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ABSTRACT: A new and environmentally benign
protocol for the synthesis of quinoxaline deriva-
tives through the condensation reactions of 1,2-
diketones and 1,2-phenylenediamines using cross-
linked polystyrene-supported aluminum chloride
(PS/AlCl3) as a highly active and reusable heteroge-
neous Lewis acid catalyst is described. This polymeric
catalyst is stable and can be easily recovered and
reused without appreciable change in its efficiency.
C© 2012 Wiley Periodicals, Inc. Heteroatom Chem 00:1–6,
2012; View this article online at wileyonlinelibrary.com.
DOI 10.1002/hc.21039

INTRODUCTION

Functionalized quinoxalines are an important class
of nitrogen-containing heterocycles, and they con-
stitute useful intermediates in organic synthesis.
Quinoxaline derivatives have broad biological activ-
ities and have been used as anticancer [1], antivi-
ral [2], anti-inflammatory [3], antibacterial agents
[4], and kinase inhibition agents [5]. In addition to
the medicinal applications, quinoxalines have been
used as dyes [6] and key intermediates in the synthe-
sis of organic semiconductors [7]. Over the years,
a number of synthetic methods for the preparation
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of quinoxaline derivatives have been reported in the
literature [8]. Among them, the condensation of 1,2-
aryldiamine with 1,2-diketone in refluxing ethanol
or acetic acid for 2–12 h is a general approach
[9]. In addition to common homogeneous Lewis
acids, many other catalysts including I2/DMSO
and CH3CN [10], sulfamic acid/CH3OH [11],
CuSO4·5H2O [12], polyaniline-salt/dichloroethane
[13], MnCl2[14], Zn[(l)proline]/HOAc [15], CAN
[16], montmorillonite K-10 [17], H6P2W18O62·24H2O
[18], p-TSA [19], Bi(OTf)3[20], and NbCl5[21] have
been used to promote these condensations. Ox-
idative couplings of epoxides and ene-1,2-diamines
[22] catalyzed by Bi(0), Pd(OAc)2, RuCl2-(PPh3)3-
TEMPO, and MnO2 have been reported [23]. The
condensation has also been accomplished under
catalyst-free conditions, but needs microwave and
ultrasound irradiations [24]. In addition, the above
cyclocondensation process could proceed in ionic
liquid [25]. However, some of the reported proce-
dures suffer from one or more drawbacks, such
as the use of harmful organic solvents (pollution),
harsh reaction conditions, unsatisfactory product
yields, tedious work-up processes (especially in po-
lar solvents), long reaction times, the use of toxic
and detrimental metal precursors as catalysts, and
relatively expensive reagents, requirement for spe-
cial apparatus. The main disadvantage of almost all
existing methods is that the catalysts are destroyed
in the work-up procedure, and their recovery and
reuse is often impossible, which limit their use un-
der environmentally benign processes. Owing to the
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importance of quinoxalines from pharmaceutical,
industrial, and synthetic points of view, introduction
of a simple, efficient, versatile, and environmentally
friendly method for the preparation of these com-
pounds is still in demand.

In the past few decades, there have been sig-
nificant developments in the application of effec-
tive and safe heterogeneous catalysts for the pro-
duction of organic chemicals [26]. Heterogeneous
catalysts, which are widely used in organic transfor-
mations, have good thermal stability, can be easily
separated from the reaction mixture, and can be of-
ten regenerated and reused. Therefore, heterogeniz-
ing of a homogeneous metal species by supporting it
on an insoluble support has attracted a lot of inter-
est as a suitable method for solving many practical
problems including recovery of the catalyst from a
reaction mixture and recycling. The use of polymer-
supported catalysts in organic transformations and
the design of functionalized polymers carrying metal
species have gained importance in organic synthesis
since they offer economic advantage in developing
reusable catalysts and environmental friendly pro-
cesses [27]. Polystyrene-supported aluminum chlo-
ride, PS/AlCl3, which is a tightly bound complex
between anhydrous AlCl3 and PS-divinylbenzene
copolymer, has been described for the first time by
Neckers and coworkers [28a–28d]. In recent years,
a PS–AlCl3complex has been reported to be an effi-
cient catalyst for some organic transformations [28].
As part of our continuing interest in heterogeneously
catalyzed organic reactions [29,30], we report herein
an efficient and ecofriendly procedure for the synthe-
sis of quinoxalines by the one-pot condensation re-
action of 1,2-phenylenediamines with 1,2-diketones
catalyzed by PS-supported AlCl3 as a reusable het-
erogeneous Lewis acid catalyst (Scheme 1).

RESULTS AND DISCUSSION

For our investigations, cross-linked PS-supported
aluminum chloride (PS/AlCl3) was prepared by ad-
dition of anhydrous aluminum chloride to PS (8%

divinyl benzene, grain size 0.25–0.65 mm) in car-
bon disulfide under reflux conditions. The loading
capacity of the polymeric catalyst obtained by using
the gravimetric method and checked by an atomic
absorption technique was 0.485 mmol AlCl3/g of
complex beads catalyst [31]. The data obtained by
these two techniques showed, within experimental
error, that the catalyzing species are in the form
of AlCl3 supported on the polymeric support. The
UV spectrum of the solution of the PS–AlCl3 com-
plex in CS2 showed a new strong band at 480 nm,
which is due to the formation of a stable π → p type
coordination complex between the benzene rings
in the PS carrier with aluminum trichloride. The
IR spectrum of PS/AlCl3 showed new absorption
peaks due to the C C-stretching vibration and the
C H-bending vibration of the benzene ring at 1550–
1650 and 400–800 cm−1, by which complex forma-
tion was demonstrated. Although AlCl3 is a water-
sensitive, corrosive, and environmentally harmful
compound, the PS–AlCl3 complex is a stable and
water-tolerant species. This polymeric catalyst is
easy to prepare, stable in air for a long time with-
out any change, easily recycled, and reused without
appreciable loss of its activity.

At the onset of the research, the model reaction
between 1,2-phenylenediamine (2a) and benzil (1a)
was investigated to find the most appropriate reac-
tion conditions and evaluate the catalytic efficiency
of the PS/AlCl3 catalyst. The results are summarized
in Table 1. It was found that polar solvents such
as CH3CN and C2H5OH were better than nonpolar
solvents. No reaction occurred when H2O was used
as a solvent (Table 1, entry 6); it may be because
of the aggregation of the catalyst caused by its hy-
drophobic nature, leading to inadequate access of
substrates to the active sites of the catalyst. We there-
fore selected ethanol as a solvent. Further studies
showed that the reaction temperature has a great
influence on the model reaction, and the best re-
sults were observed when the reaction temperature
was 78◦C (Table 1, entries 9,12,13). Consequently, we
chose 78◦C as the optimal temperature for the model
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SCHEME 1 Synthesis of quinoxalines catalyzed by PS/AlCl3.
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TABLE 1 PS/AlCl3-Catalyzed Condensation Reaction of
Benzil (1a, 1 mmol) with 1,2-Phenylenediamine (2a, 1 mmol)
under Different Reaction Conditions

Catalyst Time
Entry Solventa (mol%) (min) Yield (%)b

1 Toluene 10 60 40
2 Cyclohexane 10 60 <5
3 CH2Cl2 10 60 15
4 CH3Cl 10 60 15
5 CH3CN 10 60 71
6 H2O 10 60 NRc

7 C2H5OH – 10 NR
8 C2H5OH 5 10 63
9d C2H5OH 10 10 96, 93, 91, 90,88
10 C2H5OH 20 10 95
11e C2H5OH – 10 NR
12f C2H5OH 10 10 54
13g C2H5OH 10 10 80
14h C2H5OH 10 10 NR

aAll reactions were carried out under reflux conditions with 10 mol%
of catalyst in 3 mL of solvent.
bIsolated yield.
cNR: No reaction.
dCatalyst was reused for five times.
ePS was used as a catalyst.
f ,gTwo reactions were carried out in ethanol at 45 and 60◦C, respec-
tively.
hCatalyst was removed by filtration after 10 min.

reaction. Next, the amount of the catalyst was exam-
ined and we found that the yields were obviously
affected by different amounts of catalyst. No reac-
tion was observed in the absence of catalyst, whereas
10 mol% of PS/AlCl3 was sufficient to complete the
reaction and excessive amount of catalyst did not in-
crease the yields significantly (Table 1, entries 7–10).

To confirm the activity of PS-supported AlCl3,
a comparison experiment was carried out by using
cross-linked PS alone under the same experimen-
tal conditions. No product was isolated when us-
ing PS as a catalyst, which indicated that PS itself
did not promote the reaction (Table 1, entry 11). To
demonstrate that the reaction catalyzed by the cata-
lyst PS/AlCl3 is really a heterogeneous process and to
find out whether the reaction occurred in the solid
matrix of the supported catalyst PS/AlCl3 or whether
aluminum chloride simply released into the ethanol
was responsible for the reaction, PS/AlCl3 was heated
under reflux in ethanol for 10 min and then isolated
by filtration. When reactants were added to the fil-
trate and heated under reflux for 10 min, no reaction
took place (Table 1, entry 14). Therefore, we may
conclude that any AlCl3 that leached into the reaction
mixture is not an active homogeneous catalyst and
that the observed catalysis is truly heterogeneous in
nature. However, one of the important points regard-

ing the heterogeneous catalysts is their deactivation
and reusability. To test this, a series of five consec-
utive runs were carried out with the same catalyst
PS/AlCl3 sample, without a noticeable decrease in
the activity, furnishing the corresponding product
with 96%, 93%, 91%, 90%, and 88% isolated yields
(Table 1, entry 9). This reusability demonstrates the
high stability and turnover of a polymeric Lewis acid
catalyst under operating conditions. After using the
catalyst PS/AlCl3, the solid was simply filtered off,
washed with ethanol and ether, and reused.

To evaluate the efficiency and generality of
this methodology, we next investigated the scope
and limitation of this condensation reaction un-
der optimized conditions (C2H5OH, 10 mol% of
PS/AlCl3, reflux), and the results are summarized
in Table 2. As can be seen from Table 2, a va-
riety of structurally diverse 1,2-phenylenediamines
and 1,2-diketones underwent the condensation reac-
tion smoothly to afford the corresponding quinoxa-
line derivatives (3) in excellent yields. The electronic
property of the substituents on the aromatic ring of
the diamine part had an obvious effect on reaction
time under the above optimal reaction conditions.

TABLE 2 Preparation of Quinoxaline Derivativesa Catalyzed
by PS/AlCl3 Using Different Aromatic 1,2-Phenylenediamines
(2) and 1,2-Diketones(1)

Time Yield
Entry R1 R2 Product (min) (%)b Ref.

1 Ph H 3a 10 96 [16]
2 Ph Me 3b 8 97 [16]
3 Ph NO2 3c 40 90 [16]
4 Ph Cl 3d 20 91 [16]
5 4-(Cl)C6H4 H 3e 15 96 [15]
6 4-(Cl)C6H4 Me 3f 15 95 [15]
7 4-(Br)C6H4 H 3g 15 94 [21]
8 4-(Br)C6H4 Me 3h 10 93 [21]
9 4-(OMe)C6H4 H 3i 25 89 [15]
10 4-(OMe)C6H4 Me 3j 30 88 [15]
11 4-(OMe)C6H4 NO2 3k 60 84 [15]
12 4-(OMe)C6H4 Cl 3l 35 87 [15]
13 4-(Me)C6H4 H 3m 25 92 [11]
14 4-(Me)C6H4 Me 3n 25 92 [11]
15 4-(Me)C6H4 NO2 3o 55 85 [11]
16 4-(Me)C6H4 Cl 3p 35 91 [11]
17 Ph PhCO 3q 55 91 [21]
18 Me H 3r 20 92 [32]
19 Me Me 3s 20 94 [32]
20 2-Furil H 3t 10 95 [16]
21 2-Furil Me 3u 10 96 [16]
22 H H 3v 15 95 [33]
23 H Me 3w 12 94 [33]

aReaction conditions: diamine (1 mmol), 1,2-diketone (1 mmol),
PS/AlCl3(10 mol%), ethanol (3 mL), reflux.
bIsolated yield.
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It was observed that electron-withdrawing groups
(Table 2, entries 3,4,11,12,15–17) associated with
1,2-phenylenediamines decreased the reactivity of
the substrate, and long reaction times were required.
In contrast, electron-donating groups at the phenyl
ring of 1,2-diamine favored the formation of prod-
uct (Table 2, entry 2). On the other hand, the ef-
fect of electronic factors associated with aromatic
1,2-diketones is opposite. Since only symmetric 1,2-
diketones were used for the condensation reactions,
no regioisomers were generated as the products.
To check the versatility of this method, other 1,2-
dicarbonyls such as 2,3-butanedione (Table 2, en-
tries 18,19), furil (Table 2, entries 20,21), and glyoxal
(Table 2, entries 22,23) were subjected to a conden-
sation reaction and the corresponding products were
obtained with excellent yields.

The actual mechanism of the reaction is unclear.
However, based on the experimental results and by
referring to the literature [14,16], the mechanism
of the quinoxaline formation proceeds by the usual
pathway proposed using Lewis acids, involves the
complexation of aluminum with diketone by acting
as a Lewis acid and also plays a role in promoting
the dehydration steps.

Finally, the efficacy of PS/AlCl3 was compared
with that of other catalysts reported earlier. The syn-
thesis of 3a was considered as a representative ex-
ample (Table 3). As indicated in Table 3, in addi-
tion to having the general advantages attributed to
polymeric-supported catalysts, PS/AlCl3 is an equally
or more efficient catalyst for this condensation reac-
tion in terms of the yield and reaction rate.

In conclusion, PS/AlCl3 as a noncorrosive, en-
vironmentally benign, and stable heterogeneous

polymer-supported Lewis acid has proved to be an
efficient catalyst for the efficient synthesis of quinox-
aline derivatives. The short reaction times, simple
experimental procedure and product isolation, wide
applicability, high yields, mild reaction conditions,
low cost, and easy preparation and safe handling
of the catalyst are important features of this new
methodology. In addition, the use of PS/AlCl3 has re-
sulted in a reduction in the unwanted and hazardous
waste that is produced during conventional homoge-
neous processes. Finally, this polymeric Lewis acid
catalyst can be recovered and reused at least five
times with negligible loss in its activity.

EXPERIMENTAL

Materials and Methods

All chemical used were obtained from commer-
cial suppliers and used without further purification.
Melting points were measured on an Electrother-
mal 535 apparatus and were uncorrected. 1H and
13C NMR spectra were recorded on a Bruker DPX-
250 Avance spectrometer (Karlsruhe, Germany) at
250.13 MHz. IR spectra were recorded with a Uni-
cam Matteson 1000 spectrophotometer. Reaction
monitoring and purity determination of the products
were accomplished by thin layer chromatography
(TLC) on silica gel polygram SILG/UV 254 plates.
The capacity of the catalyst was determined by the
Mohr titration method and atomic absorption tech-
nique using a Philips atomic absorption instrument.
All yields refer to isolated products. Elemental anal-
yses were performed using a Heraeus CHN-O-Rapid
analyzer (Hanau, Germany) at Research Institute of

TABLE 3 Comparison of some previously reported procedures with the present method for the synthesis of 3a

Entry Catalyst (Loading) Reaction Conditions Time (min) Yield (%)a Ref.

1 Montmorillonite K-10 (10% w/w) H2O, rt 2.5 h 100 [17]
2 Polyaniline sulfate (5% w/w) CH2ClCH2Cl, rt 20 95 [13]
3 Zn[(l)proline] (10 mol%) HOAc, rt 10 94 [15]
4 Amberlyst-15 (24 mol%) H2O, 70◦C 19 98 [35]
5 MnCl2(10 mol%) C2H5OH, rt 17 94 [14]
6 I2(10 mol%) CH3CN, rt 30 90 [10]
7 p-TSA (10 mol%) Solvent free, rt 5 90 [19]
8 I2(10 mol%) DMSO, rt 40 90 [10]
9 ZrO2/Ga2O3/MCM-41 CH3CN, rt 40 90 [34]
10 FeCl3·6H2O (10 mol%) Solvent free,rt 5 35 [19]
11 CoCl2·6H2O (10 mol%) Solvent free,rt 5 24 [19]
12 AlCl3(10 mol%) Solvent free, rt 6 34 [19]
13 SnCl4·5H2O (10 mol%) Solvent free, rt 7 32 [19]
14 HCl (10 mol%) Solvent free, rt 6 66 [19]
15 H2SO4(10 mol%) Solvent free, rt 5 57 [19]
16 PS/AlCl3(10 mol%) C2H5OH, reflux 10 96 Table 2

aIsolated yields.
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Petroleum Industry (Tehran, Iran), and the results
agreed favorably with calculated values.

Typical Procedure for Preparation of PS/AlCl3

Anhydrous AlCl3 (4.5 g) was added to PS (8% divinyl-
benzene, grain size 0.25–0.68 mm, 3.5 g) in carbon
disulfide (25 mL) as the reaction medium. The mix-
ture was stirred using a magnetic stirrer under reflux
condition for 1 h, cooled, and then water (50 mL)
was cautiously added to hydrolyze the excess AlCl3.

The mixture was stirred until the deep orange color
disappeared, and the polymer became light yellow.
The polymer beads were collected by filtration and
washed with water (300 mL) and then with ether (30
mL) and acetone (30 mL). The catalyst was dried in a
vacuum oven overnight at 50◦C. Complex formation
was demonstrated by a new band at 1630 cm−1in
the IR spectrum of polymer. The chlorine content
of PS/AlCl3 was 5.16% analyzed by the Mohr titra-
tion method [31], and the loading capacity of AlCl3

on the polymeric catalyst was calculated to be 0.485
mmol/g. One gram of solid catalyst (PS/AlCl3) was
decomposed by burning with Na metal, extracted
with 10 mL of water and filtered. The chlorine con-
tent of the filtrate was determined by the Mohr titra-
tion method.

General Synthetic Procedure for the Preparation
of Quinoxaline Derivatives

In a round-bottomed flask (25 mL) equipped with a
condenser and a magnetic stirrer, a mixture of 1,2-
phenylenediamine (2, 1 mmol), 1,2-diketone (1, 1
mmol), and PS/AlCl3 (0.206 g, 0.1 mmol of AlCl3) in
ethanol (3 mL) was heated under reflux for an appro-
priate time as indicated by TLC. After completion
of the reaction, hot ethanol was added to the mix-
ture and the catalyst was collected by filtration and
then washed with ether (2×5 mL). The filtrate was
concentrated on a rotary evaporator under reduced
pressure, and the solid product was washed with wa-
ter (2×10 mL) and recrystallized from ethanol to
afford the pure products 3a–w. The products were
characterized by IR, NMR spectroscopies data, and
their melting points, and they are also compared
with respect to authentic compounds reported in
the literature, which agreed with reported values
[11,15,16,21,32,33].

Spectral and Physical Data for Selected Products

6-Chloro-2,3-bis(4-methoxyphenyl)quinoxaline
(3l, C22H17ClN2O2). Pale yellow solid; mp 150–
151◦C; IR (KBr): 2935, 2835, 1605, 1510, 1345, 1292,

1245, 1175, 832 cm−1; 1H NMR (250 MHz, CDCl3):
δH 8.10 (d, J = 2.30 Hz, 1H), 8.05 (d, J = 8.90 Hz,
1H), 7.64 (dd, J = 2.20 Hz, 1H), 7.50 (m, 4H), 6.88
(d, J = 8.70 Hz, 4H), 3.80 (s, 6H, OCH3) ppm; 13C
NMR (62.50 MHz, CDCl3): δC 160.45, 160.35, 153.82,
141.32, 139.54, 135.15, 131.38, 131.33, 131.25,
130.46, 130.22, 127.88, 113.85, 55.35 ppm.

6-Methyl-2,3-di-p-tolylquinoxaline (3n, C23H20N2).
Pale yellow solid; mp 136–137◦C; IR (KBr): 3430,
2912, 1611, 1450, 1336, 820 cm−1; 1H NMR (250
MHz, CDCl3): δH 8.06 (d, J = 8.50 Hz, 1H), 7.93 (s,
1H), 7.55 (dd, J = 8.50 Hz, 1H), 7.45 (d, J = 7.95
Hz, 4H), 7.14 (d, J = 7.90 Hz, 4H), 2.59 (s, 3H),
2.36 (s, 6H) ppm; 13C NMR (62.50 MHz, CDCl3):
δC 153.34, 152.60, 141.26, 140.11, 139.68, 138.60,
138.52, 136.63, 132.02, 129.85, 129.81, 128.98,
128.70, 128.02, 21.90, 21.40 ppm.

6-Methyl-2,3-dimethylquinoxaline (3s, C11H12N2).
Pale yellow oil; IR (KBr): 2970, 1622, 1565, 1452, 820
cm−1; 1H NMR (250 MHz, CDCl3): δH 7.90 (d, J =
8.50, 1H), 7.79 (s, 1H), 7.53 (d, J = 8.50 Hz, 1H),
2.75 (s, 6H), 2.60 (s, 3H) ppm; 13C NMR (62.50 MHz,
CDCl3): δC 153.70, 152.80, 141.60, 139.90, 139.50,
131.40, 128.20, 127.70, 23.60, 23.50, 22.10 ppm.

REFERENCES

[1] Lindsley, C. W.; Zhao, Z.; Leister, W. H.; Robinson,
R. G.; Barnett, S. F.; Defeo-Jones, D.; Jones, R. E.;
Hartman, G. D.; Huff, J. R.; Huber, H. E.; Duggan,
M. E. Bioorg Med Chem Lett 2005, 15, 761–764.

[2] Loriga, M.; Piras, S.; Sanna, P.; Paglietti, G. Farmaco
1997, 52, 157–166.

[3] Kim, Y. B.; Kim, Y. H.; J. Y. Park, J. Y.; Kim, S. K.
Bioorg Med Chem Lett 2004, 14, 541–544.

[4] Seitz, L. E.; Suling, W. J.; Reynolds, R. C. J Med Chem
2002, 45, 5604–5606.

[5] He, W.; Meyers, M. R.; Hanney, B.; Spada, A.; Blider,
G.; Galzeinski, H.; Amin, D.; Needle, S.; Page, K.;
Jayyosi, Z.; Perrone, H. Bioorg Med Chem Lett 2003,
13, 3091–3097.

[6] (a) Sonawane, N. D.; Rangnekar, D. W. J Heterocycl
Chem 2002, 39, 303–308; (b) Katoh, A.; Yoshida, T.;
Ohkanda, J. Heterocycles 2000, 52, 911–920.

[7] (a) Dailey, S.; Feast, J. W.; Peace, R. J.; Sage, I. C.;
Till, S.; Wood, E. L. J Mater Chem 2001, 11, 2238–
2243; (b) O’Brien, D.; Weaver, M. S.; Lidzey, D. G.;
Bradley, D. D. C. Appl Phys Lett 1966, 69, 881–883.

[8] Porter, A. E. A. In Comprehensive Heterocyclic
Chemistry; Katritsky, A. R.; Rees, C. W., Eds; Perga-
mon: Oxford, UK, 1984; pp. 157–197.

[9] Brown, D. J. In The Chemistry of Heterocyclic Com-
pounds; Taylor, E. C.; Wipf, P., Eds.; Wiley: Hoboken,
NJ, 2004; pp. 126–145.

[10] (a) Bhosale, R. S.; Sarda, S. R.; Ardhapure, S. S.;
Jadhav, W. N.; Bhusare, S. R.; Pawar, R. P. Tetra-
hedron Lett 2005, 46, 7183–7186; (b) More, S. V.;

Heteroatom Chemistry DOI 10.1002/hc



6 Rahmatpour

Sastry, M. N. V.; Wang, C. C.; Yao, C. F. Tetrahedron
Lett 2005, 46, 6345–6348.

[11] (a) Darabi, H. R.; Mohandessi, S.; Aghapoor,
K.; Mohsenzadeh, F. Catal Commun 2007, 8,
389–392; (b) Mohsenzadeh, S.; Aghapoor, K.;
Darabi, H. R. J Braz Chem Soc 2007, 18, 297–
303.

[12] Heravi, M. M.; Taheri, S.; Bakhtiari, K.; Oskooie, H.
A. Catal Commun 2007, 8, 211–214.

[13] Srinivas, C.; Kumar, S. P.; Rao, V. J.; Palaniappan, S.
J Mol Catal A: Chem 2007, 265, 227–230.

[14] Heravi, M. M.; Bakhtiari, K.; Oskooie, H. A.; Taheri,
S. Heteroatom Chem 2008, 19, 218–220.

[15] Heravi, M. M.; Taheri, Bakhtiari, M. H. K.; Oskooie,
H. A. Catal Commun 2007, 8, 1341–1344.

[16] Moren, S. V.; Sastry, M. N. V.; Yao, C. F. Green Chem
2006, 8, 91–95.

[17] Huang, T. K.; Wang, R.; Shi, L.; Lu, X. X. Catal Com-
mun 2008, 9, 1143–1147.

[18] Heravi, M. M.; Bakhtiari, K.; Bamoharram, F. F.;
Tehrani, M. H. Monatsh Chem 2007, 138, 465–
467.

[19] Shi, D.-Q; Dou, G.-L. Synth Commun 2008, 38, 3329–
3337.

[20] Yadav, J. S.; Reddy, B. V. S.; Premalatha, K.; Shankar,
K. S. Synthesis 2008, 3787–3792.

[21] Hou, J. T.; Liu, Y. H.; Zhang, Z. H. J Heterocycl Chem
2010, 47, 703–706.

[22] Antoniotti, S.; Donach, E. Tetrahedron Lett 2002, 43,
3971–3974.

[23] (a) Robinson, R. S.; Taylor, R. J. K. Synlett 2005,
1003–1005; (b) Raw, S. A.; Wilfred, C. D.; Taylor, R.
J. K. Org Biomol Chem 2004, 2, 788–796; (c) Raw,
S. A.; Wilfred, C. D.; Taylor, R. J. K. Chem Commun
2003, 2286–2287.

[24] (a) Zhao, Z.; Wisnoski, D. D.; Wolkenberg, S. E.; Leis-
ter, W. H.; Wang, Y.; Lindsley, C. W. Tetrahedron Lett
2004, 45, 4873–4876; (b) Guo, W. X.; Jin, H. L.; Chen,
J. X.; Chen, F.; Ding, J. C.; Wu, H. Y. J Braz Chem
Soc 2009, 20, 1674–1679.

[25] (a) Fang, D.; Gong, K.; Fei, Z.; Zhou, X.; Liu, Z. Catal
Commun 2008, 9, 317; (b) Potewar, T. M.; Ingale, S.
A.; Srinivasan, K. V. Synth Commun 2008, 38, 3601–
3612.

[26] (a) Ley, S. V.; Baxendale, I. R.; Bream, R. N.; Jackson,
P. S.; Leach, A. G.; Longbottom, D. A.; Nesi, M.; Scott,
J. S.; Storer, R. I.; Taylor, S. J. J Chem Soc, Perkin

Trans 1 2000, 23, 3815–4195; (b) Bailey, D. C.; Langer,
S. H. Chem Rev 1981, 81, 109–148.

[27] (a) Akela, A.; Moet, A. In Functionalized Poly-
mers and Their Applications; Wiley: New York,1990;
pp. 11–15; (b) Leadbeater, N. E.; Marco, M. Chem
Rev 2002, 102, 3217–3273; (c) Kobayashi, S.; Na-
gayama, S. J Org Chem 1996, 61, 2256–2257; (d)
Kobayashi, S.; Nagayama, S. J Am Chem Soc 1996,
118, 8911–8978; (e) Kobayashi, S.; Nagayama, S. J
Am Chem Soc 1998, 120, 2985–2986; (f) Nagayama,
S.; Kobayashi, S. Angew Chem, Int Ed 2000, 39, 567–
569; (g) Kobayashi, S.; Sugiura, M.; Kitagawa, H.;
Lam, W. Chem Rev 2002, 102, 2227–2302; (h) Ran,
R. C.; Mao, G. P. J Macromol Sci Chem A, 1990, 27(2),
125–136.

[28] (a) Neckers, D. C.; Kooistra, D. A.; Green, G. W. J
Am Chem Soc 1972, 9284–9285; (b) Blossey, E. C.;
Turner, L. M.; Neckers, D. C. J Org Chem 1975,
40, 959–960; (c) Deshmukh, A. P.; Padiya, K. J.;
Salunkhe, M. M. J Chem Res (s) 1999, 568–569; (d)
Blossey, E. C.; Turner, L. M.; Neckers, D. C. Tetra-
hedron Lett 1973, 24, 1823–1826; (e) Borujeni, K. P.;
Tamami, B. Tetrahedron Lett 2004, 45, 715–718; (f)
Tamami, B.; Borujeni, K. P. Catal Commun 2007,
8, 1191–1196; (g) Tamami, B.; Nasrolahi, A.; Boru-
jeni, K. P. J Serb Chem Soc 2010, 75(4), 423–431;
(h) Wang, L.; Cai, C. J Heterocycl Chem 2008, 45,
1771–1774.

[29] (a) Rahmatpour, A. Heteroatom Chem 2011, 22, 85–
90; (b) Rahmatpour, A. Heteroatom Chem 2011, 22,
51–54.

[30] (a) Rahmatpour, A. React Funct Polym 2011, 71,
80–83; (b) Rahmatpour, A. Monatsh Chem 2011,
142, 1259–1263; (c) Rahmatpour, A. Appl Organomet
Chem 2011, 25(8), 585–590.

[31] Kolthoff, I. M.; Sandell, E. B. In Textbook of Quan-
titative Inorganic Analysis; Macmillan: New York,
1965; p. 451.

[32] Aghapoor, K.; Darabi, H. R.; Mohsenzadeh, F.;
Balavar, Y.; Daneshyar, H. Trans Met Chem 2010,
35, 49–53.

[33] Kumar, A.; Kumar, S.; Saxena, A.; De, A.; Mozumdar,
S. Catal Commun 2008, 9, 778–784.

[34] Ajaikumar, S.; Pandurangan, A. Appl Catal A: Gen
2009, 357, 184–192.

[35] Liu, J.-Y.; Liu, J.; Wang, J.-D.; Jiao, D.-Q.; Liu, H.-W.
Synth Commun 2010, 40, 2047–2056.

Heteroatom Chemistry DOI 10.1002/hc


