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Abstract: A simple, efficient, environment-friendly and high yielding procedure is developed for the Knoevenagel con-
densation and the combination of Knoevenagel/ Michael addition reaction of various 1, 3-dicarbonyls and aryl aldehydes
in an aqueous surfactant medium. The reaction can be dramatically improved under microwave-irradiation.
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INTRODUCTION

Synthesis of heteroaromatic compounds has received in-
creasing attention in organic chemistry, since a wide variety
of such molecules shows potential biological and agro-
chemical activities [1]. Several reactions have been discov-
ered, and their applications in organic chemistry have also
been well documented in the literature. The most important
ones include Diels-Alder reaction [2], Knoevenagel conden-
sation reaction [3], Pd (0)-catalyzed insertion reaction [4],
etc. Knoevenagel condensation reaction holds a prominent
position in organic synthesis due to its numerous applica-
tions in elegant synthesis of fine chemicals and biologically
important heterocycles, such as, xanthene [5], coumarin [6],
dicoumarin [7] and their derivatives. They possess various
biological properties including antibacterial, antiviral, anti-
oxidant and anti-inflammatory activities [8]. In recent years,
several new efficient methods have been developed includ-
ing the use of catalysts, silica gel [9], Mn(l1l) [10], silica-
ammonium acetate [11], DBU [12], BiCl;[13], ZnCl, [14],
water/TEBA [15], microwave [16] and also solid phase reac-
tion [17] . All these methods, however, suffer from draw-
backs such as unsatisfactory yield, extended reaction time,
elevated temperature, tedious work-up, and the use of anhy-
drous organic solvents and relatively expensive reagents.

One of the major drawbacks of conventional organic syn-
thesis is the use of organic solvents. The most attractive al-
ternative to organic solvents is water because of its easy
availability, safe and environment friendly properties. In this
endeavor, a number of reactions such as Diels-Alder [18], 1,
3-dipolar cycloaddition [19], oxidation [20], etc are per-
formed successfully in water with the aid of surfactant,
which helps in solubilizing the organic substrate in aqueous
medium. In addition, reactions in aqueous surfactant medium
illustrate activities and selectivity are not usually observed in
water or even organic solvents [21].
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However, to the best of our knowledge, reports related to
the Knoevenagel condensation and the combination of
Knoevenagel/Michael addition reaction in ionic surfactant
medium promoted by microwave irradiation have not been
published till date. We herein, report for the first time, one-
pot protocol for the Knoevenagel condensation and the com-
bination of Knoevenagel/Michael addition reaction in surfac-
tant medium promoted by microwave-irradiation. Micro-
wave activation as a non-conventional energy source has
become an important method that can be used to carry out a
wide range of reactions with a short reaction time and in
high yields [22].

RESULT AND DISCUSSION

The reaction of dimedone (1), benzaldehyde (2a), in sur-
factant medium under microwave-irradiation has been con-
sidered as a standard model reaction. In order to optimize the
reaction condition, we have screened a number of different
surfactants on the model reaction. When the reaction was
carried out in presence of only water under microwave-
irradiation, it gave lower yield of the product even of the
prolonged reaction time. However, when the same reaction
was conducted under microwave- irradiation using CPC (ce-
tylpyridinium chloride) or SDS (sodium dodecyl sulphate) as
a surfactant, it gave better yields of product (Table 1 entry 2,
3), but the best result was achieved by using AOT (sodium
bis -2-ethyl hexyl sulfosuccinate) as a surfactant under mi-
crowave-irradiation (Table 1, entry 4). Ninety two percent of
2, 2-arylmethylene bis(3-hydroxy-5,5-dimethyl-2-cycloh-
exene-1-one) was obtained by simple recrystallization from
ethanol. Among SDS, CPC and AOT, the latter accelerates
the reaction better, presumably due to the stronger binding of
the AOT with the substrate, which is expected to have more
hydrocarbon content in the core region than SDS or CPC
[23].

Moreover, we investigated the effects of different mi-
crowave power settings and temperature variations. It was
observed that the irradiation at the lower power required
longer reaction time, the excellent result was achieved at 150
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Table1l. Optimization of the Reaction Condition Under Microwave-Irradiation and Conventional Methods in Presence of Differ-
ent Surfactants
Microwave Conventional
Entry Surfactant Time (min) Yields (%) Surfactant Time (h) Yields (%)
90
1 Water 10 55 Water/TEBA 15
[Ref.No 15]
91
2 SDS 5 80 SDS 3
[Ref. No 24 ]
78
3 CPC 5 82 CPC 1.3
[present work]
82
4 AOT 5 92 AOT 1.3
[present work]

watt at 60 °C and further increasing the watt or temperature
did not affect much.

After optimizing the condition, the generality of the
method was examined by the reaction of several substituted
aryl aldehydes with dimedone or 4-hydroxy coumarin, a se-
ries of differently substituted compounds (3a-1), (6a-e) were
obtained in very good yields. These results are listed in (Ta-
ble 2). In the reaction of dimedone or 4-hydroxy coumarin
with aryl aldehydes, the first formed Knoevenagel products

underwent Michael addition to give corresponding products
(3a-1, 6a-e). Furthermore, in case of dimedone if the reaction
was carried out in presence of catalytic amount of sulfuric
acid in a surfactant medium, it furnished cyclized products
(4a-e). On the other hand, when 4-hydroxy coumarin (5) was
treated with aryl aldehyde (2) and catalytic amount of conc.
sulfuric acid, it afforded uncyclized product (6) rather than
cyclized product (7). Encouraged by these results, we extend
the scope of the present protocol for the condensation of

Scheme 1.
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Table 2.  Synthesis of Compounds 3, 4, 6 and 9 under Microwave Irradiation Conditions in Presence of AOT
Entry Products Ar Time (min) M.P. (°C) Yields (%)
1 3a CsHs 5 198-200 92
2 3b 4-OCH;3CgH, 7 230-231 86
3 3c 3-NO,CeH4 5 158-160 90
4 3d 4-FCeH,4 5 119-120 89
5 3e 4-BrCeH, 5 220-222 91
6 3f 2-CH3CsH4 6 156-158 85
7 39 4-CNCgH, 6 210-212 88
8 3h 3-CIC¢H, 7 175-176 89
9 3i 4-N (CH3),CsH4 6 227-228 85
10 3j 4-CH3CeH4 6 208-210 87
11 3k 4-NO,CgH4 5 229-230 93
12 3l 4-CIC¢H, 5 210-212 90
13 4a CsHs 5 198-199 91
14 4b 4-OCH;3CgH, 5 230-231 88
15 4c 3-NO,CgH4 7 165-166 86
16 4d 4-BrCeH, 6 208-210 89
17 4e 4-FCeH,4 6 188-189 90
18 6a CsHs 5 229-230 91
19 6b 4-NO,CgH4 4 231-232 92
20 6C 4- CH3CgH, 6 272-274 86
21 6d 4-OCH;3CgH, 7 246-247 87
22 6e 4-BrCeH, 5 258-260 90
23 9a CsHs 5 263-264 90
24 9b 4-CH3CeH4 5 276-277 89
25 9c 4-NO,CgH, 4 274-275 90
26 9d 4-BrCeH, 5 246-247 90
27 9e CioH7 6 284-286 90
28 of 3-NO,CgH4 5 254-255 89
29 99 4-FCeH,4 6 295-296 91
30 9h 2-OCH;3CgH, 6 267-268 88

various aryl aldehydes with barbituric acid and it afforded
compounds (9a-h) in good to excellent yields. It is notewor-
thy to mention that various aryl aldehydes containing elec-
tron donating to electron withdrawing functional groups at
different positions in the aromatic ring did not show any re-
markable effect on this conversion because the desired prod-
ucts were obtained in high yields in a relatively short reac-
tion time (Table 2).

CONCLUSION

In conclusion, AOT mediated microwave-irradiation
technique is an efficient method for Knoevenagel condensa-
tion reaction. Prominent advantages of this method are nov-
elty, operational simplicity, short reaction time, easy product
isolation and higher yields. We believe that this method is a
useful addition to the present methodologies for the Knoeve-
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nagel condensation, as well as Knoevenagel condensation
followed by Michael addition reaction.

EXPERIMENTAL

All the experiments were carried out in MATTHEWS,
NC- MADE IN USA. MODEL-DISCOVER-S. MODEL
NO-NP-1009, Microwaves Digester in closed vessel. Melt-
ing points were determined in open capillaries and are uncor-
rected. IR spectra were recorded on Spectrum BX FT-IR,
Perkin EImer (vmax in cm™) on KBr disks.'H NMR and *C
NMR (400 MHz and 100 MHz respectively) spectra were
recorded on Bruker Avance 11-400 spectrometer. Mass spec-
tra were recorded on Waters 2695. CHN were recorded on
CHN-OS analyzer (Perkin Elmer 2400, Series Il). Silica gel
G (E-mark, India) was used for TLC. Hexane refers to the
fraction boiling between 60 and 80 °C.

General Procedure for the Synthesis of Compound 3a-I,
6a-e, 9a-h

Aryl aldehyde 2 (1 mmol) and 1, 3, dicarbonyl 1, 5 (2
mmol) and 8 (1 mmol) were added to an aqueous solution of
AOT (15 mmol) successively and mixed thoroughly. The
resulting mixture was irradiated under microwave at 150
watt and 60 °C until the TLC showed the dissappearance of
the starting materials. On completion, the resulting mixture
was cooled to room temperature, filtered and washed with
water (3 x 5 ml). The residue obtained was recrystalized
from ethanol to get pure crystalline products (3a-l, 6a-e and
9a-h).

Genaral Procedure for the Synthesis of Compound 4a-e

Aryl aldehyde 2a-e (1.0 mmol), dimedone 1 (2.0 mmol)
and catalytic amount of concentrated sulfuric acid were
added to an aqueous solution of AOT (15 mmol) and mixed
thoroughly. The resulting mixture was irridiated at 150 watt
and 60 °C temperature for the time mentioned in Table 2.
The progress of the reaction was monitored by TLC and after
completion, the resulting mixture was cooled to room tem-
perature and filtered. The residue was washed with water (3
x 5 ml) and recrystalized from ethanol to get pure crystalline
products (4a-e).
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