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I N T R O D U C T I O N

Enantioselective copper-catalyzed 1,4-addition reactions
with Grignard reagents or organozinc to enones are the impor-
tant resources in organic synthesis [1]. Substrate similar to
chalcone [2], cyclohexenone [3] and chromone [4] are of parti-
cular importance, medical applications arise for enantiopure
1,4-addition products [5]. A wide range of fenchol-based
ligands [6] has established applications in enantiopure, chiral
organolithium aggregates [7] in addition to enantioselective
organozinc catalysts [8]. Step-by-step procedures in which
each reaction step is accompanied by a purification process,
are slow and tedious work. Therefore, stereoselective domino
reactions or in situ provisions of reactions represent a signifi-
cant development because of the step economy [9]. Imple-
menting such conversions in a catalytic approach adding to that
benefits. Domino reaction needs a suitable initiator reaction,
which establishes reactive compounds for the successive step.

The regioselective 1,4-addition reactions of copper thiocyanate
catalyzed Grignard reagents to the substituted chalcones are reported.
The homogeneous solution of dilithium tetrachloromanganate is used
to transmetallate magnesium by using manganese. It adds regio-
selectively to substituted chalcone derivatives and forms 1,4-addition
products with higher yield under nitrogen atmosphere and at a lower
temperature. It have been observed that manganese from dilithium
tetrachloromanganate reagent replaces magnesium from Grignard
reagent and adds regioselectively by 1,4-addition manner utilizing
copper thiocyanate as a catalyst. The course of the reaction in the
absence of dilithium tetrachloromanganate reagent was also studied
and obtained a mixture of 1,2-addition and 1,4-addition products. In
presence of dilithium tetrachloromanganate reagent, a good regio-
selectivity and higher yield of desired 1,4-addition product were
obtained. All the synthesized compounds were also evaluated for their
antibacterial activity against Staphylococcus aureus (Gram-positive),
Escherichia coli (Gram-negative) and antifungal activity against
Aspergillus niger.
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An advantageous beginning reaction is a metal-catalyzed 1,4-
addition of organometallic reagents to α,β-unsaturated carbonyl
compounds [10-18]. The 1,4-addition of organometallic nucleo-
philes provides reactive metal enolates, which can be beneficially
reacted with a wide variety of electrophilic compounds [19,20].
Such enolate-based organic reactions work properly with alde-
hydes [21-25], alkyl halides [26,27], allylic bromides, acetates
[28-31] and nitroso compounds [32]. Metal enolates also react
with epoxides [33] participate in cyclopropanation or cross-
coupling [34] reactions [35]. The hypothesis was also applic-
able in an intramolecular manner with additional unsaturated
carbonyl compounds [36-38]. Organocopper reagent has been
determined as a superior reagent for conjugate addition reaction
and is easily accessible by reaction of copper(I) salt with organo-
metallics like organolithium, Grignard reagent or organozinc
[39]. Organomagnesium halides and organolithium reagents
are similarly applicable for the manufacture of the required
alkyl rhodium(I) complexes. These complexes react without
difficulty with benzoyl, alkoyl and cinnamoyl chlorides in
addition to those of increased complexity to synthesize unsym-
metrical ketones in higher yields. Additionally, alkylrhodium(I)
complexes do not react with esters, aldehydes or nitriles as
acknowledged by the quantitative recovery of ethyl benzoate,
benzaldehyde and benzonitrile added simultaneously with the
acid chloride and carried out through the normal reaction and
isolation processes. Thus, this process allows the ready trans-
formation of acid chlorides to ketones in higher yield under
mild reaction conditions (-78 ºC, THF), in the presence of
other highly reactive functional groups [40]. An additional
advantage is that the starting compound halogenorhodium
complex is converted in the recyclable form in the last step,
eliminating the requirement for constant resynthesis and resul-
ting in no net intake of the rhodium complex.

Carbonyl alkylation for a long time acknowledged being
one of the greatest C-C bond formation reactions in organic
chemistry [41]. Specifically, interest has been concentrated
on the diastereoselective addition of carbon nucleophiles.
Grignard reagents and organolithium to a carbonyl compound
having at a minimum one chiral center, resulting in what has
been called “1,4-asymmetric induction”. Among them, the
addition of carbon-based nucleophiles to chiral centers or
p-alkoxy ketones or aldehydes has been broadly investigated
in the last few years [42]. Consequently, two approaches (non-
chelation and chelation control) have been developed which
permitted the achievement of opposite perception of diastereo-
selectivity by adequately selecting organometallic reagents.
These methodologies have been effectively applied in a variety
of natural product syntheses including pheromones, ionophores
and carbohydrates [43]. In contrast, the alkylation reaction of
ordinary chiral ketones and aldehydes having no capacity to
be chelated is constrained by the steric and electronic factors
(non-chelation control) and the diastereochemical results
would be anticipated by the Cram rule [44]. Here, the several
investigations so far have been reported for obtaining only
one side of selectivity, that is axial selectivity for cyclic ketones
and Cram selectivity for acyclic carbonyl compounds and the
respective equatorial and anti-Cram selectivity have not been
accomplished in absence of suitable methodologies. The main

aim of the study is the development of a reasonable methods
to this problem, which provides a high level of diastereo facial
selectivity earlier to quite complicated by the recent method-
ologies [45].

E X P E R I M E N T A L

The chemicals for the reaction were purchased from Merck
and used after purification. These chemicals were purified by
distillation technique. The solvents used for the reaction were
dried by different techniques like the Na-benzophenone method
for THF drying.  IR spectra were determined on a Shimadzu
Miracle 10 ATR instrument. 1H NMR spectra were recorded
on a bruker 500 MHz spectrometer with CDCl3 as a solvent
and TMS as the internal standard. 13C NMR spectra were reco-
rded on Bruker 125 MHz spectrometer with CDCl3 as the solvent.
Column chromatography was conducted on silica gel 60 (70-
230) mesh. Thin-layer chromatography (TLC) was carried out
on aluminum sheets precoated with silica gel.

Preparation of Li2MnCl4 solution: In a 250 mL single
necked round bottom flask were added LiCl (1 M, 10.598 g)
and MnCl2 (1 M, 15.730 g) and dried under vacuum at 250 ºC
for about 3 h and the solution was allowed to cool at room
temperature followed by the addition of 125 mL dry THF.
The prepared solution was kept under stirring overnight at
room temperature, which is a homogeneous brown coloured
1 M solution of Li2MnCl4 and stable at room temperature for
several days.

Preparation of Grignard reagent: In a 100 mL three-
necked round bottom flask formerly dried using a heating gun
and flushed with purified nitrogen gas were added magnesium
turnings (0.243 g) and diethyl ether (50 mL), to which added
iodine to start the reaction followed by added alkyl/aryl bromide
(1.57 g) dropwise by syringe through the septum. After the
complete addition of alkyl/aryl halide, the mixture was stirred
at room temperature for about 1 h to get a homogenous 1 M
solution of Grignard reagent.

Addition of Grignard reagent to chalcone: In a 100
mL three-necked round bottom flask was added dry THF (10
mL), followed by the addition of Grignard reagent (10 mmol)
and Li2MnCl4 solution (10 mmol) to which added CuSCN (10
mol %) and dropwise addition of chalcone (10 mmol) in THF
at -15 ºC, after complete addition of chalcone derivative the
conversion of reactant to the product was studied by thin-layer
chromatography and reaction were worked up with dil. HCl
and stirred for 15 min. The product was extracted with diethyl
ether (10 mL × 3) and dried over anhydrous Na2SO4 (Scheme-
I).

Spectral data of compounds

1,3,3-Triphenylpropan-1-one (2a): Colourless liquid,
m.f.: C21H18O, IR (KBr, νmax, cm–1): 695, 1710, 1600, 2900,
3000. 1H NMR (500 MHz, CDCl3) δ ppm: 7.82 (m, J = 8, 2.5
& 0.2 Hz, 2H), 7.35 (m, J = 8.1, 2.4 & 0.2 Hz, 2H), 7.42 (dd,
J = 8 & 2.5 Hz, 1H), 3.43 (d, J = 7 Hz, 2H), 4.76 (t, J = 7.0
Hz, 1H), 7.25 (m, J = 8, 2.5 & 0.1 Hz, 4H), 7.27 (m, 8.1, 2.4
& 0.3 Hz, 4H), 7.19 (dd, 8 & 2.5 Hz, 2H), 13C NMR (125
MHz, CDCl3) δ ppm: 136.88, 128.40, 128.64, 132.69, 197.36,
45.84, 48.67, 143.62, 129.49, 128.92, 126.77, Anal. calcd.
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(found) % for C21H18O: C, 88.08 (88.09), H, 6.34 (6.33), O,
5.59 (5.59).

1,3-Diphenyl-3-(pyridin-2-yl)propan-1-one (2b): Pale
yellow liquid, m.f.: C20H17NO, IR (KBr, νmax, cm–1): 1710,
1600, 1650, 2926, 3000, 710. 1H NMR (500 MHz, CDCl3) δ
ppm: 7.83 (m, J = 8, 2.4 & 0.1 Hz, 2H), 7.35 (m, J = 8, 2.5 &
0.1 Hz, 2H), 7.42 (dd, J = 8 & 2.5 Hz, 1H), 3.32 (d, J = 7 Hz,
2H), 4.75 (t, J = 7 Hz, 1H), 7.24 (m, J = 8, 2.3 & 0.3 Hz, 2H),
7.26 (m, J = 8, 2.4 & 0.2 Hz, 2H), 7.19 (dd, J = 8.1 & 2.5 Hz,
1H), 7.47 (ddd, J = 7.68, 1.20 & 0.50 Hz, 1H),7.67 (ddd, J =
7.69, 7.33 & 1.81 Hz, 1H), 7.22 (ddd, J = 7.36, 4.55 & 1.22
Hz, 1H), 8.59 (ddd, J = 4.58, 1.88 & 0.54 Hz, 1H). 13C NMR,
(125 MHz, CDCl3) δ ppm: 136.88, 128.40, 128.64, 132.69,
197.36, 44.40, 51.75, 143.21, 129.69, 128.93, 126.72, 165.50,
127.76, 140.43, 120.90, 146.60, Anal. calcd. (found) % for
C20H17NO: C, 83.59 (83.58), H, 5.96 (5.97), N, 4.87 (4.88), O,
5.57 (5.56).

3-(Furan-3-yl)-1,3-diphenylpropan-1-one (2c): Pale
yellow liquid, m.f.: C19H16O2, IR (KBr, νmax, cm–1): 1715, 1600,
1100, 2920, 3010, 690. 1H NMR (500 MHz, CDCl3) δ ppm:
7.79 (m, J = 8.1, 2.4 & 0.3 Hz, 2H), 7.33 (m, J = 8.2, 2.5 &

0.3 Hz, 2H), 7.40 (dd, J = 8.2, 2. 5 & 0.3 Hz, 1H), 3.29 (d, J =
7 Hz, 1H), 4.80 (t, J = 7 Hz, 1H), 7.23 (m, J = 8.1, 2.4 & 0.2
Hz, 2H), 7.25 (m, J = 8.2, 2.4 & 0.2 Hz, 2H), 7.17 (dd, J = 8.3
& 2.5 Hz 1H), 6.38 (dd, J = 1.74 & 0.91 Hz 1H), 7.33 (dd, J
= 1.75 & 1.05 Hz 1H), 7.39 (dd, J = 1.06 & 0.91 Hz 1H). 13C
NMR (125 MHz, CDCl3) δ ppm: 136.88, 128.40, 128.4,
132.69, 198.58, 48.59, 40.45, 141.41, 129.90, 128.11, 128.18,
128.22, 112.46, 146.19, 140.30, Anal. calcd. (found) % for
C19H16O2: C, 82.58 (82.56), H, 5.84 (5.85), O, 11.58 (11.59).

1,3-Diphenylhex-5-en-1-one (2d): Colourless liquid,
m.f.: C18H18O, IR (KBr, νmax, cm–1): 2970, 1600, 1710, 3000,
940, 695. 1H NMR (500 MHz, CDCl3) δ ppm: 7.80 (m, J = 8,
2.5 & 0.3 Hz, 2H), 7.35 (m, J = 8, 2.4 & 0.1 Hz, 2H), 7.42
(dd, J = 8 & 2.5 Hz, 1H), 3.21 (d, J = 7 Hz, 2H), 3.12 (t, J = 7
Hz, 1H), 7.29 (m, J = 8.1, 2.6 & 0.2 Hz, 2H), 7.26 (m, J = 8.1,
2.5 & 0.2 Hz, 2H), 7.15 (dd, J = 8 & 2.5 Hz, 1H), 2.17 (d, J =
7.7 Hz, 2H), 5.69 (m, J = 12, 17 & 7.6 Hz, 1H), 5.04 (dd, J = 10,
17 & 2.5 Hz, 2H). 13C NMR (125 MHz, CDCl3) δ ppm: 136.88,
128.40, 128.64, 132.69, 198.81, 43.09, 42.72, 144.49, 127.84,
128.50, 127.16, 36.45, 134.31, 117.63. Anal. calcd. (found) %
for C18H18O: C, 86.36 (86.35), H, 7.25 (7.27), O, 6.39 (6.38).
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Scheme-I: Addition of Grignard reagents to substituted chalcones

Asian Journal of Organic & Medicinal Chemistry  143



3-(4-Methoxyphenyl)-1,3-diphenylpropan-1-one (2e):
Colourless liquid, m.f.: C22H20O2, IR (KBr, νmax, cm–1): 2971,
1600, 1120, 3000, 790, 695, 1715. 1H NMR (500 MHz, CDCl3)
δ ppm: 7.84 (m, J = 8, 2.6 & 0.3 Hz, 2H), 7.38 (m, J = 8, 2.5
& 0.2 Hz, 2H), 7.45 (dd, J = 8 & 2.4 Hz, 1H), 3.17 (d, J = 7.5
Hz, 2H), 4.74 (t, J = 7 Hz, 1H), 7.21 (m, J = 8, 2.4 & 0.2 Hz,
2H), 6.99 (m, J = 8.1, 2.4 & 0.3 Hz, 2H), 3.80 (S, 3H), 7.09
(m, J = 8.1, 2.4 & 0.2 Hz, 2H) 7.13 (m, J = 8.0, 2.4 & 0.3 Hz,
2H), 7.21 (dd, J = 8 & 2.5 Hz, 1H). 13C NMR (125 MHz,
CDCl3) δ ppm: 136.88, 128.40, 128.64, 132.69, 197.36, 45.84,
48.67, 135.79, 129.52, 114.16, 157.96, 143.62, 129.49, 128.92,
126.77. Anal. calcd. (found) % for C22H20O2: C, 83.51 (83.52),
H, 6.37 (6.38), O, 10.11 (10.13).

3-(4-Methoxyphenyl)-1-phenyl-3-(pyridin-2-yl)propan-
1-one (2f): Pale yellow Liquid, m.f.: C21H19NO2, IR (KBr, νmax,
cm–1): 2930, 1640, 1150, 3000, 1645, 1600, 695, 820. 1H NMR
(500 MHz, CDCl3) δ ppm: 7.85 (m, J = 8, 2.5 & 1.5 Hz, 2H),
7.38 (m, J = 8, 2.5 & 1.5 Hz, 2H), 7.45 (dd, J = 8 & 2.5 Hz,
1H), 3.20 (d, J = 7 Hz, 2H), 4.74 (t, J = 7 Hz, 1H), 7.19 (m, J
= 8, 2.4 & 0.6 Hz, 2H), 6.98. (m, J = 8.2, 2.4 & 0.5 Hz, 2H),
3.81 (S, 3H), 7.31 (ddd, J = 7.66, 1.20 & 0.40 Hz, 1H), 7.52
(ddd, J = 7.68, 7.32 & 1.81 Hz, 1H), 7.22 (ddd, J = 7.35, 4.61
& 1.28 Hz, 1H), 8.46 (ddd, J = 4.60, 1.89 & 0.55 Hz, 1H). 13C
NMR (125 MHz, CDCl3) δ ppm: 136.88, 128.40, 128.64, 132.69,
197.36, 44.40, 51.75, 135.78, 130.35, 113.56, 158.17, 56.04,
165.50, 127.76, 140.43, 120.90, 146.60. Anal. calcd. (found)
% for C21H19NO2: C, 79.47 (79.48), H, 6.03 (6.02), N, 4.41
(4.42), O, 10.08 (10.09).

3-(Furan-3-yl)-3-(4-methoxyphenyl)-1-phenylpropan-
1-one (2g): Liquid, m.f.: C20H18O3, IR (KBr, νmax, cm–1): 2930,
1600, 1220, 3000, 1715, 810, 695. 1H NMR (500 MHz, CDCl3)
δ ppm: 7.79 (m, J = 8, 2.4 & 0.6 Hz, 2H), 7.33 (m, J = 8, 1.0
& 0.4 Hz, 2H), 7.40 (dd, J = 8 & 2.5 Hz, 1H), 3.56 (d, J = 7
Hz, 2H), 4.78 (t, J = 7 Hz, 1H), 7.20 (m, J = 8, 2.4 & 1.5 Hz,
2H), 6.85 (m, J = 8, 2.5 & 1.5 Hz, 2H), 3.80 (S, J = 6 Hz, 3H),
6.36 (dd, 1.70 & 0.90 Hz, 1H), 7.28 (dd, J = 1.70 & 1.02 Hz,
1H), 7.32 (dd, J = 1.06 & 0.90 Hz 1H). 13C NMR (125 MHz,
CDCl3) δ ppm: 136.88, 128.40, 128.64, 132.69, 198.58, 48.59,
40.45, 133.71, 129.89, 113.75, 159.49, 56.04, 128.22, 140.30,
146.19, 112.46. Anal. calcd. (found) % for C20H18O3: C, 78.41
(78.42), H, 5.92 (5.90), O, 15.67 (15.68).

3-(4-Methoxyphenyl)-1-phenylhex-5-en-1-one (2h):
Liquid, m.f.: C19H20O2, IR (KBr, νmax, cm–1): 2940, 1600, 1100,
3000, 1640, 695, 810, 1715. 1H NMR (500 MHz, CDCl3) δ ppm:
779 (m, J = 8, 2.5 & 1.5 Hz, 2H), 7.35 (m, J = 8, 2.6 & 0.4 Hz,
2H), 7.42 (dd, J = 8 & 2.5, 1H), 3.21 (d, J = 7.0 Hz, 2H), 3.12 (t,
J = 7 Hz, 1H), 7.27 (m, J = 8, 2.5 & 1.2 Hz, 2H), 6.86 (m, J = 8,
1.4 & 0.5 Hz, 2H), 3.80 (S, 3H), 2.51 (d, J = 7.5 Hz, 2H), 5.69
(m, J = 10 & 16 Hz, 1H), 5.04 (dd, J = 10, 17 &2.1 Hz, 2H). 13C
NMR (125 MHz, CDCl3) δ ppm: 136.88, 128.40, 128.64, 132.69,
198.8, 43.09, 42.72, 137.35 127.47, 114.58, 158.02, 56.04, 36.45,
134.31, 117.63. Anal. calcd. (found) % for C19H20O2: C, 81.40
(81.41), H, 7.19 (7.20), O, 11.41 (11.43).

3-(4-Nitrophenyl)-1,3-diphenylpropan-1-one (2i): Liquid,
m.f.: C21H17NO3, IR (KBr, νmax, cm–1): 2930, 1600, 3000, 1540,
850, 710, 1715. 1H NMR (500 MHz, CDCl3) δ ppm: 7.83 (m,
J = 8, 2.5 & 0.4 Hz, 2H), 7.36 (m, J = 8.1, 2.4 & 0.5 Hz, 2H),
7.43 (dd, J = 8.2 & 2.3 Hz, 1H), 3.26 (d, J = 7 Hz, 2H), 4.77

(t, J = 7 Hz, 1H), 7.51 (m, J = 8.0, 2.3 & 1.5 Hz, 2H), 8.17 (m,
J = 8.0, 2.4 & 0.5 Hz, 2H), 7.20 (m, J = 8.0, 2.5 & 0.5 Hz,
2H), 7.26 (m, J = 8.1, 2.4 & 0.6 Hz, 2H), 7.18 (dd, J = 8.0 &
2.3 Hz, 1H). 13C NMR (125 MHz, CDCl3) δ ppm, 136.88, 128.40,
128.64, 132.69, 197.30, 45.84, 48.67, 150.96, 129.65, 124.09,
147.44, 143.67, 129.49, 128.92, 126.77. Anal. calcd. (found) %
for C21H17NO3: C, 76.12 (76.13), H, 5.17 (5.18), N, 4.23 (4.24),
O, 14.49 (14.46).

3-(4-Nitrophenyl)-1-phenyl-3-(pyridin-2-yl)propan-1-
one (2j): Liquid, m.f.: C20H16N2O3, IR (KBr, νmax, cm–1): 2940,
1600, 695, 3000, 1540, 850, 1350, 1715. 1H NMR (500 MHz,
CDCl3) δ ppm: 7.84 (m, J = 8.0, 2.5, 1.5 Hz, 2H), 7.36 (m, J =
7.9, 2.5 & 0.7 Hz, 2H), 7.43 (dd, J = 7.8 & 2.5 Hz, 1H), 3.76
(d, J = 7.0 Hz, 2H), 4.75 (t, J = 7 Hz, 1H), 7.47 (m, J = 8.0, 2.4
& 1.5 Hz, 2H), 8.17 (m, J = 8.0, 2.3 & 0.6 Hz, 2H), 746 (ddd,
J = 7.65, 1.19 & 0.42 Hz, 1H), 7.68 (ddd, J = 7.67, 7.33 &
1.82 Hz, 1H), 7.22 (ddd, J = 7.34, 4.55 & 1.29 Hz, 1H), 8.58
(ddd, J = 4.62 & 0.51 Hz, 1H). 13C NMR (125 MHz, CDCl3)
δ ppm: 136.88, 128.4., 128.64, 132.69, 197.36, 44.40, 51.75,
149.88, 129.91, 124.42, 147.13, 165.50, 12.76, 140.43, 120.90,
146.60. Anal. calcd. (found) % for C20H16N2O3: C, 72.28 (72.27),
H, 4.85 (4.86), N, 8.43 (8.42), O, 14.44 (14.45).

3-(Furan-3-yl)-3-(4-nitrophenyl)-1-phenylpropan-1-
one (2k): Liquid, m.f.: C19H15NO4, IR (KBr, νmax, cm–1): 2940,
1600, 695, 3000, 1540, 850, 1350, 1715, 1H NMR (500 MHz,
CDCl3) δ ppm: 7.82 (m, J = 8.0, 2.5, 1.5 Hz, 2H), 7.34 (m, J =
7.9, 2.5 & 0.7 Hz, 2H), 7.41 (dd, J = 7.8 & 2.5 Hz, 1H), 3.28
(d, J = 7.0 Hz, 2H), 4.81 (t, J = 7 Hz, 1H), 7.49 (m, J = 8.0,
2.4 & 1.5 Hz, 2H), 8.16 (m, J = 8.0, 2.3 & 0.6 Hz, 2H), 6.25
(dd, J = 1.72, 0.90 Hz, 1H), 7.28 (dd, J = 1.75 & 1.05 Hz, 1H),
7.40 (dd, J = 1.06 & 0.92). 13C NMR (125 MHz, CDCl3) δ ppm:
136.88, 128.4., 128.64, 132.69, 198.58, 48.59, 40.45, 150.53,
129.54, 123.14, 148.23, 128.22, 112.46, 146.19, 140.30. Anal.
calcd. (found) % for C19H15NO4: C, 71.02 (71.01), H, 4.71 (4.70),
N, 4.36 (4.35), O, 19.19 (19.21).

3-(4-Nitrophenyl)-1-phenylhex-5-en-1-one (2l): Liquid,
m.f.: C18H17NO3, IR (KBr, νmax, cm–1): 2940, 1600, 1540, 3000,
1640, 695, 810, 1715, 990,1660. 1H NMR (500 MHz, CDCl3)
δ ppm: 7.80 (m, J = 8, 2.5 & 1.5 Hz, 2H), 7.34 (m, J = 8, 2.6
& 0.4 Hz, 2H), 7.42 (dd, J = 8 & 2.5, 1H), 2.80 (d, J = 7.0 Hz,
2H), 3.12 (t, J = 7 Hz, 1H), 7.56 (m, J = 8, 2.5 & 1.2 Hz, 2H),
8.15 (m, J = 8, 1.4 & 0.5 Hz, 2H), 2.49 (d, J = 7.5 Hz, 2H), 5.69
(m, J = 10 & 16 Hz, 1H), 5.04 (dd, J = 10, 17 & 2.1 Hz, 2H),
13C NMR (125 MHz, CDCl3) δ ppm: 136.88, 128.40, 128.64,
132.69, 198.81, 43.09, 42.72, 152.02, 127.99, 124.27, 147.40,
36.45, 134.31, 117.63. Anal. calcd. (found) % for C18H17NO3:
C, 73.20 (73.21), H, 5.80 (5.81), N, 4.74 (4.75), O, 16.25 (16.24).

Antimicrobial activity: All the sythesized compounds
were tested for their antibacterial activity against Staphylococcus
aureus (Gram-positive), Escherichia coli (Gram-negative) and
antifungal activity against Aspergillus niger (fungus).

Agar well diffusion method: The agar plate area was
inoculated by distributing a volume of the microbial inoculum
over the whole agar surface. Then, a small aperture with a dia-
meter of 6 to 8 mm was punched aseptically with a sterilized
cork borer or a tip and a volume (20-100 mL) of the antimicro-
bial agent or extract solution at desirable concentration is passed
into the well. Then, agar plates are incubated at 37 ºC.
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R E S U L T S A N D   D I S C U S S I O N

All the starting compound chalcones were synthesized by
Aldol condensation reactions of aldehydes and ketones. The
Grignard reagents were prepared by using the inert atmosphere
of nitrogen gas. To account for the importance of Li2MnCl4 in
this method, the reactions were performed in the absence and
presence of Li2MnCl4 reagent. It has been observed that reaction
requires a longer time in absence of dilithium tetrachloroman-
ganate and gives lower yields and poor regioselectivity offering
1,2-addition product. However, the reaction was carried out in
the presence of Li2MnCl4 in different solvents like THF, diethyl
ether and 1,4-dioxane wherein the reaction gives different yields
and high regioselectivity (Table-1).

TABLE-1 
EFFECT OF CATALYST AND  

SOLVENT FOR THE SYNTHESIS OF 2a 

Entry Reagent Solvent Time (min) Yield (%) 
1 
2 
3 
4 
5 
6 

Li2MnCl4 
Li2MnCl4 
Li2MnCl4 

– 
– 
– 

THF 
Diethyl ether 
1,4-Dioxane 
THF 
Diethyl ether 
1,4-Dioxane 

40 
50 
70 
60 
65 
90 

82 
75 
62 
70 
62 
58 

 
Table-2 shows the results obtained from using the molar

ratio of Grignard reagent for the synthesis of compound 2a. It
has also been observed that substituted chalcones give higher
results and good regioselectivity with Grignard reagents in the
presence of a homogeneous solution of Li2MnCl4 with copper
thiocyanate. The ratio of the reactants to the Grignard reagents
used was 1:1 and also studied in using different equivalents for
example 1:1.1 and 1:1.2. The nucleophilic attack of the Grignard
reagent was occurred at 1,4-position of substituted chalcones
to yield desired products. It has also been found that the poor
regioselectivity obtained in absence of Li2MnCl4 reagent and
mixture of products were formed with 1,2-addition and 1,4-
addition.

TABLE-2 
EFFECT OF MOLAR RATIO OF GRIGNARD REAGENT  

AND SOLVENT FOR THE SYNTHESIS OF 2a 

Entry Grignard 
(molar ratio) 

Solvent Time (min) Yield (%) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1:1 
1:1 
1:1 

1:1.1 
1:1.1 
1:1.1 
1:1.2 
1:1.2 
1:1.2 

THF 
Diethyl ether 
1,4-Dioxane 
THF 
Diethyl ether 
1,4-Dioxane 
THF 
Diethyl ether 
1,4-Dioxane 

40 
50 
70 
40 
50 
70 
40 
50 
70 

82 
75 
62 
84 
78 
64 
86 
80 
67 

 
Antimicrobial activity: Compound 2g exhibits zone of

inhibition of 2 mm for antibacterial activity, it is less than
compound 2h, 2i and compound 2l. Inhibition zone of 4 mm
was observed in compound 2g for antifungal activity which is
far lower in comparision to all other synthesized compounds.
Compound 2h displays 15 mm of inhibition zone for S. aureus
which is greater than inhibition zone of compound 2l (14 mm)

and compound 2i (12 mm). Compounds 2j and 2k show zero
activity against S. aureus for E. coli, compound 2h shows better
activity with inhibition zone of 9 mm which is higher than
compound 2j (5 mm), compound 2k (4 mm), compound 2i (3
mm) and compound 2g (2 mm). Compound 2l shows zero
activity for E. coli. With the zone of inhibition of 13 mm comp-
ound 2l shows the higher antifungal activity than all the synthe-
sized compounds (Table-3).

TABLE-3 
ANTIMICROBIAL ACTIVITIES OF SUBSTITUTED  

CHALCONES AGAINST BACTERIAL TEST ORGANISM 

Inhibition zone (mm) 
Compound Staphylococcus 

aureus 
Escherichia 

coli 
Aspergillus  

niger 
2g 2 2 4 
2h 15 9 12 
2i 12 3 5 
2j – 5 9 
2k – 4 10 
2l 14 – 13 

Control 6 7 – 

 
Conclusion

In conclusion, 1,4-addition of Grignard reagents to the
various substituted derivatives of chalcones in the presence of
dilithium tetrachloromanganate reagent under nitrogen atmos-
phere resulted in the higher yields. The simple workup of
reaction, higher yields and good regioselectivity of the reaction
make this Li2MnCl4 reagent the most appropriate option to
the reported literature. The fewer reaction times, easy workup
of reaction and higher yield make copper thiocyanate catalyst
a more convenient alternative to the reported methods. The
synthesized compound 2g, 2h, 2i, 2j, 2k and 2l were also tested
for their antibacterial activity against Staphylococcus aureus
(Gram-positive), Escherichia coli (Gram-negative) and anti-
fungal activity against Aspergillus niger (fungus). The findings
of activity of these compounds show the moderate to good
antibacterial and antifungal activities.
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