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Microwave synthesis and antifungal evaluations of some
chalcones and their derived diaryl-cyclohexenones

N. A. SHAKIL1, MANISH K. SINGH1,2, JITENDRA KUMAR1, M. SATHIYENDIRAN2,
GAURAV KUMAR2, MUKESH K. SINGH1, RAVI PRAKASH PANDEY1, ALKA PANDEY1

and V. S. PARMAR2

1Division of Agricultural Chemicals, Indian Agricultural Research Institute, New Delhi, India
2Department of Chemistry, University of Delhi, Delhi, India

Microwave irradiation (MWI) of acetophenones and substituted benzaldehydes in water resulted in a “green-chemistry” procedure
for the preparation of chalcones (1-14), through base catalyzed Claisen-Schmidt condensation reaction, in good yields. Further
3,5-diaryl-6-carbethoxy-2-cyclohexen-1-ones (1a-14a) were prepared through base catalyzed cyclocondensation of above chalcones
with ethylacetoacetate using MWI as the energy source and silica as support. Out of fourteen cyclohexenones, ten (1a, 4a, 5a, 6a, 7a,
9a, 10a, 11a, 12a and 13a) are reported for the first time in literature. The synthesized compounds were characterized using various
spectroscopic techniques, viz. (1H NMR and IR) and screened for their antifungal activity in vitro against Sclerotium rolfsii and
Rhizoctonia solani by poisoned food technique. The compounds tested were found to be active against R. solani whereas against S.
rolfsii, moderate activity was observed, as evident from LC50 values. The most potent compounds against R. solani were 1-(4-Fluoro-
phenyl)-3-phenyl-propenone (13) and 1,3-Diphenyl-propenone (14) having LC50 values of 2.36 and 2.49 mgL−1 respectively (LC50

of Hexaconazole = 1.12 mgL−1) and against S. rolfsii 3-(4-Fluoro-phenyl)-5-(3-nitro-phenyl)-6-carbethoxy-2-cyclohexen-1-one (12a)
was most active having LC50 value of 285 mgL−1compared to Hexaconazole (LC50 = 1.27 mgL−1).

Keywords: Microwave irradiation (MWI); chalcones; diaryl-cyclohexenones; fungicidal activity; cyclocondensation; Sclerotium rolfsii;
Rhizoctonia solani.

Introduction

Over the years various innovative methods have been de-
vised to speed up chemical reactions. In these environ-
mentally conscious days the development of technology is
directed towards environmentally sound and eco-friendly
methods. Microwave-assisted organic reaction enhance-
ment (MORE) is now a well–established technique for
synthesis of various heterocycles. All thermally driven re-
actions can be accelerated by microwave. The spectacular
results obtained viz. shorter reaction time, experimental
simplicity, selectivity of products and easy work up etc.
gave clear indication on the potentialities of this technique
over conventional heating. Furthermore the reactions can
be carried out under solvent-free conditions making it an

Address correspondence to N. A. Shakil, Division of Agricultural
Chemicals, Indian Agricultural Research Institute, New Delhi
110012, India; E-mail: iamshakil@gmail.com
Received December 18, 2010.
A part of this paper was presented at the National Symposium on
Green Chemistry: Applications in Science & Engineering, Febru-
ary 5–6, 2009, Thapar University, Patiala, India.

environmentaly friendly process. Thus the use of microwave
energy for the synthesis of organic compounds forms a part
of green chemistry.[1−5]

Chalcones and the corresponding heterocyclic analogs
are valuable intermediates in organic synthesis[3,6] and
exhibit a multitude of biological activities.[6−10] From a
chemical point of view, an important feature of chal-
cones and their hetero-analogs is the ability to act as
activated unsaturated systems in conjugated addition re-
actions of carbanions in the presence of basic catalysts.
This type of reaction is commonly used for the preparation
of 3, 5-diaryl-6-carbethoxycyclohexenones via Michael ad-
dition of ethyl acetoacetate.[2,11,12] The mentioned cy-
clohexenones are efficient synthons in building spiranic
compounds or intermediates in the synthesis of fused
heterocycles such as benzoselenadiazoles and benzothia-
diazoles, benzopyrazoles and benzisoxazoles or carbazole
derivatives.[12,13]

The synthesis of 6-acetyl-5-aryl-2-cyclohexenones or 5-
aryl-6-carbethoxy-2- cyclohexenones, substituted at po-
sition 4 with a 2-thienyl moiety, through the Michael
addition of acetylacetone and ethyl acetoacetate respec-
tively to 3-aryl-1-(2-thienyl)-2- propenones, as well as these
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cyclohexenones’ involvement in various reactions have been
already described.[13]

Sclerotium rolfsii was first described in 1892 by Peter
Henry Rolfs in association with tomato blight in Florida.
It is an omnivorous, soil-borne fungal pathogen and causes
disease on a wide range of agricultural and horticultural
crops. Susceptible agricultural hosts include sweet potato
(Ipomea batatas), pumpkin (Cucurbita pepo L.), corn (Zea
mays), wheat (Triticum vulgare) and peanut (Arachis hy-
pogea). Horticultural crops affected by the fungus are in-
cluded in the genera Narcissus, Iris, Lilium, Zinnia, and
Chrysanthemum.[14]

Rhizoctonia solani is a very common soil-borne pathogen
with a great diversity of host plants. The most widely rec-
ognized species of Rhizoctonia was originally described by
Julius Kühn on potato in 1858. Rhizoctonia solani is a basid-
iomycete fungus that does not produce any asexual spores
(conidia) and only occasionally will the fungus produce
sexual spores (basidiospores). In nature, R. solani repro-
duces asexually and exists primarily as vegetative mycelium
and/or sclerotia.[15]

Disease caused by such pathogens leads to heavy
losses in crop yield especially during the wet season
when weather conditions are favorable for both crop pro-
duction and for the growth and dissemination of the
pathogens.[14,16]

Our group has been actively involved in the de-
velopment of heterocyclic molecules for their poten-
tial use in pest control.[17,19] This paper presents the
green synthesis of some chalcones and derived 3,5-
diaryl-6-carbethoxycyclohexenones, whose various chem-
ical functions commend them as valuable intermediates in
subsequent reactions, their characterization and antifungal
activity against Sclerotium rolfsii and Rhizoctonia solani.

Materials and methods

General

Thin layer chromatography (TLC) was performed on
200 µm thick aluminum sheets with silica gel 60 F254 as
adsorbent. All chemical reactions were carried out un-
der household microwave oven (LG- MG 607 APR). The
solvent system used for developing the TLC plate was
hexane:ethyl acetate (5:1). Spots were visualized under
UV-light. Infrared (IR) spectra were recorded on Bruker
alpha-FTIR (cm−1). The 1HNMR spectra were recorded
on a Bruker AvanceII 400 spectrometer at 400 MHz in
CDCl3 using tetramethylsilane as an internal standard. The
chemical shifts values are on δ scale and the coupling con-
stant (J) values are in Hertz. The elemental analysis was
done on a Eurovector Elemental analyzer 3000 using sul-
phanilamide as standard with linear calibration. Labora-
tory grade reagents and solvents were locally procured.

General procedure for the preparation of chalcones (1-14)

Selected acetophenones (10 mmol) and selected ben-
zaldehydes (10mmol) were added to 50 ml of 5 %
aqueous NaOH. The mixture was placed in the center
of a microwave oven besides a beaker with ice (50 g)
and irradiated for successive periods of 10 seconds, 5–7
minutes in total, with cooling in between. The color
of the reaction mixture changed to blood red after
irradiation. It was then poured into 200 ml of ice cold
water and neutralized with cold HCl. The precipitate
formed was filtered and recrystallized with ethanol to
afford the chalcones namely 3-(3,4-Dimethoxy-phenyl)-1-
phenyl-propenone (1), 1-Phenyl-3-p-tolyl-propenone (2),
3-(4-Methoxy-phenyl)-1-phenyl-propenone (3), 3-(3,4,5-
Trimethoxy-phenyl)-1-phenyl-propenone (4), 3-(3,4-Dime-
thoxy-phenyl)-1-(4-methoxy-phenyl)-propenone (5), 3-
Benzo[1,3]dioxol-5-yl-1-(4-nitro-phenyl)-propenone (6),
1-Benzo[1,3]dioxol-5-yl-3-(4-methoxy-phenyl)-propenone
(7), 1-(4-Chloro-phenyl)-3-(4-methoxy-phenyl)-propenone
(8), 1-(3,4-Dichloro-phenyl)-3-(4-methoxy-phenyl)-prope-
none (9), 1-(3,4-Dimethoxy-phenyl)-3-(4-methoxy-phenyl)
-propenone (10), 3-(3-Nitro-phenyl)-1-(4-nitro-phenyl)-
propenone (11), 1-(4-Fluoro-phenyl)-3-(3-nitro-phenyl)-
propenone (12), 1-(4-Fluoro-phenyl)-3-phenyl-propenone
(13) and 1,3-Diphenyl-propenone (14). The structures
were confirmed by spectroscopy and compared them with
those reported in literature.[1,3,6,8−10,20−24]

General procedure for the preparation of
3,5-diaryl-6-carbethoxy-2-cyclohexen-1-ones (1a–14a)

To a slurry of chalcone (10 mmol) and ethyl acetoac-
etate (20 mmol), anhydrous K2CO3 (40 mmol) and
silica (2 gm) were added and mixed thoroughly. The
mixture was air dried, placed in a MW beside a beaker
with ice (50 g) and subjected to MWI for 6–8 minutes
with 30-second pulse and cooling in-between. After
completion of reaction as indicated by TLC, the re-
action mixture was cooled to room temperature and
extracted with ethanol. The inorganics were filtered
off. On standing, the filtrate afforded crystals of cyclo-
hexenones namely 5-(3,4-Dimethoxy-phenyl)-3-phenyl-6-
carbethoxy-2-cyclohexen-1-one (1a), 3-Phenyl-5-p-tolyl-
6-carbethoxy- 2-cyclohexen-1-one (2a), 5-(4-Methoxy-
phenyl)-3-phenyl-6-carbethoxy-2-cyclohexen-1-one (3a),
5-(3, 4,5-Trimethoxy-phenyl)-3-phenyl-6-carbethoxy-2-
cyclohexen-1-one (4a), 5-(3,4-Dimethoxy-phenyl)-3-(4-
methoxy-phenyl)-6-carbethoxy-2-cyclohexen-1-one (5a),
5-Benzo[1,3]dioxol-5-yl-3-(4-nitro-phenyl)-6-carbethoxy-
2-cyclohexen-1-one (6a), 3-Benzo[1,3]dioxol-5-yl-5-(4-
methoxy-phenyl)-6-carbethoxy-2-cyclohexen-1-one (7a),
3-(4-Chloro-phenyl)-5-(4-methoxy-phenyl)-6-carbethoxy-
2-cyclohexen-1-one (8a), 3-(3,4-Dichloro-phenyl)-5-(4-
methoxy-phenyl)-6-carbethoxy-2-cyclohexen-1-one (9a),
3-(3,4-Dimethoxy-phenyl)-5-(4-methoxy-phenyl)-6-carb-
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Table 1. Nature of Ar and Ar1of synthesized molecules.

Compound Ar Ar1

1 Phenyl 3,4-dimethoxyphenyl
2 Phenyl 4-methylphenyl
3 Phenyl 4-methoxyphenyl
4 Phenyl 3,4,5-trimethoxyphenyl
5 4-methoxyphenyl 3,4-dimethoxyphenyl
6 4-nitrophenyl 3,4-methylenedioxy phenyl
7 3,4-methylenedioxy

phenyl
4-methoxyphenyl

8 4-chlorophenyl 4-methoxyphenyl
9 3,4-dichlorophenyl 4-methoxyphenyl

10 3,4-dimethoxyphenyl 4-methoxyphenyl
11 4-nitrophenyl 3-nitrophenyl
12 4-fluorophenyl 3-nitrophenyl
13 4-fluorophenyl Phenyl
14 Phenyl Phenyl

ethoxy-2-cyclohexen-1-one (10a), 5-(3-Nitro-phenyl)-3-
(4-nitro-phenyl)-6-carbethoxy-2-cyclohexen-1-one (11a),
3-(4-Fluoro-phenyl)-5-(3-nitro-phenyl)-6-carbethoxy-2-
cyclohexen-1-one (12a), 3-(4-Fluoro-phenyl)-5-phenyl-6-
carbethoxy-2-cyclohexen-1-one (13a) and 3,5-Diphenyl-
6-carbethoxy-2-cyclohexen-1-one (14a). Compounds
1a, 4a, 5a, 6a, 7a, 9a, 10a, 11a, 12a and 13a are new
and reported for the first time in literature. The struc-
tures of other known compounds were confirmed by
spectroscopy and compared with those reported in
literature.[2,11,12]

Spectral analysis of novel
3,5-diaryl-6-carbethoxy-2-cyclohexen-1-ones

The compound 5-(3,4-Dimethoxy-phenyl)-3-phenyl-6-
carbethoxy-2-cyclohexen-1-one (1a) was obtained as white
crystals after re-crystallization with ethanol in 82 % yield.
Rf : 0.45 (hexane:ethyl acetate, 5:1); IR (cm−1): 1659 (C O
ketone), 1743 (C O ester), 3040-2800 (aliphatic and aro-
matic C-H) ; 1H NMR (400 MHz, CDCl3): δ 0.93 (3H, t,
J = 6.8 Hz, C-3′′′H), 3.01-3.1 (2H, 2dd, J = 14.2 and 4.8
Hz, C-4H), 3.66–3.8 (2H, m, C-5H and C-6H), 3.85–3.87
(6H, 2s, Ar1-OCH3), 3.92 (2H, q, J = 6.8 Hz, C-2′′′H), 6.5
(1H, s, C-2H), 6.8–6.87 (3H, m, C-2′′H, C-5′′H, C-6′′H),
7.19–7.25 (3H, m, C-3′H, C-4′H, C-5′H), 7.44 (2H, d, J =
8.0 Hz, C-2′H, C-6′H); anal. C 72.48 %, H 6.25 %, calcd
for C23H24O5C 72.61 %, H 6.36 %.

The compound 5-(3,4,5-Trimethoxy-phenyl)-3-phenyl-
6-carbethoxy-2-cyclohexen-1-one (4a) was obtained as
white crystals after re-crystallization with ethanol in 87 %
yield. Rf : 0.41 (hexane:ethyl acetate, 5:1); IR (cm−1): 1662
(C O ketone), 1747 (C O ester), 3040–2800 (aliphatic and
aromatic C-H) ; 1H NMR (400 MHz, CDCl3): δ 0.92 (3H,
t, J = 6.9 Hz, C-3′′′H), 2.95–3.1 (2H, 2dd, J = 14.2 and 4.8
Hz, C-4H), 3.61–3.76 (2H, m, C-5H and C-6H), 3.84–3.89
(9H, 3s, Ar1-OCH3), 3.91 (2H, q J = 6.8 Hz, C-2′′′H), 6.52

(1H, s, C-2H), 6.34 (2H, s, C-2′′H, C-6′′H), 7.20–7.27 (3H,
m, C-3′H, C-4′H, C-5′H), 7.45 (2H, d, J = 8.0 Hz, C-2′H,
C-6′H); anal. C 70.35 %, H 6.35 %, calcd for C24H26O6C
70.23 %, H 6.38 %.

The compound 5-(3,4-Dimethoxy-phenyl)-3-(4-
methoxy-phenyl)-6-carbethoxy-2-cyclohexen-1-one (5a). It
was obtained as pale yellow crystals after re-crystallization
with ethanol in 76% yield. Rf : 0.48 (hexane:ethyl acetate,
5:1); IR (cm−1): 1656 (C O ketone), 1739 (C O ester),
3040-2800 (aliphatic and aromatic C-H) ; 1H NMR (400
MHz, CDCl3): δ 0.93 (3H, t, J = 6.9 Hz, C-3′′′H), 2.96-3.2
(2H, 2dd, J = 14.0 and 4.8 Hz, C-4H), 3.55–3.71 (2H, m,
C-5H and C-6H), 3.86–3.90 (9H, 3s, Ar-OCH3), 4.01 (2H,
q, J = 6.9 Hz, C-2′′′H), 6.52 (1H, s, C-2H), 6.86–6.90 (2H,
m, C-5′′H, C-6′′H), 6.98 (2H, d, J = 8.8 Hz, C-3′H, C-5′H),
7.06 (1H, s, C-2′′H), 7.69 (2H, d, J = 8.8 Hz, C-2′H,
C-6′H); anal. C 70.24 %, H 6.42 %, calcd for C24H26O6C
70.23 %, H 6.38 %.

The compound 5-(3,4-methylenedioxy)-3-(4-nitro-
phenyl)-6-carbethoxy-2-cyclohexen-1-one (6a) was
obtained as pale yellow crystals after re-crystallization
with ethanol in 72 % yield. Rf : 0.47 (hexane:ethyl acetate,
5:1); IR (cm−1): 1655 (C O ketone), 1741 (C O ester),
3040–2800 (aliphatic and aromatic C-H) ; 1H NMR (400
MHz, CDCl3): δ 0.94 (3H, t, J = 6.9 Hz, C-3′′′H), 2.95–3.18
(2H, 2dd, J = 14.2 and 4.6 Hz, C-4H), 3.65–3.76 (2H, m,
C-5H and C-6H), 4.05 (2H, q, J = 6.9 Hz, C-2′′′H), 5.87
(2H, s, O-CH2-O), 6.52 (1H, s, C-2H), 6.73–6.93 (3H, m,
C-2′′H, C-5′′H, C-6′′H), 7.11 (2H, d, J = 8.6 Hz, C-2′H,
C-6′H), 7.72 (2H, d, J = 8.8 Hz, C-3′H, C-5′H); anal.
C 65.02 %, H 4.53 %, N 3.47, calcd for C22H19NO7C
64.54 %, H 4.68 %, N 3.42.

The compound 3-(3,4-methylenedioxy)-5-(4-methoxy-
phenyl)-6-carbethoxy-2-cyclohexen-1-one (7a) was ob-
tained as white crystals after re-crystallization with ethanol
in 91 % yield. Rf : 0.5 (hexane:ethyl acetate, 5:1); IR (cm−1):
1659 (C O ketone), 1744 (C O ester), 3040-2800 (aliphatic
and aromatic C-H) ; 1H NMR (400 MHz, CDCl3): δ 0.93
(3H, t, J = 7.0 Hz, C-3′′′H), 2.98–3.18 (2H, 2dd, J = 14.4
and 4.8 Hz, C-4H), 3.66-3.79 (2H, m, C-5H and C-6H),
3.86 (3H, s, Ar1-OCH3), 3.96 (2H, q, J = 7.0 Hz, C-2′′′H),
5.84 (2H, s, O-CH2-O), 6.52 (1H, s, C-2H), 6.71-6.90 (3H,
m, C-2′H, C-5′H, C-6′H), 6.97 (2H, d, J = 8.8 Hz, C-3′′H,
C-5′′H), 7.38 (2H, d, J = 8.6 Hz, C-2′′H, C-6′′H); anal. C
70.52%, H 5.74 %, calcd for C23H22O6C 70.04 %, H 5.62 %.

The compound 3-(3,4-Dichloro-phenyl)-5-(4-methoxy-
phenyl)-6-carbethoxy-2-cyclohexen-1-one (9a) was ob-
tained as white powder after re-crystallization with ethanol
in 74 % yield. Rf : 0.51 (hexane:ethyl acetate, 5:1); IR (cm−1):
1660 (C O ketone), 1744 (C O ester), 3040–2800 (aliphatic
and aromatic C-H) ; 1H NMR (400 MHz, CDCl3): δ 0.93
(3H, t, J = 6.7 Hz, C-3′′′H), 3.01-3.19 (2H, 2dd, J = 14.2
and 4.8 Hz, C-4H), 3.64-3.76 (2H, m, C-5H and C-6H),
3.84 (3H, s, Ar1-OCH3), 3.94 (2H, q, J = 6.7 Hz, C-2′′′H),
6.53 (1H, s, C-2H), 7.01 (2H, d, J = 8.7 Hz, C-3′′H, C-5′′H),
7.14 (2H, m, C-5′H, C-6′H), 7.23 (1H, s, C-2′H), 7.41 (2H,
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d, J = 8.8 Hz, C-2′′H, C-6′′H); anal. C 62.96 %, H 4.91 %,
calcd for C22H20Cl2O4C 63.02 %, H 4.81%.

The compound 3-(3,4-Dimethoxy-phenyl)-5-(4-
methoxy-phenyl)-6-carbethoxy-2-cyclohexen-1-one (10a)
was obtained as white crystalline powder after re-
crystallization with ethanol in 86 % yield. Rf : 0.49
(hexane:ethyl acetate, 5:1); IR (cm−1): 1663 (C O ketone),
1745 (C O ester), 3040–2800 (aliphatic and aromatic C-H)
; 1H NMR (400 MHz, CDCl3): δ 0.92 (3H, t, J = 6.9 Hz,
C-3′′′H), 2.97-3.18 (2H, 2dd, J = 14.2 and 4.6 Hz, C-4H),
3.61-3.73 (2H, m, C-5H and C-6H), 3.81-3.86 (9H, 3s,
Ar-OCH3), 3.98 (2H, q, J = 6.9 Hz, C-2′′′H), 6.52 (1H,
s, C-2H), 6.88 (1H, d, J = 8.8 Hz, C-5′H), 6.99 (2H, d,
J = 8.7 Hz, C-3′′H, C-5′′H), 7.24 (1H, d, J1,3 = 2.4 Hz,
C-2′H), 7.29 (1H, dd, J = 8.6 Hz and J = 2.2 Hz C-6′H),
7.33 (2H, d, J = 8.8 Hz, C-2′′H, C-6′′H); anal. C 70.36 %,
H 6.41 %, calcd for C24H26O6C 70.23 %, H 6.38 %.

The compound 5-(3-Nitro-phenyl)-3-(4-nitro-phenyl)-6-
carbethoxy-2-cyclohexen-1-one (11a) was obtained as pale
yellow powder after re-crystallization with ethanol in 73 %
yield. Rf : 0.48 (hexane:ethyl acetate, 5:1); IR (cm−1): 1665
(C O ketone), 1746 (C O ester), 3040–2800 (aliphatic and
aromatic C-H) ; 1H NMR (400 MHz, CDCl3): δ 0.94 (3H,
t, J = 6.7 Hz, C-3′′′H), 2.95-3.15 (2H, 2dd, J = 14.0 and 4.6
Hz, C-4H), 3.56–3.70 (2H, m, C-5H and C-6H), 3.94 (2H,
q, J = 6.8 Hz, C-2′′′H), 6.53 (1H, s, C-2H), 7.01–7.12 (5H,
m, C-2′H, C-6′H, C-4′′H, C-5′′H, C-6′′H), 7.54–7.58 (1H,
m, C-2′′H), 7.67 (2H, d, J = 8.8 Hz, C-3′H, C-5′H); anal. C
61.40%, H 4.48%, N 6.65, calcd for C21H18N2O7C 61.46%,
H 4.42%, N 6.83.

The compound 3-(4-Fluoro-phenyl)-5-(3-nitro-phenyl)-
6-carbethoxy-2-cyclohexen-1-one (12a) was obtained as
white powder after re-crystallization with ethanol in 75 %
yield. Rf : 0.46 (hexane:ethyl acetate, 5:1); IR (cm−1): 1661
(C O ketone), 1739 (C O ester), 3040–2800 (aliphatic and
aromatic C-H) ; 1H NMR (400 MHz, CDCl3): δ 0.94 (3H,
t, J = 6.7 Hz, C-3′′′H), 2.96-3.15 (2H, 2dd, J = 14.0 and 4.6
Hz, C-4H), 3.58-3.77 (2H, m, C-5H and C-6H), 3.98 (2H,
q, J = 6.7 Hz, C-2′′′H), 6.51 (1H, s, C-2H), 7.12 (1H, t, J =
8.6 Hz, C-5′′H), 7.21–7.43 (6H, m, C-2′H, C-3′H C-5′H, C-
6′H, C-4′′H, C-6′′H), 7.55–7.58 (1H, dd, J = 7 Hz C-2′′H);
anal. C 66.01%, H 4.81%, N 3.71 calcd for C21H18FNO5C
65.79%, H 4.73%, N 3.65.

The compound 3-(4-Fluoro-phenyl)-5-phenyl-6-
carbethoxy-2-cyclohexen-1-one (13a) was obtained as
white powder after re-crystallization with ethanol in 76 %
yield. Rf : 0.53 (hexane:ethyl acetate, 5:1); IR (cm−1): 1659
(C O ketone), 1737 (C O ester), 3040-2800 (aliphatic and
aromatic C-H) ; 1H NMR (400 MHz, CDCl3): δ 0.91 (3H,
t, J = 6.7 Hz, C-3′′′H), 2.93-3.12 (2H, 2dd, J = 14.2 and 4.8
Hz, C-4H), 3.53-3.74 (2H, m, C-5H and C-6H), 3.95 (2H,
q, J = 6.8 Hz, C-2′′′H), 6.49 (1H, s, C-2H), 7.20-7.39 (7H,
m, C-2′′H, C-3′′H, C-4′H, C-5′′H, C-6′′H, C-3′H, C-5′H),
7.48 (2H, d, J = 8.2 Hz C-2′H, C-6′H); anal. C 75.05 %, H
5.46 %, calcd for C21H19FO3C 74.54 %, H 5.66 %.

Biological Assay

Fungicidal
Phyto-pathogenic test fungi, Rhizoctonia solani ITCC 5563
and Sclerotium rolfsii ITCC 6181 were procured from In-
dian Type Culture Collection (ITCC) center, Division of
Plant Pathology, Indian Agricultural Research Institute,
New Delhi-110012, India. Cultures of the test fungi were
maintained on Potato Dextrose Agar (PDA) slant at 26◦C
for at least 4–7 days and were sub-cultured in Petri dishes
prior to testing. The test fungi were routinely grown on
fresh slant tubes of PDA and stored at 4◦C.

Screening for antifungal activity of the compounds was
done in vitro by poisoned food technique using Potato
Dextrose Agar (PDA) medium.[25] The readymade medium
(39g) was suspended in distilled water (1000 mL) and au-
toclaved at 15 mmHg for 15 min. Stock solutions of all
the compounds were prepared by dissolving 50 mg of com-
pound in 2 ml acetone. Appropriate quantity of this stock,
after serial dilution, was added to molten media in order to
get desired concentrations. The medium was poured into a
set of two petri dishes under aseptic conditions in a laminar
flow hood. When the medium in the plates was solidified,
a mycelial disc of 5 mm diameter of freshly grown test
fungi from earlier sub-cultured petri dishes was inoculated
upside down at the center of the plates. The treated and
control petri dishes were kept in biological oxygen demand
(BOD) incubator at 28◦C until fungal growth in the control
plates was almost complete. Hexaconazole used as com-
mercial fungicide served as standard. All the compounds
were tested in duplicates. The mycelia growth of fungi in
both treated (T) and control (C) petri plates was measured
diametrically in three different directions and growth inhi-
bition (I) and corrected inhibition (IC) were calculated by
using the formula[26]:

I(%) = (C − T)/C × 100,

The corrected percent inhibition (IC) was calculated as
follows:

IC = [(I(%) − CF)/(100 − CF)] × 100

Where, CF is the correction Factor obtained from the
equation; CF = ((90-Co)/Co) × 100, 90 is the diameter
(mm) of the Petri dish and Co is the growth of fungus
(mm) in control. LC50 values (lethal concentration for 50 %
inhibition; mgL−1) were calculated for inhibition of growth
according to Finney[27] by using the statistical computer
program (Indostat Services, Hyderabad).

Results and discussion

Chemistry

Solvent minimization can improve a process by reduc-
ing the problem of volatile organic compound (VOC)
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Fig. 1. General method for the synthesis of cyclohexenone derivatives.

emissions, and by reducing the volume required to carry out
a process. This paper describes solvent-free reactions, lead-
ing to very good yields of chalcones and cyclohexenones
with excellent selectivity. While the reactions itself are
solvent-free, the purification involves moderate amounts of
ethanol for re-crystallization. Nonetheless, both the pro-
cesses, use of aq. medium under MW for the synthesis of
chalcone and solid phase MW reaction to get desired cy-
clohexenones, represent a step towards solvent-free pro-
cessing, and have the potential to be adapted to run a
solvent-less synthetic process.

Chalcones (1-14) were synthesized by a base catalyzed
Claisen-Schmidt condensation reaction of appropriately
substituted acetophenones and benzaldehydes. The method
is attractive since it specifically generates the (E)-isomer.
The IR spectra show the characteristic band for C O at
1655–1660 cm−1, C C Ar at 1600 and 1475 cm−1, while
the vinyl CH=CH appeared at 1295–1300 cm−1. From 1H
NMR spectra, all chalcones were geometrically pure and
with trans-configuration (JHα- Hβ = 15.50 Hz).

The reaction of chalcones with ethyl acetoacetate is
known to lead to three structurally diverse types of com-
pounds, depending on the experimental conditions em-
ployed: pyrylium salts, Michael addition products and
cyclohexenone derivatives. The catalyst plays a key role
in directing the reaction to different end products. A
strong Lewis acid such as boron trifluoride etherate gen-
erates pyrylium cations from the reaction of chalcones
and acetoacetic acid esters, but basic catalysts would turn
the intermediate Michael addition product into cyclo-
hexenones through the intramolecular cyclocondensation
of the methyl group, originating from acetoacetic acid es-

ter, and the ketone function of the initial chalcone. Thus,
in the presence of a base, chalcone and ethyl acetoacetate
produce cyclohexenones (1a – 14a) by means of an inter-
mediate Michael adduct, as outlined in Figure 1 (Table 1).

The cyclocondensation of ethyl acetoacetate with chal-
cones leads to the generation of two chiral centers at C-5
and C-6 in the structure of cyclohexenones. As the explored
reaction is not stereoselective, both configurations of the
chiral carbon atoms are expected to be noticed in the syn-
thesized cyclohexenones, which would result in a mixture of
diastereomers. No attempt to separate the diastereomeric
cyclohexenones has been undertaken, and the cyclocon-
densation products have been characterized in the form of
the mixture originated from the synthesis. Literature re-
veals the involvement of both organic (sodium ethoxide,
piperidine, diethylamine) and inorganic (alkaline hydrox-
ides) basic catalysts in this type of synthesis. In the present
study, the use of potassium carbonate as a catalyst pro-
vided the desired cyclohexenones in good yield. The or-
ganic compounds were extracted with ethanol. The yields
of the cyclocondensation were good, varying from 72 to
95 %. The IR spectra of these compounds revealed a sharp
strong absorption band above 1700 cm−1 that can be corre-
lated with the presence of the ester function in the structure
of cyclohexenones. Furthermore, another sharp and strong
absorption band was noticed at approximately 1660 cm−1

and was assigned to the carbonyl group conjugated with
a carbon-carbon double bond. No other absorption band
could be evidenced in the region of the IR spectrum asso-
ciated with the stretching vibrations of the carbonyl group,
thus excluding the intermediate Michael adduct having an
extra carbonyl group. The 1HNMR spectra substantiated
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Table 2. Fungicidal activity of chalcones and cyclohexenones.

Test fungi

Sclerotium rolfsii Rhizoctonia solani
Compound LC50(mgL−1) LC50(mgL−1)

1 601.3 109.7
2 541.4 662.3
3 628.9 1369.5
4 599.6 421.2
5 605.3 663.1
6 623.7 441.5
7 677.9 375.4
8 679.4 451.9
9 664.9 52.5

10 717.6 238.3
11 744.9 —
12 757.5 65.6
13 522.1 2.36
14 674.8 2.49
1a 323.8 198.6
2a 316.6 233
3a 347.9 116.2
4a 365.8 139.2
5a 315.6 34.2
6a 4308.2 29.2
7a 380.5 396.9
8a 372.3 58.39
9a 6113.1 1044.8
10a 504.5 —
11a — —
12a 285 157.5
13a 319 35.48
14a 304.7 207.8
Hexaconazole 1.27 1.12

the results of the IR analysis. The characteristic signals
of an ethyl ester moiety (a triplet at chemical shift values
of about 1 ppm and a quartet at δ values around 4 ppm)
confirmed the presence of the ester group in the structure of
cyclohexenones. The characteristic signal in the 1H NMR
spectra is however, the singlet of the vinylic proton of the
cyclohexenone ring, that occurs at approximately 6.5 ppm
and confirms that the intramolecular cyclocondensation
subsequent to the Michael addition actually took place.
The protons at C-4, being non-equivalent, appear as two
double doublets around 3 ppm. The signals for the protons
at C-5 and C-6 appear as a multiplet around 3.7 ppm and
aromatic protons appear between 6.7 – 7.8 ppm.

Fungicidal activity

The inhibitory effects of the synthesized compounds were
expressed in terms of 50 % inhibitory concentration (LC50).
The figures in Table 2 indicate that the synthesized com-
pounds are comparatively more active against Rhizocto-
nia solani than Sclerotium rolfsii. Also, against S. rolf-

sii, the cyclohexenones are more active than the parent
chalcones except for compounds 6 and 9. However, no
such generalization is possible when compounds are tested
against R. solani. The compounds i.e., 1-(4-Fluoro-phenyl)-
3-phenyl-propenone (13) and 1,3-Diphenyl-propenone (14)
were highly effective as fungicide against R. solani with
LC50 values 2.36 and 2.49 mg L−1 respectively, compara-
ble with that of commercial fungicide Hexaconazole (LC50
1.27 mg L−1 and 1.12 mg L−1against S. rolfsii and R. solani
respectively). Also compounds 1, 9, 12, 3a, 4a, 5a, 6a, 8a
and 13a showed good fungicidal activity against R. solani
with LC50 values 109.7, 52.5, 65.6, 116.2, 139.2, 34.2, 29.2,
58.39 and 35.5 mg L−1 respectively.

Conclusion

This paper demonstrates the potential of chalcones and de-
rived cyclohexenones as promising fungicides. The bioassay
results showed that compounds 3-(3,4-Dimethoxy-phenyl)-
1-phenyl-propenone (1), 1-(3,4-Dichloro-phenyl)-3-(4-
methoxy-phenyl)-propenone (9), 1-(4-Fluoro-phenyl)-3-
(3-nitro-phenyl)-propenone (12), 1-(4-Fluoro-phenyl)-3-
phenyl-propenone (13), 1,3-Diphenyl-propenone (14), 5-(4-
Methoxy-phenyl)-3-phenyl-6-carbethoxy-2-cyclohexen-1-
one (3a), 5-(3,4,5-Trimethoxy-phenyl)-3-phenyl-6-carbe-
thoxy-2-cyclohexen-1-one (4a), 5-(3,4-Dimethoxy-phenyl)-
3-(4-methoxy-phenyl)-6-carbethoxy-2-cyclohexen-1-one
(5a), 5-Benzo[1,3]dioxol-5-yl-3-(4-nitro-phenyl)-6-carbe-
thoxy-2-cyclohexen-1-one (6a), 3-(4-Chloro-phenyl)-5-(4-
methoxy-phenyl)-6-carbethoxy-2-cyclohexen-1-one (8a),
3-(4-Fluoro-phenyl)-5-phenyl-6-carbethoxy-2-cyclohexen-
1-one (13a) were effective as fungicide. However, detailed
structure-activity relationships, further toxicological data
on other crop pests of economic importance and safety
to non- target organisms have to be determined before
commercial development.
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