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INTRODUCTION

Flavanones are a class of naturally occurring com-
pounds that are widely distributed in plants and pos-
sess biological activities, such as antimicrobial[1], anti-
lungcancer[2], anti-tuberculosis[3], antifungal[4],
antiproliferative[5], anti-inflammatory[6], and anti-
AIDS[6]. The general method to obtain flavanones con-
sists of an intramolecular conjugated addition of 2'-
hydroxychalcones, which are prepared by aldol con-
densation of 2-hydroxyacetophenones and benzalde-
hydes[7]. The cyclization of 2-hydroxychalcones can
be performed using acids[8], bases[9], light[10], heat[11],
Ni/K/Zn halides[12], electrolysis[13], and TFA/Silica[14].
Other alternative procedures to synthesize flavanones
include oxidation of flavan-4-ol[15]. There are many
drawbacks under these conditions including long reac-
tion time, harsh reaction conditions, unsatisfactory
yields, use of environmentally toxic reagents or solvents,
use of large amount of solid supports, which result in
the generation of a large amount of toxic waste, and
tedious work-up. Hence, there is still a need to de-
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ABSTRACT

An efficient synthesis of flavanones using Envirocat EPZ10R as a heteroge-
neous catalyst under a solvent-free green procedure is described. This
simple protocol offer advantages such as shorter reaction times, simple
work-up, higher yield, and recovery and reusability of the catalyst.
 2011 Trade Science Inc. - INDIA

velop efficient methods for the synthesis of flavanones.
In recent years, considerable attention has been paid

to reactions done under solvent-free conditions[16]. One
of the areas of central attention in this field includes re-
actions between solids[17]. These reactions are not only
of interest from an economical point of view; in many
cases they also offer considerable synthetic advantages
in terms of yield, selectivity, and simplicity of the reac-
tion procedure. Recently, significant progress has been
made in the application of EPZ10R to catalytic processes.
EPZ10R is non-toxic and recyclable solid acid catalyst,
which is prepared by supporting ZnCl

2
 on clay. EPZ10R

contain predominantly strong Lewis acid sites as well
as weak Brønsted acid sites[18]. EPZ10R has been used
as a catalyst for alkylation[19], aromatic bromination[19],
addition[19], benzylation[19], and Friedel-Crafts acyla-
tion[20]. EPZ10R has also been used for the synthesis of
2,5-di-t-butyl-4-fluorophenol [21], 3,4-
dihydropyrimidin-2(1H)-ones[22], and coumarins[23].
EPZ10R has continued to be exploited in organic syn-
thesis because it is a non-toxic, eco-friendly, and easy
handling catalyst.

OCAIJ, 7(3), 2011 [161-164]

An Indian Journal
Trade Science Inc.

Volume 7 Issue 3

Organic CHEMISTRYOrganic CHEMISTRY
ISSN: 0974 - 7516

id19865718 pdfMachine by Broadgun Software  - a great PDF writer!  - a great PDF creator! - http://www.pdfmachine.com  http://www.broadgun.com 

mailto:drnds09@rediffmail.com


162

Full  Paper

EPZ10R catalyzed simple and efficient synthesis of flavanones OCAIJ, 7(3) 2011

An Indian Journal
Organic CHEMISTRYOrganic CHEMISTRY

Microwave assisted organic synthesis (MAOS) has
emerged as a new �lead� in organic synthesis. The tech-

nique offers simple, clean, fast, efficient, and economic
for the synthesis of a large number of organic molecules.
Important advantage of this technology include highly
accelerated rate of the reaction, reduction in reaction
time with an improvement in the yield and quality of the
product. Many reports that microwave-heated reac-
tions typically proceed more cleanly, in higher yields
and in less time than their conventionally heated coun-
terparts have appeared[24].

EXPERIMENTAL

General procedure

Melting points were determined in open glass cap-
illaries and are uncorrected. IR spectra were recorded
on Shimadzu 8400 instrument. 1H NMR (300 MHz)
and 13C NMR (75 MHz) spectra were recorded on
Varian Mercury instrument using TMS as internal stan-
dard. Mass spectra were recorded on Shimadzu QP
5050. Elemental analysis was recorded on Flash E. A.
1112 Thermo instrument. Reactions were monitored by
TLC on aluminum sheets precoated with silica gel
60F

254
. Column chromatography was performed using

silica gel (60�120 mesh size). For the microwave irra-

diation experiments, a microwave oven equipped with
a turntable was used (Whirlpool 800T operating at 2450
MHz having maximum output of 1200 W).

Typical experimental procedure for the synthesis
of 2-(4-chlorophenyl)chroman-4-one (2c)

A mixture of 3-(4-chlorophenyl)-1-(2-
hydroxyphenyl) prop-2-en-1-one (0.258g, 1 mmol)
and EPZ10R[19] (10 mol%) was irradiated in a micro-
wave oven for 7 min and progress of reaction was

monitored by TLC. After completion of reaction, mass
was cooled to room temperature, then the solid residue
was dissolved in ethyl acetate and mixture stirred for 5
min. The catalyst was recovered and the solvent was
evaporated to afford solid, which was purified by col-
umn chromatography (hexane/ethyl acetate, 8/2, v/v)
using silica gel.

2-(4-chlorophenyl)chroman-4-one (2c)

Solid; Yield: 91%; m.p. 85-86C; IR (KBr) ícm-1: 820,
1012, 1230, 1471, 1601, 1695 (C=O), 2900, 3033;
1H NMR (TMS) äppm: 2.87 (dd, 1H), 3.05 (dd, 1H),
5.47 (dd, 1H), 7.04-7.10 (m, 2H), 7.38-7.44 (m 4H),
7.49-7.52 (m 1H, ), 7.93 (dd, J = 7.7 Hz, 1H); 13C
NMR äppm: 44.3, 78.6, 118.1, 120.7, 121.5, 127.1,
127.5, 129.0, 134.4, 136.3, 137.2, 161.2, 190.2; Anal.
Calcd for C

15
H

11
ClO

2
: C 69.64, H 4.29%; Found: C

69.62, H 4.31%.

RESULTS AND DISCUSSION

In continuation of our work[23,25] on the application
of easily recyclable, heterogeneous, eco-friendly cata-
lysts for the development of useful synthetic method-
ologies, we now show that flavanones can be produced
using EPZ10R as an efficient, non-toxic, recyclable het-
erogeneous catalyst (Scheme 1).

The effective amount of EPZ10R as catalyst was
investigated. Generally, the reaction rate and yield were
increased over the amount of catalyst. It was found that
10 mol% of catalyst was appropriate amount for the
reaction (TABLE 1, Entry 3). The fever amounts gave
a low yield even after long reaction time (TABLE 1,
Entry 1-2), and the more amounts could not cause the
obvious increase for the yield of product (TABLE 1,
Entry 4-5).

Next, we prepared a range of flavanones under the
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optimized reaction conditions. The optimized results are
summarized in TABLE 2. In all the cases, substituted
2-hydroxychalcones reacted successfully and gave
product in high yields. The present protocol consider-
ably reduces the long reaction time usually encountered
in traditional flavanone synthesis and affords the de-
sired product in very good yields.

The reusability of the catalysts is one of the most
important benefits and makes them useful for commer-
cial applications. Thus, the efficiency of recovered cata-
lyst (TABLE 3) was verified with the reaction of 1-(2-
hydroxyphenyl)-3-phenylprop-2-en-1-one (TABLE 2,
Entry 1). Using the fresh catalyst the yield of product

2-phenylchroman-4-one (2a) was 92% while with the
recovered catalyst in the three subsequent recyclization
the yields were 92, 91, 91, and 90%.

CONCLUSIONS

In summary, we have developed a simple, conve-
nient, and effective method for facile synthesis of fla-
vanones by the cyclization of 2-hydroxychalcones us-
ing Envirocat EPZ10R catalyst under solvent-free con-
ditions. Present protocol offer very attractive features
such as reduced reaction times, higher yields and reus-
ability of catalyst for a number of times without appre-
ciably loss of activity. When compared with conven-
tional method as well as other catalysts, which will have
wide scope in organic synthesis. The simple microwave
irradiation procedure combined with easy of recovery
and reuse of this catalyst make this method economic
chemical process for the synthesis of flavanones.

ACKNOWLEDGEMENT

The authors are thankful to Dr. M.S.Shingare, De-
partment of Chemistry, Dr. Babasaheb Ambedkar
Marathwada University, Aurangabad-04 for encour-
agement during the process of carrying out this research
work.

REFERENCES

[1] H.Goker, D.W.Boykin, S.Yildiz; Bioorg.Med.
Chem., 13, 1707 (2005).

[2] A.G.Hammam, O.A.EI-Salam, A.Mohamed,
N.A.Hafez; Indian J.Chem., 448, 1887 (2005).

[3] Y.M.Lin, Y.Zhou, M.T.Flavin, L.M.Zhou, W.Nie,
F.C.Chen; Bioorg.Med.Chem., 10, 2795 (2002).

[4] A.Dandia, R.Singh, S.Khaturia; Bioorg.Med.
Chem., 14, 1303 (2006).

[5] I.L.Chen, J.Y.Chen, P.C.Shieh, J.J.Chen, C.H.Lee,
S.H.Juang, T.C.Wang; Bioorg.Med.Chem., 16,
7639 (2008).

[6] (a) C.Pouget, C.Fagnere, J.P.Basly, G.Habrioux,
A.J.Chulia; Bioorg.Med.Chem., 12, 1059 (2002);
(b) H.K.Hsieh, T.H.Lee, J.P.Wang, J.J.Wang,
C.N.Lin; Pharm.Res., 15, 39 (1998).

[7] G.H.Stout, V.F.Stout; Tetrahedron, 14, 296 (1961).
[8] (a) P.L.Cheng, P.Fournari, J.Tirouflet; Bull.Soc.

TABLE 1 : Effect of concentrations of EPZ10R for the synthe-
sis of flavanone (2a)

Entry Catalyst (mol%) Time (min) Yield (%)a 

1 0 15 Trace 

2 5 15 52 

3 10 8 92 

4 15 8 91 

5 20 8 92 
aisolated yield

TABLE 2 : EPZ10R catalyzed simple and efficient synthesis of
flavanones

Entry R1 R2 R3 R4 R5 R6 Producta Time 
(Min) 

Yield 
(%)b 

1 H H H H H H 2a 8 92 

2 H H H OCH3 H H 2b 8 90 

3 H H H Cl H H 2c 7 91 

4 H H H NO2 H H 2d 9 86 

5 H H H OCH3 OCH3 OCH3 2e 7 89 

6 H H OCH3 H H OCH3 2f 9 88 

7 OCH3 H H H H H 2g 8 91 

8 OCH3 H OCH3 H H H 2h 8 93 

9 OCH3 OCH3 Br H H H 2i 9 89 

10 H H H H H Br 2j 8 90 
aAll products were characterized by 1H NMR, 13C NMR and IR
spectroscopic data and their m.p. compared with literature val-
ues[8,14]. bisolated yield

TABLE 3 : The efficiency of recovered catalyst

Run No. of cycles Yield (%)a 

1 Cycle I 92 

2 Cycle II 91 

3 Cycle III 91 

4 Cycle IV 90 
aisolated yield



164

Full  Paper

EPZ10R catalyzed simple and efficient synthesis of flavanones OCAIJ, 7(3) 2011

An Indian Journal
Organic CHEMISTRYOrganic CHEMISTRY

Chim.Fr., 2248 (1963); (b) L.Reichel, G.Proksch;
Liebigs Ann.Chem., 745, 59 (1971); (c)
G.N.Bidhendi, N.R.Bannerjee; J.Indian Chem.Soc.,
67, 43 (1990); (d) C.M.Brennan, I.Hunt,
T.C.Jarvis, C.D.Johnson, P.D.McDonnell;
Can.J.Chem., 68, 1780 (1990).

[9] (a) D.D.Keane, K.G.Marathe, W.I.O�Sullivan,

E.M.Philbin, R.M.Simons, P.C.Teague; J.Org.
Chem., 35, 2286 (1970); (b) L.Reichel, F.G.Weber;
Pharmazie, 30, 195 (1975); (c) C.P.Dutta,
L.P.K.Roy; Indian J.Chem., 13, 425 (1975); (d)
T.Patonay, G.Litkei, M.Zsuga, A.Kiss;
Org.Prep.Proced.Int., 16, 315 (1984).

[10] (a) F.R.Stermitz, J.A.Adamovics, J.Geigert; Tet-
rahedron, 31, 1593 (1975); (b) R.Matsushima,
H.Kageyama; J.Chem.Soc.Perkin Trans, 2, 743
(1985); (c) G.Pandey, A.Krishna, G.Kumaras-
wamy; Tetrahedron Lett., 28, 4615 (1987); (d)
Y.Maki, K.Shimada, M.Sako, K.Hirota; Tetrahe-
dron, 44, 3187 (1988).

[11] (a) T.M.Harris, R.L.Carney; J.Am.Chem.Soc., 89,
6734 (1967); (b) Y.Hoshino, N.Takeno;
Bull.Chem.Soc.Jpn., 59, 2903 (1986).

[12] S.M.Ali, J.Iqbal, M.I.lyas; J.Chem.Res.(S), 236
(1984).

[13] Z.Sanicanin, I.Tabakovic; Tetrahedron Lett., 27,
407 (1986).

[14] G.J.Sagrera, G.A.Seoane; J.Braz.Chem.Soc., 16,
851 (2005).

[15] (a) V.K.Bhatia, H.G.Krishnamurthy, R.Madhav,
T.R.Seshadri; Tetrahedron Lett., 3859 (1968); (b)
D.Jyotsna, A.V.S.Rao; Indian J.Chem.B, 26, 877
(1987); (d) T.Izumi, T.Hino, A.Kasahara;
J.Chem.Soc.Perkin Trans, 1, 1265 (1992).

[16] J.D.Merzer; Angew.Chem.Int.Ed., 37, 2975
(1998).

[17] (a) F.Toda; Acc.Chem.Res., 28, 480 (1995); (b)
M.M.Khodaei, F.A.Meybodi, F.Rezai, P.Salehi;
Synth.Commun., 31, 2047 (2001).

[18] S.J.Barlow, T.W.Bastock, J.H.Clark, S.R.Cullen;
Tetrahedron Lett., 34, 3339 (1993).

[19] Envirocat EPZ10R catalyst is available from Con-
tract Chemicals, England, http://www.contract-
chemicals.com/envirocats.html, 26 September
(2010).

[20] B.P.Bandgar, S.P.Kasture; J.Chin.Chem.Soc., 47,
1243 (2000).

[21] B.P.Bandgar, S.P.Kasture, C.Dudhmal; J.Fluorine
Chem., 101, 81 (2000).

[22] K.Y.Lee, K.Y.Ko; Bull.Korean Chem.Soc., 25,
1929 (2004).

[23] O.B.Pawar, F.R.Chavan, N.D.Shinde; Org.Chem.
Indian J., 5, 22 (2009).

[24] (a) J.P.Wan, Y.H.Pan, H.Mao, T.H.Chen, Y.J.Pan;
Synth.Commun., 40, 709 (2010); (b)
K.M.Dawood, M.M.El-Defter; Synthesis, 1030
(2010); (c) A.Richel, P.Laurent, B.Wathelet,
J.P.Wathelet, M. Paquot; Tetrahedron Lett., 51,
1356 (2010); (d) M.M.Dharman, H.Y.Ju,
H.L.Shim, M.K.Lee, K.H.Kim, D.W.Park;
J.Mol.Catal.A:Chem., 303, 96 (2009); (e)
E.Bezdushna, H.Ritter; Macromol.Chem.Phys.,
209, 1942 (2008); (f) D.H.Lee, S.E.Park, K.Cho,
Y.Kim, T.Athar, I.M.Lee; Tetrahedron Lett., 48,
8281 (2007); (g) K.G.Desai, K.R.Desai;
Bioorg.Med.Chem., 14, 8271 (2006).

[25] O.B.Pawar, F.R.Chavan. N.D.Shinde; J.Chin.
Chem.Soc., 28, 69 (2010).

http://www.contract-

