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RESEARCH LETTER

Solvent-free microwave-assisted synthesis of E-(1)-(6-benzoyl-3,5-
dimethylfuro[3?,2?:4,5]benzo[b]furan-2-yl)-3-(aryl)-2-propen-1-ones and

their antibacterial activity
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A series of E-(1)-(6-benzoyl-3,5-dimethylfuro[3?,2?:4,5]benzo[b]furan-2-yl)-3-(aryl)-2-propen-1-ones were synthe-

sized by the Claisen�Schimdt reaction of 2-acetyl-3,5-dimethyl-6-benzoyl benzodifuran with aromatic/hetero-
aromatic aldehydes under solvent-free microwave irradiation. All these compounds were characterized by means
of their IR, 1H NMR, and 13C NMR spectra and elemental analysis. All the compounds were screened for their

antibacterial activity.
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Introduction

Benzofuran derivatives have been reported to possess
a wide variety of biological activities. They have been
reported to possess antimicrobial (1�3), antitumor
(4), and anti-inflammatory (5) activity. Chalcones are
a,b-unsaturated ketones and have great existence in
plant kingdom. They have been reported to possess
antioxidant (6), antimalarial (7), anti-inflammatory
(8), anticancer (9), antiviral (10), and antimicrobial
activity (11). Benzodifurans exhibit interesting biolo-
gical activities such as antibacterial (12), antifungal
(12), anti-implantation (12), and antiviral activity
(13). In view of the biological activities exhibited by
benzofurans, benzodifurans, and a,b-unasaturated
ketones, we have synthesized some new E-(1)-(6-
benzoyl-3,5-dimethylfuro[3?,2?:4,5]benzo[b]furan-2-yl)-
3-(aryl)-2-propen-1-ones (3a�g).

Results and discussion

Recently microwave-induced organic reaction en-
hancement (14) chemistry has gained popularity as
a nonconventional technique for rapid organic synth-
esis; it is eco-friendly and economical and is believed
to be a step toward green chemistry. The solvent-less
reactions offer a number of advantages: solvents are
often expensive, toxic, and difficult to remove in the
case of aprotic solvents with high boiling points.
The most popular way of synthesis of chalcones is the

Claisen�Schmidt condensation of an appropriate
acetophenone with benzaldehyde in the presence of
aqueous bases such as NaOH (15), KOH (16),
Ba(OH)2 (17), magnesium t-butoxide (18), potassium

carbonate (19), alumina (20), and piperidine (21).
We have developed a simple and solvent-free
method for the synthesis of E-(1)-(6-benzoyl-3,5-
dimethylfuro[3?,2?:4,5]benzo[b]furan-2-yl)-3-(aryl)-2-
propen-1-ones (3a�g). The mild reaction conditions,
clean reaction profiles, minimal side products, and
cost efficiency render this approach as a useful
alternative to the existing methods.

The required starting material 2-acetyl-3,5-di-
methyl-6-benzoyl benzodifuran was synthesized by
reacting 5-acetyl-2-benzoyl-6-hydroxy-3-methyl ben-

zofuran (22, 23) with 2-chloroacetone in the presence
of anhydrous K2CO3 under conventional and micro-
wave irradiation methods.

The targeted molecules E-(1)-(6-benzoyl-3,5-
dimethylfuro[3?,2?:4,5]benzo[b]furan-2-yl)-3-(aryl)-2-
propen-1-ones (3a�g) were synthesized in excellent
yields by condensing 2-acetyl-3,5-dimethyl-6-benzoyl
benzodifuran with aromatic/heteroaromatic alde-
hydes in the presence of sodium hydroxide in
ethanol under conventional heating and microwave

irradiation. The reaction time has been brought
down from hours to minutes using microwave-
assisted synthesis, with improved yields. The
antibacterial activity of synthesized E-(1)-(6-benzo
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yl-3,5-dimethylfuro[3?,2?:4,5]benzo[b]furan-2-yl)-3-(aryl)-
2-propen-1-ones (3a�g) was carried out by using cup
plate method (Scheme 1).

Experimental

Melting points were determined in open capillaries
and are uncorrected. The purity of the compounds
was checked routinely by the silica gel F254 (Merck).
Microwave reactions were carried out in the Mile-
stone MultiSYNTH microwave system. IR spectra
were recorded on Shimadzu FTIR-8400s spectro-
photometer. 1H NMR and 13C NMR spectra were
recorded on Avance 300 spectrometer, and mass
spectra were recorded on Shimadzu mass spectro-
meter. Elemental analysis was determined by using
ThermoFinnigan CHNS analyzer.

Experimental procedure

General procedure for the synthesis of 2-acetyl-3,5-
dimethyl-6-benzoyl benzodifuran (2)

Microwave irradiation method. A thoroughly blended
mixture of 5-acetyl-2-benzoyl-6-hydroxy-3-methyl
benzofuran (1) (5mmol), chloroacetone (5mmol),
and anhydrous potassium carbonate (3g) was taken
in a quartz tube and inserted into a Teflon vial with
screw capped and then subjected to microwave
irradiation at the constant temperature 1208C for 4
min. Progress of the reaction was monitored by thin-
layer chromatography (TLC). After completion of
the reaction it was diluted with cold water, and the
precipitate formed was filtered, washed with water,
and recrystallized from dichlormethane (DCM)/pet
ether (40�608C) in 1:3 ratio.

Conventional heating method. A solution of 5-acetyl-2-
benzoyl-6-hydroxy-3-methyl benzofuran (1) (0.03
mol), chloroacetone (0.03 mol), K2CO3 (30 g), and
acetone (150 mL) was refluxed for 8 h. Progress of the
reaction was monitored by TLC. After completion of
the reaction, acetone was distilled under vacuum and
chilled water was added to the residue. The precipi-
tate formed was filtered, washed with water, and
recrystallized from DCM/pet ether (40�608C) in 1:3
ratio.

General procedure for the synthesis of E-(1)-(6-
benzoyl-3,5-dimethylfuro[3?,2?:4,5]benzo[b]
furan-2-yl)-3-(aryl)-2-propen-1-ones (3a�g)

Microwave irradiation method. A thoroughly blended
mixture of 2-acetyl-3,5-dimethyl-6-benzoyl benzodi-
furan (2) (0.001 mol), appropriate aromatic/hetero-
aromatic aldehydes (0.001 mol), and powdered

NaOH (0.001 mol) was taken in a quartz tube and
inserted into a Teflon vial with screw capped and then
subjected to microwave irradiation at the constant
temperature 908C for 4�5 min. Progress of the
reaction was monitored by TLC. After completion
of the reaction it was diluted with cold water and
acidified with dil. HCl. The precipitate formed was
filtered, washed with water, and recrystallized from
methanol as a yellow solid.

Conventional heating method. A mixture of 2-acetyl-
3,5-dimethyl-6-benzoyl benzodifuran (2) (0.001 mol),
appropriate aromatic/heteroaromatic aldehydes
(0.001 mol), NaOH (0.001 mol), and EtOH (10 mL)
was taken in a 50 mL round-bottom flask and then it
was refluxed for 6�8 h. Progress of the reaction was
monitored by TLC. After completion of the reaction
it was diluted with cold water and acidified with dil.
HCl. The precipitate formed was filtered, washed
with water, and recrystallized from methanol as a
yellow solid.

IR, NMR, and mass spectral data of 2 and (3a-g)

2: IR (KBr): 3076, 2923, 1672 (�C�O), 1643
(�C�O), 1622, 1600, 1568, 1502, 1494, 1448,
1423, 1361, 1315, 1263, 1218, 1182, 1166, 1141,
1128, 1110, 1076, 1010, 958, 941, 923 cm�1. 1H
NMR (300 MHz, DMSO-d6): 2.63 (s, 3H, CH3), 2.67
(s, 3H, CH3), 2.69 (s, 3H, CH3), 7.50�7.65 (m, 4H,
C8�H, C3, C4, C5, �H), 7.86 (s, 1H, C4�H), 8.05 (d,
2H, ortho protons of benzoyl ring). MS: [M]�

m/z�332 (100%).
3a: IR (KBr): 3058, 2962, 2923, 2852, 1654

(�C�O), 1623, 1604, 1566, 1496, 1448, 1425,
1371, 1357, 1325, 1259, 1201, 1163, 1105, 1016, 937
cm�1. 1H NMR (300 MHz, DMSO-d6): 2.66 (s, 3H,
CH3), 2.70 (s, 3H, CH3), 7.20 (s, 1H, Ar�H), 7.43 (d,
1H, a-H), 7.79 (s, 1H, Ar�H), 7.60�7.91 (m, 8H, Ar�
H), 7.87 (d, 1H, b-H). MS: [M�H]� m/z�421
(100%). Analysis calculated for C28H20O4 (%): C
80.0, H 4.76. Found (%): C 81.4, H 4.85.

3b: IR (KBr): 3141, 3089, 3033, 2941, 1643
(�C�O), 1618, 1581, 1560, 1496, 1467, 1440,
1380, 1353, 1319, 1290, 1180, 1151, 1058, 1022, 983
cm�1. 1H NMR (300 MHz, DMSO-d6): 2.70 (s, 3H,
CH3), 2.79 (s, 3H, CH3), 7.22 (s, 1H, Ar�H), 7.35 (d,
1H, �CHa),7.59�7.90 (m, 7H, Ar�H), 7.93 (d, 2H,
Ar�H), 8.10 (d, 2H, Ar�H), 8.13 (d, 1H, b-H). MS:
[M�H]� m/z�455 (90%). Analysis calculated for
C28H19O4Cl (%): C 73.92, H 4.18. Found (%): C
74.04, H 4.25.

3c: IR (KBr): 3058, 3004, 2929, 2853, 1654
(�C�O), 1643, 1623, 1596, 1566, 1512, 1446, 1423,
1373, 1357, 1325, 1255, 1197, 1172, 1105, 1027, 1012,
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979 cm�1. 1H NMR (300 MHz, DMSO-d6): 2.71 (s,
3H, CH3), 2.77 (s, 3H, CH3), 3.87 (s, 3H, OCH3), 6.95
(d, 1H, �CHa), 7.25 (s, 1H, Ar�H), 7.52�7.78 (m,
7H, Ar�H), 7.83 (s, 1H, Ar�H), 7.9 (d, 1H, b-H), 8.11
(d, 2H, Ar�H). 13C NMR (300 MHz, DMSO-d6): ^
9.35, 9.55, 9.85, 45.93, 54.96, 55.41, 94.93, 95.25,
113.81, 114.30, 114.58, 119.50, 122.96, 123.82, 124.47,
126.49, 126.93, 128.55, 129.22, 130.29, 132.83, 137.39,
142.16, 143.59, 148.18, 149.05, 153.93, 154.22, 157.72,
161.64, 180.50, 184.93. MS: [M�H]� m/z�451
(100%). Analysis calculated for C29H22O5 (%): C
77.33, H 4.88. Found (%): C 77.48, H 4.85.

3d: IR (KBr): 3093, 3058, 2958, 2916, 1654
(�C�O), 1637, 1623, 1604, 1560, 1477, 1467,
1425, 1373, 1325, 1259, 1211, 1184, 1107, 1008, 970,
927 cm�1. 1H NMR (300 MHz, DMSO-d6): 2.60 (s,
3H, CH3), 2.68 (s, 3H, CH3), 6.70 (d, 1H, b-H, furyl),
7.43 (d, 1H, b?-H, furyl), 7.11 (d, 1H, �CHa), 7.21 (s,
1H, Ar�H), 7.56�7.71 (m, 4H, 3, Ar�H and 1H,
�CHb), 7.93�7.96 (d, 2H�Ar�H), 8.05 (s, 1H, Ar�
H), 8.29 (s, 1H, Ar�H). MS: [M�H]� m/z�410
(20%). Analysis calculated for C26H18O5 (%): C
76.09, H 4.39. Found (%): C 76.18, H 4.39.

3e: IR (KBr): 3056, 2954, 2920, 1649 (�C�O),
1623, 1604, 1596, 1566, 1510, 1492, 1446, 1425, 1396,
1373, 1323, 1259, 1211, 1184, 1163, 1103, 1010, 937
cm�1. 1H NMR (300 MHz, DMSO-d6): 2.65 (s, 3H,

CH3), 2.78 (s, 3H, CH3), 7.61 (s, 1H, Ar�H), 7.63 (d,

1H, �CHa), 7.68�7.83 (m, 3H, Ar�H), 7.88 (d, 2H,

Ar�H), 7.94 (d, 1H, �CHb), 8.02�8.33 (m, 5H, Ar�
H), 8.66 (d, 2H, Ar�H). MS: [M�H]� m/z�471

(100%). Analysis calculated for C32H22O4 (%): C

81.70, H 4.68. Found (%): C 81.63, H 4.76.
3f: IR (KBr): 3056, 2960, 2916, 1647 (�C�O),

1623, 1596, 1560, 1541, 1506, 1446, 1411, 1373, 1323,

1257, 1010, 937 cm�1. 1H NMR (300 MHz,

DMSO-d6): 2.61 (s, 3H, CH3), 2.69 (s, 3H, CH3),

7.97 (s, 1H, Ar�H), 7.40 (d, 1H, �CHa), 7.52�7.73
(m, 14H, 13Ar�H and 1H, �CHb), 8.0 (d, 2H, Ar�
H), 8.33 (s, 1H, Ar�H), 9.45 (s, 1H, triazolyl-H). MS:

[M�H]� m/z�563 (100%). Analysis calculated for

C37H26O4N2 (%): C 79.0, H 4.62, N 4.98. Found (%):

C 78.89, H 4.62, N 5.05.
3g: IR (KBr): 3056, 2950, 2916, 1649 (�C�O),

1623, 1596, 1566, 1533, 1500, 1446, 1413, 1323, 1257,

1105, 1008, 958, 937 cm�1. 1H NMR (300 MHz,

DMSO-d6): 2.64 (s, 3H, CH3), 2.72 (s, 3H, CH3), 7.71

(s, 1H, Ar�H), 7.42 (d, 1H, �CHa), 7.55�7.68 (m,

12H, 11Ar�H and 1H, �CHb), 8.01 (d, 2H, Ar�H),

8.39 (s, 1H, Ar�H), 9.5 (s, 1H, triazolyl-H). MS:

[M�H]� m/z�642 (40%). Analysis calculated for

C37H25O4N2Br (%): C 69.24, H 3.90, N 4.36. Found

(%): C 69.10, H 3.95, N 4.41.

Table 1. Physical and analytical data for E-(1)-(6-benzoyl-3,5-dimethylfuro[3?,2?:4,5]benzo[b]furan-2-yl)-3-(aryl)-2-propen-1-
ones.

Conventional method Microwave method

Compound no. M.P. (8C) Time (h) Yield (%) Time (min) Yield (%)

3a 242*244 6 68 5 92

3b 220*223 7 64 5 90
3c 270*271 7 65 4 94
3d 272*274 6 64 4 89

3e 246*248 8 66 5 92
3f 275*276 8 56 5 87
3g 255*257 8 53 5 93
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Scheme 1. Synthesis of E-(1)-(6-benzoyl-3,5-dimethylfuro[3?,2?:4,5]benzo[b]furan-2-yl)-3-(aryl)-2-propen-1-ones (3a�g).
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Antibacterial activity

All the compounds were screened for their antibac-

terial activity (24) against bacterial strains such as

Bacillus subtilis (ATCC-6633), Staphylococcus aureus

(ATCC-29737), Escherichia coli (ATCC-10536), and

Pseudomonas aeruginosa (ATCC-27853) using strep-

tomycin, tetracycline, chloramphenicol, and carbeni-

cillin as standard drugs. The activity was determined

using the cup-plate agar diffusion method by measur-

ing the inhibition zone in millimeters. Nutrient agar

was used as a culture medium. A 1 mg/mL solution in

dimethylformamide was used. The agar medium was

inoculated with bacterial cultures tested. After 24 h of

incubation at 378C, the diameter of inhibition zone

(in millimeters) was measured. The results of the

antibacterial activity are given in Table 2. Among the

compounds screened, 3a, 3b, 3f, and 3g showed good

activity against all bacteria. The remaining com-

pounds (3c, 3d, and 3e) were found to be moderately

active against all bacteria.

Conclusion

In conclusion, we have successfully synthesized E-

(1)-(6-benzoyl-3,5-dimethyl furo[3?,2?:4,5]benzo[b]-
b]furan-2-yl)-3-(aryl)-2-propen-1-ones (3a�g) under

solvent-free microwave irradiation conditions. In

this method there is no need to recover, purify,

and reutilize the solvent, which reduces the pollution

arising from such operations. This methodology

provides an easily facile, economical, and environ-

mentally benign synthesis in which the reaction time

is reduced with better yields. The E-(1)-(6-benzoyl-

3,5-dimethylfuro[3?,2?:4,5]benzo[b]furan-2-yl)-3-(aryl)
-2-propen-1-ones exhibit moderate antibacterial

activity.
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