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1. INTRODUCTION:

In India around 8 lakh cases of cancer are reported every year. Half of them succumb to
the disease. Cancer incidences are expected to double by 2020, because of changing life style,
industrialization, indiscriminate use of pesticides, adulterants, and consumption of drugs and
tobacco. The chemotherapy of cancer has become increasingly important in the recent years.
But the cancer chemotherapy has received no spectacular breakthrough of the kind that the
discovery of penicillin provided for antibacterial chemotherapy. Most of the anticancer agents
used currently in clinical practice are highly toxic and causes bone marrow depression, which
results in leukopenia and thrombocytopenia. The other side effects of the presently used
anticancer agents are gastrointestinal hemorrhage, stomatitis, and esophagopharyngitis,
hemorrhagic cystitis which may be fatal, alopecia, nausea, kidney damage, and
myelosuppression. Therefore, the development of new anticancer agents which will
selectively kill neoplastic cells only, has become the important objective in the research in this
field.

Tyrosine Kinase is an enzyme which transports phosphates from ATP to a protein's
tyrosine residue. Therefore, a Tyrosine Kinase inhibitor prevents the phosphate groups from
being transferred. Research indicates that mutations which make Tyrosine Kinases constantly
active can be a contributing factor in the development of cancerous cells. So, when an
inhibitor is used, the cell communication and reproduction is reduced, and cancerous cell
growth will be reduced to the point of stopping tumor growth. A comparative molecular field
analysis (CoMFA), ligand- based drug design tool, one of the most commonly used three
dimensional quantitative structure-activity relationship (3D-QSAR) programs, are applied to
the number of different classes of Tyrosine Kinase inhibitors. We aim to design and develop,
potent, selective, non toxic, and cost effective Tyrosine Kinase inhibitor analogs by
Computer Aided Drug Design (CADD) and molecular modeling studies, in order to prepare

more effective analogs.
Significance of the study:

Tyrosine Kinases are important mediators of the signaling cascade, determining key
roles in diverse biological processes like growth, differentiation, metabolism and apoptosis in

response to external and internal stimuli. Recent advances have implicated the role of



tyrosine kinase in the pathophysiology of cancer. Though their activity is tightly regulated in
normal cells, they may acquire transforming functions due to mutations), overexpression and
autocrine paracrine stimulation, leading to malignancy. Constitutive oncogenic activation in
cancer cells can be blocked by selective tyrosine kinase inhibitors and thus considered as a
promising approach for innovative genome based therapeutics. The modes of oncogenic
activation and the different approaches for tyrosine kinase inhibition, like small molecule
inhibitors, monoclonal antibodies, heat shock proteins, immunoconjugates, antisense and
peptide drugs are reported in case of the important molecules. As angiogenesis is a major
event in cancer growth and proliferation, tyrosine kinase inhibitors as a target for anti-
angiogenesis can be aptly applied as a new mode of cancer therapy.

2. OBJECTIVES OF STUDY:

Chemotherapy is widely used for the treatment of many dreadful cancers, but still
scientist are unsuccessful in developing the promising agent that selectively Kill only cancer
cells, without harming normal cells. Therefore, the development of novel anticancer agents

with an increase efficacy and low toxicity is the prime objective of the present study.

For these reasons, the objectives of the present study are to design and synthesize
tyrosine kinase inhibitor analogs. The base molecules structure will be modified to increase
the cell permeability, confer more stability, and structure rigidity. Using the pharmacophore
structure of base molecules, new chemical entities will be designed, and synthesized with the
aim of optimizing the pharmacology of the pharmacophore molecule, as a potential

anticancer agent. The synthesized compounds will be evaluated for their anticancer activity.

Objectives of the Project

i.  The prime objective of the present study is to develop novel tyrosine kinase inhibitors

as anticancer agents with increased efficacy and low toxicity.

ii. The base molecules structure will be modified in order to increase the cell
permeability, confer more stability, and structure rigidity. Using the pharmacophore

structure of base molecules, new chemical entities will be designed, and synthesized



Vi.

3.

with the aim of optimizing the pharmacology of the molecule, as a potential

anticancer agent.

The designing of novel compounds shall be carried out using molecular modeling

studies by Schrodinger software.
The proposed compounds shall be synthesized by known standard method.

The synthesized compounds shall be confirmed by using IR, Mass & NMR
Spectroscopy.

The synthesized compounds then shall be evaluated for their anticancer activity.

PLAN OF WORK:

In order to achieve the objectives of the project, the present work was planned as -

1.
2.

To carry out the comprehensive literature survey of tyrosine kinase inhibitors.
Designing of novel tyrosine kinase inhibitors by using molecular modeling and
docking study.
To select and optimize the scheme for the synthesis of proposed compounds.
To synthesize proposed compounds.
To confirm the structures of the synthesized compounds by spectral and elemental
analysis such as:

a. Physical properties like nature, colour, solubility, M.P., and R¢value

b. Structural elucidation using IR, Mass and HINMR.
To evaluate the synthesized compounds for anticancer activity by the known standard

methods.



4. DESIGNING OF ANTICANCER DRUG MOLECULES:

Molecular modeling has become a valuable and essential tool to medicinal chemists in
the drug design process. Molecular modeling describes the generation, manipulation or
representation of three-dimensional structures of molecules and associated physicochemical
properties. It involves a range of computerized techniques based on theoretical chemistry
methods and experimental data to predict molecular and biological properties. Molecular
modeling can be defined as an application of computers to generate, manipulate, calculate
and predict realistic molecular structures and associated properties. The computational
approaches in particular molecular mechanics is to obtain energetic and structural

information for biomolecules.

Molecular modeling can be considered as a range of computerized techniques based on
theoretical chemistry methods and experimental data that can be used either to analyze
molecules and molecular systems or to predict molecular, chemical, and biochemical

properties. It serves as a bridge between theory and experiment to:
1. Extract results for a particular model.
2. Compare experimental results of the system.
3. Compare theoretical predictions for the model.
4. Help understanding and interpreting experimental observations

5. Correlate between microscopic details at atomic and molecular level and

macroscopicproperties.
6. Provide information not available from real experiments.

Thus, molecular modeling can be defined as the generation, manipulation,
calculation, and prediction of realistic molecular structures and associated physicochemical
as well as biochemical properties by the use of a computer. It is primarily a mean of
communication between scientist and computer, the imperative interface between human-

comprehensive symbolism, and the mathematical description of the molecule.



Functions of the Molecular Modeling:
1. Structure retrieval or generation:

Crystal structures of organic compounds can be found in the Cambridge
Crystallographic Data files (http://www.ccdc.cam.ac.uk/). Those that do not exist may be
generated by 3D rendering software. The 3D structural coordinates of biomacromolecules

can be retrieved from
Protein Data Bank (http://www.rcsb.org/pdb/).
2. Structural visualization:

Computer graphics is the most effective means for visualization and interactive
manipulation of molecules and molecular systems. Numerous software programs (e.g.,
Cn3D, RasMol and KineMage,) are available for visualization, management, and

manipulation of molecular structures.
3. Energy calculation and minimization:

One of the fundamental properties of molecules is their energy content and energy
level. Three major theoretical computational methods of their calculation include empirical
(molecular mechanics), semi-empirical, and ab initio(quantum mechanics) approaches.

Energy minimization results in geometry optimization of the molecular structure.
4. Dynamics simulation and conformation search:

Solving motion of nuclei in the average field of the electrons is called quantum
dynamics. Solution to the Newton’s equation of motion for the nuclei is known as molecular
dynamics. Integration of Newton’s equation of motion for all atoms in the System generates
molecular trajectories. Conformation search is carried out by repeating the process by
rotating reference bonds (dihedral angles) of the molecule under investigation for finding

lowest energy conformations of molecular systems.
5. Calculation of molecular properties:

Molecular modeling methods will be helpful in estimating or computing properties
(i.e., interpolating properties, extrapolating properties, and computing properties). Some

computing properties are boiling point, molar volume, solubility, heat capacity, density,



thermodynamic quantities, molar refractivity, magnetic susceptibility, dipole moment, partial
atomic charge, ionization potential, electrostatic potential, Van Der Waals surface area, and

solvent accessible surface area.
6. Structure superposition and alignment:

Computing activities and properties of molecules often involves comparisons across a

homologous series. Such techniques require superposition or alignment of structures.
7. Molecular interactions, docking:

The intermolecular interaction in a ligand-receptor complex is important and requires
difficult modeling exercises. Usually the receptor (e.g., protein) is kept rigid or partially rigid
while the conformation of ligand molecule is allowed to change.

METHODOLOGY:
Steps of the molecular modeling:
1. Preparing a Library of Compounds.
2. Preparing the Protein
3. Preparing the Ligands
4. Generating the Receptor Grid
5. Docking the Ligands
6. Examining Poses
Software and Hardware Used:

Schrodinger-2012 was run on a Windows XP based Core i5 2:66 GHz PC (with 4 GB
of memory). The molecular docking tool, Glide Docking version 2012 software was used for
ligand docking studies into the protein DNA Gyrase with PDB code (1YWN, 2P2H, 3XIR,
3EWH, 3VHE, 3VNT, 4AG8, 4ASE) having a co-crystallized ligand Clorobiocin. Glide
Docking is one of the most accurate docking programmes available for ligand-protein,
protein-protein binding studies. Glide is validated software designing for calculating the
accurate binding interaction energies of the 3-D structures of a known protein receptor with

ligand or another protein molecule.



Docking Simulations:

Docking simulations have been performed using Glide Docking software, which
combines differential evolution with a cavity prediction algorithm. The guided differential
evolution algorithm combines the differential evolution optimization technique with a cavity
prediction algorithm. Differential evolution (DE) has been successfully applied to molecular
docking. Fast and accurate identification of potential binding modes during the search
process is made by the use of predicted cavities. The docking scoring function of Glide make
use of piece-wise linear potential (PLP) and is further extended in Glide Dock. The docking
scoring function takes hydrogen bond directionality into account. The highest ranked poses
are again re-ranked to increase the docking accuracy further. Only the ligand properties were
represented in the individuals, as the protein has limited side chain flexibility during the
docking process. The fitness of a candidate solution is the sum of the intermolecular
interaction energy between the ligand and the protein, and the intra-molecular interaction
energy of the ligand. The docking scoring function, G-score, is defined by the following

energy terms.
Gscore = Eintra T Einer
Where, Einter is the ligand—protein interaction energy:
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The summation runs over all heavy atoms in the ligand and all heavy atoms in the
protein, including cofactor atoms and water molecule atoms that might be present. The

second term of the (2) describes the electrostatic interactions between charged atoms.

Eintra is the internal energy of the ligand:
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The double summation is between all atom pairs in the ligand, excluding atom pairs
that are connected by two bonds or less. The second term is a torsional energy term,
parameterized according to the hybridization types of the bonded atoms; 6 is the torsional
angle of the bond. The last term, Eclash, assigns a penalty of 1000 if the distance between
two atoms (more than two bonds apart) is less than 2-0 A. Thus, the Eclash term punishes

infeasible ligand conformations.

Our present study makes use of docking templates so as to focus the search. Templates
are implemented as scoring functions, rewarding poses similar to the specific pattern. A
template is a collection of groups, where each group represents a chemical feature for an
atom such as hydrogen acceptor atoms or donor atoms. Each template group contains a
number of centers: optimal 3D positions for the group feature.

Following Gaussian formula is used for rewarding each group centre:

e = I«I‘C\p[ =4 ‘ (4)
Ll

Where d is the distance from the position of the atom to the centre in the group. o is a

weight factor for the template group and r0 is a distance parameter.
THE FOLLOWING DRUG MOLECULES WERE DESIGNED

1. DESIGNING OF PHTHALAZINE DERIVATIVES

2. DESIGNING OF QUINAZOLINE DERIVATIVES

3. DESIGNING OF 4-ANILINOQUINAZOLINE DERIVATIVES
4. DESIGNING OF PYRIDO[2,3-D]PYRIMIDINE DERIVATIVES

4.1. DESIGNING OF PHTHALAZINE DERIVATIVE
4.1.1. Designing Of 1,6-Disubstituted Phthalazine Derivatives:
Selection and Preparation of Protein Structures:

The co-crystal structure of DNA Gyrase PDB-ID (1YWN, 2P2H, 3XIR, 3EWH,
3VHE, 3VNT, 4AG8, 4ASE) was obtained from protein data bank. The typical structure file

from the PDB is not suitable for immediate use in molecular modeling calculations as the



PDB structure file consists only of heavy atoms and may include a co-crystallized ligand,
water molecules, metal ions, and cofactors. Some structures are metameric and may need to
be reduced to a single unit. PDB structures may be missing the information on connectivity,
which must be assigned along with bond orders and formal charges. Glide Dockers has
therefore assembled a set of tools to prepare proteins in a form that is suitable for modeling
calculations. All structures were prepared for docking using the ‘protein preparation tools’ in
Glide Dockers. Water molecules in the crystal structures were deleted. In preparation
component, after ensuring chemical correctness, the hydrogen’s were added where hydrogen

atoms were missing.
Protein Preparation Steps

In protein preparation step, select the PDB-1D, download into the workspace, and

import a pre process

1. Import and Process

800 I\] Protein Preparation Wizard
Job prefix: [prepwizard Host: [localhost (8)
ann. N Proten PreparationWizard Display hydrogens: © None ¢ Polar only & Mixed Al
Job prefix: [prepwizard| Host: [localhost (8)
Display hydrogens: ¢ None ¢ Polar only & Mixed Al
Import and Process | Review and Modify | Refine |

Import and Process | Review and Modify ~ Refine |

~H-bi
f
Import structure into Workspace et
PDB: Import: FUS?CITy
f ; il I™ Minimize hydrogens of altered species
Include; I~ Diffraction data 1~ Biological unit I~ Alternate positions

Import structure file: Browse,. [ Use PROPKA; pH: |7.0 [~ Label pKas
Use simplified rules € Very low, ¢ low, @ Neutral ¢ High

Preprocess the Workspace structure Optimize...
[ Allgntor @ Selectedientry ¢ poB [~ |
v Assign bond orders

[ Add hydrogens [~ Remove original hydrogens -Remove waters
[V Create zero-order bonds to metals Remove waters | with less than |3_—l| H-bonds to non-waters
v Create disulfide bonds 1
[~ Convert selenomethionines to methionines
[~ Fillin missing side chains using Prime Converge heavy atoms to RMSD; [030 A
[~ Fill in missing loops using Prime [~ Hydrogens only

[~ Cap termini | | Force field: [OPLS 2005 ~

v Delete waters beyond (5 A from het groups Minimize,..
Preprocess

View Problemsml Protein Repurts...] Ramachandran PIot...]

- Restrained minimization

View Problems‘.‘| Protein Reports,, | Ramachandran Plotm]
Selected 1 chain, 3 waters, and 1 het,

Reset Close | Help ¥ Reset Close Help /‘

Fig: Protein preparation steps



Select all the tools, such as convert selenomethioinine to methionine, fill missing side chain

by using prime, cap termini, preprocess, review and modify, refine the protein structure.

Ligand Preparation:

The series of ethyl 1-(amino) phthalazine-6-carboxylate, -{1-[amino]phthalazin-6-
yl}ethanol and its derivatives structures were drawn in ChemDraw ® 8.0 (Cambridge Soft,
Cambridge, MA, USA) and exported to Glide Dock. Where they were further prepared,
Choose Tasks > Ligand Preparation or Applications > LigPrep. Along with the proteins
(charges and protonation states were assigned) by the docking engine.

(o NN %! LigPrep

Use structures from: |Worl<spa|::e {included entries) j
Filter criteria file: | Create... | Bruwse...l
Force field: [OPLS_2005 ~|

lonization:

" Do not change
~ Neutralize

i+ Generate possible states at target pH: |7.0 +/- |2.D

i : ™ Add metal binding states
Using: ¢ lonizer = Epik o
I~ Include original state

¢ Desalt [« Generate tautomers

—Stereoisomers

Computation:
t+ Retain specified chiralities (vary other chiral centers)
¢~ Determine chiralities from 3D structure
" Generate all combinations

Generate at most: |1 per ligand

Generate low energy ring conformations: |1 per ligand
Output format: & Maestro ¢ SDF

Start... | Read... | Write...l Close | Help /;

Fig: Ligand preparation
Generating the Receptor Grid:

Choose Tasks > Docking > Grid Generation or Applications > Glide > Receptor Grid
Generation. Display the prepared receptor in the workspace. Pick the ligand to define the grid

centre. Adjust the size of the active site in the Site tab to accommodate larger ligands, if

10



necessary. Add any hydrogen-bond, metal, positional or hydrophobic constraints in the
constraints tab. Pick any rotatable hydroxyl groups in the active site if such groups could
rotate during docking. Start the grid generation job.

ANnN \ Receptor Lrid Ceneration
Receptor | Site | Caonstraints | Aotatable Groups | Excluded Vokemes |
Define receptor

If the structure in the Workspace Is a receptor plus a bgand. you must
identify the bgand molecule so it can be excluded from the gnd generation

¥ Pick to identify kgand |Molecule «| ¥ Show markers

Van des Waals radus scaling -

To solten the potential for nonpolar parts of the receptor, you can scale the
van der Waals radi of receptor atoms with partial atomic charge (absolute value)
less than the specified cutoff, All other atoms in the recaptor will not be scaled

Scakrg factor: (1.0 Partial charge cutoff [0 25
Per-atam van der Waals radius and charge scalng

Per-atom scale factors
& Nene

C Read from input structure fie (must be Myestro format)
 Specify for selected atoms

ia o
il Jd

I Use input partial charges

start.. | wite. | Reset | Ciose || Help 1

Fig: Receptor grid generation
Docking the Ligands:

Choose Tasks > Docking > Glide Docking or Applications > Glide > Ligand Docking.

Specify the receptor grid to use. Select the docking precision:

1. HTVS for initial screen of millions of compounds (limited conformational search but
fast)
2. SP for thousands of compounds (better coverage of conformational space)

3. XP for tens or hundreds of compounds (high accuracy on docked poses)

If we chose XP, select, write XP descriptor information if you want to visualize
interaction terms. Select Add Epik state penalties to docking score, if Epik was used in ligand

preparation (especially for metalloproteinase). Specify the ligand file to use, in the Ligands

11



tab. If you want to set up constraints to a reference ligand core or calculate RMSD to this
core, you can do this in the Core tab. Select the receptor constraints you want to use in the
Constraints tab, and supply any required information. If the ligands are very flexible, you can
apply constraints on ligand torsions in the Torsional Constraints tab, to reduce the torsional
degrees of freedom. Set the number of poses per ligand and total number of poses in the
Output tab. Use post-docking minimization if you want to improve pose geometries. Select
Write per-residue interaction scores for residues within N A of grid centre if you want to
examine interactions of ligand poses with the receptor, and set the cut-off distance. Click
Start to run the job. If the ligand file is large, distribute the job over multiple processors if
possible.

ANO \/ Ligand Docking
settings | Ligands | Core | Constraints | Torsional Constraints | Similatity | Output |
(- Receptor grid
Specify the receptor gnd you want to use for docking
Receptor gnd base name: fh/hongkh/Schrod_Workshop/glide-grid_17_NAME_OF_GRID | Biovb'sé.ul
I~ Display receptor i~

Docking

Precision: [Si’ {standard precision) 3
r
Ligand sampling: |[Flexible ~

~ Sample atrogen mversions
v Sample nng conformations

™ include Input nng conformation
Bias sampling of torsions for:

Al predefined functional groups

« Amides only: |Penalize nonplanar conformation »|
" None

¥ Add Epk state penalties 1o docking score

I~ Enhance plananty of conjugated pi groups

F oty [[=o= 2]

[

Advanced Settings |

Start l write., | Reset | Close | Help !

Fig: Docking of ligand
Interpretation of Results:

All the designed compounds were docked into the active sites of EGFR receptor PDB
ID (LYWN, 2P2H, 3XIR, 3EWH, 3VHE, 3VNT, 4AG8, 4ASE) for studying the binding
mode of designed compounds and further screening to sort out the best compound having

good binding affinity which was compared with binding mode of EGFR receptor Inhibitors

12



like Vatalanib results of which are depicted in following table. The reliability of the docking
results was first checked by comparing the best docking poses obtained for the co-
crystallized inhibitor with its bound conformation. This was done by removing co-
crystallized ligand from their active site and subjecting again to docking into the binding
pocket in the conformation found in the crystal structure. The accurate prediction of protein-

ligand interaction geometries is essential for the success of virtual screening.
Glide Dock Score:

The results of the docking studies are presented in the form of Glide Dock Score. The
1YWN, 2P2H, 3XIR, 3EWH, 3VHE, 3VNT, 4AG8, 4ASE glide dock score are presented as

negative values, indicating that more the negative values more are the binding interactions.

The docking studies were performed for the synthesized compounds (24ligands) with
protein and the results were compared with the ligand Vatalanib which was used as standard
for an EGFR receptor screening. The docked complexes of the designed compounds along

with the ligand receptor poses have been shown in the figures.
The docking scoring function (G- Score) is defined by the following energy terms:
Gscore = Eintra + Einer
Where,
E-inter is the ligand-protein interaction energy
E-intra is the internal energy of the ligand

Induced-Fit Docking Studies of the Active and Inactive States of Protein Tyrosine

Kinases:

Docking of Vmol 21

I@

o
HzC

Propyl 1-[(3-chloro-4-fluorophenyl) amino] phthalazine-6-carboxylate

13



Method:
Generation of enzyme structures:

Virtual screening by docking requires an accurate 3D structure of the considered target.
The crystal structure of VEGFR-2 kinase domain with its bound to the inhibitor Propyl 1-[(3-
chloro-4-fluorophenyl) amino] phthalazine-6-carboxylate.

Fig: Structure of Propyl 1-[(3-chloro-4-fluorophenyl) amino] phthalazine-6-carboxylate

Computational protein structure preparation:

The coordinates for all protein—ligand complexes were obtained from the RCSB
Protein Data Bank (PDB).Protein structures of 3VHE was prepared using the Schrodinger’s

Protein Preparation Wizard module
PDB-3VHE

A docking study with two pharmacophore models was routinely used in lead
identification and optimization in library focusing, evaluation, and prioritization of virtual
high-throughput screening results. The superposition of the crystal structures of the
ABL/Vatalanib complex (PDB id: 3VHE) Hydrogen atoms were added and the side chain
structures of GlIn and were flipped if necessary in order to provide maximum degree of

hydrogen bond interactions.

14



Fig: X-ray crystal structures of the active ABL conformation (green cartoon), the inactive
ABL conformation (yellow), and the EGFR (red).

Induced-fit docking

The protein structures of 3VNT were applied with the induced-fit docking (IFD)
method in the Schrodinger software suite. The structurally diverse 24 tyrosine Kinase
inhibitors were selected mol file. All ligands were prepared using LigPrep and were
optimized with the OPLS force field in the Macro Model module in Schrodinger. Ligands
were docked to the rigid protein using the soften-potential docking in the Glide program with
the Van der Waals radii scaling of 0.7 for the proteins. The resulting top 20 poses of ligands
were used to sample the protein plasticity using the Prime program in the Schrodinger suite.
Residues having at least one atom within 5A° of any of the 20 ligand poses were subject to a
conformational search and minimization while residues outside the zone were held fixed. The
resulting 20 new receptor conformations were taken forward for redocking. In this re-
docking stage, Glide docking parameters were set to the default hard potential function, i.e.,
the van der Waals radii scaling is 1.0. The Glide XP (extra precision) was used for all

docking calculations.

15



itle: xp_rcpt |

Structures of docked ligand

Fig: Induced fit docking

Structures of ligand having -{1-[amino]phthalazin-6-yl}ethanol and its derivatives
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Structures of Ilgand having propyl 1-(amino) phthalazme -6-carboxylate
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Glide docking

The rigid receptor docking using the Glide program was carried out against the three
receptors using the same set of ligands. The scaling factor for protein van der Waals radii
was 1.0 in the receptor grid generation. The ligands in the active sites were used as the
centroid to generate the grid files for the docking. The default grid size was adopted from the

Glide program. No constraints were applied for all the docking studies.
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Fig: Glide Dock Scores
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Results and Discussion

1. Virtual docking

We have applied the GLIDE docking method to twenty four analogues of 1,6-

disubstituted phthalazine which are inhibitors of tyrosine protein kinases to build a binding

affinity model for the epidermal growth factor receptor that was then used to compute the

free energy of binding for this kinase. The ligand preparation procedure generated different

training sets of the inhibitors whose scoring function is given in below Table. These different

structures were found by using different orientations of the inhibitors and different positions

of the hydrogen’s. The results of docking and scoring are given in below Table. According to

the table we see that among all the energy parameters the largest contribution for binding

energy comes from Vander Waals interactions.

Table: Average Vander Waals (vdw), electrostatic (coul) and Site energy (site) after GLIDE

docking.
Analogues | E vdw | E coul | E site | Docking score | Energy
Vmol 21 -6.3 -0.0 -0.6 -8.9 -6.3
Vmol 17 -6.4 -0.3 -0.0 -8.2 -6.7
Mol 16 -6.0 -0.2 -0.6 -8.2 -6.2
Mol 15 -6.0 -0.2 -0.4 -7.9 -6.2
Mol 21 -6.1 -0.4 -0.1 -7.9 -6.5
Mol 23 -6.1 -0.5 -0.0 -71.6 -6.6
Mol 6 -6.6 -0.2 -0.0 -71.6 -6.8
Mol 9 -5.8 -0.5 -0.1 -71.5 -6.3

The energy data are written according to the structure generated by the docking

program. The best docked poses are written in table. All energies are given in Kcal/mol.
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(a) (b)

(e) ()
Figure: Structures of the different kinase inhibitors bound to the protein 3VNT. Only

residues that undergo significant movement or are hydrogen bonded to the ligand are shown
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2. Induced fit results

In virtual docking the ligands are docked into binding site of the receptor where the
receptor is held rigid and the ligand is free to move. We have also taken into account receptor
flexibility by induced fit docking. In induced fit docking, we obtained different poses of all
the best docked analogues. The results of the induced fit docking are given in below Table,
which displays the best docked poses. From the results of the induced fit docking, it is clear
that there are some considerable changes in the docking scores and energies of the docked

complexes.

Table: Results of the induced fit docking

Analogues | Docking Energy | Docking score
Vmol 21 -6.3 -8.9
Vmol 17 -6.7 -8.2

Mol 16 -6.2 -8.2
Mol 15 -6.2 -7.9
Mol 21 -6.5 -7.9
Mol 23 -6.6 -71.6
Mol 6 -6.8 -71.6
Mol 9 -6.3 -71.5

Docking energy is written only for the best docked poses. All energy values are given

in Kcal/mol
Conclusion

The glide score can be used as a semi-quantitative descriptor for the ability of ligands
to bind to a specific conformation of the protein receptor. Generally speaking for low glide
score good ligand affinity to the receptor may be expected. According to the glide score the
results of the inhibition for the VEGF receptor may be arranged in the following manner:

Vmol 21> Vmol 17>mol 16> mol 15> mo21> mol 23>mol 6> mol 9>mol17.

Docking studies performed by GLIDE has confirmed that above inhibitors fit into the
binding pocket of the VEGF receptor. From the results we may observe that for successful

docking, intermolecular hydrogen bonding and lipophilic interactions between the ligand and

22



the receptor are very important.

A comparison of the induced fit and virtual docking gives the role of protein flexibility.
It is obvious from the results that a combined method of soft docking and side chain
optimization gives better results. It is also clear that an average distribution of docking free
energy ranging from 2 kcal/mol or more, is sufficient to mis-rank a potential drug candidate
as a weak binder. However, by combining the MM-GB/SA and relaxed complex methods we
are able to show the best ranked binding modes.

4.1.2. Designing of Aminophthalazine Derivatives
Protein preparation

A typical PDB structure file consists only of heavy atoms, can contain waters,
cofactors, metal ions and can be multimeric. Terminal amide groups can also be misaligned,
because the X-ray structure analysis cannot usually distinguish between O and NHo.
lonization and tautomeric states are also generally unassigned. Glide calculations use an all-
atom force field for accurate energy evaluation. Thus, Glide requires bond orders and
ionization states to be properly assigned and performs better when side chains are reoriented

when necessary and steric clashes are relieved.

The crystal structure of vascular epidermal growth factor receptor tyrosine kinase
domain was obtained from PDB database (Mc Tigue M., 2000) with PDB ID 4AG8 (Murray
B. W., 2012).

Figure: The crystal structure of VEGFR
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Steps involved in protein preparation wizard

1. Import a ligand/protein co-crystallized structure from PDB.

Note: Downloading will create the PDB file in the
current directory, and then automatically import it.

PDB ID: 4=ags8

Chain name (optional):

@ Auto

() Retrieve from local installation

Downloa[ Retrieve PDB file from Prime l

‘ Download H Cancel H Help

Figure: PDB file step

2. Simplify multimeric complexes.

Meesto Propest Ede Wew Worksse Tt Agpiesthion  Worifiows  Soien W

w
ya® &
g

3he A | AomedINETY Bbesyl EeciI0wIMEIN O

Figure: Multimeric structure of 4AG8
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From Workflows tab, choose protein preparation Wizard.

X/ Maestro
Is Applications | Workflows Scripts Window Help
' P%B KNIME Workflows )
)

t GetPDB PrepW  Establish Structure Exchange with KNIME.., |

% (} k] Protein Preparation Wizard..
m, Adust ) APty Virtual Screening Workflow...
4 Induced Fit Docking...

doack Highishts ~ QM-Polarized Ligand Docking.. i
say Atoms | Represe L igand and Structure-Based Descriptors...
P450 Site of Metabolism >

Figure: Protein preparation wizard step

After selecting protein preparation wizard, select import and process tab and import
the protein structure from protein data bank and select the options as shown in this window.

@ Prgisin Prepacation s R 1 01

Job prefix: prepwizard Host: [loc.lho-t (2) ']
Display hydrogens: | i None |« Polar only @ Mixed Al
Import and Process | Review and Modify I Rafine |
Import structure inta Workspace
POB: | 4age| [ 1mport |
Include: | |Diffraction data || |Biclogical unit ||| Alternate positions

Import structure Nle: [ Browse.,,, ]

Preprocess the Waorkspace structure
(7] Align tor &0 Sielectod antry PoE: |
|V Assign bond orders
V] Add hydragens | |Remave ariginal hydrogens
|¥] Create zero-order bonds to metals
V] Create disulfide bonds
V] Convert selenomethionines to methionines
IV El I missing side chalns using Prime
[V Fill 10 missing loops using Prime
V] Cap termini
|V | Delete waters beyvond 5 A from het groups
[ Preprocess

[Viuw Problamo...] [Protam Reports, I |Ramachandran Plot. ., |
[ Beset | [ close |[ Helo |

Figure: Protein preparation wizard (import and process step).
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The typical structure file from the PDB is not suitable for immediate use in molecular
modeling calculations as the PDB structure file consists only of heavy atoms and may
include a co-crystallized ligand, water molecules, metal ions, and cofactors. Some structures
are metameric and may need to be reduced to a single unit for that purpose go to next review
and modify tab and remove unnecessary water molecule by selecting this chain name i.e. B
and delete it.

[ NaNé) [\| Protein Preparation Wizard
Job prefix: [prepwizard Host: [localhost (8) =]

Display hydrogens: - None ¢ Polar enly & Mixed ¢ All

Import and Process Review and Modify I Refine |
Analyze Wcrkspace|

¥ Fit on select [~ Display selection only [~ Pick Delete |
Select Hets,.-’Waters| within |5.0 A of selected chains

Select Lone Waters| Invert Selectionl

Chain Name Water No.l Chain |esidue N =
A 1 A 513
2 A 529
3 A 575
4 B 552 |
Het No. | Het Name
1 A:BH7 (401)
2 B:BH7 (400)

Generate Statesl I~ Metal binding states pH: |7.0 +/- |3.0

View Problems...| Protein Reports...| Ramachandran Plct...|

Selected 1 chain, 3 waters, and 1 het.

Reset | Close | Help /l

Figure: Protein preparation wizard (review and modify of chain 4AG8 step)

After this process only one chain name is observed in the tab. After that go to the
view problem tab if there are any problems then minimize that and move toward refine
process. In refinement process select sample water orientations and set use PROPKA pH 7.0

then optimize it.
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I AN O [\| Protein Preparation Wizard
Job prefix: |prepwizard Host: [localhost (8) -
Display hydrogens: ¢ None ¢ Polar only & Mixed  All

Import and Process | Review and Modify Refine |

- H-bond assignment

[#|sample water orientations|
T Use crystal symmetry
I~ Minimize hydrogens of altered species
¥ Use PROPKA; pH: [7.0 1 Label pKas
| miplified nul C Very low ©lLow & Neutral ¢ High

optimize.., |

InterdAutomatically opt‘tmlze hydroxyl, Asn, Gin, and His states using Pro
1

Remove waters

Remove waters] with less than |3 0| H-bonds to non-waters

SR

-~ Restraned minimization

1 Converge heavy atoms to RMSD: |0.30 A
I~ Hydrogens only

Force field: |OPLS 2005 =~

Minimize., .. I

NE LD

1.C

—

DEC'E

View Problems...| Protein Reports...| Ramachandran Plot.., |
Selected 1 chain, 3 waters, and 1 het,

Resat | Close I Help

|
Z

Figure: Protein preparation wizard (Refine step)

After completion of optimization process select 3 H-bond to non-water and i

n

restrained minimization select 0.30 A converge heavy atoms to RMSD and select force field

OPLS 2005 and click on minimize to run this job. After the process is done, a message pops

up as shown below. Click Incorporate Now.

X Maestro
18N M N Incorporate Jobs

An incorporatable job has just been found:
prepwizard-protassign
1 for project /home/msifhongkh/.schrodinger/tmp/tproj62755a2259

In the future, incorporate completed jobs:
] i~ Only when monitored

¥ When approved
~ Automatically

I Incorporate Now' Incorporate Late:;

Figure: Incorporation job of prep wizard step
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Ligand preparation

Structures supplied to glide must meet the following conditions

1.
2.

4.
S.

They must be three-dimensional (3D).

They must have realistic bond lengths and bond angles.

They must each consist of a single molecule that has no covalent bonds to the
receptor, with no accompanying fragments, such as counter ions and solvent
molecules.

They must have all their hydrogen’s

They must have an appropriate protonation state for physiological pH values.

The series of Aminophthalazine derivatives structures were drawn using the LigPrep

module of the Maestro software. Where they were further prepared Choose Tasks from

Applications, choose LigPrep. Then, LigPrep window will be displayed. After that browse
prepared 2D structure in the format of MDL Molefile [\V2000] (*.mol) in LigPrep tab. Set pH

7.0 +/- 2.0, select Desalt, generate tautomers, Retain specified chiralities, select 1 for

generate at most per ligand, select 1 for generate low energy ring confirmation and click start

to run the job.

X! Maestro OO0 % LigPrep
Tools | Applications Workflows Scrip -
= F;Z;( = Use structures from: [File -]
&: = File name: Workspace (included entries) se...
> BioLuminate y L& — — Project Table (selected entries)
CombiGlide . Filter criteria file: I File se...
ConfGen » s Force field: [OPLS_2005 ~|
Core Hopping > . lonization:
Desmond .- ¢~ Do not change
Ep':;“‘ a = Neutralize
Field-Based QSAR... .
Glide . f+ Generate possible states at target pH: |?.D +f- |2.0
- . I Add metal binding states
impact 7 Using: ¢ lonizer & Epik -
laguar > I~ Include original state
Liaison... ¥ Desalt ¥ Generate tautomers
LigPrep...
MacroModel X Stereoisomers
MCPRO+ > Computation:
Phase > < Retain specified chiralities (vary other chiral centers)
Prime " ¢~ Determine chiralities from 3D structure
i > . .
(F;:(rgeg ¢~ Generate all combinations
ikProp... .
osite... Generate at most: |32 per ligand
ng|emp|r|cal NDDO.. Generate low energy ring conformations: |1 per ligand
SiteMap...
= & Output format: < Maestro ¢ SDF
Strike >

:5:1/6

Monitor Jobs... | Read... | I Close | Help /1

Figure: A) Selection of LigPrep. Step B) LigPrep step window display
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Prepared ligand for docking
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Receptor grid generation

To open the Receptor grid generation panel, choose Receptor Grid Generation from
the Applications bar choose the Glide submenu in that receptor grid generation.

R e

s | Applications Workflows Scripts Window Help

E Task View > 4 ﬁ "2

Nt BlsiLuminate > Clear Savelmage New Scene

- CombiGlide > T m
g ConfGen > Rendering Material
Core Hopping >

b Desmond > ps  Increase I'on
Pla Epik... witad l—mrnoni-: tes

Field-Based OSAR..,

[ _clde " | Receptor Grid Generation.

Impact ” Ligand Docking...
Jaguar >
View Poses L3
Liaison,.. .
LigPrep... XP Visualizer, ..

MacroModel
MCPRO+
Phase
Primes
Primex
QikProp...
OSite .

yvvyvvw

Figure: Selection of receptor grid through application.

After selecting receptor grid generation, select receptor tab and pick the ligand to
identify i.e. molecule form ligand moiety, the Van der Waals radius scaling factor in the

range of 1 and partial charge cut off at 0.25, use the input partial charges as shown in this

window.
(o e ¥ ] N Receptor Grid Generation
Receptor | site | Constraints | Rotatable Groups | Excluded Volumes |

Define receptor

If thes structure in the Workspace is a receptor plus a ligand, you must
identify the ligand molecule so it can be excluded from the grid generation,

¥ Plek to ldentify ligand [Molecule =] 1@ Show markers

Van der Waals radius scaling

To soften the porential for nonpolar parts of the receptor, you can scale the
van der Waals radil of receptor atoms with partial atomic charge (absolute value)
less than the specified cutoff, All other atoms in the receptor will not be scaled,

Scaling factor: ﬁ—o——' Partial charge cutoff: F;;“-—
Par-atom van der Waals radius and charge scaling
Per-atom scale factors:
& None
¢ Read from input structure file (must be Maestro format)
Specilfy for selected atoms:

[T5——charge scaie tactor [T
e s |~
[ e S Toha [

I™ Use Input partial charges

start.. | write.. | Reset | Close | [ Help 1l

Figure: Receptor grid generation (Receptors ligand selection and other factor)
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Then all factor like site, rotatable group, excluded volumes, constraints kept constant.
Then run the receptor grid generation following window will come and run it as shown in

this window.

forkspace Tools Applications Workflows Scripts  ‘Mimeaw Uals - -
= \| Receptor Grid Generation
G e T A
; _ \: P Lo : Receptor ~ Site | Constraints | Rotatable Groups | Excluded Volumes |
2D Viewer Lig.Int. GetPDB Prep Wiz ||| Create Entry Clear

5 A | Enclosing box

H @ Xl @ y* ¢ S | |

AddH Transtom Adjust|| Apply, Reapply Contacts Sur The docked ligand is confined to the enclosing box. v Display box
h 4 v b, 4

A & & .

rs User Text Feedback Highlights Quick nghlighti Caption

Center:
& Centroid of Workspace ligand (selected in the Receptor tab)

¢ Centroid of selected residues: fiy |

" Supplied X,Y,Z coordinates:
| ‘| Z: |

\' Receptor Grid Generation - Start

1
Saved Viewsl Display Atoms[ Representation ‘ Labels] Build | Fri

Standard names: |glide-grid_17 =~ i
Name: |glide-grid_17 Compose...
Host: [localhost (8) -l

| Entry Title: [1LCZ

Cancel Help /j

327 :(C) CA:"1LCZ"
A A G X AN CAT

30 N|Pfoofo [ Fit
=L Start... | Write‘..l Reset I

Figure: Receptor grid generation (selection of site and other factor) running job window

display.
Glide docking (ligand docking)

Prepared ligand and receptor were used as the initial coordinates for docking
purposes. We have used epidermal growth factor receptor tyrosine kinase as the target
receptor. The stage for ligand docking was the receptor grid generation; for that purpose we
have used the kinase protein structure complexes with Erlotinib. For ligand docking go to

Applications>> Glide >> Ligand Docking.
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N Maestro

kespace Tools | Applications Workflows Scripts Window Help
Ll Task View ' 4 T‘_‘ o
2 Viewer BioLuminates N Clear Save lmage New Scene
+H = CombiGlide 4 . T Q]
Add b Transforrg Confden > te Surfaceg Fix Rendering Materigl
A B Core Hopping » "D o] A
User Text Feedb: Desmond * |Captions | Show Captions  Increase Font

uila l Fragments PFavorites

Epik...
Fleld-Basad OSAR
2 41 bl 5|
Impact ’
laguar »
Lialson.,.
LigPrep,,
MacroModel
MCPRO+
Phase

Ived Views [ C

eptor Grid Generation...

View Poses

XP Visualizer,,,

Primes
PrimeXx
QikProp...
QSites...
Semiempirical NODDO...

*y vy vy w

SiteMap...
Strike 4

2 Entries:1/7

Monitor jJobs,,

Figure: Selection of Ligand Docking step

Ligand docking window is shown below. In this tab select settings, select SP
(standard precision), select Flexible for ligand sampling, select sample nitrogen inversions,
select sample ring confirmation, select penalize non planar conformation for amides only.

[ N N s x| Ligand Docking

Settings | Ligands | Core | Constraints | Torsional Constraints | Similarity | Output |

— Receptor grid

Specify the receptor grid you want to use for docking.

Browse...l

Receptor grid base name: |

I I
—Docking
Precision: [SP (standard precision) |
I
Ligand sampling: [Flexible =]

¥ Sample nitrogen inversions
I Sample ring conformations

I~ Include input ring conformation
Bias sampling of torsions for:

o All predefined functional groups

= Amides only: |Pena|ize nonplanar conformation ;[
 Mone

# Add Epik state penalties to docking score

I~ Enhance planarity of conjugated pi groups

= | [~

-

Advanced 5ettings...|

Start...l Write...l Reset |

Figure: Ligand docking (selection of settings step)
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From Ligands tab, indicate where you will get the ligand from workspace and select

value as shown in figure. Click output tab.

Aann 1\ Ligand Dacking
Settings Ugands | Core | Constraints | Torsional Constraints | Simifanty | Outpot |
- Ligands to be docked

We strongly recommend that you prepare the ligands before docking
(for exampie, with LigPrep or MacroModel).

IR TV ELT R 0 Bl Warkspace (inchuded entries)

ngs ' ¢ ] ¥ End
I” Use input partial charges
Do not dock or score bgands with more than: [300 atoms
Do not dock or score hgands with more than: [50 rotatable bonds
-Scaling of van der Waals radu

To soften the potental for nonpalar parts of the bgand, you can scale the
vdW rade of kgand atoms with partial atomic charge (absolute value) less
than the specified cutoff. No other atoms n the ligand will be scaled.

Scaing factor: |0.8 Partial charge cutoff: |o.15

Figure: Ligand docking (Ligand selection step)

From Output tab, choose the options for a docking simulation. Then, click Start.

800 I\ Ligand Docking

Settings | Ligands | Core | Constraints | Torsional Constraints | Similarity —Output |

—Structure output
Type:
& Write pose viewer file (includes receptor)
¢ Write ligand pose file (excludes receptor)
Format:
& Write structures in Maestro format
¢ Write structures in SD format
Write out at most: [10000 poses per docking run
Write out at most: [5 poses per ligand
[v Perform post-docking minimization
Number of poses per ligand to include: |5—
Threshold for rejecting minimized pose: Ii kcal/mol
[~ Apply strain correction terms
v Write per-residue interaction scores
(= For residues within IIZT' A of grid center
¢ Pick residues to include Specify Residue,
v Write report file
[v:Compute RMSD to input ligand geometries:

Advanced Settings...l

Start... Write... I Reset | Close Help

Figure: Ligand docking (output step)
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After that, you will see the window below ask an output file name of the docking
simulation. Add the file name and click Start to run the job.

ann '\ Ligand Docking - Start
~Output

Incorporate: |Do not incorporate ~|
~Job

Standard names: |glide-dock_SP_96 ~|
Name: |glide—dock_sP_%_NAME_OF_DOCI(ING| Cumpuse...l
Separate job into: |8 subjobs

Host list:

Host Name Processors Use =

| | Total to use: IB

localhost 8 8 2

1| | | Reset Alll

Start I Cancel | Help |

Figure: Ligand docking (final preparation step)

After docking, we have performed post-docking minimization to improve the geometry
of the poses. The post-docking minimization specifies a full force-field minimization of those
poses which are considered for the final scoring. After docking, the results were used for

binding energy calculations and docking scores.
Analysis Docking Poses

The View Poses facility in the Project Table panel enables to display the ligand
poses with the receptor in the Workspace, along with hydrogen bonds, bad and ugly contacts,
and per-residue interaction information. For Glide SP and XP docking runs, visualize the
contributions to the XP docking score, provided that descriptor information was requested in
the docking run. The Project Table panel offers a special facility for viewing poses from a
pose viewer file. To use this facility you must select a single entry group. The group must
contain the receptor as the first entry in the group, followed by the ligands. This is the normal
situation when import a pose viewer file into the project. To start viewing poses, choose
Setup from the View Poses submenu. The receptor is locked in the Workspace, and the first

ligand entry is included.
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Fig: Analyzing of docking poses through generated (.xpdes) file

Molecular docking results of selected Aminophthalazine derivatives

In present work the GLIDE docking was applied for proposed 56 ligands to build a
binding affinity model for the vascular epidermal growth factor receptor that was then used
to compute the free energy of binding for this kinase. The docking score of respected ligands

are shown in below Table.
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Table: Glide docking score of selected Aminophthalazine derivatives
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The ligand structure 1, 22, all and a22 shows high docking score on EGFR protein

structure.
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Detail interactions of ligands with EGFR protein structure (PDB ID 1M17) are shown
in below Figure.

Figure 5.4.1.: Ligand interaction diagram with Vascular Epidermal Growth Factor

receptor.
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Figure: Ligand interaction diagram with Vascular Epidermal Growth Factor receptor

Results

The glide docking score can be used as a semi-quantitative descriptor for the ability

of ligands to bind to a specific conformation of the protein receptor. Generally speaking for

low glide score good ligand affinity to the receptor may be expected. According to the glide

score, the results of the inhibition for the VEGFR human tyrosine kinase receptor may be

arranged in the following manner: 22>a22>al1> 1. Docking studies performed by GLIDE

has confirmed that above inhibitors fit into the binding pocket of the VEGFR kinase receptor.
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4.2 DESIGNING OF QUINAZOLINE DERIVATIVES

4.2.1 Designing Of N-[4-Amino-2-(4-Methylphenyl)quinazoline-6-yl]Jacetamide

derivatives
Protein preparation

A characteristic PDB structure file consists only of heavy atoms, waters, cofactors,
and metal ions, and can be multimeric. Terminal amide groups should be misaligned, because
the X-ray structure analysis cannot usually distinguish between O and NHa. lonization and
tautomeric states are also generally unassigned. Glide calculations use an all-atom force field
for accurate energy evaluation. Thus, Glide requires bond orders and ionization states to be
properly assigned and performs better when side chains are reoriented when necessary and

steric clashes are relieved.

X! Maestro
Is Applications | Workflows Scripts Window Help
' PDB < »
: ’DE !Jg KNIME Workflows

it. GetPDB Prep W Establish Structure Exchange with KNIME...

% M S Jb] Protein Preparation Wizard...

Ty Adiustl]] ApPlY  virtual Screening Workflow.... !

% Induced Fit Docking...

dback Highlights QM-Polarized Ligand Docking... i

slay Atoms | Represe Ligand and Structure-Based Descriptors...
P450 Site of Metabolism »

Fig: Protein preparation wizard
Steps involved in protein preparation wizard
1. Import a ligand/protein co-crystallized structure from PDB
2. Simplify multimeric complexes.

Determine whether the protein-ligand complex is a dimer or other multimer
containing duplicate binding sites and duplicate chains that are redundant. If the structure is a
multimer with duplicate binding sites, remove redundant binding sites and the associated
chains by picking and deleting molecules or chains. Locate any waters you want to keep and

then delete all others. These waters are identified by the oxygen atom, and usually do not
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have hydrogens attached. Generally, all waters are deleted and retained only coordinated to
metals. If waters are kept, hydrogens will be added to them by the preparation component of
the protein preparation job. And, check that these water molecules are correctly oriented.

4. Adjust the protein, metal ions, and cofactors.

5. Adjust the ligand bond orders and formal charges.

6. Run a restrained minimization of the protein structure.
7. Review the prepared structures.

Checking the Protein Structures

1. Check the Orientation of Water Molecules

2. Check for Steric Clashes

3. Resolving H-Bonding Conflicts

4. Docking the Native Ligand

;MO (%] Protein Preparation Wizard '
Job prefix: |[prepwizard| Host: [localhost (8) ~]
Display hydrogens: ¢ None ¢ Polar only & Mixed  aAll

Import and Process | Review and Modify | Refine |

Import structure into Workspace

PDB:I Impont I

Include: I Diffraction data I Biological unit I Alternate positions

Import structure file: Browse.., |

Preprocess the Workspace structure
~Align to: & Saleciedentry ¢ ] I_
¥ Assign bond orders

IV Add hydrogens | Remove original hydrogens
¥ Create zero-order bonds to metals

¥ Create disulfide bonds

T Convert selenomethionines to methionines
I~ FAllin missing side chains using Prime

I~ Al in missing loops using Prime

I~ Cap termini

¥ Delete waters beyond [5_ A from het groups

Preprocessl

View Problems...| Protein Reports...| Ramachandran Plot... |

Reset | Close | Help ‘

Fig: Protein preparation (import and process)
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800 [\| Protein Preparation Wizard
Job prefix: |prepwizard Host: [localhost (8) |

Display hydrogens: ¢ None ¢ Polar only & Mixed « All

Import and Process Review and Modify I Refine |

Analyze Workspace |

[# Fit on select [~ Display selection only |~ Pick Delete |
Select Hetsfwater5| within [5.0 A of selected chains

Select Lone W‘atersl Invert Selectionl

Chain Name Water No.l Chain |esidue MNe|=
A 1 A 513
2 A 529
3 A 575
4 B 552 |
Het No. | Het Name
1 A:BHT (401)
2 B:BH7 (400)

Generate States' [~ Metal binding states pH: |7.0 +f- |3.0

View Problems...l Protein Reports...l Ramachandran Plut...l

Selected 1 chain, 3 waters, and 1 het.

[
Reset | Close I Help

Fig: Protein preparation wizard (Review and modify)

[ W N e I\ Protein Preparation Wizard
Job prefix: |prepwizard Host: [localhost (8) =]

Display hydrogens: ¢ None ¢ Polar only & Mixed  All
Import and Process | Review and Modify Refine |

H-bond assignment

~[Sample water orientations|
I~ Use crystal symmetry
I Minimize hydrogens of altered species
7 Use PROPKA;: pH: [7.0 I~ Label pKas
Use simplified rules € Vary low € Low & Neutral ¢ High

Optimize... |

Intergdautomatically opt?mize hydroxyl, Asn, Gln, and His states using Pro
|

Remove waters

Remove watersl with less than |3 > H-bonds to non-waters

Restrained minimization

Converge heavy atoms to RMSD: |o.30 A
I~ Hydrogens only

Force field: |OPLS 2005 ~|

Minimize. .. |

View Problems...l Protein Reports..._l Ramachandran Plot...l

Fig: Protein preparation wizard (Refine)
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Ligand Preparation

Convert structure format> Select structures > Add hydrogen atoms > Remove
unwanted molecules >Neutralize charged groups >Generate ionization states > Generate
tautomers > Filter structures > Generate alternative chiralities > Generate low-energy ring
conformations > Remove problematic structures > Optimize the geometries > Convert output
file.

To start the LigPrep choose the Applications menu. With the help of LigPrep single
low energy 3D structure can produces with correct chiralities for each input structure. Also
produce structures with various ionization states, tautomers, stereo chemistries, ring
conformations and remove the molecules using various criteria. Remove the unwanted
hydrogens, add hydrogens and minimize the ligand structure with the help of default options

in the LigPrep panel.

To generate several different output structures for each input structure the default pH
range must be 5.0 to 9.0. To generate the ionization states use either the ionizer or Epik. Epik
generate states which are more suitable for metal binding. Select desalt and generate the
tautomers by default. If more than 8 tautomers are possible then select the most likely
tautomers. The stereoizer generates two stereoisomers per chiral centre in the ligand up to
maximum limit. Determine chiralities from 3D structure ignore input file chiralities and takes
chirality information from the 3D geometry. Generate all combinations varies the
stereochemistry up to a maximum number of structures specified by generate at most max

per ligand. The default maximum is 32.

> Macestro
TJools | Applications vworlkflowvws Scrip

b Task Wiewvw

N

‘‘‘‘‘‘ BiolLuMminate

= —ombiSlide
e ConfSen
=== Core Hopping

VEYIRYEYEY,
”n
"

Disp i = Epilk. . waite
Field-Basced OSAR. ..
Slide
Irmpact
I=sgu=r

\]

)

MacromModel
rMceERO -+
Phase
Prirme
Prirme><

\ A A IR A £

= rMonitor jJobs=__.

Fig: Selection of LigPrep from Application
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e Mo N\ LigPrep

Use structures from: |Workspace (included entries) ;l
File name: |

Filter criteria file: |

Force field: [OPLS_2005 ~|
lonization:

Create... | Browse... |

¢ Do not change
" Neutralize

@ Generate possible states at target pH: [7.0 +/- |2.0

) ) ™ Add metal binding states
Using: ¢ lonizer « Epik o

I Include original state

[ Desalt [ Generate tautomers

—Stereoisomers

Computation:

= Retain specified chiralities (vary other chiral centers)
~ Determine chiralities from 2D structure

i~ Generate all combinations
Generate at most: |1 per ligand

Generate low energy ring conformations: |1 per ligand
Output format:  Maestro  SDF

Start... | Read... | Write... | Close | Help /y',

Fig: Ligand preparation window display

AN M| LigPrep - Start

~Output

Incorporate: |Append new entries as a new group |

—Job

Standard names: [ligprep_13 |
Name: ||igprep_13_L|GAND_NAME|

Compose... |
Separate job into: |8 subjobs

Host list:

Host Name | Processors |USE |

:I Total to use: |8
localhost 8 8
vi1.msiumn.edu 8 8 x| Reset All |

Start | Cancel| Help /'

Fig: Ligand preparation-start
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title: mol38 title: mol39 title: mol40

title: mok1 title: mol42 title: mol43
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title: mokd4 title: mol45 title: mol4e

Fig: Chemical structures of different quinazoline derivatives in their minimized positions.

Non-carbon hydrogens are colored in blue.

Receptor Grid Generation
These are some steps to be followed for generation of receptor grid

1. Choose Tasks > Docking > Grid Generation or Applications > Glide > Receptor Grid

Generation.
2. Display the prepared receptor in the Workspace.
3. Pick the ligand to define the grid centre.

4. Adjust the size of the active site in the Site tab to accommodate larger ligands, if

necessary.

5. Add any hydrogen-bond, metal, positional, or hydrophobic constraints in the Constraints
tab.
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6. Pick any rotatable hydroxyl groups in the active site if such groups could rotate during

docking.

7. Start the grid generation job

is | Applications

rie

N VIR LT O

Task View

BioLuminate
CombiGlide
ConfGen

Core Hopping

Desmond

Epik.

Field-Based QSAR..,

| Glde " | Receptor Grid Generation...

Impact
Jaguar
Liaison,..
LigPrep...
MacroModel
MCPRO+
Phase

Prime

PrimeXx
QikProp...
QSite...

Semiempirical NDDO...

SiteMap...
Strike

Monitor Jobs ...

Workflows Scripts Window Help
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Clear Save image New Scene

>
> = . it >
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-
» <>
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»

Show Captions Increase l'on
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Fig: Selection of Glide -Receptor grid generation from Application panel
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faANM N\ Receptor Grid Generation
Receptor | Site | Constraints | Rotatable Groups | Excluded Volumes |
Define receptor

If the structure in the Workspace is a receptor plus a ligand, you must
identify the ligand molecule so it can be excluded from the grid generation,

v Pick to identify ligand [Fdolecule vl ¥ Show markers

Van der Waals radius scaling

To soften the potential for nonpolar parts of the receptor, you can scale the
van der Waals radii of receptor atoms with partial atomic charge (absolute value)
less than the specified cutoff, All other atoms In the receptor will not be scaled,

Scaling factor: |.1‘0 Partial charge cutoff; |0.7‘3

Per-atom van der Waals radius and charge scaling
Per-atom scale factors:
f+ None \

¢ Read from input structure file (must be Maestro format)
¢ Specify for selected atoms:

P ik [revie: 2]

Fig: Receptor grid generation
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Ligand Docking

Glide ligand docking job requires a set of previously calculated receptor grids and
one or more ligand structures. Open the Ligand Docking panel; choose Ligand Docking from

the Glide submenu of the Applications menu.

The Ligand Docking panel has six tabs such as settings, ligands, core, constraints, similarity

and outpult.
Specifying the Receptor Grid

Click Browse in the Receptor grid section of the Settings tab to open a file selector
and choose a grid file or a compressed grid archive (.zip). The file name, without the
extension, is displayed in the Receptor grid base name text box.

Selecting the Docking Precision
There are three choices of docking precision, given under Precision in the Docking section.

HTVS (high-throughput virtual screening)-High-throughput virtual screening (HTVS)

docking is intended for the rapid screening of very large numbers of ligands.

SP (standard precision)-Standard-precision (SP) docking is appropriate for screening ligands

of unknown quality in large numbers. Standard precision is the default.

XP(extra precision)- Extra-precision (XP) docking and scoring is a more powerful and
discriminating procedure, which takes longer to run than SP. XP is designed to be used on
ligand poses that have a high score using SP docking. If want to dock a set of ligands using a
progression of precision, then use the Virtual Screening Workflow to set up and run the

docking jobs.
Selection of Initial Poses

The selection of initial poses section of the box control the way poses pass through
the filters for the initial geometric and complementarity “fit” between the ligand and receptor
molecules. The grids for this stage contain values of a scoring functions, it would be to place
ligand atoms of given general types in given elementary cubes of the grid. These cubes have

a constant spacing of 1 A,
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The “rough score” for a given pose of the ligand relative to the receptor is simply the
sum of the appropriate grid scores for each of its atoms. Poses that pass these initial screens
enter the final stage of the algorithm, which involves evaluation and minimization of a grid
approximation to the OPLS-AA non-bonded ligand-receptor interaction energy. Keep initial
poses per ligand for the initial phase of docking. This text box sets the maximum number of
poses per ligand to pass to the grid refinement calculation. The value must be a positive
integer. The default setting depends on the type of scoring window for keeping initial poses.

Visualizing Docking Results

The View Poses facility in the Project Table panel enables to display the ligand poses
with the receptor in the Workspace, along with hydrogen bonds, bad and ugly contacts, and
per residue interaction information. For Glide SP and XP docking runs, visualize the
contributions to the XP docking score, provided that descriptor information was requested in
the docking run. The Project Table panel offers a special facility for viewing poses from a
pose viewer file. To use this facility select a single entry group. The group must contain the
receptor as the first entry in the group, followed by the ligands. This is the normal situation
when import a pose viewer file into the project. To start viewing poses, choose Setup from

the View Poses submenu. The receptor is locked in the Workspace, and the first ligand entry

is included.
~ Mawstro
epace Tools | Applications Workflows Scripts wWindow Help
| Taslk View "4 w‘_‘ -
2 View el T T ey ~ Clear Save lmage New Scene
~H = Combiclide > T m
Add bl Transrorrg, ConfGen » e Suifacez Fix Rendering Macerial
- o] Core Hopping > Trea] 7~ %
U sesy Tewt Desrmond > c A Increase Fon
i “ Epik. ..
Fleld-Basaed OSAR
[ glide .~ |
Impact > :
laguar »
Lialson...
LigPrep.,. XP Visualzer,,,

MacroMocde!
MC P RO
Phase

Yy vvvwvy
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Pritmex
QikProp...
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Sermiempirical NDDO. ..
SiteMap...

Strilkkes L4

2 Entries:1/7

Monitor jJobs, .,

Fig: Selection of ligand docking from Application panel
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o NN [x| Ligand Docking

Settings | Ligands | Core | Constraints | Torsional Constraints | Similarity | Output |

—Receptor grid
Specify the receptor grid you want to use for docking.

Receptor grid base name: | Browse...l

[~ Display receptor [~ Show grid boxes

—Docking
Precision: |SP (standard precision) |
[~ Wiite XP descriptor information

Ligand sampling: |Flexible j
[+ Sample nitrogen inversions
¥ Sample ring conformations
[~ Include input ring conformation
Bias sampling of torsions for:
¢ All predefined functional groups
& Amides only: |Penalize nonplanar conformation j
" None
¥ Add Epik state penalties to docking score
[~ Enhance planarity of conjugated pi groups

I~ Apply IL..'1|'-:_|v+ I excluded volumes penalties

I~ Show excluded volumes

Advanced Settings...l

start.. | wwite.. | Reset | Siose [0 Fickr

Fig: Ligand docking -settings

LM O NI Ligand Docking .

settings Ligands | Core | Constraints | Torsional Constraints | Similarity | output |

~Ligands to be docked

We strongly recommend that you prepare the ligands before docking
(for example, with LigPrep or MacroMadel).

SECN T ELL R bl [Workspace (included entries)

Fle nammie: ' Browess

FLaEnge I: Lo Ix'““‘ = End
I Use input partial charges
Do not dock or score ligands with more than: [300 atoms
Do not dock or score ligands with more than: [S50 rotatable bonds

-Scaling of van der Waals radil

To soften the potential for nonpolar parts of the ligand, you can scale the
vdW radii of ligand atoms with partial atomic charge (absolute value) less
than the specified cutoff. No other atoms in the ligand will ber scaled,

Scaling factor: |0.8 Partial charge cutoff: |O.15

Start... I erte...l Reset l Close ] Help

"

Fig: Ligand docking-Ligands
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;S OO X! Ligand Docking

Settings | Ligands | Core | Constraints | Torsional Constraints | Similarity  Output

—Structure output
Type:
& Write pose viewer file (includes receptor)
~
Format:
& Write structures in Maestro format

/= 14 r 1 a
Write out at most: |10000 poses per docking run
Write out at most: |5 poses per ligand

v Perform post-docking minimization
Number of poses per ligand to include: |5

—

I Apply strain correction terms
v Write per-residue interaction scores

¢ For residues within |12.0 A of grid center
¢~ Pick residues to include f I

v Write report file

[FiCompute RMSD to input ligand geometries:

Advanced Settings...]

Start... Write... l Reset I Close I Help ___'
Fig: Ligand docking —output
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Results and discussion:
Virtual docking

Glide docking method have applied to inhibitors of tyrosine protein kinases to build a
binding affinity model for EGFR that was then used to compute the free energy of binding
energy of binding for this kinase.

The ligand preparation procedure generated different training sets of the inhibitors
whose scoring function is given in below Table. These different structures were found by
using different orientations of the inhibitors and different positions of the hydrogens. The
results of docking and scoring are given in below Table. According to the table we see that
among all the energy parameters the largest contribution for binding energy comes from
Vander Waals interactions.

Table: Energy data of the structures generated by the docking program.

Compounds E vaw | E coul | E site | Docking score | Energy
Mol 1 -55 | -04 | -0.7 -7.6 -5.9
Mol 5(comp1) | -6.1 | -0.2 | -0.6 -6.3 -6.3
Mol 12 (comp 4) | -3.6 | -0.4 | -0.0 -6.5 -4.0
Mol 21 -55 | -0.2 | -0.2 -7.8 -5.7
Mol 24 -6.3 | -0.3 | -0.3 -1.7 -6.6
Mol 30 -6.1 | -0.2 | -0.3 -1.7 -6.3
Mol 39(comp 2) | -4.0 | -0.4 | -0.1 -6.5 4.4
Mol 50(comp 3) | -6.4 | -0.2 | -0.3 -7.8 -6.6

The energy data are written according to the structure generated by the docking program.

The best docked poses are written in table. All energies are given in Kcal/mol.
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(@) (b)

(b) (d)

(e) ()

Figure: Structures of the different kinase inhibitors bound to the protein 3w32. Only residues

that undergo significant movement or are hydrogen bonded to the ligand are shown.
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Induced fit results

In virtual docking the ligands are docked into binding site of the receptor where the receptor

is held rigid and the ligand is free to move. We have also taken into account receptor

flexibility by induced fit docking. In induced fit docking, we obtained different poses of all

the best docked analogues. The results of the induced fit docking are given in below Table,

which displays the best docked poses. From the results of the induced fit docking, it is clear

that there are some considerable changes in the docking scores and energies of the docked

complexes.

Table: Results of the induced fit docking

Compounds | Docking score | Energy
Mol 1 -7.6 -5.9
Mol 5 (comp 1) -6.3 -6.3
Mol 12 (comp 4) -6.5 -4.0
Mol 21 -7.8 -5.7
Mol 24 -1.7 -6.6
Mol 30 -1.7 -6.3
Mol 39(comp 2) -6.5 -4.4
Mol 50(comp 3) -7.8 -6.6

Docking energy is written only for the best docked poses. All energy values are given in

Kcal/mol.
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Conclusion:

The glide score can be used as a semi-quantitative descriptor for the ability of ligands
to bind to a specific conformation of the protein receptor. Generally speaking for low glide
score good ligand affinity to the receptor may be expected. According to the glide score the
results of the inhibition for the EGFR may be arranged in the following manner: mol21>
mol50> mol24>mol30> mol1> mol2>mol39> mol5.

Docking studies performed by GLIDE has confirmed that above inhibitors fit into the
binding pocket of the EGF receptor. From the results we may observe that for successful
docking, intermolecular hydrogen bonding and lipophilic interactions between the ligand and

the receptor are very important.

A comparison of the induced fit and virtual docking gives the role of protein
flexibility. It is obvious from the results that a combined method of soft docking and side
chain optimization gives better results. It is also clear that an average distribution of docking
free energy ranging from 2 kcal/mol or more, is sufficient to mis-rank a potential drug
candidate as a weak binder. However, by combining the MM-GB/SA and relaxed complex

methods we are able to show the best ranked binding modes.

4.2.2 Designing of N-[2-(4-methylphenyl)-4-(substituted aniline)-3, 4-dihydro

guinazolin-6-yl] acetamide
Protein preparation

A characteristic PDB structure file consists only of heavy atoms, waters, cofactors,
and metal ions, and can be multimeric. Terminal amide groups should be misaligned, because
the X-ray structure analysis cannot usually distinguish between O and NH>. lonization and
tautomeric states are also generally unassigned. Glide calculations use an all-atom force field
for accurate energy evaluation. Thus, Glide requires bond orders and ionization states to be
properly assigned and performs better when side chains are reoriented when necessary and

steric clashes are relieved.
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X' Maestro
Is Applications | Workflows Scripts Window Help
’ PQ_B ’ig; KNIME Workflows >

.}

it. GetPDE Prep W Establish Structure Exchange with KNIME...

% H S 3] Protein Preparation Wizard...

Ty Adiustll] APPIY  virtual Screening Workflow.... i

5 Induced Fit Docking...

dback Highlights QM-Polarized Ligand Docking... i

dlay AtomSI Represe Ligand and Structure-Based Descriptors...
P450 Site of Metabolism »

Fig: Protein preparation wizard

Steps involved in protein preparation wizard

1.

2.

3.

Import a ligand/protein co-crystallized structure from PDB.
Simplify multimeric complexes.

Determine whether the protein-ligand complex is a dimer or other multimer containing
duplicate binding sites and duplicate chains that are redundant. If the structure is a
multimer with duplicate binding sites, remove redundant binding sites and the associated
chains by picking and deleting molecules or chains. Locate any waters you want to keep
and then delete all others. These waters are identified by the oxygen atom, and usually do
not have hydrogens attached. Generally, all waters are deleted and retained only
coordinated to metals. If waters are kept, hydrogens will be added to them by the
preparation component of the protein preparation job. And, check that these water

molecules are correctly oriented.

. Adjust the protein, metal ions, and cofactors.
. Adjust the ligand bond orders and formal charges.
. Run a restrained minimization of the protein structure.

. Review the prepared structures.
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Checking the Protein Structures

1. Check the Orientation of Water Molecules
2. Check for Steric Clashes

3. Resolving H-Bonding Conflicts

4. Docking the Native Ligand

SR _[N] Protein Preparation Wizard
Job prefix: |[prepwizard| Host: [localhost (8) ~1
Display hydrogens: ¢ None ¢ Polar only & Mixed o aAll

Import and Process | Review and Modify | Refine |

Import structure into Workspace

rPDB: [—. Irnpornt l

Include: I Diffraction data 1 Biological unit I Alternate positions
Import structure file: Browse. .. |

Preprocess the Workspace structure

I~ Align to: & Selectedentry o roe: [
I¥ Assign bond orders

I¥ Add hydrogens | Remove original hydrogens
I¥ Create zero-order bonds to metals

I¥ Create disulfide bonds

I~ Convert selenomethionines to methionines
I~ Fillin missing side chains using Prime

— Fillin missing loops using Priime

I Cap termini

¥ Delete waters beyond |5 A from het groups
Preprocess |
View Problems...l Protesin Reports...l Ramachandran Plot...]

Reset l Close [ Help ‘

Fig: Protein preparation (import and process)

e P e Y | ™| Protein Preparation Wizard
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Analyze Wcrl(spa::el
I~ Ft on select I Display selection oy I Pick Delete |
Select Hets_.fw‘atersl wwithim 5.0 A of selected chains
Select Lone WEitersl Inwerc Selectionl
Chain Mame I VI ater No_l Chain Iesidue Lo B =
e Pl o~ 513
B =2 s 529
= o STS
- B 552 ~1
Het No_l Het MNMame I
1 ACBHT (401)
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Senerate Statesl — mMetal binding states PH: |7.D - |3.D
e e F’rcbler‘ns...l Protein Repcrts...l Ramachandramn F’Ic:t...l
selected 1 chain. 3 waters. and 1 het.
Resaet I Close I Help [

o

Fig; Protein preparation wizard (Review and modify)



- rmn oo N Protein Preparation Wizard
Job prefix: |prepwizard Host: [localhost (8) o |
Display hydrogens: ¢ None  Polar only < Mixed « All

import and Process | Review and Modify Refine |

H-bond assignment

l&'{sarnple water orientations|

M Use crystal symmetry
I~ Minimize hydrogens of altered species

IV Use PROPKA: pH: |7.o I~ Label pkKas
11 imiplitied | o W |¢ o | & Neutral o Hiah
Optln'\ize...'

Intergdautomatically optimize hydroxyl. Asn, Gin. and His states using Pro
]

Remove waters

Remove waters] with less than |3 vI H-bonds to non-waters

Restramed minimization

Converge heavy atoms to RMSD: |0.30 A
I Hydrogens only

Force field: |OPLS 2005 ~

Minimize...l

View onblevns.‘.| Protein Reports...l Ramachandran Plot.‘.l

Fig: Protein preparation wizard (Refine)
Ligand Preparation
Structures supplied to Glide must meet the following conditions:
1. They must be three-dimensional (3D).
2. They must have realistic bond lengths and bond angles.

3. They must consist of a single molecule that has no covalent bonds to the receptor, with no

accompanying fragments, such as counter ions and solvent molecules.
4. They must have all their hydrogens.
5. They must have an appropriate protonation state for physiological pH values.
The steps are listed below

Convert structure format> Select structures > Add hydrogen atoms > Remove unwanted
molecules >Neutralize charged groups >Generate ionization states > Generate tautomers >
Filter structures > Generate alternative chiralities > Generate low-energy ring conformations

> Remove problematic structures > Optimize the geometries > Convert output file.

To start the LigPrep choose the Applications menu. With the help of LigPrep single
low energy 3D structure can produce with correct chiralities for each input structure. Also

produce structures with various ionization states, tautomers, stereochemistries, ring
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conformations and remove the molecules using various criteria. Remove the unwanted
hydrogens, add hydrogens and minimize the ligand structure with the help of default options

in the LigPrep panel.

To generate several different output structures for each input structure the default pH
range must be 5.0 to 9.0. To generate the ionization states use either the ionizer or Epik. Epik

generate states which are more suitable for metal binding.

Select desalt and generate the tautomers by default. If more than 8 tautomers are
possible then select the most likely tautomers. The stereoizer generates two stereoisomers per
chiral centre in the ligand up to maximum limit. Determine chiralities from 3D structure

ignore input file chiralities and takes chirality information from the 3D geometry.

Generate all combinations varies the stereochemistry up to a maximum number of

structures specified by generate at most max per ligand. The default maximum is 7.

N Maestro
Jools | Applications Workflows Scrip

&i‘ Task View
looint BioLuminate IS
=7 CombiGlide >
nsformy ConfGen > Fts
o] Core Hopping > %
Feedb: Desmond > Carg
Tpla: Epik... uilc
Field-Based QSAR...
Glide >
Impact
laguar
Liaison...

LigPrep...
MacroModel
MCPRO+
Phase
Prime
PrimeX
QikProp...
oSsite...
Semiempirical NDDO...
SiteMap...

Strike >

Y By vyyyv

:s:1/6

Monitor Jobs...

Fig: Selection of LigPrep from Application
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e NN | LigPrep

Use structures frormm: |Wc:rkspace (included entries) v|
File name: | Browse... |
Filter criteria file: | Create... | Browse... |

Force field: |OPLS_2005 ~|
lonization:
Do not change
 Meutralize

= Generate possible states at target pH: I]".El 4+~ IZ.U

. ] . I~ Add metal binding states

Using: ¢ lonizer  Epik o
M Include original state

W Desalt W Generate tautomers

—Stereoisomers

Computation:
~ Retain specified chiralities (vary other chiral centers)
¢ Determine chiralities from 32D structure

 Generate all combinations

Generate at most: |1 per ligand
Generate low energy ring conformations: |1 per ligand
Output format: ~ Maestro ¢ SDF
; |
Start... I Read... | Wirite... | Close | Help P

Fig: Ligand preparation window display

ANN \ LigPrep - Start
~0utput

Incorporate: |Append new entries as a new group j

~Job
Standard names: [ligprep_13 K

Name: ||igprep_13_L|GAND_NAME\ Compose...|
Separate job into: |8 subjobs

Host list:

Host Name Processors  |Use

J Total to use: |8
localhost 8 8
vilmsiumned: 8 R v| Reset A|||

Start Cancel| Help/|

Fig: Ligand preparation-start
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Receptor Grid Generation

These are some steps to be followed for generation of receptor grid.

1.

Choose Tasks > Docking > Grid Generation or Applications > Glide > Receptor
Grid Generation.

Display the prepared receptor in the Workspace.

Pick the ligand to define the grid centre.

Adjust the size of the active site in the Site tab to accommodate larger ligands, if
necessary.

Add any hydrogen-bond, metal, positional, or hydrophobic constraints in the
Constraints tab.

Pick any rotatable hydroxyl groups in the active site if such groups could rotate
during docking.

Start the grid generation job

~» wiaeswurow

is | Applications Workflows Scripts Window Help

. Task View < = bt
nt BioLuminate N Clear Save lmage New Scene

CombiGlide ’ S . i m
g, Con[Gcn » [ts Surfaces Fix R-‘nclovlnw M.ﬂm‘la‘l
el Core Hopping > oo lnf: A
s Q(‘.‘S”\Olld L3 Captions | Show Captions Increase I'on
pl_.'-' _E_plk... ‘uilcl Fl:.dnwonln Favontes

Field-Based OSAR. .,

| glde _________* | Receptor Grid Generation...

Impact L Ligand Docking...

{a.g.“':; " view Poses .

LigPrep... XP Visualizer, .,

MacroModel > d

MCPRO«+ >

Phase »

Prime >
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QSsite...

Semiempirical NDDO...

SiteMap...
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Fig: Selection of Glide -Receptor grid generation from Application panel
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20 i 9" % b ® pefine receptor
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A J If the structure in the Workspace is a receptor plus a ligand, you must
I & s | » 4 | identify the ligand molecule so it can be excluded from the grid generation,

:l'; Mcaaurg Usger Text Feedback Highlights Quick Hi: ¥ Pick to ldentlfy Ilgand I"Mm 7 Show markers

:cl Style | Saved Vlewz{ Display Atoms [ Representation
g = Van der Waals radius scaling

To soften the potential for nonpolar parts of the receptor, you can scale the
van der Waals radii of receptor atoms with partial atomic charge (absolute value)
less than the specified cutoff, All other atoms In the receptor will not be scaled,

Scaling factor; |1.0 Partial charge cutoff; |0.75

Per-atom van der Waals radius and charge scaling

Per-atom scale factors:
f* None \
¢ Read from input structure file (must be Maestro format)

(" Specify for selected atoms:

P pick: [resiaues ] g

/) |

Fig: Receptor grid generation

Ligand Docking

Glide ligand docking job requires a set of previously calculated receptor grids and
one or more ligand structures. Open the Ligand Docking panel; choose Ligand Docking from

the Glide submenu of the Applications menu.

The Ligand Docking panel has six tabs such as settings, ligands, core, constraints,

similarity and output.
Specifying the Receptor Grid

Click Browse in the Receptor grid section of the Settings tab to open a file selector
and choose a grid file or a compressed grid archive (zip). The file name, without the

extension, is displayed in the Receptor grid base name text box.
Selecting the Docking Precision

There are three choices of docking precision, given under Precision in the Docking
section. HTVS (high-throughput virtual screening)-High-throughput virtual screening
(HTVS) docking is intended for the rapid screening of very large numbers of ligands. SP
(standard precision) docking is appropriate for screening ligands of unknown quality in large

numbers. Standard precision is the default.
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XP(extraprecision) docking and scoring is a more powerful and discriminating
procedure, which takes longer to run than SP. XP is designed to be used on ligand poses that
have a high score using SP docking. If want to dock a set of ligands using a progression of

precision, then use the Virtual Screening Workflow to set up and run the docking jobs.
Selection of Initial Poses

The selection of initial poses section of the box control the way poses pass through
the filters for the initial geometric and complementarity “fit” between the ligand and receptor
molecules. The grids for this stage contain values of a scoring functions, it would be to place
ligand atoms of given general types in given elementary cubes of the grid. These cubes have
a constant spacing of 1 A,

The “rough score” for a given pose of the ligand relative to the receptor is simply the
sum of the appropriate grid scores for each of its atoms. Poses that pass these initial screens
enter the final stage of the algorithm, which involves evaluation and minimization of a grid
approximation to the OPLS-AA non-bonded ligand-receptor interaction energy. Keep initial
poses per ligand for the initial phase of docking. This text box sets the maximum number of
poses per ligand to pass to the grid refinement calculation. The value must be a positive

integer. The default setting depends on the type of scoring window for keeping initial poses.
Visualizing Docking Results

The View Poses facility in the Project Table panel enables to display the ligand poses
with the receptor in the Workspace, along with hydrogen bonds, bad and ugly contacts, and
per residue interaction information. For Glide SP and XP docking runs, visualize the
contributions to the XP docking score, provided that descriptor information was requested in
the docking run. The Project Table panel offers a special facility for viewing poses from a
pose viewer file. To use this facility select a single entry group. The group must contain the
receptor as the first entry in the group, followed by the ligands. This is the normal situation
when import a pose viewer file into the project. To start viewing poses, choose Setup from
the View Poses submenu. The receptor is locked in the Workspace, and the first ligand entry

is included.
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Fig: Selection of ligand docking from Application panel
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Fig: Ligand docking —settings
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Results and Discussion:

Virtual docking

Glide docking method have applied to inhibitors of tyrosine protein kinases to build a

binding affinity model for EGFR that was then used to compute the free energy from binding

energy of binding for this kinase.

The ligand preparation procedure generated different training sets of the inhibitors

whose scoring function is given in below Table. These different structures were found by

using different orientations of the inhibitors and different positions of the hydrogens. The

results of docking and scoring are given in below Table. According to the table we see that

among all the energy parameters the largest contribution for binding energy comes from

Vander Waals interactions.

Table: Energy data of the structures generated by the docking program.

Compounds E vaw E coul Esite | Docking score | Energy

Mol 1 -48.282925 | -6.286361 | -0.19705 |  -8.36263 | -54.569286
Mol 2(comp-1) | 50700325 | -6.945927 | -0.31644 | -8.217244 | -57.666253
Mol 4(comp.3) | -55.158234 | -3.377333 | -0.03047 | -8.190933 | -58.535567
Mol 3(comp.2) | -54.134922 | -6.023509 | -0.17859 | -8.031208 | -60.158431
Mol 6(comp.5) | -48.148769 | -3.985412 | -0.1011 | -7.02276 | -52.134181

Mol? -52.787178 | -5.365469 | -0.13503 | -6.954658 | -58.152647
Mol5(comp.4) | -56.551281 | -3.541861 | -0.12247 | -6.908445 | -60.093142

The energy data are written according to the structure generated by the docking program. The

best docked poses are written in table. All energies are given in Kcal/mol.
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Induced fit results

In virtual docking the ligands are docked into binding site of the receptor where the

receptor is held rigid and the ligand is free to move. We have also taken into account receptor

flexibility by induced fit docking. In induced fit docking, we obtained different poses of all

the best docked analogues. The results of the induced fit docking are given in below Table,

which displays the best docked poses. From the results of the induced fit docking, it is clear

that there are some considerable changes in the docking scores and energies of the docked

complexes.

Table: Results of the induced fit docking

Mol 5 (comp.4)

Compounds | Docking score | Energy
-8.36263 -54.569286
Mol 1
-8.217244 -57.666253
Mol 2 (comp.1)
-58.535567
Mol 4 (comp.3) -8.190933
-8.031208 -60.158431
Mol 3 (comp.2)
-7.02276 -52.134181
Mol 6 (comp.5)
-6.954658 -58.152647
Mol 7
-6.908445 -60.093142

Docking energy is written only for the best docked poses. All energy values are given in

Kcal/mol.
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Conclusion:

The glide score can be used as a semi-quantitative descriptor for the ability of ligands
to bind to a specific conformation of the protein receptor. Generally speaking for low glide
score good ligand affinity to the receptor may be expected. According to the glide score the
results of the inhibition for the EGFR may be arranged in the following manner: Mol1> Mol2
> Mol4 >Mol3 > Mol6 > Mol7 > Mol5.

Docking studies performed by GLIDE has confirmed that above inhibitors fit into the
binding pocket of the EGF receptor. From the results we may observe that for successful
docking, intermolecular hydrogen bonding and lipophilic interactions between the ligand and

the receptor are very important.

A comparison of the induced fit and virtual docking gives the role of protein
flexibility. It is obvious from the results that a combined method of soft docking and side
chain optimization gives better results. It is also clear that an average distribution of docking
free energy ranging from 2 kcal/mol or more, is sufficient to mis-rank a potential drug
candidate as a weak binder. However, by combining the MM-GB/SA and relaxed complex

methods we are able to show the best ranked binding modes.
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4.3  DESIGNING OF 4-ANILINOQUINAZOLINE DERIVATIVES

Methodology

Preparing a Library of Compounds.
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Fig: 2D structures of proposed analogues of 4-anilinoquinazoline.
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B0 IN| Export

Look in: |E /project/scr...rod_Workshop x| @ © © @ =]
Pt glide-dock_XP_98_MNAME_OF_DOCKING.log glide-c
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& glide-dock_XP_98_MNAME_OF_DOCKING_pv.maegz glide-c

Launch Directory glide-dock_XP_98_MNAME_OF_DOCKING.xpdes glide-c
glide-dock_XP_S8_MNAME_OF_DOCKING.reflig.maesgz glide-c

ﬂ glide-dock _XP_98 NAME_OF DOCKING.maegz glide-c
glide-dock_XP_98 NAME_OF _DOCKING.in glide-c

Working Direct. .. glide-dock_SP_97_MNAME_OF_DOCHKING_pv.maegz glide-c
glide-dock_SP_97_NAME_OF_DOCKING.rept glide-c
glide-dock_SP_97_MNAME_OF_DOCKING_subjobs.log glide-c

4] | |

Options --:<| Help |

I~ Append ¥ Save graphical information [~ Use VY2000 format when writing SD files
PDE options

[~ Write SEQRES, HELIX, SHEET, TURN and SSBOND information

W Write multiple bonds as duplicate CONECT records

I+ Reorder by residue number

Structure source to be exported:
= Workspace [~ Displayed atoms only
" Selected entries

Properties to be exported: & All  Displayed

Files: |Export all entries to a single file |

File names are: | =]
File name: fI Save |
Files of type: [By Extension (**) ~] cancel |

A

Fig: Saving structures
2. Preparing the Protein
1. Enter the PDB ID of your protein in the PDB text box and click Import.

2. Examine the structure in the Workspace for the following structural issues (colored

atoms).

> Red residues have missing atoms. Select Fill in missing side chains using Prime.

» Light blue residues have adjacent missing residues (missing loops). Do one of the
following:

» Select Cap termini if the missing residues are not important for the modeling task,
especially for long loops.

» Select Fill in missing loops using Prime. Follow up with a full Prime loop prediction if

the loop is important. Good for short loops (up to 5 residues).
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» Select neither, but do a full Prime loop prediction (or use Prime X with the diffraction
data, if available).

» Green residues have alternate positions. If you want to use the alternate, select the
residues, right-click and choose Switch Alternate Positions. If you want both, duplicate
the protein and prepare both alternates.

» Dark blue residues have mistyped atoms. Fix these in the Atom Properties tab of the

Build panel before proceeding.

3. If you want to align the protein to another protein, select Align to, and specify the other

protein.

4. If the structure has hydrogens, select remove original hydrogens to fix problems like bad

placement or bad labels.

5. Select Create disulfide bonds (unless you don’t want disulfide bonds).

6. If you want to keep selenium atoms, deselect Convert selenomethioinine to
methionine. Conversion is only necessary if you want to use the OPLS_2001 force
field for modeling.

7. Set a range for keeping structural waters, or deselect Delete waters beyond to keep all

waters.

8. Click Preprocess.

Tools Applications Workflows Scripts Window Help

\ Maestro BT - =
2w Workspace Tools Applications Workflows Sc GetPDB_Prep Wiz Saveimage New Scene
— = = = = \7 M MM N\ Get PDB File
[ E:J PDB ﬂ\" F t | Note: Downloading will create the PDB file in the E
(s J vV \ 2P T current directory, and then automatically import it. 2
Table 2D Viewer Lio ot GetPDB | Prep Wiz &l | PosD: |
t Feedbadt chain name (optional): | kor
4% + H @Y / {} m h s | Display A & Auto
it} ' / ~ M ¢ Retrieve from local installation
sketcher il Trans L Applx Reapply Contacl ¢ Download from Web

Cancel Help P

A WU

Fig: 5.5.3. Importing a PDB File from the PDB Data bank from maestro.
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SN [\| Protein Preparation Wizard
Job prefix: [prepwizard)| Host: [localhost (8) ~]
Display hydrogens: ¢ None ¢ Polar only & Mixed  All

Import and Process | Review and Modify | Refine |
Import structure into Workspace

poB: [ | import |

Include; I” Diffraction data I~ Biological unit I~ Alternate positions
Import structure file; Browse..,|

Preprocess the Workspace structure

I~ Align to: ¢ ol doentry € Pl I

¥ Assign bond orders

¥ Add hydrogens |~ Remove original hydrogens

¥V Create zero-order bonds to metals

I¥ Create disulfide bonds

T Convert selenomethionines to methionines

I~ Allin missing side chains using Prime

I~ Fill in missing loops using Prime

I~ Cap termini

¥ Delete waters beyond [5— A from het groups

Preprocess |

View Problems...| Protein Reports...| Ramachandran Plot... |

Reset I Close | Help '

Fig: Protein preparation
i. Fix structural problems:

After preprocessing, the Protein Preparation-Problems dialog box opens if there are unfixed

problems.

> If there are mistyped atoms, fix them in the Build panel (Edit > Build > Atom Properties)

» Overlapping hydrogens are mostly fixed by H-bond optimization and terminal flips, or by
minimization. Check again at the end of the preparation.

» Fix missing atoms by capping, side-chain prediction or loop prediction, if you didn’t do
this the first time around. You can do this by running the Preprocess step again with

different options selected.
ii. Review and modify:

In the Review and Modify tab, examine the structure and delete parts you don’t want to use

for modeling.

1. Delete unwanted chains, waters, and het groups, by selecting them in the tables and

clicking delete.
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2. Click Generate States to run Epik for ionization and tautomeric states of the het groups
(ligand). Include metal-binding states if the het group is bonded to a metal.

3. Examine the states and select the state that you think is most reasonable. This step is
important for optimizing the H-bond network.

=, ™ ™ |*| Protein Preparation Wizard
Job prefix: |prepwizard Host: [localhost (8) |
Display hydrogens: « Mone  Polar only « Mixed « All
Import and Process Rewview and Modify I Refine |
Analyze Workspacel
I+ Fit on select [ Display selection only [ Pick Delete |
Select Hets,.fWatersI within |5.0 A of selected chains
Select Lone Watersl Invert Selecticnl
Chain Name wWater No.l Chain Iesidue M| =
A 1 A 513
B 2 A 529
3 Py 575
<4 B 552 =
Het No. | Het Name |
1 ACBHT (401)
2 B:BHT (400)
Generate Statesl I~ Metal binding states pH: I? +f- W
WView Prcblems...l Protein Repcrts...l Ramachandran Plot...l

Selected 1 chain, 2 waters, and 1 het.

Reset I Close | Help 1

2

Fig: Review and modify tab.

iii. Optimize the H-bond network:

Optimize orientation of polar hydrogens, flip terminal amides and histidines, adjust protein

protonation states.
1. Select Exhaustive sampling for a more thorough but longer optimization.

2. Select a pH range option for protonation or deprotonation of residues.

3. Click Optimize.
iv. Run restrained minimization

Minimize the structure with harmonic restraints on the heavy atoms, to remove strain.
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1. Select Hydrogens only if you don’t want to allow the heavy atoms to move at all.

2. Click Minimize to make settings and start the minimization job.

H-bond assignment Restrained minimization
nn
AN \| Pratein Preparation Wizard B A Proten Pragacasion Wigand
Job prefix: [prepwizard Host: [localhost (8) K P preic [repmzrs Hast: [locatost (8 i
Display hydrogens: ~ None ¢ Polar only @ Mixed ¢ All Desglay hyérogens; € None " Polarorly & Maed Al
Import and Process | Review and Modify ~ Refine | impert ind Precess | Review ang Medy  efie |
- H-bond assignment H-ond assigrmank
W?Sample Water 5| 7 Sammprle waler arentations
[~ Use crystal symmetry I” Use crystal symmetry
[~ Minimize hydrogens of altered specles [ Momae tydogers of dtered ecies
[v Use PROPKA; pH: (7.0 [~ Label pKas I Use PROPKA pie 170 T Labal pkas
Use cimplihed rules € Very low, ¢ Low @& Neutral ¢ High e r s r
optimize., Cptimize..
InterdAutomatically optimize hydroxyl, Asn, GIn, and His states using ProtAssigr = TIberacte Cptemzer. |
|
Remove waters Remove waters
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Fig: Refine tab
v. Check the results:
After the entire process is done, you should carefully check your results:

» Open the Problems panel (View Problems) to check for any remaining errors.
» Use the Protein Reports panel to check for other possible problems.

» Use the Ramachandran Plot panel to locate residues with unusual dihedrals.
3. Preparing the Ligands
1. Choose the source of the structures from the Use structures from option menu, and
supply the file name if using a file.

2. Filter the structures by property by functional group counts-click Create to set up the filter.
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. Choose the force field. You usually only need to do this if the default doesn’t cover
some atom types in your ligands.

. Choose an ionization option. Use of Epik is recommended.

. Leave Desalt selected, to remove molecules other than the ligand.

. Deselect Generate tautomers if you don’t want to generate tautomers, for example to

prepare just the original structures.
. Choose an option for generating sterecisomers.

. Increase the number of ring conformations if you have flexible rings that are likely to

change conformation.

. Select an output file format, and start the job.

. Generating the Receptor Grid

. Choose the task docking then select grid generation application then glide then
receptor grid generation.

. Display the prepared receptor in the Workspace.

. Pick the ligand to define the grid center.

. Adjust the size of the active site in the site tab to accommodate larger ligands, if
necessary.

. Add any hydrogen-bond, metal, positional, or hydrophobic constraints in the
Constraints tab.

. Pick any rotatable hydroxyl groups in the active site if such groups could rotate during

docking.

. Start the grid generation job.
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Fig: Receptor Grid generation with Glide.
5. Docking the Ligands
1. Choose tasks docking then glide docking or applications then glide then ligand
docking.
2. Specify the receptor grid to use.
3. Select the docking precision:

» HTVS for initial screen of millions of compounds (limited conformational search but
fast)
» SP for thousands of compounds (better coverage of conformational space)

» XP for tens or hundreds of compounds (high accuracy on docked poses)
4. If you chose XP, select Write XP descriptor information if you want to visualize
interaction terms.
5. Select Add Epik state penalties to docking score, if Epik was used in ligand
preparation
6. Specify the ligand file to use, in the Ligands tab.

7. If you want to set up constraints to a reference ligand core or calculate RMSD to this core,

you can do this in the Core tab.
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8. Select the receptor constraints you want to use in the Constraints tab, and supply any

required information.
9. If the ligands are very flexible, you can apply constraints on ligand torsions in the
Torsional Constraints tab to reduce the torsional degrees of freedom.
10. Set the number of poses per ligand and total number of poses in the Output tab.
11. Use post-docking minimization if you want to improve pose geometries.

12. Select Write per-residue interaction scores for residues within N A of grid center if you
want to examine interactions of ligand poses with the receptor, and set the cut off

distance.
13. Click Start to run the job. If the ligand file is large, distribute the job over multiple

processor if possible.
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aee X/ LigPrep

Use structures from: |File [-]

File name: | Workspace (included entries) Se"'l

Project Table (selected entries)

Filter criteria file: File se... |
Force field: |OPLS_2005 ~|
lonization:

¢~ Do not change
" Neutralize

& Generate possible states at target pH: [7.0 +/- |2.0
) ; [T Add metal binding states
Using: ¢ lonizer & Epik o
[~ Include original state
[+ Desalt [ Generate tautomers

—Stereonisomers

Computation:
t Retain specified chiralities (vary other chiral centers)
¢~ Determine chiralities from 3D structure

¢~ Generate all combinations
Generate at most: |32 per ligand

Generate low energy ring conformations: |1 per ligand
Output format:  Maestro ¢ SDF

Start...l Read...l IL.“Jrite...l Close | Help I

Fig: Ligand Preparation with LigPrep
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[<[ w [>]
2D structure height: =i =—— (266 :1
| Close || Help |
Entries: 46 total, 15 shown, 9 selected, 2 included Groups: 4 total, 1 selected

Fig: Ligand docking.
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6. Examining Poses
1. Import the pose file jobname-pv.mae into Maestro. Ensure that the option for pose
viewer files, turn on pose viewing is selected.

2. In the Project Table panel, turn on display of H-bonds and contacts with Entry > View
Poses > Display H-bonds and Entry > View Poses > Display Contacts. If you wrote out
per-residue interaction scores, turn on Entry > View Poses > Display Per residue

interactions.

3. Use the LEFT ARROW and RIGHT ARROW keys to step through the poses, and
examine their interactions with the receptor.

4. When you have finished examining poses, right-click on the receptor entry in the
Project Table and choose Unfix to exit the pose viewing mode.

7. Visualizing Docking Results

1. The View Poses facility in the Project Table panel enables to display the ligand poses
with the receptor in the Workspace, along with hydrogen bonds, bad and ugly contacts,
and per-residue interaction information.

2. For Glide SP and XP docking runs, visualize the contributions to the XP docking score,
provided that descriptor information was requested in the docking run. The Project
Table panel offers a special facility for viewing poses from a pose viewer file.

3. To use this facility you must select a single entry group. The group must contain the
receptor as the first entry in the group, followed by the ligands.

4. This is the normal situation when import a pose viewer file into the project. To start
viewing poses, choose Setup from the View Poses submenu. The receptor is locked in

the Workspace, and the first ligand entry is included.

Results and Discussion
1. Virtual docking
We have applied the GLIDE docking method to 50 analogues of 4-anilinoguinazoline

which are inhibitors of tyrosine protein kinases to build a binding affinity model for the
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epidermal growth factor receptor that was then used to compute the free energy of binding
for this kinase.

The ligand preparation procedure generated different training sets of the inhibitors
whose scoring function is given in below Table. These different structures were found by
using different orientations of the inhibitors and different positions of the hydrogens. The
results of docking and scoring are given in below Table. According to the table we see that
among all the energy parameters the largest contribution for binding energy comes from
Vander Waals interactions.

Table: Average Vander Waals (vdw), electrostatic (coul) and Site energy (site) after GLIDE
docking.

Analogues Docking score

Mol37

Mol12 (SCI)

Mol35

Mol5 (SCII)

Mol41

Mol4 (SCIV)

Mol17

Mol11 (SCIII)

The energy data are written according to the structure generated by the docking program.

The best docked poses are written in table. All energies are given in Kcal/mol.
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that undergo significant movement or are hydrogen bonded to the ligand are shown.

2. Induced fit results

(h)

Figure: Structures of the different kinase inhibitors bound to the protein 3w32. Only residues

In virtual docking the ligands are docked into binding site of the receptor where the

receptor is held rigid and the ligand is free to move. We have also taken into account receptor

flexibility by induced fit docking. In induced fit docking, we obtained different poses of all

the best docked analogues. The results of the induced fit docking are given in below Table,

which displays the best docked poses. From the results of the induced fit docking, it is clear

that there are some considerable changes in the docking scores and energies of the docked

complexes.

Table: Results of the induced fit docking

Analogues | Docking Energy | Docking score
Mol37 -5.7 -8.6
Mol12 (SCI) -6.6 -7.1
Mol35 -6.1 -7.0
Mol5 (SCII) -5.7 -6.9
Mol41l -5.9 -6.9
Mol4 (SCIV) -6.7 -6.8
Mol17 -6.0 -6.7
Mol11 (SCIII) -6.0 -6.6

Docking energy is written only for the best docked poses. All energy values are given in

Kcal/mol
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CONCLUSION

The glide score can be used as a semi-quantitative descriptor for the ability of ligands
to bind to a specific conformation of the protein receptor. Generally speaking for low glide
score good ligand affinity to the receptor may be expected. According to the glide score the
results of the inhibition for the EGF receptor may be arranged in the following manner:
mol37> mol12> mol35>mol15> mol35> mol5>mol41> mol4>moll7>molll.

Docking studies performed by GLIDE has confirmed that above inhibitors fit into the
binding pocket of the EGF receptor. From the results we may observe that for successful
docking, intermolecular hydrogen bonding and lipophilic interactions between the ligand and
the receptor are very important.

A comparison of the induced fit and virtual docking gives the role of protein flexibility.
It is obvious from the results that a combined method of soft docking and side chain
optimization gives better results. It is also clear that an average distribution of docking free
energy ranging from 2 kcal/mol or more, is sufficient to mis-rank a potential drug candidate
as a weak binder. However, by combining the MM-GB/SA and relaxed complex methods we

are able to show the best ranked binding modes.
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44  DESIGNING OF PYRIDOI[2,3-D]JPYRIMIDINE DERIVATIVES

Protein and ligand preparation

The character of glide results depends on reasonable starting structures of both
ligand and protein. Schrodinger offers a comprehensive protein preparation facility in the
Protein Preparation Wizard, which is designed to ensure chemical correctness and to
optimize protein structures for use with Glide and other products. Schrodinger also offers a
comprehensive ligand preparation was subjected to energy minimization by LigPrep module

of the software.
Choosing the protein site

Proteins can exhibit induced fit effects on the binding of a ligand, in which the protein
conformation changes significantly. This will happen only when more than one co-
crystallized complex is available. Glide docking experiments employ only protein geometry
in those two approaches is commonly taken. One is to select a single well-suited
representative structure of protein to dock into. The other is to use a collection of
representative structures, into which each of the candidate ligands is docked. If more than
one co-crystallized complex is available, you must decide whether to select a single protein

site or to choose two or more sites for use in independent docking experiments.

Cases in which the site changes substantially as different ligands bind may require the
use of two or more sites, if finding the maximum number of promising ligands is the main

objective.
A procedure for making this determination is as follows-
1. Choose a reference complex and superimpose all other complexes to it.

2. Display the protein for the reference complex and the ligands for each of the other
complexes. Examine the active-site region to determine whether the superimposed ligands

can fit into the reference site.

3. Display the protein in the reference complex and the protein for each of the other
complexes, whether any residues in the superimposed protein differ appreciably in

position or conformation from those in the reference site.
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4. Judge whether the reference site appears compatible with all the co-crystallized ligands or,
if not, whether another site appears more compatible.

5. Choose a more representative site for docking or choose two or more sites if there are large
differences between the sites and the objective is to find as many prospective strong
binders as possible.

6. Write out a separate file for the protein or proteins that will be prepared and also write out
separate files for the superimposed ligands.

Protein preparation

A typical PDB structure file consists only of heavy atoms, can contain water,
cofactors, metal ions and can be multimeric. Terminal amide groups can also be misaligned,
because the X-ray structure analysis usually cannot be distinguished between -O and -NH>
groups. lonization and tautomeric states are also generally unassigned. Glide calculations use
an all atom force field for exact energy evaluation. Thus, Glide requires ionization states and
bond orders to be properly assigned and performs better when side chains are realigned when

necessary and steric clashes are relieved.

The crystal structure of Biotin Carboxylase domain was obtained from the PDB
database (Mochalkin I, 2009) with PDB ID 2V58 (Miller J.R, 2009) and PDB ID 4kd1l
(Martin M.P. 2013) having a CDK2 in complex with Dinaciclib

Figure: Crystal structure of biotin carboxylase from E.coli in complex with potent inhibitor
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Fig: Crystal structure of CDK2 in complex with Dinaciclib

From Workflows tab, choose protein preparation Wizard.

X Maestro
Is Applications | Workflows Scripts Window Help
) P%B VSS KNIME Workflows

it GetPDB Prepw  Establish Structure Exchange with KNIME.,

4

o

™, Adiast | PPl Virtual Screening Workflow....
P2 Induced Fit Docking...
dback Highlights  QM-Polarized Ligand Docking...

Jlay Atoms | Represe  |igand and Structure-Based Descriptors...
P450 Site of Metabolism

Fig: Protein preparation wizard step

3R] Protein Preparation Wizard..

4

After selecting protein preparation wizard, select import and process tab and import

the protein structure from protein data bank and select the options as shown in this window.
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Job prefix: prepwazard
| Desplay hydrogens: Noone Polar only & Mixed Al
Import and Process Rewvew and Modfy l Refine

Import structure nto Workspace
POB:  2vsd] Import
Indude: Dvffraction data Siclogcal unit Alternate postions

Import structure fie: Beowse...

Preprocess the Workspace structure
ARgN to:
¥ | Assgn bond orders
7 Add hydrogens Rermove ongnal hydrogens
v Create pero-order bonds to metals
¥ Create dsulfide bonds
¥ Convert selenometisonines to methionnes
¥ P n missing side chans using Prime
¥ Fll n missing loops using Prime
v Cap termirs
v Delete waters beyond S A from het groups

| Prepeocess |

Fig: Protein preparation wizard (import and process step).

The typical structure file from the PDB is not suitable for immediate use in molecular
modeling calculations as the PDB structure file consists only of heavy atoms and may
include a co-crystallized ligand, water molecules, metal ions, and cofactors. Some structures
are multimeric and may need to be reduced to a single unit for that purpose go to next
review and modify tab and remove unnecessary water molecule by selecting this chain name
i.e. B and delete it.

[ = M N ] | Protein Preparation Wizard
Job prefix: [prepwizard Host: [localhost (8) 1
Display hydrogens: « Mone ¢ Polar only & Mixed  All
Import and Process Review and Modify | Refine |
Analyze Workspacel
I Fit on select [ Display selection only I Pick Delete I
select Hets/waters| within [5.0 A of selected chains
Select Lone Watersl Inwert Selectlcnl
Chain Name | wWater No.l Chain Iesidue Nl =
A 2 A 513
B 2 A 529
3 A 575
< B 552 |
Het No. | Het Name |
1 A:BHY (401)
= B:BHT (400)
Generate Statesl I~ mMetal binding states pPH: IW +/- IW
Wiew Problems...l Protein Repcrts...l Ramachandran Plot...l
Sselected 1 chain, 3 waters, and 1 het.
Reset | Close | Help !

e

Fig: Protein preparation wizard (review and modify step)
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After this process only one chain name is observed in the tab. After that go to the
view problem tab if there are any problems then minimize that and move toward refining
process. In the refinement process select sample water orientations and set use PROPKA pH
7.0 then optimize it.

[ N Ne) N/ Protein Preparation Wizard
Job prefix: [prepwizard Host: [localhost (8) =1
Display hydrogens: ¢ None ¢ Polar only < Mixed « All

Import and Process | Review and Modify Refine |

H-bond assignment

WfSa}rnplc water orientations)|
M Use crystal symmetry
I~ Minimize hydrogens of altered species

I¥ Use PROPKA: pH: |7.0 I~ Label pKas
{ ) ru - 1 | o tral e High
optimize... |

IntergdAutomatically optimize hydroxyl. Asn, Gin, and His states using ProtAssigr
r =
Remove waters

Remove watersl with less than 13 -I H-bonds to non-waters

Restraned minimization

u2

4 Converge heavy atoms to RMSD: |o._-zu A
I~ Hydrogens only
Force field: |OPLS 2005 -

i Mlntrnlct:.‘.l

NELL

View Problems...| Protein Reports...| Ramachandran Plot... |
Selected 1 chain, 3 waters, and 1 het,

Reset I Close [

Fig: Protein preparation wizard (Refine step)

After completion of optimization process select 3 H-bond to non-water and in
restrained minimization select 0.30 A converge heavy atoms to RMSD and select force field
OPLS 2005 and click on minimize to run this job. After the process is done, a message pops

up as shown below. Click Incorporate Now.

X Maestro
i o NN %] Incorporate Jobs

An incorporatable job has just been found:
d prepwizard-protassign
2 for project /home/msifhongkh/.schrodinger/tmp/tproj62755a2259

In the future, incorporate completed jobs:
1 = Only when monitored

~ When approved
o Automatically

I Incorporate Ncwl Imncorporate Late:!,
=2

Fig: Incorporation job of prep wizard step
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Ligand preparation

Structures supplied to glide must meet the following criteria

1. They must be three-dimensional (3D).

2. They must have ideal bond lengths and bond angles.

3. They must each consist of a single molecule that has no covalent bonds to the

receptor, with no accompanying fragments, such as counter ions and solvent

molecules.

4. They must have all their hydrogen’s

5. They must have a proper protonation state for physiological pH values.

The series of pyridopyrimidine derivatives structures were drawn using the LigPrep

module of the Maestro software. Where they were further prepared Choose Tasks from

Applications, choose LigPrep. Then, LigPrep window will be displayed. After that browse
prepared 2D structure in the format of MDL Molefile [\V2000] (*.mol) in LigPrep tab. Set pH

7.0 +/- 2.0, select Desalt, generate tautomers, Retain specified chiralities, select 1 for

generating at most per ligand , select 1 for generate low energy ring confirmation and click

start to run the job.

Jools

25:1/6

X Maestro

Task View

Applications Workflows Scrip

BioLuminate
CombiGlide
ConfGen
Core Hopping
Desmond
Epik...
Field-Based QSAR...
Glide

Impact
laguar
Liaison...

MacroModel
MCPRO+
Phase
Prime
PrimeX
QikProp...
Qsite...

Y v vy v v

vy v v vy

Semiempirical NDDO...

SiteMap...
Strike

Monitor Jobs...

X! LigPrep
Use structures from: |F|Ie
File name: | Workspace (included entries) se...
- —— Project Table (selected entries)
Filter criteria file: | File se...

Force field: [OPLS_2005 x|
lonization:

" Do not change

" Neutralize

i Generate possible states at target pH: I}'.O +/- |2.0

) I~ Add metal binding states
Using: " lonizer  Epik o
[~ Include original state

[ Desalt  Generate tautomers

Stereoisomers

Computation:
& Retain specified chiralities (vary other chiral centers)
¢ Determine chiralities from 3D structure
" Generate all combinations

Generate at most: |32— per ligand

Generate low energy ring conformations: |1 per ligand
Output format: & Maestro  SDF

| Read...| | Close | Help

|
]

Fig: A) Selection of LigPrep step B) LigPrep step window display.
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Receptor grid generation

To open the Receptor grid generation panel, choose Receptor Grid Generation from

the Applications bar choose the Glide submenu in that receptor grid generation.

N VIdR s T

s ] Applications Workflows Scripts Window Help

- Task View o -~

- & <>

ne BioLuminate > Clear Save image New Scene

¥ CombiGlide > = o it "
g ConfGen > ts Surfaceg Fix  Rendering Material
= Core Hopping > I”;.-g 7y 7+ %
=l Desmond > Captions | Show Captions Increase on
Pl Epik... Fragments Favolites

Field-Based OSAR...

| Glide ______________* | Receptor Grid Generation...
>

Impact
Jlaguar
Liaison,..
LigPrep...
MacroModel
MCPRO 4+
Phase
Prirmes
Primex
QikProp...
OSite_ .

»

yYvyvvyvw

Ligand Docking...
View Poses >

XP Visualizer, ..

Fig: Selection of receptor grid through application.



After selecting receptor grid generation, select receptor tab and pick the ligand to
identify i.e. molecule form ligand moiety, the Van der Waals radius scaling factor in the
range of 1 and partial charge cut off at 0.25, use the input partial charges as shown in this
window.

- N Receptor Grid Generation

Receptor | Site | Constraints | Rotatable Groups | Excluded Volumes |
Define receptor

If thes structure in the Workspace: is a receptor plus a ligand, you must
identify the ligand molecule so it can be excluded from the grid generation.

19 Plck to ldentify ligand [Molecule =] o Show markers

Van der Waals radius scaling

To soften the porential for nonpolar parts of the receptor, you can scale the
van der Waals radil of receptor atoms with partial atomic charge (absolute value)
less than the specified cutoff, All other atoms in the receptor will not be scaled,

Scaling factor: ﬁT“ﬁ Partial charge cutoff: W
Par-atom van der Waals radius and charge scaling
Per-atom scale factors:
<+ None
¢ Read from input structure file (Must be Maestro format)
Specily for selected atoms:

= picie e Sl |
| [ i e I

7 Use Input partial charges

start... | write.. | Reset | LI!HCT L‘

Fig: Receptor grid generation (Receptors ligand selection and other factor)

Then all factors like site, rotatable group, excluded volumes, constraints kept
constant. Then run the receptor grid generation following window will come and run it as
shown in this window.

jorkspoce  Jools  AppRCAtions WOrkflows SCOpLs  ‘sfmsse i S
- | N\ Recaptor Grid Geneeation
" ~ e s o] 4
» - Recoptor  Site | Constrants | Motatabde Groups | Excluded Volmes |
20 Vowwer Lig I0E et VOB Brep Wik | | Crote fntry  Clasd
M !.',_'.,'. “ o ® ” ; Enclosing box
Ada iy Wanieny Adug | Aonig Reappty Cotacts Sl | The docked Bgand is confined to the enclosing box, ¥ Display bax

Center
& Centroid of Workspace igand (selected in the Receptor tab)

~ Centroid of selectod residons

 Supphed X.¥.2 coordinates
[ [ [

N\ Receptor God Generation - Stary

.
A
vt Fenstinck M

Standard names: [obde gna_17 =]
Name: [ghde-gnu_17

Ho&L: [localhost (8) 'I

Entry Title! [zossl

Compose

| Staet Cancel Help |

327 (C)CA ML C2t
‘.l ’ X.H

) N| efooro I

stort... | wite.. | meset |

Fig: Receptor grid generation (selection of site and other factor)
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Glide docking (ligand docking)

Prepared ligand and receptor were used as the initial coordinates for ligand docking
(glide docking) purposes. We have used biotin carboxylase and cyclin dependent kinase 2 as
the target receptor. The stage for ligand docking was the receptor grid generation; for that
purpose we have used the protein structure. For ligand docking went to Applications>> Glide
>> Ligand Docking.

N Mawstro
kepace TJools | Applications Workflows Scripts Window Help

EEF Task View " 4 -
I = e
2 Viewer Bi6 LTI S Ea ~ Clear Save lmage New Scene
- - x -
+H =" CombiGlide > i Q]
Add i Transrorrg, ConfGen > te Surfaces Fix Rendering Materigl
(~oC ] - = . < <>
A Core Hopping > 1] r=a) A
User Text Feedb Desrmaond > Captions | Show Captions  Increase Font

cws |

Epik...
Fleld-Basad OSAR

Receptor Grid Generation...

Impact » Ligy o ”ﬂﬂ‘a.-»

laguar »

Vieyw Poses

Liaison...
LigPrep,. XP Visuahzer,,,
MacroModel
MCPROA

Phase

¥y v vyovwvow

Primes
Prirmex
QikProp...
QSites...
Semiempirical NDDO. ..
SiteMap...

Strikkes L4

2 Entries:1/7 Monitor jobs.,.

Fig: Selection of Ligand Docking step

The Ligand docking window is shown below. In this tab select settings, select SP
(standard precision), select Flexible for ligand sampling, select sample nitrogen inversions,

select sample ring confirmation, select penalize non planar conformation for amides only.

e NN | Ligand Docking
settings | Ligands | core | constraints | Torsional Constraints | sSimilarity | output |
— Receptor grid

Specify the receptor grid you want to use for docking.

Receptor grid base name: | Browse...l
i 1
— Docking
Precision: [SP (standard precision) ~1
—
Ligand sampling: [Flexible I |

I~ Sample nitrogen inversions
= sample ring conformations

I~ include input ring conformation
Bias sampling of torsions for:

— Al predefined functional groups

~ Amides only: |Penallze nonplanar conformation ;'
" None

= Add Epik state penalties to docking score

I~ Enhance planarity of conjugated pi groups

—

Adwvanced Settings... |

start... | write... | RrReset | close | [Heip

Fig: Ligand docking (selection of settings step)
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From Ligands tab, indicate where you will get the ligand from workspace and select

value as shown in figure. Click output tab.

Aann 1\ Ligand Docking
settings  Ligands | Core | Constraints | Torsional Constraints | Similarity | Output |
-Ligands to be docked

e strongly recommend that you prepare the ligands before docking
(for exampie, with LigPrep or MacroMadel).

Use et
fle nan: I
Ige t [_pum
I™ Use input partial charges
Do not dock or score hgands with more than: [300 atoms
Do not dock or score Iigands with more than: [50 rotatable bonds

~Scaling of van der Waals radi

To soften the potential for nonpolar parts of the hgand, you can scale the
veW race of kgand atoms with partial atomic charge (absolute value) less
than the specified cutoff. No other atoms i the ligand will be scaled.

Scaing factor: |0 8 Partial charge cutoff: |o 15

Fig: Ligand docking (Ligand selection step)

From Output tab, choose the options for a docking simulation. Then, click Start.

800 \ Ligand Docking

settings | Ligands | Core | Constraints | Torsional Constraints | Similarity ~ Output |
~Structure output

Tpe:

( Write pose viewer file (includes receptor)
¢ Write ligand pose file (excludes receptor)
Format:
 Write structures in Maestro format
¢ Write structures in SD. format
White out at most; [10000 poses per docking run
Wite out atmost: [5 poses per ligand
[ Perform post-docking minimization
Number of poses per ligand to include: IS_
Threshold for rejecting minimized pose: l— kcalfmol

I~ Apply strain correction terms

[v Write per-residue interaction scores
( For residues within IW A of grid center
(" Pick residues to include Specify Residue,
[v Write report file
v:Compute RMSD to input ligand geometries:

Advanced Settings...

start... | wite.. | Reset | Close | _teh !

Fig: Ligand docking (output step)
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After that, you will see the window below to ask an output file name of the docking
simulation. Add the file name and click Start to run the job.

A % Ligand Docking - Start
—QOutput
Incorporate: |Do not incorporate |
—Job
Standard names: [glide-dock_SP_96 |
Name: |glide—dock_5P_%_NAME_OF_DOCI(ING| Ccmpuse...l
Separate job into: |8 subjohs
Host list:
Host Name Processors Use =
| | Total to use: IB
localhost 8 8 <
1| | 3| Reset All |
Start | Cancel | Help '

Fig: Ligand docking (final preparation step)

After glide docking, we have performed post-docking minimization to improve the
geometry of the docking poses. The post-docking minimization specifies a full force-field
minimization of those poses which are considered for the final scoring. After glide docking,

the obtained results were used for binding energy calculations and docking scores.
Analysis Docking Poses

The View Poses facility in the Project Table panel enables to display the ligand
poses with the receptor in the Workspace, along with hydrogen bonds, bad and ugly contacts,
and per-residue interaction information. For Glide SP and XP docking runs, visualize the
contributions to the XP docking score, provided that descriptor information was requested in
the docking run. The Project Table panel provides a special facility for viewing poses from a
pose viewer file. To use this facility you must select a single entry group. The group must
contain the receptor as the first entry in the group, followed by the ligands. This is the normal
situation when import a pose viewer file into the project. To start viewing poses, choose
Setup from the View Poses submenu. The receptor is locked in the Workspace, and the first

ligand entry is included.
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Fig: Analyzing of docking poses through generated (.xpdes) file

Results and Discussion
Molecular docking studies with PDB 2v58:-

All the compounds were subjected to molecular docking studies to determine the
mode of binding and energy changes. The crystal structure of biotin carboxylase (PDB:
2V58) was used for this study and ligands were prepared for docking by method described
earlier. The biotin carboxylase is co-crystallized with 6-(2,6-dibromophenyl)pyrido[2,3-
d]pyrimidine-2,7-diamine, which we have used as reference ligand for molecular docking
studies. It was observed that compound VP14 (60), VP13 (6n), VP10 (6r), VP3 (6d), VP20
(61) and VP17 (61) showed highest interaction with the enzyme in their molecular docking
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studies, the details of docking studies are mentioned in the below table (Supplementary
material). The bound ligand in the active site forms covalent nitration with GIlu201A,
Lys202A, aromatic interactions with Leu204A and Lys159A, it shows weaker interactions
with 11e437A and His438. The docked compound VP3 (6d), show a high docking score of -
7.58 and Glide energy of -44.50. It forms a salt bridge between pyridopyrimidine nucleus and
HIS438. It forms an aromatic interaction with the Lys159, the presence of electronegative
substituent like chlorine on the phenylpyridopyrimidine nucleus contributes to its biological
activity. Compound VP17 (6l), showed a high docking score of -7.34 and Glide energy of -
45.06, the pyridopyrimidine nucleus forms a salt bridge with the residue HIE438 and the
phenyl ring formed a salt bridge with HIS226, this may be due to the presence of electron
donating group like methoxy on the phenylpyridopyrimidine nucleus. Compound VP13 (6n),
show a docking score of -7.76 and Glide energy of -47.34. It forms a salt bridge between
pyridopyrimidine nucleus and HIS438, the phenyl ring of substituent forms another salt
bridge with HIS209 and a hydrogen bond is formed between hydroxy groups with GLU276.
Compound VP14 (60), showed a high docking score of -7.96 and Glide energy of -46.71, the
pyridopyrimidine nucleus forms a salt bridge with the residue HIS438 and the OH group
forms a hydrogen bond with GLY165. In case of compounds 61 and 6n there is hydroxyl
group (-OH) on the 4™ and 2" positions respectively. Their biological activity, high dock
score and hydrogen bond formation with Glu276 and Gly165 suggest importance of strong
electron donating character of hydroxyl functional group on the phenylpyridopyrimidine
nucleus. Compound VP10 (6r), showed a high docking score of -7.62 and Glide energy of -
45.89, the pyridopyrimidine nucleus forms a salt bridge with the residue H1S438 and the
phenyl ring formed a salt bridge with HIS209, this may be due to the presence of electron
withdrawing group like nitro on the phenylpyridopyrimidine nucleus. Compound VP20 (6i),
showed a high docking score of -7.34 and Glide energy of -46.30, the pyridopyrimidine
nucleus forms a salt bridge with the residue HIE438 and the phenyl ring formed a salt bridge
with HIS236, this may be due to the presence of electron donating group like methyl on the

phenylpyridopyrimidine nucleus.
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Fig: Molecular interaction between biotin carboxylase and compound
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Table: Molecular docking study data for docking score, glide score and energy and
ecoulomb score for phenylpyridopyrimidine compounds with PDB 2v58:-

A?JZLOQ Glide | Dockin | Glide | Ecoul Aﬂz'sog Glide Dﬁc"' Glige | Ecoul
Energy | g score | score | score Energy 9 | score ;
score Score

VP14 | -46.71 | -7.96 | -7.96 | -3.34 | VPP1 | -36.85 | -6.57 | -6.57 | -5.58

VP13 | -47.34 | -7.76 -7.76 | -7.37 | VPP11 | -40.79 | -6.52 | -6.52 | -7.29

VP10 | -45.89 | -7.62 -7.62 | -254 | VP12 | -41.09 | -6.45 | -6.45 | -1.89

VP3 -4450 | -7.58 | -7.58 | -2.07 VP4 -43.03 | -6.38 | -6.38 | -3.61

VP20 | -46.30 | -7.56 -7.56 | -1.19 VP7 -40.56 | -6.32 | -6.32 | -0.84

VP16 | -46.30 | -7.56 | -7.56 | -2.83 | VPP13 | -37.33 | -6.31 | -6.31 | -4.96

VP5 -46.18 | -7.48 | -748 | -2.26 | VPP14 | -42.11 | -6.28 | -6.28 | -5.62

VP19 | -4540 | -748 | -7.48 | -1.2 | VPP22 | -38.72 | -6.19 | -6.19 | -9.14

VP17 | -45.06 | -7.34 | -7.34 | -5.78 | VPP3 | -38.55 | -6.07 | -6.07 | -4.50

VP9 -46.66 | -7.11 | -7.11 | -4.94 | VPP24 | -37.65 | -5.66 | -5.66 | -5.64

VP8 -45.08 | -7.07 | -7.07 | -4.08 | VPP/ | -40.56 | -5.57 | -5.57 | -2.09

VP15 | -4539 | -6.89 | -6.89 | -2.24 | VPP23 | -36.80 | -5.57 | -5.57 | -5.51

VPP12 | -39.25 | -6.80 | -6.80 | -6.68 | VPP6 | -3544 | -556 | -5.56 | -5.17

VP6 -41.07 | -6.78 | -6.78 | -3.53 | VPP9 | -42.66 | -5.26 | -5.26 | -4.04

VP2 -42.63 | -6.65 | -6.65 | -3.33 | VPP20 | -39.74 | -4.90 | -4.90 | -6.30

VP18 | -41.34 | -6.59 | -6.59 | -3.24 | VPP4 | -3599 | -4.88 | -4.88 | -5.39
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Molecular docking studies with PDB 4kd1:-

All the compounds were subjected to molecular docking studies to determine the
mode of binding and energy changes. The crystal structure (PDB 4KD1) was employed as
the receptor with phenylpyridopyrimidine compounds as ligands. The results obtained from
the simulation were obtained in the form of dock score; these values represent the minimum
energies. Interactions between the ligand and residues were presented in the form of H-bond,
van der Waals forces and the pi bonds. The results in the form of 3D and 2D representation

were obtained for simplified understanding.

It was observed that compound VPP20 (7j), VP17 (6l), VPP9 (7n), VP13 (6n),
VPP1 (7a), VPP24 (71), VPP4 (7i), VPP11 (7f) and VP10 (6r) showed highest interaction
with the enzyme in their molecular docking studies, the details of docking studies are
mentioned in the table 6.1.3 (Supplementary material).The docked compound VPP20 (7)),
show a high docking score of -7.53 and Glide energy of -33.02. It forms the hydrazineyl
nitrogen forms hydrogen bond with the Leu83. It forms a hydrophobic interaction with
phenylpyridopyrimidine, this may be due to the presence of electron donating group like
methoxy on the phenylpyridopyrimidine nucleus contributes to its biological activity.
Compound VP17 (6l), showed a high docking score of —6.81 and Glide energy of -35.14, the
hydrogen bond is formed between nitrogen of at 1% position in pyridopyrimidine nucleus
with LYS33. It forms a strong hydrophobic interaction with phenylpyridopyrimidine.
Compound VPP9 (7n), showed a high docking score of —6.55 and Glide energy of -29.76,
the compound is perfected fitted in the crystal structure of CDK2 and it forms an strong
hydrophobic interaction with phenylpyridopyrimidine this may be due to the presence of
electron withdrawing group like nitro on the phenylpyridopyrimidine nucleus. Compound
VP13 (6n), showed a high docking score of —6.48 and Glide energy of -30.85, the hydrogen
bond is formed between hydroxyl group with GLN85. Compound VPP4 (7i), showed a
docking score of —5.94 and Glide energy of -43.39, the hydrogen bond is formed between
nitrogen of at 1% position in pyridopyrimidine nucleus with LYS33. It forms a strong
hydrophobic interaction with hydrazineyl group and phenylpyridopyrimidine nucleus.
Compound VPP24 (71), showed a docking score of —6.00 and Glide energy of -34.51, the
compound is perfected fitted in the crystal structure of CDK2 and it forms an strong

hydrophobic interaction with hydrazineyl group and phenylpyridopyrimidine nucleus
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whereas strong hydrophilic interaction with aromatic region, this may be due to the presence

of electron donating group like ethoxy on the aromatic ring contributes to its biological

activity.
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Table:- Molecular docking study data for docking score, glide score and energy for

phenylpyridopyrimidine compounds with PDB-4kd1:-

Analsogue Glide | Docking | Glide | Analogues | Glide | Docking | Glide
Energy | score score Energy | score score

VPP20 -33.02 -7.53 -7.53 VPP23 -36.31 -5.09 -5.09
VP17 -35.14 -6.81 -6.81 VP6 -37.50 -4.96 -4.96
VPP9 -29.76 -6.55 -6.55 VPP6 -34.12 -4.87 -4.87
VP13 -30.85 -6.48 -6.48 VPP13 -35.03 -4.83 -4.83
VPP1 -24.96 -6.37 -6.37 VPS5 -38.99 -4.82 -4.82
VPP24 | -34.51 -6.00 -6.00 VP2 -34.28 -4.56 -4.56
VPP4 -43.39 -5.94 -5.94 VPP14 -32.29 -4.54 -4.54
VPP11 -28.26 -5.94 -5.94 VP14 -33.66 -4.49 -4.49
VP10 -28.58 -5.91 -5.91 VP8 -38.97 -4.42 -4.42
VP19 -30.26 -5.65 -5.65 VP15 -36.15 -4.21 -4.21
VP18 -33.42 -5.62 -5.62 VP16 -35.31 -4.16 -4.16
VPP22 -37.21 -5.60 -5.60 VP12 -36.00 -3.89 -3.89
VP7 -35.92 -5.38 -5.38 VP20 -32.96 -3.84 -3.84
VPP3 -37.43 -5.36 -5.36 VP9 -36.48 -3.60 -3.60
VPP7 -42.04 -5.33 -5.33 VP3 -37.24 -3.57 -3.57
VPP12 -34.87 -5.20 -5.20 VP4 -37.99 -3.42 -3.42
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Conclusion of Molecular Docking Study:-

The glide score (docking score) can be used as a semi-quantitative descriptor for the
ability of ligands to bind to a specific conformation of the protein receptor. Generally

speaking for low glide score having good ligand affinity to the receptor may be expected.
According to the glide score the results:-

For biotin carboxylase inhibitor may be arranged in the following manner: VP14>
VP13> VP10> VP3> VP20> VP16> VP5> VP19> VP17> VP9 > VP8> VP15> VPP12>
VPG i.e. compound 60, 6n, 6r, 6d, 6i, 6M, 6f, 6j, 61, 60, 6p, 6K, 7p,68, 6C, 6h respectively,
showed high docking score on BC.

For CDK inhibitor may be arranged in the following manner: VPP20> VP17>
VPP9> VP13> VPP1> VPP24> VPP4> VPP11> VP10 i.e. compound 7j, 61, 7n, 6n, 7a, 7I,
7i, 7f, 6r respectively, showed high docking score on CDK.

Docking studies performed by GLIDE has confirmed that above inhibitors fit into the
binding pocket of the biotin carboxylase and CDK. From the results we may observe that for
successful docking, intermolecular hydrogen bonding and lipophilic interactions between the

ligand and the receptor are very important.

A comparison of the induced fit and virtual docking gives flexibility role of protein. It
is obvious from the results that a combined method of soft glides docking and side chain
optimization gives desirable results. It is also clear that an average distribution of docking
free energy ranging from 2 kcal/mol or more, is sufficient to mis-rank a potential drug
candidate as a weak binder. However, by combining the MM-GB/SA and relaxed complex

methods we are able to show the best ranked binding modes.
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5. SYNTHESIS OF ANTICANCER DRUG MOLECULES

Materials and Methods

1. All the chemicals used were purchased from commercial sources such as Alfa Aesar, SD
fine Chemicals, spectrochem and purified using standard procedure if required.

2. Melting points were recorded on open capillary tube on super fit melting point apparatus
and are uncorrected.

3. The purity of all the final compounds was assessed by TLC.

4. Readymade TLC plates were procured from Merck (TLC Silica gel 60 on Aluminum
sheets (20 x 20 cm) and cut to suitable sizes as required)

5. Completion of the reaction was monitored by TLC with n-Hexane Ethyl Acetate
Methanol (in varying proportion) system.

6. TLC plates were visualized using UV lamp.

7. IR spectra were recorded in KBr disk on “Schimadzu FTIR Model I.R. Affinity” and are
reported in centimeters (cm™).

8. 'HNMR spectra were recorded using AVANCE Il 400 NMR Spectrometer with
tetramethylsilane (TMS) as the internal standard in DMSO.

9. Mass spectra were recorded using Mass Spectrometer; the spectra are recorded on
WATERS, Q-TOF MS ES* and MICROMASS (LC-MS) instrument.

Characterization Studies

After synthesis of a new compounds it is identified by means of physical and chemical
parameters like melting point, boiling point, solubility, chemical tests, elemental analysis etc.
other analytical methods like TLC, UV, IR, NMR and Mass spectroscopy, were also applied

in characterization of newly synthesized compounds, a brief outline of which is given below.
Thin layer chromatography

Thin layer chromatography is a method of analysis in which the stationary phase is a
finely subdivided solid which is spread over as a thin layer on a rigid plate and mobile phase,

a liquid, allowed to migrate across the surface of the plate.

The technique is widely used for the identification of the organic compounds with

characteristic Rr values. This method is also applied to determine the progress of reaction

113



and to examine the purity of end product. Prepared silica gel plates were used Ethyl acetate:
N-hexane in various proportions as (4:6, 5:5, 6:4) and Ethyl Acetate: Petroleum ether:
Methanol (4:6:2 drops, 3:7:3 drops) was used as a mobile phase. After the development of
the chromatogram the spots were detected by placing the plate in iodine chamber Rt value
was calculated for each compound by using formula,

Distance travelled by solute

Rf value =
vaiue Distance travelled by solvent

Infrared spectral studies
The important advantage of IR over the other technique is that it gives fingerprints

-1
(1300 — 650 cm ) information about the structure (functional group, bonding with each

other) of molecules easily.
IR spectra were recorded in KBr on “Schimadzu FTIR model no. IL.R.Affinityl” and are
reported in cmhl.
Nuclear magnetic resonance spectra
This technique is useful in assuming the structure of molecule. Synthesized compounds

1
were subjected to HNMR spectral studies on the “BRUKER AVANCE II 400 NMR

spectrometer”.
Mass Spectral Studies

Mass spectra were reported at “Sophisticated Analytical Instrumentation Faculty, Punjab
University, Chandigarh” with Mass spectrometer, Make: Varian Inc. USA; Model: 410
prostar Binary LC with 500 MS IT PDA Detectors.
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5.1 SYNTHESIS OF PHTHALAZINE DERIVATIVES

5.1.1 Synthesis of 1,6-Disubstituted Phthalazine Derivatives

0 ]
J I
0 NH »-NH , ’T‘H
HO - . HO NH
| i | |
o 0
1,3-dioxo-1,3-dihydro-2-benzofuran-5-carboxylic acid 1,4-dioxo-1,2,3,4-tetrahydrophthalazine-6-carboxylic acid
Step-l
1-Propranol A H,S0,
1
NH
(e} NH
HSC/\/
| |
0 (e}
propyl 1,4-dioxo-1,2,3,4-tetrahydrophthalazine-6-carboxylate
Step- Il
Ester Derivative Alcohol Derivative
THF | LAH
/
'ilH NH
I
(6] NH NH
H3C/\/ ” ” HO ”
0

. . 6-(2-hydroxyethyl)-2,3-dihydrophthalazine-1,4-dione
propyl 1,4-dioxo-1,2,3,4-tetrahydrophthalazine-6-carboxylate

Step-lll
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NH

I
o NH

e ||

propyl 1,4-dioxo-1,2,3,4-tetrahydrophthalazine-6-carboxylate

Step lI-IV

THF NaBH 4

(6]

|

TH
o PA\

H3C/\/ ||
O

propyl 1-oxo-1,2-dihydrophthalazine-6-carboxylate

Step-V
Chlorination POCI 4
Cl
’TIH
O _~N
ch/\/ | |
(@)

propyl 1-chloro-1,2-dihydrophthalazine-6-carboxylate
Step-VI

Substituted Aniline | Isopropanol

NH

e >0 =

I
¢!
o
o
6-(2-hydroxyethyl)-2,3-dihydrophthalazine-1,4-dione
Step -1V

THF NaBH 4

(@)
|
ITIH
A
HO

6-(2-hydroxyethyl)phthalazin-1(2H)-one
Step-V

Chlorination POCls

Cl
TH
_—~N
HO

2-(1-chloro-1,2-dihydrophthalazin-6-yl)ethanol
Step-VI

Substituted Aniline | Isopropanol
R
HN™
ITIH
A\
HO
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General Steps of Synthesis

Step-1 Preparation of 1, 4-dioxo-1, 2, 3, 4-tetrahydrophthalazine-6-carboxylic acid®!

o

o
NH
o NH-NH |
HO — = HO NH
DMF
o

o o o

1,3-dioxo-1,3-dihydro-2-benzofuran-5-carboxylic acid 1,4-dioxo-1,2,3,4-tetrahydrophthalazine-6-carboxylic acid

A Solution of 19.2 g of trimetallic anhydride in 200ml of dimethyl formamide was heated at
100% and solution of 9.6g hydrazine in 100ml of dimethyl formamide was added over about
1 minute. A tar ball formed which eventually broken up on continued heating and stirring for

an hour, cooled, filtered and washed with dimethyl formamide and ether.

Step-11: Preparation of Propyl 1,4- dioxo-1,2,3,4-tetrahydropthalazine-6-carboxylate

(@]

o
NH
| A HzSO,4 NH
HO NH T L rropanol o lllH
-Propanol
Hye™ >~

(@] o
(@] o

1,4-dioxo-1,2,3,4-tetrahydrophthalazine-6-carboxylic acid propyl 1,4-dioxo-1,2,3,4-tetrahydrophthalazine-6-carboxylate

The crude acid from step-1 was refluxed with stirring in 1600ml ethanol containing 50ml
conc. sulphuric acid for 20 hr. The reaction mixture was cooled, filtered and washed with

ethanol and dried.

Step-111 Preparation of 6-(2-hydroxyethyl)-2, 3-dihydrophthalazine-1,4-dione

o o

NH
'T‘H THFE )
_ =
o NH NH
/\/
H5C LAH HO
o o ©
propyl 1,4-dioxo-1,2,3,4-tetrahydrophthalazine-6-carboxylate 6-(2-hydroxyethyl)-2,3-dihydrophthalazine-1,4-dione

The solid ester from step-11 (28.8g) was added to the solution of 8g lithium aluminium
hydride (LH) in 500ml tetrahydrofuran (THF) at 5%(ice bath cooling with little heat of
evolution), then the temperature of reaction mixture was allowed to rise at room temperature.
The mixture was stirred for 4 hr. Then excess of lithium aluminium hydride was destroyed by
60ml ethyl acetate, follow by 40ml water, then180 ml 6N hydrochloric acid. The mixture was
diluted with another 500ml of water and tetrahydrofuran was removed under vacuum. Then
product was filtered off, washed with dilute hydrochloric acid and finally washed with

neutral with water before drying.
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Step IV

1. Preparation of 6-(2-hydroxyethyl)phthazin-1(2H)-one

o

o
’T‘H THF NH
NH {
HO NaBH 4 _=N
HO

6-(2-hydroxyethyl)-2,3-dihydrophthalazine-1,4-dione 6-(2-hydroxyethyl)phthalazin-1(2H)-one

NaBH4 (126.2g, 3.32mol) was added to slowly to stirred solution of step-iii in dry THF
(750ml) at 0-10% Anhydrous methanol was added to reaction mixture drop wise at 0-10% o-
10° and reaction mixture was stirred at room temperature for 3hr . The mixture was
concentrated under reduced pressure. The residue was poured in 10% hydrochloric acid
aqueous solution (1000ml), stirred intensively for 3 hr. and separated by filtration. The solid
was alkalized with 10% Na2CO3 aqueous solution (1000 mL), stirred for 1 hr and separated
by filtration to give compound as a white crystal.

2. Preparation of propyl 1-oxo-1,2-dihydrophthalazine-6-carboxylate

o o

H THFE NH
o NH
S~ —~_-° N
HasC NaBH , HaC =
o o o
propyl 1,4-dioxo-1,2,3,4-tetrahydrophthalazine-6-carboxylate propyl 1-oxo-1,2-dihydrophthalazine-6-carboxylate

NaBH4 (126.2g, 3.32mol) was added to slowly to stirred solution of step-ii in dry THF
(750ml) at 0-10% Anhydrous methanol was added to reaction mixture drop wise at 0-10% o-
10° and reaction mixture was stirred at room temperature for 3hr . The mixture was
concentrated under reduced pressure. The residue was poured in 10% hydrochloric acid
aqueous solution (1000ml), stirred intensively for 3 hr. and separated by filtration. The solid
was alkalized with 10% Na2CO3 aqueous solution (1000 mL), stirred for 1 hr and separated

by filtration to give compound as a white crystal.
Step-V

1. Preparation of 2-(1-chloro-1,2-dihydrophthalazine-6-yl)ethanol

o Cl
/\/Cii IT‘H — A/@i‘: ’T‘ i
N . : N
HO = Chlorination Ho =
6-(2-hydroxyethyl)phthalazin-1(2H)-one 2-(1-chloro-1,2-dihydrophthalazin-6-yl)ethanol
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Step 1V (1) Compound (17.5 g, 0.07 mol) was added to a stirred solution of POCI3 (170mL)
and CH3CN (80mL) at room temperature, and then 3 drops of DMF were added to the
mixture. The reaction mixture was heated to 90 °C for 3hr. The mixture was concentrated
under reduced pressure. The residue was poured into ice water (500 mL), alkalized with a
10%Na2C0O3 aqueous solution to pH7-8 and separated by filtration to give compound as a
red solid.

2. Preparation of propyl 1-chloro-1,2-dihydrophthalazine-6-carboxylate

(@]

Cl
ITIH POCI 5 ,T,H
(@] _=N : :
H3C/\/ Chlorination H3C/\/o =N
o

o
propyl 1-oxo-1,2-dihydrophthalazine-6-carboxylate

propyl 1-chloro-1,2-dihydrophthalazine-6-carboxylate

Step 1V (2) Compound (17.5 g, 0.07 mol) was added to a stirred solution of POCI3 (170mL)
and CH3CN (80mL) at room temperature, and then 3 drops of DMF were added to the
mixture. The reaction mixture was heated to 90 °C for 3hr. The mixture was concentrated
under reduced pressure. The residue was poured into ice water (500 mL), alkalized with a
10%Na2CO3 aqueous solution to pH7-8 and separated by filtration to give compound as a

red solid.
Step-VI

1. Preparation of 1-(substituted phthalazine) 6-yl ethanol

cli
R
HNT

/\/@i‘: ’I\IH oproprend
N NH
HO = substituted aniline |
/
HO

2-(1-chloro-1,2-dihydrophthalazin-6-yl)ethanol N

Product from step V (1) (0.181 g, 0.7mmol) &substituted aniline (0.177 g, 0.7mmol.) in
isopropanol (20ml) was heated at reflux and stirred for 4hr. The white solid was filtered

while hot, recrystallized from methanol or DMF to give product.

2. Preparation of 1-(substituted phthalazine) 6-carboxylate

(@]

R
HN™
’T‘H isopropanol
o N _— NH
Hoe™ ~— = substituted aniline {
3 /\/O _—N
HsC

(@}

propyl! 1-chloro-1,2-dihydrophthalazine-6-carboxylate o
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Product from step V (2) (0.181 g, 0.7mmol) &substituted aniline (0.177 g, 0.7mmol.) in
isopropanol (20ml) was heated at reflux and stirred for 4hr. The white solid was filtered

while hot, recrystallized from methanol or DMF to give product.

Table. Structure of Synthesized Aminophthalazine Derivative

R
""-"'-\.\_‘ /J:E:N
\
W T
Compound code Structure R X
F
HN f F ) .
1. 3,4-Di Fluoro Aniline HOC,Hs
SN
\
N
HO Z
2-{1-[(3,5-difluorophenyl)amino]phthalazin-6-yl}ethanol
Cl :
HN Cl .
2,5 Dichloro HOC;Hs
2. .
\r‘u aniline
N
HO Z
2-{1-[(2,5-dichlorophenyl)amino]phthalazin-6-yl}ethanol
F
HN f F .
3,5 Difluoro
3. i COOC;sH
N aniline s
o N
e N =
]
propyl 1-[(3,5-difluorophenyl)amino]phthalazine-6-carboxylate
Cl
F
" 3- Chloro, 4 -Fluoro
4, COOC;3Hy
\r‘v aniline
(o] N
H3C/\/ ‘ Z
o
propyl 1-[(3-chloro-4-fluorophenyl)amino]phthalazine-6-carboxylate
Fi : Br
" 4 -Bromo, 2- Fluro anili
—bromo, Z- Fluro antline
j A/@i o
XN
|
N
HO Z
2-{1-[(4-bromo-2-fluorophenyl)amino]phthalazin-6-yl}ethanol

120



Cl Cl
HN ;
6. N cl 2,4,6 Trichloro aniline HOC,Hs
|
_~N
HO
2-{1-[(2,4,6-trichlorophenyl)amino]phthalazin-6-yl}ethanol
Cl : :CI
HN Cl
2,4,5 Trichloro
£ I HOCH
S aniline 2
=N
HO
2-{1-[(2,4,5-trichlorophenyl)amino]phthalazin-6-yl}ethanol
Cl
i Cl
HN . .
8. 3,4 dichloro aniline HOC,Hs
N
|
N
HO
2-{1-[(3,4-dichlorophenyl)amino]phthalazin-6-yl}ethanol
Cl : Cl
" 2,4 Dichl
Ichloro
9. e HOC;H
a aniline 2
N
HO =
2-{1-[(2,4-dichlorophenyl)amino]phthalazin-6-yl}ethanol
F
J@VF
HN . .
10. 3,4 Difluoro aniline HOC;Hs
NN
_A
HO
2-{1-[(3,4-difluorophenyl)amino]phthalazin-6-yl}ethanol
F
F: i F
HN 2,3,4 Trifluoro
1. aniline HOC2Hs
XN
A
HO
2-{1-[(2,3,4-trifluorophenyl)amino]phthalazin-6-yl}ethanol
Cl
F
o 3 chloro
12. 4 fluoro HOC;Hs
\n‘l aniline
HO AN
2-{1-[(3-chloro-4-fluorophenyl)amino]phthalazin-6-yl}ethanol
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Fj : F
HN
13. 2,4 Difluoro HOC:Hs
NN
\
N
HO z
2-{1-[(2,4-difluorophenyl)amino]phthalazin-6-yl}ethanol
F
o
HN
14. Ny 3,4 Difluoro COOC3H;
\
(o] N
e >N Z
[¢]
propyl 1-[(3,4-difluorophenyl)amino]phthalazine-6-carboxylate
o
Il
Cl N\o,
Y 2,6 Dichloro 4 nitro
15. cl ! L COO0C3Hy
\h‘, aniline
o N
ch/\/ =
(o]
propyl 1-[(2,6-dichloro-4-nitrophenyl)amino]phthalazine-6-carboxylate
Cl
i Cl
HN
3,4 Dichloro
16. . COOC;zH
N aniline st
(0] N
He” N Z
]
propyl 1-[(3,4-dichlorophenyl)amino]phthalazine-6-carboxylate
Fi : _Br
HN
4 —Bromo,
17. \r‘v 2 -fluoro COOC;3Hy
o N ili
e S _ aniline
o
propyl 1-[(4-bromo-2-fluorophenyl)amino]phthalazine-6-carboxylate
F : F
HN
18. \v‘u 2,4 Difluoro aniline COOC3Hy
(]
Hae” > | N
o
propyl 1-[(2,4-difluorophenyl)amino]phthalazine-6-carboxylate
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Cl
Cl
HN .
2,3 Dichloro
19 S aniline COOCsH
He” >N © AN
(o)
propyl 1-[(2,3-dichlorophenyl)amino]phthalazine-6-carboxylate
jos
HN
20. \rlv 4- Bromo aniline COOCs3H;
e O| N
(e}
propyl 1-[(4-bromophenyl)amino]phthalazine-6-carboxylate
Table: Physiochemical data of synthesized compound
Comp. Color MP Rf Comp. % Color MP Rf %
Code °C value Code Yield °C value Yield
1 shiny | 189 | 28 11 54.25% | Yellowish | g3 | 55 | 64.34%
cream Green
2 b?olfN"n 187 24 12 62.25% |  Green 192 26 | 59.23%
3 Green | 188 | .26 13 58.54% | Dark [ 4g5 | g4 | 5855%
Brown
4 Green | 192 | 36 14 545200 | Creenish | a5 | o5 | 63.56%
Brown
5 Greenish | 205 | 34 | 15 | 6213%| vellow | 207 | 32 | 6020%
6 Dark 1 900 | 26 16 51.43% |  Dull 160 | 24 |57.78%
cream Brown
7 gDr"é‘g; 168 | .28 | 17 56.43% | Dark green | 205 | .32 | 56.56%
8 Cream 186 32 18 58.82% |  Brown 186 26 | 57.77%
9 Dark | 458 | 04 19 57.765 | Greenish | 45q | 54 | 59.66%
Brown Black
10 BLr'gVT,tn 187 | 32 20 5334% | cream | 206 | o4 | 58.23%

All compounds are soluble in DMSO and 2-Propanol.
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5.1.2. Synthesis for Aminophtalazine Derivatives

Scheme for Synthesis of Aminophtalazine Derivatives:

i i
O NH5-NH 5, 'TIH
HO \\ > HO NH
DMF
I | |
(0] o
1,3-dioxo-1,3-dihydro-2-benzofuran-5-carboxylic acid 1,4-dioxo-1,2,3,4-tetrahydrophthalazine-6-carboxylic acid
Step-l
’/O
CH; O
ethyl 1,4-dioxo-1,2,3,4-tetrahydrophthalazine-6-carboxylate
Step- 1l
Ester Derivative Alcohol Derivative
THF LAH
\J
’T‘H NH
I
(0 NH HO NH
CH; O (@) (|3|
ethyl 1,4-dioxo-1,2,3,4-tetrahydrophthalazine-6-carboxylate 6-(hydroxymethyl)-2,3-dihydrophthalazine-1,4-dione
Step-lll
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O
I

l\llH

(@] NH
Y I
(0] O

ethyl 1,4-dioxo-1,2,3,4-tetrahydrophthalazine-6-carboxylate

Step 11-IV
THF NaBH,
(0]
I
ITIH
’/O _~N

ethyl 1-oxo-1,2-dihydrophthalazine-6-carboxylate

Step-V

Chlorination POCI,

rO
CH;
ethyl 1-chloro-1,2-dihydrophthalazine-6-carboxylate

Step-VI

Cl
I\llH
_~N
!

Substituted Aniline | Isopropanol

R

HN™
ITIH
’/O _~N
o)

CHj

NH

I
HO NH

O
6-(hydroxymethyl)-2,3-dihydrophthalazine-1,4-dione

Step -1V

THF NaBH ,

I
l\llH
HO N
6-(hydroxymethyl)phthalazin-1(2H)-one

Step-V

Chlorination POCl;

cl
l\llH
HO __N

(1-chloro-1,2-dihydrophthalazin-6-yl)methanol

Step-VI

Substituted Aniline | Isopropanol
R
HN”
l\llH
HO _~N
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General Procedure for the Synthesis Aminophthalazine Derivatives

Step-I: Synthesis of 1, 4-dioxo-1, 2, 3, 4-tetrahydrophthalazine-6-carboxylic acid
O

/o
4 NH
o NH>-NH
HO - - HO NH
\ DMF
o o (e} o
1,3-dioxo-1,3-dihydro-2-benzofuran-5-carboxylic acid 1,4-dioxo-1,2,3,4-tetrahydrophthalazine-6-carboxylic acid

A solution of 19.2 g of trimetallic anhydride in 200 ml of dimethyl formamide was
heated at 100°C and solution of 9.6 g hydrazine in 100 ml of dimethyl formamide was added
over about 1 minute. A tar ball formed which eventually broken up on continued heating and
stirring for an hour, cooled, filtered and washed with dimethyl formamide and ether,
affording 95% vyield as a yellow solid.

Step-11: Synthesis of etf(l)yl 1, 4-dioxo-1, 2, 3, 4-tetrahydrophthalazine-6-carboxylate

o
NH
) A HzSO,4 NH
HO NH !
1-Propanol |/O NH
o

CH; O

1,4-dioxo-1,2,3,4-tetrahydrophthalazine-6-carboxylic acid ethyl 1,4-dioxo-1,2,3,4-tetrahydrophthalazine-6-carboxylate

The crude acid from step-1 was refluxed with stirring in 1600 ml ethanol containing
50 ml conc. sulphuric acid for 20 h. The reaction mixture was cooled, filtered and washed
with ethanol and dried, affording 90% yield as a white amorphous solid.

Step-111: Synthesis of ethyl 1, 4-dioxo-1, 2, 3, 4-tetrahydrophthalazine-6-carboxylate ¢
(o]

(@]

NH
i THE |
_— HO NH
ro NH LAH

CH; O o o

ethyl 1,4-dioxo-1,2,3,4-tetrahydrophthalazine-6-carboxylate 6-(hydroxymethyl)-2,3-dihydrophthalazine-1,4-dione

The solid ester from step-1l1 (28.8 g) was added to the solution of 8 g lithium
aluminium hydride (LAH) in 500 ml tetrahydrofuran (THF) at 5°C (ice bath cooling with
little heat of evolution), then the temperature of reaction mixture was allowed to rise at room
temperature. The mixture was stirred for 4 h Then excess of lithium aluminium hydride was
destroyed by 60 ml ethyl acetate, follow by 40 ml water, then180 ml 6 N hydrochloric acid.
The mixture was diluted with another 500 ml of water and tetrahydrofuran was removed
under vacuum. Then product was filtered off, washed with dilute hydrochloric acid and
finally washed with neutral with water before drying, affording 75% yield as a cream white

amorphous solid
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Step 1V: 1. Synthesis of 6-(hydroxymethyl) phthalazin-1(2H)-one

o

[e)
NH ™
HO i = '+
NaBH 4, HO _=N

o 6-(hydroxymethyl)phthalazin-1(2H)-one
6-(hydroxymethyl)-2,3-dihydrophthalazine-1,4-dione

NaBHs4 (126.2 g, 3.32 mol) was added to slowly. Stirred solution of step-iii in dry
THF (750 ml) at 0-10°C anhydrous methanol was added to reaction mixture drop wise at 0-
10°C and reaction mixture was stirred at room temperature for 3 h. The mixture was
concentrated under reduced pressure. The residue was poured in 10% HCI aqueous solution
(1000 ml), stirred intensively for 3 h and separated by filtration. The solid was alkalized with
10% Na,COs aqueous solution (1000 ml), stirred for 1 h and separated by filtration to give
compound as a white crystal, affording 60% yield as a cream white amorphous solid.

Step 11-1V: 2. Synthesis of ethyl 1-oxo-1, 2-dihydrophthalazine-6-carboxylate (")

o o

nH THF nH
NH
I/o NaBH , |/o __=N
CH; O o CHgy o
ethyl 1,4-dioxo-1,2,3,4-tetrahydrophthalazine-6-carboxylate ethyl 1-oxo-1,2-dihydrophthalazine-6-carboxylate

NaBH; (126.2g, 3.32mol) was added to slowly. Stirred solution of step-ii in dry THF
(750 ml) at 0-10°C anhydrous methanol was added to reaction mixture drop wise at 0-10°C
and reaction mixture was stirred at room temperature for 3 h. The mixture was concentrated
under reduced pressure. The residue was poured in 10% hydrochloric acid aqueous solution
(1000 ml), stirred intensively for 3 h and separated by filtration. The solid was alkalized with
10% Na2COs aqueous solution (1000 ml), stirred for 1 h and separated by filtration to give

compound as a white crystal, affording 55% yield as a white amorphous solid.

Step-V: 1. (1-chloro-1, 2-dihydrophthalazin-6-yl) methanol

o Cl
HO —N Chlorination HO —=N
6-(hydroxymethyl)phthalazin-1(2H)-one (1-chloro-1,2-dihydrophthalazin-6-yl)methanol

Step 1V (a) compound (17.5 g, 0.07 mol) was added to a stirred solution of POClI;
(170 ml) and CH3CN (80 ml) at room temperature, and then 3 drops of DMF were added to

the mixture. The reaction mixture was heated to 90 °C for 3 h. The mixture was concentrated
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under reduced pressure. The residue was poured into ice water (500 ml), alkalized with a
10% Na»COs aqueous solution to pH 7-8 and separated by filtration to give compound as a
red solid, affording 85% vyield.

Step-V: 2. Ethyl 1-chloro-1, 2-dihydrophthalazine-6-carboxylate

ITe cl

NH POCI NH
|
|/O —=N Chlorination I/O _=N

CHg © CHg o
ethyl 1-oxo-1,2-dihydrophthalazine-6-carboxylate ethyl 1-chloro-1,2-dihydrophthalazine-6-carboxylate

Step IV compound (17.5 g, 0.07 mol) was added to a stirred solution of POCls (170
ml) and CH3CN (80 ml) at room temperature, and then 3 drops of DMF were added to the
mixture. The reaction mixture was heated to 90 °C for 3 h. The mixture was concentrated
under reduced pressure. The residue was poured into ice water (500 ml), alkalized with a
10% Na»COs aqueous solution to pH 7-8 and separated by filtration to give compound as a
red solid, affording 85% vyield.

Step-VI: 1. Synthesis of final compound

cli
R
HNT
'T'H isopropranol
HO N NH
= substituted aniline |
(1-chloro-1,2-dihydrophthalazin-6-yl)methanol HOo —N

Product from step VV 1 (0.181 g, 0.7mmol) & substituted aniline (0.177 g, 0.7 mmol)
in isopropanol (20 ml) was heated at reflux and stirred for 4 h. The white solid was filtered

while hot, recrystallized from methanol or DMF to give product, affording 80% yield.

Step-VI: 2. Synthesis of final compound

Cl
R
HN"
’T‘H isopropanol
NH
o N
= substituted aniline |
o _—=N
CHs; O |/
ethyl 1-chloro-1,2-dihydrophthalazine-6-carboxylate CHg o

Product from step V 2 (0.181 g, 0.7 mmol) & substituted aniline (0.177 g, 0.7 mmol.)
in isopropanol (20ml) was heated at reflux and stirred for 4 h. The white solid was filtered

while hot, recrystallized from methanol or DMF to give product, affording 85% vyield.
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Physicochemical Data of Synthesized Aminophthalazine Derivatives

Table: Physicochemical Data of Synthesized Aminophthalazine Derivatives

Comp. Structure of Synthesized . Molecular Molecular
No. Compound Chemical Name of Compound formula weight
F
HN’ i “F | ethyl 1-[(3, 5-difluorophenyl) amino]
1 Ny phthalazine-6-carboxylate CurH1F2Ns0, | 329.30
rO /l\‘l
by
Br Br
" thyl 1-[(2, 4, 6-tribromophenyl)
ethyl 1-[(2, 4, 6-tribromopheny
2 i o amino] phthalazine-6-carboxylate CurH12BrsNa0z | 530.00
rO N
CHy O
Br
Q {1-[(4-
3 bromophenyl)amino]phthalazin-6- C1sH11FCN3O 303.72
XN yl}methanol
\
HO N
Cl
F
{1-[(3-chloro-4-
4 HN fluorophenyl)amino]phthalazin-6- C1sH12BrNzO 330.19
N yl}methanol
HO /l\‘l

Table: Physicochemical Data of Synthesized Aminophthalazine Derivatives

Clglrg-p. Nature Colour Solubility p'(\)’:f]l“([}g) Yield (%) V;Ees
1 Solid Light brown DMSO 208-210°C 90% 0.40
2 Solid Light brown DMSO 180-182°C 85% 0.48
3 Solid Dark brown DMSO 186-188°C 82.2% 0.58
4 Solid Dark brown DMSO 188-190°C 80% 0.50
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5.2. SYNTHESIS OF QUINAZOLINE DERIVATIVES

5.2.1. Synthesis of N-[2-(4-methylphenyl)-4-(substituted aniline)-3, 4-dihydro
guinazolin-6-yl] acetamide
Scheme for Synthesis of Proposed Compounds

H3C\|¢O
N I
OH
H,C o}
\’% o o) NH
HN |
OH cl o
+ Pyridine
—_—
NH, HiC
5-acetamido-2-aminobenzoic acid 4-methylbenzoyl chloride 5-acetamido-2-(benzoylamino)benzoic acid

Reflux 3h Acetic anhydride

N-[2-(4-methylphenyl)-4-ox0-3,4-dihydroquinazolin-6-yllacetamide N-[2-(4-methylphenyl)-4-ox0-4H-3,1-benzoxazin-6-yl]lacetamide

Reflux 3h j N,N dimethyl formamide

HsC o
\[4 al
HN ; il
NH Substituted Aniline
Reflux 4h
_ Ux
N

CHy

N-[4-chloro-2-(4-methylphenyl)-3,4-dihydroqui

nazolin-6-yljacetamide N-[2-(4-methylphenyl)-4-(substituted aniline)

-3,4-dihydroquinolin-6-ylJacetamide
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Table: Synthesized Compounds

H;C
HN
NN
=
N
CHy
Compound .
Cg de R Resulting Structure
BN
HsC o
N HN
cl Cl
HN
1 N
=
cl N
CHj
N-{4-[(2,5-dichlorophenyl)amino]-2-(4-methylphenyl)quinazolin-6-yl}acetamide
Cl
Cl
HsC 0
al Cl Y HN
HN Cl
=
N
Cl
CHj
N-{2-(4-methylphenyl)-4-[(2,4,6-trichlorophenyl)amino]quinazolin-6-yl}acetamide
Cl
Cl
HsC 0
Cl \f HN al
Cl
HN
3 SN
=
cl N
CHgy
N-{2-(4-methylphenyl)-4-[(2,4,5-trichlorophenyl)amino]quinazolin-6-yl}acetamide
[¢]
“4—
cl ~o
o HsC_ O
Il N \(/ HN
Cl N\o' HN “
=
N
Cl
CHg

N-{4-[(2,6-dichloro-4-nitrophenyl)amino]-2-(4-methylphenyl)quinazolin-6-yl}acetamide
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Procedure for the synthesis of quinazoline derivatives:

Step I: Synthesis of 5-acetamido -2 (benzoylamino) benzoic acid:

H3C

g i
HN |
OH cl
+
NH; HC

3

5-acetamido-2-aminobenzoic acid

4-methylbenzoyl chloride

Pyridine
—_—

5-acetamido-2-(benzoylamino)benzoic acid

5-acetamido-2-aminobenzoic acid (22mmol, 3.43g) and 4-methyl benzoyl chloride (22mmol,

3.40g) were stirred with pyridine (80ml) at room temperature for 6h. The solvent removed

under reduced pressure, the obtained solid was washed with acid water. Filter the crystalline

residue, washed with water, dried and then recrystallized from ethanol, affording 80% yield

as a white solid.

Step I1I: Synthesis of N-[2-(4-methylphenyl)-4-ox0-4H-3, 1-benzoxazin-6-yl] acetamide:

H,;C
H3C

Reflux 3h
)

5-acetamido-2-(benzoylamino)benzoic acid

_~-O

\I¢O o
HN i i
OH Acetic anhydride HN o
_—
NH >
N
CH

N-[2-(4-methylphenyl)-4-ox0-4H-3,1-benzoxazin-6-yl]Jacetamide

3

Product obtained from previous step (20mmol, 5.79g) was heated under reflux in acetic

anhydride (100ml) for 3h.The obtained solid was then filtered while hot and dried. 65% yield

was obtained with grey color solid.

Step I11: Synthesis of N [2-(4methylphnyl)-4-ox0-4H-3, 1-benzoxazin-6yl] acetamide:

Formamide

o
HN ,
o - =
reflux 3h
=
N
CHj

N-[2-(4-methylphenyl)-4-ox0-4H-3,1-benzoxazin-6-ylJacetamide

H3C _~0

O
I

HN
NH
=
N
CH,

N-[2-(4-methylphenyl)-4-ox0-4H-3,1-benzoxazin-6-yl]acetamide
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N-[2-(4-methylphenyl)-4-ox0-4H-3, 1-benzoxazin-6-yl] acetamide (10mmol, 2.71g) was
heated with formamide (50ml) under reflux for 3h.Then, cooled, filtered the solid while hot

and dried. The yield of 59% was obtained with a white color solid.

Step IV: Synthesis N-[4-chloro-2-(4-methylphenyl) 3, 4-dihydroquinazolin-

6yl]acetamide

H;C
N,N DMF,thionyl Chloride

CH3
N-[2-(4-methylphenyl)-4-oxo-3,4-dihydroquinazolin-6-ylJacetamide N-[4-chloro-2-(4-methylphenyl)-3,4-dihydroquinazolin-6-yljacetamide

N [2-(4methylphnyl)-4-ox0-4H-3, 1-benzoxazin-6yl]acetamide (0.38mol, 102g) was stirred
with thionyl chloride (500ml). Then, added 20ml DMF slowly and heated to reflux for 4h.
Excess of thionyl chloride was removed under pressure and chloroform (500ml) added in it.
Washed twice with sodium carbonate (100ml) and water (100ml), filtered and dried over

Na2Sos, affording the 61% yield as a reddish yellow solid.

Step V: Synthesis of N-[2-(4-methylphenyl)-4-(substituted aniline)-3, 4-dihydro

guinazolin-6-yl] acetamide:

H;C
H,C 3 /O
3 0O al _ o ﬁ/
Substituted aniline in isopropanol
= HN
HN
NH reflux 3h NH
/
/
CHj CHg
N-[4-chloro-2-(4-methylphenyl)-3,4-dihydroqui N-[2-(4-methylphenyl)-4-substituted aniline
nazolin-6-yl]Jacetamide 3,4 -dihydroquinazolin-6-yllacetamide

N-[4-chloro-2-(4-methylphenyl)-3, 4-dihydroquinazolin-6yl] acetamide (0.7mmol, 0.1819)
and substituted aniline (0.7mmol, 0.177g) in an isopropanol (20ml) was then heated to reflux
and stirred for 3h. The yellow solid was filtered while hot and recrystallized from methanol

or DMF. 78% yield was obtained with reddish yellow color solid.

All the compounds were found to be soluble in DMSO. The mobile phase for thin

layer chromatography was with n-Hexane: Ethyl Acetate: Methanol in varying proportions.
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Table: Physicochemical properties of synthesized Quinazoline derivatives

coie | formia | Color | Nawre| mwa | PRHG | YRR
1 | CosHisCLNsO F;/ee‘fﬁ)'\fvh Solid |437.32| 230 | 79% | 034
2 | CasHICENGO F;/ee‘fﬁ)'\fvh Solid |471.76 | 230 | 70% | 032
3 | CusHiClkNsO F;Z‘fg'\fvh solid 47176 | 7% | 2% | 024
4 | CasHuCLNsOs F;i‘fﬁ)'\fvh Solid |482.31| 500 | 74% | 043

5.2.2. Synthesis of N-[2-(4-methylphenyl)-4-(substituted aniline)-3, 4-dihydro

guinazolin-6-yl] acetamide

oo
”’“:f“ o a md/tm

) ] ] S-acetamido -2({benzoylamimao)
S-acetamido-2-amino Lmethyl benzoyl benzoic acid
benzoic acid chloride

Reflux 3 h_J Acetic anhydride

e O
N [244methviphenyvl}-4-oxo-3.4 dihvdro quinazo N-[2-(4-methylphenyl)-4-oxo-4H-3,

I-hc\r/__o o m:",rgn o
RS oy T T o

line-6-y1] acetamide : N.Ndimethyl 1-benzoxazin-6-y¥l] acetamide:

Feflux 3 hl i
2 formamide TP

HM = CH
subsnruted aniline | > .
O\”L\ = fl”“\
Reflux 4 h Ty

N-[2-(4-methviphenyl)-4-(substituted aniline)-
N-[4-chloro-2-(4-methviphenyl) 3, 4- '

3, 4-dihvdro quinazolin-6-vl] acetamide:
dihvdroquinazoln-6vl]acetamide

R=1] 4-chloro,2-nitro aniline R=2] 3-nitro aniline
R=3] 3,5 dichloro aniline R=4] 2,6 dibromo,4-nitro aniline
R=5] 2-iodo aniline
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Table: Synthesized Compounds

[ ”
IN R ,u"i'*'.:;-N
Lol 8k s
I
~
C.
Code R
o "
”* ci Jl ™
P N
1 O j@/
HaoN

N-{2 (4-methylphenyl)-4-[(4-chloro,2-nitro phenyl)amino]quinazoline-6-

3-nitro aniline

yl}acetamide
9 e e,
!\!‘ NH. “ S
o ’ T | . &M.
2 \©/ LI Y o
1

—— S e

N-{2 (4-methylphenyl)-4-[(3-nitro phenyl) amino] quinazoline-6-
yl}acetamide

Cl NH
3 \@/
Cl

3,5 dichloro aniline

N-{2 (4-methylphenyl)-4-[(3,5dichloro phenyl) amino]quinazoline-6-

yl}acetamide

2,6 dibromo 4-nitro aniline

N-{2 (4-methylphenyl)-4-[(2,6 dibromo ,4 nitro phenyl) amino]quinazoline-

6-yl}acetamide
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LT -
2-iodo aniline N-{2 (4-methylphenyl)-4-[(2-iodo phenyl) amino] quinazoline-6-yl}
acetamide

Procedure for the synthesis of quinazoline derivatives
Step I: Synthesis of 5-acetamido -2-(benzoylamino)benzoic acid:

5-acetamido-2-aminobenzoic acid (22mmol, 3.43g) and 4-methyl benzoyl chloride (22mmol,
3.409) were stirred with pyridine (80ml) at room temperature for 6h. The solvent removed
under reduced pressure, the obtained solid was washed with acid water. Filter the crystalline
residue, washed with water, dried and then recrystallized from ethanol, affording 80% yield

as a white solid.

\I&o o
HN
OH
H3C
—0O
Y © o NH
HN
OH cl o —oO
Pyridine
+ _ yndne _
NH H3C

2

5-acetamido-2-aminobenzoic acid 4-methylbenzoyl chloride 5-acetamido-2-(benzoylamino)benzoic acid

Step I1I: Synthesis of N-[2-(4-methylphenyl)-4-0x0-4H-3, 1-benzoxazin-6-yl]

acetamide:

Product obtained from previous step (20mmol, 5.79g) was heated under reflux in acetic
anhydride (100ml) for 3h.The obtained solid was then filtered while hot and dried. 72%yield

was obtained with grey color solid.

o N\W/O/ Formamide o N\
— -
P 5 NH
N
N N
e} O

N-[2-(4-methylphenyl)-4-ox0-4H-3, 1-benzoxazin-6-yl] acetamide N [2-(4methylphenyl)-4-0x0-3,4 dihydroquinazoline-6-yl] acetamide :
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N
OH
acetic anhydride N

NH
)k (o]
o N
o
5-acetamido -2(benzoylamino)benzoic acid N-[2-(4-methylphenyl)-4-ox0-4H-3, 1-benzoxazin-6-yl] acetamide:

Step 11: Synthesis of N [2-(4methylphenyl)-4-0x0-3,4 dihydroquinazoline-6-yl]
acetamide:

N-[2-(4-methylphenyl)-4-ox0-4H-3, 1-benzoxazin-6-yl] acetamide (10mmol, 2.71g) was
heated with formamide (50ml) under reflux for 3h. Then, cooled, filtered the solid while hot
and dried. The yield of 65% was obtained with a white color solid.

%ﬁ Qﬁ@

N-[2-(4-methylphenyl)-4-0x0-4H-3, 1-benzoxazin-6-yl] a de N [2-(4methylphenyl)-4-o0x0-3,4 dihydroquinazoline-6-yl] a

Step 1V: Synthesis N-[4-chloro-2-(4-methylphenyl)3,4-dihydroquinazolin-6yl]

acetamide

N [2-(4methylphenyl)-4-0x0-3,4 dihydroquinazoline-6-yl]acetamide (0.38mol, 102g) was
stirred with thionyl chloride (500ml). Then, added 20ml DMF slowly and heated to reflux for
4h. Excess of thionyl chloride was removed under pressure and chloroform (500ml) added in
it. Washed twice with sodium carbonate (100ml) and water (100ml), filtered and dried over

Na2Sos, affording the 60% yield as a reddish yellow solid.

o)
\ NH — )tN

N N,N DMF
o) AN +thionyl chloride
)]\N

(@)

N [2-(4methylphenyl)-4-0x0-3,4 dihydroquinazoline-6-yl] acetamide :

Cl

N-[4-chloro-2-(4-methylphenyl) 3, 4-dihydroquinazolin-6yl]acetamide
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Step V: Synthesis of N-[2-(4-methylphenyl)-4-(substituted aniline)-3, 4-dihydro

guinazolin-6-yl] acetamide:

N-[4-chloro-2-(4-methylphenyl)-3, 4-dihydroquinazolin-6yl] acetamide (0.7mmol, 0.181Q)

and substituted aniline (0.7mmol, 0.177g) in an isopropanol (20ml) was then heated to reflux

and stirred for 3h. The reddish yellow solid was filtered while hot and recrystallized from

methanol or DMF. 55 % yield was obtained with reddish brown color solid.

N N
(e} N o A
)L substituted aniline
NH P NH
N in isopropanol
H H

N
H
Cl
R
N-[4-chloro-2-(4-methylphenyl) 3, 4-dihydroquinazolin-
6yllacetamide

N-[4-chloro-2-(4-methylphenyl) 3, 4-dihydroquinazolin-6yl]acetamide

All the compounds were found to be soluble in DMSO. The mobile phase for thin

layer chromatography was n-hexane: ethyl acetate: methanol in varying proportion.

Table: Physicochemical properties of synthesized Quinazoline derivatives

S| T o e e | i | |
1| CosHhCINsOs | 00N | golig | aa7g7 | 23> | 53w | 03
2 CasHioNsOs iﬁgﬂ&f‘h Solid | 413.43 2%?3%0 550% | 0.32
3 C2sH16C1N4O '_‘;ﬁg‘\j,\'/f]h Solid | 437.32 22871%(': 520 | 027
4 | CysHi7BraNsOs iﬁgﬂ&f‘h Solid | 571.22 3%%%'(: 54% | 0.39
5 C2sH1sIN4O Fiﬁ‘i‘\jl\'/f]h Solid | 494.33 3%%'(: 53% | 0.42
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5.3. SYNTHESIS OF 4-ANILINOQUINAZOLINE DERIVATIVES

Scheme for Synthesis of 4-Anilinoquinazoline

|
o N ] o ]
3 + /@ACI magnetic stiring 6h  H3C OH
ClJ NH; HyC o) NH
R, | R
CHj CH, 1 —0
2-amino-4,5-dimethoxy 4-methylbenzoyl chloride
benzoic acid
H5C
reflux3h | acetic anhydride
0 |
HaC™ NH s °
f id 3
_ ormamide
? N reflux 3h o N
CHy; Ry I R
CHg CHy 1t
CHj
R3
R, Ra
reflux 4h | N,N-dimethylformamide
NH R
cl o ! °
6
/O ~ XN
HsC XN isopropanol
=
= reflux 2h O N
(@) N | R
| R CHs 1
CHg3 1 CHs
CHj3
4-chloro-6,7-dimethoxy-2-(4-methylphenyl)
quinazoline
Where,
R1=H or OCHs.

139



Table: 6.1.1 Structures of synthesized compounds.

C(l)\lrgp. Ri|R2| R3|Rsa| Rs | Rs Structure
F
17
H3C/O XN
1 H|{F|H|H|H]|H _
(ID N
CH; R
CHg
6,7-dimethoxy-2-(methylphenyl)-N-(2-flurophenyl) quinazoline-
amine
Cl
NH : Cl
H3C/o XN
2 H|{CI|H|H|CI|H _
CI) N
CHy R
CHg
6, 7-dimethoxy-2-(methylphenyl)-N-(2,5-dichlorophenyl)
quinazoline-amine
Cl cl
NH : Cl
H3C/O =N
3 H|{CI|H|CI|CI|H o NZ
CH; Ru
CHs
6,7-dimethoxy-2-(methylphenyl)-N-(2,4,5-trichlorophenyl)
quinazoline-amine
Cl cl
AT
Cl
H3C/O XN
4 H|{CI|H|CI|H]|CI
=
cIJ N
cH; FRa

CHs
6,7-dimethoxy-2-(methylphenyl)-N-(2,4,6-trichlorophenyl)
quinazoline-amine
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General procedure for Preparation of derivatives
STEP I: 4, 5-dimethoxy-2[(4-methylbenzoyl) amino] benzoic acid. (1)

2-amino 4, 5-dimethoxy benzoic acid (20 mmol, 3.43g) and 4-methylbenzoyl chloride
(22 mmol, 3.40 g) were stirred at room temperature in pyridine (8ml) for 6 h. The solvent
was removed under reduced pressure; the obtained residue was washed with acidulated
water, filtered, washed with water, dried, and recrystallized from ethanol, affording 60%

yield as white solid.
STEP 11: 6, 7-dimethoxy-2(4-methylphenyl) quinoline-4(3H)-one. (2)

A benzoic acid derivative (1) (20 mmol, 5.79g) was heated under reflux in acetic
anhydride (100 ml) for 3 h. The solid obtained was filtered while hot and dried, obtained in
55% vyield.

STEP I111: 6, 7-dimethoxy-2(4-methylphenyl) quinazoline-4(3H)-one. (3)

Benzoxazine (2) (10 mmol, 2.71g) was heated under reflux in formamide (50 ml) for 3
h. The solid obtained was filtered while hot and dried, obtained in 55% yield.

STEP 1V: 6, 7-dimethoxy-2(4-methylphenyl) quinazoline. (4)

6, 7-dimethoxy 2-(4-methylphenyl) quinazoline-4(3H) one (3) (24, 102g, 0.38 mol) was
added to thionyl chloride (500 ml) with magnetic stirring. DMF (20 ml) was then slowly
added drop wise and the mixture was heated to reflux for 4 h. Most of the excess of thionyl
chloride was then removed under reduced pressure and the yellow residue was dissolved in
chloroform (500 ml), washed with a saturated solution of sodium carbonate (2x100 ml) and
water (2x100 ml), and dried (Na2SO4). The chloroform was then removed under reduced
pressure to give an off-white powder, which was recrystallized from ethyl acetate to give the

product, affording 60% yield.
STEP V: 6, 7-dimethoxy-2(4-methylphenyl) 4-anilinoquinazoline. (5)

Product from step IV (0.181g, 0.7mmol) and substituted aniline (0.177g, 0.7mmol.) in
isopropanol (20ml) was heated at reflux and stirred for 4 h. The white solid was filtered

while hot, recrystallized from methanol or DMF to give product, with 50% yield.
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Table: Physicochemical data of synthesized 4-anilinoquinazoline derivatives

Comp. Code | Nature Color Mol. Formula | Mol. Weight | Rf value | M.P. (°C) | Yield (%0)
1 Solid | Light yellow | Ca3Hz0FN3O, 389.42 0.72 280°C 70.56%
2 Solid | Light yellow | Cz3H1sCl2N3O; 440.32 0.69 292°C 60.34%
3 Solid | Light yellow | Cz3H1sClsN3O; 474.76 0.62 297°C 55.78%
4 Solid | Light yellow | Co3HisClsN3O2 474.76 0.68 299°C 55.89%
5.4. SYNTHESIS OF PYRIDOPYRIMIDINE DERIVATIVES
Scheme for Synthesis of pyrido[2,3-d]pyrimidine derivatives:
Scheme-|
COOH COOCH COOCH
| N SOCl,,CH,OH A 3 Benzoyl chloride, CHCI, | X s
—_— £ O e
_ Reflux | _ (C,Hy):N _—
N NH, N NH, N NH
1 2 3 0”
2M NH/\H,0H
CH,OH
cl
I
NN POCI, AN NH
N & = |
N N N
N N
5 4

Scheme for Synthesis of 2-phenyl-N-(substituted phenyl) pyrido[2,3-d]pyrimidin -4-

amine derivatives (6a-r):-
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Scheme - 11
Cl
X XN
/ =
N N
5

R
HN
R'NH, XTORXN
f
(C,H;);N,DMF N/ N/
6 a-r

Table: - Structure of 2-phenyl-N-(substituted phenyl) pyrido[2,3-d] pyrimidin-4-amine
(6a-r):-

N-(2-Fluorophenyl)-2-phenylpyrido[2,3-d]pyrimidin-4-amine

143



6c

4-Cl

N-(4-Chlorophenyl)-2-phenylpyrido[2,3-d]pyrimidin-4-amine

6d

2-Cl

e

(@]
X XN

= Z
N N

N-(2-Chlorophenyl)-2-phenylpyrido[2,3-d]pyrimidin-4-amine

6e

4-Br

or
HN

X XN

AR
N~ N

N-(4-Bromophenyl)-2-phenylpyrido[2,3-d]pyrimidin-4-amine

6f

2-Br

pe

Br

N-(2-Bromophenyl)-2-phenylpyrido[2,3-d]pyrimidin-4-amine

144




69

4-CF

HN
@\A\”
= =
N

N

2-Phenyl-N-(4-(trifluoromethyl)phenyl)pyrido[2,3-
d]pyrimidin-4-amine

6h

4-CH

HN

X XN

= =
N N

2-Phenyl-N-(p-tolyl)pyrido[2,3-d]pyrimidin-4-amine

6i

3-CH

CHj3

HN

X XN

4 =

2-Phenyl-N-(m-tolyl)pyrido[2,3-d]pyrimidin-4-amine

6j

2-CH

2-Phenyl-N-(o-tolyl)pyrido[2,3-d]pyrimidin-4-amine
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6k

4-OCH,

N-(4-Methoxyphenyl)-2-phenylpyrido[2,3-d]pyrimidin-4-

amine

6l

3-OCH,

OCH,

N-(3-Methoxyphenyl)-2-phenylpyrido[2,3-d]pyrimidin-4-

amine

6m

2-OCH,

H5CO ::
HN
@\A\”
= /)\@
N

N

N-(2-Methoxyphenyl)-2-phenylpyrido[2,3-d]pyrimidin-4-

amine

6n

4-OH

OOH
HN

4-((2-Phenylpyrido[2,3-d]pyrimidin-4-yl)amino)phenol
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60

2-OH

2-((2-Phenylpyrido[2,3-d]pyrimidin-4-yl)amino)phenol

6p

4-NO

NO,
HN" :

N-(4-Nitrophenyl)-2-phenylpyrido[2,3-d]pyrimidin-4-amine

6q

3-NO

NO,

S
P

N N

N-(3-Nitrophenyl)-2-phenylpyrido[2,3-d]pyrimidin-4-amine

or

2-NO

HN
I
= /)\@
N N

N-(2-Nitrophenyl)-2-phenylpyrido[2,3-d]pyrimidin-4-amine
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Scheme for Synthesis of 4-(2-(substituted benzylidene)hydrazineyl)-2-phenylpyrido[2,3-
d]pyrimidine derivatives (7a-p):-

Scheme - 111 N
R

NHNH , R'CHO, |

N

[Pd(cinnamyl)CI1,, ™ NN cycloh exane

-~
(f\ ___MorDalphos _ (C Hg);N HIN
NaOtBu N,H,
= =
N N

Table: - Structure of 4-(2-(substituted benzylidene)hydrazineyl)-2-phenylpyrido [2,3-

d]pyrimidine (7a-p):-

4-(2-(4-Fluorobenzylidene)hydrazineyl)-2-phenylpyrido[2,3-
d]pyrimidine
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7c

2-Cl

4-(2-(2-Chlorobenzylidene)hydrazineyl)-2-phenylpyrido[2,3-
d]pyrimidine

7d

2,4-Cl

4-(2-(2,4-Dichlorobenzylidene)hydrazineyl)-2-
phenylpyrido[2,3-d]pyrimidine

Te

4-CF

4-(2-(4-(Trifluoromethyl)benzylidene)hydrazineyl)-2-
phenylpyrido[2,3-d]pyrimidine

7f

4-OH

4-((2-(2-Phenylpyrido[2,3-d]pyrimidin-4-
yl)hydrazineylidene)methyl)phenol
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g

2,3-OH

3-((2-(2-Phenylpyrido[2,3-d]pyrimidin-4-
yl)hydrazineylidene)methyl)benzene-1,2-diol

7h

2-OCH,

4-(2-(2-Methoxybenzylidene)hydrazineyl)-2-phenylpyrido[2,3-
d]pyrimidine

7i

3-OCH,

ﬁ‘ :: “OCH,

_N

HN

o
AR
N

N

4-(2-(3-Methoxybenzylidene)hydrazineyl)-2-phenylpyrido[2,3-
d]pyrimidine

7

3,4,5-
OCH

OCH
OCH,

OCH 4

2-Phenyl-4-(2-(3,4,5-trimethoxybenzylidene) hydrazineyl)-
pyrido[2,3-d]pyrimidine
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4- | XN
7 OCOCH, NT N/)\©
4-((2-(2-Phenylpyrido[2,3-d]pyrimidin-4-yl) hydrazineylidene)-
methyl)phenyl acetate
OH
_N
HN
. 3-OCH,, | XX
2-Ethoxy-4-((2-(2-phenylpyrido[2,3-d]pyrimidin-4-yl)
-hydrazineylidene)methyl) phenol
I
_N
HN
m
CH,C.H, N H\@
4-(2-(4-Benzylbenzylidene)hydrazineyl)-2-phenylpyrido[2,3-
d]pyrimidine
/N
HN
X XN
7n 3-NO

4-(2-(3-Nitrobenzylidene)hydrazineyl)-2-phenylpyrido[2,3-
d]pyrimidine
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HO
_N
HN
2-OH, | o Xy
7
4-Nitro-2-((2-(2-phenylpyrido[2,3-d]pyrimidin-4-
yl)hydrazineylidene)methyl)phenol
CHg
|
ﬁ e
I
_N
HN
7p N B
N(CH,), = N)\©
N,N-dimethyl-4-((2-(2-phenylpyrido[2,3-d]pyrimidin-4-
yl)hydrazineylidene)methyl) —aniline

Scheme for Synthesis-

Scheme-|

COOH

_ Reflux
N NH,

1

| N SOCl,,CH,OH
_—

COOCH COOCH 5
| X 3 Benzoyl chloride, CHCI, | X
C,H.),N - _
_— (CoHs)s
N NH, N NH
=
2 3 °
2M NH oy
CH,OH
i
4 POCI, | X NH
= =
N N
4
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Synthesis of methyl 2-aminonicotinate (2)-

COOH COOCH 5
SOCI,,CH,OH N
> Reflux _
N~ NH, N~ NH,
1 2

2-Aminopyridine 3-carboxyllic acid (13.8g, 0.1 mole) was dissolved in 400 mL of
anhydrous methanol, to this solution thionyl chloride (11.8mL, 14.03g, 0.1 mole) was added
drop wise for half hour with constant stirring. On complete addition, it was refluxed for
twelve hours after which the reaction mixture was cooled to room temperature. The solvent
from the mixture was evaporated under vacuum and remaining residue was dissolved in
chloroform. The chloroform layer was collected and washed with 5% hydrochloric acid and
10% sodium bicarbonate followed by water. This layer was further dried over sodium

sulphate and concentrated to give methyl 2-aminonicotinate.

Synthesis of methyl 2-benzamidonicotinate (3)-

(\/[COOCH 3
COOCH |
AN 3 benzoyl chloride, CHCI, -~ N/ NH
| P (CoHN
NS
\O

N NH,

To a solution of methyl 2-aminonicotinate (7.60g, 0.5 mole) in 50 mL chloroform
was added triethylamine (2.5 mL, 0.2 mole). To this solution benzoyl chloride (3.04 mL,
2.229, 0.02 mole) in chloroform was added drop wise over a period of one hour with
continues stirring. It was further stirred on room temperature for next twenty hours. After that
the mixture was filtered to remove any residue formed, the solution was washed with 10%
sodium bicarbonate and 5% hydrochloric acid. It was further treated with ethyl acetate in

presence of hexane to give methyl-2-benzamidonicotinate as solid product.
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Synthesis of 2-phenylpyrido[2,3-d]pyrimidin-4(3H)-one (4)-

. COOCHs N
| N 2M NH,/CH,OH, _ X | NH
%O NaOH | N/ N/
3 4

Compound 3 (5.12g, 0.02 mole) was dissolved in 10 mL of methanol and to this a
28% solution of ammonium hydroxide was added. This mixture was then heated for five
hours and then 40 mL of sodium hydroxide was added with vigorous stirring followed by
refluxing for twelve hours. It was allowed to cool down to room temperature leading to
formation of a precipitate which was further filtered and dried to obtain white solid as 2-
phenylpyrido[2,3-d]pyrimidin-4(3H)-one.

Synthesis of 4-chloro-2-phenylpyrido[2,3-d]pyrimidine (5)-

o Cl
[jﬁij:j\\NH POCI, [jQij:jL§
N N’J\\[:::] ] N NéJ\\[:::]
4

N
)

Compound 4 (2.23 g, 0.01 mole) was refluxed with phosphorus oxychloride for five
hour during which all the starting material was dissolved and utilized. Excess of phosphorus
oxychloride was removed under vacuum and the remaining residue was poured in ice-cold
water and chloroform. The chloroform layer was separated and treated with sodium
bicarbonate, The chloroform layer was further washed with brine and then purified using
silica gel column with chloroform as an eluent to provide 4-chloro-2-phenylpyrido[2,3-

d]pyrimidine.
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General Synthesis of 2-phenyl-N-(substituted phenyl) pyrido[2,3-d] pyrimidin-4-amine
derivatives (6a-r)-

Scheme-ll

R'NH,

ﬁk T hﬁ |
/ 573 /

Compound 5 was reacted with various anilines in 4 mL of dry DMF, to this solution
86 microliters of diisopropylamine (DIPA) was added and heated over a period of three to six
hours. This reaction mixture was cooled to room temperature and residue was filtered out and
purified using column chromatography to yield respective derivatives. Total eighteen

derivatives were synthesized, these compounds are enlisted as follows;

1. N-(4-Fluorophenyl)-2-phenylpyrido[2,3-d]pyrimidin-4-amine (6a)-
2. N-(2-Fluorophenyl)-2-phenylpyrido[2,3-d]pyrimidin-4-amine (6b)-
3. N-(4-Chlorophenyl)-2-phenylpyrido[2,3-d]pyrimidin-4-amine (6c)-
4. N-(2-Chlorophenyl)-2-phenylpyrido[2,3-d]pyrimidin-4-amine (6d)-
5. N-(4-Bromophenyl)-2-phenylpyrido[2,3-d]pyrimidin-4-amine (6e)-

6. N-(2-Bromophenyl)-2-phenylpyrido[2,3-d]pyrimidin-4-amine (6f)-

\‘

. 2-Phenyl-N-(4-(trifluoromethyl)phenyl)pyrido[2,3-d]pyrimidin-4-amine (6g)-

o

. 2-Phenyl-N-(p-tolyl)pyrido[2,3-d]pyrimidin-4-amine (6h)-
9. 2-Phenyl-N-(m-tolyl)pyrido[2,3-d]pyrimidin-4-amine (6i)-
10. 2-Phenyl-N-(o-tolyl)pyrido[2,3-d]pyrimidin-4-amine (6j)-
11. N-(4-Methoxyphenyl)-2-phenylpyrido[2,3-d]pyrimidin-4-amine (6K)-

12. N-(3-Methoxyphenyl)-2-phenylpyrido[2,3-d]pyrimidin-4-amine (6l)-
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13. N-(2-Methoxyphenyl)-2-phenylpyrido[2,3-d]pyrimidin-4-amine (6m)-
14. 4-((2-Phenylpyrido[2,3-d]pyrimidin-4-yl)amino)phenol (6n)-

15. 2-((2-Phenylpyrido[2,3-d]pyrimidin-4-yl)amino)phenol (60)-

16. N-(4-Nitrophenyl)-2-phenylpyrido[2,3-d]pyrimidin-4-amine (6p)-

17. N-(3-Nitrophenyl)-2-phenylpyrido[2,3-d]pyrimidin-4-amine (6q)-

18. N-(2-Nitrophenyl)-2-phenylpyrido[2,3-d]pyrimidin-4-amine (6r)-

Scheme-lll L

R

R'CHO, |

[Pd(cinnamyl)CI}, AN Cyclohexane _N

Cl
@5\ MorDaIphos
NaOtBu, N,H,
’ @ E] ff
7a-p

Synthesis of 4-hydrazineyl-2-phenylpyrido[2,3-d] pyrimidine (6)-

This reaction was carried out in an inert atmosphere glove box, a PTFE septum
capped vial was injected with analytical grade toluene, to this was added a mixture of
palladium(z-cinnamyl)chloride ([Pd(cinnamyl)CI]2) (2.5 mol%) and Di(1-adamantyl)-2-
morpholinophenylphosphine (MorDalphos) (5.5 mol%), this mixture was stirred for ten min.
subsequently sodium tert-butoxide (1.5 mol%) was added and care was taken that the solids
should not form. After removal from the glove box, 4-chloro-2-phenylpyrido[2,3-
d]pyrimidine (2.5 mol) and hydrazine hydrate (2.5 mol) was added via syringe and stirred for
another five hour. The completion was observed over a TLC with reaction solution
withdrawal at every twenty min interval. On completion of reaction the solution from tube
was filtered and washed with dichloromethane: methanol system for three times and then

with brine and dried over sodium sulphate. The product (4-hydrazineyl-2-phenylpyrido[2,3-
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d] pyrimidine) obtained was stored in amber colored vacuum sealed bottles and used within
twelve hours of synthesis.

General Synthesis of 4-(2-(substituted benzylidene)hydrazineyl)-2-phenylpyrido[2,3-
d]pyrimidine (7a-p)

Compounds 7a-p was obtained from the reaction of compound 6 with various
aldehydes to obtain various derivatives. In 4 mL of cyclohexane4-hydrazineyl-2-
phenylpyrido[2,3-d] pyrimidine (1 mmol. eq.) was mixed and stirred continuously. To this
solution aldehyde (1 mmol. eq.) was added followed by catalytic amount of triethylamine.
The mixture was stirred at 35-40 °C for four to seven hour depending on the completion of
reaction as determined by TLC. This reaction mixture was cooled to room temperature and
residue was filtered out and purified using column chromatography to yield respective
derivatives. Total sixteen derivatives were synthesized; these compounds are enlisted as

follows;

1. 4-(2-Benzylidenehydrazineyl)-2-phenylpyrido[2,3-d]pyrimidine(7a)-

2. 4-(2-(4-Fluorobenzylidene)hydrazineyl)-2-phenylpyrido[2,3-d]pyrimidine (7b)-

3. 4-(2-(2-Chlorobenzylidene)hydrazineyl)-2-phenylpyrido[2,3-d]pyrimidine (7c)-

4. 4-(2-(2,4-Dichlorobenzylidene)hydrazineyl)-2-phenylpyrido[2,3-d]pyrimidine (7d)-

5. 4-(2-(4-(Trifluoromethyl)benzylidene)hydrazineyl)-2-phenylpyrido[2,3-d] pyrimidine
(7e)-

6. 4-((2-(2-Phenylpyrido[2,3-d]pyrimidin-4-yl)hydrazineylidene)methyl) phenol (7f)-

7. 3-((2-(2-Phenylpyrido[2,3-d]pyrimidin-4-yl)-hydrazineylidene)-methyl)- benzene -1,2-
diol (79)-

8. 4-(2-(2-Methoxybenzylidene)hydrazineyl)-2-phenylpyrido[2,3-d]pyrimidine (7h)-
9. 4-(2-(3-Methoxybenzylidene)hydrazineyl)-2-phenylpyrido[2,3-d]pyrimidine (7i)-

10. 2-Phenyl-4-(2-(3,4,5-trimethoxybenzylidene)hydrazineyl)pyrido[2,3-d] pyrimidine
(71)-
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11. 4-((2-(2-Phenylpyrido[2,3-d]pyrimidin-4-yl)hydrazineylidene)methyl) phenyl acetate
(7K)-

12.  2-Ethoxy-4-((2-(2-phenylpyrido[2,3-d]pyrimidin-4-yl)hydrazineylidene)  methyl)
phenol (71)-

13. 4-(2-(4-Benzylbenzylidene)hydrazineyl)-2-phenylpyrido[2,3-d]pyrimidine (7m)-
14. 4-(2-(3-Nitrobenzylidene)hydrazineyl)-2-phenylpyrido[2,3-d]pyrimidine (7n)-

15.  4-Nitro-2-((2-(2-phenylpyrido[2,3-d]pyrimidin-4-yl)hydrazineylidene)  methyl)-
phenol (70)-

16.N,N-dimethyl-4-((2-(2-phenylpyrido[2,3-d]pyrimidin-4-yl)hydrazineylidene) methyl)
-aniline (7p)-

Total eighteen derivatives of 2-phenyl-N-(substituted phenyl) pyrido[2,3-d]

pyrimidin-4-amine (6a-r) were synthesized, these compounds are enlisted as follows:-

2-phenyl-N-(substituted phenyl)pyrido[2,3-d]pyrimidin-4-amine (6a-r)

Table: Substituent of 2-phenyl-N-(substituted phenyl)pyrido[2,3-d] pyrimidin-4-amine
derivatives (6a-r)-

Compound | Functional | Compound Functional | Compound Functional
No. group No. group No. group
6a 4-F 69 4-CF3 6m 2-OCH3
6b 2-F 6h 4-CHs 6n 4-OH
6c 4-Cl Bi 3-CHs 60 2-OH
6d 2-Cl 6) 2-CH3 6p 4-NO>
6e 4-Br 6k 4-OCHj3 6q 3-NO>
6f 2-Br 6l 3-OCHjs 6r 2-NO>
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Compound 5 was further treated with hydrazine hydrate in presence of a mixture of
palladium(z-cinnamyl)chloride ([Pd(cinnamyl)CI]2) (2.5 mol%) and Di(1-adamantyl)-2-
morpholinophenylphosphine ~ (MorDalphos) to  provide  with  4-hydrazineyl-2-
phenylpyrido[2,3-d] pyrimidine 6. Treatment with different substituted aldehydes gave
sixteen derivatives of 4-(2-(substituted benzylidene)hydrazineyl)-2-phenylpyrido[2,3-
d]pyrimidines 7a-p. In the series of compounds (7a-p), the characteristic properties of
derivatives involved singlets at 1.98 ppm corresponding to the methyl group of the acetyl
derivative (7k), singlet at 2.82 ppm of methyl group of the phenyl derivative (7m) and singlet
at 1.8 ppm of methyl group of the dimethyl amine derivative (7p). The methoxy derivatives
(7h), (7i) and (7)) showed a methyl proton at 2.55, 2.53 and 2.51 ppm respectively. In case of
compounds (7f), (79), (71) and (70) showed characteristic -OH singlets at 10.59, 10.59, 10.19
and 10.11 ppm respectively. All compounds were subjected to determination of molecular
weight following a mass spectral analysis; all compounds were found to be in agreement with
the  theoretical  values. Total  sixteen  derivatives  of  4-(2-(substituted
benzylidene)hydrazineyl)-2-phenylpyrido[2,3-d]pyrimidines (7a-p) were synthesized, these

compounds are enlisted as follows:-

N

HN™
AN =
N N

4-(2-(substituted benzylidene)hydrazineyl)- 2-phenylpyrido[2,3-d]pyrimidines (7a-p)
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Table: Substituent of 4-(2-(substituted benzylidene)hydrazineyl)-2-phenylpyrido[2,3-

d]pyrimidines (7a-p)-

7a -H 79 2,3-OH m 4-CH,CsHs
7b 4-F 7h 2-OCHjs; n 3-NO
7c 2-ClI 7i 3-OCH3 70 2-OH, 5-NO>
7d 2,4-Cl 7j 3,4,5-OCH3 mp 4-N(CHs)2
Te 4-CF3 7k 4-OCOCH;3

3-0CzHs,4-
7f 4-OH 71

OH
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6. ANTICANCER ACTIVITY
In-vitro Cytotoxicity assay:-
All the compounds (7a-p) were screened in vitro for their In vitro CDK enzyme assay
anti-proliferative activity against two cell lines.
Cytotoxicity Assay:-

In-vitro growth inhibition effect of test compounds (7a-p) was assessed by
colorimetric or spectrophotometric determination by using Sulforhodamine B (SRB) solution
at 0.05% (w/v).

SRB Solution preparation:-

Experimental Drugs (7a-p) were solubilized in dimethylsulfoxide at 100mg/ml and

diluted to Img/ml using water and stored frozen prior to use.
Procedure
In vitro enzyme assay

ICso was calculated using GraphPad Prism version 5 for Windows. The curves were
fit using a nonlinear regression model with a log (inhibitor) versus response formula. The

experiment was performed in duplicates.

Experimental procedure was followed by the manufactured instruction (LANCE,
Perkin Elmer, MA, USA). The reaction was initiated by ATP addition to a mixture
containing the kinase (CDK 2/5), peptide substrates (ULingt-4E-BP), and inhibitors (7a-p).
After 1 hour, EDTA containing solution was added to stop the reaction and phosphorylated
peptides were captured by Eu-labeled anti-phosphopeptide antibodies. After 1-hour
incubation, fluorescence was measured with 320 nm or 340 nm excitation and 665 nm

emission of the Envision reader.
Cell cytotoxicity assay-

ICso was calculated using GraphPad Prism version 5 for Windows. The curves were
fit using a nonlinear regression model with a log (inhibitor) versus response formula. The

experiment was performed in triplicates.
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For viability experiments, cells were seeded in 96-well plates at 30% confluency and
exposed to chemicals the next day. After 72 hours, cells were fixed with 10% TCA
(TriChloroAcetic acid). Then, cells were stained with 0.05% SRB solutions, and 10mM Tris
base is added to solubilize the protein-bound SRB dye. Absorbance at 564nm is measured on

each well and cytotoxicity was calculated as % cell growth inhibition.

% cell survival = {(At-Ab)/ (Ac-Ab)} x100)
Where At, Ab and Ac are absorbance of test, blank and control, respectively.
Result and discussion:-

All the final compounds (7a-p) were tested for their inhibitory activity at 25 nM
against CDK2 and CDKS5; the results of IC50 are mentioned in below Table. Among the final
compounds, compounds with halogens substituted on the R1 position (7b-e) showed higher
inhibition at 25 nM, compounds with acetyl group (7k) showed poor activity in both CDK2
and CDKS5. Disubstituted compounds also showed low inhibition (7g, 7j, 71 and 70),
whereas the phenyl substituent on the R1 position (7m) exhibited poor inhibition of CDK2
and good inhibition of CDKS5 activity. Compounds 7i and 7n showed promising inhibitory
activity and the IC50 in CDK2 (7i: 7.1 £ 2.1; 7n: 2.6 £ 0.1) and CDKS5 (7i: 2.3 £0.5; 7n: 4.7
+1.4).

Table: IC50 evaluation of  4-(2-(substituted  benzylidene)hydrazineyl)-2-
phenylpyrido[2,3-d]pyrimidine (7a-p) compounds:-

ICs0(NM) 1Cs0(NM)
Com Com
o, | R [COKZ T pue 035 No. Ri CDK2/} ~pks) p3s
cyclinA cyclinA

7a -H 17+7 11+7 7i 3-OCHs |7.1+21] 23+05
7b 4-F 15+7 22 +5 7j | 345-OCHs | 50+14 | 26+14
7c 2-Cl | 39+7 32+4 7k | 4-OCOCHsz | 47+6 78 + 16
7d | 24-Cl | 16+8 10 + 4 7l 3'2%2;'5' 96+15 | 65+22
7e | 4-CFs | 16+4 7+8 7m | 4-CHyCeHs |111+14] 28+8
7f 4-OH |55+17| 317 n 3-NO; 26+01| 47+14
79 | 2,3-OH | 28+5 17+7 70 | 2-OH,5-NO;|[163+24| 29+11
7h | 2-OCHs| 53+16 | 93+17 7p 4-N(CH3), | 49+8 72 + 14
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Fig: Graph of 1C50 evaluation of synthesized compounds 7a-p

Further to evaluate the kinase selectivity of these two compounds 7i and 7n, Kinase
selectivity assay was performed (Table-8.2.3.2). Compounds 7i and 7n showed single digit
nanomolar inhibition concentration (IC50) towards CDK2 and CDKS5 (7i: CDK2= 8.2 nM,
CDK5= 3.6 nM), and double digit values of nM concentration for remaining kinase in the
study. To study the growth inhibitory action of these compounds anti-proliferative activity
was carried out on two cell lines, viz., colon cancer cell lines HCT116 and breast cancer cell
lines MCF7. Both the compounds showed the anti-proliferative activity (Table-8.23.3) in the
micromolar concentration range (7i: HCT116= 3.10 uM, MCF7= 3.04 uM and 7n: HCT116=
2.19 uM, MCF7= 2.43 uM). These concentration are quit high for being a good anticancer
drug, possible reasons for this moderate performance may be physicochemical variations or

various other mechanistic reasons which would need to be further studied.

Table: CDK selectivity assay of Compound 7i and 7n

Sr. No. Protein kinase 7i n
1. CDK1/cyclinB(h) 22 nM 25 nM
2. CDK2/cyclinA 8.2nM 3.6 nM
3. CDK4/cyclinD3(h) >1000 nM 500 nM
4. CDK5/p35 9.1nM 8.2nM
5. CDKGe6/cyclinD3(h) >1000 nM >1000 nM
6. CDK7/cyclinH/MAT1(h) 333 nM 371 nM
7. CDKO/cyclin T1(h) 32nM 24 nM
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Fig: Graph of CDK selectivity assay for the compound 7i and 7n.

Table: Anti-proliferative activity of Compound 7i and 7n:-

Cell line
Compound
HCT116 MCF7
7i 3.10 uM 3.04 uM
n 2.19 uM 2.43uM

Conclusion:-

New compounds had been synthesized with an attempt to potentate them by fulfilling

the structural requirement for special biological activity.

The anticancer activity is evaluated by using the software package Schrddinger. The
approach was based on structure based screening of several commercial databases. Glide is
validated software designing for calculating the accurate binding interaction energies of the

3-D structures of a known protein receptor with ligand or another protein molecule.
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The series of 2-phenyl-N-(substituted phenyl) pyrido[2,3-d] pyrimidin-4-amine, 4-(2-
(substituted benzylidene)hydrazineyl)-2-phenylpyrido[2,3-d]pyrimidine and its derivatives
structures were used in order to prepare ligand for glide docking. The co-crystal structure of
compounds was obtained from Protein Data Bank (PDB-ID: 2v58 and 4kd1) in order to
prepare protein for docking studies (using the ‘protein preparation tools’ in glide dock). The
results of the docking studies are presented in the form of glide Score are shown in above
table. From results of glide dock, above ligands fit into the binding pocket of the biotin
carboxylase and it has to be potent antibacterial activity. The ligand structure VP14, VP13,
VP10, VP3, VP20, VP16, VP5, VP19, VP17, VP9, VP8, VP15, VPP12, VP6, VP2,VP18 i.e.
compound 60, 6n, 6r, 6d, 6i, 6m, 6f, 6j, 61, 6¢, 6p, 6k, 7p,6a, 6C, 6h respectively, showed
high docking score on BC. For Kinase inhibitor may be arranged in the following manner:
VPP20> VVP17> VPP9> VP13> VPP1> VPP24> VPP4> VVPP11> VP10 i.e. compound 7j, 6l,
7n, 6n, 7a, 71, 7i, 71, 6r respectively, showed high docking score on CDK.

Total thirty four analogs have been synthesized by using various aldehyde and various
substituted anilines substituents. The synthesized pyridopyrimidine derivatives had been
purified by recrystallization and all the reactions involved in synthesis were monitored using
TLC with Ethyl Acetate: n-Hexane and Ethyl Acetate: Petroleum ether: Methanol (in varying
proportion) as solvent systems. Spectral data of all synthesized compounds were confirmed
by IR Spectra, tHNMR and Mass Spectra. The synthesized pyridopyrimidine analogues were

evaluated for their in vitro antibacterial and anticancer activity.

The series of pyridopyrimidines yielded eighteen compounds (6a-r) that were
characterized on the basis of spectral data. We have synthesized series of pyridopyrimidines
that yielded sixteen compounds (7a-p) which were evaluated for anticancer activity on the
basis of structure based designing with Dinaciclib. Compounds 7i and 7n were found to show
promising activity, 1Cso and kinase selectivity. These compounds also showed moderate anti-
proliferative activity. Kinase selectivity assay shows selective nature of these two compounds

toward CDK2 and CDK5 compared to other kinases under investigation.
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7. CONCLUSION:-

The present work entitled “Design, Synthesis and Screening of Some Novel Tyrosine
Kinase Inhibitors as Anticancer Agents”, aims to design and synthesize tyrosine Kinase
inhibitor analogs in hope that tyrosine kinase inhibitor kills cancer cells without harming
normal cells much. The new chemical entities were designed by using the pharmacophore

structure of known tyrosine kinase inhibitor molecules that acts as anticancer agent.

The designing and virtual screening of total 232 novel anticancer agents from seven
different series viz. 1,6-Diphthalazine analogues, Aminophthalazine analogues, N-[4-Amino-
2-(4-Methylphenyl)quinazoline-6-yl]acetamide analogues, N-[2-(4-methylphenyl)-4-
(substituted aniline)-3, 4-dihydro quinazolin-6-yl] acetamide analogues, 4-anilinoquinazoline
analogues, 2-phenyl-N-(substituted phenyl) pyrido[2,3-d] pyrimidin-4-amine analogues and
4-(2-(substituted benzylidene)hydrazineyl)-2-phenylpyrido[2,3-d]pyrimidine analogues had
been carried out using molecular modeling and docking studies by Schrodinger’s Maestro
Glide Docking version 2012 software. Total 71 compounds had been synthesized from seven
different schemes outlined viz. 1,6-Diphthalazine derivatives, Aminophthalazine derivatives,
N-[4-Amino-2-(4-Methylphenyl)quinazoline-6-yl]acetamide derivatives, N-[2-(4-
methylphenyl)-4-(substituted aniline)-3, 4-dihydro quinazolin-6-yl] acetamide derivatives, 4-
anilinoquinazoline derivatives, 2-phenyl-N-(substituted phenyl) pyrido[2,3-d] pyrimidin-4-
amine derivatives and 4-(2-(substituted benzylidene)hydrazineyl)-2-phenylpyrido[2,3-
d]pyrimidine derivatives. Amongst designed and synthesized novel compounds total 16 were

screened for In-vitro Protein Kinase Inhibition Assay as Anticancer Agents.

Total 48 Novel analogs from 1,6-Diphthalazine derivatives series were designed and
docked into the active sites of EGFR receptor PDB ID (1YWN, 2P2H, 3XIR, 3EWH, 3VHE,
3VNT, 4AG8, 4ASE) for studying the binding mode of designed compounds and further
screening to sort out the best compound having good binding affinity which was compared
with binding mode of EGFR receptor Inhibitors like Vatalanib results. The results of the
docking studies are presented in the form of Glide Dock Score. The 1YWN, 2P2H, 3XIR,
3EWH, 3VHE, 3VNT, 4AG8, 4ASE glide dock score are presented as negative values,
indicating that more the negative values more are the binding interactions. According to the

results we see that among all the energy parameters the largest contribution for binding
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energy comes from Vander Waals interactions. The results of the inhibition for the VEGF
receptor may be arranged in the following manner: Vmol 21> Vmol 17>mol 16> mol 15>
mo21> mol 23>mol 6> mol 9>moll17. Docking studies performed by GLIDE has confirmed

that above inhibitors fit into the binding pocket of the VEGF receptor.

The GLIDE docking was applied for proposed 56 ligands from Aminophthalazine
derivatives series to build a binding affinity model for the vascular epidermal growth factor
receptor that was then used to compute the free energy of binding for this kinase. According
to the glide score, the results of the inhibition for the VEGFR human tyrosine kinase receptor
may be arranged in the following manner: 22>a22>al11> 1. Docking studies performed by
GLIDE has confirmed that above inhibitors fit into the binding pocket of the VEGFR kinase
receptor.

Glide docking method have been applied to total 27 inhibitors of tyrosine protein
kinases from N-[4-Amino-2-(4-Methylphenyl)quinazoline-6-yl]acetamide series to build a
binding affinity model for EGFR that was then used to compute the free energy of binding
energy of binding for this kinase. According to the glide score the results of the inhibition for
the EGFR may be arranged in the following manner: mol21> mol50> mol24>mol30> moll>
mol2>mol39> mol5. Docking studies performed by GLIDE has confirmed that above

inhibitors fit into the binding pocket of the EGF receptor.

Glide docking method have been applied to 7 tyrosine protein kinase inhibitor from N-
[2-(4-methylphenyl)-4-(substituted aniline)-3, 4-dihydro quinazolin-6-yl] acetamide series to
build a binding affinity model for EGFR that was then used to compute the free energy of
binding energy of binding for this kinase. According to the glide score the results of the
inhibition for the EGFR may be arranged in the following manner: Moll1> Mol2 > Mol4
>Mol3 > Mol6 > Mol7 > Mol5. Docking studies performed by GLIDE has confirmed that
above inhibitors fit into the binding pocket of the EGF receptor.

We have applied the GLIDE docking method to 50 analogues of 4-anilinoquinazoline
which are inhibitors of tyrosine protein kinases to build a binding affinity model for the
epidermal growth factor receptor that was then used to compute the free energy of binding
for this kinase. According to the results we see that among all the energy parameters the

largest contribution for binding energy comes from Vander Waals interactions. According to
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the glide score the results of the inhibition for the EGF receptor may be arranged in the
following  manner:  mol37> moll2> mol35>mol15> mol35> mol5>mol41>
mol4>mol17>mol11l. Docking studies performed by GLIDE has confirmed that above

inhibitors fit into the binding pocket of the EGF receptor.

The molecular docking studies of total 18 analogs of 2-phenyl-N-(substituted phenyl)
pyrido[2,3-d] pyrimidin-4-amine series on PDB 2v58 showed that compound VP14 (60),
VP13 (6n), VP10 (6r), VP3 (6d), VP20 (6i) and VP17 (6l) exhibited highest interaction with
the enzyme in their molecular docking studies. For biotin carboxylase inhibitor may be
arranged in the following manner: VP14> VP13> VP10> VP3> VP20> VP16> VP5> VP19>
VP17> VP9 > VP8> VP15> VPP12> VP6 i.e. compound 60, 6n, 6r, 6d, 6i, 6m, 6f, 6j, 61, 64,
6p, 6k, 7p,6a, 6¢, 6h respectively, showed high docking score on BC. The molecular docking
studies of total 16 analogs of 4-(2-(substituted benzylidene)hydrazineyl)-2-phenylpyrido[2,3-
d]pyrimidine series on PDB 4kd1 showed that compound VPP20 (7j), VP17 (6l), VPP9 (7n),
VP13 (6n), VPP1 (7a), VPP24 (71), VPP4 (7i), VPP11 (7f) and VP10 (6r) exhibited highest
interaction with the enzyme in their molecular docking studies. For CDK inhibitor may be
arranged in the following manner: VPP20> VP17> VPP9> VP13> VPP1> VPP24> VPP4>
VPP11> VP10 i.e. compound 7j, 6l, 7n, 6n, 7a, 71, 7i, 7f, 6r respectively, showed high
docking score on CDK. Docking studies performed by GLIDE has confirmed that above
inhibitors fit into the binding pocket of the biotin carboxylase and CDK.

From the results we may observe that for successful docking, intermolecular
hydrogen bonding and lipophilic interactions between the ligand and the receptor are very
important. A comparison of the induced fit and virtual docking gives the role of protein
flexibility. It is obvious from the results that a combined method of soft docking and side
chain optimization gives better results. It is also clear that an average distribution of docking
free energy ranging from 2 kcal/mol or more, is sufficient to mis-rank a potential drug
candidate as a weak binder. However, by combining the MM-GB/SA and relaxed complex

methods we are able to show the best ranked binding modes.

All new chemical entities synthesized had been purified by recrystallization and all the

reactions involved in synthesis were monitored using TLC. All synthesized compounds were
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characterized by spectral data and were confirmed on basis of IR Spectra, tHNMR and Mass
Spectra.

Amongst designed and synthesized compounds series of pyridopyrimidines (7a-p) were
evaluated for anticancer activity on the basis of structure based designing with Dinaciclib.
Compounds 7i and 7n exhibited promising activity, ICso and Kkinase selectivity. These
compounds also showed moderate anti-proliferative activity. Kinase selectivity assay showed
selective nature of these two compounds toward CDK2 and CDK5 compared to other kinases

under investigation.

FUTURE SCOPE:

As the tyrosine kinase enzyme is the promising target for the designing and
development of more selective, potent and safer anticancer agents, the novel molecules
designed and screened in present study needs to be explored further in order to get promising
FDA approved drugs in our hand. For this, extensive In-silico screening and In-vitro
screening of more number of analogues of the scaffold studied needs to be carried out on
more number of tyrosine kinase proteins along with In-vivo screening there In vivo studies.
The toxicity studies of the more potent analogues need be explore further. Also, there is
scope for further optimization of the scaffold structure to get more potent and safe

compounds.
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