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Introduction
The biological activity of schiff base cut across a range of ac-

tivities, it is therefore called a versatile Pharmacophore [1]. One of 
the major activity or the most reported activity of schiff bases is 
their antibacterial activity [1,2]. Some scholars have also synthe-
sized some analogues of isoniazid imines and tested them against 
many pathogenic bacteria [3-6]. Another prominent research on 
the computational studies of imines is that of isoniazid – ketopro-
fen co-drug imine [7]. 

With recent growing interest in green chemistry, the stirring 
method for imine synthesis has been gaining grounds though 
not as widely as that of microwave. Some Schiff bases of aryl/al-
kyl aldehydes or ketones with primary amines were synthesized 
by stirring at room temperature with high to excellent yields in 
the presence of some catalyst [8]. Worthy of mention is the Schiff 
base of isonicotinic acid hydrazide (INH) reported by [9].This is 
because of its closeness to the present study. They carried out the 
stirring reaction in water and it was shown to perform less than 
the microwave method though it outperforms the conventional re-
flux method. This study set out to compare the synthesis of Ison-
icotinic hydrazide (INH) using stirring and reflux method and to 
carry out a multi-target and multi-software approach to the com-
putational studies of isonicotinic hydrazide imines.

 
Materials and Method

Synthesis
Reagents: Isonicotinic hydrazide, Fluka®, Vanillin, Loba 

Chemie PVT- Ltd®, 

4-Dimethylaminobenzaldehyde, Merck®, Piperonaldehyde 
(heliotropin), BDH Chemicals ltd®  

Reflux Method: A 0.005moles (0.6857g) of Isoniazid 
was completely dissolved in 15ml absolute ethanol and 
0.005mole of the Aldehyde (Vanillin, Piperonaldehyde and 
4-dimethylaminobenzaldehyde) was dissolved in another 15ml of 
absolute ethanol and added in drop wise to the Isoniazid solution. 
Then 4-6 drops of acetic acid were added, and the mixture was 
refluxed for 3hours at 95⁰C. The reaction was monitored using 
TLC. The solid crystals obtained was filtered and washed with 
ethanol.   

Stirring Method at Room Temperature: A 0.005moles 
(0.6857g) of Isoniazid was completely dissolved in 10ml 98% 
methanol and 0.005mole of the Aldehydes was dissolved in 
another 10ml of 98% methanol and added in drop wise to the 
Isoniazid solution with stirring. Then 4-6 drops of acetic acid were 
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added, and the stirring was continued for 30 minutes at room 
temperature. The reaction was monitored using TLC (Scheme 1).

Scheme 1: General Reaction Scheme.

In silico Studies
Docking with PyRx: PyRx is an open-source software used 

to perform virtual screening. It uses Vina wizard and Autodock 
4.2 as docking softwares. The 3D protein structures of 3G7E 
(Escherichia coli gyrase B, Co-complexed with prop-2-yn-1-yl{[5-
(4-piperidin-1-yl-2-pyridin-3-yl-1,3-thiazole-5-yl)-1H-pyrazol-
3-yl]methyl}Carbamate Inhibitor), 3MZD (Structure of Penicillin 
Binding Protein 5 from Escherichia coli; cloxacillin acyl enzyme 
complex), 1TVF (Crystal Structure of penicillin Protein (PBP4) 
from Staphylococcus aureus) and 4KQR (Crystal Structure of 
penicillin-Binding Protein 3 from Pseudomonas aeruginosa in 
complex with (5S)- penicilloic acid) were downloaded from the 
RCSB Data Bank [10]  in pdb format and saved for loading into 
PyRx software [11].

The most probable binding pocket of each protein structure 
was identified using the Computed Atlas of Surface Topography 
of Proteins (CASTp) platform [12]. The amino acids representing 
the binding site of the Protein target were selected and the grid 
box adjusted to set the Vina Search space. The grid box was set big 
enough to allow the ligand to move freely in the selected search 
area. The Vina calculation was then allowed to run.

Docking with iGEMDOCK 2.1: The 3D protein structures 
of 3G7E, 3MZD, 1TVF and 4KQR were downloaded from the 
Worldwide Protein Data Bank in pdb format and saved for loading 
into iGEMDOCK software. The prepared protein was loaded into 
iGEMDOCK platform and the binding site type set as by bounded 
ligand. The center of binding site was defined as MOL, the size of 
the binding site was set at 10 Å and the hydrophobic preference 
and Electrostatic preference were both set at 1.0 docking scoring 
functions. The Docking Accuracy Settings (GA parameters) were 
set as follows: Population size- 200, Generations- 70, Number of 
Solutions – 2. Standard Docking was selected, and the settings 
were submitted for docking calculations and the Results were 
saved and analyzed.

Docking with Arguslab 4.0: The binding sites for 3G7E and 
3MZD were obtained from CASTp and the amino acid residues 
were selected and made into a binding site group in Arguslab. For 
4KQR and 1TVF the amino acid residues of the already extracted 
cavity were all selected and made into a binding site group in 
Arguslab. The ligands were also made into a ligand group and 
flexible Argusdock docking calculations were carried out. The 
results were analyzed and viewed using Discovery Studio software. 

Calculation of Molecular Properties and Bioactivity 
Scores: The Molsoft and Molinspiration platforms were used.

Promiscuity Filtering of Compounds: This was carried out using 
the BADAPPLE platform [13].

Antibacterial Assay (Disc Diffusion Method)
The bacteria (Staphylococcus aureus, Escherichia coli, Proteus 

mirabilis and Klebsiella pneumonia) were seeded into four agar 
plates for each organism, for the compounds DI, PI, VI and INH. 
Each of the seeded plate was divided into six sections representing 
the five concentrations of each compound and the solvent control 
(DMSO). Autoclaved filter paper discs were introduced into each 
concentration of each sample as well as the solvent control.

After soaking for sometimes one filter paper disc is picked and 
carefully placed in the corresponding position on the already la-
belled agar plates. The plates were then incubated for 24h at 37⁰C 
in the oven. After incubation the result was read by measuring the 
zone of inhibition in millimeter.

Results and Discussion

Spectroscopic Data’
Compound 1:  H1-NMR (400MHZ Bruker Instrument, 

DMSO-d6) –δ ppm, 8.79(2H), 8.356(2H), 7.84(1H), 7.36(1H), 
7.11(1H), 6.86(1H) and 3.84(3H); IR (Shimadzu, KBr) - 
Wavenumber cm-1 3055-400(bs), 1790(w), 1651(m), 1566(m), 
1512(m), 3425(w), 1427(w) [bs – broad and Strong, w – weak, 
m – medium]; High-resolution Mass Spectra (amazon SL Bruker 
Instrument, ESI) - m/z (molecular ion peaks) 272(+1nH), 294 
(+1nNa), 565.1(+8nNa) Molecular formula obtained: C14H13N3O3 

Compound 2: IR(Shimadzu, KBr) – Wavenumber cm-1 
3649(s),2885(m), 2816(m), 2252(w), 1859(vw), 1790(vw), 
1666(m), 1573(m),1435(m) [s – strong, m- medium, w – weak, vw 
– very weak]; High-resolution Mass Spectra (amazon SL Bruker 
Intrument, ESI) – m/z (Molecular ion Peaks) 270.03(+1nH), 
292.01(+1nNa), and 561.07(+8nNa) Molecular Formula Obtained: 
C14H11N3O3

Compound 3: H1-NMR (400MHZ Bruker Instrument, 
DMSO-d6) –δ ppm, 8.76(2H), 8.32(2H), 7.78(1H), 7.59(1H), 
7.55(1H), 6.80(1H), 6.75(1H), 3.32(6H); IR (Shimadzu, KBr) 
– Wavenumber cm-1 3402(w), 2885(m), 2808(m) 1790(w), 
1697(w), 1527(w), 1411(w) [w- weak, m- medium]

High-resolution Mass Spectra (amazon SL Bruker Instrument, 
ESI) – m/z (molecular ion peaks) 269(+1nH), 291.1(+1nNa), 
559.2(+8nNa) Molecular formula obtained: C15H16N4O

All the synthesis worked well with the aldehydes using the re-
flux method except for Piperonaldehyde (Compound 2) where the 
yield was low. On the other method of stirring used, the reaction 
did not work with the vanillin (Compound 1) while the Dimethyl-
amino benzaldehyde (Compound 3) works well with both meth-
ods (Table 1). with a slightly higher yield observed with the stir-
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ring method. However, this observation differs a little with some 
other work where the stirring was shown to work  better than the 
reflux method using aldehydes containing hydroxyl groups [14] 

just like that in the vanillin, though some of the aldehydes used 
in that study also contain halogen electron withdrawing groups 
alongside the hydroxyl group [14]. 

Table 1: Percentage Yield and Physical Properties of compounds.

Compound Code
/Structure IUPAC Name Physical Appearance Melting  Point(o C)

%Yield

Stirring Reflux

Compound 1                    
        

N

NHO
N

OH

O
CH3

N’-[(E)-(4-hydroxy-
3-methoxyphenyl)
methylidene]pyri-

dine-4-carbohydrazide

Shiny Yellow Crystal 210-215 No 63%

Compound 2

    

N’-[(E)-(2H-1,3-benzodi-
oxol-5-yl)methylidene]

pyridine-4-carbohy-
drazide

Light Yellow Crystals 220-225 45.04% ND

Compound 3

            

N

NHO
N

N

CH3

CH3

N’-{(E)-[4-(dimeth-
ylamino)phenyl]

methylidene}pyri-
dine-4-carbohydrazide

Deep Yellow solid 194-197 84% 74%

Key: ND= Not determined, No = No reaction observed

Figure 1: Displaying Interaction of compounds with 3g7e protein target on iGEMDOCK (Compounds in Purple).

Figure 2: Showing the best binding pose for Ligands VI, PI and DI at 1tvf target protein Using iGEMDOCK.

It was also observed that the imine products obtained are all 
yellow in color though they only differ in terms of the shades of 
yellow color. The starting materials utilized for the synthesis are 
all white powders and crystals therefore the change in color shows 
that a likely chromophore has been formed given the product it 

characteristic color. This corresponds with several other research-
es where Schiff bases are reported as yellow in color [6,15,16].
This could also explain the reason dimethylamino benzaldehyde is 
used as  reagents for derivatization and identification of alkaloids 
and saponins in plant samples [17] (Figures 1 & 2).

For the iGEMDOCK, the binding pocket used is that of the 
co-crystalised ligand of the protein. The iGEMDOCK binding af-
finities calculation of the compounds on 3g7e protein (Table 2) 
reveals that the binding energy of Compound C3 is more than that 

of the others. It also shows the major interaction with receptor 
is via Vander Waal’s interaction than Hydrogen bonding coming 
from the benzene ring and pyridine ring. Electrostatic interactions 
are absent as expected because of the absence of charges in their 
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chemical structures. The amino acids residues of the protein in-
volve in the interaction with each of the compounds is displayed 
in Figures 1 & 2. Careful examination of the interaction shows that 
compound C2 interact mainly with glycine, arginine, aspartate 

and Glutamate while C1 and C3 shows additional interaction with 
Threonine165. The overall number of the amino acid residues 
around C3 is less than that of the others and that explains why it 
has a higher energy, thus implying less activity (Table 3).

Table 2: iGEMDOCK Docking Results.

Targets C1 C2 C3 INH

3G7E

Total Energy -164.39 -164.52 -164.33 -68.85

Van der Waal’s -134.47 -134.63 -148.15 -52.05

Hydrogen Bond -29.92 -29.89 -16.18 -16.8

Electrostatic 0 0 0 0

1TVF

Total Energy -96.41 -97.91 -92.21 -62.9

Van der Waal’s -74.91 -78.46 -73.82 -35.78

Hydrogen Bond -21.5 -19.45 -18.39 -27.13

Electrostatic 0 0 0 0

Table 3: PyRx Docking Results.

Targets C1 C2 C3 INH

3G7E
Best Pose Binding Affinity (Kcal/mol) -12.5 -12.5 -12.6 -6.5

Binding Mode 0 0 0

3MZD
Best Pose Binding Affinity (Kcal/mol) -13.9 -13.9 -14 -6.9

Binding Mode 0 0 0 0

4KQR
Best Pose Binding Affinity (Kcal/mol) -15.7 -15.7 -15.6 -8

Binding Mode 0 0 0 0

1TVF
Best Pose Binding Affinity (Kcal/mol) -15.3 -15.3 -15.5 -7.4

Binding Mode 0 0 0 0

The results of the compounds on the same target pro-
tein(3g7e) in PyRx did not corroborate that of the iGEMDOCK 
analysis showing that compound C1 and C2 have higher energy 
and hence less favorable compared to C3, although the difference 
is not very significant. The similarity in binding energy and pose 
for C1 and C2 could be due to their close resemblance in chemi-
cal structures. The C2 is just one bond away from C1 (i.e. bonding 
the methoxy and hydroxyl group of C1 gives C2), thus C2 will have 
some level of rigidity compare to C1.

A different trend can be observed in 1tvf target on iGEMDOCK. 
The interaction analysis reveals that interaction of the compounds 
with the receptor (1tvf) is mainly via the pyridine ring (see figure 
2) and the main amino acid residue involved with the interaction 
is serine. Looking at the structure of serine it has four hydrogen 
bond donors [18] while the main hydrogen bond acceptors on the 
compounds come from the pyridine portion (Figures 3-6). 

Figure 3: Arguslab dock VI, PI and DI-3G7E Interaction viewed on Discovery studio.
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Figure 6: Arguslab dock of C1, C2 and C3- 1TVF Interactions on Discovery Studio. 

Figure 4: Arguslab dock of VI, PI, and DI-3MZD Interaction on Discovery Studio.

Figure 5: Arguslab dock of VI, PI, and DI-4KQR Interaction on Discovery Studio.
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The results of all the compounds docked in the four targets 
using Arguslab showed a similar trend to iGEMDOCK and on tar-
get 4kqr on PyRx. The compound C1 has the best binding affinity 
followed by compound C2. Compound C3 has the least binding af-
finity compared to C1 and C2 in most of the targets used (Table 4). 
This trend also conforms to that observed in the biological assay 
as C3 showed least activity experimentally. All the compounds (C1, 

C2 and C3) have better affinities compared to the unsubstituted 
INH which implies that the modification on INH might likely im-
prove it antibacterial activity. However, looking at the interactions 
of the compounds with the binding site, it can be said that theoret-
ically the imine functionality only slightly take part in the interac-
tion with the chosen targets (Tables 5-7).

Table 4: PyRx Docking Results.

Targets C1 C2 C3 INH

3G7E
Best Pose Binding Affinity (Kcal/mol) -9.915 -8.685 -8.095 -7.181

Number of Unique Cluster configuration 50 85 61 51

3MZD
Best Pose Binding Affinity (Kcal/mol) -9.372 -7.911 -7.869 -6.814

Number of Unique Cluster configuration 57 79 64 53

4KQR
Best Pose Binding Affinity (Kcal/mol) -8.537 -8.134 -7.781 -7.398

Number of Unique Cluster configuration 61 73 54 56

1TVF
Best Pose Binding Affinity (Kcal/mol) -8.062 -7.861 -6.657 -6.509

Number of Unique Cluster configuration 48 72 76 55

Table 5: Molsoft Drug Likeness Score.

Compound Drug Likeness Score

C1 1.11

C2 0.39

C3 0.28

INH 0.28

Table 6: Molinspiration Bioactivity scores.

Compounds GPCR Ligand Modulator Kinase Inhibitor Nuclear Receptor Ligand Protease Inhibitor Enzyme Inhibitor

C1 -0.44 -0.79 -0.36 -0.66 -0.75 -0.36

C2 -0.43 -0.85 -0.44 -0.8 -0.72 -0.4

C3 -0.42 -0.77 -0.32 -0.69 -0.68 -0.38

INH -1.39 -1.45 -1.05 -2.33 -1.33 -0.66

Table 7: Molinspiration Molecular Properties of compounds.

Compound mLogP TPSA MW Hbond Acceptor Hbond donor Lipinski’s violation nrotb Volume

C1 1.15 83.83 271.28 6 2 0 4 239.51

C2 1.7 72.82 269.26 6 1 0 3 229.87

C3 1.91 57.59 268.32 5 1 0 4 251.85

INH -0.97 68.01 137.14 4 3 0 1 122.56

In all the docking studies the compounds showed some prom-
ising interactions with negative binding energies. Therefore, if the 
compounds could have direct access to these protein targets some 
form of inactivation of the bacteria could be observed. Drug score 
values indicate overall potential of a compound to be a drug candi-
date. Mol inspiration is a web-based tool used to predict the bioac-
tivity score of the synthesized compounds against regular human 
receptors such as GPCRs, ion channels, kinases, nuclear receptors, 
proteases and enzymes as presented in Table 6.  

The interpretation of the results is such that molecule having 
bioactivity score more than 0.00 is most likely to exhibit consid-

erable biological activities, while values 0.50 to 0.00 are expected 
to be moderately active and scores less than 0.50 is presumed to 
be inactive. The results as presented in Table 6 clearly shows that 
synthesized imines derivatives are less likely to be active at those 
receptor sites of kinase, Enzyme inhibitor, and Nuclear receptors 
but are moderately likely to be active at GPCR, Protease, Enzyme 
Inhibitor. The bioactivity score of compounds is suggestive of 
moderate interaction with all drug targets. These imines are be-
ing positioned for antibiotic activity a strong activity on those re-
ceptor or multiple receptor sites are not desirable features since 
those receptors are the human receptors, therefore in pursuance 
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of selectivity for bacteria targets and safety all the compounds can 
be categorize as satisfactory.  However, in comparison to the INH 
it turns out to have better selectivity as it is inactive in all the re-
ceptors. These results differ significantly with those of imidazoles 
and benzimidazole- carbamates reported by other researchers 
[19-22].

The molecular properties of the compounds as calculated by 
molinspiration showed all the compounds obey the Lipinski’s rule 
of five which is an indication of druggability. The number of hydro-
gen bond acceptors/donors, number of rotatable bonds and sur-
face area and volume are properties of the compound that affect it 
binding to receptors. For example, all the compounds have higher 
Hydrogen bond acceptors than donors; therefore, they are more 
likely to interact with amino acid residues at receptor sites that 
possess good hydrogen bond donor groups for hydrogen bonding.

Since it has been reported that the origins of recently launched 
drugs were mostly derived by modification of known drug struc-

tures or from lead structures obtained from the scientific litera-
ture [23], it is therefore important to explore the druggabbility of 
design molecules relative to those in use. The molsoft software 
gives that kind of predictions. As presented in Table 5 the com-
pound C1 has the highest druggability value making it a possible 
lead like compound. 

The Badapple software provides a simple method for the rapid 
identification of likely promiscuous compounds using associated 
scaffolds. Badapple generates a score associated with a pragmatic, 
empirical definition of promiscuity, with the overall goal to iden-
tify “false trails” and streamline workflows [13]. The result pre-
sented in Table 8 shows that the Badapple software has identified 
the pyridine as the worst offending scaffold giving the compounds 
a high promiscuity score. Though the importance of the pyridine 
ring in medicinal chemistry is widely established [24] caution 
should also be exercised when designing compounds containing 
the pyridine as it has also been identified as a major scaffold for 
promiscuity [25]. 

Table 8: Promiscuity score (pscore) from BADAPPLE. 

Compound  Scaffolds pscore

INH
 

328

C1
 

328

 
51

C2

 
328

 
302

 
1

C3
 

328

 
51

Overall, the promiscuity score of the compounds is considered 
high. Base on the antibacterial activity in Table 9 Compound C2 
showed activity in all the organisms tested (Proteus mirabilis, E. 
coli, Staph aureus and Klebsiella pneumonia) though the activity 
is very minimal with the best minimum Inhibitory concentration 
(MIC) of 150µg for both E. coli and P. mirabilis. The activity of com-
pound C1 is also across the four organisms, (i.e. similar spectrum 
of activity) but its activity is obviously less than that obtained with 

C2 in terms of potency. Its best MIC is seen for Proteus at 150µg/
ml. On the other hand, Compound C3 is the poorest of them all 
showing no activity in all except for E. coli signifying that it has 
narrow spectrum of activity. Comparing the compounds with the 
INH it shows that the INH has broad spectrum of activity and bet-
ter potency than all the synthesized compounds with much wider 
zone of inhibition and as well as the best MIC for Staphylococcus 
aureus at 50µg/ml.
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Table 9: Antibacterial Activity.

Zone of Inhibition (mm)

Compound Organism 250 µg/ml 200 µg/ml 150 µg/ml 100 µg/ml 50 µg/ml Solvent

C1
 

Proteus mirablis 10 8 6 - - -

Klebsiella pneumoniae 8 6 4 - - -

Staphylococcus aureus 6 4 - - - -

Escherichia coli 4 - - - - -

C2

Proteus mirablis 9 7 6 - - -

Klebsiella pneumoniae 8 6 - - - -

Staphylococcus aureus 8 6 4 - - -

Escherichia coli 10 8 6 - - -

C3

Proteus mirablis - - - - - -

Klebsiella pneumoniae - - - - - -

Staphylococcus aureus - - - - - -

Escherichia coli 6 4 - - - -

INH

Proteus mirablis 12 10 7 - - -

Klebsiella pneumoniae 12 10 6 - - -

Staphylococcus aureus 14 12 10 8 6 -

Escherichia coli 12 10 8 - - -

Several similar imine compounds have been shown to possess 
similar spectrum of activity as the one obtained for C2 and C1 [18]. 
For example, in 2008 Jesmin et al. [26] reported a similar MIC to 
Staphylococcus of an imine compound they synthesized. The activ-
ity of the isoniazid reported here disagrees a bit with that of Ladis-
hav et al., though different strains of organisms were used. There 
has been some activity of isoniazid previously reported against E. 
coli and Staphylococcus aureus [27,28].

Conclusion
The best method of synthesis depends on the nature of the al-

dehyde. Though all the three compounds showed favorable com-
putational properties for lead-likeness, however, experimental 
activity were not impressive. 
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