
INTRODUCTION

Flavanones, which exhibited broad
spectrum of biological activities, have long attracted
the interest of chemists. The most commonly
reported biological activities include neuron
protection, anti-tumor, anti-metastasis, anti-
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ABSTRACT

The currently available antimicrobial drugs suffer from toxicity, interactions with other
drugs, insufficient pharmacokinetic properties, and the development of resistance. Thus,
development of new antimicrobial agents with optimum pharmacokinetics and low toxicity is
important. In this study, a series of flavanone, hydrazone derivatives have been prepared from
flavanone under microwave irradiation after a very short reaction time (1-2 min.) with good yields.
The structures of the synthesized compounds were elucidated using various spectroscopic
methods. The screening of the synthesized compounds for antimicrobial activity was performed
against Staphylococcus aureus, Escherichia coli, C. Albicans and Aspergillus niger. Some of the
synthesized compounds show potent anti microbial activity.

Key words: Microwave irradiation, Flavanone, Hydrazone, Isoniazide, Antimicrobial activity.

microbial, anti-oxidant, anti-inflammatory, and anti-
viral activities1-8. Flavanones, which have chemical
structures embedded with a 2-aryl chroman-4-one
skeleton, are widely distributed in plants9 and are
available from synthetic sources. The major and
most commonly reported synthetic methods for
flavanones 4 usually involve the Claisen Schmidt
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reaction of o-hydroxyacetophenones 1 with
benzaldehydes 2 to produce chalcone
intermediates 3 using various catalysts10-14, followed

by cyclization with various bases15, acids16, or other
materials (Scheme 1)17.

Scheme 1:

Recently, we reported the simple and
efficient microwave-assisted synthesis of 2'-
hydroxychalcones and flavanones in one step  with

high yield and no side products14 highlighting the
role of different substituent in directing the reaction
to pure chalcone or flavanone product (Figure 1).

Fig. 1: Substitution effect in synthesis of flvanone
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The use of microwave irradiation in
organic synthesis has become increasingly popular
within the pharmaceutical and academic areas, as
a new technology enabling drug discovery and
development18,19. By taking advantage of this
efficient source of energy (enhanced reaction rates,
high yields, improved purity, ease of work up after
the reaction and eco-friendly reaction conditions
relative to conventional methods), compound
libraries for lead generation and optimization can
be assembled in a fraction of the time required by
classical thermal methods.

Prompted by these observations and the
importance of flavanones, we report the microwave-
assisted synthesis of new flavanone derivatives and
the evaluation of their antimicrobial activity.

EXPERIMENTAL

Materials and methods
All materials and reagents of the best

available quality were purchased from commercial
sources and used without further purification.
Melting points are uncorrected and were
determined on Gallenkamp-melting point
apparatus. NMR spectra were recorded on JEOL
ECP 400 (400 MHz) in CDCl3 and expressed as ´
in ppm. Mass spectra were recorded on Shimadzu
QP-5050A GC/MS system. Microwave experiments
were carried out using CEM MARS synthatorTM

microwave apparatus. TLC was performed on (TLC
plates silica gel 60F245 pre-coated 20×20 cm layer
thickness 0.25 mm). Elemental analyses were
carried out on EuroVector instrument C, H, N, S
analyzer EA3000 Series. Microwave experiments
were carried out using CEM MARS synthatorTM

microwave apparatus with temperature control for
MW experiments using IR sensor. Flavanone 4a-
d14 was prepared according to the reported
literature.

Typical procedure for synthesis of flavanone
derivatives 5a-d and 10a-d

An equimolar amount of flavanone 4a-d
and phenyl hydrazine or isoniazide were mixed in
a process vial in presence of 1 ml acetic acid and
irradiated with microwave (Power 300 watt) for 1-2
min (as examined by TLC), after reaction
completion the precipitate was filtered and washed

with ethanol and the products (81-92% yield) were
crystallized from ethanol. The synthesized
compounds with their physical data are listed
below.

1-(6-Bromo-2-phenylchroman-4-ylidene)-2-
phenylhydrazine.
m.p. 112-114 oC, yield 81%; IR (KBr): 3327 (NH),
1605 (C=N), cm-1; 1H NMR (400 MHz, CDCl3) : 2.76
(dd, 1H, J = 16.8, 5.1 Hz, H3a), 3.34 (dd, 1H, J = 2.9,
16.8 Hz, H3b), 5.25 (dd, 1H, J = 2.9, 11.7 Hz, H2),
7.26-7.85 (m, 13H, Ar-H), 9.56 (s, 1H, NH, D2O-
exchangeable), 13C NMR (100 MHz, CDCl3) : 39.9,
77.2, 112.5, 114.9, 116.6, 121.7, 124.3, 127.0,
127.6, 128.0, 128.8, 129.7, 134.1, 139.9, 143.1,
147.9, 155.1. MS (m/z): 392 (M+). (Found: C, 64.38;
H, 4.28; N, 6.95 C21H17BrN2O Calc. C, 64.13; H, 4.36;
N, 7.12%).

1-(6-Chloro-2-phenylchroman-4-ylidene)-2-
phenylhydrazine. 5b
m.p. 194-195 oC, yield 88%; IR (KBr): 3323 (NH),
1599 (C=N), cm-1; 1H NMR (400 MHz, CDCl3)  :
2.77 (dd, 1H, J = 16.8, 4.4 Hz, H3a), 3.36 (dd, 1H, J
= 4.4, 16.8 Hz, H3b), 5.22 (dd, 1H, J = 2.2, 11.7 Hz,
H2), 7.19-7.77 (m, 13H, Ar-H), 9.55 (s, 1H, NH, D2O-
exchangeable), 13C NMR (100 MHz, CDCl3) : 39.7,
77.2, 112.1, 114.2, 119.8, 121.00, 125.1, 126.1,
127.5, 128.0, 128.9, 129.9, 134.0, 139.5, 143.0,
145.2, 154.7. MS (m/z): 348 (M+). (Found: C, 72.64;
H, 4.78; N, 7.83; C21H17ClN2O Calc. C, 72.31; H, 4.91;
N, 8.03%).

1-(6-Methoxy-2-phenylchroman-4-ylidene)-2-
phenylhydrazine. 5c

m.p. 174 oC, yield 81%; IR (KBr): 3298
(NH), 1605 (C=N), cm-1; 1H NMR (400 MHz, CDCl3)
: 2.72 (dd, 1H, J = 16.9, 5.1 Hz, H3a), 3.33 (dd, 1H,
J = 16.9, 2.9 Hz, H3b), 3.83 (s, 3H, OMe), 5.16 (dd,
1H, J = 2.9, 11.7 Hz, H2), 7.21-7.88 (m, 13H, Ar-H),
9.42 (s, 1H, NH, D2O-exchangeable), 13C NMR (100
MHz, CDCl3) : 39.7, 50.1, 77.1, 112.3, 115.0, 116.5,
119.0, 121.6, 126.5, 127.8, 128.1, 129.4, 139.1,
143.0, 147.2, 148.9, 154.4. MS (m/z): 344 (M+).
(Found: C, 77.02; H, 5.73; N, 7.95; C22H20N2O2 Calc.
C, 76.72; H, 5.85; N, 8.13%).

1-(2-(4-Chlorophenyl)-6-methoxychroman-4-
ylidene)-2-phenylhydrazine. 5d
m.p. 133-135 oC, yield 82%; IR (KBr): 3322 (NH),
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1602 (C=N), cm-1; 1H NMR (400 MHz, CDCl3) ́ :  2.71
(dd, 1H, J = 16.8, 4.5 Hz, H3a), 3.35 (dd, 1H, J = 2.9,
17.6 Hz, H3b), 3.81 (s, 3H, OMe), 5.20 (dd, 1H, J =
2.9, 11.8 Hz, H2), 7.20-7.78 (m, 12H, Ar-H), 9.44 (s,
1H, NH, D2O-exchangeable), 13C NMR (100 MHz,
CDCl3) : 39.9, 51.0, 76.3, 112.2, 114.9, 116.5, 119.1,
121.0, 126.2, 129.0, 129.9, 134.0, 136.6,  143.2,
147.2, 149.5, 154.5. MS (m/z): 378 (M+). (Found: C,
70.08; H, 4.92; N, 7.19; C22H19ClN2O2 Calc. C, 69.75;
H, 5.05; N, 7.39%).

4-(2-(6-bromo-2-phenylchroman-4-ylidene)
hydrazinyl)pyridine. 10a

m.p. 200-202 oC, yield 84%; IR (KBr): 3365
(NH),  1690 (C=O), 1598 (C=N), cm-1; 1H NMR (400
MHz, DMSO) : 2.77 (dd, 1H, J = 17.6, 5.1 Hz, H3a),
3.38 (dd, 1H, J = 16.8, 2.9 Hz, H3b), 5.25 (dd, 1H, J =
2.9, 11.7 Hz, H2), 6.92-7.88 (m, 12H, Ar-H and
Pyridine-H), 9.56 (s, 1H, NH, D2O-exchangeable),
13C NMR (100 MHz, DMSO) : 39.6, 77.2, 113.4,
114.1, 114.8, 119.5, 122.7, 126.5, 127.6, 128.0,
133.0, 134.0, 139.1, 140.1, 145.9, 154.6, 160.2. MS
(m/z): 421 (M+). (Found: C, 60.03; H, 3.69; N, 9.78;
C21H16BrN3O2 Calc. C, 59.73; H, 3.82; N, 9.95%).

4-(2-(6-chloro-2-phenylchroman-4-ylidene)
hydrazinyl)pyridine. 10b

m.p. 194-195 oC, yield 92%; IR (KBr): 3359
(NH), 1697(C=O), 1605 (C=N), cm-1; 1H NMR (400
MHz, CDCl3) : 2.75 (dd, 1H, J = 16.8, 5.1 Hz, H3a),
3.39 (dd, 1H, J = 17.6, 4.4 Hz, H3b), 5.29 (dd, 1H, J =
2.9, 12.4 Hz, H2), 6.89-7.91 (m, 12H, Ar-H and
Pyridine-H), 9.56 (s, 1H, NH, D2O-exchangeable),
13C NMR (100 MHz, CDCl3) : 39.6, 77.2, 113.5,
114.0, 117.1, 122.9, 126.0, 127.6, 127.9, 128.5,
128.7, 132.0, 138.2, 139.9, 145.9, 154.6, 159.2. MS
(m/z): 377 (M+). (Found: C, 66.99; H, 4.18; N, 10.98;
C21H16ClN3O2 Calc. C, 66.76; H, 4.27; N, 11.12%).

4 - ( 2 - ( 6 - M e t h o x y - 2 - p h e n y l c h r o m a n - 4 -
ylidene)hydrazinyl)pyridine. 10c

m.p. 144-145 oC, yield 88%; IR (KBr): 3361
(NH), 1691 (C=O), 1601(C=N), cm-1; 1H NMR (400
MHz, CDCl3) :  2.73 (dd, 1H, J = 16.8, 4.4 Hz, H3a),
3.36 (dd, 1H, J = 2.9, 16.8 Hz, H3b), 3.77 (s, 3H,
OMe), 5.18 (dd, 1H, J = 2.9, 11.7 Hz, H2), 7.01-7.84
(m, 12H, Ar-H), 9.45 (s, 1H, NH, D2O-exchangeable),
13C NMR (100 MHz, CDCl3) : 39.8, 50.8, 77.1, 112.2,
114.7, 116.2, 117.0, 117.3, 121.9, 126.9, 127.1,

128.0, 138.0, 139.6, 147.1, 150.4, 154.4, 160.0. MS
(m/z): 373 (M+). (Found: C, 70.98; H, 5.07; N, 11.09;
C22H19N3O3 Calc. C, 70.76; H, 5.13; N, 11.25%).

4-(2-(2-(4-chlorophenyl)-6-methoxychroman-4-
ylidene)hydrazinyl)pyridine. 10d

m.p. 124-126 oC, yield 86%; IR (KBr): 3359
(NH), 1690 (C=O), 1602 (C=N), cm-1; 1H NMR (400
MHz, CDCl3): 2.71 (dd, 1H, J = 16.8, 4.4 Hz, H3a),
3.36(dd, 1H, J = 2.9, 16.8 Hz, H3b),3.71 (s, 3H, OMe),
5.20 (dd, 1H, J = 2.9, 12.4 Hz, H2), 6.89-7.92 (m,
11H, Ar-H), 9.45 (s, 1H, NH, D2O-exchangeable),
13C NMR (100 MHz, CDCl3) : 39.4, 51.0, 76.3, 112.8,
114.0, 116.1, 117.2, 117.9, 122.0, 126.2, 128.7,
134.1, 135.2, 139.7, 146.8, 150.2, 154.5, 160.0. MS
(m/z): 407 (M+). (Found: C, 65.07; H, 4.33; N, 10.14.
C22H18ClN3O3 Calc. C, 64.79; H, 4.45; N, 10.30 %).

Antimicrobial activity
The antimicrobial activity was investigated

on the newly green synthesized Hydrazon,
Flavanone and Iso-niazide compounds. The
antimicrobial profile was evaluated by measuring
the inhibitory effects and the potency of such
compounds against Gram positive, Gram negative
bacteria and fungi using the agar diffusion
technique29.

The bacterial strains Escherichia coli (E.
coli) and Staphylococcus aureus (S. aureus) were
cultured on nutrient agar. The fungal strains Candida
albicans (C. albicans) was maintained on Yeast malt
extracts medium (YM), while Aspergillus niger (A.
niger) was maintained on Czapeck Dox medium.
All the four strains were used against the tested
compounds for antimicrobial evaluation.

Suspension of the above mentioned
bacterial strains was prepared by inoculating fresh
stock cultures into separate broth tubes, each
containing 7 ml of nutrient broth. The inoculated
tubes were incubated at 27 ± 2°C for 24 h.
Solutions of the tested compounds and reference
drugs were prepared by dissolving 0.5 g of the
compound in chloroform (5 ml).

RESULTS AND DISCUSSION

As the condensation reactions of amines
and hydrazines with ketones are usually catalysed



439AL-BOGAMI et al., Orient. J. Chem.,  Vol. 30(2), 435-443 (2014)

by acids or bases, the synthetic route to
phenylhydrazone derivatives 5a-d is illustrated in
Scheme 2. The starting flavanone derivatives 4a-d
were prepared from the corresponding 2'-
hydroxyacetophenones according to the literature
method14. The synthesis of phenylhydrazone
derivatives 5a-d was attempted by the  reaction of
flavanone 4a-d with phenylhydrazine under

microwave irradiation in the presence of 1 ml of
acetic acid, which resulted in good to excellent yield
of pure phenylhydrazone products in very short
reaction times (1-2 min.). The synthetic route to
phenylhydrazone derivatives 5a-d is illustrated in
Scheme 2.

4,5 R1 R2 R3 R4 R5 R6 R7 R8

A H H Br H H H H H

B H H Cl H H H H H

C H H OMe H H H H H

D H H OMe H H H Cl H

Scheme 2: synthesis of flavanone hydrazone derivatives 5a-d

Theoretically, the reactivity of flavanone
derivatives toward N-nucleophiles, such as
substituted hydrazine, is related to two sites: the
carbonyl group and C-2 position. The attack of
hydrazine to the C-2 position of a chroman ring

could result in ring opening and subsequent
pyrazoline formation. Previously, the reaction of
flavanone derivatives with substituted hydrazines
has been investigated under different conditions20.21.
Kállay et al. have reported that flavanone

Scheme 3: Proposed mechanism for formation of flavanone hydrazone derivatives.
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hydrazones are predominantly obtained under
acidic conditions while alkaline conditions give the
pyrazolines and the 2-hydroxychalcone derivatives
due to the ring cleavage of the hetero ring of
chromanone20. Similarly, in our experiment with
flavanone 4a-d, the hydrazone derivatives were
predominantly obtained under mild acidic
conditions, Scheme 3.

The structures of compounds 5a-d were
characterized by IR, 1H NMR and mass
spectroscopy as well as elemental analysis. For
example, the IR spectra of compound 5a did not
show any absorption due to the presence of C=O

groups, and a broad band was observed at 3298-
3327 cm-1 due to the presence of a N”H bond. The
1H NMR spectrum of 5a showed a singlet D2O
exchangeable signal at d 9.56 for NH; three doublets
of doublet signals at d 2.76 (J = 16.84, 5.12 Hz),
3.34 (J = 2.92, 16.84 Hz) and 5.25 (J = 2.96, 11.76
Hz) for H-3a, H-3b and H-2 of the chroman ring,
respectively; and a multiplet of aromatic protons at
d 7.26-7.85 ppm.

In a similar manner, the isoniazid
(isonicotinylhydrazine) (9) reacted with flavanone
derivatives 10a-d under microwave irradiation to
give the corresponding hydrazone derivatives,
Scheme 4.

4,10 R1 R2 R3 R4 R5 R6 R7 R8

A H H Br H H H H H
B H H Cl H H H H H
C H H OMe H H H H H
D H H OMe H H H Cl H

Scheme 4: Synthesis of flavanone hydrazone derivatives 10a-d

The structure of flavanone derivatives 10a-
d was assigned based on their elemental analyses
and spectral data. For example, the 1H NMR
spectrum of compound 10a revealed a singlet D2O
exchangeable signal at d 9.56 for NH; three doublets
of doublet signals at d 2.77 (J = 17.60, 5.16 Hz),
3.38 (J = 2.92, 16.84 Hz) and 5.25 (J = 2.96, 11.76
Hz) for H-3a, H-3b and H-2 of the chroman ring,
respectively; and a  multiplet of aromatic protons at
d 6.92-7.88 ppm. The mass spectrum of the same
compound revealed a peak corresponding to its
molecular ion at m/z 421.

It was found that microwave irradiation has
a beneficial effect on the synthesis of flavanone
derivatives. The above reactions took less than 5
min., and provided excellent yields.

Antimicrobial activity
The results in table 1 showed that

flavanone compounds were the most potent among
the three classes (flavanone, hydrazone and
isoniazide) in terms of antibacterial activity. The
highest inhibition zone against E. coli was detected
by flavanone compound 4a followed by 4c, while,
4d was the most potent flavanone compound
against S. aureus. Compounds 5d, 5c and 5b of
hydrazone were the most potent and exhibited the
highest inhibition zone against E. coli while, 5b was
the most potent compound against S. aureus. The
isoniazide 10c and 10b were the most potent
compounds against E. coli and the 10b isoniazide
was the most potent compound against S. aureus.

The results in table 2 revealed that
hydrazone compounds were the most potent among
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Table 1: Antibacterial activity of test compounds and reference druga

Compounds Inhibition zone diameter (mm)

G-ve G+ve
E. coli Potency S. aureus Potency

Control 0.0±0.0 0.0 0.0±0.0 0.0
Standardb 12.0±0.2 1.0 13.0±0.5 1.0
Flavanone
4a 19.0±1.4 1.6 16.0±1.4 1.2
4b 16.0±1.4 1.3 14.5±0.7 1.1
4c 17.5±0.7 1.5 16.0±0.0 1.2
4d 17.0±0.0 1.4 16.5±0.7 1.3
Hydrazone
5a 12.5±0.7 1.04 0.0±0.0 0.0
5b 16.5±0.7 1.4 20.0±0.0 1.5
5c 18.0±0.0 1.5 11.0±0.0 0.8
5d 21.5±0.7 1.8 15.5±0.7 1.2
Isoniazide
10a 14.0±1.4 1.2 12.0±0.0 0.9
10b 16.0±1.4 1.3 14.0±1.4 1.1
10c 17.0±0.0 1.4 11.0±0.0 0.8
10d 13.5±2.1 1.1 0.0±0.0 0.0

a Chloroform has no antibacterial activity at the concentration used to dissolve the test compounds.
b Standard for bacteria: chloramphenicol.

Table 2: Antibacterial activity of test compounds and reference druga

Compounds Inhibition zone diameter (mm)

Yeast Mould
C. albicans Potency A. niger Potency

Control 0.0±0.0 0.00 0.0±0.0 0.00
Standardb 15.5±1.2 1.00 14.0±1.4 1.00
Flavanone
4a 13.5±2.1 0.9 12.0±0.0 0.9
4b 0.0±0.0 0.0 0.0±0.0 0.0
4c 0.0±0.0 0.0 0.0±0.0 0.0
4d 0.0±0.0 0.0 0.0±0.0 0.0
Hydrazone
5a 0.0±0.0 0.0 0.0±0.0 0.0
5b 20.0±0.0 1.3 14.5±2.1 1.0
5c 17.5±0.0 1.1 20.0±0.0 1.4
5d 20.0±0.0 1.3 20.0±0.0 1.4

Isoniazide
10a 34.0±1.4 2.2 14.0±0.0 1.0
10b 23.5±2.1 1.5 14.0±2.8 1.0
10c 15.5±0.7 1.0 0.0±0.0 0.0
10d 0.0±0.0 0.0 0.0±0.0 0.0

a Chloroform has no antibacterial activity at the concentration used to dissolve the test compounds.
b Standard for bacteria: chloramphenicol.
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the three classes (flavanone, hydrazone and
isoniazide) in terms of antifungal activity. None of
the flavanone compounds exhibited potency
against C. albicans and A. niger. Compounds 5b
and 5d of hydrazone were the most potent and
exhibited high inhibition zone against C. albicans
whereas 5c and 5d were the most potent against A.
niger. Isoniazide 10a and 10b compounds were
the most potent compounds against C. albicans and
none of the isoniazide compounds had any effect
against A. niger.

Several recent reviews and studies have
reported the antimicrobial efficacy of flavanone
molecules22-24. The antimicrobial effectiveness of
flavonoids is due to their abilities to form complexes
with both extracellular and soluble proteins as well
as bacterial membranes25,26. The penetration into
the cell and the maintenance of intracellular
concentrations in infecting species becomes a
critical concern for the development of flavonoids

as the next generation of antibacterial/antifungal
agents.

Hydrazone-type compounds containing
azomethine constitute an important class of
compounds for new drug development. It is well
known that the hydrazone group plays an important
role in antimicrobial activity27. It has been claimed
that a number of hydrazide-hydrazone derivatives
possess interesting antibacterial and antifungal
activities28.

CONCLUSIONS

A series of flavanone hydrazone
derivatives have been prepared from flavanone
under microwave irradiation in very short reaction
time (1-2 min.) and good yields. Some synthesized
compounds show potent anti-microbial activity.
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