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Abstract 
Microwave assisted synthesis of 33 membered parallel library of aryl- and heteroaryl chalcones 
was carried out by reaction of 3-hydroxyacetophenone with different substituted aryl- and 
heteroaryl aldehydes under Claisen-Schmidt conditions. The synthesized chalcones are 
significantly active against Bordetella bronchiseptica (ATCC 4617), gram negative respiratory 
pathogen that infects wide range of animals and human using cefixime as standard antibiotic as 
control. Tested compounds show moderate inhibitory activities (zone of inhibition 18.5-10.5 
mm) compared to standard (zone of inhibition 13.0). All halogen substituted chalcones are most 
active members of the library while nitrochalcones and nitrogen containing heteroarylchalcones 
are least potent and 3-bromochalcone (16) was identified as lead structure of the library. 
Quantitative structure activity relationship was established to find dependency trend in sterms of 
bactericidal activity with number of molecular descriptors and some suggestive correlations of 
activity with these descriptors. Quantitative structure activity relationship was established using 
MOE software package showing good correlation of activity with various physicochemical 
parameters e.g. Hammett substituent constant σ, EHOMO, log P and molar volume Vm. It was 
observed that bactericidal potency of chalcones was dependent more on steric than on electronic 
descriptors. Chalcones with electron acceptors on phenyl ring and those with greater lipophilic 
character were expected to be stronger inhibitors of B. bronchiseptica with exception of nitro-
substituted chalcones. This study, therefore, facilitate design and synthesis of chalcones with 
higher potency to serve as potential inhibitors of B. bronchiseptica, thereby, helping to establish 
breakpoints for antimicrobial agents for which no systematic study is currently available. 
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Introduction 
 
Bordetella bronchiseptica ATCC 4617 is an aerobic, gram-negative bacterium that belongs to 
the genus Bordetella within the family Alcaligenaceae.1 It causes respiratory tract infections in a 
wide variety of domestic and wild animals particularly in dogs, swine, rabbits and pigs leading to 
a number of respiratory tract diseases such as atrophic rhinitis. Although B. bronchiseptica is 
considered as a zoonotic agent, it causes respiratory infections in humans too. Most frequently, 
B. bronchiseptica infections in humans are seen in immunocompromised individuals with 
increasing number of cases in AIDS patients or in elderly people.2 During infection, it produces 
adhesions which help the bacteria to adhere to ciliated cells causing mechanical blocking of the 
respiratory cilia, resulting in failure of the respiratory tract to clear mucus secretions.3 For the 
treatment and control of respiratory tract infections some antimicrobial agents such as 
trimethoprim, sulfonamides, tetracycline and β-lactams are used most frequently. However, the 
current vaccines and therapies are not capable of eliminating infections as relapses have been 
commonly observed and a long duration of antibiotic therapy is generally required.4,5 

 Compounds with a chalcone-based structure show an array of pharmacological activities e.g. 
anti-inflammatory,6 antioxidant,7 antiviral,8 antibacterial,9,10 antileishmanial,11 K+ channel 
inhibitor,12 and as antituberculotics,13 are only some of the properties that are widely cited. 
Although a number of reports have focused on the synthesis and antibacterial properties of 
chalcones,14-17 however, their potential as antibacterial agents against B. bronchiseptica has not 
yet been explored. We have reported earlier the design and synthesis of a 120-member library 
and its screening against a number of bacterial strains and the lead structure was identified 
through deconvolution based on positional scanning protocol.18 Prompted by the findings and in 
continuation to our interest in the synthesis of biodynamic chalcones,19,20 we synthesized a 
parallel library of 3-hydroxy-aryl and heteroaryl chalcones in order to study their bactericidal 
potential against B. bronchiseptica. Although we tested these compounds also against a number 
of other gram-positive and gram-negative bacterial strain namely, Micrococcus leuteus 
ATCC10240, Pseudomonas picketti ATCC 49129, Escherichia coli ATCC 15224, Enterobacter 
aerogenes ATCC 13048, and Salmonella setubal ATCC 19196, however, with the exception of  
B. bronchiseptica all the compounds were found to be generally inactive against these strains. 
Although chalcones are an-easy-to synthesize template but a great diversity of the methods is 
available in literature that describe their synthesis under acid or base catalysis21 making use of 
conventional thermal energy and microwave irradiation22,23 or under sonocatalytic 
conditions.24,25 We present, herein, the Claisen-Schmidt synthesis of two sets of 3-
hydroxychalcones by the reaction of 3-hydroxyacetophenone with different substituted aryl- and 
heteroarylaldehydes. The synthesis has been conducted under microwave irradiation to 
circumvent the problem of increasing community concern over possible influence of chemicals 
and chemical processes on the environment.26 

 Agar well-diffusion method18 was used for the study of the potential of these compounds 
against B. bronchiseptica as this bacterium can be grown easily in vitro on agar and broth 
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medium, thereby making it possible to use this method to detect its susceptibility against any 
drug. A quantitative structure activity relationship has been interpreted by calculating a number 
of electronic parameters by the use of software package Molecular Operating Environment 
(MOE),27 and very good SAR was established with a number of physicochemical determinants 
especially with EHOMO and log P. 
 
 
Results and Discussion 
 
Synthesis 
Microwave enhanced synthesis of chalcones 1-23 of Set 1 and 24-33 of Set 2 was carried out 
under Claisen Schmidt conditions using different substituted aryl- and heteroarylaldehydes 
respectively as shown in Scheme 1. 
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Scheme 1. Synthesis of chalcones of Set 1 (1-23) and Set 2 (24-33). 
 
 The selection of the substituents on the phenyl ring of the chalcones of Set 1 was made on 
the basis of their size, lipophilicity and electronic properties and they were changed 
systematically once at a time at 2- 3- and 4-positions to get a set of regioisomers. The chalcones 
of Set 2 varied with respect to the attachment of the heterocyclic ring to the propenone unit of 
chalcone. The reaction time under microwave irradiation varied from 30 to 180 sec. However, 
chalcones 2-4, 9 and all heteroaryl chalcones (24-33) were synthesized by conventional 
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method19) as the reaction mixture decomposed on irradiation. The yield varied from 49 to 93%, 
however, the yield of chalcones 2-4, 6, 22, 26, 28-29 and 33 was found to be low.  All 
compounds were characterized on the basis of their physicochemical constants, and their mass 
and 1H-NMR spectral data. 
 
In vitro antibacterial screening 
The members of the parallel library of 3-hydroxychalcones were tested for their in vitro 
bactericidal action against six bacterial strains i.e. B. bronchiseptica, M. leuteus, P. picketti, E. 
coli, E. aerogenes  and S. setubal following agar well-diffusion method18) using cefixime as 
standard drug. Interestingly, all the tested chalcones showed significant potential as bactericidals 
only against B. bronchiseptica with a zone of inhibition varying from 9.5-18.5 mm in diameter 
compared to cefixime (with 31 & 34 mm zone of inhibition respectively). These results along 
with the MIC values are shown in Table 1 while a graphical representation of the same data is 
given in Figure 1. 
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Figure 1. Graphical representation of in vitro antibacterial activities of 3‘-hydroxy chalcones. 

 
 The results of antibacterial activity of chalcones against B. bronchiseptica are shown in 
Table 1 as zone of inhibition (in mm) and minimum inhibitory concentration, MIC (mg/ml). The 
chalcones having the lipophilic bromo- and chloro- groups (14 & 16) showed the greatest 
antibacterial activity (zone of inhibition 18.5 mm with MIC 0.3 and 0.2 mg/ml) respectively, 
whereas chalcones with the more polar and electron withdrawing nitro groups (18, 19 and 20) 
were least active. The chalcones with the polar hydroxyl- and methoxy- groups were found to be 
intermediate in activity. The following trend of the bactericidal activity was observed in 
chalcones of Set 1. 

X > OH > OMe > NO2 

where X= F, Cl, Br 
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Table 1. In vitro antibacterial activities of 3`-hydroxychalcones against B. bronchiseptica 

 No. R              Zone of   
       Inhibition (mm) 

   MIC  
(mg/ ml) 

1 Ph 15.0 0.5 
2 2-OHPh 15.0 0.7 
3 3-OHPh 12.0 0.7 
4 4-OHPh 14.0 0.8 
5 2-OMePh 13.0 0.5 
6 3-OMePh 10.0 1.0 
7 4-OMePh 13.0 0.6 
8 3,4-OMe2Ph 11.0 - 
9 3-OH,4-OMePh Nil - 
10 2-FPh - - 
11 3-FPh - - 
12 4-FPh 16.0 0.4 
13 2-ClPh 16.0 0.5 
14 3-ClPh 18.0 0.3 
15 4-ClPh 18.0 0.2 
16 3-BrPh 18.5 0.2 
17 4-BrPh - - 
18 2-NO2Ph 9.0 1.0 
19 3-NO2Ph 10.5 0.8 
20 4-NO2Ph 10.5 1.0 
21 4-NMe2Ph 0 - 
22 4-MePh 16.0 0.7 

Se
t 1

 

23 2-Me,3,4-OMe2Ph Nil - 
24 Pyridin-2-yl 13.0 0.7 
25 Pyridin-3-yl 10.5 0.8 
26 Pyridin-4-yl Nil - 
27 Pyrrol-2-yl 10.5 1.0 
28 Furan-2-yl Nil - 
29 Indol-3-yl Nil - 
30 Thien-2-yl 17.0 0.6 
31 Thien-2-yl-5-Me 15.0 0.7 
32 Thien-2-yl-5-Br 15.5 0.6 

Se
t 2

 

33 Thien-2-yl-5-NO2 13.5 0.7 
Standard  Cefixime              13.0 - 
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 The lead structure of the library was found to be the 3-bromochalcone (16) with zone of 
inhibition 18.5 mm and MIC 0.2 mg ml-1. 
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 The most active chalcones e.g. 3-bromo and 3-chloro- have been found to possess high 
values of hydrophobicity constant (π), octanol-water partition coefficient (log P) and molar 
volume (Vm) with the exception of methoxy substituted chalcones. Moreover, the manifested 
bactericidal effect was also found to be facilitated by the presence of electron acceptors on the 
phenyl ring of chalcones of Set 1, the only exception being the nitro group which irrespective of 
its position on the phenyl ring suppressed the activity of all three regioisomeric chalcones (18-
20). It may therefore be implied that the lipophilicity of the compounds appeared to be the main 
predictor of bactericidal activity. 
 Regarding the potency of chalcones of Set 2, it may be generalized that all chalcones having 
an azaheterocyclic ring (24-27 & 29) were found to be either weakly active or inactive. 
However, thiophene substituted chalcones showed strong bactericidal potential except nitro-
substituted chalcone (33). This characteristic manifested in the thiophene series confirmed our 
earlier hypothesis that the nitro group attenuates the bactericidal effect. This exceptional 
behavior of nitrochalcones is in line with our previous study on the effect of substituents on 
experimentally observed redox potential of a number of substituted chalcones.28) 

 
Establishing quantitative structure activity relationship 
For the comprehension of three-dimensional microscopic interactions and binding between a 
ligand and a receptor, a detail analysis in SAR is important in drug design and synthesis. A 
number of chemical parameters are reported to be responsible for their molecular interactions. 
Although many reports on the structure activity relationships based on the biological properties 
of chalcones have been the subject of a large number of investigations,29-31 but the present study 
is the first report of its nature on the antibacterial activity of chalcones against B. bronchiseptica. 
The results of in vitro antibacterial activity of chalcones against B. bronchiseptica are shown in 
Table 1. The following two types of molecular descriptors were calculated by software package 
namely Molecular Operating Environment (MOE), Chemical Computing Group, (Montreal, 
Canada) in order to derive a quantitative relation between bactericidal activity and structural 
properties 
 The values of the calculated electronic parameters are presented in Table 2 while the steric 
parameters are given in Table 3. These results suggested that not all the parameters were 
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essential for bactericidal efficiency e.g. total energy and heat of formation where no regular trend 
in the variation of activity with these parameters was observed. 
 The plots of the electronic descriptors as independent variables against zone of inhibition 
(ZI) values as dependent variable are shown in Figures 2 and 3. A common observation related 
to all electronic descriptors was that all ortho- and para substituted chalcones as well as 
heteroarylchalcones were found to fit in the regression line while all the meta substituted 
chalcones (with the exception of halogenated chalcones) and all nitrochalcones showed deviation 
when an attempt was made for the correlation of these parameters with the activity. 
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Figure 2. Plot of antibacterial activity (ZI) vs Hammett substituent constant (σ). 
 
 The most important electronic parameters were the Hammett substituent constant (σ) and 
the energy of the frontier orbitals i.e. EHOMO and ELUMO. 
 A correlation of the activity with Hammett substituent constant (σ) showed that all halogen- 
and para-substituted chalcones of Set 1 bearing substituents e.g. H, 4-OH, 4-OMe, 4-F, 3-Cl, 4-
Cl, 3-Br and 4-Me showed a linear correlation with bactericidal potency and fit in the regression 
line with value of r2 =0.84 (Figure 2), the only exception being the NO2 chalcones (18-20). This 
suppression of the activity by nitro group is also manifested in the series of thiophene- 
substituted chalcones where the nitrochalcone (33) was found to be the least potent. This unusual 
behavior of nitrochalcones as mentioned earlier is in line with our previous observations.  
It is generally true that an electron donor (D) increases EHOMO while an electron acceptor (A) 
decreases it, therefore, chalcones substituted with D have a higher EHOMO (e.g. OMe and Me 
substituted chalcones 5-7 and 22) as shown in Table. 2. Since both EHOMO and ELUMO represent 
the electronic interactions, a good inverse relation of the activity with these two parameters was 
observed (r2 =0.83). Hence an increase in EHOMO with attenuation in activity was very clearly 
observed in the following order as shown in Figure 3. 

X > H > Me > OH > OMe 

ZI 

σ

r2 =0.84 
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Table 2. Data set of selected electronic descriptors 

 No. R σ 
 

µ 
(Debye) 

EHOMO 

(Kcal.mol-1) 

ELUMO 
(Kcal.mol-1) 

ETotal 
(Kcal.mol-1) 

ZI 
(mm) 

1 Ph 0 2.97 -9.2919 -0.7252 15.14 15.0 
2 2-OHPh - 4.32 -9.0542 -0.6691 16.62 15.0 
3 3-OHPh 0.12 4.67 -9.2494 -0.7526 16.21 12.0 
4 4-OHPh -0.37 4.53 -8.9798 -0.7393 16.21 14.0 
5 2-OMePh - 3.82 -8.9571 -0.6005 20.06 13.0 
6 3-OMePh 0.12 4.61 -9.1655 -0.7064 18.92 10.0 
7 4-OMePh -0.28 4.72 -8.8963 -0.6486 18.86 13.0 
8 3,4-OMe2Ph - 5.76 -8.7853 -0.6693 39.21 11.0 
9 3-OH,4-OMePh - 4.74 - - 19.88 Nil 
10 2-FPh - 4.88 -9.3215 -0.8523 12.30 - 
11 3-FPh 0.34 4.4 -9.3661 -0.8999 12.17 - 
12 4-FPh -0.06 3.02 -9.2987 -0.9032 15.0 16.0 
13 2-ClPh - 3.68 -9.3311 -0.8226 17.34 16.0 
14 3-ClPh 0.37 4.21 -9.3612 -0.8567 15.35 18.0 
15 4-ClPh 0.23 3.01 -9.3193 -0.9095 15.59 18.0 
16 3-BrPh 0.393 4.24 -9.3623 -0.8729 15.46 18.5 
17 4-BrPh 0.23 3.03 -9.3671 -0.9394 12.64 - 
18 2-NO2Ph - 16.34 0.9878 5.5341 21.77 11.0 
19 3-NO2Ph 0.71 12.11 1.3693 5.679 18.96 10.5 
20 4-NO2Ph 0.78 17.75 0.6275 5.2534 18.87 10.5 
21 4-NMe2Ph -0.6 2.87 - - 25.50 Nil 
22 4-MePh -0.17 3.73 -9.1149 -0.6761 14.86 16.0 

Se
t 1

 

23 2-Me,3,4-OMe2Ph - - - -  - 
24 Pyridin-2-yl - 5.28 -9.3486 -0.8094 19.90 13.0 
25 Pyridin-3-yl 0.14 4.75 -9.3775 -0.9422 18.71 10.5 
26 Pyridin-4-yl 0.13 3.06 -9.4037 -0.934 18.61 - 
27 Pyrrol-2-yl - 2.41 -8.5859 -0.5295 23.87 10.5 
28 Furan-2-yl - 4.1 -9.0909 -0.795 21.76 - 
29 Indol-3-yl - 3.56 - - 20.87 - 
30 Thien-2-yl - 3.32 -9.1719 -0.8653 26.77 17.0 
31 Thien-2-yl-5-Me - 3.51 -8.9955 -0.8486 26.37 15.0 
32 Thien-2-yl-5-Br - 3.01 -9.2517 -1.1269 26.20 15.5 

Se
t 2

 

33 Thien-2-yl-5-NO2 - 58.1 -1.9799 3.27 34.68 13.5 
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Table 3. Data set of selected steric descriptors 

No. R π log P Vm 
(cm3.mol-1) 

MR   
 

Hf 
(Kcal.mol-1) 

ZI 
(mm) 

1 Ph 0 3.79 201.37 -1.8868 -10.2072 15.0 
2 2-OHPh -0.67 3.48 199.57 -1.8935 -53.6254 15.0 
3 3-OHPh -0.67 3.52 198.88 -1.8919 -53.6308 12.0 
4 4-OHPh -0.67 3.48 198.88 -1.8914 -37.4067 14.0 
5 2-OMePh -0.02 3.74 219.94 -1.9737 -46.906 13.0 
6 3-OMePh -0.02 3.78 219.86 -1.9693 -47.4043 10.0 
7 4-OMePh -0.02 3.75 219.84 -1.9682 -38.6567 13.0 
8 3,4-OMe2Ph - 3.49 238.28 -2.0113 -75.8321 11.0 
9 3-OH,4-OMePh - 2.13 217.39 - - Nil 
10 2-FPh 0.14 3.95 212.02 -1.8846 -53.8489 - 
11 3-FPh 0.14 3.98 212.02 -1.8851 -54.6461 - 
12 4-FPh 0.14 3.94 212.99 -1.8853 -55.3716 16.0 
13 2-ClPh 0.71 4.38 214.08 -1.8817 -15.5506 16.0 
14 3-ClPh 0.71 4.42 213.95 -1.883 -16.7515 18.0 
15 4-ClPh 0.71 4.38 213.93 -1.8834 -16.8489 18.0 
16 3-BrPh 0.86 4.62 216.33 -1.8822 -4.6122 18.5 
17 4-BrPh 0.86 4.59 216.32 -1.8827 -4.5937 - 
18 2-NO2Ph -0.28 3.32 191.72 -1.9001 -8.469 11.0 
19 3-NO2Ph -0.28 3.36 190.65 -1.8971 -0.7997 10.5 
20 4-NO2Ph -0.28 3.32 190.69 -1.8962 -25.0921 10.5 
21 4-NMe2Ph 0.18 2.41 237.37 - - Nil 
22 4-MePh 0.56 4.09 217.64 -1.9897 -16.825 16.0 

Se
t 1

 

23 2-Me,3,4-OMe2Ph - - - - - Nil 
24 Pyridin-2-yl - 2.52 206.03 -1.8777 2.8487 13.0 
25 Pyridin-3-yl - 2.56 206.08 -1.8799 -0.2678 10.5 
26 Pyridin-4-yl - 2.56 206.07 -1.8806 3.5512 - 
27 Pyrrol-2-yl - 2.52 167.07 -1.8732 5.8471 10.5 
28 Furan-2-yl - 2.51 169.30 -1.8716 -28.0442 Nil 
29 Indol-3-yl - 1.60 211.86 - - Nil 
30 Thien-2-yl - 3.32 189.87 -1.8707 -5.5895 17.0 
31 Thien-2-yl-5-Me - 3.50 206.09 -1.907 -13.0335 15.0 
32 Thien-2-yl-5-Br - 4.33 204.64 -1.8707 -2.6183 15.5 

Se
t 2

 

33 Thien-2-yl-5-NO2 - 3.07 180.21 -1.8707 -41.1641 13.5 
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Figure 3. Plot of antibacterial activity (ZI) vs EHOMO. 

 
 Regarding a correlation of the steric parameters with activity, all chalcones of both sets were 
found to correlate directly with the activity with the exception of methoxy and pyridylchalcones.  
The octanol-water partition coefficient (log P) is representative of steric interactions and in the 
present study it showed a good correlation with the bactericidal action of chalcones of both sets 
except 3-OMe and 2- pyridylchalcones. A direct correlation of the activity with log P (r2 = 0.82) 
was indicative of the fact that chalcones with a higher log P are expected to be more active as is 
reflected in the activity of the series of halogenated chalcones (Figure 4). 
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Figure 4. Plot of antibacterial activity (ZI) vs octanol-water partition coefficient (log P). 
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 A direct correlation of the antibacterial potential of chalcones of both sets with another steric 
parameter i.e. Vm (r2 =0.88) was observed. As it is evident from Figure 5, the activity of 
chalcones increases with an increase in the molar volume and the following order of potency of 
the bactericidal action was observed 

Br > Cl > F > H > OH. 
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Figure 5. Plot of antibacterial activity (ZI) vs molar volume (Vm) 

 
 
Conclusions 
 
An echo-friendly synthesis of a 33-membered library of 3-hydroxychalcones has been conducted 
under microwave irradiation. These chalcones were found to be active against B. bronchiseptica 
which is a gram positive bacterium responsible for respiratory tract infections both in animals 
and humans. Agar well diffusion method was employed for antibacterial testing using cefixime 
as standard drugs. The halogen substituted chalcones were found to be the most active members 
of the library, the nitrochalcones least active whereas hydroxy and methoxy substituted 
chalcones were intermediate in activity. Two types of molecular descriptors i.e. electronic and 
steric were calculated by software package MOE in order to derive a quantitative relation 
between bactericidal activity and structural properties. A direct structure activity correlation was 
observed in case of steric parameters and the most active chalcones (14 and 16) were found to 
possess high values of π, log P and Vm. It may therefore be generalized that the lipophilicity of 
the compounds appears to be the main predictor of bactericidal activity against B. 
bronchiseptica. However, of the electronic parameters, an inverse relation between EHOMO and 
bactericidal potential was observed and the chalcones substituted with electron acceptors with a 
low lying HOMO were found to be the more active members of the library. It is therefore 

ZI 

Vm 

r2 =0.88 
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suggested that the chalcones with electron acceptors on ring B (with the exception of 
nitrochalcones) having a greater lipophilic character are expected to be strong inhibitors of B. 
bronchiseptica.  
 
 
Experimental Section 
 
General Procedures. Melting points were determined in open capillaries on a Mel-Temp 
apparatus and are uncorrected. Domestic purpose microwave oven (LG, Model: MS-304A, 
Microwave:1250W, RF output: 900W and 2450Mz) was used for synthesis. IR spectra were 
recorded on a Schimadzu FTIR-270 spectrophotometer (KBr, 400-4000 cm-1). 1H-NMR spectra 
were recorded on a Bruker NMR spectrometer at 300 MHz using tetramethylsilane as an internal 
reference. Chemical shifts are given in parts per million (ppm). Thin-layer chromatography was 
performed on Merck silica gel F254 plates (0.25mm). Some of the compounds synthesized were 
purified through flash chromatography using silica gel; Keisel gel G-60 (Fluka). All solvents and 
reagents were obtained either from Fluka or Aldrich and were used without further purification. 
The synthesis of chalcones 1-33 was carried out by the reaction of 3-hydroxyacetophenone with 
a number of substituted aryl and heteroaryl aldehydes via Claisen Schmidt condensation under 
microwave irradiation leading to two sets of chalcones; Set 1 comprising  of chalcones 1-23 
while Set 2 comprised of chalcones 24-33. The reaction time varied from 30-180 sec while the 
yield varied from 51-93%. The chalcones 2, 3, 4, 6, 22, 26, 28, 29 and 33 were obtained in 
relatively low yield. 
 
Conventional synthesis of chalcones 
Chalcone 2-4, 9 and heteroaryl chalcones (24-33) were synthesized by conventional method as 
reported earlier.18  
 
Microwave assisted synthesis of chalcones 
Chalcone 1, 5-8 and 10-23 were synthesized using microwave oven. To a solution of 
methylketone (0.01 mole) and aromatic aldehyde (0.01 mole or 0.02 moles) in dry ethanol (20 
ml) taken in a beaker (100 ml), a catalytic quantity of sodium hydroxide (1-2 pellets) was added 
and the reaction mixture was heated inside a microwave oven for 30 sec to 180 sec. (at 210 
Watts, i.e. 30% microwave power). The reactions were monitored through TLC using solvent 
system (a) ethyl acetate : n-hexane (1:2),  (b) ethyl acetate : n-hexane (1:3) and (c) acetone : n-
hexane (1:3).  When the reaction was found to be complete, then reaction mixture was cooled in 
an ice bath and the product thus formed was filtered, washed with ethanol followed by washing 
with water till the washings were neutral and recrystallized by distilled ethanol. Some of the 
compounds 24-33 were purified through flash chromatography using silica gel Keisel gel G-60 
(Fluka) ethyl acetate- n-hexane (4:1) as eluent. 
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Determination of antibacterial activity 
All compounds were tested against six bacterial strains B. bronchiseptica, M. leuteus, P. picketti, 
E. coli, E. aerogenes and S. Setubal. The agar well-diffusion method was applied for the 
determination of inhibition zone and minimum inhibitory concentration (MIC). Briefly, 0.75 ml 
of broth culture containing ca. 106 colon-forming units (CFU) per ml of the test strain was added 
to 75 ml of nutrient agar medium at 45 ºC, mixed well, and then poured into a 14 cm sterile 
metallic Petri plate. The medium was allowed to solidify, and 8 mm wells were dug with a 
sterile metallic borer. Then, a DMSO solution of the test sample (100 µl) at 1 mg/ml was added 
to the respective wells. DMSO served as negative control, and the standard antibacterial drug 
Cefixime® (1 mg/ml) were used as positive controls. Triplicate plates of each bacterial strain 
were prepared and were incubated aerobically at 37 ºC for 24 h. The activity was determined by 
measuring the diameter of zone showing complete inhibition (mm), thereby, the zones were 
precisely measured with the aid of a Vernier Caliper (precision ± 0.1 mm). The growth inhibition 
was calculated with reference to the positive control. 
 
Determination of minimum inhibitory concentrations 
For the individual chalcones that showed inhibition zones > 10 mm, MIC values were 
determined by means of the agar well-diffusion method for concentrations of 1.0, 0.8, 0.6, 0.4, 
0.3, 0.2 and 0.1 mg/ml in DMSO. The tests were performed in triplicate, and the results were 
averaged.  
 
Computer modeling and calculation of the electronic and steric descriptors 
The software package MOE (Molecular Operating Environment) was used to generate the 
descriptor-based QSAR.  The final structures that represented the most stable conformer for a 
given compound were used to obtain these descriptors. The following descriptors were selected 
and calculated as they represented electronic and steric features of the compounds studied and 
are known to be important for biological activity. 
Electronic descriptors: 
• Hammett substituent constant (σ) 
• Dipole moment (µ) 
• Energy of frontier orbitals (EHOMO & ELUMO) 
• Total energy of the most stable conformer (ETotal) 
Steric descriptors: 
• Octanol-water partition coefficient (log P) 
• Substituent’s hydrophobicity constant (π) 
• Molecular volume (Vm) 
• Molecular refractivity (MR) 
• Heat of formation (Ηf) 
A first order polynomial relationship was obtained with a number of both electronic and steric 
parameters. In some cases unsatisfactory correlation was obtained, but after omitting some 
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chalcones linear and better relationship was obtained with significantly higher correlation 
coefficients. These relations have suggested that the compounds with maximal inhibition should 
possess a log P value at least 3.5. 
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