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1. Introduction 

        Ketones with two aromatic groups connected via an 

enone (Ar–COCH=CH–Ar) are called (Chalcones) [1]. 

Additionally, there are widespread chalcones, 

particularly (trans-1,3-diaryl-2-propen-1-ones) in 

natural products, that are an intermediate in the 

biosynthesis of flavonoids. Chalcones possess α,β-

unsaturated ketone moiety, which leads to several 

biological activities. Several productive compounds, 

such as flavonoids and iso-flavonoids, which are usually 

human diet constituents, are synthesized from chalcones 

as precursors [2]. The condensation reaction between 

aryl aldehydes and acetophenone in the presence of a 

catalyst readily gives chalcones as the product [3]. 

Aldehydes, substituted aryl, including 5- and 6- 

membered ring heteroaryl, and acetophenones were 

selected as constituents for the chaconne array [4]. There 

is a wide spreading attention toward chalcones due to the 

simplicity in their structure vital pharmacological 

influence, and biological activities such as anti-

inflammatory [3, 5, 6], antibacterial and antifungal [7], 

antimalarial [8, 9], antioxidant [10], antitubercular [11], 

antitumor [12], antiviral [13], antimicrobial [14], 

antihypertensive [15], antileishmanial [16], antimitotic 

[10], and anticancer activities [17]. Several protocols and 

procedures have been documented for the preparation of 

chalcones. Among them, Aldol condensation and 

Claisen-Schmidt condensation are considered high-

quality and powerful methods still in use. 

Claisen-Schmidt condensation reaction is reported to be 

the best method to synthesize chalcones in the presence 

of alkaline bases [18] such as Ba(OH)2 [19], LiOH, with 

ultrasonic irradiation and microwave irradiation [20]. 

The nitro group (–NO2) is considered one of the most 

useful functional groups in organic synthesis, 

biochemistry, and other relevant fields. The crucial point 

to be noticed regarding this manner is the association of 

powerful electron attraction (E.A.) character, 

significantly depending on the moiety type that nitro 

group is attached. Moreover, the (–NO2) group possess 

high electronegativity which resulting in the strong 

inductive electron-accepting property, which influences 

the electronic and energetic properties of the compounds 

[21] 

The definition of Michael addition reaction stated upon 

the 1,4- nucleophilic addition (Michael donor) to an 

unsaturated carbonyl group having an electron-

withdrawing group (Michael acceptor) [22]. Generally, 

it is utilized for the chemical bond formation and 

synthesizing building block in organic chemistry [23]. 

This type of reaction is a flexible procedure for the 

addition of those compounds having conjugated 

nucleophilic group with an unsaturated electron-

withdrawing substituent. The common Michael donor 
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mainly contains amine (-NH2), alcohol (-OH.), and thiol 

(-SH.) [24], and their corresponding reaction name are 

Aza-Michael addition [25], Oxa-Michael addition [26], 

and Thiol-Michael addition [24]. The rate of the reaction 

process depends on the two main factors (1) type of 

electrophile and nucleophile, and (2) steric hindrance 

[27]. Michael reaction has a wide spreading application 

in organic synthesis and is considered one of the most 

efficient methods to impact the formation of carbon-

carbon bond [28, 29]). Commonly, Michael additions are 

accompanied by a suitable solvent at room temperature 

and/or elevated temperature when a strong base is 

present [30]. One of the most powerful economically 

carbon-carbon bond construction is asymmetric Michael 

addition of nitro-alkanes to enones, which provides 

useful adducts to be transformed into several important 

optical active compounds, for instance, unnatural amino 

acids and pyrrolidines [31]. Therefore, catalytic 

asymmetric reaction alternatives, either by using metal 

catalyst [32] and organic catalyst have developed 

successfully [33-35]. The asymmetric Addition of 

nitroalkanes to cyclic enones [36] and chalcones [37] has 

accomplished an excellent yield (up to 99%). However, 

few reports about (cinnamons) have been reported [38]. 

Transformation of nitroalkanes to chalcones which is an 

asymmetric Michael addition reaction, was first reported 

in 2001 by Sundararajan and coworkers [39]. Utilization 

of LiAl and a chiral polymer as a catalyst in the system, 

following several catalytic systems have developed 

producing a numerous chiral product with excellent yield 

[40]. 

Therefore, the objective of the current study is to 

investigate the in vitro antimicrobial and DPPH 

scavenging activity of new synthesized compounds from 

the Addition of nitroalkane to chalcones, in order to 

show the consequence of the nitro and ketone groups in 

the molecule, on the reactivity of the compounds. 

2. Experimental 

2.1. General 

    Reagent and materials all chemicals and solvents used 

of analytical reagent (A.R) grade quality and were used 

as received. Most of the chemicals were provided by 

Sigma Aldrich (India). Melting points were taken in 

open capillary tubes and are uncorrected. The purity of 

the compounds was confirmed by thin-layer 

chromatography using Merck silica gel 60 F254 coated 

aluminum plates in ethyl acetate/n-hexane medium. 

Infrared (I.R.) spectra were recorded on Shimadzu FT-

IR 8400S instrument and were calibrated using a 

polystyrene film. Solid compounds were recorded in 

potassium bromide disks (KBr). 1H-NMR and 13C-NMR 

were recorded on a 400MHz Bruker spectrometer 

instrument using dimethyl sulfoxide (DMSO-d6), and 

tetramethyl silane (TMS) as an internal standard. 

Chemical shifts were quoted in parts per million (ppm) 

downfield from TMS. 

     2.2. General method of the synthesis of 4-(benzyloxy)  

benzaldehyde (3): 

     4-hydroxybenzaldehyde (1) (1.2212 g, 0.01 mol) was 

dissolved in 15 mL DMF, then (1.382 g, 0.01mol) of 

K2CO3 was added. The mixture was stirred for 20 

minutes at room temperature, benzyl bromide (2) (1.8 

mL, 0.015 mol) was added dropwise, the mixture was 

stirred for 3hr., the reaction was monitored by TLC and 

the reaction was poured into ice water and stirred, the 

white precipitate was filtrated off and washed with water 

and ethanol then dried and recrystallized from ethanol. 

[41] 
 

2.2.1. Spectral data of 4-(benzyloxy) benzaldehyde (3): 
     Chemical formula= C14H12O2, white color, yield 88%, 

melting point 70-72 0C. FTIR (KBr, cm-1): 3035 (C-H Ar. str.), 

1829 (C-H alpha. str.), 1685 (C=O str.), 1600, 1452 (C=C ar 

str.), 1165 (C-O str.), 1508 (CH2 bend).1H NMR (400 MHz, 

DMSO-d6), δ 5.23 (s, 2H, CH2O), 7.212 (d, J = 8.4 Hz, 2H, 

H3’, H5’), 7.370- 7.334 (t, J = 7.2, 14.4 Hz, H4’’), 7.429-7.392 

(t, J = 7.2, 14.8 Hz, H3’’, H5’’), 7.478 (d, J =7.2 Hz, 2H, H2’’, 

H6’’), 7.881 (d, J = 8.4 Hz, 2H, H2’, H6’), 9.878 (s, 1H, 

CHO).13C NMR (400 MHz, DMSO- d6), δ 70.12 (CH2-O), 

115.74 (C3’, C5’), 128.34 (C2’’, C6’’), 128.56 (C4’’),128.99 

(C3’’, C5’’), 130.24 (C1’), 132.28 (C2’, C6’), 136.77 (C1’’), 

163.75 (C4’), 191.76 (C=O). 
 

2.3. General method for the synthesis of chalcone 

derivatives (5a-d): 

     An equimolar quantity of   4-benzyloxy benzaldehyde 

(3) (2.1224 gm, 0.01 mol) and different substituted 

aromatic ketones (4a-d) (0.01 mol) were dissolved in 20 

mL ethanol stirred for 30 min, then 1mL of 40% NaOH 

was added. The reaction was stirred for about 24 hr. at 

room temperature, the reaction was monitored by TLC 

and then poured into ice water, acidified with 10 % 

aqueous hydrochloric acid, and kept in the refrigerator 

for 24 hr. to complete the precipitation, then filtered and 

washed with water then ethanol, purified twice by 

recrystallization in ethanol. [42] 

 

2.3.1 Spectral data of 3-(4-(benzyloxy)phenyl)-1-

phenylprop-2-en-1-one (5a): 
     Chemical formula = C22H18O2, yellow color, yield 87%, 

melting point 116-118 0C. FTIR (KBr, cm-1): 3034 (C-H ar. 

str.), 2974 (C-H aliph. str.), 1653 (C=O str.), 1566, 1450 (C=C 

ar str.), 1589 (C=C aliph. str.), 1172 (C-O str.), 1508 (CH2 

bend). 1H NMR (400 MHz, DMSO-d6), δ 5.186 (s, 2H, Ar-

CH2-O), 7.109 (d, J = 8.8 Hz, 2H, H3’, H5’), 7.328-7.364 ( tr, 

J =7.2, 14.4 Hz, H4’’), 7.390-7.427 (tr, J = 7.6, 14.8 Hz, 2H, 

H3’’, H5’’), 7.475 (d, J = 7.2 Hz, 2H, H2’’, H6’’), 7.553-7.590 

(tr, J = 7.6, 14.8 Hz, 2H, H3, H5), 7.646-7.782 364 ( tr, J =7.2, 

14.4 Hz, H4),7.740 (d, IH, J = 15.6, CH=CH-CO), 7.814-

7.883 (m, 3H, H2’, H6’, CH= CH-Ar), 8.155 (d, J = 7.2 Hz, 

2H, H2, H6).13C NMR (400 MHz, DMSO-d6) δ 69.86 (CH2O), 

115.7 (C3’,C5’), 120.08 (CH=CH-CO), 127.97 (C2’’,C6’’), 

128.7 (C1’), 128.44 (C4’’), 128.90 (C2,C6), 128.95 

(C3’’,C5’’), 129.22 (C3,C5), 131.31 (C2’,C6’), 133.42 (C4), 

137.15 (C1’’), 138.29 (C1), 144.46 (CH-Ar), 160.93 (C4’), 

189.47 (C=O). 
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2.3.2 Spectral data of 3-(4-(benzyloxy)phenyl)-1-(p-

tolyl)prop-2-en-1-one (5b): 
      Chemical formula = C23H20O2, yellow color, yield 85%, 

melting point 113-115 0C. FTIR (KBr, cm-1): 3034 (C-H ar. 

str.), 2914 (C-H aliph. str.), 1656 (C=O str.), 1565, 1454 (C=C 

ar str.), 1593 (C=C aliph. str.), 1170 (C-O str.), 1510 (CH2 

bend).1H NMR (400 MHz, DMSO-d6), δ 2.393 (s, 3H, CH3), 

5.174 (s, 2H, Ar-CH2-O), 7.099 (d, J = 8.8 Hz, 2H, H3’, H5’), 

7.424-7.422(m, 5H, H3, H5, H3’’, H4’’, H5’’), 7.472 (d, J = 

7.6 Hz, 2H, H2’’, H6’’), 7.722 (d, IH, J = 15.6, CH=CH-CO), 

7.800-7.868 (m, 3H, H2’, H6’, CH=CH-Ar), 8.071 (d, J = 8.4 

Hz, 2H, H2, H6).13C NMR (400 MHz, DMSO-d6) δ  21.65 (-

CH3), 69.85 (CH2O), 115.67 (C3’, C5’), 120.08 (CH=CH-

CO), 128.04 (C2’’, C6’’), 128.26 (C1’) 128.42 (C4’’), 129.04 

(C3,C5), 129.78 (C2,C6), 131.22 (C2’, C3’), 135.77 (C1), 

137.16 (C1’’), 143.79 (C4), 144.04 (CH-Ar), 160.85 (C4’), 

188.89 (C=O). 

2.3.3. Spectral data of 3-(4-(benzyloxy)phenyl)-1-(4-

fluorophenyl)prop-2-en-1-one (5c): 
     Chemical formula = C22H17O2F, yellow color, yield 88%, 

melting point 118-120 0C. FTIR (KBr, cm-1): 3034 (C-H ar. 

str.), 2870 (C-H alph. str.), 1656 (C=O str.), 1570, 1450 (C=C 

ar str.), 1600 (C=C aliph. str.), 1170 (C-O str.), 1508 (CH2 

bend), 1033 (C-F). 1H NMR (400 MHz, DMSO-d6), δ 5.183 

(s, 2H, Ar-CH2-O), 7.106 (d, J = 8.8 Hz, 2H, H3’, H5’), 7.325-

7.423 (m, 5H, H2’’, H3’’, H4’’, H5’’, H6’’), 7.473 (d, J =7.2 

Hz, 2H, H3, H5), 7.737 (d, IH, J = 15.6, CH=CH-CO), 7.819-

7.881 (m, 3H, H2’, H6’, CH=CH-Ar), 8.232-8.268 (m, 2H, 

H2, H6).13C NMR (400 MHz, DMSO-d6) δ 69.86 (CH2O), 

115.68 (C3’, C5’), 116.09 (C3, C5), 119.80 (CH=CH-CO), 

127.93 (C2’’, C6’’), 128.27 (C1’), 128.43 (C4’’), 128.94 

(C3’’, C5’’), 131.35 (C2’, C6’), 131.82 (C2, C6), 134.93 

(C1’’), 137.14 (C1’’), 144.61 (CH-Ar), 160.96 (C4’), 166.67 

(C4), 187.96 (C=O). 

2.3.4. Spectral data of 3-(4-(benzyloxy)phenyl)-1-(4-

chlorophenyl)prop-2-en-1-one (5d): 
     Chemical formula = C22H17O2Cl, yellow color, yield 83%, 

melting point 128-130 0C. FTIR (KBr, cm-1): 3061 (C-H ar. 

str.), 2976 (C-H aliph. str.), 1791 (C=O str.), 1543, 1454 (C=C 

ar str.), 1610 (C=C aliph. str.), 1184 (C-O str.), 1514 (CH2 

bend), 688 (C-Cl). 1H NMR (400 MHz, DMSO-d6), δ 5.188 (s, 

2H, Ar-CH2-O), 7.108 (d, J = 8.8 Hz, 2H, H3’, H5’), 7.328-

7.364 ( tr, J =7.2, 14.4 Hz, H4’’), 7.390-7.426 (tr, J = 6.8, 14.8 

Hz, 2H, H3’’, H5’’), 7.475 (d, J = 7.2 Hz, 2H, H2’’, H6’’), 

7.733 (d, J = 8.4  Hz, 2H, H3, H5), 7.742 (d, IH, J = 15.6, 

CH=CH-CO), 7.844-7.886 (m, 3H, H2’, H6’, CH=CH-Ar), 

8.174 (d, J = 8.8 Hz, 2H, H2, H6).13C NMR (400 MHz, 

DMSO-d6) δ 69.87 (CH2O), 115.70 (C3’, C5’), 119.72 

(CH=CH-CO), 127.89 (C2’’, C6’’), 128.28 (C1’), 128.44 

(C4’’), 128.95 (C3’’, C5’’), 129.31 (C3, C5), 130.82 (C2’, 

C6’), 131.42 (C2, C6), 136.92 (C1), 137.13 (C1’’), 138.37 

(C4), 144.95 CH-Ar), 161.04 (C4’), 188.33 (C=O). 

 

2.4. General method of Michel addition of nitromethane 

to chalcone derivatives (7a-d). 

     Chalcone derivatives (5a-d) (0.001mol) were 

dissolved with nitromethane (6) (0.001 mol) in 10 mL 

DMF and stirred for 0.5 hr., then (10 mL, 1M) NaOH 

was added. The reaction system was stirred at room 

temperature for 2.0-4.0 hr., monitored by TLC. After the 

completion of the reaction, the solvent was evaporated in 

a vacuum and extracted with dichloromethane. The 

organic phase was dried on (Na2SO4), filtrated off, 

evaporated, and recrystallized from ethanol [43]. 

 

2.4.1 Spectral data of 3-(4-(benzyloxy)phenyl)-4-nitro-

1-phenylbutan-1-one(7a): 
     Chemical formula = C23H21O4N, white, yield 91%, melting 

point 86-88 0C. FTIR (KBr, cm-1): 3034 (C-H ar. str.), 2900 

(C-H aliph. str.), 1678 (C=O str.), 1610, 1452 (C=C str.), 

1552-1382 (N-O str.), 1247 (C-N str.), 1182 (C-O str.), 1514 

(CH2 bend). 1H NMR (400 MHz, DMSO-d6), δ 3.443-3.580 

(m, 2H, CH2-CHO), 3.962-4.035 (m, 1H, -CH-CH2-NO2), 

4.785-4.981 (m, 2H, CH2-NO2), 5.048 (s, 2H, CH2O), 6.948 

(d, J = 8.4 Hz, 2H, H2’, H5’), 7.289-7.343 (m, 3H, H4’’, H2’, 

H6’), 7.387-7.443 (m, 4H, H2’’, H6’’, H3’’, H5’’), 7.501-

7.539 (tr, J =7.6, 15.2 Hz, 2H, H3,H5), 7.623-7.759 (tr, J = 

7.2, 14.4 Hz, 1H, H4), 7.938 (d, J = 7.2 Hz , 2H, H2, H6).13C 

NMR (400 MHz, DMSO-d6) δ 39.04 (-CH-CH2-NO2), 41.70 

(CH2-CHO), 69.59 (CH2O), 80.35 (CH2-NO2),  115.10 (C3’, 

C5’), 128.19 (C2’’, C6’’), 128.30 (C2’, C6’), 128.40 (C4’’), 

128.89 (C3, C5), 129.21 ( C2,C6), 129.36 (C3’’,C5’’), 132.47 

(C1’), 133.87 (C4), 136.87 (C1’’), 137.54 (C1), 157.94 (C4’), 

197.99 (C=O). 

 

2.4.2. Spectral data of 3-(4-(benzyloxy)phenyl)-4-nitro-

1-(p-tolyl)butan-1-one (7b): 
     Chemical formula = C24H23O4N, white, yield 88%, melting 

point 95-96 ºC. FTIR (KBr, cm-1): 3034 (C-H ar. str.), 2897 

(C-H aliph. str.), 1672 (C=O str.), 1608, 1454 (C=C str.), 

1550-1381 (N-O str.), 1247 (C-N str.), 1182 (C-O str.), 1514 

(CH2 bend), 1406 (-CH3 bend).1H NMR (400 MHz, DMSO-

d6), δ 2.466 (s, 3H, CH3), 3.410-3.535 (m, 2H, CH2-CHO), 

3.952-4.025 (m, 1H, -CH-CH2-NO2), 4.781-4.975(m, 2H, 

CH2-NO2), 5.044 (s, 2H, CH2O), 6.933 (d, J = 8.8 Hz, 2H, H3’, 

H5’), 7.282-7.342 (m, 5H, H4’’, H2, H6, H3, H5), 7.367-7.403 

(tr, J =6.8, 14.4  2H, H3’’, H5’’), 7.433 (d, J =7.2 Hz, 2H, 

H2’,H6’), 7.84 (d, J = 8 Hz , 2H, H2’’, H6’’).13C NMR (400 

MHz, DMSO-d6) δ 21.61 (CH3), 39.10 (-CH-CH2-NO2), 41.55 

(CH2-CHO), 69.59 (CH2O), 80.37 (CH2-NO2),  115.08 (C3’, 

C5’), 128.19 (C2’’, C6’’), 128.30 (C2’, C6’), 128.53 (C4’’), 

128.89 (C2, C6), 129.35 ( C3,C5), 129.74 (C3’’,C5’’), 132.57 

(C1’), 134.43 (C1), 137.54 (C1’’), 144.27 (C4), 157.93 (C4’), 

197.46 (C=O). 

2.4.3. Spectral data of 3-(4-(benzyloxy)phenyl)-1-(4-

fluorophenyl)-4-nitrobutan-1-one (7c): 
     Chemical formula = C23H20O4NF, white, yield 85%, 

melting point 91-93 0C. FTIR (KBr, cm-1): 3034 (C-H ar. str.), 

2899 (C-H aliph. str.), 1681 (C=O str.), 1595, 1452 (C=C str.), 

1550-1382 (N-O str.), 1247 (C-N str.), 1182 (C-O str.), 1514 

(CH2 bend), 1161 (C-F).1H NMR (400 MHz, DMSO-d6), δ 

3.440-3.567 (m, 2H, CH2-CHO), 3.949-4.022 (m, 1H, -CH-

CH2-NO2), 4.774-4.973 (m, 2H, CH2-NO2), 5.049 (s, 2H, 

CH2O), 6.938 (d, J = 8.4 Hz, 2H, H3’, H5’), 7.285-7.442 (m, 

9H, H4’’,H3,H5, H2’, H6’, H3’’,H5’’, H2’’,H6’’), 8.005-

8.040 (m, 2H, H2, H6).13C NMR (400 MHz, DMSO-d6) δ 

39.03 (-CH-CH2-NO2), 41.65 (CH2-CHO), 69.59 (CH2O), 

80.33 (CH2-NO2), 115.10 (C3’, C5’), 116.11 ( C3, C5), 128.19 

(C2’’, C6’’), 128.30 (C2’, C6’), 128.89 (C4’’), 129.36 

(C3’’,C5’’), 131.39 (C2,C6), 132.41 (C1’), 133.62 (C1), 

137.54 (C1’’), 157.94 (C4’),166.82 (C4), 196.62 (C=O). 

 

2.4.4. Spectral data of 3-(4-(benzyloxy)phenyl)-1-(4-

chlorophenyl)-4-nitrobutan-1-one (7d): 
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     Chemical formula = C23H20O4NCl, white, yield 83%, 

melting point 117-118 0C. FTIR (KBr, cm-1): 3035 (C-H ar. 

str.), 2900 (C-H aliph. str.), 1681 (C=O str.), 1610, 1452 (C=C 

str.), 1550-1381 (N-O str.), 1247 (C-N str.), 1180 (C-O str.), 

1514 (CH2 bend), 742 (C-Cl) .1H NMR (400 MHz, DMSO-

d6), δ 3.446-3.567 (m, 2H, CH2-CHO), 3.942-4.015 (m, 1H, -

CH-CH2-NO2), 4.769-4.970 (m, 2H, CH2-NO2), 5.049 (s, 2H, 

CH2O), 6.936 (d, J = 8.4 Hz, 2H, H3’, H5’), 7.291 (d, J = 8.8 

Hz, 2H, H2’,H6),  7.325-2.442 (m, 5H, H4’’, H2’’, H6’’, H3’’, 

H5’’), 7.594 (d, J = 8.4 Hz , 2H, H3, H5), 7.948 (d, J = 8.4 Hz, 

2H, H2,H6).13C NMR (400 MHz, DMSO-d6) δ 38.99 (-CH-

CH2-NO2), 41.72 (CH2-CHO), 69.59 (CH2O), 80.31 (CH2-

NO2), 128.19 (C2’’, C5’’), 128.30 (C2’, C6’), 128.89 (C4’’), 

129.33 (C3, C5), 129.35 (C3’’, C5’’), 130.34 (C2,C6), 132.36 

(C1’), 135.53 (C1), 137.53 (C1’’), 138.78 (C4), 157.95 (C4), 

197.08 (C=O). 

 

2.5. General method of antimicrobial activity: 
       Two types of bacteria Staphylococcus aureus as a Gram-

positive bacterial strain, Escherichia coli as a Gram-negative 

bacterial strain, and one type of fungal used to screen 

synthesized compounds by dilution method. The dilution 

method was used for the Determination of (MIC). The 

minimum inhibition concentration (MIC) was measured by 

using a macro tube dilution, the prepared serial concentration 

of each synthesized compound (200, 600, and 1000 µg/mL), 

and for antibacterial ciprofloxacin, HCl was used as standard 

compared with the results against (Escherichia coli (gram-

positive), Staphylococcus aureus (gram-negative)), for 

antifungal fluconazole was used as standard compared with 

results against (C. albicans). The MIC was measured for 

organic materials which inhibited bacterial growth against the 

control sample which consisted of 2 mL of nutrient broth and 

40 µL of the activated culture of bacterial suspension as 

clarified in (Table 1), and then incubated at 37 °C for 20 h. 

After incubation, the plates were read using an ELISA reader 

(BioTek 800TS, USA) at 570 nm. The next day optical density 

was recorded, as shown in (Table 2). [44-47]  

Table 1. Preparation of test sample 

Stock solution 4000µg/mL (0.02g in 5mL DMSO 

NO. 
Conc. 

(µg/mL) 
Chemical 

Volume (µl) 
Nutrient broth 

volume (ml) 

Bacterial 
suspension 
volume (µl) 

1 200 50 1.91 40 
2 600 150 1.81 40 
3 1000 250 1.71 40 

 

Table 2: MIC of the compounds against bacteria strain and 

fungal strain 

 
Minimum Inhibitory Concentration (MIC µg/mL) 

G(+ve) bacteria G(-ve) bacteria Fungi 

Compound S. aureus E. coli C. albicans 
3 1000 600 1000 

5a 600 600 600 
5b 1000 200 1000 
5c 1000 1000 600 
5d 600 1000 600 
7a 600 1000 600 
7b 1000 200 1000 
7c 600 600 600 
7d 1000 1000 600 

CIP 5µg/mL 5 - 

FLU 50 µg/mL - 50 
*The MIC is the minimum availability of antibacterial agent 

that stops the growth of any organism 

2.6. General method of antioxidant activity for synthesis 

compounds: 

      The antioxidant activity of the synthesized 

derivatives was observed through the DPPH free radical 

scavenging assay, and three different concentrations 

were prepared (25, 50, and 100 µg/ml). An equal amount 

of sample solution was added to an equal amount of 0.1 

mM ethanoic DPPH (2, 2-diphenyl-1- picrylhydrazyl) 

solution. The mixture was mixed and vortexed 

thoroughly and kept in a dark place for 30 minutes. After 

30 min of incubation, the absorbance was read against a 

blank at 517 nm with a UV. /Visible spectrophotometer. 

[46, 48] 

       

𝐷𝑃𝑃𝐻 𝑠𝑐𝑎𝑣𝑒𝑛𝑔𝑒𝑑 % = 𝐴𝑐 –𝐴𝑠/𝐴𝑐 × 100 

Ac - is the control reaction’s absorbance.  

As - is synthesized compound’s absorbance. 

 

3. Result and Discussion 

3.1 Chemistry 
     All the synthesized compounds were characterized by 

TLC, melting point, FT-IR, 1H NMR, and 13C NMR; their 

data are given in the experiment section. 

     There are three steps for the synthesis of Michael adduct, 

in the first step the 4-benzyloxy benzaldehyde (3) was 

synthesized by reacting benzyl bromide with 4-hydroxy 

benzaldehyde in DMF in the presence of potassium 

carbonate anhydrous as Catalyst, stirring for 3 hours at 

room temperature with producing excellent yield (88%) of 

at a short time. The process is highly advantageous in the 

comparison with other procedures used for the synthesis of 

similar products. In other protocols, acetone was used with 

refluxing process for about 5 hours giving a medium yield 

of 68% [49]. The amount of the products synthesized via 

stirring at room temperature has higher than the amount of 

the products synthesized via reflux, therefore, the present 

route can be considered a highly efficient and powerful 

procedure for the preparation of such products. 

 

Scheme 1: Synthesis steps for the formation of Michael 

adducts from Chalcone derivatives 
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   In the second step, Chalcone derivatives (5a-d) were 

synthesized by reaction of 4-benzyloxy benzaldehyde 

with different substituted acetophenone in ethanol in the 

presence of NaOH as a catalyst, stirring at room 

temperature for 24 hours gave excellent yield (83-88%) 

(Scheme 1). Using the Claisen-Schmidt protocol is 

considered the best and very common procedure for the 

synthesis of chalcones due to the easy condensation of 

the reactants and furnishing the products with high yield 

and the process can be done at room temperature. That is 

why the Claisen-Schmidt reaction is useful for the 

synthesis of synthesized chalcones (5a-d) with a J value 

(15.6) which shows the characteristic of E-configuration. 

The large value of J clearly reveals (trans) geometry.              

Finally, Michael's adducts (7a-d) were synthesized by 

the reaction between the chalcones with nitromethane in 

DMF in the presence of NaOH as a catalyst and stirring 

for 2-4 hours at room temperature (Scheme 1). The 

Michael conjugate addition is a very useful reaction for 

the mild formation of C-C bonds in organic synthesis. 

Therefore, a simple method was implemented for the 

synthesis of Michael adducts with excellent yield (83-

91%). A combination of DMF and aqueous NaOH 

proved to be the most suitable and effective solvent/base 

pair among those examined, giving (7a-d) in good yield 

within a short time. It was worth mentioning that a 

similar reaction was reported recently which took several 

hours for complete conversion under reflux conditions 

[50]. Compound (7a-d) clearly confirmed by FTIR. 1H, 

and 13C and their data are given in the experimental 

section. 

3.2. Biological activity 

3.2.1 Assay of in Vitro Antimicrobial Activity 

 
     The biological activity of the compound (3, 5a, 5b, 

5c, 5d, 7a, 7b, 7c, and 7d) screened for antibacterial 

activity against S. aureus and E. coli for antifungal 

against C. albicans by using broth microdilution method 

the ciprofloxacin Hcl used as a standard for antibacterial 

and use fluconazole as standard for antifungal. The MIC 

result is shown in (table 2) for the compounds (5b, 7b) 

process the least MIC and inhibit the growth of  E.coli at 

200 µg/ml. while compounds (3,5a,5c,5d,7a,7c,7d) 

inhibit the growth of  E.coli ,S.aureus , And C.albicans 

at 600 µg/ml. at 1000 µg/ml, the growth of E.coli , 

C.albicans and S.aureus were inhibited by compound 

(3,5b,5c,5d,7a,7b,7d). 

      According to the antibacterial activity screening 

result, compound (3) possesses effective and selective 

antibacterial activity against gram-negative Bactria 

(E.coli) with MIC valve 600 µg/ml. On the other hand, 

compound (3) had moderate antibacterial activity against 

gram-positive Bactria (S.aureus) Compared to the gram-

negative Bactria (E.coli ) with a MIC value of 1000 

µg/ml, the antifungal activity of the compound (3) 

against, C.albicans, according to the antifungal studies 

the compound (3) had an antifungal activity with MIC  

value 1000 µg/ml  

     According to the antibacterial activity screening 

result, the compound (5b) possesses effective and 

selective antibacterial activity against gram-negative 

Bactria (E. coli) with MIC valve 200 µg/ml. On the other 

hand, the other compound had moderate antibacterial 

activity against gram-positive Bactria (S.aureus) and 

gram-negative Bactria (E.coli ) with MIC value 600-

1000, antifungal activity of the compound (5a,5b,5c,5d) 

against  C.albicans, according to the antifungal studies 

the compound (5a,5c,5d) had a high antifungal activity 

with MIC value 600 µg/ml compared to the compound 

(5b) with MIC value 1000 µg/ml.  

     According to the result of the antibacterial activity 

screening, the compound (7b) possesses effective and 

selective antibacterial activity against gram-negative 

Bactria (E.coli) with MIC valve 200 µg/ml, on the other 

hand, the other compound had moderate antibacterial 

activity, against gram-positive Bactria  (S.aureus) and 

gram-negative Bactria (E.coli ) with MIC value 600-

1000, antifungal activity of the compound (7a,7b,7c,7d) 

against C.albicans, according to the antifungal studies 

the compound (7a,7c,7d) had a high antifungal activity 

with MIC value 600 µg/ml compared to the compound 

(5b) with MIC value 1000 µg/ml. 

 
3.2.2 Assay of in Vitro DPPH Radical Scavenging 

Activity 

     The antioxidant activity of synthesized compounds 

are shown in (table 3, 4, and 5) for 4-benzyloxy-

benzaldehyde (3), chalcone derivatives (5a-d), and nitro 

compounds (7a-d), compared to s (ascorbic acid) activity 

as standard (table 6), the synthesized compound had 

different antioxidant activity according to the ability of 

compound to act as free radical scavenger and to 

evaluated antioxidant. 

The antioxidant activity of synthesized 4-benzyloxy 

benzaldehyde (3) is shown in (table 3). The antioxidant 

of 4-benzyloxy benzaldehyde (IC50 = 30.81) is higher 

than ascorbic acid (IC50= 33.09). 
 

Table 3: DPPH scavenging for 4-benzyloxy benzaldehyde 

(3): 

Sample 
Concentration 

µg/ml 
%SCV IC50(µg/ml) 

3 

25 44.33 

30.81 50 64.98 

100 91.78 

 

     The antioxidant activity of synthesized chalcone 

derivatives (5a-d) are shown in (table 4), the antioxidant 

activity of chalcone derivatives is lower than ascorbic 

acid except for the compound (5a) IC50, for compound 

(5a) equal to 29.50, the antioxidant activity of the 

compound (5a) is greater than ascorbic acid, the strength 

of antioxidant functions of the chalcone derivatives are 

in the following order: ascorbic acid› 5c › 5d› 5b.  
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     Table 4: DPPH scavenging for chalcone derivatives (5a-

d): 

Sample Concentration µg/ml %SCV IC50(µg/ml) 

5a 
25 45.39 

29.50 50 65.44 
100 92.78 

5b 
25 18.89 

96.83 50 30.9 
100 51.08 

5c 
25 22.34 

77.29 50 35.95 
100 61.89 

5d 
25 20.34 

83.45 50 32.95 
100 58.43 

 
      The antioxidant activity of synthesized compounds 

(7a-d) is shown in (table 5). The antioxidant activity is 

lower than ascorbic acid except for compound (7a) IC50, 

compound (7a) equal to 23.76, the antioxidant activity of 

the compound (7a) is greater than ascorbic acid, but the 

strength of antioxidant functions of the other chalcone 

derivatives are in the following order: ascorbic acid› 7c 

› 7d› 7b›  

 

 

Table 5: DPPH scavenging for nitromethane addition 

to chalcone (7a-d): 

Sample 
Concentration 

µg/ml 
%SCV IC50(µg/ml) 

7a 
25 49.78 

23.76 50 67.54 
100 96.22 

7b 
25 34.38 

55.58 50 45.54 
100 74.56 

7c 
25 45.78 

36.44 50 54.54 
100 82.38 

7d 
25 38.78 

56.17 50 47.54 
100 66.05 

 
3.2.2.4 Antioxidant activity of Ascorbic acid: 

Ascorbic acid, also known as vitamin C, is a powerful 

antioxidant that has an essential part in preventing free 

radicals as seen in (Table 6). IC50 For ascorbic acid 

=33.09 µg/ml. 

 

 
Table 6: DPPH scavenging for Ascorbic acid: 

Ascorbic 
acid 

Concentration 
µg/ml 

%SCV IC50(µg/ml) 

25 43.33 

33.09 50 62.98 

100 90.98 

 IC means Inhibition concentration, IC50 is the 

concentration required to result in 50 % antioxidant 

activity. 

 

Conclusion 

Chalcone derivatives (5a-d) are synthesized with a good 

yield by a simple method, and Nitro alkane was added 

by Michael addition reaction to chalcones to obtain 

compounds (7a-7d) in a respectable yield. Ethanol was 

used as a suitable solvent for the recrystallization of the 

products. The nitro compounds (7a-d) showed Moderate 

antibacterial activity against Staphylococcus aureus and 

Escherichia coli except (7b), which have high 

antibacterial activity compared to the other compounds 

and showed the compound (7b) moderate antifungal 

against Candida albicans compared to the compound 

(7a,7c,7d) which had higher antifungal compared to the 

compound (7b). The result of antioxidant for nitro 

compound (7a-d) showed that compound (7a) has high 

antioxidant compared to standard (Ascorbic acid), and 

compounds (7b-d) have lower antioxidant compared to 

standard (Ascorbic acid). 
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