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“Design, Synthesis and Pharmacological Evaluation of Novel Structural Hybrids
(Mannich Bases) As Antitubercular/ Antibacterial Agents.

Since 1993, when the World Health Organization (WHO) declared tuberculosis (TB)
as a global emergency and there has been tremendous progress in the fight against the
disease. Directly observed therapy short-course (DOTS), the recognized case management
approach for TB, has been implemented throughout the world, because of which, global
burden of TB is falling slowly. Despite this progress, Tuberculosis (TB) remains an urgent
global health issue. Although TB is curable and preventable, one in three people in the world
is currently infected with the TB bacterium, and the active form of the disease kills 1.8
million peoples annually. Co-infection with TB and HIV (TB/HIV) and a surge in multidrug-
resistant TB (MDR-TB) and extensively drug-resistant TB (XDR-TB) are threatening to

disrupt recent global successes in TB control.

In India, TB Kills two persons per three minutes and almost 1000 deaths every day.
So, the ultimate detection, identification and total cure of TB are of extreme importance in
India.
We have chosen to synthesize the compounds with possible antitubercular activity because;
Tuberculosis (TB) remains the only infectious disease to cause serious health damage of
human being, especially in Indian subcontinent. Tuberculosis approximately causes three
million deaths annually and about five deaths every minute. So, the ultimate detection,
identification and total cure of TB are of extreme importance in India. Unfortunate to say but
it is the fact that, every fifth person dies due to TB in the world is an Indian, that’s why
Indian government have decided to eradicate the tuberculosis from India; for the same
government is ready for providing all types of support and motivations

Need for Newer Antibacterial Agents:

In addition to the emergence of multidrug-resistance, list of side effects and
reoccurrence of illness after removal therapy are the two another serious limitations
associated with present antibacterial. In addition to these problems, the pharmaceutical
pipeline for getting newer antibacterial agent act by novel mechanism of action is getting
drying up. Within five years from 1983 to 1987 about 16 antibiotics were approved, but for
next five year not a single antibiotic was approved and condition become more serious after
1992 to onwards. Recently from 2003 to 2007 only five antibiotics have been approved. The

condition is even more serious in case of drugs acting against gram negative bacterial,



especially in case of countries like China, where the drug resistance is as high as up to 70%.
If this rate of emergence of resistance remains continued for next few years then surely one
day, we should have to face conditions like “Dooms Day”, ‘The day on which it becomes
impossible to treat most of the microbial infections due to antimicrobial resistance’. So, t0
solve this complex problem of resistance, sincere efforts are strictly needed so as to find out
alternative to present drugs.

With this background problems are defined and work undertook and completed. In this work
molecules are designed, synthesized and evaluated for pharmacological profile. Work done is

briefly explained below.

1. Design and synthesis of Benzimidazole derivatives for Anti TB / Antibacterial
activity.

Wagh et al. have synthesized series of 2-substituted benzimidazole derivatives and screened
for antifungal activity. This series of benzimidazole derivatives with their MIC values (0.007-
0.625 pum/ml) was available for docking study. This series was docked on cytochrome P 450
of M. tuberculosis (PDB code 1EA1) at Glide module of Schrdodinger drug design software.

Docking environment was maintained as per below conditions

1. pH7,

2. Force field OPLS3,

3. Only water molecules having 3 bonds with non-water molecules within the range of 5
A° from binding site. The results of docking study is shown in table 1
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Benzimidazole derivatives are showing good poses except compound no. 8 and dock well
into the binding pocket and shows good binding with the nearby amino acids within 5°A
region as mentioned against their image. The derivatives 9, 21, 24, 33, 35, and 39 are

showing highest docking score hence recommended for synthesis.
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2. Design, Synthesis andBiological

Derivatives

Evaluation of Some Novel

Imidazole

Rajanarendaretal. had introduced the one-pot synthesis of 1,2,4,5-tetrasubstituted imidazoles.

Considering this as lead nucleus various analogues are designed (1A to 10). Designed

analogues were subjected for ADME property calculations at QIKPROP module of

Schrodinger drug design software. Results are shown in table 2.

R
0
= NH,
~° 5mol%CAN R
+ s N7 TN
benzoin sub.aldehyde  sub.aniline O O
1, 2, 3, 4 -tetraarylimidazole
Table No 2:
Mol wt Donor | Accept. | Qlog | Qlog HO Rule | Rule
Code Molecule MP %HOA
No HB HB Pw/o | Polw Of5 | Of 3
2A @? 4629 | 66°% | O 35 [9.408|5493| 1 |81119| 1 | 1
. 10.53
2B Q? 463g | 70°% | 1 4 g |5877| 1 |90383) 1)1
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RVRS
b
2D @g 451g | 68% 25 | 8265 7.174 100 | 1
2E @? 4969 | 70°% 25 | 83417145 100 1
i
1,
2F @? 4629 | 66° 35 |9.612 5835 86.602 | 1
2G Q% 4629 | 78°% 35 | 9.646 | 5.827 85.878 | 1
\w{ .
h!
2H Q\% 4629 | 66° 35 | 9562 |5.852 87.462 | 1
\h\‘\‘ —
i, 10.81
20 | SO 463y | 76°% 4 L | 597 95.069 | 1
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20 | N 463g | 80°% | O 25 | 781(6931] 1 | 100 | 1 | 1
7 3
2K Q? 4779 | 78% | 0 4 |o915|6754| 1 | 100 | 1 | 1
2L Q% 4779 | 68% | 0 4 |9083|6767| 1 | 100 | 1 | 1
2M
Q? 511g | 80% | O 3 |7804(8007| 1 | 100 | 2 | 1
2N @? 497g | 78% | 0 4 856 | 631 | 1 | 100 | 1 | 1
o%

20 ngﬁ 496g | 80% | 1 3 |9173|6814| 1 | 100 | 1 | 1
Code Mol wt Donor | Accept. | Qlog | Qlog HO Rule | Rule
Molecule MP %HOA
No. HB HB | Pwlo | Polw of5 | Of 3

From the literature survey, novel substituted imidazole derivatives were designed and

synthesized. Yields of compounds are in the range of 80-90%. Structures are confirmed by

physicochemical parameters and spectral study. Novelty of this work is the fully substituted

imidazole derivatives are synthesized by using cerric ammonium nitrate (CAN) catalyst.
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Advantage of CAN is that it is useful as an oxidant, possess excellent solubility profile and it
IS non-toxic.

Designed compounds are subjected for PASS analysis. From ADME properties all fifteen
derivatives fulfill the Molecular weight < 500 Da; logPw/oct< 5; with not more than 5
hydrogen bond donors and not more than 10 hydrogen bond acceptors, with best % Human
Oral Absorption about 25% and all synthesized derivatives passes Lipinski Rule.

All the synthesized compounds are successfully screened for anti-bacterial and anti-fungal
activities against E.coli and Candida albicans, Aspirgillusniger, Microsporescanis
respectively. Cefexime and fluconazole are used as a standard.

The screening study shows that Compound 2A, 2B (zone of inhibition 6.2mm) have good
activity as anti-bacterial(E.coli) as compared to standard Cefexime (6.7mm).

Compound 2A, 2D (zone of inhibition 6.5mm) have good activity as anti-fungal (Candida
alabicans) as compared to standard Fluconazole (7mm). Compound 2A (8mm), 2B (7.9mm)
have good activity as anti-fungal (Aspergillus niger) as compared to standard Fluconazole
(8mm). Compound 2A, 2B, 2E, 2F, 2G, 21 (9mm) have good activity as anti-fungal

(Aspergillus niger) as compared to standard Fluconazole (9.5mm).

3 Design, Synthesis and Biological Evaluation of Beta Amino Carbonyl Compounds by
Using Cerric Ammonium Nitrate (CAN).
The Mannich reaction is known for the preparation of secondary and tertiary amine
derivatives (Mannich Bases) using an acid or base catalyst. The products of Mannich reaction
are mainly B-amino carbonyl compounds and its derivatives, which are used for synthesis of
amino alcohols, peptides and lactums. Kidwai and coauthors have reported one pot, three
component Mannich reactions of acetophenone, aromatic aldehydes and aromatic amines
using Cerric Ammonium Nitrate (CAN) as an efficient catalyst. Considering this as lead
nucleus various analogues are designed and synthesized. The series of Beta amino carbonyl
compound were docked on 3-deoxy-D-arabino-heptulosonate 7-phosphate synthase of M.
tuberculosis (PDB code 4PFA) at glide module of Schrodinger drug design software.

Docking environment was maintained as per below the conditions

- AtpH7
- Force field OPLS3

- Only water molecules having 3 bonds with non-water molecules

The results of docking study are shown in below table 3.
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Table 3

o S NH, e HN/©/
CH, + acetonitrile O O
+ r
R 8st-lrlrlzng R
* R 3-anilino-1,3-diphenylpropan-
1-phenylethan- benzalde aniline 1-one
1-one hyde
Sr Dock . indi
Structure MW Docking Image B.' ndmg
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Mannich derivatives are showing good poses and dock well into the binding pocket and
showgood binding with the nearby amino acids within 5°A region as mentioned against their
image. The derivatives 4,7,9,11,12,13are showing highest docking score. Novelty of this
work is the substituted f-amino carbonyl a compound was synthesized by ceric ammonium
nitrate (CAN). Other catalysts for Mannich reaction include SSA, CeCl;, MgO/ZrO,,
lanthanide triflate in solvents like dichloromethane and silica supported AICls. They often
suffer from the drawbacks of long reaction times, harsh reaction conditions, toxicity and
difficulty in product separation, less product yield long process of purification. Ceric (IV)
ammonium nitrate has emerged as an important reagent for the construction of carbon—
carbon and carbon— heteroatom bonds via radical intermediate. In addition, many advantages
such as excellent solubility in water, inexpensiveness, eco-friendly nature, uncomplicated
handling, high reactivity, fast conversions and convenient work up procedures make CAN a
potent catalyst in organic synthesis. A designed molecule was subjected for PASS study. This
study show that all compounds have Pa value less than 0.5 for anti-tuberculosis, anti-fungal
and antibacterial agent. The compound has more than 0.5 Pa value are compound 9 (0.504)
for anti-tuberculosis, compound 2 (0.581) for antibacterial, compound 5 (0.596) for
antifungal. From result of docking study, it was concluded that all compounds have a number
of good contacts with the crystal structure of epidermal growth factor receptor 3-deoxy-D-
arabino-heptulosonate 7-phosphate synthase (4PFA). Compound from molecular docking
study, 8(-9.336), 5(-6.052) molecules show good poses and fit into binding pocket and also
good contacts with (2VKZ) and (1H3D) for antifungal and antibacterial target of Inhibition of
ATP Phosphoribosyltransferase. Compound from molecular docking study, 13(-4.802), 5(-
4.789) and 12 (-8.256), 3 (-8.146). From ADME properties all compounds follow the
Lipinski rule of five. Log P value is less than 5. All compounds have Hydrogen acceptor less
than 10 and donor lessthan 5. All compounds have good dipole moment and human oral
absorption is greater than 25%. All synthesized derivatives were evaluated for antibacterial
and antifungal activities by well diffusion method against bacterial strain E. coli and fungi A.
niger, Candida albicans &Microsporous Canis Cefexine and Fluconazole were used as
standard for antimicrobial study. Compound 4 (zone of inhibition, 7.7 mm) and compound 16
(zone of inhibition, 8.7mm) of this series had emerged as moderate antibacterial agent against
Escherichia coli as compared to standard Cefexine (8.8 mm). Compound 7 (6.8 mm) and
compound 10 (6.8 mm) of this series had shown potent antifungal activity against A. niger
compared to standard Fluconazole (7 mm). Compound 6 (7.8 mm) of this series had shown

potent antifungal activity against C. albicans compared to standard Fluconazole (8 mm).
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Compound 5 (8.3 mm), compound 13(8.7 mm) and compound 14 (8.7 mm) of this series had

shown potent antifungal activity against Microsporous Canis compared to standard

Fluconazole (9.0 mm) Overall it is an attempt to design, synthesize and perform biological

evaluation of substituted 3-amino carbonyl compound derivatives.

4. Design, Synthesis and Biological Evaluation of Pyridine Derivatives By Using Cerric

Ammonium Nitrate (CAN)

Tapasavi etal (2011) have reported the synthesis of 2,3,4,5,6-pentasubstituted pyridines via

three component condensation of aromatic aldehydes, ammonium acetate and acetophenone

derivatives. Considering this as lead nucleus various analogues are designed (1to 15).

Designed analogues were subjected for ADME property calculations at QIKPROP module of

Schrodinger drug design software. Results are shown in below mentioned table 4.

Table No. 4:
St | code MW MP Donor | Accept. | Qlog %HO | Rule
Molecule
No. | Mo HB HB | Pwlo A of 5
fl.
1 1 410 97-99 3 4 12.796 | 82.97 0
2 2 410 98-100 3 4 12.798 | 82.97 0
3 3 397 122-125 5 4.5 15.818 | 64.941 1
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425 135-137 4.5 12.076 100
425 134-136 4.5 12.061 100
397 120-123 4.5 15.809 | 64.828
410 88-90 4 12,578 | 89.578
410 89-91 4 12.579 | 89.578
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9 9 381 177-180 4 13.732 | 89.58
10 | 10 381 173-175 3.75 13.732 | 89.972
11 | 11 381 175-177 3.75 13.726 | 90.046
12 | 12 381 180-183 3.75 13.732 | 90.075
13 | 13 411 147-150 4.5 13.969 | 91.143
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14

14 411 150-152 4 4.5 14.012 | 90.367

15

15 397 180-182 5 4.5 3.308 67.53

Novelty of this work is the fully substituted pyridine derivatives were synthesized by ceric
ammonium nitrate (CAN). Advantage CAN is useful as an oxidant. Designed molecules were
subjected for PASS study. This study show that all compounds have Pa value less than 0.5 for
anti-tuberculosis, anti-fungal and anti-bacterial agent.

From result of docking study, it is concluded that all compounds have a number of
good contacts with Crystal Structure of Cytochrome P450 ALPHA-STEROL
DEMETHYLASE (CYP51). Compound from molecular docking study, 5(-7.765), 12(-
7.495), 10(-7.378), 9(-7.127) molecules show good poses and fit into binding pocket.

From ADME properties all compounds follow the Lipinski rule of five. Log P value is
less than 5. All compounds have Hydrogen acceptor less than 10 and donor less than 5. All
compounds have good dipole moment and human oral absorption is greater than 25%.

All synthesized derivatives were evaluated for antibacterial and antifungal activities by
well diffusion method against bacterial strain E. coli and fungi A. niger, Candida albicans
&Trchophytum rubrum. Cefexime and Fluconazole were used as standard for antimicrobial
study.

Compound 11 (zone of inhibition, 7.5 mm) of this series had emerged as moderate
antibacterial agent against Escherichia coli as compared to standard Cefexim (8.6 mm).
Compound 3 (8.6 mm) and compound 8 (8.6mm) of this series had shown potent antifungal
activity against A. niger compared to standard Fluconazole (9.7 mm). Compound 14 (7.9mm)

of this series had shown potent antifungal activity against C. albicans compared to standard
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Fluconazole (8.7 mm). Compound 2(7.0mm) of this series had shown potent antifungal
activity against Trychophytum rubrum compared to standard Fluconazole (8.5 mm)

5. Design, Synthesis and Biological Evaluation of Imidazole Derivatives

Rajanarendra and colleagues et.al. have reported the synthesis of 1,2,4,5-tetrasubstituted
imidazole derivatives. Considering this as lead nucleus isatin based analogues of imidazole
derivatives were designed and synthesized as per below mentioned scheme. This series was
docked on imidazole glycerol phosphate dehydratase of M.tuberculosis (pdb code 4LOM) at
Glide molecule of Schrodinger drug design software. The results of docking study are shown

CHO N

o S
CAN(10mol%)
X NH4OAC \ N R
o) + |
- Strrlr at room temprature
N = \ X for 1-1.5 hr H
N R
R

in table

substituted aldhyde substltuted aniline
isatin

imidazole derivative

Docking study result table 5

ST Structure MW Dock Image B_mdm_g
No. Score aminoacids
O0—CHj3
N SO
\\(Qﬁ 383.406 | -4.576 -9 HISA:47
N + ) :
1 | \:i ,N\ . ‘ SN 3
N (@]
: ¥l
(@]
o
Nl_ -
o
Nﬁ/©/ ¢ HISA:47
2 NN 398.377 | -3.499
N \©\ . O ARGJ:121
" NI N @
&- ARGO0.20
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H 20 .
Cl)_ 3
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+,O
s i HISA55
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H 0
i ‘ MN A:303
o ) HISO:74
N ’\{ -
N o 416.276 | -3.174 HISA55
N Q , MN A:303
Br )
+,O
N\YQ\N‘ HISA:47
o :
@N 398.377 | -3.101
N \© _ ARGO:20
O-/Ngo J3
(e}
I,
N
O
ﬂ HIS A:47
N
o 398.377 | -3.06 ARG 0:20
N D s C MN A:303

o
\
=z
2
o
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Br

432.275

-2.812

MN A:303

399.405

-2.77

HIS O.74
ARGO:17
ARG 0:20
ARG J:99

MN A:303

10

413.432

-2.467

HIS A:47

11

399.405

-2.286

HIS A:47

SERA:54

12.

413.432

-3.292

ARGO:17
ARG J:121
HIS0:74
HISO:55

ARGJ:99
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13.

398.377

-2.744

ARGO:17
ARG J:121
ARG J:99
MN A:303

GLU A:180

14

398.377

-2.157

ARGO:17
ARG J:121
MN A:303
GLU A:180

GLU O:21

15.

383.406

-3.499

HISA:47

ARGO:20

Isatin based imidazole derivatives are showing good poses and dock well into the binding
pocket and show good binding with the nearby amino acids within 5°A region as mentioned
against their image. The derivatives 1,2,3,12 and15 are showing highest docking score.
Total fifteen derivatives with substitution on aniline and benzaldehyde ring had been
synthesized using halogens and nitro groups as substituent. All synthesized compounds had
been characterized by melting point, thin layer chromatography, also by spectral analysis and
their structures were confirmed.

All the proposed derivatives of substituted imidazole were docked by using Schrodinger glide
software. PDB id 4LOM was used to dock all the proposed derivatives. Their ligand
interaction was taken. And also, ADME prediction of synthesized compounds was done by

using Quick prop module (Schradinger 9.0).
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The synthesized imidazole derivatives were evaluated for their possible in vitro antibacterial
and antifungal activity by well diffusion method with the help of different bacterial strain like

E. coli and fungal strain like Aspergillus niger, Trichophyllum rubrum and Candidaalbicans.

6. Design, Synthesis and Biological Evaluation of Dibenzyl Ketone Derivatives.
Pramod Singh etal have reported the synthesis and characterisation of novel 2-pyrazoline

derivative as per below mentioned scheme.

l NaOH/EtOH

Product of step 1 (Dibenzal acetone dvt) and step 2 (Pyrazoline dvt) were subjected for PASS
(online prediction of activity using structure). PASS results of various dibenzylketone
derivatives shows promising activity spectra. By considering this dibenzalketone nucleus is
considered as lead nucleus for design. Various analogues were designed and synthesised as
per below mentioned scheme. These analogues were docked into Mycobacterium
tuberculosis lipoprotein LprG (pdb id 4ZRA). Docking images and dock score are shown in
below table. Compounds GD-102 (-4.794), GD-103 (-4.335), GD-105 (-4.743), GD-109 (-
5.128) and GD-110 (-4.463) are showing good poses and highest dock score. These

molecules will be subjected for in vivo study (Antimycobacterial activity).

CHO
Ra o NaOH/MeOH
+ )J\ Stirring for 3 hrs.
—
Rs Re Re R4
Ra Ketone
Aldehyde

Dibenzyl Ketone
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PASS score for Dibenzyl ketone analogues table 6

Sr. No. | Comp. Code Sructure Pass anti-tuberculosis activity
1 GD-101 O NN O 0.497
2 GD-102 O P O 0.512
AN 7

3 GD-103 O O 0.632

0
4 GD-104 NN 0.503
HiC o,

5 GD-105 O NN O 0.503
Vs

6 GD-106 O h O 0.521
DN =

7 GD-107 O O 0.516

8 GD-108 0.499
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9 GD-109 0.558
10 GD-110 0.558
11 GD-111 0.456
]
AN 7
12 GD-112 O O 0.628
AN 7
13 GD-113 0.523
7
14 GD-114 0.543
\ /
15 GD-115 O O 0.519
Docking into Mycobacterium tuberculosis lipoprotein LprG (4ZRA)
Sr. Amino
(?ggs' Structure MW DO(;ESCO Image acid
No. binding
1 GD-101 234.297 No good pose

o
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13

GD-113

324.292

-3.221

LYS 67

14

GD-114

366.373

-3.977

ASN
185

TYR
130

15

GD-115

366.373

-4.339

ASP 131

TYR
130

In the present study, on literature survey dibenzyl ketone derivatives were designed. It is
found that this dibenzyl ketone nucleus is yet to fully explore for its biological potential. So,
this nucleus is selected for the research work.

The compounds had been synthesized with an attempt to potentiate them by fulfilling the
structural requirement for special biological activities. Total fifteen derivatives have been
synthesized by using various aldehydes and ketones in alkaline medium.

Compounds were characterized by thin layer chromatography, infrared spectroscopy, nuclear
magnetic resonance spectroscopy and mass spectroscopy for their structural conformation.
All the synthesized derivatives are polar molecule.

These molecules were subjected for docking study at different targets like tuberculosis,
bacteria and fungi at Schrodinger software. Their ADME properties were also predicted by
using Quick pro module of Schrodinger. From the docking study, some compounds are
showing good poses and hence fitted into the binding pocket and showing good binding with

the nearby amino acid. All the compounds follow the Lipinski rules of five.
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All the synthesized compounds were screened for their possible in vitro antibacterial and
antifungal activity by well diffusion method with the help of different bacterial strain like E.

coli and S. aureus and fungal strain like Aspergillus niger, Trichophytumrubrum and Candida
albicans.
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2. Details of workshop conducted

Swami Ramunund leerth ;l;nlhnadn U niversiny, Nunded
School of Pharmacy

One Day Workshop on Advances in Computer
Aided Drug Design and Discovery

Report on
One Day Workshop on Advances in Computer Aided Drug Design
and Discovery

Shoul of Pharmacy, SRTM University. Nanded was organised on 16 Seprember 2016 This
e iy hands on workshop on “Advances in Computer Aided Drug Design and Discovery’
wan - geintly organized by School of Pharmacy of this Universits with Schridinger Ld
Bunglore . saw participation from  ditferem department of School Viz: Pharmasceotical
Chemisirn. Pharmaceatics. Phanmiscologs and Qualits Assurance. 1t included 1alks and
discinsions by eminent speakers in the morning and a hands-on session post lunch on
Computer Aided Drug design and Discovery and QSAR

During the inugural Tunction, Prol Dr. S.G Gattani. Director. SO gave o genesis of the
workshop and expressed the importance of in-vilico approaches in drug design and discoven
He also expressed his appreciation and gratitude to Schridinger Ltd. while speaking on the
ovession congratulated on this venture. He further mentioned on how intendisciplinan
education helps the socier .

eSS Pekamwar. HOD of Pharmaceutical Chemistry ofticially inaugurated the warkshop
g an e silico approach and gave a brief account of the participants estended o cordial
selcwme tooall and emphasized the need for generating trained human resource in this niche
area i abso conpratulated the indusin partiwr

AHer the oamguration, Dr. Rave Kumar spoke on the “Basies of molecular modelling
Modeculie mechanics. Optimization and Contbemation A\nalysis™ The fundamental coneepts
alsimic o the hes initiation steps ol any molecular modelling exervise were covered. These
uicided Bisics o different methods oF geametis optintiziation, tice 1Teld of inokecula
eI, comformation generation and analssis and deseriptors D urther, e busia

approaches of any Computer Aided Deug Design (CADDY work in terms of Structure o
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Swami Rumuanund Teerth Marathwada University, Nanded
School of Pharmacy

Ligand Based Drug Design (SBDD and LBDD respectively) with details of each of these
approaches were covered with an emphasis on utilizing both approaches in any CADD work
Wy e arrive at o meaninglul consensus for realistic and practical solutions.

This was followed by the lecture of Dr. SR, Butle discussed the importance of *CADD in
Sew Drug Discoveny”

1owas stated that new drug discovery s anoantellectunl, time consuming and expensive
process. A tvpical drug discovery eacle. from lead to pharmacy shell. can take about 14 vears
with the cost of ~ 800 million US dollars. In time. a new paradigm in drug discovers
emerged. which includes carly assessment of activinn and selectivity of lead molecules. us
well an their potential pharmacokinetios. ADME Tox Babilities. This helps o reduce costly
late-stage failures and reduce the time for successful development of new chemical ¢ntities
INCES)1 CADD pow plays vital role in the search tor NCEs. Currently the main focus is on
managenrent ol dot sourees and o improve design methodologies, computer programs 1o
generate big libraries of compounds with desired pharmacalogical interest. development of
new computational models 1o assess the potency and selectivity of lead candidates and 10
wentily potertial ADME Tos lisbilities, In the centre of this paradigm shift is the application
chevmputatiopal techmigues to ease the discovers of NCEs

Post Tuncd detarhed hands <on session was carried oat with participants on the fundamental
il steps of any molecular modeling work using Schrddioger 1id S Nagship suite of
modelling program of Schridinger Lid Technologies. Bangalore- India. The topics covered

were  dmwing  a molecule,  energy  mimmizationtoptimization)  of  both  small

molecules fegends as well as proteins. studving structure and  bonding  psrameters of

molecules. calculation  of descriptors of - molecules and  generation and  analysis ol

contormation ol molecules,

ol s 22 "

De. Ravi Kumur Dr. S8 Pekumwar Dr. S.GL Gattani
o :HI":‘I:::"i':;::""-'"““ (Hon, l’ll(u:::.c(n';:misln) ﬁmﬁw‘ Rmm%
ik A R,
S g 11505 (T
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Brief CV of Dr M.Ravikumar

Dr. Ravi received his Ph.D. from the Osmania University, Hyderabad. He worked as a
R.A in School of Chemistry, University of Hyderabad (from 2003 to 2005) under Dr.
Goutham Desiraju; where he worked on the discovery of inhibitors against multi drug
resistant Mycobacterium tuberculosis studied using Bioinformatics, Cheminformatics and
Computational approaches. From 2005- 2009, he served at GVK BioSciences,
Hyderabad and worked in various research areas including discovery of novel
compounds against cancer, inflammation, diabetes and bacterial infections using
Computer-Aided Drug Design methods. From 2009 onwards, he is working as
Applications Scientist in Schrodinger, GmbH, Bangalore, conducting training to the
clients, providing technical support and working on the drug discovery projects

Dr. Ravi's research interests are in the discovery of novel compounds for critical
human diseases such as tuberculosis, diabetes, AIDS and cancer using Bioinformatics,
Cheminformatics, Structural Biology. Dr. M. Ravikumar is an author of over 50
scientific publications, many of them are in European Journal of Medicinal Chemistry,

Journal of Medicinal Chemistry, Journal of Chemical Information and Modeling etc. .
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Abstract:

12 In an effort to improve biological activity, a series of Dibenzyl Ketone derivatives were
14 synthesized by using various ketones and aldehydes in alkaline medium through conventional
16 methods. Their chemical structures were confirmed by spectral analysis like FT-IR, *H NMR and
18 Mass spectrum. Such synthesized molecules were subjected for docking study at different targets
at Schrodinger software. Their ADME properties were also predicted by using Quick pro module
21 of Schrodinger. From the docking study, it is predicted that compounds have good biological
23 activity. All the synthesized compounds were screened for their possible in vitro antibacterial and
25 antifungal activity by well diffusion method. Biological evaluation results reveals that synthesized

27 compounds have good biological activity when compared with standard drug.

29 Keywords: Dibenzyl ketone, Spectral analysis, Antibacterial activity, Antifungal activity.
32 1. Introduction:

35 Microbial infections are still the issue of concern due to microbial resistance. Antibiotics
and other antimicrobials are consistently used over last 6-7 decades for the treatment of microbial
infections [1]. The continuous and irrational use of these antimicrobial agents potentiates the
40 pathogens and boost up the microbial resistance. This threat of microbial resistance give rise to
42 need of novel antimicrobial agents [2].

44 Increasing numbers of fungal strains are becoming resistant to the current antifungal drugs
46 (fortunately, drug resistance is not transferable in fungi), and toxicity and low efficacy also
contribute to the need for better antifungal drugs [3]. Many antifungal agents are quite toxic, and
49 when systemic therapy is required these agents must often be used under strict medical supervision
51 [4].

53 Computer Aided Drug Design (CADD) is the best trending approach for the development
55 of novel derivatives. The computational molecular docking provide brief idea of docking and
57 ultimately in vivo binding of novel derivatives to the receptors [5]. The structure based virtual
screening provides multiple hypothetical interaction and provide an optimistic approach for lab

60 scale and large scale synthesis of novel structural hybrids [6].
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In the present study dibenzyl ketone derivatives were designed. It is found that this
dibenzyl ketone nucleus is yet to fully explore for its biological potential so, this nucleus is selected
for the research work. Dibenzyl ketone, or 1, 3-diphenylacetone, composed of two benzyl groups
attached to a central carbonyl moiety [7]. The central carbonyl carbon atom is electrophilic and
the two adjacent carbon atoms are slightly nucleophilic. This property of dibenzyl ketone is useful
in an aldol condensation reaction with benzil [8]. In former research studies this reactive property
of ketone derivatives is found to be useful for the development antioxidant compounds [9].
Polyimide-silver composites were also found to be synthesized with the inclusion of

dibenzalacetone moiety in the main chain [10].
2. Material and Method:

2.1 General:

Chemicals and solvents were procured from commercial units, Aldrich India Ltd., E. Merck India
Ltd. These solvents and reagents were of LR grade and if necessary purified before use. Thin-layer
chromatography (TLC) was carried out on aluminium- supported silica gel plates (Merck 60 F254)
with visualization of components by UV light (254 nm). 1H NMR spectra was recorded at 500
MHz using a Bruker AV 500 spectrometer (Bruker CO., Chennai) in CDCI3 and DMSO-d6
solution with tetramethylsilane as the internal standard, and chemical shift values (d) were given
in ppm. Melting points were determined on an electrothermal melting point apparatus (Stuart-
SMP30) in open capillary tubes. IR spectra were recorded with an FT-IR spectrophotometer
(Schimandzu FTIR-00722). Compounds were analysed by KBr disc method and mmax is
expressed in cm_1; Mass spectra (ESI-MS) were recorded on Schimadzu MS/ESI mass

spectrometer.

2.2 Experimental

General procedure for synthesis of (1E, 4E)-1,5-diphenylpenta-1,4-diene-3-one derivatives
In this synthesis, substituted benzaldehyde (30 mmol) react with substituted ketone (15 mmol)
with continuous stirring for 3 hrs. During the reaction, simultaneous addition of sodium hydroxide
and methanol mixture for 3 hrs. drop by drop. Then, the resultant mixture left for 2 hrs. The

precipitate was crystallized from methanol [11].

2.3 Molecular Docking:


https://en.wikipedia.org/wiki/Benzyl
https://en.wikipedia.org/wiki/Carbonyl
https://en.wikipedia.org/wiki/Benzil
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In this study, molecules are docked in schrodinger platform (Version 2016.3) for different
targets like E.coli and Candida albicans. Maestro is used as graphical user interface. Protein is
prepared using protein preparation wizard [12]. The prepared protein is loaded into maestro
environment and the active site is defined. Grid centre is defined for the active site and box sizes
are set. The next step is to generate glide grid. After successful generation of the grids, prepared
ligands are loaded into maestro [13]. Ligands are kept flexible, while the protein is rigid and
docking started with extra precision mode (XP mode). The docking calculation generated few
poses for each ligand. The selection of the best pose was done on the interaction energy between
the ligand and the protein as well as on the interactions the ligand shows with experimentally
proved important residues [14].

2.4 Biological Evaluation:
2.4.1 Antibacterial and antifungal activity:

The antibacterial activity of synthesized compounds were determined by screening them
against the E. coli and S. aureus [15] The antifungal activity of synthesized compound were
determined against the Aspergillus niger, Trichophytum rubrum and Candida ablicans [16]. The
basic principle of antibacterial and antifungal assay lies in the comparison of inhibition of growth
of microorganism produced by the known concentration of antibacterial and antifungal agents to
be tested with that produced by known concentration of standard antifungal agent having known
activity (Table 1) [17].

3. Result and discussion:

In the present study, dibenzyl ketone derivatives were synthesized as scheme depicted in Figure
1. Computational studies and virtual screening provided an idea about molecular docking and
ADME properties of novel structural hybrids.

3.1 Structure of synthesized compounds Dibenzyl ketone derivatives

Total fifteen novel derivatives synthesized from a scheme only with changing the substitutions at
R1,R2, R3, R4 and R5 (Table 2). The highest yield was obtain with compound GD-108 i.e. 82.66%
and the lowest yield was obtained for compound GD-115 i.e. 67.89%.
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3.2 Molecular Docking of molecule:
The organism which is taken in consideration for molecular docking for antibacterial study was E.

coli and for antifungal study was Candida albicans.
3.2.1 Antibacterial activity
(PDB Code: 5FX3; Organism-E.coli;)

In molecular docking for antibacterial activity the results for compounds GD-101 (-3.364), GD-
108 (-3.063), GD-109 (-3.057), GD-112 (-3.187) and GD-113 (-3.105) showed good results with
docking study (Table 3 and 4).

3.2.3 Antifungal activity
Docking molecule images: (PDB Code: 5SHW6; Organism-candida albicans)

From the docking study it was observed that compound GD-101 (-3.441), GD-103 (-2.962), GD-
107 (-3.906), GD-109 (-3.875) and GD-111 (-3.419) are showing good poses and hence fitted into
the binding pocket and showing good binding with the nearby amino acid (Table 5 and 6).

3.3 ADME properties of molecule

The data of Lipinski rule of five for all the compounds is illustrated in Table no 7. Data in the table
clearly demonstrates that the compound follows Lipinski rules of five. Molecular properties
including human absorption were found to be promising for pharmacological application (Table
8)

3.4 Pharmacological activity evaluation

Antibacterial and antifungal activity of synthesized dibenzyl ketone derivatives.

The compound which have been synthesized were subjected to in vitro biological screening
for the study of anti-bacterial and anti-fungal activity with the help of different bacterial strain like
E. coli and S. aureus and fungal strain like Aspergillus niger, Trichophytum and Candida albicans.
From the biological screening study the zone of inhibitions of microorganism was measured and

compared with standard drug (Table 9 and 10). Both the activities were found to be satisfactory.
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3.5 Spectral Studies
(1E,4E)-1,5-diphenylpenta-1,4-diene-3-one (GD-101)

IR(KBr):v cm-1 3022(C-H stretching aromatic), 1647.87(C=0 stretching), 1623.36(C=C
stretching), 1445.68(C-H stretching aliphatic); *H NMR (500MHz,CDCls) &: 7.758-7.726(m, 2H,
Ar-H), 7.628-7.613(m, 3H, Ar-H), 7.438-7.410(m, 3H, Ar-H), 7.374(S, 1H, Ar-H), 7.256(m, 2H,
C-H), 7.104-7.072(m, 2H, C-H); Mass spectrum shows the formation of molecular ion peak at
m/z=234.29.

(1E,4E)-1,5-bis(3,4-dimethoxyphenyl)penta-1,4-diene-3-one (GD-102)

IR(KBr): cm-1 2831 (C-H stretching aromatic), 1617.38 (C=O stretching), 1577.06(C=C
stretching), 1463.08 (C-H stretching aliphatic), 1257.42 (C-O stretching); H NMR
(500MHz,CDCls) 4: 6.827-6.800 (m, 2H, Ar-H), 6.782 (s, 1H, Ar-H), 6.732 (s, 1H, Ar-H), 6.710
(s, 1H, Ar-H), 6.695-6.622 (m, 2H, C-H), 6.590-6.427 (m, 2H, C-H), 3.064 (s, 1H, C-H), 2.371 (s,
1H, C-H), ; Mass spectrum shows the formation of molecular ion peak at m/z=354.40.

(1E,4E)-1,5-bis(4-nitrophenyl)penta-1,4-diene-3-one (GD-103)

IR(KBr): cm-1 3362.07 (C-H stretching aromatic), 1650.05 (C=0 stretching), 1597.97 (C=C
stretching), 1445.68 (C-H stretching aliphatic), 1516.25 (N=O stretching); H NMR
(500MHz,CDCl3) 6: 7.758-7.726 (m, 2H, Ar-H), 7.628-7.613 (m, 3H, Ar-H), 7.438-7.410 (m, 3H,
Ar-H), 7.374 (S, 1H, Ar-H), 7.256 (m, 2H, C-H), 7.104-7.072 (m, 2H, C-H); Mass spectrum shows
the formation of molecular ion peak at m/z=324.29.

(1E,4E)-1,5-bis(4-hydroxy-3-methoxyphenyl)penta-1,4-diene-3-one (GD-109)

IR(KBr): cm-1 2992.12 (C-H stretching aromatic), 1615.21(C=0 stretching), 1559.59 (C=C
stretching), 1493.30 (C-H stretching aliphatic), 1256.29 (C-O stretching), 1102.60 (O-H
stretching); *H NMR (500MHz,CDCl3) 8: 7.659-7.627 (m, 2H, Ar-H), 7.154 (s, 1H, Ar-H), 7.051
(s, 1H, Ar-H), 6.946 (S, 1H, Ar-H), 6.641-6.609 (m, 2H, C-H), 6.270-6.245 (m, 2H, C-H), 2.174
(s, 1H, O-H), 1.649 (s, 1H, C-H); Mass spectrum shows the formation of molecular ion peak at
m/z=326.34.
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4. Discussion:

After performing computational molecular docking the compounds with good docking score were
noticed and considered to be have good in vivo receptor binding ability [18]. The molecular
docking provided a hypothetical evidence about better in vivo binding of compound for
antibacterial and antifungal activity [19]. Compounds GD-101 (-3.364), GD-108 (-3.063), GD-
109 (-3.057), GD-112 (-3.187) and GD-113 (-3.105) were convincing where the molecules were
showing good poses and fitting into the binding pocket and good binding with the nearby amino
acid. In antiviral activity screening also compound GD-101 (-3.441), GD-103 (-2.962), GD-107 (-
3.906), GD-109 (-3.875) and GD-111 (-3.419) showed good fitting in binding pocket along with
good poses [20]. This observation from molecular docking endorse the good binding abilities this
molecules and promises suitability for pharmacological application.

All the compounds follows the Lipinski rules of five. No violations of rule were seen with any of
the compounds. All the compounds has good dipole moment and are polar molecule. All the
compounds has greater than 25% human oral absorption and ultimately good bioavailability [21].
All the compounds has good serum protein binding.

In vitro antibacterial and antifungal activity study provided the quantitative data about zone of
inhibition of all the compounds for bacterial and fungal strain [22]. Compound GD-103, compound
GD-104, compound GD-106, compound GD-109, compound GD-115 having good anti-bacterial
activity and compound GD-103, compound GD-106, compound GD-108, compound GD-110,
compound GD-115 having good anti-fungal activity.

5. Conclusion:

In the present study dibenzyl ketone derivatives were designed. It is found that this dibenzyl ketone
nucleus is yet to fully explore for its biological potential so, this nucleus is selected for the research
work.

The compounds had been synthesized with an attempt to potentiate them by fulfilling the structural
requirement for special biological activities. Total fifteen derivatives have been synthesized by
using various aldehydes and ketones in alkaline medium. Compounds were characterized by thin
layer chromatography, infrared spectroscopy, nuclear magnetic resonance spectroscopy and mass
spectroscopy for their structural conformation. All the synthesized derivatives are polar molecule.
These molecules were subjected for docking study at different targets like tuberculosis, bacteria

and fungi at Schrodinger software. Their ADME properties were also predicted by using Quick
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pro module of Schrodinger. From the docking study, some compounds are showing good poses
and hence fitted into the binding pocket and showing good binding with the nearby amino acid.
All the compounds follows the Lipinski rules of five.

All the synthesized compounds were screened for their possible in vitro antibacterial and
antifungal activity by well diffusion method with the help of different bacterial strain like E. coli
and S. aureus and fungal strain like Aspergillus niger, Trichophytum rubrum and Candida

albicans.

List of abbreviations:

FTIR: Fourier Transform Infrared; NMR: Nuclear Magnetic Resonance; ADME:

Absorption, Distribution, Metabolism, Excretion; MS: Mass Spectroscopy
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Figure legends

Fig.1: Scheme for synthesis
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Table 1: Antibacterial and antifungal activity testing parameters

Parameter

Anti-bacterial activity

Anti-fungal activity

Method

Well Diffusion Method

Well Diffusion Method

Medium

Nutrient agar

Potato dextrose agar

Organism used

Gram positives- S. aureus,
Gram negative- E. coli

Aspergillus niger, Trichophytum
rubrum and Candida albicans.

Stock solution

Prepared in dimethyl
sulphoxide for both synthesized
compound and standard

Prepared in dimethyl sulphoxide
for both synthesized compound
and standard compounds

compounds
Incubation time 24 hours 48hours
Incubation 37°C 37°C
temperature
Dose of compound 1% 1%
Well size 6 mm 6 mm
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Table 2: Structures of synthesized compounds Dibenzyl ketone derivatives

Sr. Com Molecular | Melting Rf %
No. b. Structure and IUPAC Name | Weight point value | Yield
Code
(g/mol) (wiw)

101 234.297 126°c 0.46 68.27
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107 266.296 | 130°C | 0.43 | 75.56
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NO, O,N
(1E,4E)-1,5-bis(2-nitrophenyl)
penta-1,4-dien-3-one
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114 366.373 136°C 0.50 78.65
NO, ON
(1E,6E)-5-methyl-1,7-bis(2-nitrophenyl)
hepta-1,6-dien-3-one
15 GD-
115 366.373 138°C 0.50 67.89

NO, NO,
(1E,6E)-5-methyl-1,7-bis(3-nitrophenyl)
hepta-1,6-dien-3-one




Table 3: Molecular docking for antibacterial activity (PDB Code: 5FX3; Organism-E.coli;
Enzyme-Tyrosine)

Sr. No. Comp. Docking Glide g Glide e Potential | Amino
code score score model energy- | acid
OPLS- | pinding
2005
1 GD-101 -3.364 -3.364 -22.355 65.002 TYR 53
2 GD-102 -2.762 -2.762 -25.323 157.312 TYR 53
3 GD-103 -2.201 -2.201 -22.354 82.948 ASN 96
4 GD-104 -2.527 -2.527 -22.665 64.727 ASN 96
5 GD-105 -2.466 -2.466 -20.083 94.104 ASN 96
6 GD-106 -2.629 -2.629 -26.291 81.390
7 GD-107 -3.877 -3.877 -28.834 62.131 PRO 49
GLU 50
GD-108 -3.063 -3.063 -27.655 92.614 TYR 55
GD-109 -3.057 -3.057 -29.216 126.028 PRO 49
TYR 53
GLU 50
10 GD-110 -2.940 -3.226 -28.429 88.600 ASN 136
TYR 53
11 GD-111 - - - -
12 GD-112 -3.187 -3.187 -29.475 81.382 GLU 50
THR 53
TYR 55
13 GD-113 -3.105 -3.105 -26.441 125.976 ASN 96
THR 53
14 GD-114 -2.539 -2.539 -28.285 129.877 ASN 96
15 GD-115 -2.704 -2.704 -31.317 79.795 ASN 96




Table 4: Structures of compounds with good molecular docking results for antibacterial

activity

Compound code

Structure

GD-101 (-3.364)

ﬂé:

GD-108 (-3.063)

TYR
55
Arc
92{»‘
Arc
98 ~
= Zﬁgo \2'6”'\}
GD-109 (-3.057) T
a5
Asn 3
HO
g "~
, -
- =~ s
@&
e
GD-112 (-3.187)
= "
a9 52 T;;R
o ASN
©_ T 0 e %y
- o 1

o\\z
/
C//z — 0

GD-113 (-3.105)

PRO — Al
o4




Table 5: Molecular docking for antifungal activity (PDB Code: 5SHW6 Organism-candida

albicans Enzyme-FKBP12 Apo protein)

Sr. | Comp. Docking Glide emodel | Potential energy- | Amino acid
No. | code score OPLS-2005 binding
1 GD-101 -3.441 -28.188 65.002 LYS 61
2 GD-102 -2.945 -31.054 157.312
3 GD-103 -2.962 -32.297 82.948 LYS 61
LYS 73
TYR71
4 GD-104 -2.732 -26.425 64.727 LYS 73
TYR 71
5 GD-105 -2.566 -27.795 94.104 TYR71
6 GD-106 -2.608 -34.496 81.390 LYS 61
7 GD-107 -3.906 -34.191 62.131 LYS 61
GLU 3
8 GD-108 -2.341 -30.665 92.614 LYS 73
9 GD-109 -3.875 -38.772 126.028 LYS 61
GLU 3
10 | GD-110 -2.756 -33.053 88.600 LYS 61
GLU 3
VAL 59
11 GD-111 -3.419 -38.099 87.270 ACT 201
GLY 55
12 GD-112 -2.743 -30.449 81.382 LYS 73
GLU 4
TYR 71
13 | GD-113 -2.823 -28.993 125.976 LYS 73
GLU 3
14 | GD-114 -2.272 -29.460 129.877 LYS 73
GLU 3
15 | GD-115 -2.742 -34.434 79.795 LYS 73
GLU 4




Table 6: Structures of compounds with good molecular docking results for antifungal activity

Compound code Structure

GD-101 (-3.364) = &

)

GD-103 (-2.962)

S
£]

GD-107 (-3.906)

i

GD-109 (-3.057) =

GD-111 (-3.419)




Table 7: Lipinski Rules of Five parameters for all compounds

Sr. | Comp. Lipinski Rules of Five
no. code log P Molecular H H donors No. of
Weight (g/mol) | acceptors violations

1 | GD-101 4.18 234.297 2 0 0

2 | GD-102 3.48 354.402 3) 0 0

3 | GD-103 4.10 324.292 4 0 0

4 | GD-104 5.08 262.351 2 0 0

5 | GD-105 4.30 294.349 35 0 0

6 | GD-106 5.12 366.373 4 0 0

7 | GD-107 3.18 266.296 3.5 2 0

8 | GD-108 5.32 336.43 35 0 0

9 | GD-109 2.86 326.348 5 2 0
10 | GD-110 2.86 326.348 5 2 0
11 | GD-111 3.88 368.429 5 2 0
12 | GD-112 4.05 324.292 4 0 0
13 | GD-113 3.65 324.292 4 0 0
14 | GD-114 4.66 366.373 4 0 0
15 | GD-115 5.07 366.373 4 0 0




Table 8: Molecular properties of synthesized compounds

Sr. Comp. Dipole %Human Oral
no. code moment Absorption in Gl QP logK hsa serum
(+-20%) <25% is poor | protein binding
1 GD-101 3.383 100 0.399
2 GD-102 0.524 100 0.229
3 GD-103 6.202 71.963 0.256
4 GD-104 3.882 100 0.741
5 GD-105 5.357 100 0.306
6 GD-106 15.556 76.828 0.523
7 GD-107 2.436 88.304 0.06
8 GD-108 5.358 100 0.733
9 GD-109 0.311 90.487 0.086
10 GD-110 0.056 89.448 0.096
11 GD-111 5.671 100 0.443
12 GD-112 13.754 71.963 0.256
13 GD-113 17.869 77.655 0.164
14 GD-114 17.514 86.505 0.573
15 GD-115 10.447 80.114 0.555




Table 9: Antibacterial activity of synthesized Dibenzyl ketone derivatives

Sr.

Comp. No.

Compound
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Table 10: Antifungal activity of synthesized Dibenzyl ketone derivatives

Sr. | Comp. No. | Compound Zone of Inhibition(mm)
No. Code Aspergillus | Trichophytum | Candida
niger rubrum albicans
1 1 GD-101 6 -- --
2 2 GD-102 5 4 4
3 3 GD-103 8 8 3
4 4 GD-104 4 6 7
5 5 GD-106 6 10 6
6 6 GD-108 7 6 8
7 7 GD-109 5 8 4
8 8 GD-110 7 6 4
9 9 GD-111 6 10 6
10 10 GD-115 5 6 5
11 -ve control DMSO -- -- --
12 | +ve control | Ketoconazole 6 6 6
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