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Abstract

The (1E4E)-1,5-bis (4-nitrophenyl) penta-1,4-dien-3-one (3) was synthesized by
treatment of acetone with 4-nitrobenzaldehyde using 1:2 mol. respectively in the presence of
basic medium of sodium hydroxide in a good yield. The structure of the prepared compound
was characterized by elemental analysis, IR,'H-NMR, and mass spectra. The newly prepared
compound was screened for the antibacterial activity against Escherichia coli (G-) and
Staphylococcus aureus (G+) bacterial strains by the disc diffusion method, and for their
antifungal activity against Aspergillus flavus and Candida albicans in N,N-
dimethylformamide by the agar diffusion method. The results of the test compound exhibited
low cadre of antibacterial and antifungal activities compared with the standard drug
Amikacin, therefore, minimum bactericidal concentration (MBC) and minimum fungicidal
concentration (MFC) were not determined for the test compound.

Keywords: Chalcones; Claisen-Schmidt reaction; antibacterial activity; disc diffusion
method; agar diffusion method.

Introduction

Chalcones (1,3-diaryl-2-propen-1-ones) are popular intermediates for synthesizing
various heterocyclic compounds. The compounds with the backbone of chalcones have been
reported to possess various biological activities such as antimicrobial, anti-inflammatory,
analgesic, antiplatelet, antiulcerative, antimalarial, anticancer, antiviral, antileishmanial,
antioxidant, antitubercular, antihyperglycemic, immunomodulatory, inhibition of chemical
mediators release, inhibition of leukotriene B, inhibition of tyrokinases and inhibition of
aldosereductase activities.! The presence of a reactive o,B-unsaturated keto function in
chalcones is found to be responsible for their biological activities.! There are varieties of
methods available for preparation of chalcones. The classical Claisen-Schmidt reaction was
chosen to produce chalcones derivatives with elongated conjugated linker between the
aromatic rings using 4-nitrobenzaldehyde and acetone carried out in presence of aqueous
sodium hydroxide (Figure 1). Due to the reversible nature of Claisen-Schmidt condensation
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reaction, the reactants were taken in excess of stoichiometric proportion in order to increase
the o,B-unsaturated product. Antimicrobial tests were examined to the synthesized compound
to observe the antibacterial and antifungal actions of the synthesized compound.

Figure 1 :Chemical structure of (1E,4E)-1,5-bis(4-nitrophenyl) penta-1,4-dien-3-one.

a,pB-Unsaturated ketones, including dimethylidene acetone derivatives, are not
only important building blocks in organic synthesis, but also key chemicals in many
fields including perfumery, biochemistry, agriculture, food chemistry, polymer and
material science, and others” Therefore, the synthesis of these compounds is of great
importance in both academic and industrial circles. Among reported works, Claisen-
Schmidt condensation appears to be the most practical method to prepare o,p-
unsaturated ketones owing to its directness, clean procedures and accessible starting
materials. Despite being discovered over 100 years ago, the enthusiasm for Claisen-
Schmidt condensations never reduces and in recent years, a series of novel catalysts
have been developed for this reaction, such as solid bases®’, nano catalysts8’9, ionic
liquid catalysts'®, fluorous based catalysts'"'?, metal-organic frame works (MOFs)'? and
organocatalysts'*'*. Nevertheless, cheap and abundant NaOH would be expected to be
the most common catalyst for the reaction due to its availability in laboratory, and
indeed this method is still widely employed up to the present'®'”'® But reactions
performed in strong alkaline conditions are corrosive to equipment and generate
unmanageable and corrosive solid waste. These drawbacks have limited the large-scale
application of NaOH. Moreover, methods for the synthesis of dimethylidene acetone
derivatives, especially for those dissymmetrically substituted compounds, have not been
well documented yet. Thus, developing novel alternative synthetic methodologies with
broad scope using mild and common base catalysts is not only desirable but timely for
the field.

Calcium hydroxide is also a readily accessible base and compared with NaOH, it
is much cheaper and less alkaline. Moreover, Ca(OH), is easily neutralized and
precipitated by CO,, which is beneficial from the point of industrial use. However,
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despite several well-known applications in industrial production, examples of the
employment of Ca(OH), as a base catalyst in organic synthesis are rare'’. In some
previous worked out research projects with industries in development of green
synthetic methodologies®?’, an organoselenium-catalyzed green oxidation of o,f-
unsaturated ketones was used to prepare vinyl esters which serve as versatile
copolymers in material science”. To facilitate industrial application, a green and
practical synthesis of a,B-unsaturated ketones (the starting material for vinyl ester
synthesis) was desired.To that end, Ca(OH),-catalyzed Claisen-Schmidt condensation
was applied to prepare o,B-unsaturated ketones. During this work, dilute aqueous
ethanol was unexpectedly found to be the optimal solvent and calcium could be
precipitated by CO, and removed by filtration to afford high purity products after
solvent evaporation. The method allows comprehensive access to versatile o,fB-
unsaturated ketones, including the challenging dissymmetrically substituted
dimethylidene acetone derivatives. Herein, we wish to report our findings.

The above findings and reports prompted us to synthesize the new chalcone
derivative using Claisen-Schmidt condensation reaction between appropriate molar quantities
of suitable reactants in basic medium, and its antimicrobiological screening in view of search
of better antimicrobiological agent. This study was aimed to synthesize a new chalcone
derivative to investigate its antimicrobiological activity. The pertinent literature revealed that
chalcone derivatives have shown numerous biological activities of significant levels.
Therefore, this study may be useful and provide us a new compound of chalcone series as a
novel microbiological agent against bacterial and fungal stains. Further, new addition of
various substituents in the nucleus of chalcone derivative might be useful in view to
investigate biological active compounds showing higher order of potency.

2. Experimental

2.1. Chemicals and Instrumentation

All chemicals were used of high purity and analytical grade (AR) for the synthesis of
compound((1£,4F)-1,5-bis(4-nitrophenyl) penta-1,4-dien-3-one). The 4-nitrobenzaldehyde
and acetone were purchased from Aldrich Co. (Germany). Melting point was recorded on an
Electro thermal 9100 melting point apparatus. IR was run on a pye — Unicam SP — 1100
Spectrophotometer using KBr disc.'H NMR spectra was recorded on a Jeol GLM Ex 300
MHz FTNMR Spectrophotometer in DMSO d¢ solvent using TMS as internal standard,
(chemical shift in ¢ ppm). Mass spectra was recorded in 70 eV varian MAT 300A. Elemental
analysis was performed on Perkin Elmer Model 240 C Analyser. The purity of the compound
was monitored on precoated TLC plates and visualizing the spots under UV light lamp.

2.2. Synthesis of Compound ((1E , 4F) -1,5-bis(4-nitrophenyl) penta -1,4-dien-3-one)
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The compound ((1E , 4E) -1,5-bis(4-nitrophenyl) penta -1,4-dien-3-one) was prepared
by treatment of acetone with 4-nitrobenzaldehyde in presence of basic medium of sodium
hydroxide. 60 ml ethanol was taken in around bottom flask fixed with an air condenser
followed by the addition of 80 ml sodium hydroxide (10 % w /v), 4.0 ml distilled acetone and
8.0 ml 4-nitrobenzaldehyde. The mixture was boiled gently for 5 minutes with shaking
frequently. The product was cooled, filtered under suction pump, washed thoroughly with
cold water, drained well and dried in air. The product was crystallized from ethanol.

Scheme 1. Chalcone derivative preparation
2.3. Biological Activity

The compound (3) was screened for vitro antimicrobial activity. Antibacterial activity
of the compound was measured by using disc diffusion method™ against two bacterial stains,
staphylococcus aureas and Escherichia coli. Antifungal activity of the compound was
evaluated by using poisoned food techniqul**against two fungal stains, Aspergillus flavus and
Candida albicans.The test compound was dissolved in N,N-dimethyl formamide (DMF) to get
Img ml” concentration of stock solution. The inhibition zones were measured in millimeter
(mm) at the end of an incubation period of 48 hrs. at (35+2°C). DMF solvent showed no
inhibition activity. Nutrient Agar (NA) and potato dextrose sugar (PDA) were used as basal
media to test the bacterial and fungal growth inhibition activity, respectively. The results were
compared with standard commercial antibacterial and antifungal drug under similar test
conditions for comparison®" *2. Graded amounts of test compound was incorporated into
measured amount of media used and the minimum inhibitory concentration (MIC) values of
the test compound which completely inhibited the growth of bacteria / fungi were noted.

3. Results and Discussion

3.1. Infrared , "H NMR and mass spectra of (1E , 4E) -1,5-bis (4-nitrophenyl) penta -
1,4-dien-3-one):
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The structure of the synthesized compound was characterized by physical, analytical
and spectral data, which are given in Tables 1 and 2.

Table 1. Physical data of compound (3)

Compound Mop. °C Solvent MF Elemental Analysis(%)
Calculated / Observed
No. Colour (Yield) (M wt.)
C H N
3 158 -160 Ethanol Ci7HpNL,Os | 62.96 3.73 8.64
Brown 94 324.29 62.90 3.68 0.57

Table 2. IR, and '"H NMR Spectroscopic data for compound (3)

Compound IR (KBr) b cm™' 'HNMR & (ppm)
No.
3 1723 (C=0) 7.56 (d,CH=CH ,J=8.7
1562 (C=0) Hz) 6.98 (m, Phenyl
Protons)

The infrared spectrum (IR) of compound (3) ( Table 2 ) exhibited a strong stretching
frequency band for the carbonyl group at 1723 cm” and two strong bands at 1562 and1608
cm’'due to (C=C) of aromatic rings, and conjugated system (-C=C-CO-C=C-) of o,p-
unsaturated carbonyl respectively.

The "H NMR spectrum of compound (3) in deuterated DMSO-dg (Table 2) showed a
doublet signal at 7.56 ppm due to (-CH=CH , J=8.7 Hz), as well as multiplets in range 6.98 —
7.25 ppm due to phenyl protons. The mass spectrum of compound (3) showed the following
peaks of (m/z) values followed by (%) of relative abundances: [M-3] = 321 (12%), 279
(10%), 232 (10%), 176 (74%), 102 (52%), 63 (100%).

The results of the spectral data of the synthesized compound (3) are consistent with
the spectral data of similar compounds of previous studies.* **
and spectral data of the synthesized compound fully support its final structure as (1E,
4F) -1,5- bis(4- nitrophenyl) penta-1,4-dien-3-one.

Thus, the elemental analysis

3.2. Antimicrobial activity

The results of antimicrobial activity of the test compound are presented in Table 3 and 4.
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Table 3. Antimicrobial activity data of compound (3) (Inhibition zones, mm),
Amikacin was used as standard.

Sample Staphylococcus Escherichia Aspergillus Candida

P Aureas Coli flavas albicans
Compound (3) 15 30 22 28
Amikacin 18 29 24 31

Table 4. Antimicrobial activity data of compound (3) (MIC, mg/ml), Amikacin was
used as standard.

Minimum Inhibitory Concentration(MIC) mg/ml
Samples Staphylococcus E.coli Aspergillus Cagdlda
aureus flavas albicans
(k“?gsund 312.5 78.13 625 312.5
Amikacin 19.53 9.76 9.76 39.06
700
625
600 - m Compound (3)
m Amikacin

500 -

400 -

300 -

200 -

100

minimum inhibitory concentration (mg/ml)

Staphylococcus E.coli Aspergillus flavas Candida albicans
aureus

Figure 2. Minimum Inhibitory Concentration (MIC)
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Table 3 shows the antibacterial activity data of the test compound and standard
drug Amikacin. Results data indicate that test compound has less antibacterial action
(inhibition zone: 15 mm) than Standard drug (inhibition zone: 18 mm) against
Staphylococcus aureus bacterial stain, however, slightly more antibacterial activity was
found in test compound (inhibition zone: 30 mm) than standard drug (inhibition zone :
29 mm) against Escherichia coli bacterial stains.

Table 3 also represents the antifungal activity data of the test compound (3) and
standard drug, Amikacin. It is apparent from the results that test compound (3) has
lesser antifungal activity than the standard drug, Amikacin against both fungal stains
(test drug inhibition zone: 22 mm and 28 mm and standard drug inhibition zone: 24
mm and 31 mm against Aspergillus and Candida albicans fungal stains, respectively).

Table 4 and Figure 2 shows the comparative antibacterial and antifungal activity
data of the test compound and standard drug Amikacin given in minimum inhibitory
concentration (MIC).

The comparative analysis of the antibacterial activity data shows that Minimum
inhibition concentration of test compound is about 16 times and 8 times more than the
standard drug against Staphylococcus aureus and E. coli bacterial stains. This indicates
that test compound is more effective against inhibition of growth of E. coli than
Staphylococcus aureus, lowerg, the minimum inhibitory concentration of test compound
was 8 times higher to standard drug.

The comparative analysis of the results of antifungal activity of the test
compound and standard drug Amikacin indicates that test compound has antifungal
activity but requires 8§ times and 64 times more minimum inhibitory concentration than
standard drug against candida albicans and Aspergillus flavus fungal stains. Results
show that test compound is 8 times more potent against candida albicaus than
Aspergillus flavus fungal stain. Thus, it is apparent from the antimicrobial screening of
test compound (3) that it has good antibacterial and antifungal activities against
pathogenic microbes almost similar to the standard drug but potency of the test
compound (3) is many fold lower than the standard drug. Standard drug is able to
produce antimicrobial activity in very low concentration than test compound (3). It is
important to mention here that minimum bactericidal concentration (MBC) and
minimum fungicidal concentration (MFC) of the test compound were not determined
because the test compound exhibited very low cadre of potency in comparison to
standard drug Amikacin.
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