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Abstract. To obtain a rapid, e�cient and green synthesis of fulleropyrazoline derivatives,
ultrasonic irradiation has been applied to the reaction mixtures containing substituted
phenylhydrazones, C60 and PhI(OAc)2. This procedure allowed products, at room
temperature, to be achieved in good yield and in a short time without any side products.
This convenient procedure will provide a further increase of diversity within the fullerene
derivatives.

c 2015 Sharif University of Technology. All rights reserved.

1. Introduction

Fullerenes, as the third allotrope of carbon, were
discovered by Kroto et al. [1] in 1985. The chem-
istry of fullerenes began to develop greatly after W.
Kratschmer and D. Hu�man [2] who discovered a
method for the preparation of fullerene soot by burning
graphite rods in arc discharge in an inert atmosphere.
Fullerene-based nanomaterials display an extensive
range of interesting chemical, physical, biological [3-7]
and other scienti�c properties [8-10]. Surface modi�ca-
tion of fullerenes is an attractive approach in materials
science and pharmaceutical applications [5,11,12]. The
electron withdrawing nature of the closed cage alkene
C60 makes it an excellent dienophile for cycloaddi-
tions [13-15], addition of organometallic reagents [16],
and photo-induced electron transfer reactions [17].
Four main types of cycloaddition reaction on C60,
including [1+2], [2+2], [3+2] and [4+2] cycloadditions,
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have been largely investigated [18-21]. Functional-
ization of fullerenes gives, principally, products of
monoaddition, basically, 1,2-addition to a [6-6] bond,
which is energetically more favorable than addition to
a [6-5] bond [11]. The addition of 1,3-dipoles to alkenes
to give �ve-member rings is a usual organic reaction.
In fact, 1,3-dipolar cycloaddition reactions are e�cient
for the construction of carbon-carbon bonds and the
preparation of heterocyclic compounds [22-24]. So far,
di�erent 1,3-dipoles, including azomethine ylides, diazo
compounds, azides, nitrile oxides, nitrile ylides, nitrile
imines, pyrazolinium ylides, and carbonyl ylides, have
been reported to react with fullerenes [25-32]. Among
the various types of fullerene derivative, fullerene-
fused pentagonal heterocyclic rings, such as fulleropy-
rolidines [33], fulleroindolines [34], fullerene-fused lac-
tones [35], pyrazolo- and oxazolo-fullerenes [22], have
been reported in the literature. Fulleropyrazolines and
fulleroisoxazolines are a promising class of fullerene
derivative that can be readily synthesized through
several methods, such as the addition of nitrile oxides
or nitrilimines to C60 in moderate yields. For the �rst
time, the addition reaction of C60 with nitrile oxides
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was reported by Meier [36]. The most common ap-
proach used for the synthesis of fulleroisoxazolines and
fulleropyrazolines has two steps, including synthesis of
hydroximinoyl halides or hydrazonoyl halides resulted
from the reaction of aldoxime or hydrazone with NCS
or NBS, and then reacting with C60 in the presence
of an organic base [37-39]. Also, isoxazoline-fused
fullerenes can also be synthesized from the reaction of
C60 with nitrile oxides [40] and N-silyloxynitrones [41].
Recently, one-step synthesis of several fulleroisoxazo-
lines and fulleropyrazolines, at room temperature, and
the synthesis of various fullerene derivatives under
microwave irradiation have been reported [42-45].

Utilization of ultrasonic waves in organic synthesis
has, interestingly, been used in recent years [46,47].
This technique is more easily controlled in comparison
with conventional methods, which can increase tem-
perature gradients within the sample, and which, then,
results in decomposition of products, substrates and
reagents. Ultrasound is known to accelerate diverse
types of organic reaction and has been established as
an e�ective and green approach to organic synthe-
sis [47,48]. Sonication also increases the reaction rate
and avoids the use of high reaction temperatures [47].
Furthermore, related literature on ultrasonically syn-
thesized fullerene derivatives has been reported [49-52].
The unique e�ect of sonochemistry in organic synthesis
is duo to the phenomenon of cavitation, which is a
physical process that creates, enlarges, and implodes
gaseous and vaporous cavities in an irradiated liquid,
thus, enhancing themes transfer and allowing chemical
reactions to occur [53,54].

In this study we have aimed to investigate the syn-
thesis and characterization of various new pyrazolino
[60] fullerenes under ultrasound irradiation for the �rst
time.

2. Experimental

2.1. Materials and apparatus
Chemicals were purchased from Sigma-Aldrich and
Merck in high purity. Crystalline C60 powder, used in
this work from TCI (Tokyo Chemical Industry Co.),
was over 99.90% purity. The FT-IR spectrum was
recorded on Magna-IR, spectrometer 550 Nicolet in
KBr pellets, in the range of 400 � 4000 cm�1. 1H
NMR and 13C NMR spectra were recorded on Bruker
Avance-400 MHz spectrometers in the presence of
tetramethylsilane as the internal standard. The EIMS
(70 eV) was performed by a Finnigan-MAT-8430 mass
spectrometer in m/z. A multiwave ultrasonic generator
(Sonicator 3200; Bandelin, MS 73, Germany) equipped
with a converter/transducer and titanium oscillator
(horn), 12.5 mm in diameter, operating at 20 kHz, with
a maximum power output of 30, 40 and 50 W, was used
for the ultrasonic irradiation. The ultrasonic generator

automatically adjusted the power level. HPLC analysis
was performed with ATI UNICAM Crystal HPLC
apparatus (column type: Partisil P10ODS 25 cm �
1.4 � 4.6 mm, UV-Vis detector, toluene, ow rate
1000 �L/min, detection at �=340 nm).

2.2. General procedure for synthesis of
(diacetoxyiodo)arene

Diacetoxyiodo benzene was synthesized according to
the previously reported method [55]. A mixture of
benzene, AcOH, C2H4Cl2, concd H2SO4 and I2 was
heated with stirring to 40�C for 15 min. Next,
K2S2O8 was added portionwise, over 10 min, and
the stirring was continued for 12-30 h until TLC
analysis indicated completion of reaction. After the
reaction was completed, water was added. Then, the
precipitated solid was washed with CH2Cl2 three times.
Finally, it was washed with H2O followed by drying
(anhydrous Na2SO4), �ltration, and removal of the
solvent by evaporation under reduced pressure. The
crude product was puri�ed by washing with hexane, or
recrystallized from AcOH.

(Diacetoxyiodo)benzene. White solid; m.p = 161-
163, Yield 65%, 1H NMR (400 MHz, DMSO-d6): �
(ppm) 1.84 (s, 6H, CH3), 7.2-8.2 (m, 5H, ArH).

2.3. Synthesis of substituted phenylhydrazone
derivatives

2.3.1. General procedure
The phenylhydrazone derivatives (1a-g) were syn-
thesized by mixing equimolar quantities of phenyl-
hydrazine and aldehyde derivatives in ethanol under
reux conditions. The precipitated phenylhydrazones
were �ltered, washed, and recrystallized from ethanol,
according to methods in the literature [56].

Spectral data for phenylhydrazone derivatives
Benzaldehyde phenylhydrazone (1a). Cream solid;
FT-IR (KBr): 3310, 3056, 2916, 1633, 1594, 1521,
1489, 1258, 1135, 812, 758, 753, 692, 507 cm�1; 1H
NMR (400 MHz, acetone-d6): 6.82 (t, 2H, ArH), 7.13
(d, 2H, ArH), 7.27 (d, 2H, ArH), 7.40-7.67 (m, 5H,
ArH), 8.17 (s, 1H, CH).

4-Methylbenzaldehyde phenylhydrazone (1b). Light
yellow solid; FT-IR (KBr): 3308, 3024, 2918, 1596,
1503, 1256, 1131, 816, 748, 692 cm�1; 1H NMR (400
MHz, acetone-d6): � (ppm) 2.33 (s, 3H, CH3), 6.77 (t,
1H, ArH), 7.13 (d, 2H, ArH), 7.20 (d, 2H, ArH), 7.22
(t, 2H, ArH), 7.56 (d, 2H, ArH),7.84 (s, 1H, CH), 9.38
(s, 1H, NH).

4-(N ,N -dimethylamino)benzaldehyde phenylhydra-
zone (1c). Yellow solid; FT-IR (KBr): 3312, 3030,
2890, 1599, 1509, 1259, 1129, 811, 748, 692 cm�1; 1H
NMR (400 MHz, acetone -d6): � (ppm) 2.9 (s. 6H,
CH3), 6.72 (t, 1H, ArH), 6.75 (d, 2H, ArH), 7.11 (d,
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2H, ArH), 7.19 (t, 2H, ArH), 7.52 (d, 2H, ArH), 7.77
(s, 1H, CH), 9.10 (s, 1H, NH).

4-chlorobenzaldehyde phenylhydrazone (1d). Cream
solid; FT-IR (KBr): 3310, 3052, 1596, 1517, 1484,
1256, 1132, 1008, 912, 825, 748, 693, 508 cm�1; 1H
NMR (400 MHz, acetone-d6): � (ppm) 6.80 (t, 1H,
ArH), 7.15 (d, 2H, ArH), 7.24 (t, 2H, ArH), 7.40 (d,
2H, ArH), 7.69 (d, 2H, ArH), 7.86 (s, 1H, CH), 9.57 (s,
1H, NH).

2-pyridinecarboxaldehyde phenylhydrazone (1e). Yel-
low solid; FT-IR (KBr): v=3443, 2947 1603, 1566,
1494, 1271, 1149, 826, 739, 693 cm�1; 1H NMR (400
MHz, acetone-d6): � (ppm) 6.83 (t, 1H, ArH), 7.21 (m,
5H, ArH), , 7.76 (t, 1H, ArH), 7.92 (s, 1H, CH), 8.02
(d, 1H, ArH), 8.5 (d, 1H, ArH), 9.83 (s, 1H, NH).

2-thiophencarbaldehyde phenylhydrazone (1f). Cream
solid; FT-IR (KBr): v = 3441, 3097, 1601, 1500, 1503,
1261, 1136, 909, 749, 654 cm�1; 1H NMR (400 MHz,
acetone-d6): � (ppm) 6.77 (t, 1H, ArH), 7.03 (t, 1H,
ArH), 7.07 (d, 1H, ArH), 7.09 (d, 1H, ArH), 7.14 (d,
1H, ArH), 7.19 (t, 1H, ArH), 7.23 (d, 1H, ArH), 7.37(d,
1H, ArH ), 8.07 (s, 1H, CH), 9.44 (s, 1H, NH).

2-furancarbaldehyde phenylhydrazone (1g). Brown
solid; FT-IR (KBr): v = 3308, 3053, 1598, 1496, 1341,
1257, 1131, 1014, 748, 692, 505 cm�1; 1H NMR (400
MHz, acetone-d6): � (ppm) 6.52 (dd, 1H, ArH), 6.60 (d,
1H, ArH), 6.77 (t, 1H, ArH), 7.09 (d, 1H, ArH), 7.11
(d, 1H, ArH), 7.20 (d, 1H, ArH), 7.23 (d, 1H, ArH),
7.58 (d, 1H, ArH), 7.78 (s, 1H, CH), 9.45 (s, 1H, NH).

2.3.2. General procedure for the synthesis of
fulleropyrazolines

Typical stirring method (method A)
A mixture of C60 (36.0 mg, 0.05 mmol), phenylhydra-
zones (1a-g) (0.05 mmol), and PhI(OAc)2 (0.05 mmol)
were dissolved in 20 mL of toluene and stirred under
nitrogen atmosphere at room temperature for a desired
time. The course of the reaction was monitored by
TLC, with toluene as an eluent. At the end of the
reaction, the solvent was evaporated in vacuo, and
the residue was separated on a silica gel column using
toluene to a�ord adducts (2a-g).

Ultrasound irradiation method (method B)
In a similar process, the mixture was irradiated by
ultrasound at various ultrasonic powers (30, 40 and 50
W) for the desired times at 25�C.

Representative spectral data

10- phenyl- 30- phenyl pyrazolino [40, 50: 1, 2] [60]
fullerene (2a). Brown solid; Rf= 0.90 (toluene);
FT-IR (KBr): 3005, 2924, 1726, 1633, 1457, 1262,

1098,802, 730, 524, 464 cm�1; 1H NMR (400 MHz,
CDCl3- CS2): � (ppm) 7.30 (d, 1H, ArH), 7.34 (d, 1H,
ArH), 7.53 (m, 3H, ArH), 7.69 (m, 3H, ArH), 8.02 (d,
1H, ArH), 8.26 (d, 1H, ArH); 13C NMR (100 MHz,
CDCl3- CS2): � (ppm) 82, 92, 124.2, 125.5, 129.3,
129.4,129.7, 129.8, 131.09, 132.9, 136.7, 136.8, 140.1,
140.7, 142.3, 142.6, 142.7, 142.8, 142.90, 143.2, 143.3,
144.6, 144.5, 144.7, 145.1, 145.3, 145.6, 145.8, 146.2,
146.3, 146.4, 146.5, 146.6, 146.8, 146.9, 147.61, 148.01.

10- phenyl- 30- (4- Methylphenyl) pyrazolino [40, 50: 1,
2] [60] fullerene (2b). Brown solid; Rf= 0.80 (toluene);
FT-IR (KBr): 3000, 2917,1636, 1455, 1367, 1256, 801,
751, 573, 525 cm�1; 1H NMR (400 MHz, CDCl3- CS2):
� (ppm) 1.11 (s, 3H, CH3), 7.18 (d, 1H, ArH), 7.26 (d,
1H, ArH), 7.33 (m, 3H, ArH), 7.46 (t, 2H, ArH), 7.95
(d, 1H, ArH), 8.16 (d, 1 H, ArH); 13C NMR (100 MHz,
CDCl3- CS2): � (ppm) 29, 86, 90, 104, 110, 111, 114,
115 (2C), 116, 117, 118, 120, 124 (2C), 125, 128 (2C),
129 (2C), 131, 132 (2C), 134, 135, 137 (2C), 138, 139,
140 (2C), 142, 143, 147 (2C), 150, 154 (2C), 165, 166,
179 (2C); MS (EI, 70 eV): m/z (%) = 928 (M+, 2).

10- phenyl- 30- (4- N , N -dimethylaminophenyl) pyra-
zolino [40, 50: 1, 2] [60] fullerene (2c). Brown solid;
Rf= 0.65 (toluene); FT-IR (KBr): 3000, 2919,1603,
1522, 1488, 1431, 1357, 1097, 753, 692, 526 cm�1; 1H
NMR (400 MHz, CDCl3- CS2): � (ppm) 3.05 (s, 6H,
NMe2), 6.82 (d, 2H, ArH), 7.21 (dd, 1H, ArH), 7.46 (t,
2H, ArH), 7.95 (d, 2H, ArH), 8.21 (d, 2H, ArH); 13C
NMR (100 MHz, CDCl3- CS2): � (ppm) 40, 58, 82, 91,
101, 104, 106, 108, 109.5, 110.8, 112 (2C), 114,118, 119,
120, 123 (2C), 124, 129.2 (2C), 129.7 (2C), 130 (2C),
132, 133, 136.3 (2C), 137, 139, 142, 143 (2C), 143.5
(2C), 144, 145, 146.9 (2C), 151, 162, 163, 165, 168; MS
(EI, 70 eV): m/z (%) = 957 (M+, 5).

10- phenyl- 30- (4- Chlorophenyl) pyrazolino [40, 50: 1, 2]
[60] fullerene (2d). Brown solid; Rf= 0.80 (toluene);
FT-IR (KBr): 3010, 2922,2853, 1626, 1453, 1257, 1094,
872, 828, 527, 465 cm�1; 1H NMR (400 MHz, CDCl3-
CS2): � (ppm) 7.10 (dd, 1H, ArH), 7.21 (d, 1H, ArH),
7.31 (d, 1H, ArH), 7.41 (d, 2H, ArH), 7.44 (t, 1H, ArH),
7.52 (d, 1H, ArH), 7.72 (d, 1 H, ArH), 8.12 (dd, 1 H,
ArH); 13C NMR (100 MHz, CDCl3- CS2): � (ppm) 86,
90, 110, 112, 112, 113, 115, 116 (2C), 117, 118, 119,
122, 124, 125 (2C), 127 (2C), 128 (2C), 131, 133 (2C),
134, 136, 137 (2C), 137, 138, 141 (2C), 142, 145, 146
(2C), 152, 155 (2C), 163, 165, 169 (2C); MS (EI, 70
eV): m/z (%)= 948.5 (M+, 4).

10- phenyl- 30- (2-pyrimidyl)pyrazolino[40 50: 1, 2] [60]
fullerene (2e). Brown solid; Rf= 0.85 (toluene); FT-
IR (KBr): v = 3050, 1650, 1629, 1566, 881,753, 689
cm�1; 1H NMR (400 MHz, CDCl3- CS2): � (ppm) 7.17
(t, 1H, ArH), 7.27 (d, 2H, ArH), 7.36 (t, 1H, ArH), 7.47
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(d, 1H, ArH), 7.76 (m, 2H, ArH), 8.38 (m, 2H, ArH);
13C NMR (100 MHz, CDCl3- CS2): � (ppm) 85, 92,
103, 105, 107, 109, 110, 111 (2C), 113, 114, 117, 119,
121, 122 (2C), 125, 126, 128, 129 (2C), 131 (2C), 132,
134, 135 (2C), 136, 138, 140, 141 (2C), 143 (2C), 144,
145, 148 (2C), 150, 155, 157, 159; MS (EI, 70 eV): m/z
(%) = 915 (M+, 6).

10- phenyl- 30- (2-thienyl) pyrazolino[40, 50: 1, 2][60]
fullerene (2f). Brown solid; Rf= 0.90 (toluene); FT-
IR (KBr): v = 3001, 1631, 1595, 1489, 1336, 1259,
751, 695 cm�1; 1H NMR (400 MHz, CDCl3- CS2): �
(ppm) 7.13 (m, 2H, ArH), 7.24 (t, 1H, ArH),7.46 (m,
3H, ArH), 7.94 (d, 1H, ArH), 7.98 (d, 1H, ArH); 13C
NMR (100 MHz, CDCl3- CS2): � (ppm) 52.2, 78.2,
123.9 (2C), 124.1, 124.5, 125.4 (2C), 125.9, 126.0, 126.2,
126.8, 127.6, 128.3 (2C), 128.7, 129.1 (2C), 129.3 (2C),
130.0, 130.5, 131.2, 132.5, 133.4, 135.6, 136.8, 137.0,
138.2, 139.7, 140.2, 141.5, 142.0, 143.1 (2C), 144.0,
145.2; MS (EI, 70 eV): m/z (%) = 920 (M+,4).

10- phenyl- 30- (2-furanoyl)pyrazolino[40, 50: 1, 2][60]
fullerene (2g). Brown solid; Rf= 0.75 (toluene); FT-
IR (KBr): v = 3005, 1728, 1628, 1080, 751, 693, 526
cm�1; 1H NMR (400 MHz, CDCl3- CS2): � (ppm) 7.30
(m, 6H, ArH), 8.90 (d, 2H, ArH); 13C NMR (100 MHz,
CDCl3- CS2): � (ppm) 70, 81, 121, 122 (2C), 123, 124,
125 (2C), 126.0, 126.5, 126.9, 127, 128.5 (2C), 129.1
(2C), 129.5 (2C), 130.0, 130.9, 131.2, 132 (2C), 133,
135 (2C), 136.8, 137(2C), 138, 139.5, 140 (2C), 141
(2C), 142.0, 143 (2C), 144.0, 145, 147, 148; MS (EI, 70
eV): m/z (%) = 904 (M+, 10).

3. Results and discussion

In this research, mild synthesis of fullerene derivatives
through 1,3-dipolar cycloaddition reactions under stir-
ring and ultrasound irradiation is discussed. Various
phenylhydrazone derivatives (1a-g) were readily pre-
pared by the reaction of aldehydes and phenylhydrazine
in EtOH under reux conditions. After recrystalliza-
tion from ethanol, they were puri�ed enough to be used
(Scheme 1).

Cycloaddition reactions of C60 with substituted
phenylhydrazones, in the presence of PhI(OAc)2, under
stirring at room temperature and ultrasound irradi-

Scheme 1. Synthesis of phenylhydrazone derivatives.

Scheme 2. Synthesis of fulleropyrazolines under stirring,
and ultrasound conditions.

Table 1. Synthesis of 2a under ultrasound irradiation in
various powers.

Entry Power (W) Time (min) Yield (%)

1 30 8 35
2 40 8 41
3 50 8 41.28

ation, were occurred to prepare the corresponding
fulleropyrazolines, as described in Scheme 2.

To our satisfaction, when a mixture of C60 (36.0
mg), benzaldehyde phenlhydrazone 1a (1 equiv) and
PhI(OAc)2 (1 equiv) was stirred in 20 mL toluene for
60 min at room temperature (Table 1), the desired
fulleropyrazoline 2a was prepared.

As an example of further functionalization, we
used 2-thiophencarboxaldehyde phenylhydrazone, 1f,
and the newly synthesized fulleropyrazoline derivative,
2f, was prepared. We increased the scope of the
present study by the reaction of di�erent kinds of
phenylhydrazones (1a-g) with C60 in the presence of
PhI(OAc)2 under the same conditions.

These fulleropyrazolines were prepared in 15-30%
yield by a reaction with the corresponding phenyl-
hydrazones and C60, in the presence of PhI(OAc)2
at room temperature. The yield of the reaction is
higher when R1 is phenyl, pyridine and thiophene,
than when R1 is in the furyl group. The substituent
group, R, on the phenyl ring had little e�ect on the
yields. This makes it obvious that PhI(OAc)2 is a good
oxidant to mediate the 1,3-dipolar reaction of C60 with
phenylhydrazones.

Finally, for examination of the inuence of a mild
and green approach to this reaction, it was investigated
using an ultrasound procedure. In order to verify
the e�ect of irradiation power, the reaction was also
performed in 30, 40, and 50 W. With a power of 40 W
irradiation, the yield of 2a was better than that with
30 W, within 5 min (41%, Table 1, entry 1). Increasing
the irradiation power from 40 to 50 W (Table 1, entries
2, 3), did not change the reaction yield a considerable
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Table 2. Synthesis of fulleropyrazoline derivatives under stirring conditions and sonication.

No. Substrate Method
Aa

Method
Bb

Product Time
(min)

Yieldc

(%)
Recovered
C60 (%)

Time
(min)

Yieldc

(%)
Recovered
C60 (%)

1a 2a40 60 30 35 8 42 35

1b 2b 100 31 53 10 43 36

1c 2c 40 22 51 6 42 48

1d 2d 100 25 50 10 35 40

1e 2e 180 20 50 20 37 44

1f 2f 60 30 45 10 45 41

1g 2g 45 15 51 10 20 48

a: Reaction of phenylhydrazone, C60 and PhI(OAc)2 in toluene at room temperature under nitrogen atmosphere.
b: Reaction of phenylhydrazone, C60 and PhI(OAc)2 in toluene under ultrasound irradiation (40 W).
c: Isolated yields based on the reacted C60.

amount (41.28% in the similar time). The results
indicated that there is an optimum power for e�ective
synthesis of 2a, with the power of 40 W.

The results summarized in Table 2 demonstrated
that method B (ultrasound irradiation) is better in
both yields, and, especially, in the reaction time, than
in method A (stirring conditions). Under sonication,
the high yield transformations were carried out without
any signi�cant amount of undesirable side products.

It was demonstrated that the procedure was
a simple, mild and suitable method of constructing
a pyrazoline ring on fullerene through a 1,3-dipolar
reaction, and greatly accelerated under ultrasound
irradiation compared to stirring conditions at room
temperature. In all reactions, the experimental results
showed (Figure 1) that the yields of the products are
higher under sonication.

According to the factors behind green chemistry,
including safety, less waste and energy usage, ease
of separation, and recovery in our approach, it is
demonstrated that the ultrasound procedure is an
e�cient, mild and eco-friendly alternative to conven-
tional methods for introducing energy. Recent research
shows that under ultrasound irradiation with special
operation, not only are the reaction times surprisingly

Figure 1. Comparison of the reaction yields of the
products under stirring method and sonication.

reduced, but also, the yields are increased. This
non-conventional energy source demonstrates its su-
periority, in terms of selectivity, reaction time and
operational simplicity [57].

This result is due to the phenomenon of cavita-
tion, which is grown by reducing the ambient pressure
by static or dynamic means under ultrasound irradia-
tion. It is well established that sonication introduces
great physical and chemical e�ects, derived from acous-
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Scheme 3. Possible mechanism for the synthesis of fullero-
pyrazolines mediated by PhI(OAc)2.

tic cavitation. Such cavitation behaviour leads to many
unique properties in the irradiated solution [58,59].
Under sonication, the reaction mixture is activated by
inducing high local temperatures and pressure gener-
ation inside the cavitation bubble and its interfaces
when it collapses, which speeds up reaction rate and
shortens reaction time. The e�ects of ultrasound
irradiation observed during organic reactions are due
to cavitations [60-62].

Mechanistically, at �rst, generation of nitrilimine
dipoles is due to contacting phenylhydrazone and
(diacetoxy) iodobenzene. Then, a 1,3-dipolar cycload-
dition reaction occurred by these dipoles with fullerene
(Scheme 3).

Sonication of cycloaddition catalyzes the reaction
through adequate contact between the substrates. Un-
der this condition, nitrilimine dipoles, as very reactive
chemical species, are produced very fast, thus, facil-
itating 1, 3-dipolar cycloaddition, which is a critical
step in this type of cycloaddition reaction. The scope
of the present study was increased by the reaction of
several phenylhydrazones with C60 in the presence of
PhI(OAc)2 under ultrasound irradiation. As shown
in Table 2, the reaction of various phenylhydrazones
with C60 was accelerated by sonication. The corre-
sponding products were obtained in good yields and
excellent reaction times under ultrasound irradiation
(Figure 2). It seems that this method for preparation
of fulleropyrazolines has some advantages, including
a one-pot reaction, very short time, high e�ciency,
and appropriate and mild conditions, in comparison to
previously reported methods [38,39].

The new compounds (2b-g) were fully character-
ized by their MS, 1H NMR, 13C NMR and FT-IR.
Further puri�cation with HPLC analysis, at least for
a couple of products (2f and 2g), gave the desired
cycloadducts at 5.1 and 4.0 min, respectively. Take
2f (Table 2) as an example: After evaporation of the
solvent, the product was separated roughly with a silica

Figure 2. Comparison of the reaction times of the
products under stirring method and sonication.

Figure 3. HPLC chromatogram of cycloadduct 2f (eluted
with toluene).

gel column (toluene) and then completely with HPLC
(toluene) to give product 2f (Figure 3). Finally, the
structure was elucidated, as expected, 2f, by spectral
data.

In the mass spectrum (EI, 70 eV), the peak at m/z
920 is related to the molecular ion of M+. In the IR
spectra, the stretching frequency of aromatic C=C is
produced in the area between = 1490-1600 cm�1. Also,
the stretching frequency of C=N of the pyrazoline ring
appears at 1631 cm�1. In the 1H NMR spectra, the
proton signal of imine appears around the �= 9-10 ppm
in phenylhydrazone (1f), while this peak disappears
in the fulleropyrazoline (2f) spectrum because of the
connection of phenylhydrazone to C60. The signals
about �= 6.7-7.3 ppm are assigned by protons of the
CH-CH of the aromatic rings in phenylhydrazone, while
these protons are at really low �eld in fulleropyrazoline,
and the related signals appear in � = 7.1-8.0 (Figure 4).
These shifts have been attributed in other fullerene
derivatives to the formation of a charge transfer com-
plex between the organic addend and the C60 cage, and
to the electron-withdrawing property of the attached
fullerene cage [63].
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Figure 4. 1H NMR spectrum of (a)
2-thiophencarboxaldehyde phenylhydrazone, and (b) 10-
phenyl- 30- (2-thienyl)pyrazolino[40, 50: 1, 2][60] fullerene.

4. Conclusion

In this research, an appropriate and green method for
the functionalization of C60, enabling the design of mild
reaction conditions under ultrasonic irradiation, be
developed here. It seems that the sonochemical method
for preparation of fulleropyrazolines provides several
advantages, including a one-pot reaction, environmen-
tal friendliness, short reaction time, good yields, no
requirement base, and a simple workup procedure. We
expect this technique to �nd extensive applications in
the �eld of fullerene chemistry, green synthesis and
sonochemistry.

Acknowledgment

The authors are grateful to the University of Kashan
for supporting this work by Grant No: 159196/X.

References

1. Kroto, H.W., Heath, J.R., Obrien, S.C., Curl, R.F.
and Smalley, R.E. \Buckminsterfullerene", Nature,
318(36), pp. 162-164 (1985).

2. Kraetschmer, W., Lamb, L.D., Fostiropoulos, K. and
Hu�man, D.R. \Solid C60: A new form of carbon",
Nature, 1990(347), pp. 354-358 (1990).

3. Nakamura, E. and Isobe, H. \Functionalized fullerenes
in water. The �rst 10 years of their chemistry, biology,
and nanoscience", Acc. Chem. Res., 36(11), pp. 807-
815 (2003).

4. Tagmatarchis, N. and Shinohara, H. \Fullerenes in
medicinal chemistry and their biological applications",
Mini Rev. Med. Chem., 1(4), pp. 339-348 (2001).

5. Da Ros, T. and Prato, M. \Medicinal chemistry with
fullerenes and fullerene derivatives", Chem. Commun.,
1999(8), pp. 663-669 (1999).

6. Jensen, W., Wilson, S.R. and Schuster, D.I. \Biological
applications of fullerenes", Bioorg. Med. Chem., 4(6),
pp. 767-779 (1996).

7. Bakry, R., Vallant, R.M., Najam-ul-Haq, M., Rainer,
M., Szabo, Z., Huck, C.W. and Bonn, G.K. \Medicinal
applications of fullerenes", Int. J. Nano. Med., 2(4),
pp. 639-649 (2007).

8. Okumura, M., Mikawa, M., Yokawa, T., Kanazawa,
Y., Kato, H. and Shinohara, H. \Evaluation of water-
soluble metallofullerenes as MRI contrast agents",
Acad. Radiol., 9(2), pp. 495-497 (2002).

9. Xing, G.M., Yuan, H., He, R., Gao, X.Y., Jing, L.,
Zhao, F., Chai, Z.F. and Zhao, Y.L. \The strong MRI
relaxivity of paramagnetic nanoparticles", J. Phys.
Chem. B., 112(20), pp. 6288-6291 (2008).

10. Meng, H., Xing, G., Sun, B., Zhao, F., Lei, H., Li,
W., Song, Y., Chen, Z., Yuan, H., Wang, X., Long, J.,
Chen, C., Liang, X., Zhang, N., Chai, Z. and Zhao,
Y. \Potent angiogenesis inhibition by the particulate
form of fullerene derivatives", Acs. Nano., 4(5), pp.
2773-2783 (2010).

11. Prato, M. \[60]fullerene chemistry for materials science
applications", J. Mater. Chem., 7, pp. 1097-1109
(1997).

12. Hirsch, A. The Chemistry of Fullerene, Georg Thieme
Verlag: Stuttgart (1994).

13. Wudl, F. \The chemical properties of buckminster-
fullerene (C60) and the birth and infancy of fulleroids",
Acc. Chem. Res., 25(3), pp. 157-161 (1992).

14. Rubin, Y., Khan, S., Freedberg, D.I. and Yeretzian, C.
\Synthesis and X-ray structure of a diels-alder adduct
of C60", J. Am. Chem. Soc., 115(1), pp. 344-345
(1993).

15. Bingel, C. \Cyclopropanation of fullerenes" [Cyclo-
propanierung von fullerenen], Chem. Ber., 126(8), pp.
1957-1959 (1993).

16. Fujiwara, K., Murata, Y., Wan, T.S.M. and Komatsu,
K. \Synthesis of a propargyl alcohol having a C60

cage, its transformation into C60 derivatives with polar
functional groups, and the solubility measurements",
Tetrahedron., 54(10), pp. 2049-2058 (1998).

17. Mikami, K., Matsumoto, S., Ishida, A., Takamuku,
S., Suenobu, T. and Ukuzumi, S. \Addition of ketene
silyl acetals to the triplet excited state of C60 via
photoinduced electron transfer leading to the fullere-
neacetates", J. Am. Chem. Soc., 117(45), pp. 11134-
11141 (1995).

18. Reuther, U. and Hirsch, A. \Synthesis, properties and
chemistry of Aza[60]fullerene", Carbon., 38(11), pp.
1539-1549 (2000).

19. Forman, G.S., Tagmatarchis, N. and Shinohara, H.
\Novel synthesis and characterization of �ve isomers of
(C70)2 fullerene dimers", J. Am. Chem. Soc., 124(2),
pp. 178-179 (2002).



J. Safaei-Ghomi and R. Masoomi/Scientia Iranica, Transactions C: Chemistry and ... 22 (2015) 894{902 901

20. Ishida, H., Itoh, K. and Ohno, M. \1,3-dipolar cy-
cloaddition reaction of [60]fullerene with thiocarbonyl
ylide and synthetic application of the cycloadduct",
Tetrahedron., 57(9), pp. 1737-1747 (2001).

21. Ishida, H., Komori, K., Itoha, K. and Ohnob, M.
\Diels-alder reaction of [60]fullerene with cyclooctate-
traene and electrophilic addition to the cycloadduct",
Tetrahedron Lett., 41(51), pp. 9839-9842 (2000).

22. Langa, F. and Oswald, F. \Pyrazolino [60]fullerenes:
Synthesis and properties", C.R. Chimie., 9(7), pp.
1058-1074 (2006).

23. He, C.L., Liu, R., Li, D.D., Zhu, S.E. and Wang, G.W.
\Synthesis and functionalization of [60]fullerene-fused
imidazolines", Org. Lett., 15(7), pp. 1532-1535 (2013).

24. Li, F.B., Liu, T.X. and Wang, G.W. \Synthesis
of fullerooxazoles: Novel reactions of [60]fullerene
with nitriles promoted by ferric perchlorate", J. Org.
Chem., 73(16), pp. 6417-6420 (2008).

25. Hirsch, A. and Brettreich, M., Fullerenes: Chemistry
and Reactions, Wiley-VCH Verlag GmbH & Co.:
KGaA (2005).

26. Langa, F. and Nierengarten, J.F., Fullerenes: Princi-
ples and Applications, RSC Publishing (2007).

27. Yurovskaya, M.A. and Trushkov, I.V. \Cycloaddition
to buckminsterfullerene C60: Advancements and fu-
ture prospects", Russ. Chem. Bull. Int., 51(3), pp.
367-433 (2002).

28. Liu, F., Du, W., Liang, Q., Wang, Y., Zhang, J., Zhao,
J. and Zhu, S. \Synthesis of 4-aziridino[C60]fullerene-
1,8-naphthalimide (C60-NI dyads) and their photo-
physical properties", Tetrahedron Lett., 66(29), pp.
5467-5471 (2010).

29. Kitamura, H., Kokubo, K. and Oshima, T. \Stere-
oelectronic e�ects in diastereloselective formation of
fulleroids", Org. Lett., 9(20), pp. 4045-4048 (2007).

30. Ioutsi, V.A., Zadorin, A.A., Khavrel, P.A., Belov,
N.M., Ovchinnikova, N.S., Goryunkov, A.A., Khary-
bin, O.N., Nikolaev, E.N., Yurovskaya, M.A. and
Sidorov, L.N. \Diastereoselective lithium salt-assisted
1,3-dipolar cycloaddition of azomethine ylides to the
fullerene C60", Tetrahedron., 66(16), pp. 3037-3041
(2010).

31. Wang, G.W., Yang, H.T., Wu, P., Miao, C.B. and
Xu, Y. \Novel cycloaddition reaction of [60]fullerene
with carbonyl ylides generated from epoxides", J. Org.
Chem., 71(11), pp. 4346-4348 (2006).

32. Wang, G.W. and Yang, H.T. \Revisit to the reaction
of [60]fullerene with nitrile ylides generated from imi-
doyl chlorides and triethylamine", Tetrahedron Lett.,
48(26), pp. 4635-4638 (2007).

33. Illescas, B.M., Martinez-Alvarez, R., Fernandez-
Gadeab, J. and Martin, N. \Synthesis of water
soluble fulleropyrrolidines bearing biologically active
arylpiperazines", Tetrahedron., 59(34), pp. 6569-6577
(2003).

34. Zhu, B. and Wang, G.W. \Palladium-catalyzed het-
eroannulation of [60]fullerene with anilides via C-H
bond activation", Org. Lett., 11(19), pp. 4334-4337
(2009).

35. Li, F.B., You, X. and Wang, G.W. \Synthesis
of disubstituted [60]fullerene-fused lactones: Ferric
perchlorate-promoted reaction of [60]fullerene with
malonate esters", Org. Lett., 12(21), pp. 4896-4899
(2010).

36. Meier, M.S. and Poplawska, M. \Addition of nitrile
oxides to C60: Formation of isoxazoline derivatives
of fullerenes", J. Org. Chem., 58(17), pp. 4524-4525
(1993).

37. Perez, L., El-Khouly, M.E., De la Cruz, P., Araki,
Y., Ito, O. and Langa, F. \Comparison between
the photophysical properties of pyrazolo- and Isoxa-
zolo[60]fullerenes with dual donors (ferrocene, aniline
and alkoxyphenyl)", Eur. J. Org. Chem., (13), pp.
2175-2185 (2007).

38. Langa, F., De la Cruz, P., Esp��ldora, E., Gonz�alez-
Cort'es, A., De la Hoz, A. and L�opez-Arza, V. \Syn-
thesis and properties of isoxazolo[60]fullerene-donor
dyads", J. Org. Chem., 65(25), pp. 8675-8684 (2000).

39. Modin, J., Johansson, H. and Grennberg, H.
\New pyrazolino- and pyrrolidino[60]fullerenes with
transition-metal chelating pyridine substitutents: Syn-
thesis and complexation to Ru (II)", Org. Lett., 7(18),
pp. 3977-3982 (2005).

40. Irngartinger, H., Weber, A. and Escher, T. \Cycloaddi-
tion of functionalized nitrile oxides and fulminic Acid
to [60]Fullerene", Liebigs Ann., 1996(11), pp. 1845-
1850 (1996).

41. Ohno, M., Yashiro, A. and Eguchi, S. \Unusual redox-
type addition of nitroalkanes on the C60 surface",
Synlett., 9, pp. 827-828 (1996).

42. Yang, H.T., Ruan, X.J., Miao, C.B. and Sun,
X.Q. \An e�cient one-step synthesis of fulleroisox-
azolines and fulleropyrazolines mediated by (diace-
toxyiodo)benzene", Tetrahedron Lett., 51(46), pp.
6056-6059 (2010).

43. Zhu, S.E., Li, F. and Wang, G.W. \Mechanochemistry
of fullerenes and related materials", Chem. Soc. Rev.,
42(18), pp. 7535-7570 (2013).

44. Safaei-Ghomi, J. and Masoomi, R. \Microwave-
assisted synthesis of fulleropyrazolines/ fulleroisoxa-
zolines mediated by (diacetoxyiodo)benzene: A rapid
and green procedure", RSC Advances., 4(6), pp. 2954-
2960 (2014).

45. Safaei-Ghomi,J. and Masoomi R.Ultrason. Sonochem.,
23(1), pp. 212-218 (2014).

46. Luche, J.L., Synthetic Organic Sonochemistry, Plenum
Press, New York, p. 3 (1998).

47. Bhatkhande, B.S., Adhikari, M.V. and Samant, S.D.
\Sonochemical chloro-oxidation of phenols using HCl-
H2O2", Ultrason. Sonochem., 9(1), pp. 31-35 (2002).



902 J. Safaei-Ghomi and R. Masoomi/Scientia Iranica, Transactions C: Chemistry and ... 22 (2015) 894{902

48. Bougrin, K., Loupy, A., Petit, A., Benhida, R.,
Fourrey, J.L., Daou, B. and Sou�aoui, M. \N-
triuoroacetylation of ortho-arylenediamines under ul-
trasound", Tetrahedron Lett., 41(25), pp. 4875-4879
(2000).

49. Tangestaninejad, S., Moghadam, M., Mirkhani, V.
and Kargar, H. \E�cient and selective hydrocarbon
oxidation with sodium periodate under ultrasonic irra-
diation catalyzed by polystyrene-bound Mn (TPyP)",
Ultrason. Sonochem., 13(1), pp. 32-36 (2006).

50. Ko, W.B., Heo, J.Y., Nam, J.H. and Lee, K.B.
\Synthesis of a water-soluble fullerene [C60] under ul-
trasonication", Ultrasonics., 41(9), pp. 727-730 (2004).

51. Yoon, S., Hwang, S.H. and Ko, W.B. \Cycloaddition of
20-azidoethyl glycosides to fullerene[C60] under ultra-
sonic irradiation", Curr. Appl. Phys., 8(6), pp. 774-777
(2008).

52. Ko, W.B., Park, Y.H. and Jeong, M.K. \Preparation
of a water-soluble fullerene [C70] under ultrasonic
irradiation", Ultrasonics., 44, pp. 367-369 (2006).

53. Zhang, X., Gan, L., Huang, S. and Shi,
Y. \Iodo-controlled selective formation of
pyrrolidino[60]fullerene and aziridino[60]fullerene from
the reaction between C60 and amino acid esters", J.
Org. Chem., 69(17), pp. 5800-5802 (2004).

54. Nagargoje, D., Mandhane, P., Shingote, S., Badadhe,
P. and Gill, C. \Ultrasound assisted one pot synthesis
of imidazole derivatives using diethyl bromophosphate
as an oxidant", Ultrasound. Sonochem., 19(1), pp. 94-
96 (2012).

55. Sadjadi, S. and Sepehrian, H. \Cu(OAc)2/MCM-41:
An e�cient and solid acid catalyst for synthesis of 2-
arylbenzothiazoles under ultrasound irradiation", Ul-
trasound. Sonochem., 18(2), pp. 480-483 (2011).

56. Hossain, Md.D. and Kitamura, T. \Direct, easy, and
scalable preparation of (diacetoxyiodo)arenes from
arenes using potassium peroxodisulfate as the ox-
idant", Tetrahedron Lett., 47(45), pp. 7889-7891
(2006).

57. Furniss, B.S., Hannaford, A.J.P., Smith, W.G. and
Tatchell, A.R., Vogel's Textbook of Practical Organic
Chemistry, 5th Edn., Pearson Education, Dorling
Kindersley (2008).

58. Nasir Baig, R.B. and Varma, R.S. \Alternative energy
input: Mechanochemical, microwave and ultrasound-

assisted organic synthesis", Chem. Soc. Rev., 41(4),
pp. 1559-1584 (2012).

59. Xu, S., Wang, H., Zhu, J.J., Xin, X.Q. and Chen,
H.Y. \An in situ template route for fabricating metal
chalcogenide hollow spherical assemblies sonochemi-
cally", Eur. J. Inorg. Chem., 23, pp. 4653-4659 (2004).

60. Qi, R.J., Zhu, Y.J., Cheng, G.F. and Huang,
Y.H. \Sonochemical synthesis of single-crystalline
CeOHCO3 rods and their thermal conversion to CeO2

rods", Nanotechnology., 16(11), pp. 2502-5206 (2005).

61. Mason, T.J. \Ultrasound in synthetic organic chem-
istry", Chem. Soc. Rev., 26(6), pp. 434-451 (1997).

62. Cravotto, G. and Cintas, P. \Power ultrasound in
organic synthesis: Moving cavitational chemistry from
academia to innovative and large-scale applications",
Chem. Soc. Rev., 35(2), pp. 180-196 (2012).

63. Matsubara, Y., Tada, H., Nagase, S. and Yoshida,
Z. \Intramolecular charge transfer interaction in 1,3-
diphenyl-2-pyrazoline ring fused C60", J. Org. Chem.,
60, pp. 5372-5373 (1995).

Biographies

Javad Safaei-Ghomi received a BS degree in Chem-
istry from the University of Kashan, Iran, in 1985, an
MS degree in Organic Chemistry from the University
of Mazandaran, Babolsar, Iran, in 1988, and a PhD
degree in Organic Chemistry from the University of
Wollongong, Australia, in 1995. He is currently
Professor in the Department of Organic Chemistry at
the University of Kashan, Iran. His research interests
include asymmetric synthesis of amino acids, antioxi-
dant and antibacterial activity of herbal extracts, using
nanoparticles in multicomponent reactions, and new
methods for functionalization of fullerene.

Reihaneh Masoomi obtained her MS degree in Or-
ganic Chemistry from the University of Kashan, Iran,
in 2011, on the study of phytochemical properties of
Salvia spp. in the Essential Oils Research Institute. She
has also received her PhD degree under the supervision
of Professor Javad Safaei-Ghomi at the same university
in the �eld of preparation of functionalized fullerene.




