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Abstract

A novel series of (E)-N'-(3,3-dimethyl-2,6-diarylpiperidin-4-ylidene)-4-methoxybenzohydrazide (DMMs) derivatives have been
designed, synthesized by using FT-IR, 'H, *C NMR and Mass spectral studies. The antibacterial activity of the DMMs evaluated
against different bacteria viz. Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus and
Streptococcus pyogenes. Among them, compounds 10 and 11 were found to be the most potent than the others. Different docking
programs (Auto-Dock and molecular docking server) have been used to assess the accuracy of virtual screening methods against
DNA gyrase target. An analysis provides us which functions perform well and feasibility of two docking approaches. In connection
with these efforts we conclude that Auto Dock program gives us more accuracy and scoring reliability of the selected docking
approaches. From these results, we report analogue 10 and 11 as promising candidates for the discovery of well-balanced

compounds.

Keywords: DMMs, FT-IR, antibacterial activity, DNA gyrase.

Introduction

Piperidin-4-one moiety plays a vital role in diverse
biological activities and is a key feature of some of the
most interesting and important classes of compounds.
Many piperidin-4-one scaffold containing compounds
are biological activities like antiviral [1,2], antitumor [3],
anti-inflammatory [4], central nervous system [5],
anticancer [6] and antibacterial activity [7]. Inspired by
the growing importance of piperidin-4-one heterocyclic
rings and the wide range of biological importance of
heterocycles containing piperidin-4-one framework, we
have devised a synthesis for the construction of
piperidin-4-one ring systems incorporating a hydrazone
framework with oxygen heterocycles. In view of the
importance of piperidin-4-one and hydrazone in the field
of medicinal chemistry and also to explore the scope of
these motifs, we have focused in this work was to
incorporate these five independently biologically active
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moieties into one molecule to generate compounds with
better biological activities.

In studying the various properties associated with
protein-ligand interactions, docking is a powerful tool.
Since molecules in nature have a tendency to be found
in their lowest energy form, the final configuration should
also be of low energy [6]. Understanding these
properties is crucial in the ration al design of potent
inhibitors. Molecular Docking is an effective and
competent tool for in silico screening. It is playing an
important and ever increasing role in rational drug
design [7,8]. It is usually known that molecular binding of
one molecule (the ligand) to the pocket of another
molecule (the receptor), which is commonly a protein, is
responsible for accurate drug activity. Molecular docking
has been proved very gifted tool for novel drug discovery
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for targeting protein. Among different types of docking,
protein-ligand docking is of special interest, because
of its application in medicine industry [10]. Protein
ligand docking refers to search for the accurate ligand
conformations within a targeted protein when the
structure of proteins is known [11,12]. In the current
scenario the use of computational approach is very
important in the field of computer aided drug designing
to elucidate the molecular level interaction and active
site residues property in relation to activity. Therefore,
we elicit synthesis, biological evaluation and
comparative docking study with extensively used
programs such as AutoDock [13,14], and Molecular
docking server [15] of (E)-N'-(3,3-dimethyl-2,6-
diarylpiperidin-4-ylidene)-4-methoxybenzohydrazide
as DNA gyrase inhibitor .

Experimental details

Synthesis of 3,3-Dimethyl-2,6-diarylpiperidin-4-
ones ( 1-5)

Dry ammonium acetate (100 mmol), 3-methyl-2-
butanone (100 mmol) and appropriate substituted
benzaldehyde (200 mmol) in ethanol were just heated
to boil and allowed to stand at room temperature
overnight. The reaction mixture was diluted with ether
(100 mL) and treated with Conc. HCI (20 mL). The
precipitated hydrochloride was washed with ethanol—
ether. The hydrochloride was suspended in acetone
and neutralized with aqueous ammonia. Dilution with
water gave the free base which was recrystallized
from ethanol.

Synthesis of ethyl 4-methoxybezoate (6) and 4-
methoxybezo hydrazide (7)

4-methoxybezoate (6) and 4-methoxybezo hydrazide
(7) were synthesized as per the procedure described
in literature [16].

Synthesis of (E)-N’-(3,3-dimethyl-2,6-diarylpiperidin-4-
ylidene)-4-methoxybenzohydrazide (8-12)

A mixture of 3,3-Dimethyl-2,6-diarylpiperidin-4-ones
(1 mmol), 4-methoxybezo hydrazide (1.5 mmol) in
ethanol and a few drops of acetic acid was added and
refluxed for 2—4 h. On completion of the reaction time,
a solid mass was formed, which was then cooled to
room temperature. The precipitate was filtered off and
washed with ice-cooled water— ethanol mixture. The
crude product was recrystallized from ethanol.
Synthetic routes of compounds are given in scheme 1.

(E)-N’-(3,3-dimethyl-2,6-diphenylpiperidin-4-
ylidene)-4-methoxybenzohydrazide (8)

Pale Yellow solid; Yield 65%., M.P: 191°C, MF:
C,7H29N30; ; elemental analysis: Caled (%): C, 75.85;
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H, 6.84; N, 9.83; O, 7.48; found (%):C, 75.74; H, 6.86;
N, 9.79; IR (KBr, cm™): 3464 (N-H), 3068 (Ar-C-H),
2935 (AliC-H), 1647 (C=0); '‘H-NMR (CDCl;) 7.26-
8.01 (m, Ar-H), 2.14 (1H, N-H), 7.26 (1H, N-H), 3.01
(1H, H5ax,), 3.13 (1H, H5eq), 3.88 (1H, H2), 3.54 (1H,
H6), 3.50 (3H, OCH,), 1.62 (3H, CH3); 13C NMR (100
MHz, CDCI3, &, ppm):180.09 (C=0), 153.56 (C=0),
122.18-144.35 (Ar-C), 62.75 C(2), 56.40 C(6),
44.74C(3), 34.15C(5), 61.25 (OCH3), 26.06
(CH3);Mass (m/z): 426 (M+), 350, 265, 164, 107, 96,
77.

(E)-N’-(2,6-bis(4-fluorophenyl)-3,3-dimethyl-2,6-
diphenylpiperidin-4-ylidene)-4-
methoxybenzohydrazide (9)

Yellow solid; Yield 63%., M.P: 204°C, MF:
C,7/H27FoN3O, ; elemental analysis: Caled (%):C,
69.96; H, 5.87; F, 8.20; N, 9.07; O, 6.90 ; found (%):C,
69.665; H, 5.83; N, 9.03; IR (KBr, cm'l): 3477 (N-H),
3064 (Ar-C-H), 2920 (AliC-H), 1674 (C=0); 'H-NMR
(CDCls) 6.84-7.75 (m, Ar-H), 2.14 (1H, N-H), 7.28 (1H,
N-H), 2.18 (1H, H5ax,), 2.54 (1H, H5eq), 4.36 (1H,
H2), 4.00 (1H, H6), 3.91 (3H, OCHy), 1.61 (3H, CHy);
13C NMR (100 MHz, CDCI3, &, ppm): 186.38 (C=0),
156.29 (C=0), 113.19-144.00 (Ar-C), 65.96 C(2),
56.98C(6), 43.51 C(3), 39.22 C(5), 64.50 (OCH3),
14.43 (CH3); Mass (m/z): 462 (M+), 368, 328, 273,
150, 107.

(E)-N’-(2,6-bis(4-hydroxyphenyl)-3,3-dimethyl-2,6-
diphenylpiperidin-4-ylidene)-4-
methoxybenzohydrazide (10)

Pale Yellow solid; Yield 66%., M.P: 189°C, MF:
C,7;H»;CILN;O, ; elemental analysis: Calcd (%):C,
65.32; H, 5.48; Cl, 14.28; N, 8.46; O, 6.45 ; found
(%):C, 65.302; H, 5.45; N, 8.43; IR (KBr, cm™): 3427
(N-H), 3059 (Ar-C-H), 2927 (AliC-H), 1653 (C=0); 'H-
NMR (CDCl3) 7.47-8.18 (m, Ar-H), 1.97 (1H, N-H),
7.28 (1H, N-H), 2.37 (1H, H5ax,), 2.54 (1H, H5eq),
3.19 (1H, H2), 4.78 (1H, H6), 3.68 (3H, OCH,), 1.66
(3H, CHs3); 13C NMR (100 MHz, CDCI3, &, ppm):
164.63 (C=0), 162.30 (C=0), 113.97-147.32 (Ar-C),
65.05 C(2), 55.59 C(6), 44.98 C(3), 42.83 C(5), 61.33
(OCH3), 14.93 (CH3); Mass (m/z): 458 (M+), 444,
352, 324, 282, 135, 93.

(E)-N’-(3, 3-dimethyl-2,6-di-p-tolylpiperidin-4-
ylidene)-4-methoxybenzohydrazide (11)

Pale Yellow solid; Yield 60%., M.P: 214°C, MF:
Co9H33N30, ; elemental analysis: Calcd (%):C, 76.45;
H, 7.30; N, 9.22; O, 7.02; found (%):C, 76.30; H, 7.29;
N, 9.12; IR (KBr, cm'l): 3464 (N-H), 3068 (Ar-C-H),
2918 (AliC-H), 1597 (C=0); '"H-NMR (CDCls) 7.05-
7.60 (m, Ar-H), 2.15 (1H, N-H), 6.75 (1H, N-H), 2.48
(1H, H5ax,), 2.66 (1H, H5eq), 3.65 (1H, H2), 3.65 (1H,
H6), 3.45 (3H, OCHj3), 1.62 (3H, CHs); 13C NMR (100
MHz, CDCI3, 9, ppm): 184.95 (C=0), 155.89 (C=0),
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122.56-155.90 (Ar-C), 67.05 C(2), 55.24 C(6), 53.09
C(3), 50.40 C(5), 64.52 (OCH3), 19.92,20.15 (CH3);
Mass (m/z): 454 (M+), 440, 349, 329, 293, 135.

(E)-I'-(2,6-bis(4-methoxyphenyl)-3,3-dimethyl-2,6-
diphenylpiperidin-4-ylidene)-4-
methoxybenzohydrazide (12)

Pale Yellow solid; Yield 61%., M.P: 231°C, MF:
C,9H33N30, ; elemental analysis: Calcd (%):C, 71.44;
H, 6.82; N, 9.22; O, 13.13 ; found (%):C, 71.43; H,
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(C=0), 116.47-139.90 (Ar-C), 61.09 C(2), 56.99 C(6),
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Scheme .1 Synthetic routes of compounds 8-12

© 2016, IJCRCPS. All Rights Reserved 49



Int. J. Curr. Res. Chem. Pharm. Sci. (2016). 3(11): 47-55

Spectral measurements

The FT-IR spectrum of the synthesized DDMs was
measured in the range 4000-500 cm™ on a AVATAR-
330 FT-IR spectrometer (Thermo Nicolet) using KBr
(pellet form). 'H NMR spectrum was recorded at 400
MHz on a BRUKER model using CDCl; as solvent.
Tetramethylsilane (TMS) was used as internal
reference for all NMR spectra, with chemical shifts
reported in & units (parts per million) relative to the
standard.

Biology studies
Antibacterial activity by disc diffusion method

Nutrient agar plates were prepared under sterile
conditions and incubated overnight to detect
contamination. About 0.2 mL of working stock culture
was transferred into separate nutrient agar plates and
spread thoroughly using a glass spreader. Whatmann
No.1 discs (6 mm in diameter) were impregnated with
the test compounds dissolved in DMSO (200 mg/mL)
for about half an hour. Commercially available drug
disc (Ciprofloxacin 10 pg/disc) was used as positive
reference standard. Negative controls were also
prepared by impregnating the disc of same size with
DMSO solvent. The discs were placed on the
inoculated agar plates and incubated at 37 £ 1°C for
about 18-24 hrs. Antibacterial activity was evaluated
by measuring the zone of inhibition against the test
organism.

Methods
DNA gyrase inhibitor
Crystal structures of the protein complex used in this

study were obtained from the the protein data bank
(www.rcsb.org/pdb). PDB code: 3U2D [18]

Docking Studies

The test set of complexes described above was used
in the evaluation. DNA gyrase was docked back into
the corresponding binding site. In order to get accurate
results, all the docking experiments were performed
with the default parameters. Doc ing with was
performed on a Autodock 4.2 and Molecular docking
server with an Intel Pentium D process or (3.0 GHz)
and 4 GB of R A M was run on windows 7. The
following paragraphs describe the search algorithm
and scoring methods used in the three programs. For
each program, details of the calculations performed in
this study are provided.

Auto Dock 4.2

For AutoDock 4.2, ligand molecules were drawn in
ChemBioDraw Ultra 12.0 and converted to their three-
dimensional structures in Chem Bio3D Ultra 12.0 and
saved as in pdb format. The prepared ligands were
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used as input files for AutoDock 4.2 in the next step.
Lamarckian genetic algorithm method [18] was
employed for docking simulations. The standard
docking procedure was used for a rigid protein and a
flexible ligand whose torsion angles were identified (for
10 independent runs per ligand). A grid of 60, 60, and
60 points in x, y, and z directions was built with a grid
spacing of 0.375 A’ and a distance dependent function
of the dielectric constant were used for the calculation
of the energetic map. The default settings were used
for all other parameters. At the end of docking, the
best poses were analyzed for hydrogen bonding/mt—Tt
interactions and root mean square deviation (RMSD)
calculations using Discovery Studio Visualizer 4.2
(Accelrys Software Inc.) and Pymol (The PyMOL
Molecular Graphics System) programs. From the
estimated free energy of ligand binding energy, the
inhibition constant (Ki) for each ligand was calculated
and reproduced in Table 2.

Molecular docking server

Docking calculations were carried out using
DockingServer [19,20]. Gasteiger partial charges were
added to the ligand atoms. Non-polar hydrogen atoms
were merged, and rotatable bonds were defined.
Docking calculations were carried out on DNA gyrase
protein model. Essential hydrogen atoms, Kollman
united atom type charges, and solvation parameters
were added with the aid of Auto-Dock tools [18].
Affinity (grid) maps of xx A grid points and 0.375 A
spacing were generated using the Autogrid program
[18]. Auto-Dock parameter set- and
distance-dependent dielectric functions were used in
the calculation of the vander Waals and the
electrostatic terms, respectively. Docking simulations
were performed using the Lamarckian genetic
algorithm (LGA) and the Solis & Wets local search
method [21]. Initial position, orientation, and torsions of
the ligand molecules were set randomly. All rotatable
torsions were released during docking. Each docking
experiment was derived from 2 different runs that were
set to terminate after a maximum of 250000 energy
evaluations. The population size was set to 1 50.
During the search, a translational step of 0.2 A, and
guaternion and torsion steps of 5 were applied.

Results and Discussion

Synthesis of compounds 8-12

The structure of formed DMMs derivatives was
elucidated with the help of various spectral techniques
such as IR, 'H NMR, *C NMR and mass data. For
compound 8 taken as representative, In this the IR
spectrum shows sharp peak appeared at 3466 cm ™
corresponds to the piperidine ring N—H stretching, the
strong peak at 1647 cm t corresponds to C=0
stretching and the peak at 1572 cm t corresponds to
C=N stretching. In the 1H NMR, signals around
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7.26-8.01 ppm, as multiplet is due to aromatic protons
in phenyl ring at C-2, C-6 and hydrazone group.The
downfield signal at 3.88 ppm quartet is assigned to H-
2a and H-6a benzylic proton is appeared at 3.54 ppm.
The signal at 3.13 ppm, quartet is assigned to H5eq
proton. Consequently, the signal at 3.01 ppm is
assigned to methylene proton of H5ax. Obviously, the
signal at 2.14 ppm is due to N-H proton in piperidine
ring. The most downfield singlet at 7.26 ppm is
assigned to NH proton of hydrazone group. The
signal at 3.50 ppm is corresponds to methoxy protons
in synthesized compound. The upfield signal at 1.62
ppm is due to methyl protons at C-3 position. In the
13C NMR, the chemical shift at 26.06 ppm is assigned
to methyl carbon at C-3. The most downfield signal
around 180.09 ppm is assigned to C=0O carbon in
hydrazone unit. C-4 could readily be distinguished
from other heterocyclic ring carbons by their
characteristic downfield signal observed at 153.56
ppm and also by their low intensities. The signals at
66.75 and 56.40 ppm are due to benzylic carbons at
C-2 and C-6 and the remaining signals at 44.74 and
34.15 ppm are due to C-3 and C-5 carbons.

Antibacterial activity

To examine the structure activity relationship (SAR) of
the newly synthesized compounds were evaluated for
their antibacterial activity against five bacterial strains
by adopting disc diffusion method [22,23]. Ciprofloxin
was used as a standard reference drug. To achieve
better affinity and further potency of the new
candidates, the para position in phenyl was subjected
to a variety of new different electron donating and

deactivating functional groups including moieties of
fuoro (9), hydroxyl (10) methyl (11) and methoxy (12).

The anti bacterial activity of the synthesized
compounds exhibited significant zones of inhibition
against tested Gram positive and Gram negative
strains at 200 pg/mL. The zone of inhibition (mm) of
synthesized molecules at 200 pg/mL concentration
was shown in Figure 1. Among the synthesized
compounds, compounds 10 and 11 were found to be
the most potent compounds (17 and 18 uM,
respectively) and were more active than 8, 11 and 12
against Escherichia coli. Among, the tested
compounds, compound 11 exhibited highest activities
against Staphylococcus aureus and Streptococcus
pyogenes 16 and 17 mm zone of inhibition,
respectively and also compound 11 exhibited
significant antibacterial activity with zone of inhibition
13 mm against Bacillus subtilis and 12 mm against
Escherichia coli and Pseudomonas aeruginosa. On
the other hand, compound 12 also exhibited significant
antibacterial activity with zone of inhibition 14 mm
against Streptococcus pyogenes. Bacillus subtilis and
Staphylococcus aureus shows 13 mm zone of
inhibition and 12 mm against Escherichia coli and
Pseudomonas aeruginosa. From the above results it
is clear that the compounds 11 and 12 are found to
exhibit greater inhibition efficiency against various
strains. Apart from these, compound 8-12 also showed
significant to moderate antibacterial activity to Bacillus
subtilis. With respect to structure activity relationship,
the data in Table 1 show that the compounds 10 and 9
possess more activity against Escherichia coli than the
8,11 and 12.

30 -

25 =

20

Zone of inhibition mm
-
1

B. subtilis E. coli P.aeruginosa

Bacteria

I Ciprofloxacin
N 8

. 5

/10

i1

112

5. aureus S. pyogenes

Fig. 1 protective effect of 8-12 against Ciprofloxacin
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Table 1 Antibacterial activity of DMMs

Zone of inhibition mm in diameter

S. - i i
No. Bacteria Ciprofloxacin o ° 10 1 12 Control
(DMSO0)
1 Bacillus subtilis 28 06 11 10 13 10 -
2 Escherichia coli 26 - - - 12 13 -
3 Pseudo.monas 26 12 10 13 12 12 -
aeruginosa
4 Staphylococcus 30 10 15 12 16 13 -
aureus
5 Streptococcus 30 } 13 14 17 14 -
pyogenes

Among the designed candidates in the order of activity
is 4-OHCgH,; > 4-FCgH4 >4-OCH3CgH,4 > 4-CH3CgH,4 >
CsHs. In series of 8-12, the presence of hydroxy atom
in the phenyl ring at para-position enhanced the
antibacterial activity and this was followed by weakly
deactivating group fluorine derivatives. Electron
donating groups like methoxy and methyl reduced the
activity.

Docking analysis

Different database docking programs (Auto Dock,
Molecular docking server) have been used to assess
the accuracy of virtual screening methods against
DNA gyrase targets of known three-dimensional
structure. The number and categories in which the
dock poses fall are summarized in Table 2. Using
above-cited docking programs, we first addressed the
docking accuracy of each tool. As seen in from Table
2, Auto Dock was found to be the best for carrying out
docking. It generated higher binding energy than
molecular docking server.

-1

Binding enery kcal mol

B Auto dock
[ Molecular docking server

Ciprofloxin

4 5
Compounds

Fig. 2 Binding energy of 8-12
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Table 2 Docking results of DMMs with DNA gyrase (PDB code: 3CU2D)

Vdw_hb_desolv_

Binding energy ener Inhibition constant Intermol energy Hydrogen Residues involving
Kca/mol™ gy-l (m) Kca/mol™ bonding interactions
Kca/mol
S.NO Compounds AUo AUto
Auto Docking Auto Docking Auto Docking Dock Docking Dock Docking Auto Dock Docking
Dock 4.2 Server Dock 4.2 Server Dock 4.2 Server 49 Server 49 Server 4.2 Server
1 S -4.39 -4.28 -4.13 -5.20 608.44 728.29 -4.69 -5.88 - 1 - ASN54
VAL B:130 ASN54
F F -5.97 -2.50 -6.06 -3.65 65.34 14.76 -6.6 -4.42 3 3 ASN B:54 VAL131
LYS A:1163 VAL130
GLU B:58
-7.38 ASP B:81 ARG84
3 OH -6.03 -4.66 -5.41 54.29 35.41 -7.12 -4.66 4 2 GLY B85 VAL131
THR B:173
-6.85 SER129
M ME -5.58 -5.33 -7.25 37.97 9.52 -6.21 -7.30 - 2 - GLUS0
. VAL130
5 MEO 4.92 2.74 5.1 -4.27 37.97 983  -621  -4.89 2 3 LYSA154  h1131
APR B:198
ARG84
-6.05 ASP A:161 ASN54
CIP -7.82 6.63 -7.03 36.54 1.85 -5.57 -8.74 2 2 ASP B'57 SER55

Table 3 Average docking times (s) of algorithms

Molecule Auto dock Molecular
docking server

8 51 391
9 29 201
10 98 620
11 88 624
12 110 353

© 2016, IICRCPS. All Rights Reserved 53



Int. J. Curr. Res. Chem. Pharm. Sci. (2016). 3(11): 47-55

This variation might be because of the algorithms
employed by the routines, grid box specification and
active site residue specification. Overall results,
molecular docking server showed relatively poor
performance than auto dock. These results were
surprisingly low, indicating the docking programs often
failed to find the correct binding mode. Evaluation of
docking accuracy of docking programs requires the
programs run at approximately comparable speeds.
The average time required for carrying out the docking
calculation using different docking routines of a single
ligand is shown in Table 3. According to Table 3 in the
context of the average time required for docking a
single ligand, auto-dock is the fastest algorithm with
average 75.2 se ¢ than molecular docking server
455.2 sec. In connection with these efforts we
conclude that Auto Dock program gives us more
accuracy and scoring reliability of the selected docking
approaches.

Hence, we compare the binding affinity of the
synthesized analogues with Auto Dock results. Table 2

Key

[ e |
B—  Nen Ligend bord
B =@ Hylegenhand=od 1o lengih

Lol Mendigand resdase iovalvad in cther

v
S mankactic)

show the solutions with the highest predicting binding
affinity for DNA gyrase. Table 2, revealed that the
more active compounds 10 and 11 are showing nice
docking scores -7.38 and -6.85, respectively. Among
this compound 10 is having binding affinity within the
DNA gyrase in comparison to 11. These in-silico
findings are well supported by results of in-vitro
antibacterial activity. The binding pattern of 10 with
DNA gyrase was depicted in Figs 3,4 and clearly
raveled that the compound 10 showed major bonding
interactions with Glu 58, Asp 81 and Thr 173. The
standard drug Ciprofloxin showed binding interactions
with Asp 161 and Asp 57 with binding energy -7.82
(Table 2) which is close to docking score of compound
10. Generally, substitution of functional groups such
as F, OH, CH; and OCH3; at phenyl group positions
increases the free energy of binding [24]. Interestingly,

OH substituted compounds show higher binding
energy values compare with  unsubstituted
compounds.

b

As e e acior
Zlecrosein

var nartiEaly
% 1wzt 2 ond
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Idezal .

Fig. 3 Docked conformation of most active compound 10 with hydrogen bonding view in form of 2-D

[(&) molecular docking server (b) Auto-dock 4.2]

Fig. 4 Docking of representative ligands compound 10 into the binding site of DNA gyrase
(PDB:3CU2D). [(a) molecular docking server (b) Auto-dock 4.2]
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Conclusions

From all the above it could be concluded that, reaction
of 3,3-Dimethyl-2,6-diarylpiperidin-4-ones  with 4-
methoxybezo hydrazide in ethanol in the presence of
sufficient small of acetic acids smoothly affording (E)-
N’-(3, 3- dimethyl- 2, 6- diarylpiperidin — 4 - ylidene)-4-
methoxybenzohydrazide in good yields. The
synthesized compounds exhibit promising antibacterial
properties especially, 10 and 11which reveal the best
antibacterial activity among all the prepared
analogues. Auto-Dock and molecular docking server
have been used to assess the predictive power of
each docking and scoring function. Our results
suggest that all docking programs studied here do a
reasonable job in docking and should aid significantly
the drug discovery process. However, Auto-Dock
consistently outperformed as compared to other
program and was found to be relatively more useful
than molecular docking server.  Auto-dock result
clearly revealed that the compound 10 showed major
bonding interactions with Glu 58, Asp 81 and Thr 173.
So compound 10 is able to enter next phase of drug
development.
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