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 Introduction

Quinoline and its derivatives are important intermediates
 organic synthesis and exhibit various physiological
operties and pharmacological activities, such as antipar-
itic [1], antitubercular [2], antifilarial [3], anti-platelet [4],

G-CoA reductase inhibiting [5], anti-allergic, anti-inflam-
atory [6–9], anti-asthmatic [10,11], antibacterial [12–15],
tihypertensive  [16,17], anticancer [18–21], tyrosine kinase
hibitory agents [22], anti-proliferative [23], antimalarials
4,25], and antifungals [26,27]. Furthermore, these com-
unds find applications in chemistry of transition metal
talysts for uniform polymerization and luminescence
emistry [28]. Quinoline derivatives also act as antifoaming
ents in refineries [29]. They are used in a variety of nano-
uctures and meso-structures with enhanced electronic and
otonic functions [30–32].

Owing to such significance, the synthesis of quinoline
and its derivatives has been an attractive goal for
the organic and medicinal chemists. Several methods for
the synthesis of the quinoline nucleus have been reported
in the literature, including Skraup, Doebner–von Miller,
Friedländer, Pfitzinger, Conrad–Limpach, and Combes
[33].

These classical methods are well known and still
frequently used for the preparation of pharmaceutically
important materials bearing a quinoline backbone. Among
them, the Friedländer synthesis is one of the simplest and
most frequently used pathways to quinoline derivatives
that involve a condensation reaction between an aromatic
o-aminoaryl ketone or aldehyde with another carbonyl
compound containing an activated a-methylene group
followed by cyclodehydration [34,35]. The reaction can be
catalyzed by strong acids or bases or may take place
without a catalyst at higher temperatures. However, both
harsh reaction conditions and the need for a strong acid
or base catalyst, which is incompatible with either acid-
or base-sensitive groups, reduce the synthetic scope of
this reaction. Also, under basic or thermal conditions
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A B S T R A C T

A convenient, highly versatile and eco-friendly protocol for the synthesis of quinoline

derivatives via the Friedländer reaction is presented. The method is based on the use of

1,3-disulfonic acid imidazolium hydrogen sulfate (DSIMHS) as an efficient and reusable

ionic liquid catalyst. A variety of ketones afforded the substituted quinolines in excellent

yields during relatively short reaction times under solvent-free conditions; the catalyst

could be easily recovered and reused for several times without any appreciable loss of

activity.
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ometimes ortho-aminobenzophenone does not react
ith simple ketones or b-keto esters [36]. In general,

etter yields of quinolines were achieved under acid
atalysis [37].

Several Brønsted acid catalysts such as hydrochloric
cid in water [38], sulfamic acid [39], sulfuric acid [40],
odecylphosphonic acid [41], p-toluenesulfonic acid, and
olyphosphoric acid [42], PEG-supported sulfonic acid
3], propylsulfonic silica [44], o-benzenedisulfonimide
5], oxalic acid [46] and H3PW12O40 [47] have been widely

sed for this purpose.
Also, modified methods, employing Lewis acids such as

r(NO3)4 or Zr(HSO4)4 [48], LASC [49], ceric ammonium
itrate [50], GdCl3.6H2O [51], BiCl3 [52], Ag3PW12O40 [53],
nCl2 [54], FeCl3 [55], Mg(ClO4)2 [56], Nd(NO3)3 [57],
(OTf)3 [58], NiCl2 [59], Bi(OTf)3 [60], ZnCl2 [61], NaAuCl4
2], NaF [63], NiCl2�2H2O [46] and other effective agents

nd methods, such as I2/CAN [64], SiO2/I2 [65], NaHSO4–
iO2 [66], PMA�SiO2 [67], Amberlyst 15 [68], microwave
9], urea [70], KOtBu [71], sodium ethoxide (10 mol %)
2], nanosized MCM-41 [73], nanocrystalline aluminium

xide [74] and Nano-Flake ZnO [75] have been reported for
is reaction. However, most of these methods suffer from
any disadvantages such as harsh reaction conditions, use

f harmful organic solvents, high reaction temperatures,
rolonged reaction times, low yields, difficulties in the
ork-up, use of relatively expensive reagents, low selectiv-
y and tedious experimental procedure. In several cases the

ecovery of the catalyst is also a problem. Therefore,
evelopment of simple, convenient, and environmentally
enign methods for this synthesis is still required.

In recent years, ionic liquids (ILs) have gained much
ttention as ‘‘designer solvents’’ for a variety of chemical
pplications. These compounds are composed of ions and
re liquid at or close to room temperature. ILs have become
creasingly popular as reaction and extraction media in

esearch and development. These compounds have also
idely been used as powerful alternatives to the volatile

rganic compounds in the field of organic synthesis. In
ddition, the synthesis of task-specific ionic liquids
SILs), which have a functional group in their framework,
ay expand the application of ILs in organic chemistry
6–78].
There have been many researches referring to some

spects of TSILs in physical chemistry, electrochemistry,
esignability of structure and catalytic ability [79–95].
hey have received attention as eco-friendly and alter-
ative reaction media in organic synthesis because of their
nique properties, such as high chemical and thermal
tability, cost effectiveness, air and water compatibility,
egligible vapor pressure, non-miscibility, non-flamm-
bility, good reactivity and excellent electrical conductiv-
y and ease of handling [96,97]. For this reason, recently,
e field of TSILs is growing at a very fast rate, as the many

eneficial properties of these liquids are identified and
tilized. Among them, Brønsted acidic ILs had been
entified as more effective and environmentally friendly

atalysts and could catalyze those organic unit reactions
hich were promoted by the stronger acids [98].

Introduction of Brønsted acidic functional groups into
ations or anions of ILs, especially SO3H and SO4H functional

groups, obviously enhances their acidities and water
solubility [99,100]. Moreover, their polar nature makes
them useful for use under solvent-free conditions. Recently,
sulfonic acid-functionalized ionic liquids received great
attention due to their interesting properties like environ-
mental compatibility, reusability, greater selectivity, and
ease of isolation. They are used as dual solvent-catalyst
[101], for several organic reactions, such as esterification
[102], alkylation [103], nitration of aromatic compounds
[104], hydrolysis [105] and heterocyclic synthesis, like
Fisher indole synthesis [106]. Imidazolium ILs having a
Brønsted acidic group such as DSIMHS [107,108] are
important and they have been successfully used as catalyst
in organic synthesis. According to the above-mentioned
considerations and our interest in ILs chemistry, we have
decided to develop an efficient and mild method for the
synthesis of quinoline and its derivatives using the
Friedländer annulation method in the presence of DSIMHS
as an efficient catalyst, under solvent-free conditions.

2. Experimental

2.1. General

Chemicals were purchased from Fluka and Merck
Chemical Companies and used without further purification.
All yields refer to isolated products and Progress of the
reactions was monitored by TLC using silica gel polygrams
SIL G/UV 254 plates. The products were characterized by
comparison of their spectral (IR, 1H NMR and 13C NMR) and
physical data with those of authentic samples.

2.2. Instrumentation

Melting points were recorded on an electrothermal
digital melting point apparatus model IA9100 in open
capillary tubes. IR spectra were recorded using a Perkin-
Elmer model Spectrum One FT-IR Spectrometer. The 1H
NMR spectra were obtained on a Bruker DRX-400 Avance
spectrometer and 13C NMRs were recorded on a Bruker
DRX-100 Avance spectrometer (d in ppm).

2.3. General procedure for the synthesis of quinoline

derivatives in the presence of DSIMHS

A mixture of 2-aminoaryl ketone (1 mmol), a-methylene
carbonyl compound (1.5 mmol) and DSIMHS (0.25 mmol)
was heated in an oil bath at 70 8C under stirring for the
appropriate time mentioned in Table 3. After completion of
the reaction as monitored by TLC, the reaction mixture was
washed with water, because DSIMHS is soluble in water and
the product was precipitated with high purity. Then the
crude solid product was filtered off and recrystallized from
ethanol.

2.4. The spectral and analytical data for new compound are

given below

8-chloro-10-phenyl-11H-indeno[1,2-b] quinolin-11-
one (Table 3, entry 15).
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MP 240–243 8C; IR (KBr) nmax/cm�1: 3046, 2917, 2850,
17, 1612, 1572, 1504, 1443; 1H NMR (400 MHz, CDCl3):
(ppm) 7.43–7.46 (m, 2H), 7.51–7.55 (td, J1 7.60 Hz, J2

0 Hz, 1H), 7.60–7.634 (m, 3H), 7.66–7.67 (d, J 2.00 Hz,
), 7.69–7.70 (d, J 2.40 Hz, 1H), 7.72–7.75 (m, 1H), 8.10–
5 (t, J 9.80 Hz, 2H); 13C NMR (100 MHz, CDCl3): d (ppm)
1.7, 123.3, 124.0, 127.4, 128.4, 128.7, 129.3, 129.4, 131.3,
1.8, 132.4, 133.1, 135.5, 137.5, 143.1, 147.1, 148.8, 162.2,
9.9.

 Results and discussion

The reaction of 2-aminobenzophenon and ethyl acet-
cetate (EAA) was chosen as a model for finding the
timization conditions and to achieve good yield of the
sired products. In order to investigate the effect of
mperature on the reaction, the concentration of ionic
uid was kept constant at 0.25 mmol and a mixture of
bstrates was treated with DSIMHS. The reaction was
onitored by TLC at different temperatures ranging from

 to 80 8C under solvent-free conditions (Table 1).
Our results indicate that after stirring the reaction

ixture at room temperature for 300 min under solvent-
e conditions, the yield of the corresponding product was

w (Table 1, entry 1). Subsequently, the mixture was
ated in an oil bath. Increasing the reaction temperature
m 60 to 70 8C gave better results in terms of yield and

action time. Further increase in temperature did not
ow any significant improvement in the yield and the
action time. Therefore, 70 8C was selected as the reaction
mperature for all further reactions.

Then, we changed the catalyst amount and examine
e effect of this variation on the reaction. According to the
sults presented in Table 2, in the absence of DSIMHS, the
action did not produce any product, even after 3 h, which
owed that the catalyst exhibits a high catalytic activity in
is transformation (Table 2, entry 1). So, the best result
as obtained using 0.25 mmol of DSIMHS for this reaction.
gher amounts of the catalyst improved neither the yield
r the reaction time further.
On the basis of the above-mentioned studies, we

ncluded that the best results can be obtained when the
lative ratio of the substrate/EAA/DSIMHS was 1.0 mmol/

 mmol/0.25 mmol, respectively, while the reaction is
rried out at 70 8C under solvent-free conditions. Under the
timized conditions, the model reaction gave a 94% yield of

hyl 2-methyl-4-phenylquinoline-3-carboxylate after
in (Table 2, entry 3 and Scheme 1).

Thereafter, to show the generality of this method, a
ries of ortho-aminoaryl ketones were reacted with
rious 1, 3-dicarbonyl compounds under the optimized
nditions and the results are summarized in Table 3.

As shown in Table 3, this method is equally effective for
cyclic ketones, both cyclic and acyclic diketones and b-
ketoesters. These types of compounds are reacted smoothly
with 2-aminobenzophenone and 2-amino-5-chlorobenzo-
phenone to produce a range of quinoline derivatives.
Complete conversion and good-to-excellent isolated yields
were observed for all the substrates employed. This reaction
is very effective in avoiding the use of strong mineral acids,
high temperatures, and toxic and polluting reactants.

All synthesized products are known compounds and
were characterized by comparing their melting points, IR,
1H and 13C NMR spectra, with those of authentic samples.

The reusability and recyclability of DSIMHS was also
examined in the reaction of 2-aminobenzophenon and EAA
at 70 8C under solvent-free conditions. For this purpose, the
catalyst was easily recovered from the reaction mixture by
a simple extraction with water. Then the recovered
catalyst was dried and reused at least for four times
without considerable loss of its activity (Fig. 1).

Furthermore, in order to show the excellent catalytic
activity of DSIMHS and the efficiency of this procedure, we
have compared some of the results obtained by our
method with some of those reported in the literature, as
shown in Table 4; the obtained results indicate the
superiority of the present method in terms of yields
and/or reaction times.

There are two possible reaction mechanisms that are
shown in Scheme 2. The carbonyl group is activated by

Table 1

Temperature optimization for the synthesis of ethyl 2-methyl-4-

phenylquinoline-3-carboxylatea.

Entry Temperature (8C) Time (min) Yield (%)

1 25 300 30

2 60 30 56

3 70 5 94

4 80 5 96

a Reaction condition: 2-aminobenzophenon (1 mmol), EAA (1.5 mmol)

and DSIMHS (0.25 mmol) at different temperatures under solvent-free

conditions.

Table 2

Temperature optimization for the synthesis of ethyl 2-methyl-4-

phenylquinoline-3-carboxylatea.

Entry Catalyst amount (mmol) Time (min) Yield (%)

1 – 180 –

2 0.15 30 76

3 0.25 5 94

4 0.35 5 96

a Reaction condition: 2-aminobenzophenon (1 mmol), EAA (1.5 mmol)

and different amounts of DSIMHS at 70 8C under solvent-free conditions.

O

Ph

NH2

OEt

OO

N

Ph

OEt

O

DSIMHS, 0.25 mmol

Solvent-free

70 oC

+

Scheme 1. Reaction of 2-aminobenzophenone and EAA under solvent-free condition at 70 8C in the presence of DSIMHS.



Table 3

Synthesis of quinolines in the presence of DSIMHS under solvent-free conditions at 70 8Ca.

Entry 2-Aminoaryl ketone Ketone Quinoline Time (min) Yield (%)b M.P. (8C) Ref.

Found Lit.

1

O

Ph

NH2

OEt

OO

N

Ph

OEt

O 5 94 99–100 100–101 [46]

2

O

Ph

NH2

OMe

OO

N

Ph

OMe

O 12 93 99–100 98–100 [109]

3

O

Ph

NH2

OO

N

Ph O 15 92 109–110 111–112 [46]

4

O

Ph

NH2

O

N

Ph 15 90 129–131 130–132 [53]

5

O

Ph

NH2

O

N

Ph 5 94 153–154 156–157 [53]

6

O

Ph

NH2

O O

N

Ph O 10 92 155–157 155–156 [53]

7

O

Ph

NH2

O O

N

Ph O 25 89 192–194 190–192 [53]

8

O

Ph

NH2

Cl
OEt

OO

N

Ph

OEt

O

Cl

20 92 100–101 102–104 [41]

9

O

Ph

NH2

Cl
OMe

OO

N

Ph

OMe

O

Cl

45 94 132–134 133–135 [46]

10

O

Ph

NH2

Cl

OO

N

Ph O
Cl

35 91 150–152 150–151 [53]

11

O

Ph

NH2

Cl

O

N

Ph

Cl

25 88 106–108 106–107 [46]

12

O

Ph

NH2

Cl

O

N

Ph

Cl

30 89 164–166 164–165 [53]
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Table 3 (Continued )

Entry 2-Aminoaryl ketone Ketone Quinoline Time (min) Yield (%)b M.P. (8C) Ref.

Found Lit.

13

O

Ph

NH2

Cl

O O

N

Ph O

Cl

20 89 186–187 185–186 [53]

14

O

Ph

NH2

Cl

O O

N

Ph O
Cl

40 90 207–209 208–209 [53]

15

O

Ph

NH2

Cl

O

O

N

Ph O
Cl

20 88 240–243 This work –

a Products were characterized by their physical constants, comparison with authentic samples, IR and NMR spectroscopy.
b Isolated yield.
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+

R1
R2

O
H Ph

NH2

O

NH2 O
R1

PhHO
R2

-H2O

NH2
O
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R2

N
H

Ph

R2

R1

OH

-H2O
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+
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+
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Scheme 2. Proposed reaction mechanism.
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SIMHS for a crossed-aldol reaction, creating an amino
etone (I and/or II). This intermediate subsequently con-
enses with itself, and produces the ring with concomitant
rmation of the carbon–nitrogen double bond.

. Conclusions

In conclusion, we have successfully demonstrated a green
pproach for the synthesis of quinoline derivatives via

riedlander annulation using DSIMHS as an efficient, reusable
nd environmentally acceptable catalyst under solvent-free
onditions. The major advantages of this procedure include
st reaction times, moderate reaction conditions, high con-

ersions, ease of preparation and separation of the catalyst,
xcellent yields, and avoidance of the usage of environmen-
lly unfavorable organic solvents and toxic catalysts. Also, the

atalyst was successfully recovered and recycled at least for
ur runs without significant loss in its activity, which proves
at this method is much more convenient than those with

onventional catalysts.
Further studies to develop other new uses of DSIMHS in

ther organic transformations are now in progress in our
boratory.
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Entry Substrate Time (min)/Yield (%)

1 2 3 4

1

OEt

OO 5/94 70/93 60/80 30/90

2 O 5/92 90/87 – 43/95

3 O O 10/90 40/87 120/80 16/95

4 OO 15/91 45/91 120/90 45/90

http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0005
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0005
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0010
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0010
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0015
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0015
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0020
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0020
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0025
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0025
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0030
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0030
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0035
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0035
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0040
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0045
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0045
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0050
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0055
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0055
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0055
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0060
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0060
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0065
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0065
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0070
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0070
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0075
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0075
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0080
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0080
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0085
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0085
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0090
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0090
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0095
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0095
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0100
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0100
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0100
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0105
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0105
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0110
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0110
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0115
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0115
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0120
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0120
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0125
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0125
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0130
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0130
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0130
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0135
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0135
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0140
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0140
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0145
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0145
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0150
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0155
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0160
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0165a
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0165a
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0165b
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0165b
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0165c
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0165c
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0165c
http://refhub.elsevier.com/S1631-0748(13)00342-1/sbref0165d


[3

[3
[3

[3
[3
[3

[4
[4
[4
[4

[4

[4

[4

[4
[4

[4
[5

[5

[5
[5

[5

[5
[5
[5
[5

[5
[6
[6
[6
[6
[6

[6

[6
[6

[6

[6
[7
[7

F. Shirini et al. / C. R. Chimie 17 (2014) 370–376376
(d) Z.H. Skraup, Ber. Dtsch. Chem. Ges. 13 (1880) 2086;
(e) P. Friedlander, Ber. Dtsch. Chem. Ges. 15 (1882) 2572;
(f) L. Knorr, Annalen 236 (1886) 69;
(g) C.R. Hauser, G.A. Reynolds, J. Am. Chem. Soc. 70 (1948) 2402;
(h) M. Conrad, L. Limpach, Ber 20 (1887) 944;
(i) O. Dobner, W. Miller, Ber 16 (1887) 246;
(j) B. Gabriele, R. Mancuso, G. Salerno, G. Ruffolo, P. Plastina, J. Org.
Chem. 72 (2007) 6873;
(k) B. Gabriele, R. Mancuso, G. Salerno, E. Lupinacci, G. Ruffolo, M.
Costa, J. Org. Chem. 73 (2008) 4971;
(l) B. Gabriele, R. Mancuso, E. Lupinacci, R. Spina, G. Salerno, L. Veltri,
A. Dibenedetto, Tetrahedron 65 (2009) 8507.

4] C.C. Cheng, S.J. Yan, Organic Reactions, John Wiley & Sons, New York,
1982.

5] P. Friedlander, Berichte 15 (1882) 2572.
6] J. Marco-Contelles, E. Perez-Mayoral, A. Samadi, M. do Carmo Car-

reiras, E. Soriano, Chem. Rev. 109 (2009) 2652.
7] E.A.J. Fehnel, Heterocycl. Chem. 4 (1967) 565.
8] G.W. Wang, C.S. Jia, Y.W. Dong, Tetrahedron Lett. 47 (2006) 1059.
9] J.S. Yadav, P. Purushothama Rao, D. Sreenu, R. Srinivasa Rao, V. Naveen

Kumar, K. Nagaiah, A.R. Prasad, Tetrahedron Lett. 46 (2005) 7249.
0] L. Strekowski, A. Czarny, H.J. Lee, Fluorine Chem. 104 (2000) 281.
1] S. Ghassamipour, A.R. Sardarian, Tetrahedron Lett. 50 (2009) 514.
2] A. Arcadi, M. Chiarini, S.D. Giuseppe, F. Marinelli, Synlett 2 (2003) 203.
3] X.L. Zhang, Q.Y. Wang, S.R. Sheng, Q. Wang, X.L. Liu, Synth. Commun.

39 (2009) 3293.
4] D. Garella, A. Barge, D. Upadhyaya, Z. Rodriguez, G. Palmisano, G.

Cravotto, Synth. Commun. 40 (2010) 120.
5] M. Barbero, S. Bazzi, S. Cadamuro, S. Dughera, Tetrahedron Lett. 51

(2010) 2342.
6] M. Dabiri, M. Baghbanzadeh, M.S. Nikcheh, Monatsh. Chem. 138

(2007) 1249.
7] M. Dabiri, S. Bashiribod, Molecules 14 (2009) 1126.
8] M.A. Zolfigol, P. Salehi, A. Ghaderi, M. Shiri, Catal. Commun. 8 (2007)

1214.
9] L. Zhang, J. Wu, Adv. Synth. Catal. 349 (2007) 1047.
0] (a) V. Sridharan, P. Ribelles, M.T. Ramos, J.C. Menendez, J. Org. Chem.

74 (2009) 5715;
(b) D. Subhas Bose, M. Idrees, N.M. Jakka, J. Venkateswara Rao, J.
Comb. Chem. 12 (2010) 100.

1] P. Prabhakar Reddy, B. China Rayu, J. Madhusudana Rao, J. Chem. Res.
12 (2008) 679.

2] C.S. Jia, G.W. Wang, Lett. Org. Chem. 3 (2006) 289.
3] J.S. Yadav, B.V.S. Reddy, P. Sreedhar, R.S. Rao, K. Nagaiah, Synthesis 14

(2004) 2381.
4] P. Arumugam, G. Karthikeyan, R. Atchudan, D. Murlidharan, P.T.

Perumal, Chem. Lett. 34 (2005) 314.
5] J. Wu, L. Zhang, T.N. Diao, Synlett 17 (2005) 2653.
6] R. Varala, R. Enugala, S.R. Adapa, Synthesis 22 (2006) 3825.
7] S.K. De, R.A. Gibbs, Tetrahedron Lett. 46 (2005) 1647.
8] M. Dabiri, M. Baghbanzadeh, E. Arzroomchilar, Heterocycles 75 (2008)

397.
9] J. Wu, H.G. Xia, K. Gao, Org. Biomol. Chem. 4 (2006) 26.
0] J.S. Yadav, B.V.S. Reddy, K. Premalatha, Synlett 6 (2004) 963.
1] B.R. McNaughton, B.L. Miller, Org. Lett. 5 (2003) 4257.
2] A. Arcadi, M. Chiarini, S. Di Giuseppe, F. Marinelli, Synlett 2 (2003) 203.
3] K. Mogilaiah, Ch.S. Reddy, Synth. Commun. 33 (2003) 3131.
4] P.R. Likhar, M.S. Subhas, S. Roy, M.L. Kantam, B. Sridhar, R.K. Seth, S.

Biswas, Org. Biomol. Chem. 7 (2009) 85.
5] M.A. Zolfigol, P. Salehi, A. Ghaderi, M. Shiri, J. Chin. Chem. Soc. 54

(2007) 267.
6] M. Dabiri, S.C. Azimi, A. Bazgir, Monatsh. Chem. 138 (2007) 659.
7] B. Das, M. Krishnaiah, K. Laxminaryana, D. Nandankumar, Chem.

Pharm. Bull. 56 (2008) 1049.
8] B. Das, K. Damodar, N. Chowdhury, R.A. Kumar, J. Mol. Catal. A: Chem.

274 (2007) 148.
9] I. Szatmari, F. Fulop, Synthesis 5 (2009) 775.
0] C. Qi, Q. Zheng, R. Hua, Tetrahedron 65 (2009) 1316.
1] H.V. Mierde, P.V.D. Voort, F. Verpoort, Tetrahedron Lett. 50 (2009) 201.

[72] D. Yang, K. Jiang, J. Li, F. Xu, Tetrahedron 63 (2007) 7654.
[73] M. Abdollahi-Alibeik, M. Pouriayevali, Catal. Commun. 22 (2012) 13.
[74] S. Sadjadi, S. Shiri, R. Hekmatshoar, Y.S. Beheshtih, Monatsh. Chem.

140 (2009) 1343.
[75] M. Hosseini-Sarvari, J. Iran. Chem. Soc. 8 (2011) 119.
[76] Y. Ishida, D. Sasaki, M. Miyauchi, K. Saigo, Tetrahedron Lett. 45 (2004)

9455.
[77] J. Fraga-Dubreuil, K. Bourahla, M. Rahmouni, J.P. Bazureau, J. Hamelin,

Catal. Commun. 3 (2002) 185.
[78] V. Singh, S. Kaur, V. Sapehiyia, J. Singh, G.L. Kad, Catal. Commun. 6

(2005) 57.
[79] B. Ni, A.D. Headley, Chem. Eur. J. 16 (2010) 4426.
[80] H.O. Bourbigou, L. Magna, D. Morvan, Appl. Catal., A 373 (2010) 1.
[81] M.J. Earle, J.M.S.S. Esperanca, M.A. Gilea, J.N.C. Lopes, L.P.N. Rebelo,

J.W. Magee, K.R. Seddon, J.A. Widegren, Nature 439 (2006) 831.
[82] W. Lu, A.G. Fadeev, B.H. Qi, E. Smela, B.R. Mattes, J. Ding, G.M. Spinks, J.

Mazurkiewicz, D.Z. Zhou, G.G. Wallace, D.R. MacFarlane, S.A. Forsyth,
M. Forsyth, Science 297 (2002) 983.

[83] H. Ohno, Electrochemical Aspects of Ionic Liquids, John Wiley & Sons,
2005.

[84] R. Giernoth, Angew. Chem. Int. Ed. 49 (2010) 2834.
[85] T. Welton, Chem. Rev. 99 (1999) 2071.
[86] P. Virtanen, T.O. Salmi, J.P. Mikkola, Top. Catal. 53 (2010) 1096.
[87] T.L. Greaves, C.J. Drummond, Chem. Rev. 108 (2008) 206.
[88] C. Baudequin, J. Baudoux, J. Levillain, D. Cahard, A.C. Gaumont, J.C.

Plaquevent, Tetrahedron: Asymmetry 14 (2003) 3081.
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