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Graphical representation of catalyst optimization and reusability 
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        Figure S 1. Optimization of catalyst conc       Figure S 2. Reusability of the catalyst

In vitro Antioxidant activity

 All the synthesized compounds were screened for their antioxidant activity by 2,2-diphenyl-1-   picrylhydrazyl (DPPH) and Hydrogen peroxide (H2O2) methods.

2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay

The antioxidant activity of the compounds 5a-l was determined in vitro by 2, 2’- diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging assay[48] 40 mg of DPPH was dissolved in 1000 mL of methanol and stored at 20°C until required. 2 mL of this stock solution was added to 1mL of methanol solution containing test compounds of different concentrations (50, 100, 150 and 200 μL). Ascorbic acid was used as standard antioxidant. The DPPH radical scavenging activity (RSA) was measured by recording the absorbance at 517 nm using UV-Vis double beam spectrometry. The percentage of radical scavenging activity (RSA) was calculated by using 

                                            RSA (%)  = [(Ac- As)/Ac] x 100

         Where Ac is the absorbance of the control and As is the absorbance of the sample  

Hydrogen peroxide (H2O2) Radical Scavenging Assay

The antioxidant activity of the compounds 5a-l was also determined in vitro by hydrogen peroxide radical scavenging assay.[49]  1 mL of different concentrations of test compounds (50, 100, 150 and 200 μg/mL) were added to 2 mL of H2O2 solution prepared in 40 mM phosphate buffer (pH 7.4) and then incubated for 15 min. After incubation the absorbance was measured at 230 nm for each sample against a blank containing phosphate buffer without H2O2. Ascorbic acid was used as standard. The percentage of radical scavenging activity (RSA) was calculated by using 

                                                RSA (%)  = [(Ac- As)/Ac] x 100

        Where Ac is the absorbance of the control and As is the absorbance of the sample      

Antibacterial Activity

 The antibacterial activity of the compounds 5a-l were tested against gram positive Bacillus subtilis and gram negative (Escherichia coli, Pseudomonas aeruginosa) bacteria by disc diffusion method [50] with three different concentrations (50-250 µg/mL). The bacterial strains were streaked onto nutrient agar (NA), and checked for purity, after incubation for 24h at 30°C. A loop full of each test strain was inoculated in 10mL of N-broth separately and was incubated for 24h in an incubator at 37°C to activate the bacterial strain. The activated strain was inoculated into the nutrient agar medium on reaching 40°C and allowed to solidify. This complete procedure was done in a laminar airflow to maintain sterile and aseptic conditions. After solidification of the media, a well was made in the media with the help of a cup-borer (0.85cm) and then the synthetic compound (dissolved in DMSO) was inoculated into the well. For each test compound against each test strain, three replicas were maintained. Also, controls were maintained for each test bacterial strain where only the pure solvent was inoculated into the well. The plates were incubated for 24h at 37°C. The inhibition zone formed by test compounds against the particular test bacterial strain was observed, and the mean value of the three individual replicates was calculated to determine the zone of growth inhibition of each test compound. 

Antifungal Activity

  The antifungal activity of the compounds 5a-l were evaluated against Aspergillus niger, Candida albicans and Candida tropicalis by employing disc diffusion method[51]  by three different concentrations (50-250µL). By following the pour plate technique, the activated strain was inoculated into the potato dextrose agar medium on reaching 40-45°C and allowed to solidify. This complete procedure was done in a laminar airflow to maintain strict sterile and aseptic condition. After solidification of the media, a well was made in the media with the help of a cup-borer (0.85cm diameter) and then the synthetic compound was inoculated into the well. For each test compound against each test strain. Each PDA plate consists of three sterile paper discs. One sterile disc dipped in tested sample was used as tested concentration. Second sterile disc with DMSO is used as negative control. Third disc with Fluconazole was used as standard. The plates were then incubated for 72 h at 25°C. After incubation, the inhibition zone formed by test compounds against the particular test bacterial strain was observed, and the mean value of the three individual replicates was calculated to determine the zone of growth inhibition of each test compound.

 Docking Studies
      The Structure of E. coli undecaprenyl diphosphate synthase in complex with BPH-1330 (PDB: 4H3A) was obtained from the Protein Data Bank (http://www.rcsb.org/pdb) [52-53] Docking experiments were performed using the MOE software [54] in order to find the preferred binding conformations of the test compounds in the receptor. The analysis of the binding conformation using a scoring function is based on the free energy of binding.[55] All the synthesized compounds were docked against the competitive inhibitor BPH-1330 at the crystal enzyme structure of the 4H3A protein. Molecular docking studies were performed in an attempt to gain insights on how the synthesized compounds 5a-l, interact on E. coli undecaprenyl diphosphate synthase active site.[56]  The molecular docking study is to evaluate their recognition of the 4H3A binding pocket.                         

Graphical representation of antioxidant activity
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    Figure S 3.  In vitro antioxidant activity by           Figure S 4. In vitro antioxidant activity by           DPPH method (5a-l)                                            H2O2 method (5a-l)
Graphical representation of antibacterial and antifungal activity
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         Figure S 5. In vitro antibacterial activity of          Figure S 6. In vitro antifungal activity of

                            bisphosphonates (5a-l)                                          bisphosphonates (5a-l)
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                      Figure S 7. Docking image of standard steptomycin docked on 4H3A
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       Figure S 8. Docking results of predicted active synthesis compounds (5a-f) docked on 4H3A   
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  Figure S 9. Docking images of predicted active synthesis compounds  (5g-l) docked on 4H3
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        Figure S 10: IR Spectrum of Compound  5b
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                                                                                        Figure S 11: 1H NMR Spectrum of  Compound 5b
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               Figure S 12: 13C NMR Spectrum of compound 5b
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                                             Figure S 13: 31P NMR Spectrum of compound 5b
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                                                          Figure S 14: Mass spectrum of compound 5b
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Figure S 15: IR Spectrum of compound 5d                                                              
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                                                                                      Figure S 16: 1H NMR Spectrum of compound 5d
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                                                                                          Figure S 17: 13C NMR Spectrum of compound 5d

[image: image18.png]-22.06

-10

-15

-20



                                                                                           Figure S 18: 31P NMR Spectrum of compound 5d
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                                                                                                                Figure S 20: IR Spectrum of compound 5e
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                                                                                                               Figure S 21: 1H NMR Spectrum of compound 5e
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                                                                                    Figure S 22: 13C NMR Spectrum of compound 5e

[image: image23.jpg]—-23.06

95

90

85

80

75

70

65

60

55

50

45

40
f1 (ppm)

35

30

25

20

15

10




                                                                         Figure S 23: 31P NMR Spectrum of compound 5e
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                                                                           Figure S 24: Mass Spectrum of  Compound 5e
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                                                                                              Figure S 25: IR Spectrum of  Compound 5f
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    Figure S 26: 1H NMR Spectrum of Compound 5f
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Figure S 27: 13C NMR Spectrum of Compound 5f
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                                                                                                             Figure S 28: 31P NMR Spectrum of compound 5f
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                                                                                                    Figure S 29: Mass Spectrum of compound 5f
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                                                                                                             Figure S 30:  1H NMR Spectrum of Compound 5g
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Figure S 31: 13C NMR Spectrum of Compound 5g
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                                                                                                                      Figure S 32:  31P NMR Spectrum of Compound 5g
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                                                                                                       Figure S 33: 1H NMR Spectrum of Compound 5h
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                                                                                          Figure S 34: 13C NMR Spectrum of Compound 5h
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                                                                                                                Figure S 35: 31P NMR Spectrum of Compound 5h                      

