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Hydrogenated [60]fullerenes, prepared from [60]fullerene and sodium borohydride, react with
alkylidenecyanoacetates [RCH=CCN(CO2Et): R ¼ C6H5 (2a), 4-CH3O–C6H4 (2b), 4-NO2–C6H4 (2c), H (2d)]
and alkylidenemalononitriles [RCH=C(CN)2 : R ¼ C6H5 (2e), 4-CH3O–C6H4 (2f), 4-NO2–C6H4 (2g),
4-(CH3)2N–C6H4 (2h)] under basic conditions to afford cyclopentenylfullerenes 3. No multi-cycloaddition
products are obtained. Several bases including organic and inorganic bases can be utilized in these
reactions. It is proposed that the reactions take place via the Michael addition of C60H

�, generated
in situ by deprotonation of dihydrofullerene with a mild base, to the electrophilic carbon-carbon double
bond of substrate 2, followed by intramolecular proton transfer and nucleophilic addition of the resulting
fullerene carbanion to the nitrile group, and finally isomerization to the more stable conjugated ester or
nitrile 3.

Introduction

The chemical reactivity of [60]fullerene (C60) resembles that of
an electron-deficient alkene.1 Thus, C60 behaves as an electro-
philic molecule with highly strained double bonds and can
react with nucleophiles, carbenes, radicals to give various func-
tionalized fullerenes.2 Fullerene anions are of great interest due
to their versatile properties such as electron donor, nucleo-
phile, or Brönsted base, as exemplified in a recent review.3

C60 can be readily reduced and can accept as many as six elec-
trons to form C60

n� (n ¼ 1–6).4 Fullerene anions reverse the
normal reactivity of fullerene to become nucleophiles and
hence open up new avenues for fullerene derivatization.
Kadish and co-workers were the first to conduct the reaction
of C60

2�, generated by controlled-potential bulk electroreduc-
tion of C60 , with a large excess of methyl iodide and they
obtained a mixture of 1,2- and 1,4-isomers of dimethylated
[60]fullerene.5 Later, the reaction of C60

2� generated by reduc-
tion of C60 electrochemically6 or chemically7 with various alkyl
halides was investigated and generally monoalkylated (C60RH)
and dialkylated (C60R2 and C60RR0) fullerene derivatives were
obtained.
Fullerenic C–H bonds are quite acidic. The pKa values of

C60H2 are remarkably low (pKa1 ¼ 4.7, pKa2 ¼ 168), suggest-
ing that C60H

� and C60
2� should be readily available by

deprotonation of C60H2 with appropriate bases.8,9 Meier and
co-workers reported the reaction of C60

2�, formed by deproto-
nation of C60H2 with tetrabutylammonium hydroxide, with
alkylating agents to give mono- or dialkylated products under
scrupulous deoxygenation conditions.10 In the previous
reactions of C60

2�, all electrophiles used are alkyl bromides
or iodides. In this paper, we wish to report the reaction of a
hydrofullerene mixture with alkylidenecyanoacetates (2a–2d)
and alkylidenemalononitriles (2e–2h) in the presence of a base.
These reactions result in the formation of cyclopentenyl-
fullerenes (3) and provide powerful ways for the preparation
of highly functionalized fullerenes. The reactions are rationa-
lized by a mechanism via a Michael addition, followed by an

intramolecular proton transfer and nucleophilic addition,
and finally isomerization.

Results and discussion

Hydrogenated fullerenes are usually prepared by hydro-
boration11 or hydrozirconation12 followed by hydrolysis, or
by reduction with hydrazine,13 or by reduction with zinc in
the presence of water.14 We wondered whether the reaction
of C60 with NaBH4 could be used to synthesize dihydrofuller-
ene. When NaBH4 was directly added to the toluene solution
of C60 , no expected product was obtained. This was probably
due to the insolubility of NaBH4 in toluene. However, it was
found that NaBH4 dissolved in ethanol could react efficiently
with C60 . The reaction proceeded at 60 �C for 30 min and gave
C60H2 (1) in 59% isolated yield (62% yield along with 21% of
multi hydro-adducts based on the measurement by high-
performance liquid chromatography). The identity of C60H2

was confirmed by the comparison of its 1H NMR and UV-
vis spectra with those reported in the literature.11a

Meier and co-workers reported that the treatment of C60H2

and its multi-adducts, formed from the reaction of C60 with
Zn/Hþ, with 2,3-dichloro-5,6-dicyanobenzoquinone resulted
in smooth conversion of the reaction mixture back to C60 .

15

Meanwhile, Becker et al. reported that isolated C60H2 was
readily converted back to C60 in the presence of oxygen.16

We found that C60 could be regenerated quantitatively under
air if triethylamine or pyridine was added to the reaction mix-
ture of C60 and NaBH4 containing C60H2 and higher reduced
fullerenes. The transformation of the multi hydro-adducts
C60Hn (n� 4) to C60 should proceed via C60H2 .
In view of the strong acidity of the C–H bond of C60H2 ,

C60H
� can be obtained from C60H2 in the presence of a mild

base and thus can be utilized as a nucleophile. We therefore
investigated the reactions of hydrofullerenes with alkylidene-
cyanoacetates (2a–2d) and alkylidenemalononitriles (2e–2h)
in the presence of a base in order to see whether the expected
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C60H
� anion could be formed and then undergo Michael addi-

tion with cyano-substituted alkenes. Because the separation of
C60H2 from C60 and multi hydro-adducts was rather difficult
on a silica gel column and because multi hydro-adducts of
C60 could convert to C60H2 in the presence of a base and under
air, we employed the reaction mixture of C60 and NaBH4

directly instead of isolating C60H2 for practical purposes.
Ethyl benzylidenecyanoacetate (2a) was first chosen for our

investigation. The ethanol solution of NaBH4 was added to the
toluene solution of C60 and the reaction mixture was stirred at
60 �C for 30 min, thus leading to a mixture of hydrofullerenes
that contained C60H2 as the major product along with multi
hydro-adducts as the minor products. The resulting hydro-
fullerene mixture was treated with 2 equiv of 2a in the presence
of triethylamine and the reaction mixture was maintained at
the same temperature for an additional 1 h. This one-pot reac-
tion afforded the cycloaddition product 3a in 57% yield (84%
based on consumed C60 ; Scheme 1).
Several organic and inorganic bases were employed in the

reaction of 2a with the hydrofullerene mixture to find the best
reaction conditions and the results are summarized in Table 1.
It is seen that inorganic bases such as NaOCH3 and K2CO3

afforded 3a in lower yields, probably due to their low solubility
in the reaction media. Triethylamine (Et3N) and pyridine as
well as 4-dimethylaminopyridine (DMAP) and piperidine
performed better.
This type of cycloaddition reaction of hydrofullerenes could

be successfully extended to other alkylidenecyanoacetates and
alkylidenemalononitriles in the presence of Et3N or pyridine;
cycloadducts 3 rather than the Michael addition products were
obtained (Scheme 1). Et3N and pyridine were chosen as the
base in these reactions because they gave the best results
among all investigated bases. The yields along with recovered
C60 for the reaction of the hydrofullerene mixture with 2b–2h
in the presence of Et3N and pyridine are collected in
Table 2. Cycloaddition products 3 were formed in about
90% yields based on consumed C60 in most cases.
The structures of products 3a–3h were established by

MALDI-TOF MS, 1H NMR, 13C NMR, FT-IR, and UV-vis
spectral data. MALDI-TOF mass spectra of 3a–3h gave cor-
rect molecular ions. An absorption peak around 3450 cm�1

for the NH2 group, absorption peaks around 1680 and 1730
cm�1 for the conjugated ester group of 3a–3d and peaks at
about 1660 and 2200 cm�1 for the conjugated cyano group
of 3e–3h were observed in the FT-IR spectra. The UV-vis spec-
tra of 3a–3h exhibited the characteristic peak at 429 or 430 nm
for the 1,2-adduct of C60 . Compounds 3d–3h have poor solu-
bility in CS2 , CHCl3 , THF or DMSO. However, they can be
readily dissolved in a mixture of CS2 and THF or CS2 and
DMSO. The 1H NMR and 13C NMR spectra of 3d–3h were
taken in CS2 with a small amount of DMSO-d6 added; the
others were in a mixture of CS2 and CDCl3 . A broad singlet
for the NH2 group of 3a–3c at 6.7–6.9 ppm and at 7.3–7.4

ppm for 3d–3h, a singlet for the methine group at 5.8–6.2
ppm as well as the signals for the phenyl and ethoxy groups
were observed in the 1H NMR spectra of 3. It should be noted
that in the 1H NMR spectra of 3a–3c, the two methylene pro-
tons in the OCH2CH3 group appear as two doublets of quar-
tets in an AB splitting pattern and all phenyl protons are
magnetically inequivalent due to the nearby chiral methine
group and restricted rotation of the phenyl ring. The observed
signals at about 167, 62, and 14 ppm for the ethoxycarbonyl
group, at about 96 ppm for the olefinic carbon bearing carbo-
nyl group, at about 60 ppm for the methine group in the 13C
NMR spectra of 3a–3c, those at about 116 ppm for the cyano
group, at about 72 ppm for the olefinic carbon bearing cyano
group, at about 60 ppm for the methine group in the 13C NMR
spectra of 3e–3h, and more than 48 partially overlapped peaks
for the fullerene skeletons of both 3a–3c and 3e–3h are consis-
tent with molecular structures of 3a–3c and 3e–3h having C1

symmetry. The 1H NMR and 13C NMR spectra of 3d are sim-
pler than those of 3a–3c and 3e–3h due to its higher molecular
symmetry. The 1H NMR spectrum of 3d displayed a broad
singlet at 7.39 ppm for the NH2 protons, a singlet at 4.50
ppm for the methylene protons of the five-membered ring,
and a quartet at 4.31 ppm and a triplet at 1.41 ppm for the
ethoxy protons. In the 13C NMR spectra of 3d, there exist
peaks at 165.62, 58.55, and 14.39 ppm for the ethoxycarbonyl
group, at 43.91 ppm for the methylene carbon of the five-mem-
bered ring, at 88.48 ppm for the olefinic carbon carrying the
carbonyl group, and 30 peaks including an overlapping one
integrating totally as 59 sp2-carbons (58 carbons of C60 and
one olefinic carbon carrying the amino group) in the 156–133
ppm region, and two sp3-carbons of C60 at 75.42 and 64.55
ppm, fully consistent with the Cs symmetry of compound 3d.
It was observed that deoxygenation was unnecessary for the

reactions of hydrofullerenes with 2a–2h in the presence of a
base as it had little effect on the yields of the reactions. There-
fore, the cycloaddition reactions of hydrofullerenes were con-
ducted under air. Multiple addition has always been a real
problem for the preparation of C60 monoadducts.2,17 How-
ever, no trace of bisadduct could be isolated from our reaction
mixtures, even though 21% of C60H4 and higher reduced full-
erenes was present in the hydrofullerene mixture. These C60H4

and higher reduced fullerenes must be transformed into
C60H2 , which subsequently reacts with 2a–2h in the presence
of a base.
Since the reaction of the hydrofullerene mixture with cyano-

substituted alkenes does not take place in the absence of a
base, the formation of conjugated ester or nitrile 3 is supposed
to take place via the following sequence of reactions: Michael
addition of C60H

� (4), generated in situ from C60H2 in the pre-
sence of a mild base, to ethyl alkylidenecyanoacetates or alky-
lidenemalononitriles to give intermediate 5; intramolecular
proton transfer within the intermediate carbanion 5 to give
fullerene anion 6; intramolecular addition of the resulting

Scheme 1
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fullerene carbanion to the cyano group to afford exo-cyclic
imine 7; and, finally, isomerization of 7 to the more stable
conjugated ester or conjugated nitrile 3. This sequence is
illustrated in Scheme 2.
Cycloaddition products 3 were formed with good selectivity,

while neither bisadducts nor Michael addition products were
observed. This result indicates that the proton transfer in 5
and the intramolecular nucleophilic addition to the cyano
group in 6 are both fast reactions.
Although the hydrofullerene mixture reacted efficiently with

ethyl alkylidenecyanoacetates and alkylidenemalononitriles in
the presence of a base and under air, it failed to react with
MeI, EtI, PhCH2Br or BrCH2CO2Et under the same condi-
tions. The reaction mixture was instead converted back to
C60 under the reaction conditions. This phenomenon can be
rationalized on the assumption that the reaction of C60H

�

anion with cyano-substituted alkenes is much faster than the
reaction with O2 and the reaction of C60H

� anion with these
alkyl halides is much slower than the reaction with O2 .
In conclusion, we have uncovered a highly effective and

practical method for preparing cyclic products of C60 by the
reaction of C60 with NaBH4 , followed by the reaction with
ethyl alkylidenecyanoacetates or alkylidenemalononitriles in
one pot. A reaction mechanism that involves Michael addition,
followed by intramolecular proton transfer and subsequent
nucleophilic addition, and finally isomerization, has been pro-
posed to rationalize the formation of the cyclic adduct 3. The
cyclic adducts 3 bearing reactive NH2 , C=C, and CN or CO2Et
groups, which are difficult to synthesize by other routes, can be
further employed to prepare various functionalized derivatives
of C60 . Further applications of the hydrofullerene mixture as a
reactant, especially as precursor of C60H

� rather than C60
2�,

to other fullerene functionlizations are under investigation.

Experiment

General methods

1H and 13C NMR spectra were recorded at 300 MHz and 75
MHz, respectively, in a mixed solvent of CS2 and CDCl3 or
CS2 and DMSO-d6 . FT-IR spectra were recorded on a
Brucker Vector-22 spectrometer. UV-vis spectra were obtained

on a Shimadzu UV-2501PC spectrophotometer. Mass spectra
were taken on a BIFLEXIII MALDI-TOF mass spectrometer
with 4-hydroxy-a-cyanocinnamic acid as the matrix.
C60 (> 99.9%) was purchased from 3D Carbon Cluster

Material Co. of Wuhan University in China. Ethyl alkylidene-
cyanoacetates (2a–2d) and alkylidenemalononitriles (2e–2h)
were prepared according to the reported procedures.18 All
other reagents were commercially available and of R. A. grade.

Syntheses

Preparation of hydrofullerene mixture. To a toluene (35 mL)
solution of C60 (36.0 mg, 0.05 mmol) was added l mL of an
ethanol solution of NaBH4 (1.0 mg, 0.026 mmol); the reaction
mixture was stirred at 60 �C for 30 min. The reaction mixture
consisted of 17% C60 , 62% C60H2 , and 21% multi hydro-
adducts, as determined by high-performance liquid chromato-
graphy on a 4.6� 250 mm Cosmosil Buckyprep column with
the detection wavelength of the diode detector set at 326 nm.
Column separation of the reaction mixture on a silica gel
column with CS2 as the eluent afforded pure C60H2

11a

(21.4 mg, 59%) along with recovered C60 (7.0 mg, 19%).

Preparation of 3. To the above-prepared hydrofullerene mix-
ture were added ethyl benzylidenecyanoacetate (2a; 20.2 mg,
0.1 mmol) and Et3N (1 mL). The reaction mixture was stirred
at 60 �C for an additional 1 h and then evaporated in vacuo.
The residue was separated on a silica gel column with toluene
as the eluent to afford 3a (26.3 mg, 57%) along with recovered
C60 (11.5 mg, 32%). The yields of 3a and recovered C60 are
listed in Table 1 for the reaction using pyridine, DMAP, piper-
idine, NaOCH3 or K2CO3 as the base. Compounds 3b–3h were
prepared by the same procedure as that for compound 3a with
Et3N or pyridine as the base. The yields of 3b–3h along with
recovered C60 for the reaction of hydrofullerenes with 2b–2h
in the presence of Et3N and pyridine are collected in Table 2.

3a. 1H NMR (300 MHz, CS2–CDCl3) d 7.79 (d, J ¼ 6.6 Hz,
1H), 7.55 (d, J ¼ 6.6 Hz, 1H), 7.40–7.32 (m, 1H), 7.28–7.20
(m, 1H), 7.20 (tt, J ¼ 6.7, 1.2 Hz, 1H), 6.76 (bs, 2H), 5.98 (s,
1H), 4.18 (dq, J ¼ 10.8, 7.2 Hz, 1H), 4.08 (dq, J ¼ 10.8, 7.2
Hz, 1H), 1.04 (t, J ¼ 7.2 Hz, 3H). 13C NMR [75 MHz, CS2–
CDCl3 with Cr(acac)3 as relaxation reagent] d 167.31, 157.63,
156.58, 154.33, 150.40, 147.43, 146.38, 146.04, 146.00, 145.84,
145.74, 145.71, 145.69, 145.54, 145.44, 145.39, 145.33, 145.24,
145.22, 145.06, 144.94, 144.60, 144.27, 144.10, 143.19, 143.13,
142.76, 142.65, 142.57, 142.50, 142.28, 142.25, 142.07, 141.99,
141.92, 141.81, 141.78, 141.75, 141.69, 141.61, 140.61, 140.53,
140.33, 139.59, 136.81, 135.99, 135.12, 133.78, 130.50, 128.97,
128.25, 127.27, 96.28, 75.49, 72.43, 61.74, 59.64, 14.28. FT-
IR (KBr) n/cm�1: 3460, 2921, 1732, 1679, 1634, 1548, 1511,
1454, 1287, 1265, 1225, 1134, 1107, 721, 699, 574, 544, 526.
UV-vis (CHCl3) lmax/nm: 245, 274, 310, 430, 701. MALDI-
TOF MS m/z 923.

3b. 1H NMR (300 MHz, CS2–CDCl3) d 7.75 (d, J ¼ 6.2 Hz,
1H), 7.48 (d, J ¼ 6.2 Hz, 1H), 6.97 (d, J ¼ 6.2 Hz, 1H), 6.79
(d, J ¼ 6.2 Hz, 1H), 6.74 (bs, 2H), 5.97 (s, 1H), 4.22 (dq,
J ¼ 10.2, 7.1 Hz, 1H), 4.15 (dq, J ¼ 10.2, 7.1 Hz, 1H), 3.79
(s, 3H), 1.11 (t, J ¼ 7.1 Hz, 3H). 13C NMR [75 MHz, CS2–
CDCl3 with Cr(acac)3 as relaxation reagent] d 167.33, 158.48,
157.30, 156.57, 154.48, 150.44, 150.38, 147.30, 146.25, 146.23,
145.92, 145.90, 145.87, 145.84, 145.80, 145.76, 145.58, 145.55,
145.53, 145.41, 145.36, 145.26, 145.19, 145.09, 145.02, 144.92,
144.80, 144.47, 144.14, 143.96, 143.03, 143.00, 142.61, 142.50,
142.41, 142.39, 142.15, 142.11, 141.93, 141.85, 141.77, 141.75,
141.66, 141.62, 141.56, 141.45, 140.44, 140.37, 140.12, 139.51,
136.71, 135.86, 134.93, 134.88, 133.57, 131.23, 128.19, 114.50,
113.06, 96.43, 75.31, 72.63, 60.89, 59.53, 55.00, 14.18. FT-IR
(KBr) n/cm�1: 3460, 2922, 1734, 1676, 1571, 1520, 1427, 1382,

Table 2 Yields of 3b–3h and recovered C60 for the reaction of hydro-
fullerenes with 2b–2h in the presence of Et3N and pyridine

Compound

Et3N Pyridine

% Yield % Recovered C60 % Yield % Recovered C60

3b 47 49 33 62

3c 54 42 55 40

3d 59 34 58 31

3e 51 43 53 41

3f 51 41 50 41

3g 55 41 60 34

3h 50 45 55 40

Table 1 Yields of 3a and recovered C60 for the reaction of 2a with
hydrofullerenes in the presence of different bases

Base % Yield % Recovered C60

Et3N 57 32

Pyridine 55 38

DMAP 50 43

Piperidine 46 37

NaOCH3 35 60

K2CO3 30 64
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1278, 1249, 1108, 1028, 934, 754, 679, 594, 526, 458. UV-vis
(CHCl3) lmax/nm: 246, 273, 326, 430, 704. MALDI-TOF
MS m/z 953.

3c. 1H NMR (300 MHz, CS2–CDCl3) d 8.34 (d, J ¼ 8.3 Hz,
1H), 8.24 (d, J ¼ 8.3 Hz, 1H), 8.07 (d, J ¼ 8.3 Hz, 1H), 7.81
(d, J ¼ 8.3 Hz, 1H), 6.90 (bs, 2H), 6.15 (s, 1H), 4.23 (dq,
J ¼ 10.7, 7.1 Hz, 1H), 4.18 (dq, J ¼ 10.7, 7.1 Hz, 1H), 1.12
(t, J ¼ 7.1 Hz, 3H). 13C NMR [75 MHz, CS2–CDCl3 with
Cr(acac)3 as relaxation reagent] d 166.67, 158.36, 155.58,
152.77, 150.58, 149.71, 149.68, 147.39, 147.35, 147.03, 146.29,
145.98, 145.96, 145.88, 145.65, 145.61, 145.51, 145.46, 145.33,
145.29, 145.26, 145.22, 145.19, 145.17, 145.03, 145.01, 144.79,
144.44, 144.35, 144.15, 144.00, 143.12, 143.08, 142.66, 142.62,
142.52, 142.20, 142.11, 142.07, 141.96, 141.82, 141.68, 141.64,
141.58, 141.55, 140.57, 140.47, 140.41, 139.65, 136.25, 135.73,
135.18, 133.85, 130.8, 128.17, 123.94, 123.50, 94.94, 75.37,
71.61, 61.21, 59.76, 14.14. FT-IR (KBr) n/cm�1: 3464, 2923,
1732, 1681, 1568, 1520, 1428, 1377, 1279, 1216, 1109, 1028,
941, 803, 752, 679, 593, 527, 458. UV-vis (CHCl3) lmax/nm:
246, 273, 307, 429, 698. MALDI-TOF MS m/z 968.

3d. 1H NMR (300 MHz, CS2–DMSO-d6) d 7.39 (bs, 2H),
4.50 (s, 2H), 4.31 (q, J ¼ 7.0 Hz, 2H), 1.41 (t, J ¼ 7.0 Hz,
3H). 13C NMR [75 MHz, CS2–DMSO-d6 with Cr(acac)3 as
relaxation reagent] d 165.62 (C ¼ O), 155.86 (2C), 155.54
(1C), 149.08 (2C), 146.61 (2C), 146.33 (2C), 145.37 (2C),
145.11 (2C), 144.99 (3C), 144.92 (2C), 144.83 (2C), 144.69
(2C), 144.30 (2C), 144.26 (2C), 144.18 (2C), 143.65 (2C),
143.57 (1C), 143.30 (2C), 142.16 (2C), 141.72 (2C), 141.62
(2C), 141.44 (2C), 141.23 (2C), 141.14 (2C), 141.03 (2C),
140.91 (2C), 140.47 (2C), 139.49 (2C), 138.96 (2C), 135.03
(2C), 133.17 (2C), 88.48 (1C, C–C=O), 75.42 (1C, sp3-C of
C60), 64.55 (1C, sp3-C of C60), 58.55 (1C, OCH2CH3), 43.91
(1C, CH2), 14.39 (1C, OCH2CH3). FT-IR (KBr) n/cm�1:
3443, 2921, 1732, 1676, 1630, 1428, 1263, 1109, 1033, 767,
575, 527. UV-vis (CHCl3) lmax/nm: 245, 273, 313, 430, 693.
MALDI-TOF MS m/z 847.

3e. 1H NMR (300 MHz, CS2–DMSO-d6) d 7.77 (d, J ¼ 6.6
Hz, 2H), 7.46 (t, J ¼ 7.4 Hz, 2H), 7.39 (bs, 2H), 7.34 (tt,
J ¼ 7.4, 1.2 Hz, 1H), 5.92 (s, 1H). 13C NMR [75 MHz, CS2–
DMSO-d6 with Cr(acac)3 as relaxation reagent] d 158.51,
155.39, 152.62, 149.63, 149.17, 146.66, 146.41, 146.38, 146.16,
145.46, 145.43, 145.12, 145.07, 145.02, 145.00, 144.92, 144.84,
144.73, 144.70, 144.37, 144.32, 144.29, 144.24, 144.09, 144.05,
143.61, 143.52, 143.36, 143.34, 142.13, 142.08, 141.73, 141.67,
141.61, 141.40, 141.25, 141.22, 141.17, 140.94, 140.88, 140.86,
140.79, 140.69, 140.59, 140.55, 139.44, 139.11, 139.03, 138.71,
138.53, 135.12, 134.98, 134.37, 132.97, 128.23, 127.36, 116.50,
74.13, 72.46, 71.84, 61.15. FT-IR (KBr) n/cm�1: 3446, 2920,
2200, 1651, 1607, 1454, 1428, 1185, 762, 699, 597, 575, 549,
527. UV-vis (CHCl3) lmax/nm: 246, 275, 312, 429, 695.
MALDI-TOF MS m/z 876.

3f. 1H NMR (300 MHz, CS2–DMSO-d6) d 7.67 (d, J ¼ 7.1
Hz, 2H), 7.33 (bs, 2H), 6.97 (d, J ¼ 7.1 Hz, 2H), 5.88 (s, 1H),
3.85 (s, 3H). 13C NMR [75 MHz, CS2–DMSO-d6 with Cr(a-
cac)3 as relaxation reagent] d 158.37, 158.29, 155.56, 152.94,
149.83, 149.23, 146.84, 146.38, 146.35, 146.29, 145.43, 145.40,
145.22, 145.07, 145.04, 144.97, 144.88, 144.82, 144.69, 144.41,
144.29, 144.26, 144.21, 144.18, 144.07, 144.00, 143.59, 143.53,
143.34, 143.33, 142.09, 142.05, 141.70, 141.65, 141.63, 141.58,
141.42, 141.24, 141.20, 141.15, 140.92, 140.88, 140.85, 140.76,
140.66, 140.55, 140.49, 139.40, 138.93, 138.58, 135.10, 134.96,
134.26, 132.87, 130.94, 116.69, 113.62, 74.04, 72.53, 72.11,
60.43, 54.14. FT-IR (KBr) n/cm�1: 3445, 2920, 2200, 1654,
1608, 1509, 1425, 1303, 1250, 1172, 1035, 832, 773, 597, 574,
546, 527. UV-vis (CHCl3) lmax/nm: 246, 275, 312, 429, 697.
MALDI-TOF MS m/z 905 (M-1þ).

3g. 1H NMR (300 MHz, CS2–DMSO-d6) d 8.26 (d, J ¼ 7.9
Hz, 2H), 7.98 (d, J ¼ 7.8 Hz, 2H), 7.67 (bs, 2H), 6.05 (s, 1H).
13C NMR [75 MHz, CS2–DMSO-d6 with Cr(acac)3 as relaxa-
tion reagent] d 159.38, 154.82, 151.58, 149.23, 148.90, 146.90,
146.72, 146.69, 146.47, 146.39, 145.48, 145.20, 145.13, 145.05,
144.96, 144.86, 144.83, 144.77, 144.65, 144.56, 144.37, 144.32,
144.22, 144.11, 143.58, 143.41, 142.16, 142.10, 141.74, 141.67,
141.30, 141.27, 141.21, 140.93, 140.84, 140.78, 140.75, 140.58,
139.45, 138.99, 138.74, 138.67, 134.88, 134.82, 134.62, 133.18,
123.26, 116.33, 74.14, 71.21, 70.90, 60.36. FT-IR (KBr)
n/cm�1: 3444, 2921, 2199, 1654, 1600, 1519, 1424, 1344,
1182, 1045, 858, 702, 598, 575, 527. UV-vis (CHCl3) lmax/nm:
245, 276, 313, 429, 695. MALDI-TOF MS m/z 921.

3h. 1H NMR (300 MHz, CS2–DMSO-d6) d 7.51 (d, J ¼ 7.2
Hz, 2H), 7.31 (bs, 2H), 6.70 (d, J ¼ 7.2 Hz, 2H), 5.78 (s, 1H),
2.99 (s, 6H). 13C NMR [75 MHz, CS2–DMSO-d6 with Cr(a-
cac)3 as relaxation reagent] d 157.86, 155.79, 153.31, 150.04,
149.32, 148.78, 146.79, 146.33, 146.14, 145.45, 145.40, 145.37,
145.01, 144.93, 144.83, 144.78, 144.69, 144.64, 144.51, 144.28,
144.22, 144.13, 144.04, 143.96, 143.58, 143.54, 143.31, 143.28,
142.04, 142.01, 141.66, 141.59, 141.58, 141.53, 141.46, 141.23,
141.17, 141.15, 141.10, 140.91, 140.90, 140.84, 140.73, 140.62,
140.55, 140.45, 139.35, 138.93, 138.59, 138.50, 135.21, 135.01,
134.15, 132.73, 126.14, 116.67, 111.81, 74.01, 73.24, 72.56,
60.59, 39.41. FT-IR (KBr) n/cm�1: 3444, 2920, 2197, 1652,
1609, 1519, 1427, 1354, 1226, 1184, 1162, 1061, 945, 816,
781, 706, 596, 575, 545, 526. UV-vis (CHCl3) lmax/nm: 245,
275, 327, 429, 697. MALDI-TOF MS m/z 919.
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