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Abstract: A novel hetero atom containing Schiff base (NCQ) is synthesized by reacting 4-amino antipyrine with 2-

Chloro-benzo[h]quinoline-3-carbaldehyde and the ligand was characterized using elemental analysis ultraviolet—visible

&9 Crossref

spectroscopy (UV-vis), Fourier-transform infrared spectroscopy (FT-IR), 1H and 13C nuclear magnetic resonance

spectroscopy (NMR). The molecular structure of the ligand was confirmed by single crystal X-ray diffraction studies.
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The synthesized compound has adopted a monoclinic crystal system with P21/n space group. Molecular docking
studies were carried out for the synthesized compound (NCQ) in order to analyze its binding affinity towards cancer
proteins 1DTO and 1JNX. The NCQ compound showed excellent interactions with cancer proteins 1DTO and 1JNX.
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1. Introduction

Quinoline compounds have been widely studied in medicinal
applications due to their versatile biological activities. The application
of quinoline compounds in industry, analytical sensitivity and
biological importance is also highly significant. Compounds
containing a quinoline framework are often found applications in
pharmaceuticals and often used as general synthetic building blocks
for organic molecules synthesis. The heterocyclic N-atom present in
the quinoline structural skeleton plays a key role in enabling the
giunoline compounds biologically very Recently,

development of heterocyclic compounds has gained huge attention,

importance.

particularly, the design and development of the compounds that are
biologically active molecules. Heterocyclic compounds play an
important role in designing new classes of medicinally important
structural entities. Particularly, the quinoline derivatives continuously
gain attention due to its structural features.? Quinoline is an
important class of heterocyclic compounds found in many synthetic
and natural products with a wide range of pharmacological activities

antimalarial,[4] antimicrobial,[‘r’]

8

anti-inflammatory,B]
71

such as

(6] ! and platelet derived

anticancer,”” antidiabetic’” and antitumor
growth factor receptor tyrosine kinase inhibiting agents which can be
well illustrated by the large number of drugs in the market. Genin et
aI.,[S] studied N-C-linked
(azolylphenyl)oxazolidinones against the gram-negative organisms.

Penov-Gasi et al., reported a convenient “click” synthesis for D-

antibacterial activity of

homo fused steroidal tetrazoles and the resultant compounds were
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evaluated as potential anti-proliferative agents against a panel of
human cancer cell lines. Among the quinoline compounds studied,
pyrazoline containing N-atom heterocyclic has exhibited remarkable
biological activities. Alike pyrazoline, nitrogen heterocycles have also
exhibited remarkable
pharmaceuticals.[g’lal

biological  activities  particularly in

Docking of small molecules into the active site of the receptor,
and evaluating the binding affinity of the complex is more significant
for the structure based drug designing process. Docking studies
estimate the favourable conformations and binding strength of a
ligand molecule which bound to a protein pocket. Docking

applications are wide array which include protein function
[14] [15] [16]

]

prediction, drug level optimization, drug repositioning,
polypharmacology prediction,[m and binding pocket prediction.[18
Furthermore, the anti-cancer activities of the compound toward
cervical cancer (1DTO) and breast cancer (1JNX) were also evaluated.
Anti-oxidant activities of the synthesized compounds were identified
by DPPH and OH assays. Owing to the highly promising biological
activities of quinoline and pyrazoline, we synthesized quinoline and
pyrazolinee fused analog. In the present work, we report the
synthesis and characterization of quinoline based pyrazolone
compound. potential of the 4-((2-

chlorobenzo[h]quinolin-3-yl)methyleneamino)-1,5-dimethyl-2phenyl-

Anti-cancer

1,2-dihydropyrazol-3-one were also screened through molecular
docking studies. The prepared compound was characterized using
elemental analysis UV-visible, FT-IR, 'H and ®c NMR spectroscopy.
The molecular structure of the ligand was confirmed by single crystal

25
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Fig. 2. Crystal packing diagram of NCQ.

X-ray diffraction studies. In addition, molecular docking studies were
carried out for the synthesized compound in order to analyze its
binding affinity towards cancer proteins 1DTO and 1JNX.

2. Experimental Section
2.1. Materials and Methods

All the reagents used were of analytical or chemically pure grade.
purified and dried according to
procedures.[w] Microanalyses (C, H and N) were performed on a

Solvents were standard
Vario EL Il CHNS analyser. IR spectra were recorded as KBr pellets in
the 400-4000 cm™ region using a Perkin Elmer FT-IR 8000
spectrophotometer. Electronic spectra were recorded in DMSO
solution with a Systronics double beam UV-vis spectrophotometer
2202 in the range 200-800 nm. "4 and C NMR spectra were
recorded on a Bruker AV Il 500 MHZ instrument using TMS as an
internal standard. Melting points were recorded with Veego VMP-DS

heating table.

2.2. Synthesis of Pyrazolone Schiff base (NCQ)

In the typical synthesis, 4-Amino antipyrine (911 mg, 0.01 mol)
dissolved in warm methanol (50 ml) was added to a methanol
solution (50 ml) 2-Chloro-benzo[h]quinoline-3-
carbaldehyde (1.73 g, 0.01 mol). The mixture was refluxed for 1 h and

containing

yellow precipitate was obtained. The reaction mixture was then
cooled to room temperature and the solid was filtered out. It was
then washed with methanol and dried under vacuum. Yellow colored
single crystals suitable for X-ray diffraction studies were obtained
from slow evaporation of a solution of NCQ in a DMF/methanol
mixture.

4-[(2-Chloro-benzo[h]quinolin-3-yImethylene)-amino] -1, 5
dimethyl - 2 - phenyl-1, 2-dihydro-pyrazol-3-one (NCQ): Yield: 91%;
M.P: 176°C. Anal. calcd. for CysH1oCINgg (%): C, 70.34; H, 4.49; N,
13.12, Found (%): C, 69.32; H, 3.87; N, 13.91. IR (KBr, cm'l): 1658
v(C=0); 1598 v(C=N); 768 v(C-Cl); UV-vis (DMSO), Armaye (nM): 295, 360
(> 1%, n> %), "H NMR (DMSO-dg): 6 8.47 (CH=N), § 7.2-7.6

CH
H HoN CHs HiC 3
N C‘\O ;N Methanol (H: [ Ni@
2 * 07N CH;  Reflux 2h SN
= "N~ °CI _ o)
N Cl
Scheme 1. Synthesis of heterocyclic Schiff base (NCQ).

/4k ivi Chem. Sci. Engg. Res., (2019) 1(1), 25-31 26
“\ Ar|v|yal em. Sci. Engg. Res., (2019) 1(1), .

Publishing




Uthayamalar et al.,

Chemical Science & Engineering Research

™
A33
A9

asp
A5 S a2
A32 Ass
«\‘ F
LEY e ) ”
39 /e
( i TN
\pe: 7 y %
oF 24
: . @
" - "
5 © =
™
2sp A28
436
Interactions
|:| van der Waals - Pi-Sigma
Attractive Charge [:] Alkyl
Conventional Hydrogen Bond :] Pi-Alkyl
Pi-Anion
PRO LEU
. 3 GLY
T X:1659 X:1657 X:1656
X:1662
.
.o \ SER
. \ X:1655
< 2\ I~
.
)~ \ 3
"
¢ /,/‘«
\¢---- \ §
H :
$ VAL !
X:1654
7 LS
Liors ez T, LEU
X:1701
Interactions
[[] vanderwaals [ PiPistacked
- Conventional Hydrogen Bond :] Pi-Alkyl

Fig. 3. Three-dimensional (3D) and two-dimensional (2D) binding interaction of compound NCQ with 1DTO and 1JNX proteins.

(m, H aromatic), & 3.17 (N-CHs), & 3.45 (C-CHs). °C NMR: & 166
(C=0), 6 160 (C=N), & 154 (C-Cl), & 125-129 (m, C, aromatic), 5 64
(CH3), 6 14 (N-CH;).

2.3. Crystal Structure Determination

Single crystal X-ray diffraction data of NCQ were collected at room
temperature on a Bruker AXS KAPPA APEX2 CCD diffractometer
equipped with a fine focused sealed tube. The unit cell parameters
were determined and the data collections of compound were
performed using a graphite-mono chromate Mo Ka radiation (k =
0.71073 A) by u and x scans. The data collected were reduced by
SAINT program and the empirical absorption corrections were
carried out using the SADABS program.lzo'u] The structure of the NCQ
was solved by direct methods®? using SHELXS-97, which revealed the
position of all non-hydrogen atoms, and was refined by full-matrix
least squares on F2 (SHELXL-97).[23] All non-hydrogen atoms were
refined anisotropically, while the hydrogen atoms were placed in
calculated positions and refined as riding atoms.

AN“ Ariviyal

s PUDiShing

2.4. Docking Procedure

Docking studies were performed for the synthesized compound
(NCQ) against the target proteins (PDB ID: 1DTO and 1JNX) using
AutoDock Tool (ADT). The 2D structure of the synthesized compound
(ligand) was drawn and prepared for docking by using Chem3D Ultra
8.0. Protein data bank was utilized to download target proteins
(receptor). AutoDock 4.2 version was used for docking studies and
Chimera 1.10 and Discovery studio 4.5 were employed for
visualization. Docking results were evaluated for binding score and
hydrogen bonds between the ligand and the target receptor. Certain
steps should be done before docking which includes: 3D structure of
ligand, running conformational analysis, choosing the least energetic
conformer and applying the docking procedures for the ligand using
the receptors.

2.5. Antioxidant Assays

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity
of the synthesized compound (NCQ) was measured according to the

Chem. Sci. Engg. Res., (2019) 1(1), 25-31. 27
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Table 1. Crystal and structure refinement data

Compound NCQ

Empirical formula Cy5H16CIN,O

Formula weight 426.89

Temperature 296(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2i/n

Unit cell dimensions

a(A) 12.4997(7) A

b (A) 7.4015(3)

c(A) 22.4304(12)

al) 90

8() 94.519(2)

v() 90

Volume (53) 2068.73(18)

z 4

Density (calculated) Mg/m3 1371

Absorption coefficient mm™1 0.210

F(000) 888

Crystal size/mm? 0.40x 0.35 x0.30

Theta range for data collection (°) 1.81t028.33

Index ranges -16<=h<=16,
-5<=k<=9,
-29<=/<=29

Reflections collected 18067

Independent reflections
Refinement method

Data/restraints/parameters
Goodness-of-fit on F2

Final R indices [/>20 (/)]

R indices (all data)

Largest diff. peak and

5080 [R(int) = 0.0292]

Full-matrix least-squares on F
5080/0/284
0.831

R1=0.0506, wR, = 0.1684
R1=0.0752, wR, =0.2131
0.377 and -0.317

hole e.A3

Table 2. Selected bond lengths [A] and angles [*] of compound (NCQ).

Bond lengths Bond angles

C(12)-N(3) 1.280(2) C(5)-C(6)-N(1) 121.41(19)
C(8)-N(3) 1.389(2) 0O(1)-C(7)-N(1) 122.74(18)
C(12)-C(14) 1.459(2) 0(1)-C(7)-C(8) 131.76(18)
C(12)-H(12) 0.9300 N(1)-C(7)-C(8) 105.50(15)
C(13)-C(14) 1.413(2) C(9)-C(8)-N(3) 123.23(17)
C(13)-N(4) 1.302(2) C(9)-C(8)-C(7) 107.55(16)
C(13)-Cl(1) 1.7460(18) N(3)-C(8)-C(7) 129.21(17)
C(17)-N(4) 1.370(2) N(2)-C(9)-C(8) 110.13(17)
C(7)-C(8) 1.433(3) N(2)-C(9)-C(10) 121.73(17)
C(8)-C(9) 1.375(2) C(7)-N(1)-N(2) 108.30(15)
C(7)-0(1) 1.234(2) N(3)-C(12)-C(14) 120.67(17)
C(7)-N(1) 1.402(2) N(3)-C(12)-H(12) 119.7
N(1)-N(2) 1.404(2) C(14)-C(12)-H(12) 119.7
C(11)-N(2) 1.456(3) N(4)-C(13)-C(14) 126.81(17)
C(9)-N(2) 1.350(2) N(4)-C(13)-Cl(1) 115.04(14)
C(9)-C(10) 1.488(3) N(4)-C(17)-C(16) 121.84(17)
C(6)-N(1) 1.427(2) N(4)-C(17)-C(18) 117.76(15)
C(17)-N(4) 1.370(2) C(7)-N(1)-N(2) 108.30(15)

/‘AN‘\ Ariviyal Chem. Sci. Engg. Res., (2019) 1(1), 25-31. 28
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Table 3. Antioxidant activity of the NCQ

1Cs values (uM)

Compound DPPH’ OH
NCQ 35.13 18.52
Ascorbic acid (Asc) 27.75 5.11

method of Blois.>”! The DPPH radical is a stable free radical having a
Amax @t 517 nm. A fixed concentration of the experimental NCQ was
added to a solution of DPPH in methanol (125 uM, 2 mL), and the
final volume was made up to 4 mL with double distilled water. The
solution was incubated at 37 2C for 30 min in the dark. The decrease
in absorbance of DPPH was measured at 517 nm.

The hydroxyl (OH) radical scavenging activities of the compounds
have been investigated using the Nash method.® In vitro hydroxyl
radicals were generated by Fe*" /ascorbic acid system. The detection
of hydroxyl radicals was carried out by measuring the amount of
formaldehyde formed from the oxidation reaction with DMSO. The
formaldehyde produced was detected spectrophotometrically at 412
nm. A mixture of 1.0 mL of iron-EDTA solution (0.13% ferrous
ammonium sulphate and 0.26% EDTA), 0.5 mL of EDTA solution
(0.018%), and 1.0 mL of DMSO (0.85% DMSO (v/v) in 0.1 M
phosphate buffer, pH 7.4) were sequentially added in the test tubes.
The reaction was initiated by adding 0.5 mL of ascorbic acid (0.22%)
and incubated at 80-90 °C for 15 min on a water bath. After
incubation, the reaction was terminated by the addition of 1.0 mL of
ice-cold TCA (17.5% w/v). Subsequently, 3.0 mL of Nash reagent was
added to each tube and left at room temperature for 15 min. The
intensity of the colour formed was measured spectrophotometrically
at 412 nm against a reagent blank.

3. Results and Discussions

3.1. Synthesis and Characterization

Pyrazolone Schiff base was synthesized by heating the methanolic
mixture of 2-chloro-benzo[h]quinoline-3-carbaldehyde, 4-amino
antipyrine and two drops of acetic acid at 902C for 10 min under
microwave irradiation. It was confirmed that the obtained
compounds are air stable and have good solubility in DMF, DMSO,
methanol and 1% DMSO/50 mM Tris-HCl buffer solution. The
structure of compound was elucidated by elemental analysis and
various techniques, viz. FT-IR, UV-Vis, 'H NMR and C NMR
spectroscopy. The crystal structure of compound was confirmed by

the XRD study.

3.1.1. Elemental Analysis

The analytical data of the synthesized compound are in good
agreement with the proposed molecular formulae of 1:1 amine to
aldehyde stoichiometry (refer experimental part). Synthesized
compound are quite stable in air and light and soluble in most of the
organic solvents, such as methanol, ethanol, CH,Cl,, CHCl;, DMF and
DMSO.

3.1.2. Spectroscopic Studies

FT-IR spectroscopy is a preliminary tool to confirm the successful
formation of target compound NCQ. The IR spectrum of the Schiff

/‘A‘\ Ariviyal
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base compound showed characteristic absorption bands of the
azomethine C=N stretching at 1598 em™ and strong band C=0 at
1658 cm™. The electronic absorption spectrum of compound is
recorded in the UV-Visible region using DMSO as a solvent. Electronic
spectrum of the NCQ showed two strong absorption bands at 295 nm
and 360 nm assigned to -m* and n-t* transitions, respectively.[26]
NMR spectrum is recorded for as-synthesized NCQ and the
structure is confirmed on the basis of observed chemical shifts. The
1H NMR spectrum of NCQ showed a sharp singlet at 8.47 ppm
corresponding to azomethine proton. A compound overlap of signals
as a multiplet at 7.2-7.6 ppm, corresponding to aromatic protons,
was observed in the NMR spectrum of the Schiff base, NCQ. Further,
the compound NCQ showed peaks at 3.17 and 3.45 ppm due to the
N-CH; and C-CH; protons, respectively. The spectrum of the
compound showed a single resonance at 142.12 ppm for the
azomethine carbon which also confirms the structure of the Schiff
base. The signal at 166.21 ppm due to C=0 carbon of the compound,
NCQ. The signals due to CH; and N-CH; carbon of NCQ compound

appear at & 64 and 14, respectively.”"*®!

3.1.3. X-ray crystallography

The molecular structure of the quinoline Schiff base compound
NCQ was determined by single crystal XRD studies. The summary of
data collected and the refinement parameters are given in Table 1.
The selected bond lengths and bond angles are given in Table 2. An
ORTEP representation and crystal packing diagram of the compound
is shown in Figure 1 and 2, respectively. The single crystal XRD study
of Schiff base showed that it has the empirical formula Cy5H19CIN,q
with formula weight 426.89. The compound crystallizes in a triclinic
space group P21/n and unit cell comprises of four molecules. The
formation of Schiff base is confirmed by using azomethine C(8)-N(2)
bond length, 1.278(2) A is in conformity with a formed C=N double
bond length, 1.28 A. The bond distances for N(1)-N(2) at 1.404(2),
C(13)-Cl(1) at1.7460(18) and for N(2)-C(8) at 1.389(2)A are closer to
N-N, C-Cl and N-C normal single bonds respectively.m] The analysis of
the bond lengths and angles of the synthesized compound gives
further support to the formation of Schiff base in equivalent molar
ratio.

3.2. Molecular Docking

Molecular docking studies were carried out for the compound NCQ
against target proteins cervical cancer (PDB ID: 1DTO) and breast
cancer (PDB ID: 1JNX) to know the binding affinity between the
ligand and the receptor. To the active site of each protein, the ligand
was docked using Autodock tools. The ligand showed excellent
interaction with these proteins (Fig 3). The compound NCQ showed a
docking score of -8.0 and -8.4 kcal/mol with 1DTO and 1JNX proteins.
The compound NCQ docked against 1DTO protein forms a hydrogen
bonding interaction with LEU A94 and GLN A95, alkyl and pi-alkyl

Chem. Sci. Engg. Res., (2019) 1(1), 25-31. 29
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interaction with LEU A94 and pi-sigma interaction with THR A93. The
compound NCQ against 1JNX protein forms hydrogen bonding
interaction with ASN X1678 and LYS X1702 and pi-alkyl interaction

5-aryl-4H-1, 2, 4-triazol-3-yl) thio] Acetic Acids as Possible Superoxide
Scavengers and Antiinflammatory Agents. J. Med. Chem., 1984, 27,
1565-1570. [CrossRef

4 LaMontagne M.P.; Blumbergs P.; Smith D.C. Antimalarials. 16.
with PHE X1662 and LYS X1702. The hydrogen bonding and Synthesis of 2-Substituted Analogs of 8-[(4-amino-1-methylbutyl)
hydrophobic forces were found to be the prominent interaction of amino]-6-methoxy-4-methyl-5-[3-(trifluoromethyl) Phenoxy]

L . . . [1,30] Quinoline as Candidate Antimalarials. J. Med. Chem., 1989, 32, 1728-
quinoline peptides with protein. 1732. [CrossRef]

5 Genin M.J.; Allwine D.A.; Anderson D.J.; Barbachyn M.R.; Emmert D.E.;

Garmon S.A.; Graber D.R.; Grega K.C.; Hester J.B.; Hutchinson D.K.;

3.3. Antioxidative Activity Morris J. Substituent Effects on the Antibacterial Activity of Nitrogen—

o . i Carbon-Linked (Azolylphenyl) Oxazolidinones with Expanded Activity

The antioxidant properties of Schiff base compound NCQ have Against the Fastidious Gram-Negative Organisms Haemophilus

attracted a lot of interests, mainly in the in vitro system. Hence, a Influenzae and Moraxella Catarrhalis. J. Med. Chem., 2000, 43, 953-

systematic study was carried out on the antioxidant potential of the 970. [CrossRef]

new compound NCQ along with standard, such as ascorbic acid (Aca) 6 Kumar C.N.S.S.P.; Parida D.K.; Santhoshi A.; Kota A.K.; Sridhar B.; Rao

’ ’ V.J. Synthesis and Biological Evaluation of Tetrazole Containing

against DPPH and OH radicals with respect to different Compounds as Possible Anticancer Agents. Med. Chem. Comm., 2011,
concentrations of the ligand and the results are shown in Table 3. 2, 486-492. [CrossRef]

. . . .. 7 Oballa R.M.; Belair L.; Black W.C.; Bleasby K.; Chan C.C.; Desroches C.;

The NCQ displayed almost comparable radical scavenging activity Du X.. Gordon R.; Guay J.; Guiral S.; Hafey M.J; Hamelin E.; Huang Z.

with respect to standard antioxidant ascorbic acid (Aca). From the Kennedy B.; Lachance N.; Landry F.; Li C.S., Mancini J.; Normandin D.;

above results, the scavenging effect of the present quinoline Schiff Pocai A.; Powell D.A.; Ramtohul Y.K.; Skorey K. Sorensen D.;

base compound is significantly good when compared to standard Sturkenboom W.; Styhler A.; Waddleton D.M.; Wang H.; Wong S.; Xu

X X . L.; Zhang L. Development of a Liver-Targeted Stearoyl-CoA Desaturase

which is due to the hetero atom present in of the present NCQ (SCD) Inhibitor (MK-8245) to Establish a Therapeutic Window for the

compound. Treatment of Diabetes and Dyslipidemia. J. Med. Chem., 2011, 54,
5082-5096. [CrossRef

8 Penov-Gasi K.M.; Okljesa A.M.; Petri E.T.; Celi¢ A.S.; Djurendi¢ E.A.;

4. Conclusions Klisuri¢ O.R.; Csanadi J.J.; Batta G.; Nikoli¢ A.R.; Jakimov D.S.; Sakac.
Selective Antitumour Activity and ERa Molecular Docking Studies of
L . Newly Synthesized D-homo Fused Steroidal Tetrazoles. Med. Chem.
In summary, a new hetero atom containing Schiff base (NCQ) was Comm., 2013, 4, 317-323. [CrossRef
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compound was elucidated and refined to good R factors. The 10 gyrges R-\Q’-i MThda” ’\(/'j-"b Antrz:oline W-hE-i Xu R-)L-; Peter(i:”g ET-H-
. . xidative Stress Induced by a Copper-Thiosemicarbazone Complex.
molecular docking studies were performed for the compound NCQ Biochemistry, 1990, 29, 7046-7053. [CrossRef]
against cancer proteins 1DTO and IINX. The compound has good 11 Hall I.H.; Chen S.Y.; Barnes B.J.; West D.X. The Hypolipidemic Activity
binding scores, and conventional H-bond, Alkyl and pi-alkyl of Heterocyclic Thiosemicarbazones, Thioureas and their Metal
interactions with the active sites of amino acids. Molecular docking Complexes in Sprague Dawley Male Rats. Met. Based Drugs, 1999, 6,
. . . 143-147. [CrossRef
studies exhibit that the NCQ could acts as good anti-cancer agent. 12 Varghese B.; Al-Busafi S.N.; Suliman F.0.; Al-Kindy S.M. Unveiling a
This study gives an idea for the designing of more efficient anti- Versatile Heterocycle: Pyrazoline — A Review. RSC Adv., 2017, 7,
cancer agents. The quinoline Schiff base compound subjected to in 46999-47016. [CrossRef]

. .. 13 Klayman D.L.; Bartosevich J.F.; Griffin T.S.; Mason C.J.; Scovill J.P. 2-
vitro DPPH antioxidant assays and the results showed that the Acetylpyridine Thiosemicarbazones. 1. A New Class of Potential
synthesized compound possess good antioxidant. Antimalarial Agents. J. Med. Chem., 1979, 22, 855-862. [CrossRef]

14 Hermann J.C.; Marti-Arbona R.; Fedoroy A.A.; Fedoroy E.; Almo S.C.;

Shoichet B.K.; Raushel F.M. Structure-Based Activity Prediction for an
COI’lﬂiCtS Of Interest Enzyme of Unknown Function. Nature, 2007, 448, 775-779. [CrossRef
15 Jorgensen W.L. Efficient Drug Lead Discovery and Optimization. Acc.
. . Chem. Res., 2009, 42, 724-733. [CrossRef
The authors declare no conflict of interest. 16 Ma D.L.; Chan D.S.H.; Leung C.H. Drug Repositioning by Structure-
Based Virtual Screening. Chem. Soc. Rev., 2013, 42, 2130-2141.
CrossRef’
References 17 Rognan D. Structure-Based Approaches to Target Fishing and Ligand
Profiling. Mol. Inform. 2010, 29, 176-187. [CrossRef
1 Sureshkumar K. Maheshwaran V.; Dharma Rao T.; Khamrang 18 Perot S.; Sperandio O.; Miteva M.A.; Camproux A.C.; Villoutreix B.O.
Themmila; Ponnuswamy M.N.; Saraboji Kadhirvel; Saravanan Druggable Pockets and Binding Site Centric Chemical Space: A
Dhandayutham. Synthesis, Characterization, Crystal Structure, In-vitro Paradigm Shift in Drug Discovery. Drug. Discoy. Today, 2010, 15, 656-
Anti-inflammatory and Molecular Docking Studies of 5-Mercapto-1- 667. [CrossRef]
Substituted Tetrazole Incorporated Quinoline Derivative. J. Mol. 19 Vogel A.l. Text Book of Practical Organic Chemistry, Longman, London,
Struct., 2017, 1146, 314-323. [CrossRef] gth edn., 1989. [CrossRef]
2 Lesher G.Y.; Froelich E.J.; Gruett M.D.; Bailey J.H.; Brundage R.P. 1, 8- 20 Siemens, SMART, SAINT Area Detector Control and Integration
Naphthyridine Derivatives. A New Class of Chemotherapeutic Agents. Software, Siemens Analytical X-ray Instruments Inc., Madison, WI,
J. Med. Pharm. Chem., 1962, 5, 1063-1065. [CrossRef] USA (1996).
3 Maxwell J.R.; Wasdahl D.A.; Wolfson A.C.; Stenberg V.I. Synthesis of 5- 21 Sheldrick G.M. SADABS, Program for Empirical Absorption Correction
aryl-2H-tetrazoles, 5-aryl-2H-tetrazole-2-acetic acids, and [(4-phenyl- of Area Detector Data, University of Gottingen, Germany (1997)
/‘AN‘\ Ariviyal Chem. Sci. Engg. Res., (2019) 1(1), 25-31. 30
. PUbLIShiNg


https://doi.org/10.1016/j.molstruc.2017.05.085
https://doi.org/10.1021/jm01240a021
https://doi.org/10.1021/jm00378a007
https://doi.org/10.1021/jm00128a010
https://doi.org/10.1021/jm990373e
https://doi.org/10.1039/C0MD00263A
https://doi.org/10.1021/jm200319u
https://pubs.rsc.org/en/content/articlelanding/2013/md/c2md20327h/unauth#!divAbstract
https://doi.org/10.1016/S0162-0134(03)00131-4
https://doi.org/10.1021/bi00482a014
http://dx.doi.org/10.1155/MBD.1999.143
https://pubs.rsc.org/en/content/articlelanding/2017/ra/c7ra08939b#!divAbstract
https://doi.org/10.1021/jm00193a020
https://www.nature.com/articles/nature05981
https://doi.org/10.1021/ar800236t
https://pubs.rsc.org/en/content/articlelanding/2013/cs/c2cs35357a/unauth#!divAbstract
https://doi.org/10.1002/minf.200900081
https://doi.org/10.1016/j.drudis.2010.05.015
https://archive.org/details/TextbookOfPracticalOrganicChemistry5thEd

Uthayamalar et al., Chemical Science & Engineering Research

22 Sheldrick G.M. SHELXS-97, Program for the Solution of Crystal
Structures, University of Gottingen, Gottingen, Germany (1997).

23 Sheldrick G.M. Phase Annealing in SHELX-90: Direct Methods for
Larger Structures. Acta Cryst., 1900, 46, 467-473. [CrossRef

24 Blois M.S. Antioxidant Determinations by the Use of a Stable Free
Radical. Nature, 1958, 181, 1199-1200. [CrossRef

25 Nash T. The Colorimetric Estimation of Formaldehyde by Means of the
Hantzsch Reaction. J. Biochem., 1953, 55, 416-421. [CrossRef

26 Ramachandran E.; Kalaivani P.; Prabhakaran R.; Zeller M.; Bartlett J.H.;
Adero P.0O.; Wagner T.R.; Natarajan K. Synthesis, Characterization,
Crystal Structure and DNA Binding Studies of Pd (Il) Complexes
Containing  Thiosemicarbazone and  Triphenylphosphine  /
Triphenylarsine. Inorganica Chim. Acta, 2012, 385, 94—99. [CrossRef

27 Liu Z.C.; Wang B.D.; Yang Z.Y.; Li Y.; Qin D.D.; Li T.R. Synthesis, Crystal
Structure, DNA Interaction and Antioxidant Activities of Two Novel
Water-Soluble Cu (2+) Complexes Derivated from 2-oxo-quinoline-3-
Carbaldehyde Schiff-Bases. Eur. J. Med., 2009, 44, 4477-4484.
CrossRef

28 Ayyannan G.; Mohanraj M.; Raja G.; Bhuvanesh N.; Nandhakumar R.;
Jayabalakrishnan C. Design, Synthesis, Structure and Biological
Evaluation of New Palladium (Il) Hydrazone Complexes. Inorganica
Chim. Acta, 2016, 453, 562-573. [CrossRef

29 Ramachandran E.; Thomas S.P.; Poornima P.; Kalaivani P.;
Prabhakaran R.; Padma V.V.; Natarajan K. Evaluation of DNA Binding,
Antioxidant and Cytotoxic Activity of Mononuclear Co (Ill) Complexes
of  2-oxo-1, 2-dihydrobenzo [h]  Quinoline-3-Carbaldehyde
Thiosemicarbazones. Eur. J. Med., 2012, 50, 405-415. [CrossRef

30 Thangaraj M.; Gengan R.M.; Ranjan B.; Muthusamy R. Synthesis,
Molecular Docking, Antimicrobial, Antioxidant and Toxicity
Assessment of Quinoline Peptides. J. Photochem. Photobio. B, 2018,
178, 287-295. [CrossRef

under the terms and conditions of the Creative Commons Attribution (CC BY) license

@ @ © 2019, by the authors. Licensee Ariviyal Publishing, India. This article is an open access article distributed
(http://creativecommons.org/licenses/by/4.0/).

N |
Arivi al Chem. Sci. Engg. Res., (2019) 1(1), 25-31. 31
ﬂ Publisl‘%lcg


https://doi.org/10.1107/S0108767390000277
http://dx.doi.org/10.1038/1811199a0
https://dx.doi.org/10.1042%2Fbj0550416
https://doi.org/10.1016/j.ica.2011.12.045
https://doi.org/10.1016/j.ejmech.2009.06.009
https://doi.org/10.1016/j.ica.2016.09.025
https://doi.org/10.1016/j.ejmech.2012.02.026
https://doi.org/10.1016/j.jphotobiol.2017.11.019
http://creativecommons.org/licenses/by/4.0/

