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Bis(heterocyclyl)methanes,  key  intermediates  for  a  variety  of  chemical,  biochemical  and  material  science
relevant  targets,  have  been  obtained  in  a  synthetically  useful  manner  using  Amberlyst  15  ion-exchange
resin.  This  method  promises  versatility,  cost-effectiveness,  and  efficiency.
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. Introduction

Bis(heterocyclyl)methanes constitute highly valuable building
locks in the context of natural and unnatural porphyrinoids
1,2], and are of immense importance biologically, industrially and
ndeed in material science applications [3–13]. As a consequence,
is(heterocyclyl)methane derivatives are important synthetic tar-
ets.

Condensation of heteroaryl species with carbonyl substrates,
ypically aldehydes, is a challenging task and owing to high
eactivity and vulnerability of the latter, especially aliphatic coun-
erparts, towards both alkali as well as acid reagents, side reactions
nsue, which furnishes the required product in lower yield. Two
ypes of synthetic methods have been used for the synthesis of
is(heterocyclyl)methane derivatives. The widely used approach
or the synthesis of bis(pyrrol-2yl)methane derivatives, relies on a
ne-pot condensation of pyrrole and desired aldehydes in acidified
olvents. Essentially, in these methods, the condensation reac-
ion completes only when a large excess of the expensive pyrrole
s employed. Likewise, in case of analogous condensation reac-
ions of thiophene, thiophene: aldehyde ratios often exceed 37:1,
o drive the reaction to completion and to suppress the forma-

ion of unwanted linear/cyclic oligomers and/or by-products of
arbonyl counterparts. Use of metal cation-exchanged Montmo-
illonite [14a] and clay (K10) [14b] has also been implemented
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successfully, for such condensation reactions with or without
a solvent. We  recently reported synthesis of meso-elaborated
bis(pyrrol-2yl)methane [15], bis(thien-2yl)methane [16] as well
as bis(furan-2yl)methane [17] derivatives, employing a highly
regioselective, low temperature meso-lithiation of appropriate
meso-unsubstituted bis(heterocyclyl)methane, followed by reac-
tion with an electrophile. However, in the context of environmental
and industrial concerns, use of low temperature reaction condi-
tions and/or organolithium reagents limit the practical applicability
of the latter approach. Amberlyst 15 ion exchange resin has been
implemented in a number of condensation reactions [18–20] and
other organic transformations [21]. However, in many events,
either a higher molar ratio of reactants [22] was required which
eventually led to the formation of side products [23] or the con-
densation required longer reaction time [24] and/or a solvent [25]
medium for reaction. We  have now found that using Amberlyst
15 ion exchange resin pyrroles, furan, thiophene and indole con-
dense with a number of aldehydes (Scheme 1), to furnish the title
derivatives, in a synthetically useful manner (without solvent, near
stoichiometric ratios) avoiding the limitations cited above.

2. Results and discussion

Mixing Amberlyst 15 ion exchange resin (0.02 g/mmol of alde-
hyde) with thiophene (3.0 mmol) and benzaldehyde 7a (1.0 mmol)

in the absence of solvent, results in mild exothermic reaction (2 ◦C
increase in temperature). The reaction completed upon heating
at 80 ◦C, for 25 min  resulting in the formation of phenyl-di(thien-
2yl)methane 8a in 78% yield (Table 1). The requirement of 1.0 molar
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http://www.elsevier.com/locate/molcata
mailto:kamaljit19in@yahoo.co.in
dx.doi.org/10.1016/j.molcata.2011.07.007


K. Singh et al. / Journal of Molecular Catalysis A: Chemical 347 (2011) 34– 37 35

X X

R

X

X

or

1. X = S
2. X = NH
3. X = NMe
4. X = O

5. X = NH
6. X = NMe

RCHO Ambe rlyst 15

25-80  oC
2 - 18 0 min

X X 8.  X =  S
9.  X =  NH
10. X = NMe
11. X = O

R

12. X  = N H

7

(Table 1)

rich h

e
o
t
w
i
o
a
g
c
y
u
2
a
t
b
s
2

T
A

Scheme 1. Condensation of electron 

xcess of thiophene (3.0 mmol) was offset by the rapid completion
f the reaction, good yield of 8a and absence of any by-product in
he reaction. The catalyst could be recycled for at least five batches
ithout significant loss in its activity, an observation which is mer-

ted in any industrial process. Using Amberlyst 15, the generality
f the condensation reaction of thiophene with several aromatic
ldehydes 7b–t, substituted with electron donating/withdrawing
roups on the phenyl ring as well as varying steric hindrance, was
hecked. The corresponding products 8b–t  were isolated in 60–85%
ields (Table 1). Further, reaction of aldehyde 8t with thiophene,
nder similar set of conditions furnished, 1,4-bis(dithiophen-
yl-methyl)benzene 8u in 65% yield.From these reactions, it is
pparent that the meso-substituted bis(thien-2yl)methane deriva-

ives 8 were formed in good yield and without any side product,
esides the protocol was found to be tolerable to a variety of sub-
tituents such as 4-Me, 4-Cl, 4-Br, 4-CN, 4-/3-OH, 2-/3-/4-NO2,
-CF3, 3,4-/2,4-/2,5-di-MeO, 3,4,5-tri-MeO, and 2,4,6-tri-Me on the

able 1
mberlyst 15 catalyzed condensation of heterocycles 1–6 with aldehydes 7.

RCHO Products 8–13 (% yield)a

Thiopheneb Pyrrolec N-M
7 R 1 2 3 

7a Ph 8a (78) 9a (60) 10a
7b  4-MeO-C6H4 8b (80) 9b (65) 10b
7c  4-Me-C6H4 8c (75) 10c
7d  4-Cl-C6H4 8d (78) 9c (75) 10d
7e  4-Br-C6H4 8e (82) 9d (75) 10e
7f  4-CN-C6H4 8f (85) 9e (80) 

7g  4-OH-C6H4 8g (74) 9f (75) 10f
7h  3-OH-C6H4 8h (76) 

7i  4-NO2-C6H4 8i (82) 10g
7j  3-NO2-C6H4 8j (80) 9g (80) 10h
7k  2-NO2-C6H4 8k (75) 10i
7l  2-CF3-C6H4v 8l (72)
7m 2-C10H7 8m (72) 9h (80) 10j
7n  3,4-(MeO)2-C6H3 8n (80) 10k
7o 3,4,5-(MeO)3-C6H2 8o (78) 9i (82) 10l
7p  2,4-(MeO)2-C6H3 8p (74) 

7q  2,5-(MeO)2-C6H3 8q (72) 9j (74) 

7r  2,4,6-(Me)3-C6H2 8r (60)
7s thien-2yl 8s (62) 9k (75) 10m
7t  OHC-p-C6H4- 8t (60) 9l (74) 10n
7u  pyrrol-2yl 9m (75)
7v  furan-2yl 9n (76) 10o
7w  N-Me pyrrol-2yl 10p
7x indole-3yl 

7y  N-Me-indole-3yl 

8t  2,2′-bis(thien-2yl) CHC6H4- 8u (65) 9o (75) 10q

a Isolated yields (For complete experimental details and spectral data see Supporting in
b 1 (3.0 mmol), 7 (1.0 mmol), Amberlyst 15 (0.02 g), 80 ◦C, 20–30 min.
c 2/3 (3.0 mmol), 7 (1.0 mmol), Amberlyst 15 (0.02 g), 80 ◦C, 2–3 min.
d 4 (5.0 mmol), 7 (1.0 mmol), Amberlyst 15 (0.02 g), 25 ◦C, 3 h.
e 5/6 (3.0 mmol), 7 (1.0 mmol), Amberlyst 15 (0.02 g), 80 ◦C, 15 min.
13. X  = NM e

eterocycles with aldehydes (Table 1).

aldehyde component. Irrespective of the electronic nature of the
substituent and their position on the aryl group, the reactions aided
by Amberlyst 15 showed high reactivity as all the reactions got
completed in favourably short time (20–30 min).

Bis(pyrrol-2yl)methane derivatives are important intermedi-
ates for the preparation of synthetic porphyrins [1] and related
compounds (dipyrrins, calix[n]pyrroles, chlorins, corroles). Unlike
naturally occurring porphyrins, which are substituted at the
�-positions and unsubstituted at the meso-positions, synthetic
porphyrins are invariably substituted at the meso-positions and
lack substituents at the �-position. Bis(pyrrol-2yl)methanes are
also frequently used as precursors to dipyrromethenes, which are
important ligands in the design of macromolecular structures.

Difluoroboron complexes of dipyrromethenes, (BODIPY) deriva-
tives are used as fluorescent dyes for biological samples [26]. Access
[27] to such building blocks has thus far relied mainly on one-pot
condensations of pyrrole and the desired aldehydes in acidified

e Pyrrole c Furand Indolee N-Me indolee

4 5 6

 (75) 11a (65) 12a (98) 13a (95)
 (70) 11b (62)

 (72) 11c (60) 12b (65)
 (75) 11d (70)

 (70) 11e (74) 12c (68)
11f (65) 12d (75)

 (74)
11g (64)

 (72) 12e (80)
 (75) 11h (70)

 (75)

 (82) 11i (80) 12f (82)
 (70)

 (75) 11j (75) 12g (80)
11k (65)

12h (85)

 (68) 11l (65)
 (65) 11m (64) 12i (94) 13b (92)

 (78) 13c (96)
 (78)

12j (94)
13d (96)

 (78) 12k (82) 13e (85)

formation).
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Scheme 2. Plausible mechanism of formati

olvents: BF3.OEt2/CH2Cl2, acetic acid/DMF or THF, SnCl4/CH2Cl2,
-toluenesulfonic acid/MeOH or toluene, or aqueous HCl/THF. In
ost of these syntheses a large pyrrole:aldehyde ratio (up to 400:1)

s employed to drive the reaction to completion and to suppress
eactions leading to unwanted linear/cyclic oligomers. Further, the
on-availability of many functionalized aldehydes, the failure of
liphatic aldehydes to react and their propensity to show side reac-
ions limit the scope of this route. The indirect synthesis through
he use of perhydro 1,3-heterocycles [28], was also attended by
he formation of tripyrranes. To extend the synthetic utility of the
urrent protocol, and to develop a direct route to meso-substituted
is(pyrrol-2yl)methanes, we performed condensation reactions of
yrrole with aldehydes, using Amberlyst 15 ion exchange resin as
atalyst. Thus reaction of 2 with benzaldehyde 7a in the presence of
mberlyst 15 (0.02 g/mmol of 7a), in solvent-free reaction condi-

ions, furnished phenyl-di(pyrrol-2yl)methane 9a in 60% yield. The
eaction completed fairly rapidly and furnished the product during
–3 min. Similar reactions of 2 with a selected number of aldehydes
b, 7d–g, 7j,  7m, 7o,  7q,  7s–v, furnished corresponding products
Table 1), in yields ranging from 65–80%. Using 8t,  as carbonyl com-
onent, and pyrrole, corresponding product 2,2′-((4-(dithiophen-
-ylmethyl)phenyl)methylene)bis(1H-pyrrole) 9o was obtained in
5% yield. In comparison to the reactions of thiophene, reactions
f pyrrole with aldehydes 7 were facile and completed within
–3 min  and afforded the corresponding products in good yield
Table 1). Likewise, reactions of N-methyl pyrrole were conducted
ith 7 and 8t,  using Amberlyst 15 as promoter. Corresponding
roducts 10 were obtained in both high yield as well as effi-
iency.

Meso-elaborated bis(furan-2-yl)methanes exhibit interesting
hemistry and biology [29]. These are also important interme-
iates for the synthesis of dicationic tetraoxaporphyrins [2a]
alix[n]furans [3],  etc. The available routes for the synthesis of
is(furan-2-yl)methane derivatives generally rely on the acid-
atalyzed condensation of furan with aldehydes [30b] or furfuryl
lcohol [30c], which often result in complex product mixtures
wing to the domination of oligomeric by-products. Alternatively,
ondensation of (2-furyl)lithium with furfuraldehyde, followed by
aBH4 reduction also furnishes bis(furan-2-yl)methanes [3].  In
ontradistinction to the condensation reactions of 1–3, the reac-
ions of furan 4 with aldehydes 7 required 5.0 equiv. for completion.
o check the volatility of furan (b.p. 32 ◦C) the reactions with alde-
ydes were performed at 25 ◦C and invariably required longer time
3 h) for completion, however, furnished corresponding products

1 in satisfactory yields (Table 1).

Bis(indolyl)methanes 12/13 constitute structural feature of a
umber of naturally occurring compounds [31] and display diverse
harmacological activities [13] in addition to their application [11]
is(heterocyclyl)methane derivatives 8–11.

in material science, agrochemicals and dyes. To access these targets,
condensation of indole and aldehydes through the use of protic
[32a] and Lewis acids has been usually employed [32b,32c,33].
However, many such routes suffer from the limitation of lower
yields of the products, requirement of large or at least stoichiomet-
ric amount of a catalyst, intricate catalyst preparation in some cases,
longer reaction times and lower yields of the products. Previously,
use of ion exchanger/silica supported sodium hydrogen sulphate
has been described to furnish bis- and tris(indolyl)methane deriva-
tives during 2.5–3 h when the reactions of indole and aldehydes
were conducted in methylene chloride [34]. To further extend the
synthetic scope of the solvent-free Amberlyst 15 catalyzed proto-
col, we  have performed reactions of indole 5 and N-methyl indole
6 with 7. The reactions were very facile, completing within 15 min
after mixing the reactants and furnished corresponding products
12 and 13,  in near quantitative yield (Table 1), without any side
products.

The formation of the products 8–11 can be visualized through
the mechanism proposed in (Scheme 2). Thus, initial reaction
of an appropriate electron rich species 1–4 with carbonyl sub-
strate, activated through protonation by Amberlyst 15, leads to the
adduct 15 obtained from initially formed 14.  Similar nucleophilic
C-2 attack by 1–4 result in the adduct 16 which after deprotona-
tion furnishes products 8–11. Similarly, reactions at �-positions of
enamines 5 or 6 with 7 would lead to the formation of correspond-
ing bis(indolyl)methane 12/13 derivatives.

It is worth noting that, using 7s,  7u–y as carbonyl substrates,
condensations with relevant electron rich heterocycles 1–6 was
very facile and the corresponding tri(heterocyclyl)methane deriva-
tives are useful agents from synthetic, medicinal as well as
industrial point of view [35]. Apart from their use as protective
agents; they possess coloristic properties as well as exhibit anti-
tumor [36] and antioxidant activities [37]. Further, formation of
only mono-condensed products in the condensation of tereph-
thaldehyde 7t with 1–4 is a synthetically useful operation since
the subsequent condensation of second carbonyl opens a route for
the synthesis of unsymmetrically substituted systems, which are
otherwise formed with difficulty. To achieve this objective, reac-
tion of 8t were performed with 1–3, 5, 6 and the corresponding
products 8u,  9o,  10q, 12k and 13e have been obtained in syntheti-
cally useful manner. Such intermediates are of immense synthetic
significance in the synthesis of meso-linked novel porphyrinoids
[38] and other categories of cyclic conjugated entities. Incidentally,
direct condensation of terephthaldehyde [30b,39] with mixtures

of thiophene, furan or indole furnish corresponding symmet-
rical meso-linked bis(heterocyclyl)methane derivatives bearing
identical bis(heterocyclyl)methane units on either side of the
bridge.
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. Conclusion

In summary, we have demonstrated an efficient condensation
f electron rich heterocycles with a variety of aldehydes using
mberlyst 15 catalyst, without using solvent in the reaction. The
ost attractive feature of this catalytic method is the facile conden-

ation of electron rich heterocycles with aldehydes using justified
toichiometric quantities. In addition, the Amberlyst 15 catalyzed
rotocol is of potential industrial significance as many of the
roducts obtained herein are of commercial significance besides
he condensation protocol depicted higher yields of the products,
ecyclability and environmental friendliness of the catalyst, short
eaction times, and overall practicability of the process as it does not
equire any specialized equipment or inert atmospheric conditions.

cknowledgements

A Financial assistance (project SR/S1/OC-27/2009) from Depart-
ent of Science and Technology (DST), Government of India, New
elhi is gratefully acknowledged. SS and AS thanks UGC and CSIR,
ew Delhi for Research Fellowships.

ppendix A. Supplementary data

Supplementary data associated with this article can be found, in
he online version, at doi:10.1016/j.molcata.2011.07.007.

eferences

[1] K.M. Kadish, K.M. Smith, R. Guilard, The Porphyrin Handbook, 1–2, Academic
Press, New York, 2000, and references therein.

[2] (a) E. Vogel, Pure Appl. Chem. 62 (1990) 557;
(b) E. Vogel, N. Lux, J. Dorr, T. Pelster, T. Berg, H.-S. Bohm, F. Behrens, J. Lex, D.
Bremm,  G. Hohlneicher, Angew. Chem. Int. Ed. 39 (2000) 1101;
(c) J.L. Sessler, D. Seidel, Angew. Chem. Int. Ed. 42 (2003) 5134.

[3]  (a) R.M. Musau, A. Whiting, J. Chem. Soc. Perkin Trans. 1 (1994) 2881;
(b)  K. Goto, Top. Heterocycl. Chem. 17 (2008) 97.

[4] (a) V.K. Gupta, M.K. Pal, A.K. Singh, Talanta 79 (2009) 528;
(b) T. Sone, Y. Ohba, R. Watanabe, Bull. Chem. Soc. Jpn. 62 (1989) 1346;
(c) J.M. Baker, Adv. Heterocycl. Chem. 32 (1982) 83;
(d) Z. Hu, J.L. Atwood, M.P. Cava, J. Org. Chem. 59 (1994) 8071;
(e)  J.S. Reddy, V.G. Anand, Chem. Commun. (2008) 1326.

[5]  (a) J. Zheng, R. Wen, X. Luo, G. Lin, J. Zhang, L. Xu, L. Guo, H. Jiang, Bioorg. Med.
Chem. Lett. 16 (2006) 225;
(b) S. Sasaki, N. Ishibashi, T. Kuwamura, H. Sano, M.  Matoba, T. Nisikawa, M.
Maeda, Bioorg. Med. Chem. Lett. 8 (1998) 2983;
(c) G.H. Fulep, C.E. Hoesl, G. Hofner, K.T. Wanner, Eur. J. Med. Chem. 41 (2006)
809.

[6]  (a) T. Zhao, Z. Wei, Y. Song, W.  Xu, W.  Hu, D. Zhu, J. Mater. Chem. 17 (2007)
4377;
(b) K.J. Hoffmann, E.J. Samuelsen, P.H.J. Carlsen, Synth. Met. 113 (2000) 161;
(c)  T. Benincori, S. Rizzio, F. Sannicolo, Macromolecules 36 (2003) 5114.

[7]  A.R. Katritzky, L. Xie, W.-Q. Fan, J. Org. Chem. 58 (1993) 4376.
[8]  (a) T.W. Green, G.M. Wuts, Protective Groups in Organic Synthesis , 3rd ed.,
Wiely, New York, 1999;
(b) D.A. Stetsenko, E.N. Lubyako, V.K. Potapov, T.L. Azhikima, E.D. Sverdlov,
Tetrahedron Lett. 37 (1996) 3571.

[9] (a) F. Cherioux, L. Guyard, P. Audebert, Adv. Mater. 10 (1998) 1013;
(b) S. Brasselet, F. Cherioux, P. Audebert, J. Zyss, Chem. Mater. 11 (1999) 1915.

[

[
[

ysis A: Chemical 347 (2011) 34– 37 37

10] (a) H. Kurata, H. Nakaminami, K. Matsumoto, T. Kawase, M.  Oda, Chem. Com-
mun. (2001) 529;
(b) H. Kurata, K. Haruki, H. Nakaamiami, T. Kawase, M.  Oda, Chem. Lett. (2003)
422.

11] (a) J.R. Majer, Tetrahedron 9 (1960) 106;
(b) J.R. Majer, Tetrahedron 9 (1960) 111;
(c) H. Budzikiewicz, H. Eckau, M.  Ehrenberg, Tetrahedron Lett. 13 (1972) 3807;
(d)  T.J. Novak, D.N. Kramer, H. Klapper, L.W. Daasch, B.L. Murr, J. Org. Chem. 41
(1976) 870.

12] (a) R. Martinez, A. Espinosa, A. Tarraga, P. Molina, Tetrahedron 64 (2008) 2184;
(b) X. He, S. Hu, K. Liu, Y. Guo, J. Xu, S. Shao, Org. Lett. 8 (2006) 333;
(c)  Z. Li, D.S. Guo, H.X. Li, Y. Liu, Chem. J. Chin. Univ. 29 (2008) 2545.

13] (a) A. Ramirez, S. Garcia-Rubio, Curr. Med. Chem. 10 (2003) 1891;
(b)  R.J. Sundberg, The Chemistry of Indole , Academic Press, New York, 1970.

14] (a) K. Ebitani, K. Nagashima, T. Mizugaki, K. Kaneda, Green Chem. 2 (2000) 157;
(b)  M.  Onaka, T. Shinoda, Y. Izumi, E. Nolen, Tetrahedron Lett. 34 (1993) 2625.

15] K. Singh, A. Sharma, Tetrahedron Lett. 48 (2007) 227.
16] K. Singh, A. Sharma, Tetrahedron 66 (2010) 3682.
17] K. Singh, A. Sharma, Tetrahedron Lett. 49 (2008) 6234.
18] (a) E. Choucair, M.  Balaz, Eur. J. Org. Chem. (2006) 3007;

(b) K. Shengkai, C.F. Yao, Tetrahedron Lett. 47 (2006) 8827.
19] C. Srinivas, P.S. Sadhu, S. Palaniappan, J. Heterocycl. Chem. 46 (2009)

997.
20] P.A. Tempera, R.D. Colinas, Bravo, Tetrahedron Lett. 51 (2010) 5372.
21] (a) J.R. Caycho, F.G. Tellado, P.D. Armas, J.J.M. Tellado, Tetrahedron Lett. 38

(1997) 227;
(b) Y.H. Liu, Q.S. Liu, Z.H. Liu, Z.H. Zhang, J. Mol. Catal. A: Chem. 296 (2008) 42;
(c)  M.  Tazbaksh, R. Hossseinzadeh, Z. Lasemi, Synlett 4 (2004) 635;
(d) K.S. Kumar, J. Iqbal, M.  Pal, Tetrahedron Lett. 50 (2009) 6244;
(e) J.S. Yadav, B.V.S. Reddy, P. Vishnumurthy, Tetrahedron Lett. 49 (2008) 4498.

22] R. Naik, P. Joshi, S.P. Kaiwar, R.K. Deshpande, Tetrahedron 59 (2003) 2207.
23] H. Maeda, A. Osuka, Y. Hisaeda, H. Furuta, Org. Lett. 5 (2003) 1293.
24] B. Ke, Y. Qin, Y. Wang, F. Wang, Synth. Commun. 35 (2005) 1209.
25] (a) A. Sharon, P.R. Maulik, V.J. Ram, Tetrahedron Lett. 45 (2004) 5099;

(b)  S.M.S. Chauhan, B. Garg, T. Bisht, Molecules 12 (2007) 2458.
26] L. Zeng, E.W. Miller, A. Pralle, E.Y. Isacoff, C.J. Chang, J. Am. Ceram. Soc. 128

(2006) 10.
27] A. Burrell, D.L. Officer, P.G. Plieger, D.C.W. Reid, Chem. Rev. 101 (2001) 2751.
28] K. Singh, S. Behal, M.S. Hundal, Tetrahedron 61 (2005) 6614.
29] A.F. Oleinik, E.N. Dozorova, N.P. Soloveva, L.M. Polukhina, L.N. Filitis, O.N.

Polyakova, G.N. Pershin, Kim. -Farm. Zh. 17 (1983) 928.
30] (a) S. Tanaka, H. Tomokuni, J. Heterocycl. Chem. 28 (1991) 991;

(b) W.-S. Cho, C.-H. Lee, Bull. Korean Chem. Soc. 19 (1998) 314;
(c) W.H. Brown, H. Sawatzky, Can. J. Chem. 34 (1956) 1147.

31] (a) E. Fahy, B.C.M. Potts, D.J. Faulkner, K. Smith, J. Nat. Prod. 54 (1991) 564;
(b) T. Irie, K. Kubushirs, K. Suzuki, K. Tsukazaki, K. Umezawa, S. Nozawa, Anti-
cancer Res. 31 (1999) 3061;
(c) J.T. Kuette, Chimica 60 (2006) 543.

32] (a) F. Amat-guerri, R. Martinez-utrilla, C. Pascual, J. Chem. Res. (M)  (1984) 1578;
(b) J. Banerji, A. Chatterjiee, S. Manna, C. Pascard, T. Prange, J. Shoolery, Hete-
rocycles 15 (1981) 325;
(c) A. Chatterjee, S. Manna, T. Benerji, J. Shoolery, J. Chem. Soc. Perkin I (1980)
553.

33] M. Shiri, M.A. Zolfigol, H. Gerhardus, Z. Tanbakouchian, Chem. Rev. 110 (2010)
2250.

34] R. Chimmani, J. Banerjee, R. Pal, B. Das, Adv. Synth. Catal. 345 (2003) 557.
35] (a) M.S. Shchepinov, V.A. Korshun, Chem. Soc. Rev. 32 (2003) 170;

(b) D.F. Duxbury, Chem. Rev. 93 (1993) 381;
(c)  R.J. Schnitzer, F. Hawking, Experimental Chemotherapy, vol. 1, Academic
Press, New York, 1963.

36] (a) A. McDougal, M.S. Gupta, D. Morrow, K. Ramamoorthy, J.E. Lee, S.H. Safe,
Breast Cancer Res. Treat. 66 (2001) 147;
(b)  A. McDougal, M.  Sethi-Gupta, K. Ramamoorthy, G. Sun, S. Safe, Cancer Lett.

151 (2000) 169.

37] M. Kobayashi, S. Aoki, K. Gato, K. Matsunami, M.  Kurosu, I. Kitagawa, Chem.
Pharm. Bull. 42 (1994) 2449.

38] D. Kim, A. Osuka, Acc. Chem. Res. 37 (2004) 735.
39] V. Nair, K.G. Abhilash, N. Vidya, Org. Lett. 7 (2005) 5857.

http://dx.doi.org/10.1016/j.molcata.2011.07.007

	Unique versatility of Amberlyst 15. An acid and solvent-free paradigm towards synthesis of bis(heterocyclyl)methane deriva...
	1 Introduction
	2 Results and discussion
	3 Conclusion
	Acknowledgements
	Appendix A Supplementary data
	Appendix A Supplementary data


