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 A series of piperazine-based phthalimide derivatives 5 (a-l) were synthesized and extensively 
characterized using a variety of spectrum methods, including LC-MS, 1H-NMR, 13C-NMR, and 
FT-IR. All the derivatives were examined for their physicochemical, pharmacokinetic, bio-
activity score, and PASS analysis. The 5e piperazine-based phthalimide derivative demonstrated 
promising antibacterial activity against methicillin-resistant Staphylococcus aureus (MRSA) in 
the in vitro antibacterial studies. In comparison to streptomycin and bacitracin (10 µg/mL), the 
minimum inhibitory concentration of 5e against MRSA was discovered to be 45±0.15 micro 
g/ml. The anti-MRSA activity was validated with membrane damage studies by using SEM, and 
in silico docking studies were against 3VMT and 6FTB proteins of MRSA. In the toxicity study, 
5e derivatives were evaluated against L6 cell lines. The results of the studies show the 
synthesized 2-(2-(4-((4-chlorophenyl) sulfonyl) piperazin-1-yl) ethyl) isoindoline-1,3-dione (5e) 
can be used for the development of anti-MRSA drugs. 

© 2023 by the authors; licensee Growing Science, Canada. 
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1. Introduction  

 

     
      Staphylococcus aureus is an important opportunistic pathogen responsible for many human infections globally.1 These 
infections are at sites of lowered host resistance causing the infection through damaged skin (surgical site infection) or 
mucous membrane (ventilator-associated pneumonia).2 Several studies have been done to decipher the specific molecular 
determinants involved in the virulence of S.aureusand its interaction with the host. Antibiotics3-4 was discovered at a crucial 
juncture in human history, changing medical research for the treatment of parasitic, fungal, and bacterial infections. 
Infectious diseases are a major public health issue that affects large sections of the global population.5 However, the efficacy 
of these wonder drugs against their intended microorganisms is declining due to the rapid development of resistance. Most 
hospital-acquired infections are caused by ESKAPE pathogenic bacteria (Enterococcus faecium, Staphylococcus aureus, 
Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter species.6 Many MRSA 
clones have developed resistance to drugs such as erythromycin7, clindamycin 8, ciprofloxacin 9, tetracycline10, and others. 
Except for a few outbreaks of multidrug-resistant CA-MRSA, most CA-MRSA strains have not developed resistance to 
additional drugs.11   Although various medicines have been shown to be successful in the treatment of MRSA infection, 
concerns have been raised about the formation of widespread resistance in MRSA to various antibiotics, such as 
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vancomycin, linezolid, and daptomycin. It is critical to find and develop new antibiotics with unique modes of action to 
combat MRSA. 12-14  
 
      Piperazine is an organic heterocyclic compound with a six-membered ring containing two nitrogen heteroatoms at the 
C1 and C4 positions.15 Due of the various applications of heterocyclic compounds in agriculture and other areas, they play 
a significant role in nature .16 According to scientific literature the combinations of piperazine with various heterocyclic 
moieties.17  The piperazine compound is the backbone of many biologically potent molecules. piperazine derivates belong 
to a very wide range of compounds with good pharamacore properties. Initially, piperazine was used as the anthelmintic, 
presently; commercially available drugs contain piperazine moieties as an important part of drug structure.18 Pthalamide is 
a phthalic acid imido derivative. Imide is a functional group in organic chemistry that consists of two carbonyl groups linked 
to nitrogen.19  These chemicals are structurally related to acid anhydrides and they are hydrophobic and neutral, allowing 
them to cross biological membranes in vivo. Pthalimide derivatives were shown to have antibacterial properties in several 
studies .20 Antihelmintic action can be found in phthalimide derivatives of amino acid analogues. The utility of phthalimides 
and their derivatives is becoming increasingly popular.21  They have been discovered to be useful as inhibitors of tumour 
necrosis factor production. Many types of alkaloids and pharmacophores have been synthesised using phthalimides as 
starting materials or intermediates.22  To overcome the problem with Methicillin resistantS. aureus, the semisynthetic 
antibiotic was developed, which is derived from piperazine and pthalamide combinations.  
 

2. Results and Discussions 

2.1. Pharmacophore model, ADME, and BBB analysis of synthesized compounds    

     There are three parts to the designed molecules. Part A is a phthalimide with just oxygen as an electron donor and a 
sulfonyl of piperazine moiety (as a hydrogen acceptor/donor unit [HAD]) with promising bioactivity to perform the 
physicochemical, pharmacokinetic, and pharmacodynamic parameters represented in Fig. 1. We generated a variety of 
substitutions at thioamide piperazine with different types of phenyl groups to study the depth of the physicochemical 
behaviour of the synthesized compounds. 

 

Fig.1.  Pharmacophore model of synthesized compounds 5(a-l). 

Table. 1. In silicoscores of physicochemical and pharmacokinetic parameters of the synthesized 5(a-l). 
Comp miLog<5 TPSA 

(oA) MW<500 n-ON<10 n-OHNH<5 n-
rotb MV %ABS Vio<1 BBB 

5(a) 3.17 45.55 395.53 5 0 5 359.82 93.29 0 0.136 
5(b) 2.80 79.69 413.50 7 0 5 358.89 81.50 0 0.129 
5(c) -0.92 102.75 414.46 8 0 5 347.61 73.56 0 0.135 
5(d) 1.88 99.92 415.47 8 1 5 350.35 74.53 0 0.120 
5(e) 3.03 79.69 433.92 7 0 5 355.87 81.51 0 0.093 
5(f) 3.01 79.69 433.92 7 0 5 355.87 81.51 0 0.093 
5(g) 2.98 79.69 433.92 7 0 5 355.87 81.51 0 0.093 
5(h) 3.64 79.69 468.36 7 0 5 369.40 81.51 0 0.085 
5(i) 2.52 79.69 417.46 7 0 5 347.26 81.51 0 0.101 
5(j) 3.16 79.69 478.37 7 0 5 360.21 81.51 0 0.097 
5(k) 3.44 79.69 525.37 7 0 5 366.32 81.51 1 0.089 
5(l) 1.91 125.52 458.50 10 0 7 382.46 65.71 0 0.135 

 
     The portal (DOI: http://www.molinspiration.com23 was used to investigate the physico - chemical properties of the 
prepared compounds. The Table 1 shows physico-chemical parameters such clog, clogS, drug-likeness, total surface area, 
polar surface area, and H-acceptor and H-donor parameters. The compounds' acceptability was further analyzed using 
Lipinski's rule of five, which is important for rational drug design. According to the Lipinski’s rule of five compounds must 
have a molecular weight of ≤ 500 Daltons, ≤ 5 hydrogen bond donors, ≤ 10 hydrogen bond acceptors, and a logP of ≤ 5. 24-

25 Compounds that fulfil the criteriaand have not more than one violation been categorized as drug-like compounds with 
good bioavailability. Poor ingestion and penetration are likely to occur when any two of the above-mentioned criteria are 
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broken. The PSA (polar surface area) of all the blended mixes was well within the acceptable (less 140Ȃ2) and useful range. 
The compounds that were synthesized met Lipinski's criterion, indicating that they possessed the drug-like property 
(Supplementary figure S1).  

2.2 Biological activity spectrum PASS analysis 

The PASS software is a free web tool that may be used to determine the biological activity spectrum of a synthetic analogue 
and is used here to determine the activity. Table 2 and Supplementary Table S1 contain the findings of the synthesized 
analogue 5e. The compound 5e exhibits potent values of Passpiperantimyopathies (0.247), antineoplastic (melanoma) 
(0.239), antiprotozoal (Coccidial) (0.222), and antineoplastic (lung cancer) chemical 5 has potent values (0.199). The Pa 
and Pi values of the synthesized compound are excellent, indicating that the synthesized potent analogue (5) can be used as 
the futuristic therapeutic agent. 

Table. 2. Predicted biological activities of compounds 5e, Pa (probability “to be active”), Pi (probability “to be inactive”).  
Activity Pa Pi 

Antihelmintic (Fasciola) 0.192 0.069 
Antiprotozoal (Coccidial) 0.222 0.148 

Antiprotozoal (Trichomonas) 0.196 0.129 
Antiprotozoal (Amoeba) 0.229 0.168 

Antimyopathies 0.247 0.219 
Antineoplastic (non-small cell lung cancer) 0.159 0.142 

Antiseborrheic 0.199 0.185 
Antineoplastic (lung cancer) 0.130 0.122 

Antiseborrheic 0.199 0.185 
Antineoplastic (lung cancer) 0.199 0.122 

 

2.3. Synthesis and characterization of piperazine sulfonyl derivatives 

     In the present studies, a series of derivatives of piperazine phthalimide of 2-(2-(Piperazin-1-yl) ethyl) isoindoline-1, 3-
dione (3) were synthesized (Fig. 6). In these twelve synthesized compounds, 5(a-l) were characterized using various spectral 
analyses such as   1H NMR, LCMS, FTIR and 13C NMR. Spectral analyses were used to determine the structures of produced 
compounds (Supplementary Figs 2-13).26  The results of the elemental analysis showed that the empirically measured 
values and theoretically estimated values were within 0.4 percent of each other. 2-(piperazine-1-yl) ethamine(1equi) yielded 
(2-(piperazine-1-yl) isoindoline-1,3-dione (3) was obtained by the reaction between commercially available phthalic 
anhydride (1) and 2-(piperazine-1-yl) ethamine(1equi).27  By using various spectrum approaches the synthesized substances 
were characterized.    The FT-IR spectra of all synthesised compounds were obtained in the 4000-400 cm-1 range.  The 
absorption bands at 1250 cm-1is attributed to the stretching vibration of C-N, absorption bands at 1760 cm-1 are due to the 
presence of C=O stretch, -CH2 rocking is visible at 760 cm-1, and absorption bands at 1550 cm-1 are due to the aromatic 
C=C stretch. In the supplementary file, spectral images are tabulated (Supplementary figure S14). In the 1H-NMR spectra 
of synthesised compound 5e, the doublet peak at 7.8 is due to the aromatic proton, while the doublet peaks between δ 2.6 
and 3.2 are attributed to the piperazine (Pip-H). Similarly, the protons of the aromatic group generated a doublet signal at δ 
6.53- 8.98 ppm. The observed mass spectra indicate the molecular ion peak value of compound 5e agrees well with the 
molecular formula of synthesised compounds. The molecular ion peak for compound 5e was observed at m/z 433.91, which 
fits the molecular formula C20H20ClN3O4S. 

2.4 Antibacterial activity of piperazine Derivatives against MRSA 
 

    The Resazurin method was used to assess the MIC of the synthesized 5(a-l) analogs. MRSA resistance was tested using 
the parent structure piperazine and phthalimide28. The 5e has a remarkable MIC value of 45±0.15 µg/mL, which was 
validated by streptomycin and bacitracin 10 g/mL, which are both broad-spectrum antibiotics (Table 3). Disc diffusion was 
also used to determine 5e antibacterial activity in a dose-dependent manner. Piperazine 5e analogues inhibited zone in radius 
(ZIO) 4.82±0.02, 4.92±0.01, 5.32±0.02, 6.22±0.03, 6.82±0.02, and 7.68±0.03mm (Figs. 2A & 2B)29-30. The results indicate 
that the synthetic piperazine sulphonyl derivative due to its structural and chemical moieties is having significant results, 
according to the findings. The synthesized compound 5d shows moderately less activity due to the presence of aromatic 
ring with hydroxyl group. The remaining compounds also exhibit less activity towards MRSA due to the functional group 
present in the different positions; it is validated using molecular docking studies.   
 

Table. 3. MIC of the synthesized piperazine derivatives 5(a-1) against MRSA. 

Synthetic compounds Minimum inhibitory concentration 
(MIC) in µg/mL Synthetic compounds Minimum inhibitory concentration 

(MIC) in µg/mL 
5a 70±0.48 5h 50±0.75 
5b 64±0.19 5i 62±0.40 
5c 62±0.21 5j 65±0.27 
5d 48±0.14 5k 50±0.55 
5e 45±0.15 5l 51±0.36 
5f 49±0.48 Streptomycin 10 µg 
5g 49±0.35 Bacitracin 10 µg 
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Fig. 2. Antimicrobial activity 5e against MRSA. (A) MRSA tested with standard drug bacitracin 10 µg/disc (10.36±0.02) 
and streptomycin 10 µg/disc (11.84±0.03) ZOI in mm, (B) 5e analogue. 
 
2.5 Molecular docking for protein Glycosyltransferase with PDB ids 3VMT and 6FTB 
 
       The molecular docking predicted the active site conformations and binding energy of that compound with the electron-
withdrawing group have strong inhibition potential31. In this study it was observed that the respective positions of the 
aromatic ring contain various substituents along with different orientations. The in-silico docking approach investigated the 
coupling mechanism and inclination of a small particle inside the receptor target protein's coupling site. The docked ligands 
were placed in ligand-receptor configurations based on their coupling affinity.  In this work, 5e compound shows the various 
interactions (Figs. 3A & 3B) against two MRSA glycosyltransferase proteins, 3VMT and 6FTB. The strong interactions 
such as hydrogen, Vander Waals, and hydrophobic with potential amino acid residues promoted the binding of 5e during 
docking (Table 4). The compound 5e showed a good docking score against both the proteins when compared to the standard 
antibiotic streptomycin which contributed -10.656 kcal/mol and -7.879 kcal/mol, respectively, the ligand piperazine with 
phthalic anhydride, chloro groups (5e) contributed the highest docking score -6.941 kcal/mol with 3VMT protein and a 
significant score of -6.703 kcal/mol with 6FTB protein.  The binding site ofstandard streptomycin compare with compound 
5e is shown in Figs. 3C & 3D.  The superior activity of these Cl analogs might be attributed to their high electronegativity 
and strong electron-withdrawing potential, and this is thoroughly observed in this series of compounds. ASP111, ARG117, 
ARG302, and GLY114, formed interaction with different protonated groups of compounds 5e against 3VMT protein and 
CCN136 and GLY131 establish the interaction with sulfonyl moiety in the compound against protein 6FTB, docking score 
along with glide energy of the synthesized molecules were tabulated in table 5and binding site images of the all the molecule 
5(a-l) provided in the supplementary data (Supplementary figure S15).   
 
Table. 4. Molecular docking scores of synthesized analogues, complex and antibiotic streptomycin against 3VMT and 
6FTB protein 

Protein  3VMT 6FTB 

Compounds 
Docking 

XP Gscore 
Glide 

Energy 
Glide 

Emodel Docking 
Score XP Gscore 

Glide 
Energy 

Glide 
Emodel 

Score (kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol) 

5a -5.199 -5.203 -47.964 -55.517 -5.155 -5.158 -49.995 -56.332 

5b -6.271 -6.275 -49.335 -62.75 -5.912 -5.195 -42.995 -52.192 

5c -6.507 -6.51 -50.105 -62.74 -3.655 -3.553 -33.409 -43.297 

5d -6.227 -6.135 -53.893 -57.924 -5.865 -5.867 -41.356 -52.341 

5e -6.941 -6.143 -45.743 -59.634 -6.703 -6.706 -40.657 -49.39 

5f -5.593 -6.595 -50.775 -57.906 -6.258 -6.261 -45.579 -54.393 

5g -6.253 -6.256 -48.995 -63.38 -6.378 -6.38 -41.477 -45.812 

5h -5.002 -5.004 -53.78 -71.129 -6.14 -6.142 -41.215 -53.411 

5i -6.043 -6.746 -42.934 -53.305 -5.038 -5.041 -42.824 -52.249 

5j -5.254 -5.257 -49.691 -64.334 -5.751 -5.754 -41.149 -51.431 

5k -6.262 -4.266 -48.423 -62.502 -5.027 -5.029 -45.36 -61.916 

5l -5. 107 -6.109 -51.159 -62.151 -5.34 -5.341 -44.63 -60.619 

Streptomycin 10.656 10.828 59.987 77.87 7.879 7.517 55.213 69.461 
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Fig. 3. Molecular docking proof for 3VMT (A), 6 FTB (B) and standard streptomycin (C, D) proteins of MRSA intern best 
pose at active sites of targets by 5e and streptomycin respectively (3D images). 
 
2.6 Membrane damage  
 
Due to its potent activity against superbug MRSA, piperazine sulfonyl derivative analogues were chosen to visualize cell 
membrane damage. In comparison with the control, the structural membrane of the 5e showed significant changes. The 
SEM indicated pores, breaks, and cracks in the treated MRSA compared to the untreated smooth control surface (Fig 4).43  
This indicates the bactericidal activity is due to the metal complex binding to the membrane or membrane-bound factors. 
Then it leads to cellular content leakage, which leads to cell death. This is an indication that the host is protected from the 
harmful inflammatory responses and give protection from the adverse inflammatory complications that can be induced 
during MRSA infection in the host. 
 

 
   Control                                                                             Treated  

Fig. 4. Antibacterial activity of 5e was evidenced by cell membrane damage of MRSA. The MRSA was treated with a MIC 
value of 5e and without treated MRSA as control.  
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2.7. Toxic effect of piperazine sulfonyl derivative 5e  
 
The anti-proliferative effect of 5e on skeletal muscle cells was investigated using MTT cytotoxicity test in the current 
investigation (L6 myotubes). The 5e chemical was chosen for the cytotoxicity assay since it was found to be a strong 
contender against MRSA. The data obtained indicated the synthesised 5e analogue had an IC50 value of  225.50 µg/mL (Fig 
5A & 5B) 
 

 
Fig.5. Toxicity of 5e. A. Represent the % inhibition L6 cell lines with respect to different concentrations of 5e. B. Images 
of control cell lines and treated cell lines.  
 
3. Conclusion 
 
In the present study, we design, synthesized twelve compounds 5 (a-l) and their structure was confirmed using  various 
spectral technique such as NMR, LCMS and FTIR. 5e derivative of piperazine-based phthalimide shown remarkable 
antibacterial capability against MRSA. The anti-MRSA activity was measured by SEM analysis and validated with 
molecular docking proof against perilous pathogenic MRSA proteins 3VMT and 6FTB. The piperazine based phthalimide 
derivatives showed excellent anti-MRSA activity and could be considered a commendable candidate to study its potential 
as an effective therapeutic agent for the management of the MRSA infections. 
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4. Experimental 
 
All chemicals were procured from Sigma Aldrich India. All the synthesis work was done with AR-grade solvents and 
reagents. For column chromatography, silica gel was obtained from Merk Pvt Limited Mumbai India. The IR spectrum was 
recorded suing Agilent Cary 630 FT-IR spectrometer. All the spectra were run in the range 400–4000 cm-1 at room 
temperature. The 1H and 13C NMR spectrum was recorded in CDCl3. All chemicals shift is reported in ppm relative to TMS, 
Mass spectroscopic analysis was performed in a Water micro TOF QII mass spectrometer. The lyophilized reference 
Staphylococcus aureus-96 strain was obtained from Microbial Typing Culture Collection (MTCC), Chandigarh, India, and 
strains were cultured in recommended broth as per the revival procedure provided by MTCC. The required culture medium 
was purchased from Hi-Media Laboratories, Mumbai, India 
 
4.1. Synthesis of piperazine ligands  
 
4.1.1. Synthesis of 2-(2-(piperazine-1-yl) ethyl) isoindoline-1,3-dione (3) 
 
In 25 mL methanol, isobenzofuran-1,3-dione (0.5g) (1) and 2-(piperazine-1-yl) ethamine (0.45g) (2) were refluxed for 6 
hours, followed by adding 2-3 drops of glacial acetic acid to the reaction mixture. The completeness of the reaction was 
confirmed using TLC. In a rotary evaporator, the solvent was concentrated at 50°C before being rinsed with distilled water. 
The solid product was dried and recrystallized in methanol. The greenish-yellow product (3) was produced with good yields 
(Fig 6) 
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4.1.2. Synthesis of 2-(2-(4-(Phenylsulfonyl) piperazine-1-yl) ethyl) isoindoline-1,3-dione 
 
In an ice bath, a solution of 2-(2-(piperazin-1-yl) ethyl) isoindoline-1, 3-dione (3) (0.5g) in DCM was cooled to 0-500C. 
After adding three drops of triethylamine to the cool reaction mixture and stirring for ten minutes, several sulfonyl 
derivatives [4(a-l)] (Table 5) (0.2g) were added. For 6 hours, the reaction mixture was refluxed (figure 6). TLC was used 
to track the reaction's progress. The solvent was withdrawn under reduced pressure at the end of the reaction and re-extracted 
with ethyl acetate. The organic layer was then washed with Millipore water and 1 percent HCl. By passing the chemical via 
anhydrous sodium sulphate, it was de-moisturized. 

 
Fig. 6. Synthesis of piperazine sulfonyl derivatives  

Table 5. Structure of synthesized compounds 
Compound R Structure 

5a 

 
 

5b 

  
5c 

 
 

5d 

  
5e 

  
5f 
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5g 

 

 
5h 

 

 
5i 

  
5j 

  
5k 

 
5l 

  
 

4.1.2.1. 2-(2-(4-(phenylsulfonyl) piperazin-1-yl) ethyl) isoindoline-1, 3-dione (5a) 
 
    Petroleum ether/ethyl acetate (2:3) v/v solvent system has used in column chromatography. 85% yield.1H NMR: (400 
MHz, CDCl3) 7.88 (d, 2H, Ar-H, J=6.4Hz) 7.84 (t, 2H, Ar-H, J=7.2Hz) 7.83 (d, 2H, Ar-H, J=8.2Hz) 7.64 (t, 2H, Ar-H, 
J=8.4Hz) 7.63 (t, 1H, Ar-H, J=1.81Hz) 3.59 (t, 2H, C-H, J= ) 3.06 (t, 4H, pip-H, J=7.1Hz) 2.60 (t, 2H, C-H, J=7.5Hz) 2.34 
(t, 4H, Pip-H, J=7.2Hz). 13C NMR: (400Hz, CDCl3) 167.9 (C=O), 137.0 (Ar-C), 132.2 (Ar-c), 132.0 (Ar-C), 131.9 (Ar-C), 
129.0 (Ar-C), 127.3 (Ar-C), 123.7 (Ar-C), 53.7 (Pip-C), 49.8 (CH2), 48.8 (Pip-C), 38.4 (CH2). LCMS m/z Calculated for 
C20H21N3O4S: (M-H) 399.46. Found 399.49, IR Vmax (cm-1) 3360 (N-H), 1720 (C=O), 1670 (C=C), 1320 (C-N), 1280 
Elemental Analysis: Calculated: C, 60.14; H, 5.30; N, 10.52; O, 16.02; S, 8.03; Experimental:  C, 60.15; H, 5.31; N, 10.50; 
O,16.01; S, 8.04 
  
4.1.2.2. 2-(2-(4-tosylpiperazin-1-yl) ethyl) isoindoline-1, 3-dione (5b) 
 
      Petroleum ether/ethyl acetate (2:3) v/v solvent system has used in column chromatography. 85% yield. 1H NMR: (400 
MHz, CDCl3) 7.84 (t, 2H, Ar-H, J=7.2Hz) 7.83 (d, 2H, Ar-H, J=8.2Hz) 7.65  (d, 2H, Ar-H) 7.45 (d, 2H, Ar-H, J=7.1Hz) 
3.59 (t, 2H, C-H, J=7.5Hz) 3.06 (t, 4H, Pip-H, J=7.2Hz) 2.60 (t, 2H, C-H, J= ) 2.43 (d, 3H, C-H, J= ) 2.34 (t, 4H, Pip-H, J= 
). 13C NMR: (400Hz, CDCl3)  167.9 (C=O), 143.3 (Ar-C), 137.6 (Ar-C), 132.2 (Ar-C), 132.0 (Ar-C), 129.3 (Ar-C), 128.3 
(Ar-C), 53.7 (Pip-C), 49.8 (CH2), 48.8 (Pip-C), 38.4 (CH2), 21.3 (CH3). LCMS m/z Calculated for C21H23N3O4S: (M-H) 
413.14. Found 143.49, IR Vmax (cm-1) 3360 (N-H), 1720 (C=O), 1670 (C=C), 1320 (C-N). Elemental Analysis: 
Calculated: C, 60.14; H, 5.30; N, 10.52; O, 16.02; S, 8.03; Experimental:  C, 60.10; H, 5.29; N, 10.48; O,16.02; S, 8.03 
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4.1.2.3. 2-(2-(4-((4-methoxyphenyl) sulfonyl) piperazin-1-yl) ethyl) isoindoline-1, 3-dione (5c) 
 
     Petroleum ether/ethyl acetate (2:3) v/v solvent system has used in column chromatography. 85% yield. 1H NMR: (400 
MHz, CDCl3)7.84 (t, 2H, Ar-H, J=7.2Hz) 7.83 (d, 2H, Ar-H, J=8.2Hz) 7.70 (d, 2H, Ar-H) 7.06 (d, 2H, Ar-H, J=7.1Hz) 3.81 
(s, 3H, C-H, J=7.5Hz) 3.59 (t, 2H, C-H, J=7.2Hz) 3.06 (t, 4H, Pip-0H) 2.60 (t, 2H, C-H) 2.34 (t, 4H, Pip-H). 13C NMR: 
(400Hz, CDCl3)  167.9 (C=O), 163.8 (Ar-C), 132.2 (Ar-C), 132.0 (Ar-C), 126.9 (Ar-C), 123.7 (Ar-C), 114.6 (Ar-C), 55.8 
(CH3), 53.7 (Pip-C), 49.8 (CH2)), 48.8 (Pip-C), 38.4 (CH2). LCMS m/z Calculated for C21H23N3O5S: (M-H) 423.14. Found 
423.49, IR Vmax (cm-1) 3360 (N-H), 1720 (C=O), 1670 (C=C), 1320 (C-N). Elemental Analysis: CalculatedC, 60.14; H, 
5.30; N, 10.52; O, 16.02; S, 8.03; Experimental:  C, 60.16; H, 5.30; N, 10.51; O,16.05; S, 8.02 
 
4.1.2.4. 2-(2-(4-((4-hydroxyphenyl) sulfonyl) piperazin-1-yl) ethyl) isoindoline-1, 3-dione (5d). 
 
     Petroleum ether/ethyl acetate (2:3) v/v solvent system has used in column chromatography. 85% yield. 1H NMR: (400 
MHz, CDCl3) 7.84 (t, 2H, Ar-H, J=7.2Hz) 7.83 (d, 2H, Ar-H, J=8.2Hz) 7.53 (d, 2H, Ar-H) 7.06 (d, 2H, Ar-H, J=7.1Hz) 
3.59 (t, 2H, C-H, J=7.5Hz) 3.06 (t, 4H ,Pip-H) 2.60 (t, 2H, C-H) 2.34 (t,4H, Pip-H) 9.46 (S,1H, OH) . 13C NMR: (400Hz, 
CDCl3) 167.9 (C=O), 161.7 (Ar-C), 132.3 (Ar-C), 132.2 (Ar-C), 132.0 (Ar-C), 130.0 (Ar-C), 126.5 (Ar-C), 123.7 (Ar-C), 
53.7 (Pip-C), 49.8 (CH2), 48.8 (Pip-C), 38.4 (CH2). LCMS m/z Calculated for C20H21N3O5S: (M-H) 415.12 Found 415.46, 
IR Vmax (cm-1) 3360 (N-H), 1720 (C=O), 1670 (C=C), 1320 (C-N).  Elemental Analysis: Calculated: C, 60.14; H, 5.30; 
N, 10.52; O, 16.02; S, 8.03; Experimental:  C, 60.14; H, 5.31; N, 10.48; O,16.05; S, 8.01 
 
4.1.2.5. 2-(2-(4-((4-chlorophenyl) sulfonyl) piperazin-1-yl) ethyl) isoindoline-1,3-dione (5e) 
 
      Petroleum ether/ethyl acetate (2:3) v/v solvent system has used in column chromatography. 85% yield. 1H NMR: (400 
MHz, CDCl3)  7.84 (t, 2H, Ar-H, J=7.2Hz) 7.83 (d, 2H, Ar-H, J=8.2Hz) 7.74 (d, 2H, Ar-H) 7.61 (d, 2H, Ar-H, J=7.1Hz) 
3.59 (t, 2H, C-H, J=7.5Hz) 3.06 (t, 4H, Pip-H) 2.60 (t, 2H, C-H) 2.34 (t, 4H, Pip-H). 13C NMR: (400Hz, CDCl3)  167.9 
(C=O), 137.8 (Ar-C), 137.5 (Ar-C), 132.2 (Ar-C), 132.0 (Ar-C), 129.1 (Ar-C), 128.7 (Ar-C), 123.7 (Ar-C), 53.7 (Pip-C), 
49.8 (CH2), 48.8 (Pip-C), 38.4 (CH2). LCMS m/z Calculated for C20H20ClN3O4S: (M-H) 433.09 Found 433.91, IR Vmax 
(cm-1) 3360 (N-H), 1720 (C=O), 1670 (C=C), 1320 (C-N).  Elemental Analysis: Calculated: C, 60.14; H, 5.30; N, 10.52; 
O, 16.02; S, 8.03; Experimental:  C, 60.13; H, 5.31; N, 10.52; O,16.01; S, 8.04 
 
4.1.2.6. 2-(2-(4-((3-chlorophenyl) sulfonyl) piperazin-1-yl) ethyl) isoindoline-1, 3-dione (5f) 
 
      Petroleum ether/ethyl acetate (2:3) v/v solvent system has used in column chromatography. 85% yield. 1H NMR: (400 
MHz, CDCl3) 8.23 (S, 1H, Ar-H) 7.84 (t, 2H, Ar-H, J=7.2Hz) 7.83 (d, 2H, Ar-H, J=8.2Hz) 7.73 (d, 1H, Ar-H) 7.71 (d, 1H, 
Ar-H, J=7.1Hz) 7.54 (t, 1H, Ar-H, J=7.5Hz) 3.59 (t, 2H, C-H) 3.06 (t, 4H, Pip-H) 2.60 (t, 2H, C-H) 2.34(t, 4H, Pip-H). 13C 
NMR: (400Hz, CDCl3)  167.9 (C=O), 141.1 (Ar-C), 134.6 (Ar-C), 132.2 (Ar-C), 132.0 (Ar-C), 130.4 (Ar-C), 126.6 (Ar-
C), 125.4 (Ar-C), 123.7 (Ar-C), 53.7 (Pip-C), 49.8 (CH2), 48.8 (Pip-C), 38.4 (CH2). LCMS m/z Calculated for 
C20H20ClN3O4S: (M-H) 433.09 Found 433.91, IR Vmax (cm-1) 3360 (N-H), 1720 (C=O), 1670 (C=C), 1320 (C-N).  
Elemental Analysis: Calculated: C, 60.14; H, 5.30; N, 10.52; O, 16.02; S, 8.03; Experimental:  C, 60.15; H, 5.31; N, 10.50; 
O,16.01; S, 8.04 
 
4.1.2.7. 2-(2-(4-((2-chlorophenyl) sulfonyl) piperazin-1-yl) ethyl) isoindoline-1,3-dione (5g) 
 
      Petroleum ether/ethyl acetate (2:3) v/v solvent system has used in column chromatography. 85% yield. 1H NMR: (400 
MHz, CDCl3)7.84 (t, 2H, Ar-H, J=7.2Hz) 7.83 (d, 2H, Ar-H, J=8.2Hz) 7.74 (d, 1H, Ar-H) 7.67 (d, 1H, Ar-H, J=7.1Hz) 7.63 
(t, 1H, Ar-H, J=7.5Hz) 7.46 (t, 1H, Ar-H) 3.59 (t, 2H, C-H) 3.06 (t, 4H, Pip-H) 2.60 (t, 2H, C-H) 2.34 (t, 4H, Pip-H13C 
NMR: (400Hz, CDCl3)  167.9 (C=O), 139.7 (Ar-C), 133.3 (Ar-C), 132.2 (Ar-C), 132.0 (Ar-C), 131.5 (Ar-C), 130.2 (Ar-
C), 128.7 (Ar-C), 127.1 (Ar-C), 123.7 (Ar-C), 53.7 (Pip-C), 49.8 (CH2), 48.8 (Pip-C), 38.4 (CH2). LCMS m/z Calculated 
for C20H20ClN3O4S: (M-H) 433.09 Found 433.91, IR Vmax (cm-1) 3360 (N-H), 1720 (C=O), 1670 (C=C), 1320 (C-N). 
Elemental Analysis: Calculated: C, 60.14; H, 5.30; N, 10.52; O, 16.02; S, 8.03; Experimental:  C, 60.16; H, 5.33; N, 10.47; 
O,16.02; S, 8.05 
 

4.1.2.8. 2-(2-(4-((3,5-dichlorophenyl) sulfonyl) piperazin-1-yl) ethyl) isoindoline-1,3dione (5h) 

      Petroleum ether/ethyl acetate (2:3) v/v solvent system has used in column chromatography. 85% yield. 1H NMR: (400 
MHz, CDCl3) 8.11 (S, 2H, Ar-H), 7.96 (S, 1H, Ar-H) 7.84 (t, 2H, Ar-H, J=7.2Hz) 7.83 (d, 2H, Ar-H, J=8.2Hz) 3.59 (t, 2H, 
C-H) 3.06 (t, 4H, Pip-H) 2.60 (t, 2H, C-H) 2.34 (t, 4H, Pip-H). 13C NMR: (400Hz, CDCl3): (400Hz, CDCl3) 167.9 (C=O), 
142.5 (Ar-C), 136.0 (Ar-C), 132.4 (Ar-C), 132.2 (Ar-C), 132.0 (Ar-C), 127.7 (Ar-C), 123.7 (Ar-C), 53.7 (Pip-C), 49.8 
(CH2), 48.8 (Pip-C), 38.4 (CH2). LCMS m/z Calculated for C20H19Cl2N3O4S: (M-H) 467.05 Found 468.35, IR Vmax (cm-
1) 3360 (N-H), 1720 (C=O), 1670 (C=C), 1320 (C-N).  Elemental Analysis: Calculated: C, 60.14; H, 5.30; N, 10.52; O, 
16.02; S, 8.03; Experimental:  C, 60.13; H, 5.32; N, 10.54; O,16.05; S, 8.06 
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4.1.2.9. 2-(2-(4-((4-fluorophenyl) sulfonyl) piperazin-1-yl) ethyl) isoindoline-1,3-dione (5i) 

     Petroleum ether/ethyl acetate (2:3) v/v solvent system has used in column chromatography. 85% yield. 1H NMR: (400 
MHz, CDCl3) 7.98 (d, 2H, Ar-H) 7.84 (t, 2H, Ar-H, J=7.2Hz) 7.83 (d, 2H, Ar-H, J=8.2Hz) 7.40(d, 2H, Ar-H), 3.59(t, 2H, 
C-H) 3.06 (t, 4H, Pip-H) 2.60 (t, 2H, C-H) 2.34 (t, 4H, Pip-H). 13C NMR: (400Hz, CDCl3): (400Hz, CDCl3) 167.9 (C=O), 
166.1 (Ar-C), 135.3 (Ar-C), 132.2 (Ar-C), 132.0 (Ar-C), 130.7, 123.7 (Ar-C), 115.8 (Ar-C), 53.7 (Pip-C), 49.8 (CH2), 48.8 
(Pip-C), 38.4 (CH2). LCMS m/z Calculated for C20H20FN3O4S: (M-H) 417.12 Found 417.46, IR Vmax (cm-1) 3360 (N-H), 
1720 (C=O), 1670 (C=C), 1320 (C-N).  Elemental Analysis: Calculated: C, 60.14; H, 5.30; N, 10.52; O, 16.02; S, 8.03; 
Experimental:  C, 60.15; H, 5.31; N, 10.51; O,16.01; S, 8.03. 
 

4.1.2.10. 2-(2-(4-((4-bromophenyl) sulfonyl) piperazin-1-yl) ethyl) isoindoline-1,3-dione (5j) 

      Petroleum ether/ethyl acetate (2:3) v/v solvent system has used in column chromatography. 85% yield. 1H NMR: (400 
MHz, CDCl3) 7.89 (d, 4H, Ar-H, J=8.2Hz) 7.84(t, 2H, Ar-H), 7.83(d, 2H, Ar-H),6.50 (d, 2H, Ar-H) 3.59 (t, 2H, C-H) 3.06 
(t, 4H, Pip-H) 2.60 (t, 2H, C-H) 2.34 (t, 4H, Pip-H). 13C NMR: (400Hz, CDCl3) 167.9 (C=O), 138.7 (Ar-C), 132.2 (Ar-C), 
132.0 (Ar-C), 131.9 (Ar-C), 126.3 (Ar-C), 123.7 (Ar-C), 53.7 (Pip-C), 49.8 (CH2), 48.8 (Pip-C), 38.4 (CH2). LCMS m/z 
Calculated for C20H20BrN3O4S: (M-H) 477.04 Found 478.36, IR Vmax (cm-1) 3360 (N-H), 1720 (C=O), 1670 (C=C), 1320 
(C-N). Elemental Analysis: Calculated: C, 60.14; H, 5.30; N, 10.52; O, 16.02; S, 8.03; Experimental:  C, 60.16; H, 5.33; N, 
10.51; O,16.02; S, 8.05 
 
4.1.2.11. 2-(2-(4-((4-iodophenyl) sulfonyl) piperazin-1-yl) ethyl) isoindoline-1,3-dione (5k) 
 
      Petroleum ether/ethyl acetate (2:3) v/v solvent system has used in column chromatography. 85% yield. 1H NMR: (400 
MHz, CDCl3)  8.02 (d, 2H, Ar-H), 7.84 (t, 2H, Ar-H), 7.83 (d, 2H, Ar-H), 7.57 (d, 2H, Ar-H), 3.59 (t, 2H, C-H) 3.06 (t, 4H, 
Pip-H) 2.60 (t, 2H, C-H) 2.34 (t, 4H, Pip-H). 13C NMR: (400Hz, CDCl3): 167.9 (C=O), 138.6 (Ar-C), 137.9 (Ar-C), 132.2 
(Ar-C), 132.0 (Ar-C), 128.9 (Ar-C), 123.7 (Ar-C), 97.5 (Ar-C), 53.7 (Pip-C), 49.8 (CH2), 48.8 (Pip-C), 38.4 (CH2). LCMS 
m/z Calculated for C20H20IN3O4S: (M-H) 525.02 Found 525.36, IR Vmax (cm-1) 3360 (N-H), 1720 (C=O), 1670 (C=C), 
1320 (C-N). Elemental Analysis: Calculated: C, 60.14; H, 5.30; N, 10.52; O, 16.02; S, 8.03; Experimental:  C, 60.12; H, 
5.30; N, 10.51; O,16.03; S, 8.05. 
 
4.1.2.12. 2-(2-(4-((4-nitrophenyl) sulfonyl) piperazin-1-yl) ethyl) isoindoline-1,3-dione (5l) 
 
       Petroleum ether/ethyl acetate (2:3) v/v solvent system has used in column chromatography. 85% yield. 1H NMR: (400 
MHz, CDCl3) 8.38 (d, 2H, Ar-H), 8.05 (d, 2H, Ar-H), 7.84 (t, 2H, Ar-H), 7.83 (d, 2H, Ar-H), 3.59 (t, 2H, C-H) 3.06 (t, 4H, 
Pip-H) 2.60 (t, 2H, C-H) 2.34 (t, 4H, Pip-H). 13C NMR: (400Hz, CDCl3) 167.9 (C=O), 151.1 (Ar-C), 145.8 (Ar-C), 132.2 
(Ar-C), 132.0 (Ar-C), 128.2 (Ar-C), 124.2 (Ar-C), 123.7 (Ar-C), 53.7 (Pip-C), 49.8 (CH2), 48.8 (Pip-C), 38.4 (CH2). LCMS 
m/z Calculated for C20H20N4O6S: (M-H) 444.11 Found 444.46, IR Vmax (cm-1) 3360 (N-H), 1720 (C=O), 1670 (C=C), 
1320 (C-N). Elemental Analysis: Calculated: C, 60.14; H, 5.30; N, 10.52; O, 16.02; S, 8.03; Experimental:  C, 60.14; H, 
5.32; N, 10.51; O, 16.02; S, 8.05. 
 
4.2. Absorption, Distribution, Metabolism and Excretion analysis and Blood-Brain Barrier permeability 
 
      The drug's effectiveness is determined not only by its great potential, but also by its proper absorption, distribution, 
metabolism, and excretion. Due to a wide range of experimental methodologies and high throughput, in vitro ADME screens 
are accessible. In silico, ADME analysis can predict many important characteristics, and it is beneficial for analysing a 
molecule's desirable characteristics. Because it reduces the number of safety issues, computational ADME should be 
employed as early as possible in the drug development process, in conjunction with in vivo and in vitro forecasts. According 
to Lipinski's rule, a drug candidate's molecular characteristics must be evaluated in order to determine critical 
pharmacokinetic factors such as ADME. Mol Inspiration, an online property calculation toolset accessible at (DOI: 
http://www.molinspiration.com, was used to forecast ADME properties.33 The BBB permeability was evaluated by using 
the CBLigand-BBB prediction server available at (DOI: http://www.cbligand.org. 
 
4.3. Prediction of Activity Spectra for Substances test 
 
     The PASS (Prediction of Activity Spectra for Substances, ((DOI: http://www.pharmaexpert.ru/PASSonline/predict.php) 
technique was used for statistical screening of possible biological effects, such as antihistaminic 34 and related behaviors, 
such as antiallergic, anti-asthmatic35, histamine release inhibition, rhinitis treatment, Immunomodulation, bronchodilation, 
and anti-IgE activities, anti-IL activity, PDE inhibition, anti-5HT3 activity, and so on. This software application created a 
mechanism for identifying an organic drug-like candidate's overall biological potential. PASS uses the structure of organic 
chemicals to represent a wide variety of biological activities in real time. Prior to chemical synthesis and biological 
investigation, PASS may be used to assess the biological activity profiles of virtual molecules. It forecasts the desired 
pharmacological impact, as well as molecular mechanisms of action and the frequency of undesirable side effects including 
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mutagenicity, teratogenicity, and carcinogenicity, and embryo toxicity.36 By dissecting chemical structures using 2D and/or 
3D descriptors, then employing bioactive ligands to construct models, this technique generated quantitative structure-
activity connections. This program generated quantitative structure-activity connections by deconstructing chemical 
compounds using 2D and/or 3D descriptors and then employing bioactive ligands to construct models. The activity was 
measured using PA (probable activity) and Pi (potential activity) (probable inactivity). Only compounds having a Pa larger 
than Pi were examined for a specific application. 
 
4.4. Antibacterial activity against MRSA 
 
      Susceptibility testing was carried out using the Kirby Bauer disc diffusion technique in accordance with Clinical 
Laboratory Standard Institute (CLSI) criteria from 2016. In sterile normal saline, the inoculums were prepared and 
suspended. By comparing the density of the suspension to an opacity standard on McFarland 0.5 barium sulfate solution, 
the density of the suspension was determined. The research organism was uniformly seeded over the Mueller–Hinton agar 
(Oxoid) surface and subjected to an antibiotic concentration gradient before being incubated for 16-18 hours at 37°C. The 
diameters of the region of inhibition around the discs were determined with a ruler to the nearest millimeter and graded as 
sensitive, intermediate, or resistant using the CLSI, standardized table. Ciprofloxacin (5 g), gentamicin (10 g), tetracycline 
(30 g), co-trimoxazole (25 g), chloramphenicol (30 g), amikacin (30 g), clindamycin (10 g), erythromycin (15 g), and 
vancomycin (30 g) were among the antibiotics studied.37 The antimicrobials used in this research were chosen based on 
their availability and prescription frequency in the study field. 
 
4.4.1. Preparation of bacterial culture and maintenance  
 
      A single pure colony was used, which was obtained from a frozen glass bead glycerol vial (previously culture coated 
on glass beads and stored at -18o to -22o C). The pure culture was inoculated into BHI broth and incubated for 24 hours at 
37o C. The cell density was adjusted to 1x106 CFU/mL using UV-vis spectroscopy at 600 nm.38 
 
4.4.2. Minimum inhibitory concentration by resazurin assay 
 
     The Minimal inhibitory concentration (MIC) of produced piperazine sulphonyl derivatives was used in the Resazurin 
assay. In the assay 100µL of sterile BHI broth was placed in each of the 96 wells. Sulphonyl derivatives were dissolved in 
dimethyl sulfoxide (DMSO) and mixed with media in varied quantities. Each well received a 10 µL resazurin indicator 
solution (270 mg in 40 mL sterilized distilled water). Finally, 10µL of bacterial suspension (5x 106CFU/mL) were added, 
to give 5x105 CFU/mL and two broad-spectrum antibiotics such as Streptomycin and Bacitracin were used as Standard 
bactericidal agents. A combination with all additions except the test chemical was utilized as a positive control. Similarly, 
negative controls included all solutions without the addition of bacterial culture. The plates were covered in thin plastic film 
and incubated for 24h at 37oC.39 

 
4.4.3. Disc diffusion method  
 
      The disc diffusion method was used to evaluate the antibacterial activity of synthesized piperazine and sulphonyl 
derivatives in a dose-dependent way to susceptibility. The bacterial cultures were prepared from the overnight grown 
dynamic culture. The test culture of 1x 107 CFU mL-1 was inoculated on nutrient agar. To this, a sterile disc (6 mm) was 
loaded with various concentrations of piperazine and sulphonyl derivatives. The Positive control was streptomycin (10 g 
disc1), and the negative control was sterile saline water. The plates were inverted and incubated at 37°C for 24 hours to 
examine the zone of inhibition (ZOI).40 
 
4.4.4. MRSA membrane damage visualized by SEM 
 
      Scanning electron microscopy (SEM) was used to demonstrate membrane damage studies of MRSA.41 This freshly 
grown MRSA culture was treated for 2 h with the lowest inhibitory concentration of sulphonyl derivatives. Then the cells 
were pelleted by centrifugation at 27o C (10000 rpm for 5 min). MRSA culture was prepared without treatment as a control. 
Phosphate buffered saline (PBS) with 2.5% Glutaraldehyde was used to fix the cells. This was then pelleted and deposited 
on a glass slide followed by a stepwise ethanol drying treatment of 30% to 100%. This is then followed by two days of 
drying at room temperature. The prepared sample was used for SEM studies. 
 
4.5. Molecular docking validation                                                                           
 
      The RCSB Protein Data Bank was used to obtain the coordinates of wild-type 3VMT and the 6FTB of Staphylococcus 
aureus. The crystal structure was refined or synthesized in a multistep approach using Maestro 9.3 software's protein 
preparation wizard, which includes energy minimization. The correct bond ordering was assigned using the OPLS-2005 
force field, hydrogen atoms were added, and water molecules were eliminated beyond 5Å from the hetero atom, formal 
charges, and amide groups of Asn and Gln were optimized. The hydrogen bonds were enhanced and all amino acid flips 
were allocated to address geometry. The pH was fixed and tuned to 7.5 using PROPKA. The controlled reduction was used 
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to reduce non-hydrogen atoms to a default RMSD of 0.3. Each chemical was docked into the receptor grid of radii 30Å x 
30Å x 30Å using extra-accuracy (XP) docking and scoring, and the docking computation was judged based on the Glide 
score .42 
 
4.6. Toxicity of 5e and sulphonyl derivatives against L6 cell lines 
 
4.6.1 Preparation of L6 cell lines and MTT assay 
 
      Using recommended media containing 10% FBS (Fetal Bovine Serum) the monolayer cell culture was trypsinized and 
the cell count was adjusted to 5.0 x 105 cells/ml. A 96-well microtiter plate was filled with 100µL of diluted cell solution 
(50,000 cells/well). The supernatant was flicked off, the monolayer was rinsed once with media, and 100 µl of different 
concentrations of test drugs were combined with cell line culture after 24 hours when a partial monolayer had developed. 
In a 5% CO2 environment, the plate was incubated at 37°C for 24 hours. The test solutions in the wells were removed after 
incubation, and 100 µL of MTT (5 mg/10 mL in PBS) was added to each well. The plates were incubated for 4 hours at 37o 

C in a 5% CO2 environment. Then the supernatant was removed, 100 µL of DMSO was added, and the plate was gently 
agitated to dissolve the Formosan which had formed. At a wavelength of 590 nm, the absorbance was taken using a micro 
plate reader. The percentage growth inhibition was estimated using the concentration of test medication required to stop 
cell growth in a cell line by 50 % (IC50) .43 
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