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A new series of 4-hydroxy-1-methyl-2-oxo-1,2-dihydroquinoline-3-carboxamide hybrids 8a-l have been
designed and synthesized using peptide coupling agents with substituted N-phenyl piperazines and
piperidines with good to excellent yields. The synthesized compounds were evaluated for their in vitro
anti-proliferative activity against PANC 1, HeLa and MDA-MB-231. The compounds 8d, 8e, 8f, 8g, 8h and
8k exhibited considerable anti-proliferative activity with GI50 values ranging from 0.15 to 1.4 mM. The
structure and anti-proliferative activity relationship was further supported by in silico molecular docking
study of the active compounds against tubulin protein.

© 2016 Elsevier Masson SAS. All rights reserved.
1. Introduction

Quinolines and their hetero fused scaffolds are prevalent mo-
lecular structures in chemistry, biology andmedicine [1e3]. Among
the various types of substituted quinolines, 1,2-dihydro-4-hydroxy-
2-oxoquinoline-3-carboxamide derivatives gained specific impor-
tance as privileged medicinal scaffolds (Fig. 1). For example,
Roquinimex (Linomide) (A), a novel immuno modulator, has been
shown to be effective against various types of cancers [4,5]and
autoimmune diseases such as MRL/l mice [6], (NZB_NZW) F1
hybrid mice [7] and experimental autoimmune encephalomyelitis
[8,9]. Recent clinical trials suggest that (A) has potential in the
treatment of autoimmune disease such as rheumatoid arthritis,
systemic lupus erythematosis and multiple sclerosis [10e12].
Interestingly, Tasquinimod (B) is a lead second generation quino-
line-3-carboxamide linomide analogue which is anti-angiogenic
agent for the treatment of prostate cancer, which produces robust
served.
and consistent in vivo growth inhibition as well as suppression of
metastasis in a large series of pre-clinical human xenograft and
rodent prostate cancer models [13,14]. Laquinimod (C) is an oral
drug in clinical trials for the treatment of multiple sclerosis (MS)
which was developed by Active Biotech Research AB with linomide
as a lead compound [15,16] and has successfully undergone a
clinical phase II trial as multiple sclerosis medication [17]. Owing to
the importance of these scaffolds, synthesis and functionalization
of 1,2-dihydro-4-hydroxy-2-oxoquinoline-3-carboxamide com-
pounds attract great interest.

Literature survey informs that piperazines and substituted pi-
perazines are important family of heterocyclic compounds as they
have attracted significant interest in medicinal chemistry [18e20]
and also some piperidine derivatives are important due to their
antimicrobial properties [21]. Many currently notable drugs contain
a piperazine ring as a part of their molecular structure as shown in
Fig. 2.

The molecular manipulation of promising lead compounds is
still a major line of approach to develop new drugs. It involves an
effort to combine the separate pharmacophoric groups of similar
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Fig. 1. Structure of Roquinimex and roquinimex based under clinical trial cancer therapy agents.

Fig. 2. Representative examples of biologically active piperazinyl substituted quinoline derivatives.
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activity into one compound, thus making structural changes in the
biological activity. Considering the above facts, it was thought
worthwhile to synthesize the compounds with a view to obtain
certain chemical entities with active pharmacophores in a single
molecular frame work [22e24].

As a part of our endeavor towards new and efficient anticancer
agents [25], we herein report an efficient method for the synthesis
of novel 4-hydroxy-1-methyl-2-oxo-N-(3-oxo-3-(piperdine/piper-
azin-1-yl)propyl)-1,2-dihydroquinoline-3-carboxamide hybrids
8a-l in good to excellent yields. The synthesized hybrids 8a-l were
evaluated for their in vitro anti-proliferative activity against three
human cancer cell lines such as PANC 1 (pancreatic), HeLa (cervical)
and MDA-MB-231 (breast) using a SRB cell proliferation assay to
estimate the viability or growth. Significantly, the compounds 8d,
8e and 8k showed promising anti-proliferative activity with GI50
values ranging from 0.15 to 1.4 mM, 0.30e0.94 mM and 0.51e1.3 mM
respectively against all three human cancer cell lines. The structure
and anti-proliferative activity relationship was further supported
by in silico molecular docking study of the active compounds
against tubulin protein. Numerous molecules were reported as
tubulin polymerization inhibitors where some of them were
quinoline derivatives [26e28].

2. Results and discussion

2.1. Chemistry

The synthesis of the desired 4-hydroxy-1-methyl-2-oxo-N-(3-
oxo-3-(piperdine/piperazin-1-yl)propyl)-1,2-dihydroquinoline-3-
carboxamideswas performed in six steps starting from isatoic an-
hydride using diethyl malonate and b-alanine ester.

The first synthetic step involved the subsequent N-methylation
of isatoic anhydride with iodomethane in presence of sodium hy-
dride in DMF about 5 h at room temperature to give the corre-
sponding N-methylated isatoic anhydride (2). The corresponding
N-methylated isatoic anhydride was then condensed with diethyl
malonate in presence of sodium hydride at 120 �C in DMF solution
for 12 h and refluxed to get the compound, ethyl 4-hydroxy-1-
methyl-2-oxo-1,2-dihydroquinoline-3-carboxylate (3), which was
further hydrolysed in presence of glacial acetic acid and hydro-
chloric acid at 85 �C for 4 h to get the targeted compound, 4-
hydroxy-1-methyl-2-oxo-1,2-dihydroquinoline-3-carboxylic acid
(4), in quantitative yield (Scheme 1).

Treatment of 1,2-dihydroquinoline-3-carboxylic acid with b-
alanine ester in the presence of HOBt, EDC.HCl and triethylamine at
room temperature for 16 h gave ethyl 3-(4-hydroxy-1-methyl-2-
oxo-1,2-dihydroquinoline-3-carboxamido)propanoate (5), which
was further hydrolysed using KOH, ethanol at reflux temperature
for 4 h to get 3-(4-hydroxy-1-methyl-2-oxo-1,2-dihydroquinoline-
3-carboxamido)propanoic acid (6). Treatment of compound 6 with
substituted piperazines and secondary amines (7a-l) in the pres-
ence of HOBT, EDC.HCl and triethyl amine at room temperature for
24 h gave the targeted 4-hydroxy-1-methyl-2-oxo-N-(3-oxo-3-
(piperdine/piperazin-1-yl)propyl)-1,2-dihydroquinoline-3-
carboxamides 8a-l in good yields (Scheme 2) (Table 1).

The synthesized 1,2-dihydroquinoline-3-carboxamides 8a-l
were subjected to analytical characterization and confirmed on the
basis of their spectral data. In 1H NMR spectra, the characteristic
triplet signals appeared for piperazine protons at d 3.10e3.85 ppm.
The structures for all these compounds were further confirmed by
HRMS analysis. For instance, 8a displayed a molecular ion peak at
m/z453.19246[MþH]þ suggesting the molecular formula of
C24H25O4N4F.Additionally, the IR spectra for the target compounds
8a-l exhibited characteristic absorption bands at 1629-
1633 cm�1,3060-3300 cm�1 and 2853-2952 cm�1 which corre-
sponded to C]O, NeH and CeH3 respectively.

2.2. 2Pharmacological evaluation

2.2.1. 1Effects of the compounds on the viability of human cancer
cells

The in vitro anti-proliferative activity of the designed com-
pounds 8a-l were evaluated against a panel of three different hu-
man cancer cell lines, PANC 1 (pancreatic), HeLa (cervical) and
MDA-MB-231 (breast) summarized in Table 2. The compounds
were picked for an advanced assay against these three human



Scheme 1. Synthesis of4-hydroxy-1-methyl-2-oxo-1, 2-dihydroquinoline-3-carboxylicacid (4). X ¼ a) N-Ph-2F; b) N-Ph; c) N-Ph-4CF3;d) CH2; e) N-Ph-4NO2;f) NeCH2CH3;g)
NeCH2-Ph; h) NeCH2e2OCH3; i) S; j) NeCH3; k) NeCH2e2OCH3; l) CH2eCH2- Ph. Reagents and conditions: i) b-Alanine ethyl ester HCl. EDC. HCl, HOBT, ET3N, DCM, rt, 16 h ii) 1N
KOH, ethanol, 80 �C, reflux, 4 h iii) EDC. HCl, HOBT, DCM, rt, 24 h.

Scheme 2. Synthesis of 4-hydroxy-1-methyl-2-oxo-N-(3-oxo-3-piperazinyl) propyl)-1,2-dihydroquinoline-3-carboxamide hybrids (8a-l).
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cancer cell lines at five different concentrations (0.01, 0.1, 1, 10,
100 mM). GI50 (growth inhibitory activity) was calculated and these
values corresponded to the concentration of the compound causing
50% decrease in the net cell growth as compared to the standard
drugs, Nocodazole and Combretastatin. Results were calculated for
each of these parameters if the level of activity was reached;
however, if the effect was not achieved, the value was expressed as
greater or less than the maximum or minimum concentration
tested.

Based on Table 2, the synthesized compounds 8a-l showed
significant to moderate cancer cell growth inhibition with GI50
values ranging from 0.15 to 5.4 mM. The effect of various sub-
stituent's attached to 1,2-dihydroquinoline-3-carboxamido prop-
anoic acid (6) was examined. In particular, the compounds 8d, 8e,
8f, 8g, 8h and 8k showed promising anti-proliferative activity with
GI50 values ranging from 0.15e1.40 mM respectively, against the
three human cancer cell lines. Among them, compounds 8d, 8e and
8k showed good anti-proliferative activity against all the three
human cancer cell lines.

The biological assessment results against PANC 1 (pancreatic)
cell line indicated that the piperdine analogue 8d exhibited good
anti-proliferative activity against this particular cell line. When the
activities of N-alkyl piperazines and N-phenyl piperazines were
compared, the analogue 8e with nitro group incorporated into the
4th position of phenyl ring of piperazine moiety attached to (6)
contributed promising anti-proliferative activity against all three
cell lines. The compound 8e showed significant anti-proliferative
activity against MDA-MB231. According to the data of biological
research regarding the potency of the phenyl substituted com-
pounds, the presence of nitro and methoxy groups to the phenyl
ring of piperazine moiety with (6) displayed promising anti-
proliferative activity against all the three cancer cell lines.

Moreover we noticed that the compounds 8h and 8k displayed
similar results against all the three cell lines indicating therewas no
significant change in their activities due to the changes in position
of the methoxy functional groups in the phenyl ring of piperazine
moiety. The halogenated piperazine bearing analogues also showed
considerable anti-proliferative activity against all the human cancer
cell lines. The results showed that the substitutions on the ring
attached to 1,2-dihdroquinoline-3-carboxamido propanoic acid
have influence on the potency of anti-proliferative activity against
all the three cancer cell lines. Fig. 3.

2.2.2. Molecular docking studies
Microtubules are the key components of the cytoskeleton of

eukaryotic cells and has an important role in various cellular



Table 1
4-hydroxy-1-methyl-2-oxo-N-(3-oxo-3-(piperazinyl) propyl)-1, 2-dihydroquinoline-3-carboxamide hybrids 8(ael).
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functions such as intracellular migration and transport, cell shape
maintenance, polarity, cell signalling and mitosis. It plays a critical
role in cell division by involving in the movement and attachment
of the chromosomes during various stages of mitosis. Therefore,
microtubule dynamics is an important target for the developing
anti-cancer drugs.
Combretastatin is a natural phenol that specifically binds to

cochicine binding site of tubulin for its anti-mitotic effects. Based
on the literature evidence the quinolines and dihydroquinolines
have been reported as tubulin inhibitors. Hence in the present



Table 2
(GI50)a values of the tested compounds against three human cancer cell lines.

S.No PANC 1 HeLa MDA-MB-231

8a 2.5 ± 0.09 0.96 ± 0.03 1.7 ± 0.03
8b 1.57 ± 0.04 3.9 ± 0.09 1.62 ± 0.08
8c 2.55 ± 0.04 3.7 ± 0.06 5.4 ± 0.17
8d 0.15 ± 0.02 0.82 ± 0.03 1.4 ± 0.05
8e 0.42 ± 0.01 0.94 ± 0.02 0.3 ± 0.02
8f 0.48 ± 0.03 0.88 ± 0.04 1.32 ± 0.16
8g 0.95 ± 0.01 0.76 ± 0.02 0.51 ± 0.01
8h 0.7 ± 0.01 0.74 ± 0.01 1.2 ± 0.06
8i 1.91 ± 0.06 3.0 ± 0.19 2.25 ± 0.03
8j 1.66 ± 0.04 1.16 ± 0.04 0.59 ± 0.02
8k 0.51 ± 0.01 0.73 ± 0.02 1.3 ± 0.05
8l 0.68 ± 0.03 1.4 ± 0.06 0.71 ± 0.01
Nocodazoleb <0.01 <0.01 <0.01
Combretastatinb 0.059 ± 0.002 0.083 ± 0.001 0.09 ± 0.01

a GI50: 50% Growth inhibition, concentration of drug (in mM) resulting in a 50%
reduction in net protein increase compared with control cells.

b Positive controls.

Fig. 3. Design strategy for new 4-hydroxy-1-methyl-2-oxo-N-(3-oxo-3-piperazinyl)
propyl)-1, 2-dihydroquinoline-3-carboxamide hybrids. Reagents and conditions: i)
CH3I, NaH, DMF,5 h ii) Diethyl malonate, NaH, DMF, 120 �C, reflux, 12 h iii) CH3CO2H,
HCl, CH3CH2OH, 60 �C, 4 h, reflux.

Fig. 4. a,b,c represents the dock poses of Combretastatin, 8d and 8e molecules in the
tubulin active site.

S. Banu et al. / European Journal of Medicinal Chemistry 125 (2017) 400e410404
study we have docked the current series of compounds along with
the combretastatin in the tubulin protein to understand the prob-
able binding mode and key active site interactions.

From the docking studies we observed that combretastatin
showed hydrogen bond interactions with Val 238 and Ala 317 and
hydrophobic interactions with Ala 250, Leu 255, Ala 316 and Lys
352 residues. The compounds 8d showed hydrophobic interactions
with Val 238, Leu 242, Leu 252, Lys 254, Leu 255 and Lys 352 and 8e
showed hydrophobic interactions with Val 238, Leu 242, Leu 255,
Ala 316, Lys 352 and Ileu 378 residues. Fig. 4 represents the docked
poses of combretastatin, 8d and 8e molecules in the tubulin active
site. The GI50 and pGI50 values, and dock scores were given in
Table 3.

From the above results we have observed that the most potent
compounds 8d and 8e showed some common interactions (Val
238, Leu 255, Lys 352) as compared to combretastatin which is in
agreement with experimental anti-proliferative activities. The
other compounds also showed comparable binding and good dock
scores. To validate the correlation between anti-proliferative ac-
tivity and the dock score a regression analysis was performed. The
correlation between experimental activity and dock scores is
greater than 50% [29]. Dock score (glide score) and GI50 of PANC1,
HeLa and MDA-MB-231 gave a correlation coefficient values (r)
of �0.58, �0.52 and �0.52 which shows significant relation be-
tween biological activity and docking. The scatter plots of pGI50 of
PANC1, HeLa, MDA-MB-231 and their dock scores are shown in
Fig. 5.

Experimental molecular 3D structures of ligands checked for
their ADME properties using QikProp4.0. (Table 4). ADME describes
about Absorption, Distribution, Metabolism and Excretion of drug
candidates. These are considered as drug like properties need to
fulfil by the drug molecule to pass through phase-I clinical trials.

They are defined as.
Absorption (A): Process of entering the drug substance into the

blood stream.
in silico parameters supported are logS and logP.



Table 3
Molecules with their activities and dock scores.

Compd. PANC 1 HeLa MDA-MB-231 Dock score(XP)

GI50 pGI50 GI50 pGI50 GI50 pGI50

8a 2.5 ± 0.09 5.6020 0.96 ± 0.03 6.0177 1.7 ± 0.03 5.7695 �4.854
8b 1.57 ± 0.04 5.8041 3.9 ± 0.09 5.4089 1.62 ± 0.08 5.7904 �4.041
8c 2.55 ± 0.04 5.5934 3.7 ± 0.06 5.4317 5.4 ± 0.1 5.2676 �4.508
8d 0.15 ± 0.02 6.8239 0.82 ± 0.03 6.0861 1.4 ± 0.05 5.8538 �5.734
8e 0.42 ± 0.01 6.3767 0.94 ± 0.02 6.0268 0.3 ± 0.02 6.5228 �5.709
8f 0.48 ± 0.03 6.3187 0.88 ± 0.04 6.0555 1.32 ± 0.16 5.8794 �4.161
8g 0.95 ± 0.01 6.0222 0.76 ± 0.02 6.1191 0.51 ± 0.01 6.2924 �5.085
8h 0.7 ± 0.01 6.1549 0.74 ± 0.01 6.1307 1.2 ± 0.06 5.9208 �5.376
8i 1.91 ± 0.06 5.7189 3.0 ± 0.19 5.5228 2.25 ± 0.03 5.6478 �5.410
8j 1.66 ± 0.04 5.7798 1.16 ± 0.04 5.9355 0.59 ± 0.02 6.2291 �2.649
8k 0.51 ± 0.01 6.2924 0.73 ± 0.02 6.1366 1.3 ± 0.05 5.8860 �5.1
8l 0.68 ± 0.03 6.1674 1.4 ± 0.06 5.8538 0.71 ± 0.01 6.1487 �4.073
Combretastatin 0.059 ± 0.0002 7.2291 0.083 ± 0.001 7.0809 0.09 ± 0.01 7.0457 �6.793
Nocodazole <0.01 e <0.01 e <0.01 e �5.753
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Distribution (D): Dispersion of drug to other parts of the body
defined by logBB.

Metabolism (M): Biotransformation, irreversible transformation
of parent compounds into active metabolites.

Excretion (E): Removal of drug metabolites from the body.
QikProp helps in analyzing pharmacokinetics and pharmaco-

dynamics of the ligand by accessing drug like properties. It predicts
both physically significant descriptors and pharmaceutically rele-
vant properties. Neutralized analogues of molecules are used for
calculating ADME properties. Properties consists of principal de-
scriptors and the physiochemical properties with a detailed anal-
ysis of the predicted octanol/water partition coefficient (QPlogPo/
w) and water solubility (QPlogS), critical for estimating the ab-
sorption and distribution of drugs within the body. % human oral
absorption in intestine, predicted brain/blood partition coefficient
(QPlogBB), predicted apparent Caco-2 cell permeability in nm/sec
(QPPCaco) and predicted apparent MDCK cell permeability in nm/
sec (QPPMDCK). Caco-2 cells are a model for the gut-blood barrier
whereas MDCK cells are considered to be a good mimic for the
blood-brain barrier. It also evaluates an acceptability of the ana-
logues based on the Lipinski's rule of 5 (number of violations of
Lipinski's rule of five) that is essential for rational drug design. Poor
absorption or permeation are more likely when a ligand molecule
violates Lipinski's rule of five i.e., more than 5 hydrogen bond do-
nors, themolecular weight over 750, the log P over 5 and the sum of
N's and O's over 10.

The calculated values for the synthesized molecules ranged
within the acceptable limits.

Crossing the blood-brain barrier (BBB), which is a prerequisite
for the entry of drugs to CNS, was found to be in the acceptable
range indicating that the compounds may be considered for further
development. The predicted percentage human oral absorption for
all the molecules also in acceptable range.
3. Conclusion

Taken together, we synthesized a series of novel 4-hydroxy-1-
methyl-2-oxo-N-(3-oxo-3-(piperazin-1-yl) propyl)-1,2-
dihydroquinoline-3-carboxamides 8a-l in good yields and per-
formed anti-proliferative activity against three different human
cancer cell lines, namely PANC 1, HeLa, and MDA-MB-231
(pancreatic, cervical and breast respectively). Among the tested
cancer cell lines, Compounds 8d, 8e, 8f, 8g, 8h, and 8k exhibited
promising anti-proliferative activity with GI50 values ranging from
0.15 to 1.4 mM against all cell lines, like PANC 1, HeLa and MDA-MB-
231. Significantly, the compounds 8d showed significant activity
against PANC 1with GI50 value 0.15 mM, 8e showed significant ac-
tivity against MDA-MB-231with GI50 value 0.30 mMand 8k showed
significant activity against HeLa with GI50 value 0.73 mM. Based on
the biological assay, molecular docking and ADME studies, the
synthesized molecules can be considered as promising lead mole-
cules for the development of new anti cancer agents.
4. Experimental protocols

4.1. Biological study

4.1.1. Materials and methods. Cell cultures, maintenance and anti
proliferative evaluation

The cell lines, PANC 1, HeLa, and MDA MB 231 (pancreatic, cer-
vical and breast) used in this study was procured from American
Type Culture Collection (ATCC), USA. The synthesized test com-
poundswere evaluated for their in vitro anti-proliferative activity in
these three different human cancer cell lines. A protocol of 48 h
continuous drug exposure was used and an SRB cell proliferation
assay was used to estimate cell viability or growth. All the cell lines
were grown in Dulbecco's modified Eagle's medium (containing
10% FBS in a humidified atmosphere of 5% CO2 at 37 �C). Cells were
trypsinized when sub-confluent from T25 flasks/60 mm dishes and
seeded in 96-well plates in 100 mL aliquots at plating densities
depending on the doubling time of individual cell lines. The
microtitre plates were incubated at 37 �C, 5% CO2, 95% air, and 100%
relative humidity for 24 h prior to the addition of experimental
drugs and were incubated for 48 h with different doses (0.01, 0.1, 1,
10, 100 mM) of the prepared derivatives. After incubation at 37 �C
for 48 h, the cell monolayers were fixed by the addition of 10% (wt/
vol) cold trichloroacetic acid and incubated at 4 �C for 1 h and were
then stained with 0.057% SRB dissolved in 1% acetic acid for
30 min at room temperature. Unbound SRB was washed with 1%
acetic acid. The proteinebound dye was dissolved in 10 mM Tris
base solution for OD determination at 510 nm using a microplate
reader (Enspire, Perkin Elmer, USA). Using the seven absorbance
measurements [time zero, (Tz), control growth, (C), and test growth
in the presence of drug at the five concentration levels (Ti)], the
percentage growth was calculated at each of the drug concentra-
tions levels. Percentage growth inhibition was calculated as:

[(Ti-Tz)/(C-Tz)] � 100 for concentrations for which Ti>/ ¼ Tz.
[(Ti-Tz)/Tz] � 100 for concentrations for which Ti < Tz.

The dose response parameter, growth inhibition of 50% (GI50)
was calculated from [(Ti-Tz)/(C-Tz)] � 100 ¼ 50, which is the drug



Fig. 5. Scatter plots of Experimental pGI50 VS Dock score values Activity 1 (PANC1) (a),
Activity 2 (HeLa) (b) and Activity 3 (MDA-MB-231) (c).
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concentration resulting in a 50% reduction in the net protein in-
crease (as measured by SRB staining) in control cells during the
drug incubation. Values were calculated for this parameter if the
level of activity is reached; however, if the effect is not reached or is
exceeded, the value for that parameter was expressed as greater or
less than the maximum or minimum concentration tested.
4.2. Molecular modeling

Docking studies: Molecular docking studies were carried out
using Glide version 5.6 [30]. Crystal structure of b-tubulin (PDB ID:
1SA0) [31] was downloaded from protein data bank. 12 molecules
were docked into 1SA0. The hydrogen atoms were added and un-
wanted water molecules were removed from the protein structure.
The receptor binding site was defined as a Glide enclosing box in
the centroid of the co-crystallized ligand molecule and the size was
set to a default value of 26 Å without any hydrogen bonding
constraint.

Ligand preparation: LigPrep [32] was used to attach hydrogen,
converts 2D structures to 3D, generates stereoisomer and option-
ally neutralizes charged structures or determines the most prob-
able ionization state at user-defined pH. All the structures were
ionized at neutral pH 7. Conformers for each ligand were generated
using ConfGen by applying OPLS-2005 force field method [33].

4.3. General information

All the solvents and reagents were purchased from commercial
suppliers and were used without further purification. Melting
points were measured with a Fischer-Johns melting point appa-
ratus and were uncorrected. Nuclear Magnetic Resonance spectra
were recorded on 300 (Bruker) and 500 MHz (Varian) spectrome-
ters in appropriate solvents using TMS as internal standard or the
solvent signals as secondary standards and the chemical shifts are
represented in d scales. Multiplicities of NMR signals are designated
as s (singlet), d (doublet), doublet of doublet (dd), t (triplet), m
(multiplet, for unresolved lines), etc. 13C NMR spectra were recor-
ded on 75 and 125 MHz spectrometer. IR spectra were recorded on
Perkin-Elmer model 683 or 1310 spectrometers with sodium
chloride optics or KBr pellets with neat. ESI-MS were recorded on
Thermo Finnigan LCQ ion trap mass spectrometer equipped with
electron spray ionization. High-resolution mass spectra were ob-
tained by using ESI-QTOF mass spectrometer. All the experiments
were monitored by analytical thin layer chromatography (TLC)
performed on silica gel GF254 pre-coated plates. After elution, the
plate was visualized for the spots on TLC plates which was achieved
either by exposure to UV (254 nm) light, iodine vapour and/or by
dipping the plates in phosphomolybdic acid-ceric (IV) sulfate-
sulfuric acid solution (PMA solution) and heating the plates at
110 �C.Solvents were removed under vacuum and heated in awater
bath at 40 �C. Silica gel (60e120 mesh) was used for column
chromatography. Columns were packed as the slurry of silica gel in
hexane and equilibrated with the appropriate solvent/solvent
mixture prior to use. The compounds were loaded neat or as a
concentrated solution using the appropriate solvent system.
Appropriate names (if possible) for all the new compounds were
given with the help of ChemBioOffice v12.0; 2012.

4.4. Synthesis of 1-methyl-1H-benzo[d] [1,3] oxazine-2, 4-dione (2)

Isatoic anhydride (12.26 mmol) in DMF (30 mL) was taken, so-
dium hydride (18.3 mmol) was added portion wise and stirred for
10 min. Reaction mixture was cooled to 0 �C, lodomethane
(18.3 mmol) was added drop wise and stirred at RT for 5 h. Reaction
was monitored by TLC. After completion of reaction, ice water was
added, extracted with ethyl acetate. Organic layer was dried over
anhydrous sodium sulfate and evaporated to dryness. Crude
product was purified by column chromatography using an eluent of
35% ethyl acetate in hexane to afford 1 -methyl- l H-benzo[d][l,3]
oxazine-2,4-dione as brown coloured solid with 64% yield.1HNMR
(400 MHz, DMSO-d6): d 3.59 (s, 3H, CH3), 7.30e7.39 (m, 1 H, AreH),
7.79e7.86 (m, 1 H, AreH), 8.08e8.13(m, 1H, AreH).

4.5. Synthesis of ethyl 4-hydroxy-1-methyl-2-oxo-1,2-
dihydroquinoline-3-carboxylate (3)

A solution of diethyl malonate (51 mmol) was added slowly to a
suspension of sodium hydride (60% in mineral oil, 56 mmol) in
dimethylformamide under N2 atmosphere. The mixturewas stirred



Table 4
Pharmacokinetic properties of molecules.

Compd.a QPlogPo/wb QPlogSc QPlogBBd QPPCacoe QPPMDCKf %Human oral absorptiong

8a 3.792 �4.077 �0.729 454.113 564.204 96.704
8b 4.128 �4.803 �0.611 843.169 796.743 100
8c 4.723 �5.556 �0.57 462.949 1869.451 100
8d 3.05 �4.106 �0.837 548.13 464.888 93.827
8e 3.55 �6.14 �2.053 93.559 57.006 83.012
8f 2.168 �2.723 �0.576 137.328 98.524 77.902
8g 3.583 �4.433 �0.673 157.245 113.883 87.241
8h 4.294 �5.806 �1.08 464.425 406.092 100
8i 3.031 �4.027 �0.657 631.118 928.994 94.811
8j 1.819 �1.47 �0.106 243.423 216.776 80.308
8k 4.264 �5.747 �1.082 454.509 402.52 100
8l 5.21 �6.391 �0.899 771.018 625.161 96.168
Combretastatin 3.327 �3.842 �0.654 2087.011 1095.768 100

a Molecules.
b Predicted octanol/water partition coefficient log P (Acceptable range�2.0 to 6.5).
c Predicted aqueous solubility's in mol/L (Acceptable range �6.5 to 0.5).
d Predicted BBB permeability (Acceptable range�3 to 1.2).
e Predicted Caco cell permeability in nm/s (Acceptable range:< 25 is poor and >500 is great).
f Predicted apparent MDCK cell permeability in nm/s (Acceptable range in nm/s (Acceptable range: <25 is poor and>500 is great).
g Percentage of human oral absorption (Acceptable range: <25 is poor and >80% is high).
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at room temperature until the evolution of hydrogen gas ceased,
then heated to 90 �C for 30 min and cooled to room temperature. A
solution of N-methylisatoic anhydride (56 mmol) in dime-
thylformamide was added slowly and the mixture was heated
overnight at 120 �C. The mixture was then cooled to room tem-
perature, poured into ice water, and acidified by cold 10% HCI. The
solids formed were filtered and washed several times by water to
afford ethyl 4-hydroxy-1-methyl-2-oxo-1, 2-dihydroquinoline-3-
carboxylate as light brown coloured solid with 78% yield.1H NMR
(500MHz, CDCl3): d1.49 (t,J¼ 7.1 Hz, 3H, CH3),3.66 (s, 3H, CH3), 4.51
(q, J ¼ 7.1 Hz, 2H, CH2), 7.27e7.38 (m, 1H, AreH), 7.66e7.73 (m, 1H,
AreH), 8.19 (dd, J ¼ 7.9 Hz, 1.5 Hz, 1H, AreH), 14.20 (s, 1H, OH).
4.6. Synthesis of 4-hydroxy-1-methyl-2-oxo-1,2-dihydroquinoline-
3-carboxylic acid (4)

1,2-Dihydro-4-hydroxy-l-methyl-2-oxo-3-quinoline carboxylic
acid methyl ester (3.61 mmol) was added to glacial acetic acid
(88.6 mmol) at 25e30 �C followed by the addition of hydrochloric
acid (54.5 mmol) and then heated to 80e85 �C. The reaction
mixture was stirred at 80e85 �C for 6 h. The resulting mass was
cooled to 10e15 �C followed by the addition of ethanol (10mL). The
resulting solid was filtered and washed with ethanol (10 mL) and
then dried to get l,2-dihydro-4-hydroxy-l-methyl-2-oxo-3- quino-
line carboxylic acid as white coloured solid with 86% yield. 1H NMR
(500 MHz, CDCl3): d3.77 (s, 3H, CH3), 7.38e7.54 (m, 2H, AreH),
7.77e7.87 (m, 1H,AreH), 8.27 (dd,, J ¼ 8.0 Hz, 1.2 Hz, 1H, AreH),
14.55 (s, 1H, COOH), 15.60 (s, 1H,OH).
4.7. Synthesis of ethyl 3-(4-hydroxy-1-methyl-2-oxo-1,2-
dihydroquinoline-3-carboxamido) propanoate (5)

Compound 4 (1 mmol) was dissolved in freshly distilled
dichloromethane (5 mL) under nitrogen atmosphere. Then HOBt
(1.1 mmol), EDC.HCl (1.1 mmol) were added to it. The reaction
mixture was stirred for 5 min, and b-alanine ethyl ester hydro-
chloride (1.5 mmol) was added slowly, followed by the addition of
triethylamine (2 mmol) and stirred for 16 h at room temperature.
The progress of the reaction was monitored by TLC. After comple-
tion of the reaction, water (10 mL) was added to the reaction
mixture and extracted with dichloromethane. Organic layer was
collected and dried over anhydrous Na2SO4. Solvent was removed
under reduced pressure and the resultant compound was recrys-
tallized with ether to afford the title compound 5 as pale brown
solid with 76% yield.1H NMR (500 MHz, CDCl3): 1.29 (t, J ¼ 7.1 Hz,
3H, CH3) 2.67 (t, J ¼ 6.5 Hz, 2H, CH2), 3.68 (s, 3H, CH3), 3.74 (q,
J ¼ 6.4 Hz, 2H, CH2), 4.20 (q, J ¼ 7.1 Hz, 2H, CH2), 7.28e7.33 (m, 1H,
AreH), 7.34e7.38 (m, 1H, AreH), 7.65e7.72 (m, 1H, AreH), 8.21 (dd,
J ¼ 8.0 Hz, 1.5 Hz, 1H), 10.59 (t, J ¼ 6.7 Hz, 1H, CONH).
4.8. Synthesis of 3-(4-hydroxy-1-methyl-2-oxo-1,2-
dihydroquinoline-3-carboxamido) propanoic acid (6)

The compound 5 (1.2 mmol) was dissolved in ethanol (10 mL),
added 1N potassium hydroxide solution (10 mL) and the reaction
mixture was refluxed for 4 h, and completion of the reaction was
monitored by TLC. After completion of the reaction, the reaction
mixture was allowed to cool to room temperature, neutralized with
diluted hydrochloric acid and the solid separated was filtered
through Buckner funnel and washed with water and dried over
reduced pressure to obtain the crude compound. The above crude
product was recrystallized from ethanol to obtain the title com-
pound 6 as white solid with 74% yield. 1H NMR (300 MHz, CDCl3):
2.75 (t, J ¼ 6.4 Hz, 2H, CH2), 3.69 (s, 3H, CH3), 3.72e3.80 (m, 2H,
CH2), 7.30e7.38 (m, 2H, AreH), 7.65e7.73 (m, 1H, AreH), 8.23 (dd,
J ¼ 7.7 Hz,1.37 Hz, 1H, AreH), 10.62 (t, J ¼ 5.6 Hz, 1H, CONH)$13C
NMR (75 MHz, CDCl3): d20.07, 32.69, 34.95, 96.71, 114.09, 122.17,
125.36, 133.55, 162.50, 139.83, 162.50, 170.99, 179.50; MS (ESI): m/z
291[MþH]þ;
4.9. 9General procedure for the synthesis of compounds8a-l

Compound 6 (1 mmol) was dissolved in freshly distilled
dichloromethane (5 mL) under nitrogen atmosphere. Then HOBt
(1.1 mmol), EDC,HCl (1.1 mmol) were added to it. The reaction
mixturewas stirred for 5min, secondary amine 7a-l (1.2mmol) was
added in a slow stream and followed by the addition of triethyl-
amine (2 mmol) and the reaction mixture was stirred for 24 h at
room temperature. The progress of the reaction was monitored by
TLC. After completion of the reaction, water (10 mL) was added to
the reaction mixture and extracted with dichloromethane. Organic
layer was collected and dried over anhydrous Na2SO4. After filtra-
tion, the solvent was removed under reduced pressure and the
crude product was purified by silica gel chromatography using an
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eluent of 50% ethyl acetate in hexane.

4.9.1. N-(3-(4-(2-fluorophenyl)piperazin-1-yl)-3-oxopropyl)-4-
hydroxy-1-methyl-2-oxo-1,2-dihydroquinoline-3-carboxamide (8a)

Light brown solid (82% yield): m.p: 160e164 �C; IR (KBr, n):
3090, 2924, 2854, 1633, 1574, 1504, 1442, 1231, 1021, 803,764 cm�1;
1H NMR (500 MHz, CDCl3): d2.73 (t, J ¼ 6.4 Hz, 2H, CH2), 3.04e3.09
(m, 4H, 2CH2), 3.64 (t, J ¼ 5.2 Hz, 2H, CH2), 3.68 (s, 3H, CH3),
3.78e3.82 (m, 2H, CH2), 3.82e3.85 (m, 2H,CH2), 6.89e6.99 (m, 2H,
AreH), 7.01e7.07 (m, 2H, AreH), 7.28e7.33 (m, 1H, AreH),
7.34e7.37 (m, 1H, AreH), 7.67e7.71 (m, 1H, AreH), 8.22 (dd,
J ¼ 8.0 Hz, 1.3 Hz, 1H, AreH), 10.64 (t, J ¼ 5.5 Hz, 1H, CONH); 13C
NMR (75 MHz, CDCl3): d29.65, 32.77, 45.50, 50.33, 50.78, 96.83,
114.16, 116.07, 119.14, 122.25, 123.06, 124.46, 133.66, 139.93, 162.51,
169.38, 171.11, 171.81; MS (ESI):m/z 453 [MþH]þ; HRMS: Calcd for
C24H25O4N4F: 453.19326, Found: 453.19246.

4.9.2. 4-Hydroxy-1-methyl-2-oxo-N-(3-oxo-3-(4-phenylpiperazin-
1-yl)propyl)-1,2-dihydroquinoline-3-carboxamide (8b)

Light brown solid (84% yield): m.p:162e166 �C; IR (KBr, n): 3379,
2925, 2858, 1634, 1494, 1441, 1230, 1020, 803, 764 cm�1; 1H NMR
(500 MHz, CDCl3): d 2.73 (t, J ¼ 6.4 Hz, 2H, CH2), 3.17 (t, J ¼ 5.1 Hz,
4H, 2CH2), 3.63 (t, J ¼ 5.1 Hz, 2H, CH2), 3.66 (s, 3H, CH3), 3.77e3.86
(m, 4H, 2CH2), 6.88e6.96 (m, 4H, AreH), 7.28e7.36 (m, 3H, AreH),
7.66e7.70 (m, 1H, AreH), 8.22 (dd, J ¼ 8.0 Hz, 1.5 Hz, 1H, AreH),
10.63 (t, J ¼ 5.7 Hz, 1H, CONH); 13C NMR (125 MHz, CDCl3): d 29.13,
32.76, 35.02, 45.29, 49.36, 96.83, 114.17, 116.59, 120.49, 122.24,
125.44, 129.16, 133.65, 139.91, 150.85, 169.38, 171.11, 171.79. (ESI):m/
z 435 [MþH]þ; HRMS: Calcd for C24H26O4N4: 435.20268, Found:
435.20198.

4.9.3. 4-Hydroxy-1-methyl-2-oxo-N-(3-oxo-3-(4-(4-
(trifluoromethyl)phenyl)piperazin-1-yl)propyl)-1,2-
dihydroquinoline-3-carboxamide (8c)

White solid (80% yield)): m.p:134e137 �C; IR (KBr, n): 3101,
2924, 2855, 1633, 1574, 1408, 1338, 1155, 1098, 1072,765 cm�1; 1H
NMR (500 MHz, CDCl3): d 2.73 (t, J ¼ 6.4 Hz, 2H, CH2), 3.27 (t,
J ¼ 5.1 Hz, 4H, 2CH2), 3.64 (s, 3H, CH3), 3.65e3.68 (m, 2H, CH2),
3.78e3.84 (m, 4H, 2CH2), 6.90 (d, J ¼ 8.6 Hz, 2H, AreH), 7.28e7.35
(m, 2H, AreH), 7.44e7.49 (m, 2H, AreH), 7.66e7.70 (m, 1H, AreH),
8.21 (dd, J ¼ 8.1 Hz, 1.5 Hz, 1H, AreH), 10.62 (t, J ¼ 5.4 Hz, 1H,
CONH); 13C NMR (75 MHz, CDCl3): d29.16, 32.77, 35.01, 41.67, 45.50,
50.31, 96.83, 114.17, 116.06, 119.13, 122.26, 123.17, 125.45, 133.65,
162.50, 169.37, 171.10, 171.80; MS (ESI): m/z 503[MþH]þ; HRMS:
Calcd for C25H25O4N4F3: 503.19007, Found: 503.19005.

4.9.4. 4-Hydroxy-1-methyl-2-oxo-N-(3-oxo-3-(piperidin-1-yl)
propyl)-1,2-dihydroquinoline-3-carboxamide (8d)

Pale yellow solid (78% yield)): m.p:148e152 �C; IR (KBr, n): 3422,
2926, 2853, 1633, 1567, 1445, 1411, 1337, 1252, 1015, 763 cm�1; 1H
NMR (500 MHz, CDCl3): d 1.52e1.58 (m, 4H, 2CH2), 1.61e1.65 (m,
2H, CH2), 2.66 (t, J ¼ 6.6 Hz, 2H, CH2), 3.39 (t, J ¼ 5.3 Hz, 2H, CH2),
3.59 (t, J ¼ 5.4 Hz, 2H, CH2), 3.68 (s, 3H, CH3), 3.77 (q, J ¼ 6.4 Hz, 2H,
CH2), 7.27e7.32 (m, 1H, AreH), 7.33e7.37 (m, 1H, AreH), 7.65e7.70
(m, 1H, AreH), 8.21 (dd, J ¼ 7.9 Hz, 1.5 Hz, 1H, AreH), 10.60 (t,
J ¼ 6.5 Hz, 1H, CONH); 13C NMR (75 MHz, CDCl3): d25.42, 26.32,
29.64, 32.81, 35.08, 42.62, 46.36, 96.17, 114.14, 122.18, 125.44,
133.59, 162.50, 168.96, 171.81; MS (ESI): m/z 358[MþH]þ; HRMS:
Calcd for C19H23O4N3: 358.17613, Found:358.17672.

4.9.5. 4-Hydroxy-1-methyl-N-(3-(4-(4-nitrophenyl)piperazin-1-
yl)-3-oxopropyl)-2-oxo-1,2-dihydroquinoline-3-carboxamide (8e)

Red solid (77% yield)): m.p:169e173 �C; IR (KBr, n): 3249, 2925,
2854, 1725, 1633, 1595, 1307, 1112, 1020, 751 cm�1; 1H NMR
(500 MHz, CDCl3): d 2.74 (t, J ¼ 6.4 Hz, 2H, CH2), 3.42e3.49 (m, 4H,
2CH2), 3.65 (s, 3H, CH3), 3.66e3.71 (m, 2H, CH2), 3.81 (q, J ¼ 6.4 Hz,
2H, CH2), 3.85 (t, J ¼ 5.4 Hz, 2H, CH2), 6.78e6.82 (m, 2H, AreH),
7.29e7.36 (m, 2H, AreH), 7.67e7.71 (m, 1H, AreH), 8.09e8.13 (m,
2H, AreH), 8.21 (dd, J¼ 7.9 Hz,1.3 Hz,1H, AreH),10.63 (t, J¼ 5.3 Hz,
1H, CONH); 13C NMR (75 MHz, CDCl3): d29.10, 32.75, 35.04, 41.21,
44.97, 48.01, 77.31, 76.99, 76.67, 96.81, 114.90, 114.17, 122.27, 125.43,
126.44, 133.70, 139.91, 152.81, 171.80, 162.48, 171.15, 169.49; MS
(ESI): m/z 480[MþH]þ; HRMS: Calcd for C24H25O6 N5: 480.18776,
Found: 480.18926.

4.9.6. N-(3-(4-ethylpiperazin-1-yl)-3-oxopropyl)-4-hydroxy-1-
methyl-2-oxo-1,2-dihydroquinoline-3-carboxamide (8f)

Light brown solid (83% yield)): m.p:165e170 �C; IR (KBr, n):
3564, 3240, 2925, 2853,1633,1584,1339,1231,1097, 956, 747 cm�1;
1H NMR (300 MHz, CDCl3): d 1.03 (t, J ¼ 7.1 Hz, 3H, CH3), 2.41e2.44
(m, 6H, 3CH2), 2.67 (t, J ¼ 6.4 Hz, 2H, CH2), 3.48 (t, J ¼ 4.8 Hz, 2H,
CH2), 3.67e3.69 (m, 5H, CH3, CH2), 3.74e3.79 (m, 2H, CH2),
7.29e7.36 (m, 2H, AreH), 7.66e7.70 (m, 1H, AreH), 8.21 (dd,
J¼ 7.9 Hz,1.2 Hz,1H, AreH),10.62 (t, J¼ 5.1 Hz,1H, CONH); 13C NMR
(75 MHz, CDCl3): d11.77, 29.58, 32.69, 34.95, 41.46, 45.23, 52.10,
52.72, 96.71, 114.09, 122.17, 125.36, 133.55, 139.83, 162.47, 169.14,
170.99; MS (ESI): m/z 387[MþH]þ; HRMS: Calcd for C20H26O4N4:
387.20268, Found: 387.20369.

4.9.7. N-(3-(4-benzylpiperazin-1-yl)-3-oxopropyl)-4-hydroxy-1-
methyl-2-oxo-1,2-dihydroquinoline-3-carboxamide (8g)

Brown solid (80% yield)): m.p:172e177 �C; IR (KBr, n): 3425,
3076, 2924, 2853,1638,1568,1458,1336,1214,1082, 954, 751 cm�1;
1H NMR (500 MHz, CDCl3): d 2.41e2.45 (m, 4H, 2CH2), 2.63e2.68
(m, 2H, CH2), 3.14e3.19 (m, 2H, CH2), 3.46 (t, J ¼ 5.0 Hz, 2H, CH2),
3.64e3.69 (m, 5H, CH3, CH2), 3.76 (q, J¼ 6.4 Hz, 2H, CH2), 7.29e7.37
(m, 7H, AreH), 7.64e7.72 (m, 1H, AreH), 8.21 (dd, J ¼ 8.1 Hz, 1.3 Hz,
1H, AreH), 10.62 (t, J ¼ 5.9 Hz, 1H, CONH); 13C NMR (75 MHz,
CDCl3): d29.15, 34.98, 45.24, 50.10, 52.59, 62.78, 96.65, 114.16,
122.24, 125.43, 127.25, 128.27, 129.11, 133.62, 137.33, 160.74, 169.22,
171.03; MS (ESI): m/z 449[MþH]þ; HRMS: Calcd for C25H28O4N4:
449.21833, Found: 449.21891.

4.9.8. 4-Hydroxy-N-(3-(4-(2-methoxyphenyl)piperazin-1-yl)-3-
oxopropyl)-1-methyl-2-oxo-1,2-dihydroquinoline-3-carboxamide
(8h)

Light brownsolid (76% yield): m.p:162e164 �C; IR (KBr, n): 3251,
2925, 2855, 1629, 1589, 1499, 1335,1273, 1024, 751 cm�1; 1H NMR
(300 MHz, CDCl3): d 2.73 (t, J ¼ 6.4 Hz, 2H, CH2), 2.99e3.08 (m, 4H,
2CH2), 3.61e3.65 (m, 2H, CH2), 3.66 (s, 3H, CH3), 3.76e3.81 (m, 2H,
CH2), 3.83e3.86 (m, 2H, CH2), 3.87 (s, 3H, CH3), 6.85e6.91 (m, 3H,
AreH), 6.98e7.05 (m, 1H, AreH), 7.28e7.36 (m, 2H, AreH),
7.64e7.77 (m, 1H, AreH), 8.20 (dd, J ¼ 7.9 Hz, 1.1 Hz, 1H, AreH),
10.63 (t, J ¼ 5.6 Hz, 1H, CONH); 13C NMR (125 MHz, CDCl3): d 29.15,
32.76, 35.08, 45.65, 50.53, 55.39, 96.86, 111.20, 114.16, 118.36,
120.96, 122.24, 123.50, 125.46, 133.63, 140.57, 152.18, 169.31, 171.11,
171.82; MS(ESI): m/z 465[MþH]þ; HRMS: Calcd for C25H28O5N4:
465.21325, Found: 465.21294.

4.9.9. 4-Hydroxy-1-methyl-2-oxo-N-(3-oxo-3-
thiomorpholinopropyl)-1,2-dihydroquinoline-3-carboxamide (8i)

Brown liquid (68% yield)): IR (KBr, n): 3247, 2925, 2814, 1634,
1567,1454,1209,1145,1004, 747 cm�1; 1H NMR (500MHz, CDCl3):d
2.31e2.54 (m, 4H, 2CH2), 2.67 (t, J¼ 6.4 Hz, 2H, CH2), 3.65e3.67 (m,
4H, 2CH2), 3.68 (s, 3H, CH3), 3.78 (q, J ¼ 6.25, 2H, CH2), 7.28e7.41
(m, 2H, AreH), 7.59e7.73 (m, 1H, AreH), 8.18e8.30 (m, 1H, AreH),
10.62 (t, J ¼ 5.3 Hz,1H, CONH); 13C NMR (125 MHz, CDCl3): d26.38,
29.70, 32.87, 35.14, 42.67, 96.23, 114.20, 122.24, 125.50, 133.64,
162.56, 169.02, 171.87; MS (ESI): m/z 376[MþH]þ; HRMS: Calcd for
C18H21O4N3S: 376.13255, Found: 376.13316.
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4.9.10. 4-Hydroxy-1-methyl-N-(3-(4-methylpiperazin-1-yl)-3-
oxopropyl)-2-oxo-1,2-dihydroquinoline-3-carboxamide (8j)

Light brown liquid (79% yield); IR (KBr, n): 3235, 2930, 2796,
1632, 1563, 1504, 1445, 1337, 1144, 1002, 762 cm�1; 1H NMR
(500 MHz,CDCl3): d2.29 (s, 3H, CH3), 2.36e2.41 (m, 4H, 2CH2), 2.67
(t, J ¼ 6.4 Hz, 2H, CH2), 3.48 (t, J ¼ 5.0 Hz, 2H, CH2), 3.64e3.70 (m,
5H, CH3, CH2), 3.75e3.79 (m, 2H, CH2), 7.28e7.36 (m, 2H, AreH),
7.68 (t, J ¼ 7.6 Hz, 1H, AreH), 8.19e8.22 (m, 1H, AreH), 10.60 (t,
J ¼ 6.1 Hz, 1H, CONH); 13C NMR (75 MHz, CDCl3): d29.15, 32.76,
35.02, 96.84, 114.16, 122.25, 125.46, 133.62, 139.93, 162.52, 169.21,
171.08; MS (ESI): m/z373[MþH]þ; HRMS: Calcd for C19H24O4N4:
373.18703, Found: 373.18598.

4.9.11. 4-Hydroxy-N-(3-(4-(3-methoxyphenyl)piperazin-1-yl)-3-
oxopropyl)-1-methyl-2-oxo-1,2-dihydroquinoline-3-carboxamide
(8k)

Light brown solid (74% yield): m.p:165e168 �C; IR (KBr, n): 3446,
3084, 2923, 2856, 1633, 1571, 1496, 1438, 1335, 1227, 1017, 927, 763,
695 cm�1; 1H NMR (500 MHz, CDCl3): d2.72 (t,J ¼ 6.4 Hz, 2H, CH2),
3.14e3.18 (m, 4H, 2CH2), 3.60e3.64 (m, 2H, CH2),3.66 (s, 3H, CH3),
3.78 (s, 3H, CH3), 3.79e3.81 (m, 4H, 2CH2), 6.43e6.48 (m, 2H,
AreH), 7.14e7.22 (m, 2H, AreH), 7.27e7.36 (m, 2H, AreH),
7.66e7.71 (m, 1H, AreH), 8.21 (dd, J ¼ 8.0 Hz, 1.5 Hz, 1H, AreH),
10.62 (t, J ¼ 5.8 Hz, 1H, CONH);13C NMR (75 MHz, CDCl3): d32.79,
35.05, 41.48, 45.25, 49.30, 55.18, 96.85, 103.06, 105.52, 109.26,
114.18, 122.27, 125.48, 129.89, 133.66, 160.56, 169.42, 171.84; MS
(ESI): m/z 465 [MþH]þ; HRMS: Cacld for C25H28O5N4: 465.21325,
Found: 465.21077.

4.9.12. N-(3-(4-benzylpiperidin-1-yl)-3-oxopropyl)-4-hydroxy-1-
methyl-2-oxo-1,2-dihydroquinoline-3-carboxamide (8l)

Light yellow solid (77% yield); m.p: 154e158 �C; IR (KBr, n): 3247,
2925, 2854, 1724, 1638, 1284, 1110,746 cm�1; 1H NMR
(500 MHz,CDCl3): d1.14e1.26 (m, 4H, 2CH2), 1.72e1.77 (m, 1H, CH),
2.52e2.58 (m, 2H, CH2), 2.63e2.66 (m, 2H, CH2), 3.66 (s, 3H, CH3),
3.70e3.83 (m, 6H, 3CH2), 7.08e7.12 (m, 2H, AreH), 7.17e7.21 (m,
1H, AreH), 7.23e7.25 (m, 1H, AreH), 7.27e7.31 (m, 2H, AreH),
7.33e7.36 (m, 1H, AreH), 7.62e7.70 (m, 1H, AreH), 8.18e8.22 (m,
1H, AreH), 10.59 (t, J ¼ 5.8 Hz, 1H, CONH); 13C NMR (75 MHz,
CDCl3): d29.12, 32.38, 38.16, 41.97, 42.89, 45.63, 96.83, 114.13,
125.42, 125.97, 128.22, 128.99, 133.59, 139.87, 162.48, 169.00, 171.02,
171.80; MS (ESI): m/z 449 [MþH]þ; HRMS: Calcd for C26H30N3O4:
448.22068, Found: 448.22275.
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