metal oxide (for
example, ZnOx, TiOx, ZTO, MoOx, NiOx), a salt (example: LiF, NaF), a conjugated polymer electrolyte (for example:
PEDOT:PSS or PFN), a conjugated polymer (for example: PTAA) or an organic compound (for example: NPB, Alq3,
TPD), can be inserted between the active layer and an electrode.
[0089] The compounds of formula I demonstrate the following improved properties compared to previously disclosed
fullerene derivatives for OPV/OPD application:

1) Compared to the fullerene derivatives of the present invention, the fullerene derivatives reported in prior art, for
example in US 2010/0132782 A1, US 2012/0004476 A1, WO 2008/018931 A1, WO 2010/087655 A1 and US
8,217,260, have low solubility in solvents commonly used to prepare OPV devices.

2) The substituents R5 to R8 which can each possess more than one solubilising group enable higher fullerene
solubility in non-halogenated solvents due to the increased number of solubilising groups.

3) Additional fine-tuning of the electronic energies (HOMO/LUMO levels), by careful selection of electron accepting
and/or donating unit(s) in the positions R1 of R8, reduces the energy loss in the electron transfer process between
the fullerene derivative and a p-type material (for example a polymer, oligomer or defined molecular unit) when used
in the active layer of an OPV or OPD device.
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4) Additional fine-tuning of the electronic energies (HOMO/LUMO levels), by careful selection of electron accepting
and/or donating unit(s) in the positions of R1 to R8, increases the open circuit potential (Voc).

5) If R5 or R7 and R6 or R8 are an alkyl chain, the fullerene solubility is greatly enhance while maintaining the HOMO
position similar to the equivalent non-substituted derivatives (R5 to R8 = H) thus increasing the open circuit potential
(Voc) of the device compared to similar device prepared using PCBM.

6) If R5 or R7 and R6 or R8 represent the same chemical entity, the resulting fullerene derivatives have a high degree
of symmetry, thus increasing the probability of improving the solid state organisation of the compound while main-
taining sufficient solubility in non-halogenated solvents.

[0090] In the compounds of formula I, and its subformulae as defined below, the R groups, R1-R8, are adapted to be
distinctive structurally and provide useful properties. Moreover, the adduct groups can further provide structural distinc-
tiveness and useful properties, when present. The value m can be, for example, 0, 1, 2 or higher for purified compounds.
The value m can also be a non-integer such as, for example, 0.5 or 1.5, when mixtures of compounds are present.
[0091] The fullerene Cn in formula I and its subformulae may be composed of any number n of carbon atoms. Preferably,
the number n of carbon atoms of which the fullerene Cn is composed is 60, 70, 76, 78, 82, 84, 90, 94 or 96, very preferably
60 or 70.
[0092] In a preferred embodiment of the present invention, n in formula I and its subformulae is 60.
[0093] In another preferred embodiment of the present invention, n in formula I and its subformulae is 70.
[0094] The fullerene Cn in formula I and its subformulae is preferably selected from carbon based fullerenes, endohedral
fullerenes, or mixtures thereof, very preferably from carbon based fullerenes.
[0095] Suitable and preferred carbon based fullerenes include, without limitation, (C60-lh)[5,6]fullerene,
(C70-D5h)[5,6]fullerene, (C76-D2*)[5,6]fullerene, (C84-D2*)[5,6]fullerene, (C84-D2d)[5,6]fullerene, or a mixture of two or more
of the aforementioned carbon based fullerenes.
[0096] The endohedral fullerenes are preferably metallofullerenes. Suitable and preferred metallofullerenes include,
without limitation, La@C60, La@C82, Y@C82, SC3N@C80, Y3N@C80, Sc3C2@C80 or a mixture of two or more of the
aforementioned metallofullerenes.
[0097] In the fullerene derivatives of formula I and its subformulae, the adducts can be appended with any connectivity.
The adducts are preferably appended to two different carbon atoms on the fullerene; very preferably to two different but
adjacent carbon atoms on the fullerene; most preferably to two different, adjacent, five membered ring adjoining carbon
atoms on the fullerene.
[0098] The fullerene Cn in formula I and its subformulae is preferably substituted at a [6,6] and/or [5,6] bond, preferably
substituted on at least one [6,6] bond.
[0099] The compounds of formula I and its subformulae may, in addition to the primary adduct(s) of the following
structure as shown in formula I

contain any number m of secondary adducts appended to the fullerene Cn, which are named "Adduct" in formula I and
its subformulae.
[0100] The secondary adduct may be any possible adduct or combination of adducts, including o-quinonedimethane
analogs, with any connectivity to the fullerene. One example of an adduct is the adduct found in PCBM, wherein the
adduct can be represented by =C(R31)(R32), wherein R31 is an optionally substituted phenyl group and R32 is
-(CH2)COOCH3. R31 can be phenyl, and n can be 3.
[0101] In the compounds of formula I and its subformulae, any adducts may be connected to one another in any
combination in the finished product or during synthesis, to facilitate preferred properties in the finished product.
[0102] In the compounds of formula I and its subformulae, the number m of secondary adducts appended to the
fullerene Cn is 0, an integer ≥ 1, or a non-integer > 0 like 0.5 or 1.5, and is preferably 0, 1, 2 or 3, very preferably 0, 1 or 2.
[0103] In a preferred embodiment of the present invention, m in formula I and its subformulae is 0.
[0104] In another preferred embodiment, the compound of formula I and its subformulae is free of any secondary
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ortho-quinodimethane fullerene adduct including the Adduct shown in formula I.
[0105] In another preferred embodiment of the present invention, m in formula I and its subformulae is 1, 2 or 3.
[0106] The secondary adduct, named "Adduct" in formula I and their subformulae, is preferably selected from the
following formulae

wherein

RS1, RS2, RS3, RS4 and RS5 independently of each other denote H, halogen or CN, or have one of the meanings of
R1 as given above or one of the meanings of ArS1, and
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ArS1 and ArS2 independently of each other denote an aryl or heteroaryl group with 5 to 20, preferably 5 to 15, ring
atoms, which is mono- or polycyclic, and which is substituted by one or more identical or different substituents RS,
wherein

RS denotes halogen, preferably F, or a straight-chain, branched or cyclic alkyl moiety with 1 to 30, preferably 4 to
20, very preferably 5 to 15, C atoms, in which one or more CH2 groups are optionally replaced by -O-,-S-, -C(O)-,
-C(S)-, -C(O)-O-, -O-C(O)-, -S(O)2-, -NR0-, -SiR0R00-, -CF2-, and R0 and R00 have one of the meanings given above
and below, and preferably denote H or alkyl with 1 to 12 C-atoms.

[0107] In another preferred embodiment of the present invention, m in formula I and its subformulae is 1, 2 or 3, and
the Adduct is selected from formulae S1 to S9 as defined above.
[0108] In formula I and its subformulae preferably one or more of R1, R2, R3, R4, R5, R6, R7 and R8 denote H.
[0109] In formula I, preferably R5 and R6 are different from H and R7 and R8 denote H, or R7 and R8 are different from
H and R5 and R6 denote H.
[0110] A preferred compound of formula I is selected from subformula 11

wherein Cn, "Adduct", m, R5 and R6 have one of the meanings of formula I or one of the preferred meanings given above,
with R5 and R6 being different from H.
[0111] A preferred compound of subformula l1 is selected from subformula I1a

wherein Cn, R5 and R6 have one of the meanings of formula I or one of the preferred meanings given above, with R5

and R6 being different from H.
[0112] Further preferred compounds are those of the subformulae shown below.



EP 2 989 070 B1

14

5

10

15

20

25

30

35

40

45

50

55

wherein R5 and R6 denote independently of each other straight-chain or branched alkyl with 1 to 20, preferably 2 to 15
C atoms, and denote preferably ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl or dodecyl.
[0113] The synthesis of the compounds of formula I and its subformulae can be achieved based on method steps that
individually might be known to the skilled person and described in the literature but in combination are believed novel
and inventive, as will be further illustrated hereinafter.
[0114] Especially suitable and preferred synthesis methods of the compounds of formula I and its subformulae are
illustrated in the synthesis schemes 1-3 shown hereinafter.
[0115] One embodiment provides, for example, a method of making a compound according to formula I comprising:

reacting in one or more steps a precursor P-1 represented by P-1, wherein R1 to R8 have the meanings given above
and below,

with at least one halogenating reagent to form a halogenated intermediate represented by P-2, wherein Hal denotes
a halogen atom and R1 to R8 have the meanings given above and below,

and

reacting the intermediate P-2 in one or more steps with a fullerene compound represented by F-1 or F-2:
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or

(in other words, in F-1, m is zero), and, optionally, with a secondary adduct compound to form the compound of
formula I.

[0116] These synthetic methods are further illustrated in the following synthetic schemes 1-3, wherein for the methods
of making illustrated hereinbelow and hereinabove R1-R4 and R5-R8, and the fullerene compound, including Cn and
(adduct)m are as defined elsewhere herein. The working examples further illustrate the synthetic methods and the nature
of the substituents. In one embodiment, as described elsewhere herein, the groups R7 and R8 can be covalently bonded
to each other to form a cyclic group, for example, a phenyl ring, as illustrated, for example, in formulae I2 and I2a.
[0117] The precursor compound P-1 can be purchased or made by methods known in the art. Working example 1.1,
below, provides an example.
[0118] Halogenating reagents (or agents) are known in the art and can include fluorinating, chlorinating, brominating,
and iodo reagents, (See, for example, March’s Advanced Organic Chemistry, 6th Ed., 2007 including pages 954-964).
In one embodiment, the halogenating reagent can be a bromination reagent. An example is NBS (N-Bromosuccinimide).
The halogenating reagent can be selected based on its ability to halogenate selectively. As used herein, "hal" means
"halogen." See working example below 1.2. For the halogenation reaction, appropriate reaction conditions such as
solvent, reaction temperature, and purification methods can be used by one skilled in the art. Intermediate compound
P-2 can be characterized by methods known in the art.
[0119] In a preferred embodiment, the intermediate P-2 compound is directly reacted without purification with the
fullerene compound. For example, in some embodiments, purification may be attempted with use of a chromatographic
medium such as untreated silica gel, but the chromatographic medium such as untreated silica gel may induce decom-
position of the P-2 compound. The skilled artisan can determine whether the chromatographic medium induces decom-
position. For example, the nature of the surface, morphology, particle size, and pore size can be reviewed. Decomposition
may, in some cases, be a function of the surface treatment of the chromatographic medium. Silica gel and other chro-
matographic media can be surface functionalized as known in the art with, for example, hydrophobic moieties. For
example, silica gel can be treated with pyridine. Reverse phase silica gel is known. Untreated silica gel can have a
relatively polar surface compared to treated silica to increase hydrophobicity of the silica gel surface. In one embodiment,
the use of untreated silica is avoided in purification of the P-2 compound before reaction of this compound with the
fullerene compound. In particular, in one embodiment, the intermediate P-2 compound is directly reacted without puri-
fication with the fullerene compound. In this embodiment, solvent can be removed before reaction with fullerene. In
another particular embodiment, the intermediate P-2 compound is not contacted with untreated silica gel before reacted
with the fullerene compound.
[0120] For the reaction of P-2 with the fullerene compound, appropriate reaction conditions such as solvent, reaction
temperature, other reagents such as crown ethers, and purification methods can be used by one skilled in the art.
Working examples 1.3 and 2.1 provide preferred embodiments. The fullerene compound can either have an adduct as
shown in formula I or it can be free of an adduct as shown in formula I (m=0). If the latter, an additional reaction can be
carried out if desired to form the adduct substituent(s) on the fullerene. These two reaction pathways are illustrated in
Scheme 1. Schemes 2 and 3 represent preferred embodiments. Therein R1 to R4 have the meanings given above and
below and R9, R10, R11, R12 have the meanings given for R5, R6, R7, R8 respectively.
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[0121] The novel methods of preparing fullerene derivatives as described above and below, and the educts and/or
intermediates used therein, are another aspect of the invention.
[0122] The compounds of formula I and its subformulae can also be used in mixtures, for example together with other
monomeric compounds, or polymers, having one or more of a semiconducting, charge transport, hole transport, electron
transport, hole blocking, electron blocking, electrically conducting, photoconducting and light emitting property
Thus, another aspect of the invention relates to a composition (hereinafter referred to as "fullerene composition"), com-
prising one or more fullerene derivatives selected from formula I and its subformulae or from the preferred embodiments
as described above and below (hereinafter simply referred to as "fullerene derivative of this invention"), and one or more
additional compounds, preferably having one or more of a semiconducting, charge transport, hole transport, electron
transport, hole blocking, electron blocking, electrically conducting, photoconducting and light emitting property.
[0123] In a preferred embodiment, the composition consists essentially of, or consists of, one or more components
including the compounds of formula I and its subformulae.
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[0124] The additional compounds in the fullerene composition can be selected for example from fullerene derivatives
other than those of this invention, or from conjugated organic polymers.
[0125] A preferred embodiment of the present invention relates to a fullerene composition, comprising one or more
fullerene derivatives, at least one of which is a fullerene derivative of this invention, and further comprising one or more
conjugated organic polymers, which are preferably selected from electron donor, or p-type, semiconducting polymers.
[0126] Such a fullerene composition is especially suitable for use in the photoactive layer of an OPV or OPD device.
Preferably the fullerene(s) and polymer(s) are selected such that the fullerene composition forms a bulk heterojunction
(BHJ).
[0127] A suitable conjugated organic polymer (hereinafter simply referred to as "polymer") for use in a fullerene com-
position according to the present invention can be selected from polymers as described in prior art, for example in
WO/2010/008672, WO/2010/049323, WO 2011/131280, WO/2011/052709, WO/2011/052710, US/2011/0017956,
WO/2012/030942 or US/8334456B2.
[0128] A preferred polymer is selected from the group consisting of poly(3-substituted thiophene) and poly(3-substituted
selenophene), for example poly(3-alkyl thiophene) or poly(3-alkyl selenophene), preferably poly(3-hexyl thiophene) or
poly(3-hexyl selenophene).
[0129] A further preferred polymer comprises one or more repeating units selected from formulae PIIa and PIIb:

-[(Ar1)a-(D)b-(Ar2)c-(Ar3)d]- PIIa

-[(Ar1)a-(Ac)b-(Ar2)c-(Ar3)d]- PIIb

wherein

Ac is arylene or heteroarylene with 5 to 30 ring atoms that is optionally substituted by one or more groups
RS, and preferably has electron acceptor property,

D is arylene or heteroarylene with 5 to 30 ring atoms that is different from A, is optionally substituted by
one or more groups RS, and preferably has electron donor property,

Ar1, Ar2, Ar3 are, on each occurrence identically or differently, and independently of each other, arylene or heter-
oarylene that is different from A and D, preferably has 5 to 30 ring atoms, and is optionally substituted,
preferably by one or more groups RP,

RP is on each occurrence identically or differently F, Br, Cl, -CN, -NC, -NCO, -NCS, -OCN, -SCN,
-C(O)NR0R00, -C(O)X0, -C(O)R0, -C(O)OR0, -NH2, -NR0R00, -SH, -SR0, -SO3H, -SO2R0, -OH, -NO2,
-CF3, -SF5, optionally substituted silyl, carbyl or hydrocarbyl with 1 to 40 C atoms that is optionally
substituted and optionally comprises one or more hetero atoms,

R0 and R00 are independently of each other H or optionally substituted C1-40 carbyl or hydrocarbyl, and preferably
denote H or alkyl with 1 to 12 C-atoms,

X0 is halogen, preferably F, Cl or Br,

a, b, c are on each occurrence identically or differently 0, 1 or 2,

d is on each occurrence identically or differently 0 or an integer from 1 to 10.

[0130] Preferably the polymer comprises at least one repeating unit of formula PIIa wherein b is at least 1. Further
preferably the polymer comprises at least one repeating unit of formula PIIa wherein b is at least 1, and at least one
repeating unit of formula PIIb wherein b is at least 1.
[0131] A further preferred polymer comprises, in addition to the units of formula PIIa and/or PIIb, one or more repeating
units selected from monocyclic or polycyclic arylene or heteroarylene groups that are optionally substituted.
[0132] These additional repeating units are preferably selected of formula PIII

-[(Ar1)a-(Ar2)c-(Ar3)d]- PIII

wherein Ar1, Ar2, Ar3, a, c and d are as defined in formula PIIa.
[0133] RP preferably denotes, on each occurrence identically or differently, H, straight-chain, branched or cyclic alkyl
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with 1 to 30 C atoms, in which one or more CH2 groups are optionally replaced by -O-, -S-, -C(O)-, -C(S)-, -C(O)-O-, -O-
C(O)-, -NR0-, -SiR0R00-, -CF2-, -CHR0=CR00-, -CY1=CY2- or -C≡C- in such a manner that O and/or S atoms are not
linked directly to one another, and in which one or more H atoms are optionally replaced by F, Cl, Br, I or CN, or denotes
aryl, heteroaryl, aryloxy or heteroaryloxy with 4 to 20 ring atoms which is optionally substituted, preferably by halogen
or by one or more of the aforementioned alkyl or cyclic alkyl groups, wherein R0 and R00 and Y1 and Y2 have one of the
meanings given above and below, R0 and R00 preferably denote H or alkyl with 1 to 12 C-atoms, and Y1 and Y2 preferably
denote F, Cl or Br.
[0134] Further preferably the polymer is selected of formula PIV:

wherein

A, B, C independently of each other denote a distinct unit of formula PIIa, PIIb or PIII,

x is > 0 and ≤ 1,

y is ≥ 0 and < 1,

z is ≥ 0 and < 1,

x+y+z is 1, and

n1 is an integer >1.

[0135] Preferably at least one of B or C denotes a unit of formula PIIa. Very preferably one of B and C denotes a unit
of formula PIIa and one of B and C denotes a unit of formula PIIb.
[0136] A preferred polymer of formula PIV is selected from the following formulae

*-[(Ar1-D-Arz)x-(Ar3)y]n1-* PIVa

*-[(Ar1-D-Ar2)x-(Ar3-Ar3)y]n1-* PIVb

*-[(Ar1-D-Arz)x-(Ar3-Ar3-Ar3)y]n1-* PIVc

*-[(Ar1)a-(D)b-(Ar2)c-(Ar3)d]n1-* PIVd

*-([(Ar1)a-(D)b-(Ar2)c-(Ar3)d]x-[(Ar1)a-(Ac)b-(Ar2)c-(Ar3)d]y)n1-* PIVe

*-[(D-Ar1-D)x-(Ar2-Ar3)y]n1-* PIVf

*-[(D-Ar1-D)x-(Ar2-Ar3-Ar2)y]n1-* PIVg

*-[(D)b-(Ar1)a-(D)b-(Ar2)c]n1-* PIVh

*-([(D)b-(Ar1)a-(D)b-(Ar2)c]x-(Ac)b-(Ar1)a-(Ac)b-(Ar2)d]y)n1-* PIVi

*-[(D-Ar1)x-(D-Ar2)y-(D-Ar3)z]n1-* PIVk

wherein D, Ar1, Ar2, Ar3, a, b, c and d have in each occurrence identically or differently one of the meanings given in
formula PIIa, Ac has on each occurrence identically or differently one of the meanings given in formula PIIb, and x, y, z
and n1 are as defined in formula PIV, wherein these polymers can be alternating or random copolymers, and wherein
in formula PIVd and PIVe in at least one of the repeating units [(Ar1)a-(D)b-(Ar2)c-(Ar3)d] and in at least one of the repeating
units [(Ar1)a-(Ac)b-(Ar2)c-(Ar3)d] b is at least 1 and wherein in formula PIVh and PIVi in at least one of the repeating units
[(D)b-(Ar1)a-(D)b-(Ar2)d] and in at least one of the repeating units [(D)b-(Ar1)a-(D)b-(Ar2)d] b is at least 1.
[0137] In the polymer, the total number of repeating units n1 is preferably from 2 to 10,000. The total number of
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repeating units n1 is preferably ≥ 5, very preferably ≥ 10, most preferably ≥ 50, and preferably ≤ 500, very preferably ≤
1,000, most preferably ≤ 2,000, including any combination of the aforementioned lower and upper limits of n1.
[0138] The polymer can be a homopolymer or copolymer, like a statistical or random copolymer, alternating copolymer
or block copolymer, or a combination of the aforementioned.
[0139] Especially preferred is a polymer selected from the following groups:

- Group A consisting of homopolymers of the unit D or (Ar1-D) or (Ar1-D-Ar2) or (Ar1-D-Ar3) or (D-Ar2-Ar3) or (Ar1-D-
Ar2-Ar3) or (D-Ar1-D), i.e. where all repeating units are identical,

- Group B consisting of random or alternating copolymers formed by identical units (Ar1-D-Ar2) or (D-Ar1-D) and
identical units (Ar3),

- Group C consisting of random or alternating copolymers formed by identical units (Ar1-D-Ar2) or (D-Ar1-D) and
identical units (A1),

- Group D consisting of random or alternating copolymers formed by identical units (Ar1-D-Ar2) or (D-Ar1-D) and
identical units (Ar1-Ac-Ar2) or (Ac-Ar1-Ac),

wherein in all these groups D, Ac, Ar1, Ar2 and Ar3 are as defined above and below, in groups A, B and C Ar1, Ar2 and
Ar3 are different from a single bond, and in group D one of Ar1 and Ar2 may also denote a single bond .
[0140] A preferred polymer of formula PIV and PIVa to PIVk is selected of formula PV

R21-chain-R22 PV

wherein "chain" denotes a polymer chain of formulae PIV or PIVa to PIVk, and R21 and R22 have independently of each
other one of the meanings of RS as defined above, or denote, independently of each other, H, F, Br, Cl, I, -CH2Cl, -CHO,
-CR’=CR"2, -SiR’R"R’’’, -SiR’X’X", -SiR’R"X’, -SnR’R"R’’’, -BR’R", -B(OR’)(OR"), -B(OH)2, -O-SO2-R, -C≡CH, -C≡C-
SiR’3, -ZnX’ or an endcap group, X’ and X" denote halogen, R’, R" and R’’’ have independently of each other one of the
meanings of R0 given in formula I, and two of R’, R" and R’’’ may also form a ring together with the hetero atom to which
they are attached.
[0141] Preferred endcap groups R21 and R22 are H, C1-20 alkyl, or optionally substituted C6-12 aryl or C2-10 heteroaryl,
very preferably H or phenyl.
[0142] In the polymer represented by formula PIV, PIVa to PIVk or PV, x, y and z denote the mole fraction of units A,
B and C, respectively, and n denotes the degree of polymerisation or total number of units A, B and C. These formulae
includes block copolymers, random or statistical copolymers and alternating copolymers of A, B and C, as well as
homopolymers of A for the case when x>0 and y=z=0.
[0143] In the repeating units and polymers of formulae PIIa, PIIb, PIII, PIV, PIVa-PIVk and PV, preferably D, Ar1, Ar2

and Ar3 are selected from the group consisting of the following formulae
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wherein R11, R12, R13, R14, R15, R16, R17 and R18 independently of each other denote H or have one of the meanings
of RP as defined above and below.
[0144] In the repeating units and polymers of formulae PIIa, PIIb, PIII, PIV, PIVa-PIVk and PV, preferably Ac, Ar1, Ar2

and Ar3 are selected from the group consisting of the following formulae
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wherein R11, R12, R13, R14, R15 and R16 independently of each other denote H or have one of the meanings of RP as
defined above and below.
[0145] The polymer can be prepared for example from monomers selected from the following formulae

R23-(Ar1)a-D-(Ar2)c-R24 PVIa

R23-D-(Ar1)a-D-R24 PVIb

R23-(Ar1)a-Ac-(Ar2)c-R24 PVIc

R23-Ac-(Ar1)a-Ac-R24 PVId

R23-(Ar1)a-(Ar2)c-R24 PVIe

wherein Ac, D, Ar1, Ar2, a and b have the meanings of formula PIIa and PIIb, or one of the preferred meanings as
described above and below, and R23 and R24 are, preferably independently of each other, selected from the group
consisting of H, Cl, Br, I, O-tosylate, O-triflate, O-mesylate, O-nonaflate, -SiMe2F, -SiMeF2, -O-SO2Z1, -B(OZ2)2 ,
-CZ3=C(Z3)2, -C≡CH, -C≡CSi(Z1)3, -ZnX0 and -Sn(Z4)3, wherein X0 is halogen, preferably Cl, Br or I, Z1-4 are selected
from the group consisting of alkyl and aryl, each being optionally substituted, and two groups Z2 may also together form
a cyclic group.
[0146] Suitable monomers are for example selected from the following subformulae

R23-Ar1-D-Ar2-R24 PVIa1

R23-D-R24 PVIa2

R23-Ar1-D-R24 PVIa3

R23-D-Ar2-R24 PVIa4

R23-D-Ar1-D-R24 PVIb1

R23-Ar1-Ac-Ar2-R24 PVIc1

R23-Ac-R24 PVIc2

R23-Ar1-Ac-R24 PVIc3
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R23-Ac-Ar2-R24 PVIc4

R23-Ac-Ar1-Ac-R24 PVId1

R23-Ar1-R24 PVIe1

R23-Ar1-Ar2-R24 PVIe2

wherein Ac, D, Ar1, Ar2, a, c, R23 and R24 are as defined in formulae PVIa-PVId.
[0147] The polymer can be synthesized according to or in analogy to methods that are known to the skilled person
and are described in the literature. Other methods of preparation can be taken from the examples. For example, the
polymers can be suitably prepared by aryl-aryl coupling reactions, such as Yamamoto coupling, Suzuki coupling, Stille
coupling, Sonogashira coupling, C-H activation coupling, Heck coupling or Buchwald coupling. Suzuki coupling, Stille
coupling and Yamamoto coupling are especially preferred. The monomers which are polymerised to form the repeat
units of the polymers can be prepared according to methods which are known to the person skilled in the art.
[0148] For example the polymer can be prepared by coupling one or more monomers selected from formulae PVIa-
PVId and their subformulae in an aryl-aryl coupling reaction, wherein R23 and R24 are selected from Cl, Br, I, -B(OZ2)2
and -Sn(Z4)3.
[0149] Preferred aryl-aryl coupling and polymerisation methods used in the processes described above and below
are Yamamoto coupling, Kumada coupling, Negishi coupling, Suzuki coupling, Stille coupling, Sonogashira coupling,
Heck coupling, C-H activation coupling, Ullmann coupling or Buchwald coupling. Especially preferred are Suzuki coupling,
Negishi coupling, Stille coupling and Yamamoto coupling. Suzuki coupling is described for example in WO 00/53656
A1. Negishi coupling is described for example in J. Chem. Soc., Chem. Commun., 1977, 683-684. Yamamoto coupling
is described in for example in T. Yamamoto et al., Prog. Polym. Sci., 1993, 17, 1153-1205, or WO 2004/022626 A1, and
Stille coupling is described for example in Z. Bao et al., J. Am. Chem. Soc., 1995, 117, 12426-12435. For example,
when using Yamamoto coupling, monomers having two reactive halide groups are preferably used. When using Suzuki
coupling, monomers of formulae PVIa-PVId and their subformulae having two reactive boronic acid or boronic acid ester
groups or two reactive halide groups are preferably used. When using Stille coupling, monomers having two reactive
stannane groups or two reactive halide groups are preferably used. When using Negishi coupling, monomers having
two reactive organozinc groups or two reactive halide groups are preferably used.
[0150] Preferred catalysts, especially for Suzuki, Negishi or Stille coupling, are selected from Pd(0) complexes or
Pd(II) salts. Preferred Pd(0) complexes are those bearing at least one phosphine ligand such as Pd(Ph3P)4. Another
preferred phosphine ligand is tris(ortho-tolyl)phosphine, i.e. Pd(o-Tol3P)4. Preferred Pd(II) salts include palladium acetate,
i.e. Pd(OAc)2. Alternatively the Pd(0) complex can be prepared by mixing a Pd(0) dibenzylideneacetone complex, for
example tris(dibenzyl-ideneacetone)dipalladium(0), bis(dibenzylideneacetone)-palladium(0), or Pd(II) salts e.g. palladi-
um acetate, with a phosphine ligand, for example triphenylphosphine, tris(ortho-tolyl)phosphine or tri(tert-butyl)phos-
phine. Suzuki polymerisation is performed in the presence of a base, for example sodium carbonate, potassium carbonate,
lithium hydroxide, potassium phosphate or an organic base such as tetraethylammonium carbonate or tetraethylammo-
nium hydroxide. Yamamoto polymerisation employs a Ni(0) complex, for example bis(1,5-cyclooctadienyl) nickel(0).
[0151] Suzuki and Stille polymerisation may be used to prepare homopolymers as well as statistical, alternating and
block random copolymers. Statistical or block copolymers can be prepared for example from the above monomers of
formula PVI or its subformulae, wherein one of the reactive groups is halogen and the other reactive group is a boronic
acid, boronic acid derivative group or and alkylstannane. The synthesis of statistical, alternating and block copolymers
is described in detail for example in WO 03/048225 A2 or WO 2005/014688 A2.
[0152] The concentration of the fullerene derivatives of this invention, or of the fullerene composition, in a formulation
according to the present invention, including solvents, is preferably 0.1 to 10% by weight, more preferably 0.5 to 5% by
weight. The concentration of the fullerene derivatives of this invention in a composition comprising a fullerene derivative
and a polymer according to the present invention (i.e. excluding solvents), is preferably from 10 to 90 % by weight, very
preferably from 33 % to 80 % by weight.
[0153] Another aspect of the present invention relates to a formulation comprising one or more fullerene derivatives
of this invention or a fullerene composition as described above, and further comprising one or more solvents, preferably
selected from organic solvents.
[0154] Such a formulation is preferably used as a carrier for the preparation of a semiconducting layer of an OE device,
like an OPV or OPD device, wherein the fullerene derivative or fullerene composition is for example used in the photoactive
layer.
[0155] Optionally, the formulation further comprises one or more binders to adjust the rheological properties, as de-
scribed for example in WO 2005/055248 A1.
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[0156] The formulations according to the present invention preferably form a solution.
[0157] The solubility of the inventive fullerene compounds can be enhanced substantially compared to the solubility
of a standard compound that is not inventive and used as a standard (see working examples below where o-QDM-C60
was used as a standard in o-dichlorobenzene). For example, the solubility of the inventive compound can be at least
2X, 3X, 4X, 5X, 10X, 15X , 20X, or 25X that of the standard. The solubility in a solvent, such as an organic solvent such
as, for example, o-dichlorobenze, can be, for example, at least 10 mg/cm3, or at least 20 mg/cm3, or at least 30 mg/cm3,
or at least 40 mg/cm3, or at least 50 mg/cm3, or at least 80 mg/cm3, or at least 100 mg/cm3, or at least 150 mg/cm3.
There is no particular upper limit on the solubility but the solubility can be, for example, less than 1,000 mg/cm3, or less
than 500 mg/cm3, or less than 250 mg/cm3. A test to measure solubility is provided in the working examples. The test
temperature can be for example room temperature or ambient temperature such as, for example, about 22°C. Other
solvents and fullerene compounds can be used in the exemplified test.
[0158] The invention additionally provides an electronic device comprising a fullerene derivative of this invention or
fullerene composition, or a semiconducting layer comprising it, as described above and below.
[0159] Especially preferred devices are OFETs, TFTs, ICs, logic circuits, capacitors, RFID tags, OLEDs, OLETs,
OPEDs, OPVs, OPDs, solar cells, laser diodes, photoconductors, photodetectors, electrophotographic devices, elec-
trophotographic recording devices, organic memory devices, sensor devices, charge injection layers, Schottky diodes,
planarising layers, antistatic films, conducting substrates and conducting patterns.
[0160] Especially preferred electronic device are OFETs, OLEDs, OPV and OPD devices, in particular bulk hetero-
junction (BHJ) OPV devices and OPD devices. In an OFET, for example, the active semiconductor channel between
the drain and source may comprise the layer of the invention. As another example, in an OLED device, the charge (hole
or electron) injection or transport layer may comprise the layer of the invention.
[0161] For use in OPV or OPD devices, preferably a fullerene composition is used that contains a p-type (electron
donor) semiconductor and an n-type (electron acceptor) semiconductor. The p-type semiconductor is for example a
conjugated polymer having repeating units of formulae PIIa, PIIb or PIII, or a polymer of formula PIV, PV or their
subformulae, as shown above. The n-type semiconductor is a fullerene derivative of this invention, or a mixture of two
or more fullerenes, at least one of which is a fullerene derivative of this invention.
[0162] Further preferably the OPV or OPD device comprises, between the active layer and the first or second electrode,
one or more additional buffer layers acting as hole transporting layer and/or electron blocking layer, which comprise a
material such as a metal oxide, like for example, ZTO, MoOx, NiOx, a conjugated polymer electrolyte, like for example
PEDOT:PSS, a conjugated polymer, like for example polytriarylamine (PTAA), an organic compound, like for example
N,N’-diphenyl-N,N’-bis(1-naphthyl)(1,1’-biphenyl)-4,4’diamine (NPB), N,N’-diphenyl-N,N’-(3-methylphenyl)-1,1’-biphe-
nyl-4,4’-diamine (TPD), or alternatively acting as hole blocking layer and/or electron transporting layer, which comprise
a material such as a metal oxide, like for example, ZnOx, TiOx, a salt, like for example LiF, NaF, CsF, a conjugated
polymer electrolyte, like for example poly[3-(6-trimethylammoniumhexyl)thiophene], poly(9,9-bis(2-ethylhexyl)-flu-
orene]-b-poly[3-(6-trimethylammoniumhexyl)thiophene], or poly [(9,9-bis(3’-(N,N-dimethylamino)propyl)-2,7-flu-
orene)-alt-2,7-(9,9-dioctylfluorene)] or an organic compound, like for example tris(8-quinolinolato)-aluminium(III) (Alq3),
4,7-diphenyl-1,10-phenanthroline.
[0163] In a fullerene composition comprising a fullerene derivative and a polymer according to the present invention,
the ratio polymer:fullerene derivative is preferably from 5:1 to 1:5 by weight, more preferably from 1:1 to 1:3 by weight,
most preferably 1:1 to 1:2 by weight. A polymeric binder may also be included, from 5 to 95% by weight. Examples of
binder include polystyrene (PS), polypropylene (PP) and polymethylmethacrylate (PMMA).
[0164] To produce thin layers in OE devices, like BHJ OPV devices, a fullerene derivative, fullerene composition or
formulation according to the present invention may be deposited by any suitable method. Liquid coating of devices is
more desirable than vacuum deposition techniques. Solution deposition methods are especially preferred. The formu-
lations of the present invention enable the use of a number of liquid coating techniques. Preferred deposition techniques
include, without limitation, dip coating, spin coating, ink jet printing, nozzle printing, letter-press printing, screen printing,
gravure printing, doctor blade coating, roller printing, reverse-roller printing, offset lithography printing, dry offset lithog-
raphy printing, flexographic printing, web printing, spray coating, curtain coating, brush coating, slot dye coating or pad
printing. For the fabrication of OPV devices and modules area printing method compatible with flexible substrates are
preferred, for example slot dye coating, spray coating and the like.
[0165] When preparing a suitable solution or formulation containing a composition with a fullerene derivative (as n-
type component) and a polymer (as p-type component) according to the present invention, a suitable solvent should be
selected so as to ensure full dissolution of both the p-type and the n-type component, and to take into account the
boundary conditions (for example rheological properties) introduced by the chosen printing method.
[0166] Organic solvents are generally used for this purpose. Typical solvents can be aromatic solvents, halogenated
solvents or chlorinated solvents, including chlorinated aromatic solvents. Preferred solvents are aliphatic hydrocarbons,
chlorinated hydrocarbons, aromatic hydrocarbons, ketones, ethers and mixtures thereof. Examples include, but are not
limited to 1,2,4-trimethylbenzene, 1,2,3,4-tetra-methyl benzene, pentylbenzene, mesitylene, cumene, cymene, cyclohex-
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ylbenzene, diethylbenzene, tetralin, decalin, 2,6-lutidine, 2-fluoro-m-xylene, 3-fluoro-o-xylene, 2-chloro-benzotrifluoride,
N,N-dimethylformamide, 2-chloro-6-fluorotoluene, 2-fluoroanisole, anisole, 2,3-dimethylpyrazine, 4-fluoroanisole, 3-
fluoroanisole, 3-trifluoro-methylanisole, 2-methylanisole, phenetol, 4-methylanisole, 3-methylanisole, 4-fluoro-3-methy-
lanisole, 2-fluorobenzonitrile, 4-fluoroveratrol, 2,6-dimethylanisole, 3-fluorobenzo-nitrile, 2,5-dimethylanisole, 2,4-
dimethylanisole, benzonitrile, 3,5-dimethyl-anisole, N,N-dimethylaniline, ethyl benzoate, 1-fluoro-3,5-dimethoxy-ben-
zene, 1-methylnaphthalene, 2-methylnaphthalene, N-methylpyrrolidinone, 3-fluorobenzo-trifluoride, benzotrifluoride, di-
oxane, trifluoromethoxy-benzene, 4-fluorobenzotrifluoride, 3-fluoropyridine, toluene, 2-fluorotoluene, 2-fluorobenzotrif-
luoride, 3-fluorotoluene, 4-isopropylbiphenyl, phenyl ether, pyridine, 4-fluorotoluene, 2,5-difluorotoluene, 1-chloro-2,4-
difluorobenzene, 2-fluoropyridine, 3-chlorofluoro-benzene, 1-chloro-2,5-difluorobenzene, 4-chlorofluorobenzene, chlo-
robenzene, o-dichlorobenzene, 1,2,4-dichlorobenzene, 2-chlorofluorobenzene, 1,8-diiodooctane, 1,8-octanedithiol, ni-
trobenzene, 1-chloronaphthalene, p-xylene, m-xylene, o-xylene or mixture of o-, m-, and p-isomers. Solvents with rela-
tively low polarity are generally preferred. Examples of especially preferred solvents include, without limitation, dichlo-
romethane, trichloromethane, chlorobenzene, o-dichlorobenzene, 1,2,4-dichlorobenzene, anisole, 2,5-dimethylanisole,
2,4-dimethylanisole, morpholine, toluene, o-xylene, m-xylene, p-xylene, 1-methylnaphthalene, 1,8-diiodooctane, 1,8-
octanedithiol, nitrobenzene, tetraline, decaline, indane, methyl benzoate, ethyl benzoate, mesitylene and/or mixtures
thereof.
[0167] The OPV device can be of any OPV device type known from the literature (see e.g. Waldauf et al., Appl. Phys.
Lett., 2006, 89, 233517).
[0168] A first preferred OPV device according to the invention comprises the following layers (in the sequence from
bottom to top):

- optionally a substrate,
- a high work function electrode, preferably comprising a metal oxide, like for example ITO, serving as anode or a

conducting grid
- an optional conducting polymer layer or hole transport layer, preferably comprising an organic poymer or polymer

blend, for example of PEDOT:PSS (poly(3,4-ethylenedioxythiophene): poly(styrene-sulfonate), or TBD (N,N’-dy-
phenyl-N-N’-bis(3-methylphenyl)-1,1’biphenyl-4,4’-diamine) or NBD (N,N’-dyphenyl-N-N’-bis(1-naphthyl-phenyl)-
1,1’biphenyl-4,4’-diamine),

- a layer, also referred to as "photoactive layer", comprising a p-type and an n-type organic semiconductor, which
can exist for example as a p-type/n-type bilayer or as distinct p-type and n-type layers, or as blend or p-type and n-
type semiconductor, forming a BHJ,

- optionally a layer having electron transport properties and/or hole-blocking properties, for example comprising LiF
or PFN,

- a low work function electrode, preferably comprising a metal like for example aluminum, serving as cathode,

wherein at least one of the electrodes, preferably the anode, is at least partially transparent to visible light, and
wherein the n-type semiconductor is a fullerene derivative of this invention.
[0169] A second preferred OPV device according to the invention is an inverted OPV device and comprises the
following layers (in the sequence from bottom to top):

- optionally a substrate,
- a high work function metal or metal oxide electrode, comprising for example ITO, serving as cathode, or a conducting

grid
- a layer having hole blocking properties and/or an electron-selective contact, preferably comprising a metal oxide

like TiOx or ZnOx, and/or an organic layer or a polyamine like PEI:DEG or PEIE.
- a photoactive layer comprising a p-type and an n-type organic semiconductor, situated between the electrodes,

which can exist for example as a p-type/n-type bilayer or as distinct p-type and n-type layers, or as blend or p-type
and n-type semiconductor, forming a BHJ,

- an optional conducting polymer layer or hole transport layer, preferably comprising an organic small-molecule and/or
polymer and/or polymer blend, for example of PEDOT:PSS or TBD or NBD,

- an electrode comprising a high work function metal like for example silver, serving as anode,

wherein at least one of the electrodes, preferably the cathode, is at least partially transparent to visible light, and
wherein the n-type semiconductor is a fullerene derivative of this invention.
[0170] In the OPV devices of the present invention the p-type and n-type semiconductor materials are preferably
selected from the materials, like the polymer/fullerene systems, as described above
[0171] When the photoactive layer is deposited on the substrate, it forms a BHJ that phase separates at nanoscale
level. For discussion on nanoscale phase separation see Dennler et al, Proceedings of the IEEE, 2005, 93 (8), 1429 or
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Hoppe et al, Adv. Func. Mater, 2004, 14(10), 1005. An optional annealing step may be then necessary to optimize blend
morpohology and consequently OPV device performance.
[0172] Another method to optimize device performance is to prepare formulations for the fabrication of OPV(BHJ)
devices that may include additives with variable boiling points to promote phase separation in the right way. 1,8-oc-
tanedithiol, 1,8-diiodooctane, nitrobenzene, chloronaphthalene, and other additives have been used to obtain high-
efficiency solar cells. Examples are disclosed in J. Peet, et al, Nat. Mater., 2007, 6, 497 or Fréchet et al. J. Am. Chem.
Soc., 2010, 132, 7595-7597.
[0173] As further illustrated in the non-limiting working examples, photovoltaic devices can be prepared which have
a power conversion efficiency (PCE) of, for example, at least 2.5%, or at least 3.0%, or at least 4.0%, or at least 5.0%.
While there is no particular upper limit on the PCE, the PCE can be, for example, less than 20%, or less than 15%, or
less than 10%.
[0174] The fullerene derivatives, fullerene compositions and semiconducting layers of the present invention are also
suitable for use as n-type semiconductor in other OE devices or device components, for example in the semiconducting
channel of an OFET device, or in the buffer layer, electron transport layer (ETL) or hole blocking layer (HBL) of an OLED
or OPV device.
[0175] Accordingly, the invention also provides an OFET comprising a gate electrode, an insulating (or gate insulator)
layer, a source electrode, a drain electrode and an organic semiconducting channel connecting the source and drain
electrodes, wherein the organic semiconducting channel comprises a fullerene derivative of this invention, a fullerene
composition or an organic semiconducting layer according to the present invention as n-type semiconductor. Other
features of the OFET are well known to those skilled in the art.
[0176] OFETs where an OSC material is arranged as a thin film between a gate dielectric and a drain and a source
electrode, are generally known, and are described for example in US 5,892,244, US 5,998,804, US 6,723,394 and in
the references cited in the background section. Due to the advantages, like low cost production using the solubility
properties of the compounds according to the invention and thus the processibility of large surfaces, preferred applications
of these FETs are such as integrated circuitry, TFT displays and security applications.
[0177] The gate, source and drain electrodes and the insulating and semiconducting layer in the OFET device may
be arranged in any sequence, provided that the source and drain electrode are separated from the gate electrode by
the insulating layer, the gate electrode and the semiconductor layer both contact the insulating layer, and the source
electrode and the drain electrode both contact the semiconducting layer.
[0178] An OFET device according to the present invention preferably comprises:

- a source electrode,
- a drain electrode,
- a gate electrode,
- a semiconducting layer,
- one or more gate insulator layers,
- optionally a substrate.

wherein the semiconductor layer comprises a fullerene derivative of this invention or a fullerene composition as described
above and below.
[0179] The OFET device can be a top gate device or a bottom gate device. Suitable structures and manufacturing
methods of an OFET device are known to the skilled in the art and are described in the literature, for example in US
2007/0102696 A1.
[0180] The gate insulator layer preferably comprises a fluoropolymer, like e.g. the commercially available Cytop 809M®
or Cytop 107M® (from Asahi Glass). Preferably the gate insulator layer is deposited, e.g. by spin-coating, doctor blading,
wire bar coating, spray or dip coating or other known methods, from a formulation comprising an insulator material and
one or more solvents with one or more fluoro atoms (fluorosolvents), preferably a perfluorosolvent. A suitable perfluor-
osolvent is e.g. FC75® (available from Acros, catalogue number 12380). Other suitable fluoropolymers and fluorosolvents
are known in prior art, like for example the perfluoropolymers Teflon AF® 1600 or 2400 (from DuPont) or Fluoropel®
(from Cytonix) or the perfluorosolvent FC 43® (Acros, No. 12377). Especially preferred are organic dielectric materials
having a low permittivity (or dielectric contant) from 1.0 to 5.0, very preferably from 1.8 to 4.0 ("low k materials"), as
disclosed for example in US 2007/0102696 A1 or US 7,095,044.
[0181] In security applications, OFETs and other devices with semiconducting materials according to the present
invention, like transistors or diodes, can be used for RFID tags or security markings to authenticate and prevent coun-
terfeiting of documents of value like banknotes, credit cards or ID cards, national ID documents, licenses or any product
with monetry value, like stamps, tickets, shares, cheques etc.
[0182] Alternatively, the fullerene derivatives, fullerene compositions, and semiconducting layers according to the
invention can be used in OLEDs, for example in the buffer layer, ETL or HBL of an OLED. The OLED device can be



EP 2 989 070 B1

45

5

10

15

20

25

30

35

40

45

50

55

used for example as the active display layer in a flat panel display device, or as the backlight of a flat panel display like
for example a liquid crystal display. Common OLEDs are realized using multilayer structures. An emission layer is
generally sandwiched between one or more electron-transport and/or hole-transport layers. By applying an electric
voltage electrons and holes as charge carriers move towards the emission layer where their recombination leads to the
excitation and hence luminescence of the lumophor units contained in the emission layer.
[0183] The fullerene derivatives, fullerene composition or semiconducting layer according to the present invention
may be employed in one or more of the ETL, HBL or buffer layer, especially their water-soluble derivatives (for example
with polar or ionic side groups) or ionically doped forms. The processing of such layers, comprising a semiconductor
material of the present invention, for the use in OLEDs is generally known by a person skilled in the art, see, e.g., Muller
et al, Synth. Metals, 2000, 111-112, 31-34, Alcala, J. Appl. Phys., 2000, 88, 7124-7128, O’Malley et al, Adv. Energy
Mater. 2012, 2, 82-86 and the literature cited therein.
[0184] According to another use, the fullerene derivatives, fullerene compositions, and materials according to this
invention, especially those showing photoluminescent properties, may be employed as materials of light sources, e.g.
in display devices, as described in EP 0 889 350 A1 or by C. Weder et al., Science, 1998, 279, 835-837.
[0185] A further aspect of the invention relates to both the oxidised and reduced form of a fullerene derivative according
to this invention. Either loss or gain of electrons results in formation of a highly delocalised ionic form, which is of high
conductivity. This can occur on exposure to common dopants. Suitable dopants and methods of doping are known to
those skilled in the art, e.g. from EP 0 528 662, US 5,198,153 or WO 96/21659.
[0186] The doping process typically implies treatment of the semiconductor material with an oxidating or reducing
agent in a redox reaction to form delocalised ionic centres in the material, with the corresponding counterions derived
from the applied dopants. Suitable doping methods comprise for example exposure to a doping vapor in the atmospheric
pressure or at a reduced pressure, electrochemical doping in a solution containing a dopant, bringing a dopant into
contact with the semiconductor material to be thermally diffused, and ion-implantantion of the dopant into the semicon-
ductor material.
[0187] When electrons are used as carriers, suitable dopants are for example halogens (e.g., I2, Cl2, Br2, ICl, ICl3, IBr
and IF), Lewis acids (e.g., PF5, AsF5, SbF5, BF3, BCl3, SbCl5, BBr3 and SO3), protonic acids, organic acids, or amino
acids (e.g., HF, HCI, HNO3, H2SO4, HClO4, FSO3H and ClSO3H), transition metal compounds (e.g., FeCl3, FeOCI,
Fe(ClO4)3, Fe(4-CH3C5H4SO3)3, TiCl4, ZrCl4, HfCl4, NbF5, NbCl5, TaCl5, MoF5, MoCl5, WF5, WCl6, UF6 and LnCl3
(wherein Ln is a lanthanoid), anions (e.g., Cl-, Br-, I-, I3-, HSO4

-, SO4
2-, NO3

-, ClO4
-, BF4

-, PF6
-, AsF6

-, SbF6
-, FeCl4-,

Fe(CN)6
3-, and anions of various sulfonic acids, such as aryl-SO3

-). When holes are used as carriers, examples of
dopants are cations (e.g., H+, Li+, Na+, K+, Rb+ and Cs+), alkali metals (e.g., Li, Na, K, Rb, and Cs), alkaline-earth metals
(e.g., Ca, Sr, and Ba), O2, XeOF4, (NO2

+) (SbF6
-), (NO2

+) (SbCl6-), (NO2
+) (BF4

-), AgClO4, H2IrCl6, La(NO3)3·6H2O,
FSO2OOSO2F, Eu, acetylcholine, R4N+, (R is an alkyl group), R4P+ (R is an alkyl group), R6As+ (R is an alkyl group),
and R3S+ (R is an alkyl group).
[0188] The conducting form of a fullerene derivative of the present invention can be used as an organic "metal" in
applications including, but not limited to, charge injection layers and ITO planarising layers in OLED applications, films
for flat panel displays and touch screens, antistatic films, printed conductive substrates, patterns or tracts in electronic
applications such as printed circuit boards and condensers.
[0189] According to another use, the fullerene derivatives and fullerene compositions according to the present invention
can be used alone or together with other materials in or as alignment layers in LCD or OLED devices, as described for
example in US 2003/0021913. The use of charge transport compounds according to the present invention can increase
the electrical conductivity of the alignment layer. When used in an LCD, this increased electrical conductivity can reduce
adverse residual dc effects in the switchable LCD cell and suppress image sticking or, for example in ferroelectric LCDs,
reduce the residual charge produced by the switching of the spontaneous polarisation charge of the ferroelectric LCs.
When used in an OLED device comprising a light emitting material provided onto the alignment layer, this increased
electrical conductivity can enhance the electroluminescence of the light emitting material. The fullerene derivatives,
fullerene compositions, and materials according to the present invention may also be combined with photoisomerisable
compounds and/or chromophores for use in or as photoalignment layers, as described in US 2003/0021913 A1.
[0190] According to another use the fullerene derivatives, fullerene compositions, and materials according to the
present invention, especially their water-soluble derivatives (for example with polar or ionic side groups) or ionically
doped forms, can be employed as chemical sensors or materials for detecting and discriminating DNA sequences. Such
uses are described for example in L. Chen, D. W. McBranch, H. Wang, R. Helgeson, F. Wudl and D. G. Whitten, Proc.
Natl. Acad. Sci. U.S.A., 1999, 96, 12287; D. Wang, X. Gong, P. S. Heeger, F. Rininsland, G. C. Bazan and A. J. Heeger,
Proc. Natl. Acad. Sci. U.S.A., 2002, 99, 49; N. DiCesare, M. R. Pinot, K. S. Schanze and J. R. Lakowicz, Langmuir,
2002, 18, 7785; D. T. McQuade, A. E. Pullen, T. M. Swager, Chem. Rev., 2000, 100, 2537.
[0191] Unless the context clearly indicates otherwise, as used herein plural forms of the terms herein are to be construed
as including the singular form and vice versa.
[0192] Throughout the description and claims of this specification, the words "comprise" and "contain" and variations

¨
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of the words, for example "comprising" and "comprises", mean "including but not limited to", and are not intended to
(and do not) exclude other components.
[0193] It will be appreciated that variations to the foregoing embodiments of the invention can be made while still falling
within the scope of the invention. Each feature disclosed in this specification, unless stated otherwise, may be replaced
by alternative features serving the same, equivalent or similar purpose. Thus, unless stated otherwise, each feature
disclosed is one example only of a generic series of equivalent or similar features.
[0194] All of the features disclosed in this specification may be combined in any combination, except combinations
where at least some of such features and/or steps are mutually exclusive. In particular, the preferred features of the
invention are applicable to all aspects of the invention and may be used in any combination. Likewise, features described
in non-essential combinations may be used separately (not in combination).
[0195] Above and below, unless stated otherwise percentages are percent by weight and temperatures are given in
°C. The values of the dielectric constant ε ("permittivity") refer to values taken at 20°C and 1,000 Hz.
[0196] The invention will now be described in more detail by reference to the following examples, which are illustrative
only and do not limit the scope of the invention.

A) Compound Examples

Example 1

Example 1.1 - 1,2-dihexylbenzene (1.2)

[0197]

[0198] An oil bath was raised to 40°C. To a clean dry 250 mL, 3-necked round bottom flask with stir bar was added
2.48 g (102.0 mmol, 24.305 g/mol, 2.5 eq) of magnesium. The flask was fitted with a condenser, capped and purged
three times with nitrogen and vacuum. Anhydrous ethyl ether (100mL) was added by syringe, and the mixture was stirred
and brought to reflux. A trace amount of iodine was added under nitrogen overpressure (reaction became colored and
then clear once again). To this mixture was added 14.32 mL (102.0 mmol, 165.07 g/mol, 2.5 eq, 1.176 g/mL) of 1-
bromohexane over 1 hour dropwise using a syringe and syringe pump. During the addition, the refluxing became more
vigorous and was managed by adjusting the syringe pump speed. The mixture was stirred at reflux for an additional 30
minutes after the addition was complete and then the reaction was allowed to cool. To a second clean dry 500 mL, 3-
neck round bottom flask was added a stir bar and 110.6 mg (0.204 mmol, 0.005 eq, 542.04 g/mol) of [1,3-bis(diphenyl-
phosphino)propane]dichloro-nickel(II) catalyst. This second flask was also fitted with a condenser and purged three
times with argon and vacuum. Anhydrous ethyl ether (50 mL) and 4.6 mL (40.8 mmol, 147.01 g/mol, 1 eq, 1.306 g/mL)
of 1,2-dichlorobenzene (1.1) were both added by syringe and this second mixture was stirred and brought to reflux. The
Grignard reagent prepared above was added dropwise using a syringe and syringe pump over 1 hour. Precipitation was
observed to begin and then cease during the addition of the unfiltered Grignard. After the addition, additional portions
of the nickel catalyst were added under nitrogen overpressure to restart and drive the reaction to completion. Including
the original 0.005 eq, a final total of 0.035 eq of the Nickel catalyst was added. Care was taken to control the rate of
refluxing. The reaction was removed from the hot bath during catalyst additions. A large quantity of salt was observed
to crash out by the time the reaction was nearing completion and stirring speed was adjusted to account for the extra
viscosity. The reaction was then allowed to stir at reflux for an additional two nights. After cooling, the reaction was
poured into an ice bath and 10% HCl was added cautiously to quench. The mixture was transferred to a separatory
funnel, the ether layer was separated from the water layer, the water layer was washed twice with ether, and the ether
portions were combined. The ether portions were then washed with water, saturated sodium bicarbonate (Caution! Gas
evolution!), and brine, dried with magnesium sulfate, filtered, and the solvent was removed by rotary evaporation. Chro-
matography on silica in hexanes gave 8 g (79.5% yield) of product (1.2) as a clear oil after rigorous removal of solvent.
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The final product contained small amounts of hexylbenzene and 1-chloro-2-hexylbenzene by GC-MS. 1H NMR (500
MHz, CDCl3 (set to 7.26 ppm)) δ 7.124 (m, 4H), 2.596 (t, J = 8.0 Hz, 4H), 1.571 (m, 4H), 1.385 (m, 4H), 1.323 (m, 8H),
0.897 (t, 6H).

Example 1.2 - 1,2-bis(1-bromohexyl)benzene (1.3)

[0199]

[0200] An oil bath was raised to 80°C. To a clean dry 250 mL round bottom flask was added a stir bar, 3.03 g (17.04
mmol, 177.98 g/mol, 2.1 eq) of N-bromosuccinimide, 2 g (8.12 mmol, 246.43 g/mol, 1 eq) of the starting material (1.2)
by weight using a dropper, and 12.6 mg of benzoyl peroxide. The flask was fitted with a condenser, then capped and
purged three times with nitrogen and vacuum. Anhydrous carbon tetrachloride (50 mL) was added by syringe and the
reaction was dropped into the oil bath at 80°C allowed to stir at reflux overnight. Succinamide is observed to float,
indicating that the reaction was complete. The carbon tetrachloride was rotary evaporated, hexane was added, the
mixture was sonicated, and the succinamide was removed by filtration. The hexane was then removed by rotary evap-
oration to give 2.9 g (88% yield) of desired product (1.3) as an oil and possible mixture of isomers. This material was
used directly in the next reaction without further purification or other manipulation. It is important to note that this species
has been observed to decompose rapidly on silica gel.

Example 1.3 - Fullerene 1

[0201]

[0202] An oil bath was brought to 130°C. To a clean dry 500 mL 3-necked round bottom flask containing a stir bar
was added 1.334 g (1.85 mmol, 2 eq, 720.64 g/mol) of C60 fullerene, 0.6635 g (3.997 mmol, 4.32 eq, 166.00 g/mol) of
potassium iodide, and 3.977 g (15.05 mmol, 16.26 eq, 264.32 g/mol) of [18]crown[6]. The round bottom was fitted with
a condenser, sealed and purged three times with nitrogen and vacuum. Anhydrous toluene (∼330 mL) was added by
canula and the mixture was allowed to reach reflux. 374 mg (0.925 mmol, 1 eq, 404.22 g/mol, 1.312 g/mL) of the dibromide
(1.3) was then added by syringe in anhydrous toluene and the reaction was refluxed and stirred in the dark overnight.
After cooling, the reaction mixture was washed with 5% sodium hydroxide solution and water (350 mL), dried with
magnesium sulfate, filtered, and toluene was removed by rotary evaporation. The crude material was purified using
silica gel chromatography with decalin as the eluent, followed by preparative intermediate pressure liquid chromatography
using a column with Cosmosil Buckyprep material as the stationary phase (from Nacalai Tesque; pyrenylpropyl group
bonded silica) and toluene as the mobile phase. Fractions containing pure product were combined and solvent removed
using rotary evaporation. The sample was left in an oven overnight at 70°C under reduced pressure to remove residual
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solvent. The product (Fullerene 1) was isolated (230 mg, 25.8%) as a brown crystalline solid. Purity was confirmed at
99.59% by analytical HPLC using a column with Cosmosil Buckyprep material as the stationary phase (from Nacalai
Tesque; pyrenylpropyl group bonded silica) and toluene as the mobile phase. 1H NMR (500 MHz, toluene-d8 (methyl
set to 2.09 ppm)) δ 7.527 (AA’ of AA’BB’, 2H), 7.411 (BB’ of AA’BB’, 2H), aliphatic signals not assigned with certainty.

Example 2

Example 2.1 - Fullerene 2

[0203]

[0204] An oil bath was brought to 130°C. To a clean dry 500 mL 3-necked round bottom flask containing a stir bar
was added 1 g (1.19 mmol, 1.5 eq, 840.75 g/mol) of C70 fullerene, 0.5686 g (3.43 mmol, 4.32 eq, 166.00 g/mol) of
potassium iodide, and 3.41 g (12.90 mmol, 16.26 eq, 264.32 g/mol) of [18]crown[6]. The round bottom was fitted with a
condenser, sealed and purged three times with nitrogen and vacuum. Anhydrous toluene (∼285 mL) was added by
canula and the mixture was allowed to reach reflux. 320.5 mg (0.793 mmol, 1 eq, 404.22 g/mol, 1.312 g/mL) of the
dibromide (1.3) was then added by syringe in anhydrous toluene and the reaction was refluxed and stirred in the dark
overnight. After cooling, the reaction mixture was washed with 5% sodium hydroxide solution and water (350 mL), dried
with magnesium sulfate, filtered, and toluene was removed by rotary evaporation. The crude material was purified using
silica gel chromatography with decalin as the eluent, followed by preparative intermediate pressure liquid chromatography
using a column with Cosmosil Buckyprep material as the stationary phase (from Nacalai Tesque; pyrenylpropyl group
bonded silica) and toluene as the mobile phase. Fractions containing pure product were combined and solvent removed
using rotary evaporation. The sample was left in an oven overnight at 70°C under reduced pressure to remove residual
solvent. The product (Fullerene 2) was isolated (300.3 mg, 34.9%) as a dark brown crystalline solid. Purity was confirmed
at 99.61% for the mixture of isomers by analytical HPLC using a column with Cosmosil Buckyprep material as the
stationary phase (from Nacalai Tesque; pyrenylpropyl group bonded silica) and toluene as the mobile phase.

Example 3

Example 3.1 - 1,2-dipentylbenzene (3.1)

[0205]
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[0206] An oil bath is raised to 40°C. To a clean dry 250 cm3, 3-necked round bottom flask with stir bar is added 1.24
g (51.0 mmol, 2.50 eq) of magnesium. The flask is fitted with a condenser, capped and purged three times with nitrogen
and vacuum. Anhydrous diethyl ether (50 cm3) is added by syringe, and the mixture is stirred and brought to reflux. A
trace amount of iodine is added under nitrogen overpressure. To this mixture is added 6.33 cm3 (51.0 mmol, 2.50 eq)
of 1-bromopentane over 1 hour dropwise using a syringe and syringe pump. During the addition, the refluxing became
more vigorous and is managed by adjusting the syringe pump speed. The mixture is stirred at reflux for an additional
30 minutes after the addition is complete and then the reaction is allowed to cool. To a second clean dry 250 cm3, 3-
neck round bottom flask is added a stir bar and 443 mg (0.816 mmol, 0.0400 eq) of [1,3-bis(diphenylphosphino)-pro-
pane]dichloronickel(II). This second flask is also fitted with a condenser and purged three times with nitrogen and vacuum.
Anhydrous diethyl ether (25 cm3) and 2.3 cm3 (20.4 mmol,) of 1,2-dichlorobenzene (1.1) are both added by syringe and
this second mixture is stirred and brought to reflux. The Grignard reagent prepared above is added dropwise without
filtering, using a syringe and syringe pump over 1 hour. After the Grignard reagent is added, another 443 mg (0.816
mmol, 0.0400 eq) of [1,3-bis(diphenyl-phosphino)propane]dichloro-nickel(II) is added under nitrogen overpressure. The
reaction is then allowed to stir at reflux for three nights. After cooling, the reaction is poured into an ice bath with stirring
and 10% hydrochloric acid is added cautiously to quench. The mixture is transferred to a separatory funnel, the diethyl
ether layer is separated from the water layer, the water layer is ished twice with ether, and the ether portions are combined.
The ether portions are then washed with water, saturated sodium bicarbonate, and brine, dried with magnesium sulfate,
filtered, and the solvent is removed by rotary evaporation. Chromatography on silica in hexanes gave 2.15 g (48.2%
yield) of the title product as a clear oil after rigorous removal of solvent. 1H NMR (500 MHz, CDCl3 (set to 7.26 ppm)) δ
7.128 (m, 4H), 2.600 (t, J = 8.0 Hz, 4H), 1.582 (m, 4H), 1.4-1.3 (m, 8H), 0.912 (t, 6H).

Example 3.2 - 1,2-bis(1-bromopentyl)benzene (3.2)

[0207]

[0208] An oil bath is raised to 80°C. To a clean dry 100 cm3 round bottom flask is added a stir bar, 1.20 g (6.73 mmol,
2.10 eq) of N-bromosuccinimide, 0.700 g (3.21 mmol, 1.00 eq) of the starting material (3.1) by weight using a dropper
and 5 mg of benzoyl peroxide. The flask is fitted with a condenser, then capped and purged three times with nitrogen
and vacuum. Carbon tetrachloride (17.5 cm3) is added by syringe and the reaction is dropped into the oil bath at 80°C
and allowed to stir at reflux overnight. The carbon tetrachloride is removed in vacuo, hexane is added, the mixture is
sonicated, and the succinamide removed by filtration. The hexane is then removed in vacuo to give 1.21 g (quantitative)
of desired product (3.2) as an oil and possible mixture of isomers. This material was used directly in the next reaction
without further purification or other manipulation.

Example 3.3 - Fullerene 3

[0209]
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[0210] An oil bath is brought to 130°C. To a clean dry 2 dm3 round bottom flask containing a stir bar is added ∼1.3
dm3 of toluene, 2.88 g (4.00 mmol, 2.00 eq) of C60 fullerene, 1.43 g (8.64 mmol, 4.32 eq) of potassium iodide, and 8.60
g (32.5 mmol, 16.3 eq) of [18]crown[6]. The round bottom is fitted with a condenser, sealed and purged three times with
nitrogen and vacuum. The mixture is lowered into the oil bath and allowed to reach reflux. 752.4 mg (2.00 mmol, 1 eq,
376.18 g/mol) of 1,2-bis(1-bromopentyl)benzene (3.2) is then added by syringe in ∼137 cm3 of toluene. The reaction is
refluxed and stirred in the dark overnight. After cooling, the reaction mixture is washed with two times with 250 cm3 of
10% sodium hydroxide solution and with two times with 250 cm3 of water, dried with magnesium sulfate, filtered, and
toluene is removed by rotary evaporation. The crude material is purified using silica gel chromatography with decalin as
the eluent (twice on the same column) to remove C60, followed by preparative intermediate pressure liquid chromatog-
raphy using a column with Cosmosil Buckyprep material as the stationary phase (from Nacalai Tesque; pyrenylpropyl
group bonded silica) and toluene as the mobile phase. Fractions containing pure product are combined and solvent
removed using rotary evaporation. The sample is left in an oven overnight at 70°C under reduced pressure to remove
residual solvent. Fullerene 3 is isolated (376 mg, 20%) as a brown crystalline solid.

Example 4

Example 4.1 - 1,2-diheptylbenzene (4.1)

[0211]

[0212] An oil bath is raised to 40°C. To a clean dry 250 cm3, 3-necked round bottom flask with stir bar is added 2.70
g (111 mmol, 2.50 eq) of magnesium. The flask is fitted with a condenser, capped and purged three times with nitrogen
and vacuum. Anhydrous diethyl ether (125 cm3) is added by syringe, and the mixture is stirred and brought to reflux. A
trace amount of iodine is added under nitrogen overpressure. To this mixture is added 17.5 cm3 (111 mmol, 2.50 eq) of
1-bromoheptane over 1 hour dropwise using a syringe and syringe pump. The mixture is stirred at reflux for an additional
30 minutes after the addition is complete and then the reaction is allowed to cool. To a second clean dry 500 cm3, 3-
neck round bottom flask is added a stir bar and 1.20 g (2.21 mmol, 0.0500 eq) of [1,3-bis(diphenylphosphino)pro-
pane]dichloronickel(II). This second flask is also fitted with a condenser and purged three times with nitrogen and vacuum.
Anhydrous diethyl ether (62.5 cm3) and 1,2-dichlorobenzene (1.1) (5.00 cm3, 44.4 mmol, 1.00 eq) are both added by
syringe and this second mixture is stirred and brought to reflux. The Grignard reagent prepared above is added dropwise
using a syringe and syringe pump over 45 minutes while concurrently filtering through a wide PTFE filter. After the
Grignard is added, another 600 mg (1.11 mmol, 0.0250 eq) of [1,3-bis(dipheny(phosphino)propane]dichloronickel(II) is
added under nitrogen overpressure. The reaction is allowed to stir at reflux overnight. After cooling, the reaction is poured
into an ice bath with stirring and 10% hydrochloric acid (92 cm3, 2.5 eq) is added cautiously to quench. The mixture is
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transferred to a separatory funnel, the diether layer is separated from the water layer, the water layer is washed twice
with diethyl ether, and the organic fractions are combined. The organic fractions are then washed with water, saturated
sodium bicarbonate, and brine, dried with magnesium sulfate, filtered, and the solvent is removed in vacuo. Hexane is
added and a precipitation is observed. The precipitate is filtered out through a small silica plug which is then rinsed with
generous hexane. The solvent filtrate is removed in vacuo to give 9.61 g of a nearly colorless oil. The oil is then subjected
to distillation on Kugelrohr for ~30 minutes at 150°C and high vacuum to give 4.8 g (39.3% yield) of product (4.1) as a
clear nearly colorless oil. 1H NMR (500 MHz, CDCl3 (set to 7.26 ppm)) δ 7.147 (m, 4H), 2.620 (t, J = 8.0 Hz, 4H), 1.55
- 1.65 (m, 4H), 1.45-1.25 (m, 16H), 0.915 (t, 6H).

Example 4.2 - 1,2-bis(1-bromoheptyl)benzene (4.2)

[0213]

[0214] An oil bath is raised to 80°C. To a clean dry 100 cm3 round bottom flask is added a stir bar, 4.28 g (24.1 mmol,
2.20 eq) of N-bromosuccinimide, 3.00 g (10.9 mmol, 1.00 eq) of 1,2-diheptylbenzene (4.1) and 17.1 mg of benzoyl
peroxide. The flask is fitted with a condenser, then capped and purged three times with nitrogen and vacuum. Carbon
tetrachloride (60 cm3) is added by syringe and the reaction is dropped into the oil bath at 80°C and allowed to stir at
reflux overnight. The carbon tetrachloride is removed in vacuo, hexane is added, the mixture is sonicated, and the
succinimide is removed by filtration. The hexane is then removed in vacuo to give 4.75 g (quantitative) of title product
(4.2) as an oil and possible mixture of isomers. This material is used directly in the next reaction without further purification
or other manipulation.

Example 4.3 - Fullerene 4

[0215]

[0216] An oil bath is brought to 130°C. To a clean dry 2 dm3, two-neck, round bottom flask containing a stir bar is
added 11.8 g (16.4 mmol, 1.50 eq) of C60 fullerene, 7.84 g (47.2 mmol, 4.32 eq) of potassium iodide, 47.0 g (177.74
mmol, 16.3 eq) of [18]crown[6] and 1.5 dm3 of toluene. The round bottom is fitted with a condenser, sealed and purged
three times with nitrogen and vacuum. The mixture is lowered into the oil bath and allowed to reach reflux. 4.73 g (10.9
mmol, 1.00 eq) of the dibromide 1,2-bis(1-bromoheptyl)benzene (4.2) is then added dropwise using a syringe and syringe
pump in ∼40 cm3 of toluene over 3 hours. The reaction is refluxed and stirred in the dark overnight after lowering the oil
bath temperature to 125 °C. After cooling, the reaction mixture is washed two times with 840 cm3 of 5% sodium hydroxide
solution. After the washings the entire solution is filtered to give 6.44 g of nearly pure, dry C60. The filtrate is then washed
two times with 840 cm3 of water, dried with magnesium sulfate, filtered, and toluene is removed in vacuo. The crude
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material is purified using silica gel chromatography with decalin as the eluent to remove C60, followed by preparative
intermediate pressure liquid chromatography using a column with Cosmosil Buckyprep material as the stationary phase
(from Nacalai Tesque; pyrenylpropyl group bonded silica) and toluene as the mobile phase. Fractions containing high
purity product are collected and combined. Most of the toluene is removed in vacuo. The bulk of the fullerene adduct
precipitated and is filtered off to further improve purity. Samples are left in an oven overnight at 70°C under reduced
pressure to remove residual solvent. Fullerene 4 was isolated in two fractions (968.6 mg and 584.5 mg, 14.3% total
yield) as a brown crystalline solid. Purity is confirmed at 99.78% and 99.41% respectively by analytical HPLC using a
column with Cosmosil Buckyprep material as the stationary phase (from Nacalai Tesque; pyrenylpropyl group bonded
silica) and toluene as the mobile phase.

Example 5

Example 5.1 - 1,2-dioctylbenzene (5.1)

[0217]

[0218] An oil bath is raised to 40°C. To a clean dry 250 cm3, 3-necked round bottom flask with stir bar is added 2.70
g (111 mmol, 2.50 eq) of magnesium. The flask is fitted with a condenser, capped and purged three times with nitrogen
and vacuum. Anhydrous diethyl ether (40 cm3) is added by syringe, and the mixture is stirred and brought to reflux. A
trace amount of iodine is added under nitrogen overpressure. To this mixture is added 19.2 cm3 (111 mmol, 2.50 eq) of
1-bromooctane over 1 hour dropwise using a syringe and syringe pump. The mixture is stirred at reflux for an additional
30 minutes after the addition is completed and then the reaction is allowed to cool. To a second clean dry 500 cm3, 3-
neck round bottom flask is added a stir bar and 1.20 g (2.21 mmol, 0.0500 eq) of [1,3-bis(diphenylphosphino)pro-
pane]dichloronickel(II). This second flask is also fitted with a condenser and purged three times with nitrogen and vacuum.
Anhydrous diethyl ether (148 cm3) and 1,2-dichlorobenzene (1.1) (5.00 cm3, 44.4 mmol) are both added by syringe and
this second mixture is stirred and brought to reflux. The Grignard reagent prepared above is added dropwise using a
syringe and syringe pump over 45 minutes while concurrently filtering through a wide PTFE filter. The reaction is allowed
to stir at reflux for four days. After cooling, the reaction is poured into an ice bath with stirring and 10% hydrochloric acid
(92 cm3, 2.5 eq) is added cautiously to quench. The mixture is transferred to a separatory funnel, the diethyl ether layer
is separated from the water layer, the water layer is washed twice with diethyl ether, and the organic fractions are
combined. The organic fractions are then washed with water, saturated sodium bicarbonate, and brine, dried with
magnesium sulfate, filtered, and the solvent is removed in vacuo. Hexane (250 cm3) is added and a precipitation is
observed. The precipitate is filtered out through a small silica plug which is then rinsed with generous hexane. The
solvent filtrate is removed in vacuo and the resulting oil is then subjected to distillation on Kugelrohr for -30 minutes at
150°C and high vacuum to give 5.53 g (41.1% yield) of the title product as a clear nearly colorless oil.

Example 5.2 - 1,2-bis(1-bromooctyl)benzene (5.2)

[0219]
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[0220] An oil bath is raised to 80°C. To a clean dry 100 cm3 round bottom flask is added a stir bar, 1.37 g (7.67 mmol,
2.30 eq) of N-bromosuccinimide, 1.01 g (3.34 mmol, 1.00 eq) of 1,2-dioctylbenzene (5.1) and 5.7 mg of benzoyl peroxide.
The flask is fitted with a condenser, then capped and purged three times with nitrogen and vacuum. Carbon tetrachloride
(20 cm3) is added by syringe and the reaction is dropped into the oil bath at 80°C and allowed to stir at reflux overnight.
The carbon tetrachloride is rotary evaporated, hexane is added, the mixture is sonicated, and the succinimide is removed
by filtration. The hexane is then removed by rotary evaporation to give 1.59 g (quantitative) of title product as an oil and
possible mixture of isomers. This material is used directly in the next reaction without further purification or other ma-
nipulation.

Example 5.3 - Fullerene 5

[0221]

[0222] An oil bath is brought to 130°C. To a clean dry 2 dm3, two-neck, round bottom flask containing a stir bar is
added 3.49 g (5.02 mmol, 1.45 eq) of C60 fullerene, 2.40 g (14.45 mmol, 4.32 eq, 166.00 g/mol) of potassium iodide,
14.38 g (54.40 mmol, 16.26 eq) of [18]crown[6] and 1.5 dm3 of toluene. The round bottom is fitted with a condenser,
sealed and purged three times with nitrogen and vacuum. The mixture is lowered into the oil bath and allowed to reach
reflux. 1,2-Bis(1-bromooctyl)benzene (5.2) (1.54 g, 3.35 mmol, 1.00 eq) of the dibromide is then added by syringe in
one portion in 50 cm3 of reagent grade toluene. The reaction is refluxed and stirred in the dark overnight after lowering
the oil bath temperature to 125 °C. After cooling, the reaction mixture is washed twice with 250 cm3 of 5% sodium
hydroxide solution. After the washings the entire solution is filtered to give 454 mg of nearly pure, dry C60. The filtrate
is then washed twice with 250 cm3 of water, dried with magnesium sulfate, filtered, and toluene is removed by rotary
evaporation. Purification is carried out completely by preparative intermediate pressure liquid chromatography using a
column with Cosmosil Buckyprep material as the stationary phase (from Nacalai Tesque; pyrenylpropyl group bonded
silica) and toluene as the mobile phase. Fractions containing high purity product are collected and combined, the toluene
is removed using rotary evaporation, and samples are left in an oven overnight at 70°C under reduced pressure to
remove residual solvent. Fullerene 5 is isolated (580 mg, 17.0%) as a brown crystalline solid. Purity is confirmed at
99.76% by analytical HPLC using a column with Cosmosil Buckyprep material as the stationary phase (from Nacalai
Tesque; pyrenylpropyl group bonded silica) and toluene as the mobile phase.

B) Working Examples

Example B1

Bulk heterojunction organic photovoltaic device (OPV) from Fullerene 1 and Fullerene 2

[0223] Organic photovoltaic (OPV) devices are fabricated on pre-patterned ITO-glass substrates (13Ω/sq.) purchased
from LUMTEC Corporation. Substrates are cleaned using common solvents (acetone, iso-propanol, deionized-water)
in an ultrasonic bath. A conducting polymer poly(ethylene dioxythiophene) doped with poly(styrene sulfonic acid) [Clevios
VPAI 4083 (H.C. Starck)] is mixed in a 1:1 ratio with deionized-water. This solution is filtered using a 0.45 mm filter before
spin-coating to achieve a thickness of 20 nm. Substrates are exposed to ozone prior to the spin-coating process to
ensure good wetting properties. Films are then annealed at 140 °C for 30 minutes in a nitrogen atmosphere where they
are kept for the remainder of the process. Active material solutions (i.e. polymer + fullerene) are prepared to fully dissolve
the solutes. Thin films are either spin-coated or blade-coated in a nitrogen atmosphere to achieve active layer thicknesses
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between 50 and 500 nm as measured using a profilometer. A short drying period follows to ensure removal of any
residual solvent.
[0224] Typically, blade-coated films are dried at 70 °C for 2 minutes on a hotplate. For the last step of the device
fabrication, Ca (30 nm) / Al (100 nm) cathodes are thermally evaporated through a shadow mask to define the cells.
Current-voltage characteristics are measured using a Keithley 2400 SMU while the solar cells are illuminated by a
Newport Solar Simulator at 100 mW.cm1-2 white light. The solar simulator is equipped with AM1.5G filters. The illumination
intensity is calibrated using a Si photodiode. All the device preparation and characterization is done in a dry-nitrogen
atmosphere.
[0225] Power conversion efficiency is calculated using the following expression 

where FF is defined as 

[0226] OPV devices are prepared wherein the photoactive layer contains a blend of a polymer 1 having the structure
below and either oQDM-C60 or Fullerene 1 or Fullerene 2 of Example 1 or 2, respectively, which is coated from a o-
dichlorobenzene solution at a total solid concentration as shown in Table 1 below. The OPV device characteristics are
shown in Table 1.

oQDM-C60 and its preparation are disclosed, for example, in Angewandte Chemie 1993, 105, 95-7.

Polymer 1 and its preparation are disclosed in WO 2011/131280.
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Polymer 2 and its preparation are disclosed in WO 2013/135339.

Polymer 3 and its preparation are disclosed in US 8455606 B2.

[0227] It can be seen that oQDM-C60, which has lower solubility in common organic solvents, prohibits the formation
of the suitable morphology to achieve good performance in an OPV device, compared to the C60 fullerenes Fullerene
1, Fullerene 3, Fullerene 4 and Fullerene 5 according to the invention which shows significantly better performance.

Example 3: Solubility Examples

[0228] As control and enhancement of the solubility of fullerene derivatives used as n-phase material is an important
aspect in many embodiments of the present invention, the solubility of Fullerene 1 and Fullerene 2 has been determined
at room temperature (about 22°C) in o-dichlorobenzene, in comparison to that of oQDM-C60. The solvent o-dichloroben-
zene is a common solvent for the deposition of active layers of OPV devices and also used in the working examples herein.

Table 1. Photovoltaic cell characteristics.

Fullerene Polymer ratio concn Voc Jsc FF PCE

Polymer: Fullerene mg.cm3-1 mV mA.cm-2 % %

oQDM-C60 1 1.00:2.00 30 860 -8.33 32.9 2.35

1 1 2.00:3.00 30 876 -9.28 61.8 5.03

1 1 1.00:3.00 30 860 -6.49 57.7 3.23

2 1 2.00:3.00 30 810 -2.49 43.5 0.88

2 1 1.00:3.00 30 773 -3.10 48.8 1.17

3 1 2.00:3.00 30 840 -6.84 63.3 3.63

3 1 1.00:3.00 30 580 -4.47 40.6 1.06

4 1 2.00:3.00 30 860 -9.55 58.3 4.79

4 1 1.00:3.00 30 860 -8.28 63.1 4.49

4 2 2.00:3.00 30 964 -6.37 35.5 2.19

4 3 2.00:3.00 30 687 -9.60 41.3 2.73

4 P3HT 2.00:3.00 30 660 -7.42 69.3 3.39

5 1 2.00:3.00 30 838 -6.62 44.7 2.49
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[0229] For this purpose, the following procedure for the determination of solubilities has been used.
[0230] As the determination of the concentration is based on the absorbance at 360 nm, a calibration curve is established
first. Solutions of Fullerene 1, Fullerene 2 and oQDM-C60 in o-dichlorobenzene at concentrations of 0.1 mg/cm3 are
prepared. Diluting fractions of the solutions further, additional solutions at concentrations of 0.02 and 0.004 mg/cm3 are
obtained, respectively. UV-vis spectra between 300 and 1100 nm have been measured and the absorbances at 360 nm
recorded. Absorbance vs. concentration has been plotted for Fullerene 1 and Fullerene 2 respectively. Linear trend
lines intercepting at (0,0) have been added and the slopes, to be used as response factors, recorded.
[0231] In order to assess solubilities, concentrated solutions, targeted to be saturated, of Fullerene 1 to 5 and, for
comparison, oQDM-C60 have been prepared. In more detail: 57 mg of Fullerene 1, 85 mg of Fullerene 2, 82.9 mg of
Fullerene 3, 78.3 mg of Fullerene 4, 157 mg of Fullerene 5 and 46 mg of oQDM-C60 have been added to 1 cm3 of o-
dichlorobenzene and stirred overnight with a magnetic stir bar. The solution was filtered through a 0.2 mm syringe filter
and diluted with o-dichlorobenzene in order to reach concentrations suitable for the UV-vis spectrometer. UV-vis spectra
of the resulting solutions are measured and the absorbances at 360 nm recorded.
[0232] Using the calibration curves described above and taking into account the dilution factors, the following solubilities
in o-dichlorobenzene at room temperatures have been obtained:

oQDM-C60 : 5.8 mg/cm3

Fullerene 1: 23 mg/cm3

Fullerene 2: > 85 mg/cm3

Fullerene 3: 9.3 mg/cm3

Fullerene 4: 45 mg/cm3

Fullerene 5: 20 mg/cm3

[0233] The value for Fullerene 2 is a minimum value as all material initially added has been dissolved and the solution
may not have been saturated. Finally, it can be concluded that functionalization schemes, as described herein, allow
for an unexpectedly pronounced increase of solubilities in a solvent pertinent for the preparation of OPV devices and
other solvents and devices.

Claims

1. A compound of formula I

wherein

Cn is a fullerene composed of n carbon atoms, optionally with one or more atoms trapped inside,
Adduct is a secondary adduct, or a combination of secondary adducts, appended to the fullerene Cn,
m is the number of secondary adducts appended to the fullerene Cn, and is 0, an integer ≥ 1, or a non-integer > 0,
o is an integer ≥ 1,
R1 to R8 independently of each other denote H or an alkyl, alkoxy, thioalkyl, alkylcarbonyl, alkoxycarbonyl or
alkylcarbonyloxy group, all of which are straight-chain or branched, have 2 to 20 C atoms and are optionally
fluorinated,

characterized in that in formula I at least one of R5 and R7 is different from H and at least one of R6 and R8 is
different from H.

2. The compound of claim 1, wherein one or more of R1, R2, R3, R4, R5, R6, R7 and R8 denote H.
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3. The compound of claim 1 or 2, wherein R5 and R6 are different from H and R7 and R8 denote H, or R7 and R8 are
different from H and R5 and R6 denote H.

4. The compound according to any of claims 1 to 3, wherein n is 60, 70, 76, 78, 82, 84, 90, 94 or 96.

5. The compound according to claim 4, wherein n is 60.

6. The compound according to claim 4, wherein n is 70.

7. The compound according to any of claims 1 to 6, wherein m is 0, 1, 2 or 3.

8. The compound according to claim 7, wherein m is 1, 2 or 3.

9. The compound according to claim 8, wherein m is 0.

10. The compound according to any of claims 1 to 9, wherein the "Adduct" in formula I is selected from the following
formulae
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wherein

RS1, RS2, RS3, RS4 and RS5 independently of each other denote H, halogen or CN, or have one of the meanings
of R1 as given in any of claims 1 to 5, or have one of the meanings of ArS1 as given below,
ArS1 and ArS2 are independently of each other an aryl or heteroaryl group with 5 to 20, preferably 5 to 15, ring
atoms, which is mono- or polycyclic, and which is substituted by one or more identical or different substituents
RS, wherein RS denotes halogen, preferably F, or a straight-chain, branched or cyclic alkyl moiety with 1 to 30,
preferably 4 to 20, very preferably 5 to 15, C atoms, in which one or more CH2 groups are optionally replaced
by-O-, -S-, -C(O)-, -C(S)-, -C(O)-O-, -O-C(O)-, -S(O)2-, -NR0-, -SiR0R00-, -CF2-, wherein R0 and R00 have one
of the meanings given in claim 1.

11. The compound according to any of claims 1 to 10, which is selected from the following subformula

wherein Cn, "Adduct", m, R5 and R6 are as defined in any of claims 1 to 3, with R5 and R6 being different from H.

12. The compound according to any of claims 1 to 11, which is selected from the following subformulae

wherein R5 and R6 denote independently of each other straight-chain or branched alkyl with 1 to 20 C atoms.
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13. Use of the compound according to any of claims 1 to 12 as electron acceptor or n-type semiconductor in a semi-
conducting material, organic electronic device, or component of an organic electronic device.

14. A composition comprising a compound according to any of claims 1 to 12.

15. The composition of claim 149, which comprises one or more compounds according to any of claims 1 to 12 as
electron acceptor or n-type semiconductor component, and further comprising one or more semiconducting com-
pounds which have electron donor or p-type properties.

16. The composition of claims 14 or 15, which comprises one or more compounds according to any of claims 1 to 127
and one or more p-type organic semiconductor compounds selected from conjugated organic polymers.

17. The composition of any of claims 14 to 16, which comprises one or more compounds according to any of claims 1
to 14 and one or more compounds which are selected from compounds having one or more of a semiconducting,
charge transport, hole transport, electron transport, hole blocking, electron blocking, electrically conducting, photo-
conducting and light emitting property.

18. Use of the compound according to any of claims 1 to 12 or the composition according to any of claims 14 to 17 as
semiconducting, charge transport, electrically conducting, photoconducting, thermoelectric material or light emitting
material, or in an optical, electrooptical, electronic, electroluminescent or photoluminescent device, or in a component
of such a device or in an assembly comprising such a device or component.

19. A semiconducting, charge transport, electrically conducting, photoconducting or light emitting material, which com-
prises the compound according to any of claims 1 to 12 or the composition according to any of claims 14 to 17.

20. A formulation comprising one or more compounds according to any of claims 1 to 12 or the composition according
to any of claims 14 to 17, and further comprising one or more organic solvents.

21. An optical, electrooptical, electronic, electroluminescent or photoluminescent device, or a component thereof, or an
assembly comprising it, which is prepared using the formulation of claim 20.

22. An optical, electrooptical, electronic, electroluminescent or photoluminescent device, or a component of such a
device, or an assembly comprising such a device, which comprises the compound according to any of claims 1 to
12 or the composition according to any of claims 14 to 17 or the material according to claim 20.

23. The optical, electrooptical, electronic, electroluminescent or photoluminescent device of claim 22, which is selected
from organic field effect transistors (OFET), organic thin film transistors (OTFT), organic light emitting diodes (OLED),
organic light emitting transistors (OLET), organic photovoltaic devices (OPV), organic photodetectors (OPD), organic
solar cells, thermoelectric device, laser diodes, Schottky diodes, photoconductors and photodetectors.

24. The component of an optical, electrooptical, electronic, electroluminescent or photoluminescent device of claim 22,
which is selected from charge injection layers, charge transport layers, interlayers, planarising layers, antistatic
films, polymer electrolyte membranes (PEM), conducting substrates and conducting patterns.

25. The assembly of claim 22, which is selected from integrated circuits (IC), radio frequency identification (RFID) tags
or security markings or security devices containing them, flat panel displays or backlights thereof, electrophotographic
devices, electrophotographic recording devices, organic memory devices, sensor devices, biosensors and biochips.

26. The device of claim 22, which is a bulk heterojunction (BHJ) OPV device or an inverted BHJ OPV device.

27. A bulk heterojunction which comprises, or is being formed from, the composition of claim 15.

28. A method of making a compound of formula I according to any of claims 1 to 12 comprising:

reacting in one or more steps a precursor P-1 represented by P-1, wherein R1 to R8 have the meanings given
in any of claims 1 to 3,
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with at least one halogenating reagent to form a halogenated intermediate represented by P-2, wherein Hal
denotes a halogen atom and R1 to R8 have the meanings given in any of claims 1 to 3,

and
reacting the intermediate P-2 in one or more steps with a fullerene compound represented by F-1 or F-2:

or

and, optionally, with a secondary adduct compound to form the compound of formula 1.

29. The method of claim 28, wherein the intermediate P-2 compound is directly reacted without purification with the
fullerene compound.

30. The method of claim 28, wherein the intermediate P-2 compound is not contacted with untreated silica gel before
being reacted with the fullerene compound.

Patentansprüche

1. Verbindung der Formel I
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bei der

Cn ein aus n Kohlenstoffatomen aufgebautes Fulleren, gegebenenfalls mit einem oder mehreren im Inneren
gefangenen Atomen, ist,
Addukt ein sekundäres Addukt oder eine Kombination von sekundären Addukten ist, das/die an das Fulleren
Cn angehängt ist,
m die Anzahl der an das Fulleren Cn angehängten sekundären Addukte ist und 0, eine ganze Zahl ≥ 1 oder
eine nicht-ganze Zahl > 0 ist,
o eine ganze Zahl ≥ 1 ist,
R1 bis R8 unabhängig voneinander H oder eine Alkyl-, Alkoxy-, Thioalkyl-, Alkylcarbonyl-, Alkoxyarbonyl- oder
Alkylcarbonyloxygruppe bedeuten, die alle geradkettig oder verzweigt sind, 2 bis 20 C-Atome aufweisen und
gegebenenfalls fluoriert sind,

dadurch gekennzeichnet, dass in Formel I mindestens einer von R5 und R7 von H verschieden ist und mindestens
einer von R6 und R8 von H verschieden ist.

2. Verbindung des Anspruchs 1, bei der einer oder mehrere von R1, R2, R3, R4, R5, R6, R7 und R8 H bedeuten.

3. Verbindung des Anspruchs 1 oder 2, bei der R5 und R6 von H verschieden sind und R7 und R8 H bedeuten, oder
R7 und R8 von H verschieden sind und R5 und R6 H bedeuten.

4. Verbindung nach beliebigen der Ansprüche 1 bis 3, bei der n 60, 70, 76, 78, 82, 84, 90, 94 oder 96 ist.

5. Verbindung nach Anspruch 4, bei der n 60 ist.

6. Verbindung nach Anspruch 4, bei der n 70 ist.

7. Verbindung nach beliebigen der Ansprüche 1 bis 6, bei der m 0, 1, 2 oder 3 ist.

8. Verbindung nach Anspruch 7, bei der m 1, 2 oder 3 ist.

9. Verbindung nach Anspruch 8, bei der m 0 ist.

10. Verbindung nach beliebigen der Ansprüche 1 bis 9, bei der "Addukt" in Formel I ausgewählt ist aus den folgenden
Formeln



EP 2 989 070 B1

62

5

10

15

20

25

30

35

40

45

50

55

bei denen

RS1, RS2, RS3, RS4 und RS5 unabhängig voneinander H, Halogen oder CN bedeuten oder eine der Bedeutungen
von R1 wie in beliebigen der Ansprüche 1 bis 5 gegeben besitzen oder einer der Bedeutungen von ArS1 wie
nachstehend gegeben besitzen,
ArS1 und ArS2 unabhängig voneinander eine Aryl- oder Heteroarylgruppe mit 5 bis 20, vorzugsweise 5 bis 15,
Ringatomen sind, die mono- oder polycyclisch ist und die durch einen oder mehrere gleiche oder verschiedene
Substituenten RS substituiert ist, bei der RS Halogen, vorzugsweise F, oder einen geradkettigen, verzweigten
oder cyclischen Alkylteil mit 1 bis 30, vorzugsweise 4 bis 20, ganz bevorzugt 5 bis 15, C-Atomen bedeutet,
worin eine oder mehrere CH2-Gruppen gegebenenfalls durch -O-, -S-, -C(O)-, -C(S)-, -C(O)-O-, -O-C(O)-,
-S(O)2-, -NR0-, -SiR0R00-, -CF2- ersetzt sind, bei denen R0 und R00 eine der in Anspruch 1 gegebenen Bedeu-
tungen besitzen.

11. Verbindung nach beliebigen der Ansprüche 1 bis 10, die ausgewählt ist aus der folgenden Unterformel
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bei der Cn, "Addukt", m, R5 und R6 wie in beliebigen der Ansprüche 1 bis 3 definiert sind, wobei R5 und R6 von H
verschieden sind.

12. Verbindung nach beliebigen der Ansprüche 1 bis 11, die ausgewählt ist aus den folgenden Unterformeln

bei denen R5 und R6 unabhängig voneinander geradkettiges oder verzweigtes Alkyl mit 1 bis 20 C-Atomen bedeuten.

13. Verwendung der Verbindung nach beliebigen der Ansprüche 1 bis 12 als Elektronenakzeptor oder Halbleiter des
n-Typs in einem Halbleitermaterial, einer organischen elektronischen Vorrichtung oder einem Bauteil einer organi-
schen elektronischen Vorrichtung.

14. Zusammensetzung enthaltend eine Verbindung nach beliebigen der Ansprüche 1 bis 12.

15. Zusammensetzung des Anspruchs 14, die eine oder mehrere Verbindungen nach beliebigen der Ansprüche 1 bis
12 als Elektronenakzeptor oder Halbleiterbauteil des n-Typs enthält und ferner eine oder mehrere Halbleiterverbin-
dungen enthält, die Elektronendonor- oder p-Typ-Eigenschaften besitzen.

16. Zusammensetzung der Ansprüche 14 oder 15, die eine oder mehrere Verbindungen nach beliebigen der Ansprüche
1 bis 12 und eine oder mehrere aus konjugierten organischen Polymeren ausgewählte organische Halbleiterver-
bindungen des p-Typs enthält.

17. Zusammensetzung nach beliebigen der Ansprüche 14 bis 16, die eine oder mehrere Verbindungen nach beliebigen
der Ansprüche 1 bis 12 und eine oder mehrere Verbindungen, die aus Verbindungen mit einer oder mehreren von
einer Halbleiter-, Ladungstransport-, Lochtransport-, Elektronentransport-, lochblockierenden, elektronenblockie-
renden, elektrisch leitenden, photoleitenden oder lichtemittierenden Eigenschaft ausgewählt sind, enthält.

18. Verwendung der Verbindung nach beliebigen der Ansprüche 1 bis 12 oder der Zusammensetzung nach beliebigen
der Ansprüche 14 bis 17 als Halbleiter-, Ladungstransport-, elektrisch leitendes, photoleitendes, thermoelektrisches
Material oder lichtemittierendes Material oder in einer optischen, elektrooptischen, elektronischen, Elektrolumines-
zenz- oder Photolumineszenzvorrichtung oder in einem Bauteil einer derartigen Vorrichtung oder in einer eine
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derartige Vorrichtung oder ein derartiges Bauteil enthaltenden Baugruppe.

19. Halbleiter-, Ladungstransport-, elektrisch leitendes, photoleitendes oder lichtemittierendes Material, das die Verbin-
dung nach beliebigen der Ansprüche 1 bis 12 oder die Zusammensetzung nach beliebigen der Ansprüche 14 bis
17 enthält.

20. Formulierung enthaltend eine oder mehrere Verbindungen nach beliebigen der Ansprüche 1 bis 12 oder die Zu-
sammensetzung nach beliebigen der Ansprüche 14 bis 17, und ferner enthaltend ein oder mehrere organische
Lösungsmittel.

21. Optische, elektrooptische, elektronische, Elektrolumineszenz- oder Photolumineszenzvorrichtung oder ein Bauteil
davon oder eine dieses enthaltende Baugruppe, die/das unter Verwendung der Formulierung nach Anspruch 20
hergestellt wird.

22. Optische, elektrooptische, elektronische, Elektrolumineszenz- oder Photolumineszenzvorrichtung oder ein Bauteil
einer derartigen Vorrichtung oder eine dieses enthaltende Baugruppe, die/das die Verbindung nach beliebigen der
Ansprüche 1 bis 12, die Zusammensetzung nach beliebigen der Ansprüche 14 bis 17 oder das Material nach
Anspruch 20 enthält.

23. Optische, elektrooptische, elektronische, Elektrolumineszenz- oder Photolumineszenzvorrichtung des Anspruchs
22, die aus organischen Feldeffekttransistoren (OFET), organischen Dünnschichttransistoren (OTFT), organischen
Leuchtdioden (OLED), organischen lichtemittierenden Transistoren (OLET), organischen Photovoltaikvorrichtungen
(OPV), organischen Photodetektoren (OPD), organischen Solarzellen, thermoelektrischen Vorrichtungen, Laserdi-
oden, Schottky-Dioden, Photoleitern und Photodetektoren ausgewählt ist.

24. Bauteil einer optischen, elektrooptischen, elektronischen, Elektrolumineszenz- oder Photolumineszenzvorrichtung
des Anspruchs 22, das aus Ladungsinjektionsschichten, Ladungstransportschichten, Zwischenschichten, Planari-
sierungsschichten, Antistatikfolien, Polymerelektrolytmembranen (PEM), leitenden Substraten und leitenden Struk-
turen ausgewählt ist.

25. Baugruppe des Anspruchs 22, die aus integrierten Schaltungen (IC), RFID-Tags (RFID - radio frequency identifi-
cation) oder diese enthaltenden Sicherheitsmarkierungen oder Sicherheitsvorrichtungen, Flachbildschirmen oder
Hintergrundbeleuchtungen davon, elektrophotographischen Vorrichtungen, elektrophotographischen Aufzeich-
nungsvorrichtungen, organischen Speichervorrichtungen, Sensorvorrichtungen, Biosensoren und Biochips ausge-
wählt ist.

26. Vorrichtung des Anspruchs 22, bei der es sich um eine OPV-Vorrichtung mit Volumen-Heteroübergang (bulk hete-
rojunction - BHJ) oder eine invertierte BHJ-OPV-Vorrichtung handelt.

27. Volumen-Heteroübergang, der die Zusammensetzung des Anspruchs 15 enthält oder hieraus gebildet ist.

28. Verfahren zur Herstellung einer Verbindung der Formel I nach beliebigen der Ansprüche 1 bis 12, bei dem man:

in einem oder mehreren Schritten einen durch P-1 dargestellten Vorläufer P-1, bei dem R1 bis R8 die in beliebigen
der Ansprüche 1 bis 3 gegebenen Bedeutungen besitzen,

mit mindestens einem Halogenierungsmittel zu einem durch P-2 dargestellten halogenierten Zwischenprodukt,
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bei dem Hal ein Halogenatom bedeutet und R1 bis R8 die in beliebigen der Ansprüche 1 bis 3 gegebenen
Bedeutungen besitzen, umsetzt

und
das Zwischenprodukt P-2 in einem oder mehreren Schritten mit einer durch F-1 oder F-2 dargestellten Fulle-
renverbindung:

oder

und gegebenenfalls mit einer sekundären Adduktverbindung zur Verbindung der Formel 1 umsetzt.

29. Verfahren des Anspruchs 28, bei dem die Zwischenverbindung P-2 ohne Reinigung direkt mit der Fullerenverbindung
umgesetzt wird.

30. Verfahren des Anspruchs 28, bei dem die Zwischenverbindung P-2 nicht mit unbehandeltem Kieselgel in Kontakt
gebracht wird, bevor sie mit der Fullerenverbindung umgesetzt wird.

Revendications

1. Composé de la formule I
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dans laquelle

Cn est un fullerène qui est composé de n atomes de carbone, en option avec un ou plusieurs atome(s) piégé(s)
à l’intérieur,
Adduit est un adduit secondaire, ou une combinaison d’adduits secondaires, ajouté(s) au fullerène Cn,
m est le nombre d’adduits secondaires qui sont ajoutés au fullerène Cn, et est 0, un entier ≥ 1, ou un non entier > 0,
o est un entier ≥ 1,
R1 à R8 représentent, de manière indépendante les uns des autres, H ou un groupe alkyle, alcoxy, thioalkyle,
alkylcarbonyle, alcoxycarbonyle ou alkylcarbonyloxy, dont tous sont en chaîne droite ou ramifiés, comportent
de 2 à 20 atomes de C et sont en option fluorés,

caractérisé en ce que, dans la formule I, au moins l’un de R5 et R7 est différent de H et au moins l’un de R6 et R8

est différent de H.

2. Composé selon la revendication1, dans lequel un ou plusieurs de R1, R2, R3, R4, R5, R6, R7 et R8 représente(nt) H.

3. Composé selon la revendication 1 ou 2, dans lequel R5 et R6 sont différents de H et R7 et R8 représentent H, ou
R7 et R8 sont différents de H et R5 et R6 représentent H.

4. Composé selon l’une quelconque des revendications 1 à 3, dans lequel n est 60, 70, 76, 78, 82, 84, 90, 94 ou 96.

5. Composé selon la revendication 4, dans lequel n est 60.

6. Composé selon la revendication 4, dans lequel n est 70.

7. Composé selon l’une quelconque des revendications 1 à 6, dans lequel m est 0, 1, 2 ou 3.

8. Composé selon la revendication 7, dans lequel m est 1, 2 ou 3.

9. Composé selon la revendication 8, dans lequel m est 0.

10. Composé selon l’une quelconque des revendications 1 à 9, dans lequel "Adduit" dans la formule I est sélectionné
parmi les formules qui suivent
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dans lesquelles

RS1, RS2, RS3, RS4 et RS5 représentent, de manière indépendante les uns des autres, H, halogène ou CN, ou
présentent l’une des significations de R1 comme il a été donné selon l’une quelconque des revendications 1 à
5, ou présentent l’une des significations de ArS1 comme il sera donné ci-après,
ArS1 et ArS2 sont, de manière indépendante l’un de l’autre, un groupe aryle ou hétéroaryle qui comporte de 5
à 20, de préférence de 5 à 15 atomes de cycle aromatique, lequel est mono- ou polycyclique, et lequel est
substitué par un substituant ou par plusieurs substituants identiques ou différents RS, où RS représente halogène,
de préférence F, ou une moitié alkyle en chaîne droite, ramifiée ou cyclique qui comporte de 1 à 30, de préférence
de 4 à 20, de façon préférable de 5 à 15 atome(s) de C, où un ou plusieurs groupe(s) CH2 est/sont en option
remplacé(s) par -O-, -S-, -C(O)-, -C(S)-, -C(O)-O-, -O-C(O)-, -S(O)2-, -NR0-, -SiR0R00-, -CF2-, où R0 et R00

présentent l’une des significations qui ont été données selon la revendication 1.

11. Composé selon l’une quelconque des revendications 1 à 10, lequel est sélectionné à partir de la sous-formule qui suit

dans laquelle Cn, "Adduit", m, R5 et R6 sont comme il a été défini selon l’une quelconque des revendications 1 à 3,
R5 et R6 étant différents de H.

12. Composé selon l’une quelconque des revendications 1 à 11, lequel est sélectionné à partir des sous-formules qui
suivent
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dans lesquelles R5 et R6 représentent, de manière indépendante l’un de l’autre, alkyle en chaîne droite ou ramifié
qui comporte de 1 à 20 atome(s) de C.

13. Utilisation du composé selon l’une quelconque des revendications 1 à 12 en tant qu’accepteur d’électrons ou que
semiconducteur de type n dans un matériau de semiconduction, un dispositif électronique organique ou un com-
posant d’un dispositif électronique organique.

14. Composition comprenant un composé selon l’une quelconque des revendications 1 à 12.

15. Composition selon la revendication 14, laquelle comprend un ou plusieurs composé(s) selon l’une quelconque des
revendications 1 à 12 en tant qu’accepteur d’électrons ou que composant semiconducteur de type n, et comprenant
en outre un ou plusieurs composé(s) de semiconduction qui présente(nt) des propriétés de donneur d’électrons ou
de type p.

16. Composition selon la revendication 14 ou 15, laquelle comprend un ou plusieurs composé(s) selon l’une quelconque
des revendications 1 à 12 et un ou plusieurs composé(s) semiconducteur(s) organique(s) de type p qui est/sont
sélectionné(s) parmi les polymères organiques conjugués.

17. Composition selon l’une quelconque des revendications 14 à 16, laquelle comprend un ou plusieurs composé(s)
selon l’une quelconque des revendications 1 à 14 et un ou plusieurs composé(s) qui est/sont sélectionné(s) parmi
les composés qui présentent une ou plusieurs propriété(s) prise(s) parmi la semiconduction, le transport de charges,
le transport de trous, le transport d’électrons, le blocage de trous, le blocage d’électrons, la conduction électrique,
la photoconduction et l’émission de lumière.

18. Utilisation du composé selon l’une quelconque des revendications 1 à 12 ou de la composition selon l’une quelconque
des revendications 14 à 17 en tant que matériau de semiconduction, de transport de charges, de conduction élec-
trique, de photoconduction, thermoélectrique ou que matériau d’émission de lumière, ou dans un dispositif optique,
électrooptique, électronique, électroluminescent ou photoluminescent, ou dans un composant d’un tel dispositif ou
dans un assemblage qui comprend un tel dispositif ou composant.

19. Matériau de semiconduction, de transport de charges, électriquement conducteur, de photoconduction ou d’émission
de lumière, lequel comprend le composé selon l’une quelconque des revendications 1 à 12 ou la composition selon
l’une quelconque des revendications 14 à 17.

20. Formulation comprenant un ou plusieurs composé(s) selon l’une quelconque des revendications 1 à 12 ou la com-
position selon l’une quelconque des revendications 14 à 17, et comprenant en outre un ou plusieurs solvant(s)
organique(s).

21. Dispositif optique, électrooptique, électronique, électroluminescent ou photoluminescent, ou un composant de celui-
ci, ou un assemblage le comprenant, lequel est préparé en utilisant la formulation de la revendication 20.
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22. Dispositif optique, électrooptique, électronique, électroluminescent ou photoluminescent, ou un composant d’un tel
dispositif, ou un assemblage comprenant un tel dispositif, lequel comprend le composé selon l’une quelconque des
revendications 1 à 12, la composition selon l’une quelconque des revendications 14 à 17 ou le matériau selon la
revendication 20.

23. Dispositif optique, électrooptique, électronique, électroluminescent ou photoluminescent selon la revendication 22,
lequel est sélectionné parmi les transistors à effet de champ organiques (OFET), les transistors à film mince orga-
niques (OTFT), les diodes à émission de lumière organiques (OLED), les transistors à émission de lumière orga-
niques (OLET), les dispositifs photovoltaïques organiques (OPV), les photodétecteurs organiques (OPD), les cellules
solaires organiques, les dispositifs thermoélectriques, les diodes laser, les diodes Schottky, les photoconducteurs
et les photodétecteurs.

24. Composant d’un dispositif optique, électrooptique, électronique, électroluminescent ou photoluminescent selon la
revendication 22, lequel est sélectionné parmi les couches d’injection de charges, les couches de transport de
charges, les inter-couches, les couches de planarisation, les films antistatiques, les membranes électrolytiques
polymère (PEM), les substrats de conduction et les motifs de conduction.

25. Assemblage selon la revendication 22, lequel est sélectionné parmi les circuits intégrés (IC), les étiquettes d’iden-
tification radio fréquence (RFID) ou les marquages de sécurité ou les dispositifs de sécurité qui les contiennent, les
affichages à écran plat ou leurs éclairages arrière, les dispositifs électrophotographiques, les dispositifs d’enregis-
trement électrophotographique, les dispositifs de mémoire organique, les dispositifs de capteur, les biocapteurs et
les biopuces.

26. Dispositif selon la revendication 22, lequel est un dispositif OPV à hétérojonction dans la masse (BHJ) ou un dispositif
BHJ OPV inversé.

27. Hétérojonction dans la masse, laquelle comprend, ou est formée à partir de, la composition selon la revendication 15.

28. Procédé de fabrication d’un composé selon la formule I selon l’une quelconque des revendications 1 à 12
comprenant :

la réaction selon une ou plusieurs étape(s) d’un précurseur P-1 qui est représenté par P-1, où R1 à R8 présentent
les significations qui ont été données selon l’une quelconque des revendications 1 à 3,

avec au moins un réactif d’halogénation de manière à former un produit intermédiaire halogéné qui est représenté
par P-2, où Hal représente un atome d’halogène et R1 à R8 présentent les significations qui ont été données
selon l’une quelconque des revendications 1 à 3,
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et
la réaction du produit intermédiaire P-2 selon une ou plusieurs étape(s) avec un composé de fullerène qui est
représenté par F-1 ou par F-2 :

ou

et, en option, avec un composé d’adduit secondaire de manière à former le composé de la formule 1.

29. Procédé selon la revendication 28, dans lequel le composé intermédiaire P-2 est amené à réagir directement sans
purification avec le composé de fullerène.

30. Procédé selon la revendication 28, dans lequel le composé intermédiaire P-2 n’est pas mis en contact avec du gel
de silice non traité avant qu’il ne soit amené à réagir avec le composé de fullerène.
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