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Abstract 
Novel monobactams were designed and synthesized by coupling the monocyclic 

azetidinones with sulphapyridine moiety in order to assess the possibility to enhance the 

bactericidal activity through a synergistic dual-action mechanism. In a process, sulphapyridine 

(4) was condensed with different aromatic aldehydes to obtain anils 5(a-h) which on Staudinger 

[2+2] cycloaddition with chloroacetyl chloride produced N-sulphapyridinyl-3-chloro-4-

(substituted) azetidin-2-ones 6(a-h). Their structures were confirmed by 1H-NMR, IR, Mass 

spectra and elemental analysis. The activities were tested, in vitro, against a panel of selected 

bacteria. A correlation of structure and activities relationship of these compounds with respect to 

molecular modeling, Lipinski rule of five, drug likeness, toxicity profiles and other physico-

chemical properties of drugs are described and verified experimentally.  

Keywords: Monobactams; Sulphonamides; Antibacterials; Physico-chemical 

Properties. 

Introduction 
β-Lactam antibiotics are the most widely used antibiotics in chemotherapy. The 

β-Lactam nucleus is the key to the biological activity of a large class of compounds 

characterized by the presence of this four-membered ring and differentiated by side 

chains, unsaturations, heteroatoms, and in many cases, by the presence of five- or six-

membered rings. The successful application of β-lactam antibiotics in the treatment of 

infectious diseases has been well documented for many years [1]. The potential use of 

some β-lactams as therapeutic agents for lowering plasma cholesterol levels [2, 3], as 

inhibitors of enzymes such as thrombin [4], HLE (human leukocyte elastase) [5] and the 

protease, responsible for capsid assembly and viral maturation of HCMV (human 

cytomegalovirus) [6] has been documented as well. The β-lactam structure is also the 

essential scaffold of several antagonists directed to the vasopressin V1 receptor, [7] 

and 2-azetidinones have been reported to show apoptosis inducing properties against 

human solid tumor cell lines [8]. Due to the large pharmacological potential and use of 

the β-lactam systems, intensive research has generated numerous methods for 

synthesizing this skeleton, and the topic has been deeply documented and reviewed 

several times [9,10]. Moreover, it is known that the biological activity executed by the β-

lactam molecules depends not only on the type of substituent linked to the nitrogen N-
                                                            
* Corresponding Author: parvezali_81@yahoo.com; drjsmeshram@rediffmail.com 



154 
 

1, the C-3 and the C-4 carbon atoms of the four-member ring, but also on the 

stereochemistry of the β-lactam core.  After the discovery of the penicillin and the 

cephalosporin, the past few decades have witnessed a remarkable growth in the field 

of β-lactam chemistry, as this heterocycle is a strategic component of various 

antibacterial agents [11, 12]. The need for potent and effective β-lactam antibiotics, as 

well as more effective enzyme inhibitors, has motivated synthetic organic chemists to 

design new functionalized 2-azetidinones [13, 14]. Applications of β-lactams in medicinal 

chemistry include their use as therapeutic agents for lowering the cholesterol level in 

plasma [15, 16], as anti-cancer agents [17–19] and as enzyme inhibitors (for examples 

inhibitors of HLE [20] and cysteine proteases) [21]. 

Sulfonamides denote an important class of drugs [22]. Their significance 

appeared only when sulfanilamide was reported [23] to be the first metabolite of an 

antibacterial drug. Later on, a large number of sulfanilamide derivatives were 

synthesized, characterized and tested for antibacterial [24], antitumor [25], anti-carbonic 

anhydrase [26, 27], diuretic [28, 29], hypoglycemic [30], anti-thyroid [31] or protease inhibitory 
[32] activities. In the past decade, research has gained an increased interest in seeking 

new methodologies and targets that could work assertively in the treatment of bacteria 

and virus related ailments. 

The dual-action mechanism exploited by cephalosporins coupled with other 

antibiotics has been known. So far with Monobactam-Sulphonamide, the dual-action 

mechanism has involved two active moieties inhibiting different molecular targets: i.e. 

Monobactam exploiting a cell wall activity and sulphonamide inhibit the cell 

metabolism. They can do so by inhibiting the enzyme catalyzed reaction which is 

present in the bacterial cell but not in animal cells. 

To the best of our knowledge, no dual action products arising from the coupling 

between β-lactam and sulphonamide moieties have been reported, so far. In the 

present paper, we have described the synthesis and the antibacterial activity of new 

compounds deriving from the above reported chemical linkage. A sulphonamide and a 

monobactam moiety, acting against cell wall metabolism and bacterial cell wall targets 

respectively, were used as parent compounds. The expected dual action of the 

sulphonamide-monobactam molecule and the monobactam, when released after 

enzymatic displacement, was based on the possible synergism resulting from 

simultaneous action of these two moieties against different penicillin binding proteins 

(PBPs). 

We have also reported here in the design and calculated molecular properties of 

some new mono-cyclic β-lactam coupled sulphonamides, on the basis of hypothetical 

antibacterial pharmacophore, structures were designed to interact with both of gram 

positive and gram negative bacteria. The high synthetic utility and pharmacological 

importance of β-lactams family have prompted us to realize a pharmacological study of 

the antibacterial activity of the compounds. As an extensive continuation of our study 
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on the structure-antibacterial activity relationships in β-lactam derivatives, we 

performed an investigation of compounds because they represent an attractive model 

for a theoretical and experimental study of the pharmacophore and their medical 

applications because of the large variability and combination in their substituent. 

Materials and Methods 
General 

The solvents and reagents used in the synthetic work were of analytical grade 

obtained from Qualigens India and were purified by distillation or crystallization where 

necessary and their boiling or melting points were compared with the available 

literature values. Melting points were determined in open capillaries and are 

uncorrected. 1H-NMR spectra were recorded on a Bruker Avance II 400 MHz NMR 

Spectrometer using tetramethylsilane (TMS) as an internal standard and DMSO-d6 as 

a solvent. Chemical shifts are given in parts per million (ppm).  Infrared spectra were 

recorded on Schimadzu-IR Prestige 21.  Mass spectra were recorded on a Waters 

Micromass Q-T of Micro spectrometer. The reactions were monitored and the purity of 

products was checked out on pre-coated TLC plates (Silica gel 60 F254, Merck), 

visualizing the spots under ultraviolet light and iodine chamber. 

Antibacterial activity 

Antibacterial activity of test compounds was assessed against four test micro-

organisms i.e. p. Aureginosa, E.Coli, P.Vulgaris and S.Aureus by cup-plate method. 

Materials 

(1) Nutrient agar. (2) Sterilized petri dishes and pipettes. (3) 20–24-hour old 

subcultures in nutrient agar medium. (4) Sterilized test tubes containing solution of the 

test compounds in desired concentration. 

Preparation of inoculation medium 

The definite volumes of peptone (0.5%), yeast extract (0.15%), beef extract 

(0.15%), sodium chloride (0.35%), dipotassium phosphate (0.36%), and potassium 

dihydrogen phosphate (0.13%) were dissolved in distilled water and the pH was 

adjusted to 7.2. This solution was sterilized by autoclaving at 15 p.s.i. for 20 minutes. 

Preparation of subcultures 

One day prior to these tests, inoculation of above bacterial cultures was made in 

the inoculation medium as described above and incubated at 37◦C for 18–24 hours. 

Preparation of base-layer medium 

Base-layer medium was prepared by dissolving definite volumes of peptone 

(0.6%), yeast extract (0.3%), beef extract (0.13%), and agar (2.5%) in distilled water. 

The pH of this medium was also adjusted to 7.2 and sterilized by autoclaving at 15 

p.s.i. for 20 minutes. 

  



156 
 

Preparation of test compounds 

Each test compounds (5 mg) was dissolved in dimethylformamide (5 ml) to give 

a solution of 1000 µg/ml. Out of this 0.1ml.of solution was used for antimicrobial 

testing. 

Testing method 

Base-layer was obtained by pouring about 10–15 ml of base layer medium into 

each sterilized petri dishes and were allowed to attain room temperature. This solid 

layer after attaining room temperature is called base-layer. Over-night grown sub-

cultures of bacteria were mixed with seed layer medium and immediately poured into 

petri dishes containing the base-layer and then allowed to attain room temperature. 

The cups were made by scooping out nutrient agar with a sterile cork borer. To these 

cups, solutions of test compounds (0.1 ml) were added using sterile pipettes and these 

plates were subsequently incubated at 37◦C for 36 hours. The zone of inhibitions, if 

any, was measured in mm for the particular compound. Ampicillin and Streptomycin 

were used as positive-control. The results of antibacterial testing are summarized in 

table 1. 
Synthesis of P-Acetamidosulphapyridine (3) 

2-aminopyridine 4.7g (0.05 mmol) were dissolved in a mixture of 40 ml 

anhydrous acetone and 6 ml of dry pyridine in a 250 ml flask, and 11.67 g (0.05 mmol) 

of pure acetylsulphonylchloride were added slowly to it in a lot of 1 to 2 g. Sodium 

bicarbonate was added as an acid scavenger. The reaction mixture was set aside 

overnight and almost pure p-acetamidosulphapyridine was filtered off, washed with 

cold water, and air dried. It was then recrystallized from acetone to give white product 

in 85% yield [39]. 

This compound was obtained as white solid. Yield: (85%). Mp= 112-114ºC. IR 

(KBr, cm-1): 1650 (C=O), 3270 (N-H), 1370 (S-O). 1H NMR (CDCl3): 2.02 (s, 3H, C-

CH3), 4.00 (s, 1H, -NH (Amino pyridine), 8.00 (s, 1H, -NH, Amidyl), 6.66-8.10 (m, 8H, 

Aromatic H). Mass (m/z):  M+; 291 (100%), M+1; 292 (15%). Anal. calcd. for 

C13H13N3O3S: C, 68.31; H, 5.37; N, 14.94; O, 11.37. Found: C, 68.34; H, 5.40; N, 

14.96; O, 11.35.  

Synthesis of Sulphapyridine (4) 

5.0 g of p-acetamidosulphapyridine (3) were hydrolyzed by refluxing with 75 ml 

of ethanol containing 15 ml of conc. HCl for 4–5 hr. It was then poured into ice-cold 

water and finally made just alkaline with liq. ammonia. The resultant product 

sulphapyridine was filtered off, washed with water, and air dried. It was then 

recrystallized from ethanol to give product (4) in excellent yield [39]. 

This compound was obtained as white color solid. Yield: (75%). Mp= 188-190°C. 

IR (KBr, cm-1): 3450-3300 (N-H str.), 3100-3050 (Aromatic C-H str.), 1365 (S-O). 1H 

NMR (CDCl3): 6.36-6.38 (s, 2H, -NH2), 6.60 (s, 1H, -NH (Amino pyridine)), 7.00-7.97 
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(m, 8H, Aromatic H). Mass (m/z):  249 (100 %). Anal. calcd. for C11H11N3O2S: C, 68.31; 

H, 5.37; N, 14.94; O, 11.37. Found: C, 68.34; H, 5.40; N, 14.96; O, 11.35. 

General procedure for the synthesis of 4-(substituted benzylideneamino)-N-(pyridine-2-

yl)benzenesulphonamides 5 (a-h).  

Sulphapyridine 1.0 g (4) was added to a solution of salicylaldehyde 1.10 g in 

methanol and refluxed for 1 hr. The reaction was monitored by TLC. After completion 

of reaction, the reaction mixture was allowed to attain the room temperature. The solid 

precipitated was filtered off and dried. Second crop was isolated by removing the 

solvent under reduced pressure. It was recrystallized from hot methanol. Similar 

method was used for the synthesis of remaining Schiff’s bases. 

This compound was obtained as a yellow solid. Yield: (84%). Mp= 195-197°C. IR 

(KBr, cm-1): 3190 (O-H str.), 3100-3050 (Aromatic C-H str.), 1640 (CH=N). 1H NMR 

(CDCl3): 6.60 (s, 1H, N-H), 6.20-8.70 (m, 12H, Ar- H), 8.70 (s, 1H, CH=N), 10.00 (s, 

1H, OH). Mass (m/z):  281 (100%). Anal. calcd. for C16H13N3O3S: C, 68.31; H, 5.37; N, 

14.94; O, 11.37. Found: C, 68.34; H, 5.40; N, 14.96; O, 11.35. 

General procedure for the synthesis of 4-(3-chloro-2-(substitutedphenyl)-4-oxoazetidin-

1-yl)-N-(pyridine-2-yl) benzenesulphonamides 6 (a-h).  

To a stirred solution of 4-(benzylideneamino)-N-(pyridine-2-yl) 

benzenesulphonamide 5b (0.01 M), and Et3N (0.03 M) in anhydrous dichloromethane 

(50 ml), a solution of chloroacetyl chloride (0.01 M) was added drop wise at -5 to 5 °C. 

The mixture was allowed to stir at room temperature for overnight. The reaction 

monitoring was done by TLC. After completion of the reaction it was quenched in 

water. The organic layer was separated out, washed with water followed by washing 

with 10 % NaHCO3 solution and dried over anhydrous magnesium sulphate. The 

products that were obtained after removing the solvent were recrystallized from 

ethanol. Same process was followed for the generation of rest of the azetidinones. 

This compound was obtained as white color solid. Yield: (75%). Mp= 210-212°C. 

IR (KBr, cm-1): 3220-3150 (O-H str.), 3100-3050 (Aromatic C-H str.), 1712 (β-lactam –

CO), 3265 (N-H), 1360 (S-O). 1H NMR (DMSO-d6) ppm: 4.10 (d, j=4.39, 1H, CH), 4.38 

(d, j=5.20, 1H, CH), 6.77 (s, 1H, N-H), 6.60-8.20 (m, 12H, Ar-H), 10.17 (s, 1H, OH). 

Mass (m/z):  429 (100%). Anal. calcd. for C18H14ClN3O4S: Calculated C, 55.88; H, 

3.75; N, 9.77, Cl, 8.57, O, 14.89; S, 7.49. Found: C, 55.90; H, 3.78; N, 9.80, Cl, 8.60, 

O, 14.92; S, 7.52. 

Data 

4-(3-chloro-2-(phenyl)-4-oxoazetidin-1-yl)-N-(pyridine-2-yl)benzenesulphonamide 6(a). 

This compound was obtained as white solid, Yield (75%). Mp= 197-199°C. IR 

(KBr, cm-1): 3100-3050 (Aromatic C-H str.), 1718 (β-lactam –CO), 3268 (N-H), 1365 

(S-O). 1H NMR (DMSO-d6) ppm: 4.15 (d, j=4.39, 1H, CH), 4.50 (d, j=5.22, 1H, CH), 

6.75 (s, 1H, N-H), 6.65-8.15 (m, 13H, Ar-H). MS: m/z: 413 (M+, 100%), 414 (66%). 
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Anal. calcd. for C20H16ClN3O3S: C, 58.04; H, 3.90; N, 10.15, Cl, 8.57, O, 11.60; S, 7.75. 

Found: C, 58.10; H, 3.95; N, 10.17, Cl, 8.60, O, 11.60; S, 7.80. 

4-(3-chloro-2-(4-hydroxyphenyl)-4-oxoazetidin-1-yl)-N-(pyridine-2-

yl)benzenesulphonamide 6(c).  

This compound was obtained as buff white color solid. Yield: (75%). Mp= 201-

203°C. IR (KBr, cm-1): 3225-3145 (O-H str.), 3100-3055 (Aromatic C-H str.), 1720 (β-

lactam –CO), 3275 (N-H), 1350 (S-O). 1H NMR (DMSO-d6) ppm: 4.15 (d, j=4.27, 1H, 

CH), 4.43 (d, j=5.22, 1H, CH), 6.76 (s, 1H, N-H), 6.60-8.25 (m, 12H, Ar-H), 10.15 (s, 

1H, OH). Mass (m/z):  429 (100%). Anal. calcd. for C18H14ClN3O4S: Calculated C, 

55.88; H, 3.75; N, 9.77, Cl, 8.57, O, 14.89; S, 7.49. Found: C, 55.91; H, 3.79; N, 9.88, 

Cl, 8.67, O, 14.98; S, 7.56. 

4-(3-chloro-2-(2-nitrophenyl)-4-oxoazetidin-1-yl)-N-(pyridine-2-yl)-

benzenesulphonamide 6(d).   

This compound was obtained as yellow solid, Yield (74%). Mp= 188-190°C. IR 

(KBr, cm-1): 3112-3068 (Aromatic C-H str.), 1715 (β-lactam –CO), 3267 (N-H), 1355 

(S-O). 1H NMR (DMSO-d6) ppm: 4.25 (d, j=4.30, 1H, CH), 4.62 (d, j=5.25, 1H, CH), 

6.75 (s, 1H, N-H), 6.50-8.35 (m, 12H, Ar-H). MS: m/z: 458 (M+, 100%). Anal. calcd. for 

C20H15ClN4O5S: C, 52.35; H, 3.29; N, 12.21, Cl, 7.73, O, 17.43; S, 6.99. Found: C, 

52.33; H, 3.31; N, 12.25, Cl, 7.73, O, 17.45; S, 6.96. 
4-(3-chloro-2-(3-nitrophenyl)-4-oxoazetidin-1-yl)-N-(pyridine-2-yl)-

benzenesulphonamide 6(e).   

This compound was obtained as yellow solid, Yield (78%). Mp= 198-201°C. IR 

(KBr, cm-1): 3115-3070 (Aromatic C-H str.), 1718 (β-lactam –CO), 3265 (N-H), 1352 

(S-O). 1H NMR (DMSO-d6) ppm: 4.26 (d, j=4.27, 1H, CH), 4.65 (d, j=5.20, 1H, CH), 

6.77 (s, 1H, N-H), 6.52-8.36 (m, 12H, Ar-H). MS: m/z: 458 (M+, 100%). Anal. calcd. for 

C20H15ClN4O5S: C, 52.35; H, 3.29; N, 12.21, Cl, 7.73, O, 17.43; S, 6.99. Found: C, 

52.36; H, 3.35; N, 12.22, Cl, 7.74, O, 17.45; S, 6.98. 
4-(3-chloro-2-(4-methoxyphenyl)-4-oxoazetidin-1-yl)-N-(pyridine-2-

yl)benzenesulphonamide 6 (f).   

This compound was obtained as brown solid, Yield (78%). Mp= 192-194°C. IR 

(KBr, cm-1): 3112-3055 (Aromatic C-H str.), 1722 (β-lactam –CO), 3268 (N-H), 1360 

(S-O). 1H NMR (DMSO-d6) ppm: 4.18 (d, j=4.35, 1H, CH), 4.26 (d, j=5.25, 1H, CH), 

6.75 (s, 1H, N-H), 6.50-8.40 (m, 12H, Ar-H). MS: m/z: 443 (M+, 100%). Anal. calcd. for 

C21H18ClN3O4S: C, 56.82; H, 4.09; N, 9.47, Cl, 7.99, O, 14.42; S, 7.22. Found: C, 

56.82; H, 4.09; N, 9.47, Cl, 7.99, O, 14.42; S, 7.22. 

4-(3-chloro-2-(2-chlorophenyl)-4-oxoazetidin-1-yl)-N-(pyridine-2-

yl)benzenesulphonamide 

6 (g).   

This compound was obtained as brown solid, Yield (76%). Mp= 215-217°C. IR 

(KBr, cm-1): 3110-3060 (Aromatic C-H str.), 1710 (β-lactam –CO), 3262 (N-H), 1360 



159 
 

(S-O). 1H NMR (DMSO-d6) ppm: 4.21 (d, j=4.35, 1H, CH), 4.60 (d, j=5.24, 1H, CH), 

6.80 (s, 1H, N-H), 6.62-8.20 (m, 12H, Ar-H). MS: m/z: 448 (M+, 100%). Anal. calcd. for 

C20H15Cl2N3O3S: C, 53.58; H, 3.37; N, 9.37, Cl, 15.82, O, 10.71; S, 7.75. Found: C, 

53.60; H, 3.40; N, 9.36, Cl, 15.85, O, 10.75; S, 7.78. 

4-(3-chloro-2-(4-chlorophenyl)-4-oxoazetidin-1-yl)-N-(pyridine-2-

yl)benzenesulphonamide  

6 (h).   

This compound was obtained as brown solid, Yield (78%). Mp= 205-207°C. IR 

(KBr, cm-1): 3110-3065 (Aromatic C-H str.), 1714 (β-lactam –CO), 3268 (N-H), 1362 

(S-O). 1H NMR (DMSO-d6) ppm: 4.22 (d, j=4.28, 1H, CH), 4.61 (d, j=5.20, 1H, CH), 

6.82 (s, 1H, N-H), 6.63-8.26 (m, 12H, Ar-H). MS: m/z: 448 (M+, 100%). Anal. calcd. for 

C20H15Cl2N3O3S: C, 53.58; H, 3.37; N, 9.37, Cl, 15.82, O, 10.71; S, 7.75. Found: C, 

53.59; H, 3.41; N, 9.33, Cl, 15.87, O, 10.76; S, 7.75. 

Results and Discussion 
Chemistry 

Acetanilide and chlorosulphonic acid was allowed to react to give N-acetyl 

sulphanilyl chloride (ASC) which was reacted with 2-amino pyridine to give p-

Acetamidobenzenesulphapyridine. It was hydrolyzed to sulphapyridine (4) by ethanolic 

HCl. It was characterized by elemental analysis, IR spectral studies, and NMR spectral 

studies. The IR spectra of the compound show the bands at 3450-3300 cm−1 for N-H 

stretching. This hydrolyzed product was reacted with aromatic aldehydes in methanol 

to yield Schiff bases (5). These Schiff bases 5 (a-h) were then characterized by the 

elemental analysis, IR spectral studies, and NMR spectral studies. The IR spectra of 

Schiff bases 5a show the prominent band around 1640-1670 cm−1 for the azomethine 

group. These Schiff’s bases on cyclocondensation reaction with chloroacetyl chloride 

in the presence of triethylamine afforded monobactam coupled sulphonamides 6(a-h) 

as shown in Scheme 1.  

The structures of these compounds have been confirmed by elemental analysis, 

IR spectral studies, and NMR spectral studies. All the compounds show the NMR 

signals for different kinds of protons at their respective positions. The presence of 

these new compounds was confirmed by TLC monitoring. The IR spectra showed the 

β-lactam carbonyl at 1712.0-1750.0 cm-1. The indicated cis stereochemistry for these 

monocyclic β-lactams was deduced from analysis of their 1H-NMR spectra. The mass 

spectra of these compounds displayed a molecular ion peak at their respective m/z 

values which are corresponding well with the respective molecular mass. All the 

compounds have given the satisfactory elemental analysis. 
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5a, 6a   R=C6H5             ,   5e, 6e  R=3-NO2C6H4,
5b, 6b  R=2-OHC6H4 ,    5f, 6f   R=4-OMe
5c,  6c   R=4-OHC6H4 ,  5g, 6g  R=2-ClC6H4
5d, 6d   R=2-NO2C6H4,   5h, 6h  R=4-ClC6H4
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4. 5 (a-h). 6(a-h).

Scheme 1: Synthesis of 4-(3-chloro-2-(substitutedphenyl)-4-oxoazetidin-1-yl)-N-

(pyridine-2-yl) benzenesulphonamides. 

 

Antibacterial screening and preliminary observations 

The antibacterial activity of the series 6 (a–h) been carried out against some 

strain of bacteria. To determine the antibacterial activity of these agents, the Agar cup 

plate method was used, with Ampicillin and Streptomycin as the reference antibiotics.  

The prepared compounds were examined against two strains each of gram-positive 

and gram-negative bacteria. The test results, presented in table 1, suggest that 

compounds 6b and 6c are highly active against two strains each of gram-positive and 

gram-negative bacteria showing the broadest spectra of antibacterial activity. The rest 

of the compounds were found to be moderately active, slightly active or inactive 

against the tested microorganisms. 

 

Table 1:  Antibacterial activity of compounds (6a)-(6h). 

 

Compd. 

Gram (+) bacteria  Gram (-) bacteria 

A B  C D 

6a - +  + - 

6b ++ +++  +++ ++ 

6c +++ +++  +++ +++ 

6d + -  - + 

6e + -  ++ + 

6f ++ -  - ++ 

6g ++ +  - ++ 

6h + +  - + 

AMP +++ +++  +++ +++ 

STREP +++ +++  +++ +++ 

AMP: Ampicillin; STREP: Streptomycin. A: S.aureus; B: P.vulgaris; C: E.coli; D: P.aeruginosa. 
Inactive = - (inhibition zone < 5 mm); slightly active = + (inhibition zone 5-10 mm); moderately 
active = + + (inhibition zone 10-15 mm); highly active = + + + (inhibition zone > 15 mm). 
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Molecular Modeling by Molinspiration 

MiLogP (octanol/water partition coefficient) is calculated by the methodology 

developed by Molinspiration as a sum of fragment-based contributions and correction 

factors (Table 2).  The method is very robust and is able to process practically all 

organic and most organometallic molecules. Molecular Polar Surface Area TPSA is 

calculated based on the methodology published by Ertl et al. as a sum of fragment 

contributions [33, 38]. O- and N- centered polar fragments are considered. PSA has been 

shown to be a very good descriptor characterizing drug absorption, including intestinal 

absorption, bioavailability, Caco-2 permeability and blood-brain barrier penetration. 

Prediction results of compounds 6 (a-h) molecular properties (TPSA, GPCR ligand and 

ICM) are valued (Table 2). Lipophilicity (log P value) and polar surface area (PSA) 

values are two important properties for the prediction of per oral bioavailability of drug 

molecules [34, 35]. Therefore we have calculated log P and PSA values for compounds 6 

(a-h) using molinspiration software programs and compared them with the values 

obtained for standard drugs Ampicillin and Streptomycin. For all the compounds, the 

calculated log P values were less than 5, which is the upper limit for the drugs to be 

able to penetrate through biomembranes according to Lipinski’s rules.  

The lowest degree of lipophilicity among all the compounds was exhibited by 

compounds 6b, 6c 6d and 6e, which are an indication for good water solubility. The 

polar surface area (PSA) is calculated from the surface areas that are occupied by 

oxygen and nitrogen atoms and by hydrogen atoms attached to them. Thus, the PSA 

is closely related to the hydrogen bonding potential of a compound [36]. Molecules with 

PSA values of 140 Å or more are expected to exhibit poor intestinal absorption [36]. 

Table 4 shows that all the compounds are within this limit. It has to be kept in mind that 

log P and PSA values are only too important, although not sufficient criteria for 

predicting oral absorption of a drug [37]. To support this contention, note that all the 

compounds have zero violations of the Rule of 5. Two or more violations of the Rule of 

5 suggest the probability of problems in bioavailability [38]. All the compounds have zero 

violation of the Rule of 5. Drug likeness of compounds 6 (a-h) is tabulated in Table 4. 

Drug likeness may be defined as a complex balance of various molecular properties 

and structure features which determine whether particular molecule is similar to the 

known drugs. These properties, mainly hydrophobicity, electronic distribution, 

hydrogen bonding characteristics, molecule size and flexibility and presence of various 

pharmacophores features influence the behavior of molecule in a living organism, 

including bioavailability, transport properties, affinity to proteins, reactivity, toxicity, 

metabolic stability and many others. 

 
  



162 
 

Table 2: Molinspiration calculations and drug likeness of compounds 6 (a-h). 

Compd. 

Molinspiration calculations Drug-likeness 

MW 

g/m

ol 

cLogP TPSA 

OH--NH 

Interract

. 

N 

viol. 
Vol. 

GPCR

L 
ICM KI NRL 

6a 413 3.26 79.37 1 0 334 -0.47 -0.33 -0.81 -0.47 

6b 429 3.20 99.59 2 0 342 -0.41 -0.40 -0.65 -0.41 

6c 429 2.78 99.59 2 0 342 -0.42 -0.30 -0.64 -0.42 

6d 458 3.17 125.19 1 0 357 -0.49 -0.49 -0.74 -0.49 

6e 458 3.19 125.19 1 0 357 -0.52 -0.41 -0.81 -0.52 

6f 443 3.32 88.60 1 0 360 -0.49 -0.32 -0.74 -0.49 

6g 448 3.89 79.37 1 0 348 -0.53 -0.40 -0.68 -0.53 

6h 448 3.94 79.37 1 0 348 -0.44 -0.32 -0.84 -0.44 

AMP 349 -0.87 112.73 4 0 299 -0.71 -0.57 -1.42 -0.71 

STREP 582 -5.35 336 16 3 497 -0.53 -0.36 -0.79 -0.53 

AMP: Ampicillin; STREP: Streptomycin; TPSA: Total Polar Surface Area; Vol.: Volume. GPCRL: GPCR 

ligand; ICM: Ion channel modulator; KI: Kinase inhibitor; NRL: Nuclear receptor ligand.   

 

Activity of all the compounds and standard drugs were rigorously analyzed 

under four criteria of known successful drug activity in the areas of GPCR ligand 

activity, ion channel modulation, kinase inhibition activity, and nuclear receptor ligand 

activity. Results are shown for all compounds in table 4 by means of numerical 

assignment.  Likewise all compounds have consistent negative values in all categories 

and numerical values conforming and comparable to that of standard drugs used for 

comparison. Therefore it is readily seen that all the compounds are expected to have 

near similar activity to standard drugs used based upon these four rigorous criteria 

(GPCR ligand, ion channel modulator, (kinase inhibitor, and nuclear receptor ligand). 

Conclusion 
In this protocol, monobactam moiety was coupled with the sulphapyridine moiety 

in a hybrid fashion with side chain having different functional groups in order to 

increase the potency of the hybrid molecules. All the compounds were characterized 

on the basis of elemental and spectral data. The produced compounds were studied 

theoretically. Practically, all the molecules were screened against the panels of certain 

gram positive and gram-negative bacteria. Compounds 6b and 6c were found to be 

equally potent comparable with amoxicillin and streptomycin. Thus, from the data 

obtained from virtual and practical screening, it is concluded that the compounds were 

varied to possess a broad range of lipophilic character, revealed by Log P values. All 

the compounds were determined to express no violation to the Rule of 5, hence an 

indication of favorable bioavailability based on drug likeness. The considerable number 

of hydrogen donor/acceptor atoms incurred significant hydrophilic character into the 
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majority of these drugs (supported by Log P values less than 5). Comparing relative 

activity scores of ampicillin and streptomycin utilizing four drug classes (GPCR ligand, 

ion channel modulator, kinase inhibitor, and nuclear receptor ligand) showed all 

compounds are very highly correlated with expected similar bioactivity. 
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