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Abstract

A high yielding and fast method for the smooth conversion of substituted 1-(2-hydroxyphenyl)-
3-phenyl-1,3-propane diones to the corresponding 2-phenyl-4H-chromen-4-ones under
microwave irradiations using ionic liquid [EtNH;3]NOj is reported.
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Introduction

Flavones are important naturally occurring organic compounds possessing wide range of
biological activities' used in the treatment of various diseases.” Different methods are used for
the synthesis of flavones, includes Allan-Robinson synthesis,’ chalcones* and Wittig reaction.’
The most common method used involves Baker-Venkatraman rearrangement. In this method 2-
hydroxyacetophenone was converted to its benzoyl ester, which further in presence of base
(pyridine/KOH) gives the 1,3-diketone. The diketones are further cyclized under strongly acidic
conditions to afford the corresponding flavones.® In recent developments of such dehydrative
cyclization various methods have been used, i.e., the use of Amberlyst 15,” Co" (sulfur)OH,"
FCC13,9 Brg/CHC13,10 EtOH/HCl,11 clay,12 NaLOAc/AcOH,13 and H,SO4; under microwave
irradiation.'*

The chemical and pharmaceutical industries are always under pressure to develop more
environmentally friendly organic reaction methodologies. Therefore, microwave irradiation is
used for a variety of organic reactions due to its use in more rapid and cleaner syntheses of
organic compounds.””” A high yield synthesis of flavones and chromones has been also
reported from 1,3-propanediones in ethanol, using CuCl, catalyst under microwave irradiation.'
Recently, significant progress has been made in the application of ionic liquids in catalytic
processes.'™" Tonic liquids are the salts of organic heterocyclic cations and inorganic anions.
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They exist in liquid state at ambient temperature; hence the reactions in presence of ionic liquids
need no additional solvent. lonic liquids have attracted much attention due to their mild reaction
conditions, short reaction times and better yield, solvating ability, and easy recyclability.”
Various reactions have been reported recently using ionic liquids as a catalyst, reaction media,’
as rate enhancers® and in peptide synthesis.*®

o O OH O . [ EtNH,]NO,
MW, (22-50 Sec)
o O

1 2

Scheme 1

Results and Discussion

Herein we report the synthesis of flavones 2 promoted by the ionic liquid catalyst, ethyl
ammonium nitrate [EtNH3;]NO; under microwave irradiation, in excellent yield with shorter
reaction time (Scheme 1). The ionic liquid can be recycled and reused several times. The ionic
liquid [EtNH;]NO; was prepared by the literature method.**

In a typical reaction, the 1,3-diketones 1 in ionic liquid [EtNH3;]NO; was irradiated in a
domestic microwave oven for a specified time period. The progress of reaction was monitored by
TLC. After completion of the reaction, extraction with organic solvent followed by aqueous
work-up afforded pure flavones 2 in 80-90 % yield. The ionic liquid is water-soluble and
therefore goes into the aqueous layer. The aqueous layer was distilled at 80 °C under vacuum to
remove water, leaving behind the ionic liquid (about 90%), which was recycled for several times
to carry out the same experiment.

To evaluate the synthetic utility of the process, various substituted diketones were prepared
by the established procedure’® and subjected to the reaction under microwave irradiation (Table
1). The reaction proceeds cleanly without formation of any side product except water. The
protocol of the process offers advantages in terms of simple procedure and work up, mild
reaction conditions and excellent yields. The ionic liquid used for reaction was recovered and
reused with identical results. Thus, the recyclability was confirmed (Table 2).

The reactions were also carried out in presence of 1,3-dibutylimidazolium bromide [bbim]Br
ionic liquid for comparison. The resulting flavones are formed with similar yield.
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Conclusions

In summary, we demonstrated an efficient and mild protocol for the dehydrative cyclization of
1,3-diaryl diketones to flavones in the presence of the ionic liquid [EtNH3]NO; under microwave
irradiation. Shorter reaction time, simple reaction conditions, and higher yield render this
microwave irradiation method superior. The method is clean and simple, which may be used as
an alternative to the existing methods.

Experimental Section

General Procedures. Melting points were determined in open glass capillaries and are
uncorrected. 'H NMR and >C NMR spectra were recorded at room temperature on a 300 MHz.
Varian Inova Spectrometer in CDCIl; using TMS as internal standard. A Samsung domestic
microwave oven was used at 80°C (150W power) for all the experiments.

General procedure for the preparation of 2-phenyl-4H-chromen-4-one (2a-h). The 1,3-
diaryl diketone 1 (1 mmol) was added in ionic liquid [EtNH3]NO; (2 mmol) and irradiated in a
microwave oven for 22-50 seconds. The reaction was monitored by TLC. After completion of
the reaction, the mixture was extracted with (3x20 ml) ethyl acetate: petroleum ether (1:1). The
organic layer was washed with water and dried over anhydrous MgSQO,. Organic solvent was
evaporated and solid was crystallized from petroleum ether to afford pure flavones 2. Further, the
aqueous layer was distilled at 80 °C under vacuum to remove water, leaving behind the ionic
liquid (about 90%), which was recycled several times to carry out the same experiment (Table
2). The products 2a—h were confirmed by comparison with authentic samples, 'H NMR, and
melting points.

2-(4-Chlorophenyl)-4H-chromen-4-one (2b). '"H NMR (300 MHz, CDCls) § 2.44 (s, 3H), 7.22
(s, 1H), 7.69 (dd, 1H, T = 8.9, 2.1 Hz), 7.74 (d, 1H, J = 8.6 Hz), 7.85 (m, 1H), 8.38 (s, 4H); °C
NMR (300 MHz, CDCls) 21.5, 109.9, 119.6, 125.1, 125.3, 128.8, 136.5, 136.8, 138.3, 149.7,
154.8, 160.6, 177.2.

2-(2,4-dimethoxyphenyl)-4H-chromen-4-one (2¢). 'H NMR (300 MHz, CDCl3) & 3.95 (s, 3H),
3.98 (s, 3H), 6.72 (s, 1H), 6.96 (d, 1H, J = 8.1 Hz), 7.36 (d, 1H, J=1.8 Hz), 7.40 (dd, 1H, ] =7.2
Hz,J=7.5Hz), 7.51 (dd, 1H, J = 1.8 Hz, ] = 8.1 Hz), 7.53 (d, 1H, J = 7.5 Hz), 7.67 (ddd, 1H, J
=1.5,7.2, 7.8 Hz) 8.20 (dd, 1H, J = 1.5, 7.8 Hz); °C NMR (300 MHz, CDCl;) 56.1, 106.4,
108.8, 111.2, 118.0, 120.0, 123.9, 124.2, 125.6, 133.6, 149.3, 152.1, 156.1, 163.3, 178.3.
7-Hydroxy-2-phenyl-4H-chromen-4-one (2f). '"H NMR (300 MHz, CDCls) & 6.91 (s, 1H), 7.95
(dd, 1H, J =1.8,J =9.0 Hz), 7.02 (d, 1H, J = 1.8 Hz), 7.57-7.29 (m, 3H), 7.91 (d, 4H, ] = 9.0
Hz), 8.05-8.08 (m, 2H); 10.8 (s, 1H); *C NMR (300 MHz, CDCls) 102.6, 106.6, 115.1, 116.2,
126.2, 126.5, 129.1, 131.3, 131.5, 157.5, 161.2, 162.8, 176.4.
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Table 1. Synthesis of flavones (2a—h) using ionic liquid (EAN) under microwave irradiation

Time Yield M. p.

Entry 1,3-Diketone (1a—h) Product (2a-h) (sec) (%)’ Ccy
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* Isolated yield

® Melting points are uncorrected and compared with reported compounds reference 14.

ISSN 1424-6376 Page 46 CARKAT



General Papers ARKIVOC 2006 (xvi) 43-48

Table 2. Ionic liquid EAN recovered in flavones 2a—h synthesis

Yield (%)
Entry  1,3-Diketone Product Time (sec.) Cycle 1 Recycle 1  Recycle 2
1. la 2a 50 93 91 91
2. 1b 2b 45 90 88 88
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