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ABSTRACT : Sonochemical reaction of fullerene oxides, [C70(O)s] (n>1) with several aromatic

amines such as 4-nitroaniline, 3-nitroaniline, and 4-isopropylaniline, in the presence of FeCl; were

investigated under ultrasonic irradiation. This method is applicable to a wide variety of aromatic

amines especially ring deactivated, to afford the corresponding cleavage products under mild con-
ditions. The aminated fullerenes were confirmed by MALDI-TOF-MS and UV-vis spectra.
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I. Introduction

A variety of synthetic methods'® are currently at
hand to introduce epoxide functionality into fulle-
renes. Fullerene oxides [C79(O),](n>1) show an in-
teresting reaction behavior both with themselves and
in reactions with pure fullerene, case in point, the
increased difficulty of oxidation of C;9 compared
to Ceo.” The reason of the conceded difficulty is re-
vealed to be the availability of less reactive double
bonds present in C;9 as compared to with Ceo.* The
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fullerene oxides [C7o(O)n](n>1) are interesting pre-
cursors to the formation of other fullerene-based ma-
terials and starting materials for the formation of
odd-numbered fullerene derivative species.9 B-Amino
alcohols have been synthesized by opening of the
epoxide ring with an excess of several dirrerent ar-
omatic amines at elevated temperatures.lo Ultrasonic
irradiation has been extensively studied and proven
a useful synthetic technique for chemical reactions'
with a large number of transformations reported the
successful using in recent literatures.”” It is well
documented in the literatures that an ultrasonic irra-
diation not only accelerates chemical reactions but
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also reduces the number of steps required for normal
reactions. The application of ultrasound has gained
popularity among synthetic chemists not only be-
cause it improves classic chemical reactions by
shortening reaction times and improving yields, but
also by promoting new reactions.” In this study we
report the use of ultrasonic irradiation for the open-
ing of fullerene oxides, [C70(O)n](n>1) through re-
action with an excess of several aromatic amines,
such as 4-nitroaniline, 3-nitroaniline, and 4-iso-
propylaniline in the presence of FeCls.

II. Experimental

Fullerene[C7] used in this work was of 99.0%
purity and obtained from Tokyo Chemical Inc.
(TCI). The oxidant used was 3-chloroperoxy ben-
zoic acid (Fluka, 99.0%). Aromatic amines used
were 4-nitroaniline (Aldrich, 99%), 3-nitroaniline
(Aldrich, 99%), and 4-isopropylaniline (Aldrich, 99%).
All samples were analyzed by MALDI-TOF-MS
(Voyager DE STR) with a cyano-4-hydroxy cin-
namic acid matrix. The electronic absorption spectra
was obtained by UV-visible spectrophotometer
(Shimadzu UV-1601 PC).

1. Reaction of fullerene[C7] with 3-chlo-
roperoxy benzoic acid

A solution of C7(20 mg, 0.024 mmol) and 3-chlor-
operoxy benzoic acid(96 mg, 2.56 mmol) in 60 ml
of benzene was refluxed for 5 h. The sample of re-
sulting solution was evaporated. The remaining sol-
id material was washed with methanol to remove
excess 3-chloroperoxy benzoic acid and then dried
in a vacuum oven to yield the fullerene oxides
[Cro(O)](n=1).

2. Reaction of fullerene oxides, [C7(O)u]
(n>1) with 4-nitroaniline under ultra-
sonic irradiation

A solution of [C7(O)s]J(n>1) (10 mg, 0.012
mmol) and 4-nitroaniline (18 mg, 0.13 mmol) in 30
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mé of tetrahydrofuran was reacted in the presence
of FeCl3(2.0 mg, 0.012 mmol) under ultrasonic irra-
diation for 24 h. The ultrasonic irradiation of all
samples was conducted in a continuous mode with
an Ultrasonic Generator UG 1200 made by Hanil
Ultrasonic Co., Ltd. The ultrasonic equipment em-
ployed in this research had a frequency of 20 kHz
and a power of 750 W. The configuration of the
equipment was a horn-type system. And the size of
the horn tip was 13 mm in diameter. The horn of
the ultrasonic generator system was placed in a large
reaction container, with the horn partially immersed
in the solution (H,O). The round bottom flask con-
taining above reactants was placed in the reaction
container. The round bottom flask was not in direct
contact with the horn (they were at least 6 cm apart).
The temperature was maintained between 25 and 4
3T for all ultrasonic irradiation treatments. The
sample of resulting solution was evaporated and the
remaining material was obtained as solid state
products.

3. Reaction of fullerene oxides, [C70(O)n]
(n=1) with 3-nitroaniline under ultra-
sonic irradiation

A solution of [Cy(O)n](n=1) (10 mg, 0.012
mmol) and 3-nitroaniline (18 mg, 0.13 mmol) in 30
ml of tetrahydrofuran was reacted in the presence
of FeCl3(2.0 mg, 0.012 mmol) under ultrasonic irra-
diation for 24 h. The ultrasonic irradiation of all
samples was conducted in a continuous mode with
the Ultrasonic Generator at the same condition men-
tioned above.

4. Reaction of fullerene oxides, [C7(O)u]
(n>1) with 4-isopropylaniline under
ultrasonic irradiation

A solution of [Cy(O)](n=1) (10 mg, 0.012
mmol) and 4-isopropylaniline (18 mg, 0.13 mmol)
in 30 m¢ of tetrahydrofuran was reacted in the pres-
ence of FeCl3(2.0 mg, 0.012 mmol) under ultrasonic
irradiation for 24 h. The ultrasonic irradiation of all
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samples was conducted in a continuous mode with
the Ultrasonic Generator UG1200 under the same
operating conditions and test temperature.

. Results and Discussion

In our early studies, we reported several methods
for oxidation of fullerenes with various oxidants un-
der ultrasonic irradiation."

The oxidation of fullerene [C7] may proceed
through a nucleophilic attack of the oxidant to a 6-6
bond (6-6 ring junction) of the fullerene, followed
by heterolytic cleavage of the oxidant O-O bond.
The common mechanism for fullerene oxidation in-
volves oxygen atom transfer to the fullerene [Cyo]
and it is often suggested that fullerene oxides,
[C70(O)](n>1), may be used as oxygen-transferring
materials. Furthermore, fullerene oxides, [C7o(O)n](n
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>1), are interesting starting materials for the for-
mation of other fullerene based entities.'*

Using MALDI-TOF-MS, we identified a [C7o(O)a]
(n>1) that formed in the reaction of C; with
3-chloroperoxy benzoic acid. The formation of
[C(O)n](n=>1) is identified from MALDI-TOF-MS
analysis data which show the peaks at m/z: 840(C),
856(C7001), 872(C702), 888(C7003), and 904(C7O4).
The most intense peak in Figure 1 occurred at m/z
840, due to the unreacted fullerene [Cyo] and the
fragmentation of fullerene oxides, [C7o(O)a](n>1).

Kmal et al. reported a limited success for the
cleavage of epoxides by aromatic amines,"’ whereas
the present synthetic method has found a success
with 4-nitroaniline."”

In continuation of these efforts, it was considered
of interest to investigate the ring opening of full-
erene oxides, [C7(O)n](n>1), with amino nucleo-

n=0
qo0, £40.0000
904
804
704
604
E‘ 8420522
& 50
E
*
404
4249
547.0017
30 n=1
2431582 aqs no3a
k43.0091
857.0932 )
20 n=
il 7433 §49.0458 8729913
545 pdps 0904176 n=3
) ='T'Ji' 3829, o DlpET 294850 0081865 1068 874.9714 579 3949 8898500 n=4
HiA A Adar59 39
10{879.35 AR IR SN b 861 A0k das o722 ifr4.407 851 4017 90.996811 1096 9049434
J‘39.553 | [ N Y o B T T et e 226,045 4n 41 phl 8949581590 107g
g {1 i 3 . 5015 BEA 4
) th A[F 63 KTt ., i
AR Wk theae e LN L
o
830.0 853.4 867.8 882.2 896.6 911.0
Mass (miz)

Figure 1. MALDI-TOF-MS spectrum of [C7o(O),](n>1).
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philes under ultrasonic irradiation. Herein we wish
to report an efficient cleavage of fullerene oxide rings
with aromatic amines to produce aminofullerenols
in the presence of FeCl; under ultrasonic irradiation
for the first time (Scheme 1).

However, there are reports on the use of FeCls
as a catalyst for the alcoholysis of epoxides.'®'” We
examined the reaction of fullerene oxides [Cr(O)n]
(n>1) with various aromatic amines in the presence
of FeCl; by ultrasound in tetrahydrofuran(THF). As
seen from the results, a number of aromatic amines
have been employed for the cleavage of different
epoxides, particularly ring deactivated amines such
as 4-nitroaniline, 3-nitroaniline, and 4-isopropylaniline.
This reaction was carried out in the absence of
ultrasound. It is presumed that the opening of the
epoxide with the amino functionality in the presence
of ultrasonic irradiation is facilitated by acoustic
cavitation in the reaction medium. The MALDI-
TOF-MS analysis reported in Figure 2 (a)-(c) show-
ing the formation of various aminofullerenols with
peaks at: m/z = 994 (C;,OH(NHCsH4p-NO»)) in 4-
nitroaminofullerenol m/z = 994 (C;,0)OH(NHCsHsm-
NO»)) in 3-nitroaminofullerenol, and m/z = 991 (Cy
OH(NHCsHip-C(CHs),)) in 4-isopropylaminofullerenol.

The electronic absorption bands (Amax) of [C7o(O)n]
(n>1) and pure Cy in tetrahydrofuran are shown
in Figure 3. Due to the breaking of the conjugated
6-6 ring junction by addition of oxygen to fullerene
[C7), the bands shifted blue (379 nm—375 nm) in
the UV-visible spectrum. Also, the Amax of several
kinds of aminofullerenols in tetrahydrofuran were

A2 A434A A 135, 2008

observed at 339 nm in 4-nitroaminofullerenol at 336
nm in 3-nitroaminofullerenol, and at 363 nm in 4-iso-
propylaminofullerenol in Figure 4 (a)-(c).

When ultrasound was not used, the rate of re-
action of fullerene oxides with various aromatic
amines was slower than with ultrasound, indicating
that ultrasound increases the reaction efficiency in
mild conditions.

IV. Conclusion

We have investigated an efficient method for the
cleavage of fullerene oxides [C7(O)s](n>1) with
several aromatic amines such as 4-nitroaniline, 3-ni-
troaniline, and 4-isopropylaniline in the presence of
FeCls under ultrasonic irradiation. This method is
applicable to a variety of aromatic amines that espe-
cially ring deactivated to afford the corresponding
cleavage products under mild conditions. We are
presently attempting to broaden the scope of this
process to include other nucleophiles and epoxides
and to study the influence of ultrasonic irradiation.

Acknowledgements

The authors thank researcher J. B. Seo at the
Korea Basic Science Institute in Seoul for obtaining
the MALDI-TOF-MS spectra. This work was sup-
ported by Sahmyook University funding in Korea
as well as grants from the Ministry of Commerce,
Industry, and Energy in Korea.



Sonochemical Reaction of Fullerene Oxides, [Czn(O)n](n=1) with Aromatic Amines

100

982.1206
90

80
983392

70
]

2794
a831

60

50

% Intensity

40

30

0837125

983.96
r
14

03.87

3764

=)

20

@

GET 4035

F.o1m

0B8.8744

980.8350

98612845 BA0.0Q024

84.0005 92,0305

86 g1z

G045

29 8170 a0 17
9g0.4p17)| 3940
oja

74
i

. 4533
MEE S 593

72

502 .96

*

9943219

994 8433

25 4

35

983.8871

1001.3770
1001 5646

85
340 049

5673

(b)

100
a0
80
70
60

50

% Intensity

40

30

20

984.8

9848241

989.6
Mass (m/z)

9887946

9908157

489 .9
%BS.?S 2

[eT 2797, a8

q87.5

980.9911

| 3137

991.8256

2946

994.4

*
9940437

8638
§95.0718

994132995 6074
gg4(k 308959464
EERS
9

999.2 1004.0

00492038

984

989
Mass (mfz}

994

999 1004

Elastomer Vol. 43, No. 1, 2008



36

Weon Bae Ko, Byoung Eun Park, and Young Min Lee

© 10008680
100 }
806 5505
a0
20
3851394
439 2622 *
70 31141z 87,1055 991.2848
: i — 801 6735
" 091,959 0951788
. pearst o 390/5748 397,130
2o 982.3706 995,157 599.1843
E 9834115 252 8680 a5, 20 1001 51
F 12084 532844 ;
o2 7048 il
0 o 30 b El ] 2 ik
- %L 9930763 asakilzs
BTt . L R ) 0051 e
30, 4” 5| [zoka| | daz.oa0824 2
al572 n.qede
58 4 g 4 959 100 {01
3
20 ! 4 L
Ay ak 4
10
n
980.0 984.8 [

0999.2 1004.0

Mass (miz)

Figure 2. MALDI-TOF-MS spectra of various aminofullerenol; (a) 4-nitroaminofullerenol (b) 3-nitroaminofullerenol (c)
4-isopropylaminofullerenol.
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Figure 3. UV-visible spectra of fullerene[C7] and fullerene oxide [C7o(O)n](n>1) in the tetrahydrofuran.
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Figure 4. UV-visible spectra of various aminofullerenols in tetrahydrofuran; (a) 4-nitroaminofullerenol (b) 3-nitroa-
minofullerenol (c) 4-isopropylaminofullerenol.
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