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(57) ABSTRACT

This method for producing a fullerene derivative is a method
for producing a fullerene derivative having a partial struc-
ture shown by formula (1) by reacting a predetermined
halogenated compound and two carbon atoms adjacent to
each other for forming a fullerene skeleton in a mixed
solvent of an aromatic solvent and an aprotic polar solvent
having a C—0 or S—O bond in the presence of at least one
metal selected from the group comprising manganese, iron,
and zinc;
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(in formula (1), C* are each carbon atoms adjacent to each
other for forming a fullerene skeleton, A is a linking group
having 1-4 carbon atoms for forming a ring structure with
two C*, in which a portion thereof may be a substituted or
condensed group).
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METHOD FOR PRODUCING FULLERENE
DERIVATIVE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of application Ser.
No. 15/509,080 filed Mar. 6, 2017, which is a National Stage
of International Application No. PCT/JP2015/075186 filed
Sep. 4, 2015, claiming priority based on Japanese Patent
Application Nos. 2014-182133, filed Sep. 8, 2014, and
2014-215192, filed Oct. 22, 2014, the contents of all of
which are incorporated herein by reference in their entirety.

TECHNICAL FIELD

[0002] The present invention relates to a method for
producing a fullerene derivative.

BACKGROUND ART

[0003] Fullerene derivatives have received attention in the
fields of physics and chemistry due to the unique charac-
teristics thereof. Particularly, since a mass synthesis method
by arc discharge was established in 1990, research there-
about has gained more attention. Fullerene derivatives are
known as materials useful as electronic materials, semicon-
ductors, physiologically active substances, and so on.
[0004] Many fullerene derivatives have been reported.
Among them, research is actively underway on derivatives
having a structure in which a cyclic structure including
hydrocarbon is condensed to a fullerene skeleton as acceptor
materials used for organic thin film solar cells and biochemi-
cal probes utilizing the photoresponsiveness due to the high
heat resistance thereof.
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SUMMARY OF INVENTION

Technical Problem

[0009] However, there was a problem that a method for
producing a fullerene derivative in which a cyclic hydro-
carbon group is condensed to a fullerene skeleton differs
depending on the number of carbon atoms forming a ring.
From the viewpoint of efficient production, the preparation
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method has many problems in that the method is a compli-
cated method requiring a multi-step reaction or a method for
which a special substrate is necessarily used.

[0010] For example, a method of preparing PCBM, which
is a fullerene derivative in which a cyclopropane structure is
condensed to a fullerene skeleton and is a representative
material for an acceptor material for organic thin film solar
cells, is described in Non-patent literature 1. Specifically, in
order to prepare PCBM, C, is reacted with a diazo com-
pound to obtain a fulleroid first, and then a fulleroid is
isomerized under reflux conditions in orthodichlorobenzene
with a boiling point of 180° C. to prepare PCBM. In this
manner, a reaction of two steps is necessary for preparing
PCBM, and there are manufacturing problems such as using
a dangerous diazo compound or requiring a high tempera-
ture.

[0011] A method for producing a fullerene derivative used
for biochemical applications, in which a cyclopropane struc-
ture is condensed to a fullerene skeleton, is described in
Non-Patent Document 2. That is, a fullerene derivative, in
which a cyclopropane structure is condensed to a fullerene
skeleton, is prepared by reacting a trimethylenemethane
compound generated in the system by thermal decomposi-
tion of a methylenecyclopropane compound with C,. How-
ever, a methylenecyclopropane compound to be a raw
material is limited, and the preparation of the methylenecy-
clopropane compound itself is also complicated.

[0012] A method for producing a fullerene derivative in
which a cyclohexane structure is condensed to a fullerene
skeleton by reacting orthoquinodimethane with Cg, is
described in Non-Patent Document 3. However, this method
is impossible to be applied to the preparation of structures
other than a 6-membered ring structure due to using a (4+2)
cyclic addition reaction.

[0013] Recent research has succeeded in producing a
fullerene derivative, in which a cyclopropane, cyclopentane
or cyclohexane structure is condensed to a fullerene skeleton
by reacting a dihalogenated compound with Cg, using a Co
complex as a catalyst in the presence of Mn and under mild
conditions of room temperature, in a high yield (Non-Patent
Document 4). However, also in this method, it is necessary
to use an expensive metal catalyst, and thus there is a
practical problem.

[0014] The present invention has been made in consider-
ation of the circumstances described above, and an object of
the invention is to provide a method for effectively produc-
ing a fullerene derivative in which a cyclic carbon chain is
condensed to a fullerene skeleton under mild conditions
irrespective of the number of carbon atoms forming a ring.

Solution to Problem

[0015] The inventors of the present invention found that a
fullerene derivative in which a cyclic carbon chain is con-
densed to a fullerene skeleton can be effectively prepared
under mild conditions irrespective of the number of carbon
atoms forming a ring, by reacting two carbon atoms adjacent
to each other for forming a fullerene skeleton with a specific
halogenated compound in a mixed solvent of an aromatic
solvent and an aprotic polar solvent having a C—0O or S—0O
bond in the presence of at least one metal selected from the
group consisting of manganese, iron and zinc.

[0016] In other words, the present invention includes the
following configurations.
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[0017] (1) A method for producing a fullerene derivative
of the present invention is a method for producing a fuller-
ene derivative having a partial structure represented by
Formula (1), by reacting two carbon atoms adjacent to each
other for forming a fullerene skeleton with a halogenated
compound represented by Formula (2) in a mixed solvent of
an aromatic solvent and an aprotic polar solvent having a
C—0 or S—O bond in the presence of at least one metal
selected from the group consisting of manganese, iron and
zinc. In Formula (1), C* each represent carbon atoms
adjacent to each other for forming a fullerene skeleton, and
A represents a linking group with 1 to 4 carbon atoms for
forming a ring structure or a functional group in which the
linking group is partially substituted or condensed. In For-
mula (2), A represents a linking group with 1 to 4 carbon
atoms or a functional group in which the linking group is
partially substituted or condensed, and each X indepen-
dently represents a halogen atom.

[Chem. 1]
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[0018] (2) In the method for producing a fullerene deriva-

tive according to the above-described (1), the linking group
with 1 to 4 carbon atoms for A may be partially substituted
by an aromatic group, a heteroaromatic group, an alkoxy-
carbonyl group or an alkylidene group.

[0019] (3) In the method for producing a fullerene deriva-
tive according to the above-described (1), the linking group
with 1 to 4 carbon atoms for A may partially form a
condensed-ring structure or a polycyclic structure including
an aromatic ring or a heteroaromatic ring with an aromatic
ring or a heteroaromatic ring.

[0020] (4) In the method for producing a fullerene deriva-
tive according to any one of the above-described (1) to (3),
the aprotic polar solvent may be one or more of the group
consisting of dimethyl sulfoxide (DMSO) and dimethylfor-
mamide (DMF).

[0021] (5) In the method for producing a fullerene deriva-
tive according to any one of the above-described (1) to (4),
the aromatic solvent may be o-dichlorobenzene.

[0022] (6) In the method for producing a fullerene deriva-
tive according to any one of the above-described (1) to (5),
the halogen atom (X) may be Br.

[0023] (7) In the method for producing a fullerene deriva-
tive according to any one of the above-described (1) to (6),
the metal may be Mn, and the aprotic polar solvent may be
DMF.

[0024] (8) In the method for producing a fullerene deriva-
tive according to any one of the above-described (1) to (6),
the metal may be Fe, and the aprotic polar solvent may be
DMSO.
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[0025] (9) In the method for producing a fullerene deriva-
tive according to any one of the above-described (1) to (6),
the metal may be Mn or Zn, and the aprotic polar solvent
may be DMSO.

Advantageous Effects of Invention

[0026] According to the method for producing a fullerene
derivative of the present invention, a fullerene derivative
useful as a functional material, in which a cyclic carbon
chain is condensed to a fullerene skeleton, can be easily
prepared under mild conditions. Further, since similar reac-
tion conditions can be applied irrespective of the number of
carbon atoms forming a ring (i.e., the number of carbon
atoms of a raw material), reaction conditions and operations
can be standardized when a plurality of fullerene derivatives
are prepared, and as a result, a target fullerene derivative can
be effectively prepared.

DESCRIPTION OF EMBODIMENTS

[0027] Hereinafter, the configuration of the embodiment
of the present invention will be described. The present
invention can be implemented with appropriate modifica-
tions within a range that does not change the gist thereof.
[0028] (Method for producing fullerene derivative) A
method for producing a fullerene derivative according to an
aspect of the present invention is a method for producing a
fullerene derivative having a partial structure represented by
Formula (1), by reacting two carbon atoms adjacent to each
other for forming a fullerene skeleton with a halogenated
compound represented by Formula (2) in a mixed solvent of
an aromatic solvent and an aprotic polar solvent having a
C—0 or S—O bond in the presence of at least one metal
selected from the group consisting of manganese, iron and
zinc.

[0029] In Formula (1), C* each represent carbon atoms
adjacent to each other for forming a fullerene skeleton, and
A represents a linking group with 1 to 4 carbon atoms for
forming a ring structure or a functional group in which the
linking group is partially substituted or condensed. Here,
when there are two or more linking routes connecting two
C*, the route having the smallest number of carbon atoms is
a linking group. In Formula (2), A represents a linking group
with 1 to 4 carbon atoms or a functional group in which the
linking group is partially substituted or condensed, and each
X independently represents a halogen atom.

[0030] The “fullerene derivative” refers to a compound
having a structure formed by addition of a specific func-
tional group with respect to the fullerene skeleton, and the
“fullerene skeleton” refers to a carbon skeleton constituting
a closed shell structure derived from a fullerene.

[Chem. 3]
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[0031] Here, a “linking group with 1 to 4 carbon atoms or
a functional group in which the linking group is partially
substituted or condensed” will be described by way of a
specific example. For example 1,2-bis(bromomethyl)ben-
zene is represented by the following Formula (3).

[Chem. 5]
(©)
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[0032] As shown in Formula (3), 1,2-bis(bromomethyl)

benzene has four carbon atoms connecting two Br, and thus
has a linking group with four carbon atoms. Further, the
second carbon atom and the third carbon atom in Formula
(3) are condensed with a benzene ring. That is, in 1,2-bis
(bromomethyl)benzene, A of Formula (2) is represented as
a functional group in which the linking group with four
carbon atoms is partially condensed.

[0033] Furthermore, as another example, dibromomethyl-
benzene is represented by the following Formula (4).

Br :
1

Br
[0034] As in Formula (3), dibromomethylbenzene repre-
sented by Formula (4) has one carbon atom connecting two
Br, and thus has a linking group with one carbon atom.
Hydrogen connected to the first carbon in Formula (4) is
substituted by an aromatic group. That is, in dibromometh-
ylbenzene, A of Formula (2) is represented as a functional
group in which the linking group with one carbon atom is
partially substituted.

[0035] Further, for example, 2,3-bis(bromomethyl)qui-
noxaline is represented by the following Formula (5).

[Chem. 6]
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[0036] As in Formula (3), 2,3-bis(bromomethyl)quinoxa-

line represented by Formula (5) has four carbon atoms
connecting two Br, and thus has a linking group with four
carbon atoms. Moreover, the second carbon and the third
carbon in Formula (5) are condensed with a heteroaromatic
ring. The heteroaromatic ring forms a polycyclic structure as
a whole by further being condensed with an aromatic ring.
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[0037] That is, in 2,3-bis(bromomethyl)quinoxaline, A of
Formula (2) is represented as a functional group in which the
linking group with four carbon atoms is partially condensed
with a polycyclic structure including an aromatic ring or a
heteroaromatic ring.

[0038] Further, for example, 1,3-dibromoindane is repre-
sented by the following Formula (6).

[Chem. 8]
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[0039] As in Formula (3), 1,3-dibromoindane represented

by Formula (6) has a linking route with three carbon atoms
and a linking route with four carbon atoms connecting two
Br. As described above, in an aspect of the present invention,
when there are two or more linking routes connecting two
C*, the route having the smallest number of carbon atoms is
a linking group. Therefore, 1,3-dibromoindane has a linking
group with three carbon atoms. Further, the first carbon and
the third carbon in Formula (6) are condensed with an
aromatic ring. A five-membered ring is formed by an aro-
matic ring and a linking group by bonding the aromatic ring
to two carbon atoms of the linking group, and thereby a
polycyclic structure is formed as a whole.

[0040] That is, in 1,3-dibromoindane, A of Formula (2) is
represented as a functional group in which the linking group
with three carbon atoms forms a condensed-ring structure
with an aromatic ring.

[0041] Hereinafter, details of each element will be
explained with a description of a fullerene derivative.
[0042] First, a compound having a fullerene skeleton and
a halogenated compound are prepared.

[0043] The compound having a fullerene skeleton may be
obtained by a known method (e.g., a method using arc
discharge) or the like.

[0044] For the compound having a fullerene skeleton, Cg,,
Cr0, Cr6: Crs: Csa, Caso Cog, Cosr Cos, Crags Canp OF the like
may be used. Among them, the number of carbon atoms of
the fullerene skeleton is preferably 60 to 120, and Cg, is
more preferable. A compound with high purity may be easily
obtained using a fullerene skeleton with few carbon atoms,
and particularly, C,, enables a compound with high purity to
be easily obtained as compared with other fullerene skel-
etons.

[0045] The halogenated compound is not particularly lim-
ited as long as it is represented by Formula (2), and may be
obtained using a known method. Examples of the haloge-
nated compound include a halogenated compound having a
heterocycle such as 1,2-bis(bromomethyl)benzene, dibro-
momethylbenzene, 1-dibromomethyl-3-fluorobenzene, 3,4-
bis(bromomethyl)-2,5-dimethylthiophene, 2,3-bis(bromom-
ethyl)quinoxaline or the like, a halogenated compound
having a 5-membered ring such as 1,3-dibromo-2,3-di-
hydro-'H-indene or the like, a halogenated compound hav-
ing a halogen element such as F or Br in addition to a
reacting halogen element such as 1-bromo-4-(1,3-dibromo-
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3-(4-fluorophenyl)propylbenzene or the like, a halogenated
compound to which an allyl compound is added, and so on.
[0046] Although a case in which a halogen element (X in
Formula (2)) in a halogenated compound is bromine (Br)
was described above, it may be a substance in which the
bromine element is replaced with a halogen element such as
iodine (1), chlorine (C1), fluorine (F) or the like. However, a
halogen element is preferably bromine (Br). This is because
a brominated compound allows the reaction to proceed
relatively easily as compared with a case of a chlorinated
compound or a fluorinated compound, and is generally less
expensive and more easily obtained than an iodinated com-
pound.

[0047] Next, a compound having a fullerene skeleton and
a halogenated compound are added to a mixed solution of an
aromatic solvent and an aprotic polar solvent having a C—0O
or S—O bond.

[0048] The aromatic solvent represents a solvent formed
of a compound having an aromatic ring. The aromatic
solvent is not particularly limited, and examples thereof
include benzene, toluene, xylene, o-dichlorobenzene
(ODCB), trichlorobenzene, and so on.

[0049] The aromatic solvent is preferably a halogen-sub-
stituted solvent, and is more preferably o-dichlorobenzene.
The solubility of both of the compound having a fullerene
skeleton and the halogenated compound to be a raw material
is increased in a halogen-substituted solvent. O-dichloroben-
zene imparts a high solubility to both of the compound
having a fullerene skeleton and the halogenated compound
to be a raw material, and is capable of increasing a reaction
concentration. Therefore, it is preferable to use o-dichlo-
robenzene in that productivity is increased through the
improvement of the reaction rate and a reaction vessel can
be reduced in size.

[0050] The aprotic polar solvent having a C—0O or S—0O
bond refers to a polar solvent which has no proton-donor
ability and partially includes a C—0O or S—O bond.
[0051] For example, dimethylsulfoxide (DMSO), dimeth-
ylformamide (DMF) or the like may be used. Dimethylsul-
foxide or dimethylformamide is preferable due to allowing
the reaction to proceed easily.

[0052] In the presence of the mixed solution and at least
one metal selected from the group consisting of manganese,
iron and zinc, two carbon atoms adjacent to each other for
forming a fullerene skeleton of the compound having a
fullerene skeleton are reacted with a halogenated compound
represented by Formula (2).

[0053] Light, heat or the like is not particularly required
for the reaction, and the reaction automatically proceeds by
adding a compound having a fullerene skeleton and a
halogenated compound to the mixed solution in the presence
of a predetermined metal.

[0054] When the reaction proceeds under the reaction
conditions, a fullerene derivative useful as a functional
material in which a cyclic carbon chain is condensed to a
fullerene skeleton can be easily prepared in a high yield
under mild conditions. Further, similar conditions can be
applied irrespective of the number of carbon atoms forming
a ring (i.e., the number of carbon atoms of a raw material).
Therefore, when a plurality of fullerene derivatives are
prepared, the reaction conditions and operations can be
standardized.

[0055] When a compound having a fullerene skeleton to
be a raw material is a fullerene with no substituent, the
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fullerene derivative obtained therefrom is a monocyclic
adduct in which only one cyclic carbon chain formed of a
partial structure represented by Formula (1) is added to a
fullerene skeleton, a dicyclic adduct in which two cyclic
carbon chains formed of a partial structure represented by
Formula (1) are added to a fullerene skeleton, a polycyclic
adduct in which three or more cyclic carbon chains formed
of a partial structure represented by Formula (1) are added
to a fullerene skeleton or a mixture thereof. In the method of
the present invention, the number of cyclic carbon chains
added to the fullerene derivative to be obtained may be
selectively set depending on a metal content and/or an
amount of a halogenated compound used during the reac-
tion, and each of the fullerene derivatives whose main
component is a monocyclic adduct, a dicyclic adduct, or a
polycyclic adduct may be prepared as necessary.

[0056] Furthermore, the “main component” used herein
refers to a component which is included at 50 mol % or more
in a mixture of fullerene derivatives having a different
number of partial structures represented by Formula (1).
Further, in a method for producing a fullerene derivative
according to an aspect of the present invention, reproduc-
ibility for each processing batch that was difficult to be
realized in the conventional method for producing a fuller-
ene derivative can be obtained.

[0057] As a method for producing a fullerene derivative
according to an aspect of the present invention, it is pref-
erable that a metal to be added is Mn, and an aprotic polar
solvent is DMF. In this case, a fullerene derivative having
three or more partial structures represented by Formula (1)
in one fullerene skeleton can be obtained in a higher yield.
That is, a fullerene derivative in which a fullerene derivative
having three or more partial structures represented by For-
mula (1) in one fullerene skeleton is the entire main com-
ponent can be selectively obtained.

[0058] In addition to this, as a method for producing a
fullerene derivative according to an aspect of the present
invention, it is preferable that a metal to be added is Fe, and
an aprotic polar solvent is DMSO. In this case, a fullerene
derivative having one partial structure represented by For-
mula (1) in one fullerene skeleton can be obtained in a
higher yield. That is, a fullerene derivative in which a
fullerene derivative having one partial structure represented
by Formula (1) in one fullerene skeleton is the entire main
component can be selectively obtained.

[0059] Furthermore, as a method for producing a fullerene
derivative according to an aspect of the present invention, it
is preferable that a metal to be added is Mn or Zn, and an
aprotic polar solvent is DMSO. In this case, a fullerene
derivative having two partial structures represented by For-
mula (1) in one fullerene skeleton can be obtained in a
higher yield. That is, a fullerene derivative in which a
fullerene derivative having two partial structures repre-
sented by Formula (1) in one fullerene skeleton is the entire
main component can be selectively obtained.

[0060] A temperature during the reaction is preferably in
the range of 0° C. to 60° C. A fullerene derivative can be
produced more effectively within this temperature range.
Further, in the temperature range, room temperature is
preferable. When the temperature is room temperature,
heating and cooling is not necessary, and this is also excel-
lent in that no special equipment is required, and a fullerene
derivative can be prepared easily and inexpensively.
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[0061] Further, the reaction time is preferably in the range
of 1 to 100 hours, and is more preferably in the range of 10
to 50 hours. When the reaction time is within this range, the
reaction can proceed sufficiently, and it is realistic from the
viewpoint of productivity.

[0062] The reaction atmosphere is preferably an inert gas
atmosphere. When the reaction is performed in an inert gas,
the generation of unnecessary side reactions or the like can
be suppressed.

EXAMPLES

[0063] Hereinafter, the present invention will be described
in detail on the basis of examples. Moreover, the invention
is not limited to the examples.

Example 1-1

[0064] For Example 1-1, C4, (21.6 mg, 0.03 mmol) was
used as a compound having a fullerene skeleton and dibro-
mobenzene la (31.6 mg, 0.12 mmol, 4 mol equivalents) was
used as a halogenated compound. Further, ODCB (4 mL) as
an aromatic solvent and DMSO (0.4 mL) as an aprotic polar
solvent were used for the mixed solution. Moreover, Mn
powder (15 mg, 0.27 mmol, 9 mol equivalents) was used as
a metal used in the reaction, and the reaction was performed
for 12 hours at room temperature under an Ar atmosphere.

[Chem. 9]
)

Br Mn(3-9 equiv)
C50 + —_—

Br ODCB/co-solvent

1t,12-47h
1a(4.0 equiv)
+

+  multiadduects

3a

[0065] The reaction may be represented by Formula (A).
As represented by Formula (A), a dicyclic adduct 2a in
which two cyclic substances are added to a fullerene skel-
eton, a monocyclic adduct 3a in which one cyclic substance
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is added to a fullerene skeleton, a polycyclic adduct with
three or more cyclic substances, or a mixture thereof is
formed by the reaction.

[0066] The product after the reaction was analyzed by
high performance liquid chromatography (HPLC). HPLC
was performed under the following conditions.

[0067] Column: Cosmosil Buckyprep manufactured by
Nacalai Tesque, Inc. (4.6 mm 1.D.x250 mm)

[0068] Mobile phase: toluene

[0069] Flow rate: 0.6 mL/min

[0070] Detection: UV 320 nm

[0071] Measurement temperature: 16° C.

[0072] Here, C,, was used as an internal standard. At the

same time, an abundance ratio of non-reacted Cy, was
measured to determine the progress status of the reaction.
[0073] Further, each of separated materials was identified
by a "H-NMR spectrum and *C-NMR spectrum. A JEOL
IMTC-270/54/SS (400 MHz) manufactured by JASTEC
Corporation was used in the measurement. Moreover, iden-
tification by a high resolution mass spectrum (HRMS) was
also conducted. An APEX III manufactured by BRUKER
was used for the result.

[0074] The data of the dicyclic adduct 2a is shown below.

[0075] 2a: brown solid; 'H NMR (400 MHz, CDCl,/
CS,=1/4) § 3.49-5.00 (8H, m), 7.37-7.83 (8H, m); '*C NMR
(100 MHz, CDCL,/CS,=1/4) & 43.52, 44.11, 44.46, 44.79,
45.22, 63.93, 64.05, 64.34, 64.42, 64.65, 127.26, 127.51,
127.69, 137.05, 137.18, 137.45, 140.88, 141.15, 142.38,
142.58, 143.31, 143.99, 144.13, 14431, 144.44, 144.75,
144.93, 144.99, 145.52, 145.91, 146.26, 146.38, 146.73,
147.28, 147.66, 148.17, 148.79, 149.14, 15432, 154.74,
159.80, 160.94. HRMS (MALDI) C,H, s [M]": 928.1247,
found 928.1247.

Example 1-2 and Comparative Examples 1-1 to 1-5

[0076] The study was performed in the same manner as in
Example 1-1 except that the presence or absence of an
aprotic polar solvent or Mn was changed. However, the
reaction time was 44 hours only in Comparative Example
1-2. Further, ethanol which is a protic polar solvent was used
instead of an aprotic polar solvent in Comparative Example
1-5. The results of the study are shown in Table 1. In Table
1, CH,CN is acetonitrile, THF is tetrahydrofuran and EtOH
is ethanol.

Examples 1-3

[0077] For Examples 1 to 3, Cy, (21.6 mg, 0.03 mmol)
was used as a compound having a fullerene skeleton and
1,2-bis(bromomethyl)benzene (17.4 mg, 0.066 mmol, 2.2
mol equivalents) was used as a halogenated compound.
Further, ODCB (4 mL) as an aromatic solvent and DMSO
(0.3 mL) as an aprotic polar solvent were used for the mixed
solution. Moreover, Mn powder (5 mg, 0.09 mmol, 3 mol
equivalents) was used as a metal used in the reaction, and the
reaction was performed for 47 hours at room temperature
under an Ar atmosphere. The results are shown in Table 1.

Examples 1-4 and 1-5, Comparative Examples 1-6
to 12

[0078] The study was performed in the same manner as in
Example 1-3 except that a metal used in the reaction was



US 2020/0095209 Al

changed. However, the reaction time was 20 hours only in
Comparative Example 1-4. The results of the study are
shown in Table 1.

TABLE 1

Mar. 26, 2020

was used as a metal used in the reaction, and the reaction of
Reaction Formula (B) was performed at room temperature
under an Ar atmosphere.

Abundance ratio

Metal (mol Polar Dicyclic

Monocyclic

Polycyclic  Collected  Yield of fullerene

equivalents) solvent adduct (%)  adduct (%)  adduct (%)  Cgo (%) derivative (%)
Example 1-1  Mn (9) DMSO 56 — 21 — 78
Example 1-2  Mn (9) DMF 0 0 9 0 9
Comparative — DMSO 0 0 0 95 0
Example 1-1
Comparative Mn (9) — 0 0 0 95 0
Example 1-2
Comparative Mn (9) CH;CN 0 0 0 95 0
Example 1-3
Comparative Mn (9) THF 0 0 0 95 0
Example 1-4
Comparative Mn (9) EtOH 0 0 0 95 0
Example 1-5
Example 1-3  Mn (3) DMSO 87 0 12 0 99
Example 14 Zn (3) DMSO 58 15 10 0 73
Example 1-5  Fe (3) DMSO 0 54 0 a4 54
Comparative MnO, (3) DMSO 0 0 0 99 0
Example 1-6
Comparative Mn(OAc);*2H,0 (3) DMSO 0 0 0 99 0
Example 1-7
Comparative MnCl,*H,0 (3) DMSO 0 0 0 99 0
Example 1-8
Comparative Mg (3) DMSO 0 0 0 99 0
Example 1-9
Comparative Cu (3) DMSO 0 0 0 99 0
Example 1-10
Comparative Pd/C (3) DMSO 0 0 0 99 0
Example 1-11
Comparative Raney Ni (3) DMSO 0 0 0 99 0
Example 1-12
[0079] As shown in Examples 1-1 to 1-5, a fullerene

derivative in which a cyclic substance is added to a fullerene
skeleton can be selectively prepared using the method of the
present invention. Further, when Example 1-1 is compared
with Example 1-3, it can be seen that the reaction of adding
a plurality of cyclic substances to a fullerene skeleton is
suppressed and the yield of the dicyclic adduct is increased
by decreasing the number of mol equivalents of the metal.
[0080] In contrast, as shown in Comparative Examples 1-1
and 1-2, it can be seen that adducts are not produced in the
absence of a metal and an aprotic polar solvent. Further, as
shown in Comparative Examples 1-3 to 1-5, the reaction
does not proceed when an aprotic polar solvent with no
C—0 or S—O bond or a protic polar solvent is used.
Moreover, there is no effect with an oxide even if it contains
Mn as shown in Comparative Examples 1-6 to 1-8, and there
is no effect unless an appropriate metal is selected as shown
in Comparative Examples 1-9 to 1-12.

Examples 2-1 to 2-10

[0081] Next, a fullerene derivative in which a cyclic
substance is added to a fullerene skeleton was prepared by
varying the halogenated compound to be added.

[0082] C,, (21.6 mg, 0.03 mmol) was used as a compound
having a fullerene skeleton and reacted with a halogenated
compound (2.2 mol equivalents). At this time, ODCB (4
ml) as an aromatic solvent and DMSO (0.3 mL) as an
aprotic polar solvent were used for the mixed solution.
Moreover, Mn powder (5 mg, 0.09 mmol, 3 mol equivalents)

[Chem. 10]

s (B)
T

N\
Cep + A

Br—/

Mn(3.0 equiv)
_—
ODCB/DMSO, 1t

@Qw

-

[0083] A reaction time, a used halogenated compound 1,
an obtained fullerene derivative 2 and the yield thereof are
shown in Table 2. The yield of the fullerene derivative was
calculated by HPLC as in Example 1-1. Further, after an
obtained fullerene derivative 2 was separated out, a
'H-NMR spectrum, a "*C-NMR spectrum and a HRMS
spectrum were measured, and a compound was identified.
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TABLE 2
TIME
HALOGENATED COMPOUND (h)
EXAMPLE (1b) 47
2-1 Br
Br
CO,Me
EXAMPLE (le) 38
22 Br
Br.
OMe
EXAMPLE (ad)y 15
2-3
Br =
S
Br. S
EXAMPLE Br (le) 23
2-4 ;
Br
EXAMPLE Br Br an 12
B J\)\
Ph Ph
EXAMPLE Br Br (g 17
2-6
F
EXAMPLE Br Br (1h) 12
2_7 /‘)\)\‘\
Br F
EXAMPLE Br (1) 47
2_8 }
Br
EXAMPLE Br ap 18
2_9 >_©
Br
EXAMPLE (k) 24
2-10
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154.98, 155.56, 156.29, 156.47, 157.46, 158.77; HRMS
(MALDI) C,H, , [M]*: 952.1247, found: 952.1246.

US 2020/0095209 Al
10
TABLE 2-continued

EXAMPLE (k) 51

2-10
[0084] The data of each dicyclic adduct 2b to 2k is shown
below.
[0085] 2b: brown solid; 'H NMR (400 MHz, CDCl,/ [0089]

CS,=1/4) §3.94-4.13 (8H, m), 4.33-5.01 (6, m), 7.27-8.51
(6H, m); *C NM/R (100 MHz, CDCL/CS,=1/4) & 44.28,
44.65, 45.04, 51.76, 51.81, 63.73, 63.79, 63.86, 63.92,
64.10, 64.18, 64.43, 64.50, 127.46, 127.73, 128.77, 128.98,
129.57, 137.82, 139.40, 141.00, 141.11, 141.56, 14238,
142.78, 143.42, 144.23, 144.43, 145.01, 145.60, 145.95,
146.33, 147.72, 148.23, 149.14, 154.01, 154.35, 156.74,
159.41, 160.24, 166.01; HRMS (MALDI) caled for
CaoH,00,[M]*: 1044.1356, found 1044.1358.

[0086] 2c: brown solid; 'H NMR (400 MHz, CDCl,/
CS,=1/4) § 3.72-4.91 (14H, m), 6.87-7.66 (6H, m); '*C
NMR (100 MHz, CDCIL,/CS,=1/4) & 43.76, 44.09, 44.47,
44.79, 45.12, 45.50, 54.67, 54.70, 54.72, 63.84, 63.95,
63.97, 64.20, 64.23, 64.28, 64.34, 64.56, 64.61, 64.70,
64.92, 112.59, 113.29, 128.13, 128.40, 128.98, 129.40,
138.16, 138.55, 140.85, 141.05, 142.55, 143.29, 14331,
144.10, 144.29, 144.45, 144.74, 144.98, 145.50, 145.83,
146.24, 146.25, 146.27, 146.35, 147.65, 148.16, 148.71,
149.04, 154.27, 154.29, 154.74, 158.82, 159.02, 159.82;
HRMS (MALDI) caled for CgH,,O,[M]*: 1108.1458,
found 1108.1463.

[0087] 2d: brown solid; ‘H NMR (400 MHz, CDCl,/
CS,=1/4) & 2.18-2.67 (12H, m), 3.85-4.51 (8H, m); °C
NMR (100 MHz, CDCL,/CS,=1/4) & 12.32, 12.47, 12.53,
12.69, 38.94, 39.54, 39.85, 40.09, 40.27, 62.67, 63.87,
64.15,64.31,64.51, 129.10, 129.18, 129.47, 132.59, 132.71,
132.82, 132.98, 139.38, 140.90, 141.12, 141.34, 141.98,
142.57, 143.34, 144.02, 144.16, 144.28, 14433, 144.52,
144.77, 145.01, 145.07, 145.36, 145.52, 14594, 146.41,
146.75, 146.80, 147.31, 147.71, 148.19, 148.74, 148.84,
149.16, 149.98, 154.12, 155.04, 160.08, 161.17. HRMS
(MALDI) C,¢H,0S,[M]*: 996.1001, found: 996.1002.

[0088] 2e: brown solid; 'H NMR (400 MHz, CDCl,/
CS,=1/4) § 2.45-4.05 (4H, m), 4.36-5.19 (4H, m), 7.09-7.82
(8H, m); >C NMR (100 MHz, CDCl,/CS,=1/4) § 45.18,
45.24,45.80, 45.91, 5.99, 46.12, 46.31, 47.17, 56.99, 57.09,
57.13, 57.48, 57.51, 57.71, 57.74, 57.82, 57.90, 57.94,
58.06, 58.13, 58.15, 58.78, 73.32, 73.48, 73.54, 73.68,
73.77, 73.88, 74.10, 74.16, 74.25, 123.08, 123.10, 123.21,
123.26, 123.33, 123.43, 123.49, 123.62, 123.65, 123.69,
123.84, 123.96, 126.50, 126.64, 126.79, 126.87, 129.93,
127.02, 127.05, 127.09, 127.22, 127.25, 135.97, 136.12,
136.21, 136.28, 136.35, 136.40, 136.50, 136.54, 137.09,
137.12, 137.34, 140.63, 140.64, 140.70, 140.81, 140.84,
140.91, 141.50, 141.56, 141.71, 141.78, 141.86, 141.96,
142.01, 142.21, 143.21, 143.43, 143.57, 144.02, 144.10,
144.15, 144.17, 144.19, 14431, 144.36, 144.41, 14448,
144.51, 144.59, 144.64, 144.68, 144.72, 144.76, 144.84,
144.88, 145.15, 145.19, 145.27, 14537, 14539, 145.45,
145.49, 145.51, 145.66, 145.82, 146.14, 146.30, 146.56,
147.10, 147.12, 147.22, 147.26, 147.39, 147.54, 147.58,
147.76, 147.96, 148.04, 148.25, 148.33, 148.49, 154.21,

2f: brown solid; 'H NMR (400 MHz, CDCl,/
CS,=1/4) § 2.62-5.69 (8H, m), 7.00-8.06 (20H, m); 13C
NMR (100 MHz, CDCIL,/CS,=1/4) § 33.23, 34.13, 34.73,
34.89, 34.98, 35.20, 35.24, 35.28, 35.40, 36.71, 37.21,
37.34, 37.40, 57.00, 57.14, 57.29, 57.43, 57.58, 27.73,
57.99, 58.22, 58.31, 58.70, 58.82, 58.89, 58.95, 58.99,
59.07, 59.12, 59.18, 59.26, 59.43, 59.46, 59.54, 59.66,
59.69, 59.74, 59.80, 60.32, 74.01, 74.06, 74.15, 74.21,
74.27, 74.34, 74.40, 74.42, 74.44, 74.49, 74.53, 74.55,
74.59, 74.64, 74.77, 74.82, 74.86, 74.90, 75.11, 135.08,
137.33, 137.35, 137.47, 137.50, 137.65, 137.67, 137.73,
137.83, 137.89, 138.00, 138.22, 140.34, 140.45, 140.64,
140.87, 140.90, 140.97, 141.01, 141.07, 141.15, 142.13,
143.03, 143.71, 143.75, 144.05, 144.10, 144.12, 144.18,
144.25, 144.46, 144.56, 144.62, 144.73, 144.74, 144.82,
144.85, 14531, 145.33, 145.48, 146.02, 146.48, 146.60,
147.19, 147.38, 147.47, 147.53, 147.62, 147.66, 147.76,
148.09, 148.21, 148.26, 148.33, 148.36, 148.43, 148.50,
148.54, 148.59, 148.61, 148.67, 152.17, 152.41, 153.99,
154.17, 154.28, 155.32, 155.42, 155.82, 155.96, 157.47.
HRMS (MALDI) CyH,, [M]*: 1108.2186, found 1108.
2187.

[0090] 2g: brown solid; ‘H NMR (400 MHz, CDCl,/
CS,=1/4) 5 2.41-3.94 (4H, m), 4.19-5.72 (4H, m), 6.83-8.01
(18H, m); '*C NMR (100 MHz, CDCL,/CS,=1/4) § 34.97,
5.13,35.38,35.46, 36.81, 37.35, 56.55, 56.62, 56.71, 57.19,
57.33, 57.45, 57.58, 57.62, 57.78, 58.10, 58.53, 58.82,
58.88, 59.08, 59.40, 59.59, 59.71, 73.82, 74.11, 74.14,
74.20, 74.29, 74.34, 74.43, 74.65, 74.86, 74.94, 114.47,
144.59, 114.68, 114.80, 114.87, 114.92, 115.02, 115.08,
115.15, 115.24, 115.30, 115.36, 115.43, 115.52, 127.00,
127.06, 127.09, 127.17, 127.25, 127.32, 127.41, 127.48,
127.58, 127.90, 127.94, 127.97, 128.04, 128.07, 128.13,
128.16, 128.20, 128.24, 128.26, 128.32, 128.37, 128.45,
128.53, 128.55, 128.58, 128.72, 128.76, 128.78, 128.81,
128.85, 128.86, 128.89, 128.93, 129.02, 129.05, 129.12,
129.24, 130.03, 130.11, 130.17, 130.23, 130.30, 130.34,
130.42, 130.52, 130.57, 130.60, 130.64, 130.71, 137.52,
140.89, 140.93, 143.84, 144.12, 144.53, 144.58, 144.66,
144.70, 145.28, 147.36, 147.57, 152.38, 153.58, 153.65,
154.17, 155.01, 155.11, 157.07, 157.26, 159.29, 160.33,
160.46, 160.53, 162.74, 162.99. HRMS (MALDI) C,,H,F,
[M]*: 1144.1997, found 1144.1997.

[0091] 2h: brown solid; ‘H NMR (400 MHz, CDCl,/
CS,=1/4) § 2.38-3.91 (4H, m), 4.12-5.68 (4H, m), 6.90-7.88
(16H, m); 13C NMR (100 MHz, CDC1,/CS,=1/4) § 33.34,
34.66, 34.84, 35.04, 3541, 35.46, 36.43, 36.67, 56.43,
56.60, 56.70, 56.89, 56.98, 57.38, 57.46, 58.03, 58.07,
58.15, 58.21, 58.34, 58.41, 58.50, 58.78, 58.89, 59.04,
59.10, 73.61, 73.77, 73.82, 73.85, 74.00, 74.13, 74.28,
74.44,74.59,74.67, 114.29, 114.74, 114.92, 114.96, 115.16,
115.20, 115.30, 115.37, 115.51, 115.58, 121.53, 121.79,
121.84, 121.98, 122.01, 122.05, 122.13, 122.26, 129.87,
129.91, 129.95, 130.02, 130.04, 130.09, 130.22, 130.26,
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130.29, 130.34, 130.39, 130.42, 130.51, 130.56, 130.61,
130.69, 130.74, 130.80, 131.04, 131.15, 131.28, 131.36,
131.46, 131.49, 131.56, 131.59, 131.69, 136.45, 136.78,
139.00, 140.60, 140.89, 141.02, 141.26, 141.70, 141.99,
143.11, 143.31, 143.66, 143.81, 143.85, 144.07, 144.19,
144.26, 144.51, 144.56, 144.58, 144.60, 144.69, 14471,
144.74, 144.82, 14529, 145.84, 14638, 146.42, 146.49,
146.61, 147.11, 147.39, 147.66, 147.71, 147.83, 14833,
148.41, 148.49, 148.70. HRMS (MALDI) C,H,,Br,F,
[M]*: 1300.0207, found 1300.0212.

[0092] 2i: brown solid; 'H NMR (400 MHz, CDCl,/
CS,=1/4) § 3.32-4.57 (8H, m), 5.19-5.69 (4H, m); '*C NMR
(100 MHz, CDCl,/CS,=1/4) & 47.56, 47.64, 48.11, 48.37,
48.56, 67.83, 67.88, 68.07, 68.24, 68.29, 109.55, 110.06,
134.47, 134.52, 135.45, 136.32, 137.59, 139.46, 139.80,
140.18, 140.74, 140.79, 140.85, 141.06, 141.16, 141.18,
142.20, 142.82, 143.19, 143.25, 143.37, 143.55, 143.70,
144.04, 144.06, 144.22, 14435, 144.37, 144.42, 144.65,
144.72, 144.87, 144.95, 144.97, 145.05, 14535, 145.69,
145.75, 146.36, 146.87, 147.43, 147.67, 147.82, 14791,
148.04, 148.26, 148.53, 148.56, 148.74, 153.87, 154.37,
154.81, 156.18, 156.94, 156.95, 159.78, 160.36. HRMS
(MALDI) C4eH,, [M]™: 828.0934, found 828.0934.

[0093] 2j: brown solid; 'H NMR (400 MHz, CDCl,/
CS,=1/4) § 4.54-5.50 (2H, m), 7.26-8.19 (10H, m); 13C
NMR (100 MHz, CDCIL,/CS,=1/4) & 40.88, 40.94, 41.03,
41.07, 41.23, 41.90, 42.35, 42.42, 42.55, 44.56, 45.12,
70.57, 73.02, 74.29, 74.38, 74.43, 74.59, 74.62, 74.67,
75.01, 75.12, 75.14, 75.25, 75.74, 75.78, 75.86, 75.90,
127.83, 127.87, 127.90, 127.92, 127.97, 128.02, 128.04,
128.14, 128.24, 128.33, 128.38, 128.41, 128.44, 128.60,
130.27, 130.50, 130.60, 130.63, 130.73, 130.75, 130.77,
130.84, 130.87, 130.92, 131.03, 132.05, 132.43, 132.56,
132.61, 132.63, 132.67, 132.80, 132.94, 132.97, 133.07,
133.10, 137.52, 137.59, 137.87, 137.95, 138.00, 138.05,
138.20, 138.32, 138.64, 138.71, 138.76, 138.82, 139.04,
139.16, 139.27, 139.35, 139.48, 139.51, 139.76, 140.96,
141.12, 141.21, 141.28, 141.31, 141.36, 141.51, 141.90,
141.92, 142.20, 142.55, 142.64, 142.91, 142.93, 142.95,
142.96, 143.40, 143.43, 143.52, 143.53, 143.56, 143.65,
143.74, 143.76, 143.78, 143.80, 143.83, 143.90, 143.94,
144.00, 144.02, 144.09, 144.14, 144.16, 144.25, 144.32,
144.35, 144.51, 144.68, 144.72, 144.76, 144.87, 144.98,
145.12, 145.37, 145.47, 145.64, 145.76, 145.78, 145.85,
145.88, 145.90, 145.92, 145.94, 146.02, 146.04, 146.06,
146.11, 146.19, 146.21, 147.21, 147.39, 147.93, 150.40,
151.13. HRMS (MALDI) C,H,, [M]*: 900.0934, found
900.0934.

[0094] 2k: brown solid; ‘H NMR (400 MHz, CDCl,/
CS,=1/4) 8 4.47-5.47 (2H, m), 7.05-7.24 (2H, m), 7.39-7.99
(6H, m); *C NMR (100 MHz, CDCL,/CS,=1/4) § 40.00,
40.03, 40.15, 40.27, 40.28, 40.44, 40.50, 41.02, 41.50,
41.53, 41.56, 41.58, 41.73, 41.75, 43.66, 43.69, 44.24,
44.27, 69.96, 72.54, 73.07, 73.40, 73.67, 73.74, 73.97,
74.01, 74.09, 74.21, 74.25, 74.30, 74.67, 74.77, 74.88,
75.28, 75.30, 75.33, 75.41, 75.49, 114.89, 114.92, 114.96,
114.01, 114.07, 115.10, 115.13, 115.17, 115.21, 115.28,
11539, 117.43, 117.45, 117.56, 117.66, 117.71, 117.78,
117.82, 117.87, 117.89, 117.93, 117.98, 118.01, 118.03,
118.19, 125.92, 125.94, 126.17, 126.20, 126.27, 126.30,
126.40, 126.43, 126.46, 126.51, 126.54, 126.56, 126.70,
126.73, 129.77, 129.85, 129.89, 129.94, 129.97, 130.05,
130.13, 130.21, 131.75, 133.29, 133.58, 133.68, 133.87,
134.38, 134.45, 134.69, 134.76, 134.79, 134.84, 134.90,
134.98, 135.01, 135.05, 135.09, 135.13, 135.20, 135.31,
135.36, 135.43, 135.62, 135.71, 135.86, 136.00, 136.06,
136.16, 136.28, 136.39, 136.61, 136.78, 137.54, 137.63,
138.04, 138.29, 138.39, 138.73, 138.80, 139.22, 139.30,
139.38, 139.40, 139.54, 139.77, 140.02, 140.31, 140.65,
140.69, 140.72, 140.95, 141.14, 141.29, 141.31, 141.37,
141.39, 141.41, 141.44, 141.49, 141.51, 141.54, 141.59,
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141.64, 141.89, 141.91, 141.93, 142.30, 142.48, 142.50,
142.52, 142.62, 142.70, 142.81, 142.82, 142.94, 142.96,
142.98, 143.00, 143.02, 143.04, 143.15, 143.22, 143.28,
14332, 143.34, 143.38, 143.42, 143.46, 143.49, 143.52,
143.54, 143.60, 143.75, 143.80, 143.83, 143.85, 143.87,
143.91, 143.97, 144.07, 144.09, 144.11, 144.15, 144.22,
144.23, 144.28, 144.31, 144.33, 14439, 144.42, 144.52,
144.61, 144.63, 144.67, 144.72, 144.76, 144.80, 144.84,
144.86, 144.88, 144.95, 144.98, 145.00, 145.06, 145.09,
145.11, 145.12, 145.15, 145.28, 145.31, 14533, 145.35,
145.50, 145.51, 145.55, 145.60, 145.68, 145.73, 145.76,
145.78, 145.81, 145.83, 145.88, 145.90, 145.99, 146.01,
146.02, 146.13, 146.42, 146.48, 146.69, 146.78, 146.83,
146.87, 146.94, 146.96, 147.04, 147.06, 147.21, 147.29,
147.43, 147.48, 147.57, 147.61, 147.75, 147.80, 148.16,
148.31, 148.70, 149.07, 149.13, 149.42, 149.52, 149.55,
149.71, 149.76, 149.82, 150.03, 150.13, 150.80, 151.50,
160.92, 60.97, 161.02, 161.18, 163.32, 163.40, 163.44,
163.50, 163.64. HRMS (MALDI) C, H, F,[M*Na]*: 936.
0745, found 976.0743.

[0095] When Example 2-1 is compared with Example 2-2,
there is a difference in that methyl added to a cyclic adduct
is bound by an ester bond or an ether bond. However, it was
found that each yield was almost the same, and an electron
withdrawing property and an electron donating property do
not greatly affect the selectivity for a fullerene derivative.
Further, even a compound having a heteroaromatic ring or a
plurality of aromatic rings such as fullerene derivatives 2d,
21, 2g and 2h obtained in Examples 2-3, 2-5, 2-6 and 2-7 can
be obtained.

Examples 3-1 to 3-8

[0096] In Examples 3-1 to 3-8, a monocyclic adduct in
which one cyclic substance is added to a fullerene skeleton
was selectively prepared as a fullerene derivative.

[0097] C,(21.6 mg, 0.03 mmol) was used as a compound
having a fullerene skeleton and reacted with a halogenated
compound (1.0 mol equivalent). At this time, ODCB (4 mL)
as an aromatic solvent and DMSO (0.4 ml) as an aprotic
polar solvent were used for the mixed solution. Moreover,
Mn powder (1.0 mol equivalent) was used as a metal used
in the reaction, and the reaction of Reaction Formula (C)
was performed at room temperature under an Ar atmosphere.

[Chem. 11]

B ©

T
Mn(1.0 equiv)
Ceo + A
/ ODCB/DMSO(10/1)
Br 1t
1(1.0 equiv)
3,monocycloadducts

[0098] A reaction time, a used halogenated compound 1,

an obtained fullerene derivative 3 and the yield thereof are
shown in Table 3. The yield of the fullerene derivative was
calculated by HPLC as in Example 1-1. Further, after an
obtained fullerene derivative 3 was separated out, a
'H-NMR spectrum, a *C-NMR spectrum and a HRMS
spectrum were measured, and a compound was identified.
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TABLE 3
TIME FULLERENE DERIVATIVE YIELD
HALOGENATED COMPOUND () (MONOCYCLIC ADDUCT) (%)
EXAMPLE (1a) 12 (Ga) 72
3-1 Br
Br.
EXAMPLE (1b) 12 (Bb) 82
3-2 Br
Br:
CO,Me
EXAMPLE N (Im) 21 (Bm) 50
3-3 Br =
Br. S
N
EXAMPLE Br (le) 24 (3e) 74
3-4
Br
(i) 60

EXAMPLE Br 1 48
3_5 }
Br
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TABLE 3-continued

TIME FULLERENE DERIVATIVE YIELD

HALOGENATED COMPOUND (h) (MONOCYCLIC ADDUCT) (%)
EXAMPLE Br 1j) 24 (3j) 81
3_6 >_©

Br
EXAMPLE Br (k) 12 Gk 75
37

Br

F
EXAMPLE Br an 21 (3 40
3-8
>—C02Et
Br

[0099] It can be seen from Examples 3-1 to 3-8 that a sized as a fullerene derivative. Furthermore, [60] PCBM is

monocyclic adduct was obtained selectively. This is consid-
ered to be because the amount of a metal content used in the
reaction and/or a halogenated compound was reduced.

[0100] A fullerene derivative 3b prepared using 3,4-bis
(bromomethyl)benzoic acid methylbenzene 1b in Example
3-2 showed a yield of 82%, which is much higher than that
ot 64% of a conventional method using a Co complex. While
it was impossible to obtain a fullerene derivative 3¢ of
Example 3-3 using the conventional method using a Co
complex because the reaction does not proceed, the fullerene
derivative 3¢ of Example 3-3 showed a high yield of 50%
using the method of the present invention. It was also
possible to obtain other fullerene derivatives in a relatively
higher yield than in the conventional method using a Co
complex. It was impossible to obtain a fullerene derivative
31 of Example 3-8 using the conventional method using a
Co complex. That is, the reaction can proceed without using
an expensive Co complex, selectivity is increased, and a
compound which could not be obtained conventionally can
also be obtained by using the method of the present inven-
tion.

Example 4-1

[0101] In Example 4-1, phenyl-C61-butyric acid methyl
ester (hereinafter, referred to as “[60] PCBM”) was synthe-

a monocyclic adduct in which one cyclic substance is added
to a fullerene skeleton.

[0102] Synthesis of 5,5-dibromo-5-phenylvaleric acid
methyl ester: After n-bromosuccinimide (1.95 g, 11 mmol)
and a small amount of azobisisobutyronitrile were added to
a solution of methyl 5-phenylvalerate (manufactured by
Tokyo Chemical Industry Co., Ltd., 0.95 mL, 5 mmol) in
carbon tetrachloride (50 mL) under an argon atmosphere,
heating under reflux was conducted with stirring for 2 hours
to perform a reaction. After the reaction, a product was
cooled to room temperature, insolubles were removed by
filtration, and cleaning was performed using carbon tetra-
chloride. After a solvent was distilled off, a concentrate was
recrystallized from a mixed solvent of ethyl acetate and
hexane, and 5,5-dibromo-5-phenylvaleric acid methyl ester
was obtained as white crystals in a yield of 90%.

[0103] Synthesis of [60] PCBM: Cg, (21.6 mg, 0.03
mmol) was used as a compound having a fullerene skeleton
and reacted with 5,5-dibromo-5-phenylvaleric acid methyl
ester (1.2 mol equivalents) as a halogenated compound. At
this time, ODCB (6 mL) as an aromatic solvent and DMSO
(0.4 mL) as an aprotic polar solvent were used for the mixed
solution. Moreover, Mn powder (1.5 mol equivalents) was
used as a metal used in the reaction, and the reaction of
Reaction Formula (D) was performed under an Ar atmo-
sphere for 7 hours.
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[0104] Avyield of [60] PCBM, as a result of calculation by
HPLC as in Example 1-1, was 98%. Further, after the
obtained [60] PCBM was separated out, a "H-NMR spec-
trum and a **C-NMR spectrum were measured and a com-
pound was identified.

[0105] The data thus obtained is shown below.

[0106] [60] PCBM: brown solid; '"H NMR (400 MHz,
CDCL,/CS,=1/4) & 2.15-2.23 (2H, m), 2.52 (2H, t, ]=7.2
Hz), 2.90-2.93 (2H, m), 3.67 (3H, s), 7.47 ('H, dd, 1=7.2, 7.6
Hz), 7.54 (2H, dd, I=7.2, 7.6 Hz) 7.91 (2H, d, J=7.2 Hz); °>C
NMR (100 MHz, CDCL,/CS,=1/4) & 22.39, 33.58, 33.71,
52.27, 51.62, 128.01, 128.22, 131.75, 136.33, 137.35, 137.
75,140.48, 140.72, 141.78, 141.81, 141.88, 142.63, 142.69,
142.74, 142.81, 143.44, 143.76, 144.14, 144.18, 144.34,
144.37, 144.45, 144.46, 144.71, 144.74, 14484, 144.87,
145.48, 147.35, 148.28.

[0107] In this manner, it is possible to prepare [60] PCBM
from a fullerene which is a raw material in one process when
the method of the present invention is used. Further, it was
prepared in a yield of 57% from C,, as a raw material
through a reaction of two steps with the conventional
synthesis method of [60] PCBM (e.g., a method described in
Non patent literature 1). [60] PCBM is suitably used as an
organic thin film solar cell material, and thus the method of
the present invention by which [60] PCBM can be prepared
in a high yield without wasting an expensive raw material is
of extremely great industrial value.

INDUSTRIAL APPLICABILITY

[0108] The fullerene derivative of the present invention is
applicable to various usages such as electronic materials
such as organic solar cells, resin additives, and so on.
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What is claimed is:
1. A halogenated compound represented by Formula (2):

@
A

/\
X X

(in Formula (2), A represents a linking group with 1 to 4
carbon atoms or a functional group in which the linking
group is substituted by a group having an aromatic group
and an alkoxycarbonyl group, and each X independently
represents a halogen atom).

2. The halogenated compound according to claim 1,
wherein the aromatic group is a phenyl group.

3. The halogenated compound according to claim 1,
wherein the alkoxycarbonyl group is —(CH,),;—CO—0—
CH,.

4. The halogenated compound according to claim 1,
wherein the halogen atom (X) is Br.

5. The halogenated compound according to claim 1,
wherein the linking group includes 1 carbon atom.

6. The halogenated compound according to claim 1,
which is a 5,5-dibromo-5-phenylvaleric acid methyl ester.

7. A method for producing a fullerene derivative having a
partial structure represented by Formula (1), by reacting two
carbon atoms adjacent to each other for forming a fullerene
skeleton with a halogenated compound according to claim 1
in a mixed solvent of an aromatic solvent and an aprotic
polar solvent having a C—0O or S—O bond in the presence
of at least one metal selected from the group consisting of
manganese, iron and zinc:

M

(in Formula (1), C* each represent carbon atoms adjacent to
each other for forming a fullerene skeleton, A represents a
linking group with 1 to 4 carbon atoms for forming a ring
structure in which the linking group is substituted by a group
having an aromatic group and an alkoxycarbonyl group).

8. The method for producing a fullerene derivative
according to claim 7, wherein

a compound having the fullerene skeleton is reacted with

the halogenated compound, and

Cyo 1s used as a the compound having the fullerene

skeleton.

9. The method for producing a fullerene derivative
according to claim 7, wherein the aprotic polar solvent
consists of dimethyl sulfoxide (DMSO) and/or dimethylfor-
mamide (DMF).

10. The method for producing a fullerene derivative
according to claim 7, wherein the aromatic solvent is o-di-
chlorobenzene.

11. The method for producing a fullerene derivative
according to claim 7, wherein the metal is Mn, and the
aprotic polar solvent is DMF.

12. The method for producing a fullerene derivative
according to claim 7, wherein the metal is Fe, and the aprotic
polar solvent is DMSO.
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13. The method for producing a fullerene derivative
according to claim 7, wherein the metal is Mn or Zn, and the
aprotic polar solvent is DMSO.

#* #* #* #* #*
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