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Abstract

FT-IR and FT-Raman spectraof (2E)-N-(4-chloro-2-oxo-1,2-dihydroquinolin-3-yl)-3-
phenylprop-2-enamide were recorded and analyzed experimentally and theoretically. The
synthesis, 'H-NMR and PES scan results are also discussed. Nonlinear optical behaviour of
the examined molecule was investigated by the determination of first hyperpolarizability. The
calculated HOMO- and LUMO energies show the chemical activity of the molecule. The
stability of the molecule arising from hyper-conjugative interaction and charge delocalization
has been analyzed using NBO analysis. From the MEP it is evident that the negative charge
covers' the carbonyl group and the positive region is over the NH group. The calculated
geometrical parameters (SDD) are in agreement with that of similar derivatives. Molecular
docking simulations against targets from mycobacterium tuberculosis are reported and the
results suggest that the compound might exhibit inhibitory activity against PknB.
Keywords: DFT; FT-IR; FT-Raman; quinoline; MEP; Molecular docking.
1. Introduction

Quinoline derivatives have been extensively studied due to their anti-amoebic [1],
anti-viral [2], anti-parasitic [3], anti-malarial [4-10] properties. Quinolines have good electron

mobility, good thermal and oxidative stabilities, high photoluminescence efficiencies and



good film forming properties which is important for their use in organic light emitting diodes
(OLEDs) [11, 12]. Quinolines are reported to be a promising candidate for the use as
PhOLEDs (Phosphorescent Organic Light Emitting diodes) [13] with good nonlinear optical
properties [14, 15]. There has been growing interest in using organic materials for nonlinear
optical devices, functioning as second harmonic generators, frequency converters, electro-
optical modulators, etc. because of the large second order electric susceptibilities of organic
materials. Since the second order electric susceptibility is related to first hyperpolarizability,
the search for organic chromophores with large first hyperpolarizability is fully justified. The
organic compounds showing high hyperpolarizability are those containing an electron
donating group or an electron withdrawing group interacting through a system of conjugated
double bonds. To the best of our knowledge, a detailed description of the spectroscopic
behaviour of the title compound with the help of vibrational spectral techniques and quantum
chemical calculations along with NLO properties has not been given to date. Due to the
different potential biological activity of the title compound, molecular docking of the title
compound is also reported.

2. Experimental details

General procedure for the preparation of (2E)-N-(4-chloro-2-o0xo0-1,2-dihydroquinolin-
3-yl)-3-phenylprop-2-enamide

All reagents were purchased from Aldrich. TLC experiments were performed on
alumina-backed silica gel 40 F254 plates (Merck, Darmstadt, Germany). The plates were
illuminated under UV (254 nm) and evaluated in iodine vapour. The melting points were
determined on BoetiusPHMK 05 (VEBKombinatNagema, Radebeul, Germany) and are
uncorrected. Elemental analyses were carried out on an automatic Perkin-Elmer 240
microanalyser (Boston, USA). '"H-NMR spectrum was recorded on a Bruker AM-500 (500
MHz for 'H), Bruker BioSpin Corp., Germany. Chemicals shifts are reported in ppm (J) to
internal Si(CH3)4, when diffused easily exchangeable signals are omitted. Mass spectra were
measured using a LTQ Orbitrap Hybrid Mass Spectrometer (Thermo Electron Corporation,
USA) with direct injection into an APCI source (400 °C) in the positive mode.

Aniline (5Smmol) and malonic acid (Smmol) were thoroughly mixed with 20g PPA
and heated under stirring in microwave reactor at 400W during 2x20 minutes with 5 minutes
interval. The temperature reached 210°C. Then the mixture was poured into crushed ice and
the beige solid was filtered and purified by extraction with EtOH and a white crystalline
compound 4-hydroxyquinolin-2(1H)-one was obtained in yield 35% [16]. 4-Hydroxy-3-



nitroquinolin-2(1H)-one was obtained according to the described nitration procedure [17] as a
yellow crystalline compound in yield 71%. Nitro derivative (9.7mmol) and tin powder
(32mmol) were stirred with 36% HCI (8.1mL). The mixture was warmed at 80-90°C for
30 min. The brown solution was cooled to room temperature and filtered. The filtrate was
alkalized with NHs(aq) and warmed for 20 min. Then Celite was added and filtered. The
solid was washed thoroughly with hot water (80°C). The combined filtrates were
concentrated and acidified. After cooling 3-amino-4-hydroxyquinolin-2(1 H)-one as a white
crystalline compound was obtained in yield 85% [16]. 3-Amino-4-chloroquinolin-2(1.H)-one
was obtained according to the described chloration procedure with POCls, Et;N under reflux
30 min in acetonitrile [17]. This compound (Immol) was mixed with water (SmL), Et;O
(5mL) and sodium bicarbonate (0.3g). The resulted mixture was stirred in an ice bath (-3°C)
and 10mL of Et,O solution of cinamoyl chloride (1mmol) was added slowly. The resulting
mixture was stirred at ambient temperature for 2 days, cooled in fridge and filtered. Et;O was
added to the solid and dried. A white crystalline compound was obtained (supporting
information: Scheme.1).

The FT-IR spectrum (Fig. 1) was recorded using KBr pellets on a DR/Jasco FT-IR
6300 spectrometer. The spectral resolution was 4 cm™. The FT-Raman spectrum (Fig. 2) was
obtained on a Bruker RFS 100/s, Germany. For excitation of the spectrum the emission of
Nd:YAG laser was used with excitation wavelength 1064 nm and maximal power 150mW;
measurement were performed on solid samples. One thousand scans were accumulated with a
total registration time of about 30 min. The spectral resolution after apodization was 2 em™.
3. Computational details

Calculations of the title compound are carried out with Gaussian09 program [18]
using the HF/6-31G (6D, 7F), B3LYP/6-31G (6D, 7F) and B3LYP/SDD quantum chemical
calculation methods to predict the molecular structure and vibrational wave numbers.
Molecular geometry was fully optimized by Berny’s optimization algorithm using redundant
internal coordinates. Harmonic vibrational wave numbers are calculated using the analytic
second derivatives to confirm the convergence to minima on the potential surface. The wave
number values computed at the Hartree-Fock level contain known systematic errors due to
the negligence of electron correlation. We therefore, have used the scaling factor value of
0.8929 for HF method. The DFT hybrid B3LYP functional and SDD methods tend to
overestimate the fundamental modes, therefore scaling factor of 0.9613 has to be used for

obtaining a considerably better agreement with experimental data [19]. The Stuttgart/Dresden



effective core potential basis set (SDD) was chosen particularly because of its advantage of
doing faster calculations with relatively better accuracy and structures [20, 21]. Then
frequency calculations were employed to confirm the structure as minimum points in energy.
Parameters corresponding to optimized geometry (SDD) of the title compound (Fig. 3) are
given in Table 1. The absence of imaginary wavenumbers on the calculated vibrational
spectrum confirms that the structure deduced corresponds to minimum energy. The
assignments of the calculated wave numbers are aided by the animation option of
GAUSSVIEW program, which gives a visual presentation of the vibrational modes [22]. The
potential energy distribution (PED) is calculated with the help of GAR2PED software
package [23].
4. Results and discussion
4.1 IR and Raman spectra

The observed IR and Raman bands, calculated (scaled) wavenumbers and
assignments are given in Table 2. The N-H stretching vibrations give rise to bands at 3500-
3300 cm™ [24, 25]. According to Roeges the N-H stretching vibration appears strongly and
broadly in the region 3390 + 60 cm™ [26]. For the title compound N-H stretching modes are
assigned at 3419 and 3467 cm™ theoretically (SDD) and a strong band is observed in the IR
spectrum at 3377 cm™. Mary et al. [27] reported a band at 3343  cm™' in the IR spectrum,
3340 cm™ in Raman spectrum and 3433 cm™ theoretically as N-H stretching mode. The C-N-
H vibration in which N and‘H atoms move in opposite direction of carbon atom in the amide
moiety is reported at 1497 cm’ theoretically, and the C-N-H vibration in which N and H
atoms move in the same direction of carbon atom in the amide group is reported at 1217 cm’
(DFT) [28-30]. For the title compound the bands at 1490 (IR) and 1474, 1235 cm’! (SDD) is
assigned as N-H in-plane bending mode. The out-of-plane bending of NH is expected around
650 +/50 cm™ [26]. In the present case the band at 675 (IR), 666 (Raman) and 668 cm™
(SDD) is assigned as out-of-plane bending of N-H. According to literature, if N-H is a part of
a closed ring the C-N-H deformation band is absent in the region 1510-1500 cm’ [26, 31].
For the title compound the N;;-Hi»> deformation band is observed at 1383 cm’ theoretically.
The out-of-plane N-H deformation is theoretically assigned at 728 cm™ for N-H being a part
of the ring. Minitha et al. [32] reported dNH at 1300 cm™ and YNH at 535 cm’™'. The Ci7-Nyg
stretching is assigned at 1196 cm’ (IR), 1199 cm’ (Raman) and 1187 cm™ theoretically.
Louran et al. [33] reported a value at 1220 cm™ for vC-N for poly aniline. In the case of

aromatic amines a strong C-N stretching absorption is observed in the region in 1342-1266



cm’! [28, 34]. Varghese et al. [35] reported vC-N mode at 1203 cm’™ in the IR spectrum and at
1208 cm™ theoretically.

The band observed at 1595 cm™ in SDD is assigned as the stretching mode of
C20=031. According to literature [31] the stretching mode of C=0 is expected in the range
1850-1550 cm™'. The in-plane bending mode of C=O is reported in the range 725 + 95 cm™
[26]. The C=0 out of plane vibration is reported in the region 595 + 120 cm™ [26]. The
C,0=0,; deformation bands are assigned at 704 and 514 cm’! theoretically (SDD).

In the following discussion the mono-substituted and 1,2-disubstituted benzene ring
are labelled as PhIl and Phl respectively. The quinoline has been labelled as ring. For 1,2
light/heavy di-substituted benzenes, the C-H stretching modes of the phenyl ring are expected
in the region 3100-3000 cm’! [26] and for mono-substituted benzenes, these modes are
expected in the region 3105-3000 cm™ [26]. For the title compound these modes are observed
at 3168, 3085 cm” (IR), 3149 cm” (Raman) and in the range 3124-3069 cm™' (SDD)
theoretically.

The in-plane deformation modes are seen in the range 1300-1240 cm™ and 1170-
1010 cm™ for 1,2 light/heavy di-substituted benzenes [26] where 6C-H vibrations are seen in
the range 1230-1280 cmand 1170-1000 em™ for mono-substituted benzenes [26]. For the
title compound these modes are observed at 1248, 1115 cm” (IR), 1253, 1114 cm™ (Raman)
and 1235, 1246, 1163, 1103 cm’ (SDD) for di-substituted benzenes and at 1071 cm™ (IR),
1177, 1150 cm’! (Raman), 1328, 1177, 1160, 1068, 1014 cm’! (SDD) for mono-substituted
benzenes. The out-of-plane C-H deformation bands are expected in the region 995-720 cm’”
[26] and 1000-700 e¢m™ [26, 30] for the di-substituted and mono-substituted benzenes
respectively. These modes are observed at 865 cm’!in IR, 944, 862 cm’! in Raman and 992,
957, 868, 771 cm” in SDD for the di-substituted benzene and at 937, 792 cm’! (IR), 1000,
848 cm’' (Raman) 1000, 985, 929, 848, 774 cm™ (SDD) for the mono-substituted benzene.

The benzene ring possesses six ring stretching vibrations with sixth is the ring
breathing mode. The vPh modes are expected in the region of 1615-1270, 1620-1285 cm™ for
Phl, PhII rings, respectively [26]. Panicker et al., [36] reported this mode in the range of
1593-1011 cm™ theoretically for Phl, where the ring stretching modes of PhII are reported
[36] in the range 1599-1086 cm™'. The modes at 1449 cm™ (IR), 1457 cm™ (Raman) 1593,
1547, 1445, 1347, 1235 cm™ (SDD) and 1402 cm™ (IR) 1585, 1413, 1334 cm™ (Raman)
1587, 1560, 1469, 1424, 1333 cm™' (SDD) are assigned as the ring stretching modes of PhI

and PhII, respectively. In ortho di-substitution the ring breathing mode has three wavenumber



intervals depending on whether both substituents are heavy, or one of them is heavy, while
the other is light, or both of them are light. In the first case, the interval is 1100-1130 cm'l, in
the second case 1020-1070 cm'l, while in the third case it is between 630-780 cm’* [30]. For
mono-substituted benzenes the ring breathing mode is observed about 1000 cm™ [26]. For the
title compound the modes at 1030 cm’ (IR), 1030 cm’ (Raman) 1022 cm’ (SDD) and at
1009 cm™ (SDD) are assigned as the ring breathing mode for PhI and PhII, respectively.

The C-H stretching outside the ring shows the bands at 3062, 3029 cm™ (IR), 3067,
3030 cm™ (Raman) and 3068, 3053 cm™' (SDD). These bands are expected in the general
region 3000-2840 cm™ [34]. The in-plane and out-of-plane bending vibrations of the C-H are
also observed at 1305 cm™ and 882 cm’™ theoretically and these vibrations are expected in the
regions 1350-1150 cm” and 1000-650 cm™ [26, 34].

The C=C stretching is reported [37] in the IR spectrum around 1610 cm™ and at 1609
cm’' in Raman spectrum, where we have assigned this mode at 1606 in IR , 1601 in Raman
and 1608 cm™ in SDD. Arjunan et al. [37] reported the C-C stretching at 1281 and 1334 cm’
(IR) ,1271 and 1384 cm’in Raman, where we observed this mode at 1268 and 1305 cm in
SDD, and the latter mode has contributions from' other modes too. The C-N stretching is
observed at 1248 cm™ (IR), 1319, 1253 em™ (Raman), 1323, 1246 cm™ (SDD) while C-N
stretching is reported [37] at 1205 em™. Another C=O stretching mode is theoretically
observed at 1577 cm™ which is in agreement with the reported values for similar quinoline
derivatives [38]. For Quinoline ring, C-Cl stretching absorption is observed in the broad
region between 850 and 550 cm’! [39, 31]. Arjunan et al. [37] reported C-Cl stretching at 734
cm’ (IR), 735 cm’ (Raman), in-plane bending at 505 cm™ (IR) 497 cm’ (Raman) and out-of-
plane at 263 cm™ where we have assigned these modes at 576, 383, 220 cm™ theoretically
(SDD) for the title compound.

In order to investigate the performance of vibrational wavenumbers of the title

compound, root mean square (RMS) values of wavenumbers were calculated using the

expression, RMS = \/ (ﬁ) ¥ (veake — v/ xp)z.The RMS error of the observed IR bands and

Raman bands were found to be 28.01 (HF/6-31G(6D,7F)), 31.96 (B3LYP/6-31G(6D,7F)),
12.82 (B3LYP/SDD) and 26.86 (HF/6-31G(6D,7F)), 25.45 (B3LYP/6-31G(6D, 7F)), 9.43
(B3LYP/SDD), respectively. The small difference between experimental and calculated
vibrational modes may be due to the fact that experimental results belong to the solid phase

and theoretical calculations belong to gaseous phase.



4.2  Optimized geometrical parameters

For the title compound, the computationally obtained bond lengths are, C3-C4 =
1.3986, C4-Cs = 1.4124, C4-Hjp = 1.088, Cs-Ny; = 1.398, Cs-Cy5 = 1.4539, C3-Ci7 = 1.4828,
Ci5-Clis = 1.8083, Ci5-Ci7 = 1.3754, Nis-Hig = 1.0194, Ni3-Coo = 1.4089, Co0-O21 = 1.2546,
Cs-Cs=1.4263A, while the reported values are 1.3806, 1.4211, 1.0841, 1.3725, 1.417, 1.415,
1.7329, 1.375, 1.0161, 1.3826, 1.2538, 1.435A [36, 38, 40, 41]. The bond lengths of C5-Ny,
(1.398A) and Cyo-N 5 (1.4089A) are shorter than the normal C-N bond length of about 1.48A.
This points in to the effect of resonance in this part of the molecule [42]. The shortening of
the bond length of C,y-O,; (1 .25461&) and C3-Oq4 (1.26531&) could be assigned a double bond
character. The longer bond length of Cs-Cg (1.4263A) is due to the delocalization of electron
density due to the presence of nearby quinoline ring.

The observed bond angles are C4-Cs-Cg = 120.7°, C;-Ce-Cs = 118.3", C;-C4-C)5 =
124.1°, Cs-Ny;-Ci3= 125.3", Nj1-Ci3-Ci7 = 116.0°, C6-Cy5Clis =117.6", C6-C5-Cy7 = 122.1,
C13-C17-Cis = 119.6, Hy9-Nyg-Cop = 116.7", Nyg-Ca0-Oay = 122.6, while the reported values
are 120.2°, 119.5, 123.6,, 118.6, 123.6", 119.5, 119.7", 119.2", 120.6", 121.4" [36, 38, 40,
41]. The large bond angle value of Cs-Ci5-Cig (122.1)) is due to the presence of chlorine,
which is highly electronegative and would draw electron density from neighbouring atoms
[43]. The lesser bond angle value of Ci-Cs-Cs (1 18.30) is understood as due to the presence of
quinoline ring because for a benzene ring each C-C-C angle is 120" It is seen that the N;-
Ci3-O14 bond angle (121.80) is considerably greater than the N;;-C;3-C;; angle (116.00),
which is explained as due to a decrease in the repulsion between the lone pairs present in Ny;
and Oy4 atoms [44]. The dihedral angle Hj9-N;3-C20-O;; is reported as 172.0° [38], while we
observe this at<157.0_ which denoted a tilting from the plane.

4.3 Nonlinear optical properties

The first hyperpolarizability (o) of this novel molecular system is calculated using
the SDD method, based on the finite-field approach. In the presence of an applied electric
field; the energy of a system is a function of the electric field. The first hyperpolarizability is
a third-rank tensor that can be described by a 3x3x3 matrix. The 27 components of the 3D
matrix can be reduced to 10 components due to the Kleinman symmetry [45] .The
components of S are defined as the coefficients in the Taylor series expansion of the energy
in the external electric field. When the electric field is weak and homogeneous, this

expansion become
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where E is the energy of the unperturbed molecule, F is the field at the origin, u;, o, Pijx and
vijx1 are the components of dipole moment, polarizability, the first hyperpolarizabilities, and
second hyperpolarizabilities, respectively.
Bo= (B*+ By™+ B.)'"
where
Bx= Brxxt Bryy+ Pz
By= Byyy+ Brxy* Byz
Bz= Bzt Brxzt Byyz
The calculated first hyperpolarizability of the title compound is 16.9x10™ esu which is 130
times that of standard NLO material urea (0.13x107° esu) [46]. The first hyperpolarizability
of quinoline derivatives is reported as 2.24x107" esu and 2:39x107° esu [40, 47]. But
experimental evaluation of this data is not readily available. We conclude that the title
compound is an attractive object for future studies of nonlinear optical properties.
44 HOMO and LUMO

The HOMO (Highest Occupied Molecular Orbital) and LUMO (Lowest Unoccupied
Molecular Orbital) are named as frontier molecular orbital (FMO). FMOs play an important
role in optical and electrical properties, as well as in quantum chemistry. The conjugated
molecules are characterized by @ HOMO-LUMO separation, which is the result of a
significant degree of intra-molecular charge transfer from the end-capping electron-donor
groups to the efficient electron-acceptor groups through m-conjugated path. The strong charge
transfer interaction through m-conjugated bridge results in substantial ground state donor-
acceptor mixing and the appearance of a charge transfer band in the electronic absorption
spectrum (Fig. 4). The energy gap between the HOMO and LUMO energy is basis for
molecular chemical stability, chemical reactivity and hardness-softness of the molecule [48].
The energy gap is found to be 2.23eV.
45  Molecular Electrostatic Potential

MEP is related to the electron density and is a very useful descriptor in understanding
sites for electrophilic and nucleophilic reactions as well as hydrogen bonding interactions
[49, 50]. The electrostatic potential V(r) is also well suited for analyzing processes based on
the "recognition” of one molecule by another, as in drug-receptor, and enzyme-substrate

interactions, because it is through their potentials that the two species first "see" each other



[51, 52]. To predict reactive sites of electrophilic and nucleophilic attacks for the investigated
molecule, MEP at the B3ALYP/SDD optimized geometry was calculated. The negative (red
and yellow) regions of MEP were related to electrophilic reactivity and the positive (blue)
regions to nucleophilic reactivity (Fig. 5). From the MEP it is evident that the negative charge
covers the carbonyl group and the positive region is over the NH group. The more electro
negativity in the carbonyl group makes it the most reactive part in the molecule.

4.6. Natural bond orbital analysis

The natural bond orbital (NBO) calculations were performed using NBO 3.1 program
[53] as implemented in the Gaussian09 package at the B3LYP/SDD.level in order to
understand various second-order interactions between the filled orbital of one subsystem and
vacant orbital of another subsystem, which is a measure of the intra-molecular delocalization
or hyper-conjugation. NBO analysis provides the most accurate possible 'natural Lewis
structure' picture of 'j' because all orbital details are mathematically chosen to include the
highest possible percentage of the electron density. A useful aspect of the NBO method is
that it gives information about interactions of both filled and virtual orbital spaces that could
enhance the analysis of intra- and inter-molecular interactions. The second-order Fock-
matrix was carried out to evaluate the donor-acceptor interactions in the NBO basis. The
interactions result in a loss of occupancy from the localized NBO of the idealized Lewis
structure into an empty non-. Lewis orbital. For each donor (i) and acceptor (j) the
stabilization energy (E2) associated with the delocalization i — j is determined as

2
E@2)= AE, = Qi%
qi —donor orbital occupancy, E;, Ej—diagonal elements, F;; —the off diagonal NBO Fock
matrix element.

In NBO analysis large E (2) value shows the intensive interaction between electron-
donors-and electron- acceptors, and greater the extent of conjugation of the whole system, the
possible intensive interaction are given in Table 3. The second-order perturbation theory
analysis of Fock-matrix in NBO basis shows strong intra-molecular hyper-conjugative
interactions are formed by orbital overlap between n(Cl), n(O) and n*(C-C), 6*(C-N), bond
orbital which result in ICT causing stabilization of the system. There occurs an intra-
molecular hyper-conjugative interaction of C;3-Nj; from Oy4 of ny(O14)— 6*(C13-Ny;) which
increases ED(0.06847¢) that weakens the respective bonds C;3-Ny; leading to stabilization of

21.92 kJ/mol. Another hyper-conjugative interaction of C;s-Ci7 from Clis of n(Clig)—
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n*(C;5-C17) which increases ED (0.29246e) that weakens the respective bonds Cis-Ci;
leading to stabilization of 12.68 kJ/mol. Another strong hyper-conjugative interaction of Cyo-
Nig from Oz of ny(0,1)—6*(Cy-Nig) which increases ED (0.08318¢) that weakens the
respective bonds Cj-Nis leading to stabilization of 25.5 kJ/mol. These interactions are
observed as an increase in electron density in C-C orbital that weakens the respective bonds.

The increased electron density at the oxygen, nitrogen and chlorine atoms leads.to the
elongation of respective bond length and a lowering of the corresponding stretching wave
number. The electron density is transferred from the n(N) to the anti-bonding n* orbital of the
C-C and C-O bonds, and also from n(Cl) to the anti-bonding n* orbital of the C-C explaining
both the elongation and the red shift [54].The hyper-conjugative interaction energy was
deduced from the second-order perturbation approach. Delocalization of electron density
between occupied Lewis-type (bond or lone pair) NBO orbital and formally unoccupied (anti
bond or Rydberg) non-Lewis NBO orbitals corresponds to a stabilizing donor-acceptor
interaction. The NH and C=O stretching modes can be used as a good probe for evaluating
the bonding configuration around the atoms and the electronic distribution in the ring. Hence
the title compound is stabilized by these orbital interactions.

The NBO analysis also describes the bonding in terms of the natural hybrid orbital
n2(014), which occupy a higher energy orbital (-0.26770a.u.) with considerable p-character
(99.99%) and low occupation number (1.87789) and the other n;(O,4) occupy a lower energy
orbital(-0.69816a.u.) with p-character (34.55%) and high occupation number (1.97573). The
NBO analysis also describes the bonding in terms of the natural hybrid orbital n3(Clis), which
occupy a higher energy orbital (-0.31704a.u.) with considerable p-character (99.90%) and
low occupation number (1.92) and the other n,(Cljs) occupy a lower energy orbital (-
0.32163a.u.) with p-character (99.70%) and high occupation number (1.97019). The NBO
analysis also describes the bonding in terms of the natural hybrid orbital ny(O,;), which
occupy a higher energy orbital (-0.24881a.u.) with considerable p-character (99.98%) and
low occupation number (1.87847) and the other n((O»1) occupy a lower energy orbital (-
0.67333a.u.) with p-character (36.17%) and high occupation number (1.97550). Thus, a very
close to pure p-type lone pair orbital participates in the electron donation to the n*(C;3-O14)
orbital for n{(Ny)—n*(C3-O14), 6*(C3-Cy7) orbital for n;(O4)—0c*(Ci3-C17) , 6*(C13-N11)
orbital for ny(O;4)—06*(C13-Ny;), 6%(Cs-C;5) orbital for n;(Clys)—0*(Ce-Cys), n*(C15-Ci7)
orbital for ny(Cly6)—n*(Cy5-C17) , m*(Ca0-021) orbital for ny(Nig)—>m*(Ca0-021), 6%(Ca0-Ca2)

10



orbital for ny(O0;;)—6*(Cs0-Cz2), 6*(C0-Nyg) orbital for ny(O,;)—06*(Cpo-Njg)interactions in
the compound. The results are tabulated in Table 4.
4.7  Mulliken Charges

The calculation of atomic charges plays an important role in the application of
quantum mechanical calculations to molecular systems. Mulliken charges are calculated by
determining the electron population of each atom as defined in the basis of functions. The
charge distributions calculated by the Mulliken [55] and NBO methods for the equilibrium
geometry of the title compound are given in Table 5. The charge distribution on the molecule
has an important influence on the vibrational spectra. In the title compound, the distribution
of Mulliken atomic charge shows the direction of delocalization and shows that the natural
atomic charges are more sensitive to the changes in the molecular structure than Mulliken’s
net charges. Also we have done a comparison of Mulliken charges obtained by different basic
sets and tabulated it in Table 6 in order to assess the sensitivity of the calculated charges to
changes in (i) the choice of the basis set; (ii) the choice of the quantum mechanical method.
The results can, however, better be represented in graphical form as shown in Fig. 6. We have
observed a change in the charge distribution by changing different basis sets. Distribution of
the charges in this compound is also influenced by the C-O moieties. Based on the charge
distribution calculated by various ways (see Tables 5 and 6) it can be concluded that all the
hetero atoms showed significant electron density. An increased electron density (negative
charge) can be also found at'C;7, Cy, Nj; and Njg. Significantly positive charges were
predicted for Ci3, and Cs¢. Therefore it can be concluded that electrophilic substitution of the
quinoline scaffold. is more preferred than nucleophilic substitution. Reactions based on the
attack of a nucleophile are favoured especially on carbonyl/carboxyl carbons (Cj3, Cyp).
4.8  PES scan studies

For the dihedral angles C;s-C;7-Njg-Hj9 and C;5-C;7-N;3-Cyo, a detailed potential
energy surface (PES) scan has been performed at B3ALYP/SDD level to reveal all possible
conformations of the title compound. The PES scan was carried out by minimizing the
potential energy in all geometrical parameters by changing the torsion angle at every 10° for
180° rotation around the bond. The results obtained in PES scan study by varying the torsion
perturbation around the above dihedral angles are plotted in Fig. 7 and Fig. 8. For the C;s-
Ci17-Nis3-Hjg rotation, the minimum energy was obtained at -153.6°in the potential energy
curve of energy -1413.7549 Hartrees. For the Ci5-C;7-N3-Cyo rotation, the minimum energy

occurs at 51.1° in the potential energy curve of energy -1413.7550 Hartrees.
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49. 'H-NMR spectrum

Using TMS as internal standard, experimental spectrum data of the title compound in
DMSO is obtained at 500 MHz and is shown in Table 7. The absolute isotropic chemical
shielding of the title compound was calculated by B3LYP/GIAO model [56]. Relative
chemical shifts were then estimated by using the corresponding TMS shielding: Gcaic(TMS)
calculated in advance at the same theoretical level as this paper. Numerical values of
chemical shift dcac = Gcac(TMS) - 6cac together with calculated values of 6., (TMS), are
reported in Table 7. The chemical shift and the experimental 'H-NMR -data were in
agreement. Thus, the results have shown that the predicted proton chemical shifts were in
good agreement with the experimental data for the title compound.
4.10. Molecular docking

Quinolones constitute a series of broad-spectrum antibacterial drugs [57]. Extensive
literature survey reveals that quinole derivatives mostly possess antimicrobial activity [58-
60]. From this background knowledge we decided to evaluate antimicrobial potential of the
quinoline derivative. With time most microbs develop resistance against antimicrobial drugs.
This leads to an ever increasing demand for the development of new antimicrobial agents. As
mycobacterium tuberculosis is the leading bacterial infection in the world [61] so we decided
to carry molecular docking simulations against targets from mycobacterium tuberculosis. The
Mycobacterium tuberculosis genome contains 11 serine/threonine kinase genes including
PknA and PknB, which play vital role in cell shape control and cell wall synthesis. PknB, a
receptor-like protein kinase is essential for myco-bacterial viability. PknB is predominant in
many more distantly related gram-positive bacteria [62, 63]. Molecular docking simulations
were performed on AutoDock-Vina software [64]. The 3D crystal structure of M.
tuberculosis PknB was obtained from Protein Data Bank (PDB ID: 2FUM) [65]. The protein
was prepared for docking by removing the co-crystallized ligand, water molecules and co-
factors. Auto Dock Tools (ADT) graphical user interface was used to calculate Kollman
charges and to add polar hydrogen. Ligand was prepared for docking by minimizing its
energy at BBLYP/SDD level of theory. Charges were calculated by Geistenger method.
Active site of the protein was defined so as to include residues of the active site within the
grid size of 40Ax40Ax40A. The most popular algorithm, Lamarckian Genetic Algorithm
(LGA) available in Autodock was employed for docking. Docking protocol was tested by
extracting co-crystallized inhibitor from the protein and then docking the same. Docking

protocol which we employed predicted the same conformation as was present in the crystal
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structure with RMSD value well within the reliable range of 2A. Amongst the docked
conformations, one which binds at the active site with high affinity was visualized for
detailed ligand-protein interactions in Discover Studio Visualizer 4.0 and Pymol software.
The ligand binds at the catalytic site of substrate (Fig. 9) by weak non-covalent interactions
most prominent of which are H-bonding and alkyl-n interactions.Val95 form H-bonds of
2.68A length with carbonyl oxygen attached to quinoline ring. Val72, Val25 and Leul7 hold
the aromatic rings by alkyl-m interactions (supporting information Fig.S1). The" inhibitor
(2E)-N-(4-chloro-2-ox0-1,2-dihydroquinolin-3-yl)-3-phenylprop-2-enamide  forms. a- stable
complex with PknB as is evident from the binding affinity (AG in kcal/mol) values
(supporting material Table S1). These preliminary results suggest that the compound might
exhibit inhibitory activity against PknB. This may result in development of new anti-
tuberculostic agents. However biological tests need to be done so as to validate the
computational predictions.
S. Conclusion

The vibrational spectroscopic studies of (2E)-N-(4-chloro-2-oxo-1,2-dihydroquinolin-
3-yD)-3-phenylprop-2-enamide were reported experimentally and theoretically. Potential
energy distribution of normal modes of vibrations was done using GAR2PED program. The
ring stretching modes in IR and Raman spectra are evidence for charge transfer interaction
between the donor and the acceptor group through the m system. This along with the lowering
of HOMO-LUMO band gap supports for the bioactivity of the molecule. NBO analysis
predicts a strong intra-molecular hyper conjugative interaction of (Ci3-Ois) from Nj; of
n;(Nyp), (Ci3-Cyy) from Oy4 of n;(Oy4), (Ci3-Nyp) from Oy4 of n3(Oy4), (Cs-Cys) from Cljg of
n1(Clye), (Ci5-Ci7) from Cly of np(Clys), (Co0-O21) from Nig of ni(Nig), (Ca0-Cp2) from Oy, of
n1(0y1), (C20-Nijg) from Oy; of ny(O,1). MEP predicts the most reactive part in the molecule.
The calculated first hyperpolarizability is comparable with the reported values of similar
derivatives and is an attractive object for future studies in non-linear optics. The minimum
energy surfaces are obtained from the potential energy curve by PES scan studies. In addition
the calculated "H-NMR results are in good agreement with experimental data. The title
compound, (2E)-N-(4-chloro-2-ox0-1,2-dihydroquinolin-3-yl)-3-phenylprop-2-enamide
forms a stable complex with PknB as is evident from the binding affinity and molecular
docking studies suggest that the compound might exhibit inhibitory activity against PknB.
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Figure Captions

Fig.1 FT-IR spectrum of (2E)-N-(4-chloro-2-o0xo0-1,2-dihydroquinolin-3-yl)-3-phenylprop-2-

enamide

Fig.2 FT-Raman spectrum of (2E)-N-(4-chloro-2-0xo-1,2-dihydroquinolin-3-yl)-3-

phenylprop-2-enamide

Fig.3 Optimized geometry (SDD) of (2E)-N-(4-chloro-2-oxo-1,2-dihydroquinolin-3-yl)-3-

phenylprop-2-enamide

Fig.4 HOMO - LUMO plots of (2E)-N-(4-chloro-2-o0xo0-1,2-dihydroquinolin-3-yl)-3-

phenylprop-2-enamide

Fig.5 MEP plot of (2E)-N-(4-chloro-2-oxo-1,2-dihydroquinolin-3-yl)-3-phenylprop-2-

enamide

Fig.6. Comparison of different methods for calculated Mulliken charges

Fig.7. Profile of potential energy scans for the torsion angle C5-C7-Nis-Hig
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Fig.8. Profile of potential energy scans for the torsion angle C;5-C;7-N;5-Cao
Fig.9 The docked conformation of the ligand binds at the catalytic site of PnkB. H bonds,
sulphur-r and alkyl-m interactions are represented by green, brown and violet dotted lines,

respectively. Hydrogen bonding pocket is shown for clarity
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Fig.3 Optimized geometry (SDD) of
(2E)-N-(4- chloro-2-ox0-1,2-dihydroquinolin-3-y1)-3- phenylprop-2-enamide
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Fig.4 HOMO - LUMO plots of
(2E)-N-(4-chloro-2-0x0-1,2- dihydroquinoelin-3-v1)-3-phenylprop-2-enamide
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Fig.S MEP plot of (2E)-N-(4-chloro-2-ox0-1,2-
dihydroquinolin-3-yl)-3-phenylprop-2-enamide
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Table(s)

Table 1.0ptimized geometrical parameters (B3LYP/SDD) of (2E)-N-(4-chloro-2-0xo-1,2-

dihydroquinolin-3-yl)-3-phenylprop-2-enamide, atom labeling according to Fig.3.

Bond lengths(A)

C1-C2
C1-C6
C1-H7
C2-C3
C2-H8
C3-C4
C3-H9
C4-C5
C4-H10
C5-C6
C5-N11
C6-C15
N11-H12
N11-C13
C13-014
C13-C17
C15-Cl16
C15=C17
C17-N18
N18-H19
N18-C20
C20=021
C20-C22
C22-H23
C22=C24
C24-H25
C24-C26
C26-C27
C26-C28
C27-H29
C27-C31

1.3976
1.4183
1.0845
1.4156
1.0861
1.3986
1.0867
1.4124
1.0880
1.4263
1.3980
1.4539
1.0164
1.3861
1.2653
1.4828
1.8083
1.3754
1.4037
1.0194
1.4089
1.2546
1.485

1.0884
1.3579
1.091

1.4697
1.4195
1.4177
1.0869
1.4024

Bond angles(®)

C2-C1-C6
C2-C1-H7
C6-C1-H7
C1-C2-C3
C1-C2-H8
C3-C2-H8
C2-C3-C4
C2-C3-H9
C4-C3-H9
C3-C4-C5
C3-C4-H10
C5-C4-H10
C4-C5-C6
C4-C5-N11
C6-C5-N11
C1-C6-C5
C1-C6-C15
C5-C6-C15
C5-N11-H12
C5-N11-C13
H12-N11-C13
N11-C13-014
N11-C13-C17
014=C13-C17
C6-C15-Cl16
C6-C15=C17
Cl16-C15=C17
C13-C17=C15
C13-C17-N18
C15=C17-N18
C17-N18-H19

120.9
120.2
118.9
120.1
119.9
119.9
120.1
120.1
119.8
119.8
120.5
119.7
120.7
120.5
118.8
118.3
124.1
117.7
119.4
125.3
115.3
121.8
116.0
122.1
117.6
122.1
0.0

119.6
112.7
127.5
112.8

Dihedral angles(®)

C6-C1-C2-C3 -01
C6-C1-C2-H8  179.8
H7-C1-C2-C3  -179.8
H7-C1-C2-H8 0.1
C2-C1-C6-C5 0.2
C2-C1-C6-C15 -180.0
H7-C1-C6-C5  179.9
H7-C1-C6-C15 -0.2
C1-C2-C3-C4 -01
C1-C2-C3-H9  179.9
H8-C2-C3-C4  -179.9
H8-C2-C3-H9 0.1
C2-C3-C4-C5 0.0
C2-C3-C4-H10 -179.9
H9-C3-C4-C5 -179.9
H9-C3-C4-H10 0.1
C3-C4-C5-C6 0.1
C3-C4-C5-N11  -178.9
H10-C4-C5-C6 -179.9
H10-C4-C5-N11 1.1
C4-C5-C6-C1 -0.3
C4-C5-C6-C15  179.9
N11-C5-C6-C1  178.8
N11-C5-C6-C15 -1.0
C4-C5-N11-H12 1.9
C4-C5-N11-C13 -178.0
C6-C5-N11-H12 -177.1
C6-C5-N11-C13 2.9
C1-C6-C15-Cl16 -7.2
C1-C6-C15-C17 1755

C5-C6-C15-Cl16 172.6



C28-H30
C28-C32
C31-H33
C31-C34
C32-C34
C32-H36
C34-H35

1.0883
1.4053
1.0873
1.4115
1.4079
1.0871
1.0873

C17-N18-C20
H19-N18-C20
N18-C20=021
N18-C20-C22
021=C20-C22
C20-C22-H23
C20-C222-C24
H23-C22=C24
C22=C24-H25
C22=C24-C26
H25-C24-C26
C24-C26-C27
C24-C26-C28
C27-C26-C28
C26-C27-H29
C26-C27-C31
H29-C27-C31
C26-C28-H30
C26-C28-C32
H30-C28-C32
C27-C31-H33
C27-C31-C34
H33-C31-C34
C28-C32-C34
C28-C32-H36
C34-C32-H36
C31-C34-C32
C31-C34-H35
C32-C34-H35

126.1
116.7
122.6
113.2
124.1
117.6
120.4
122.0
115.9
127.6
116.5
123.2
118.4
118.3
120.1
120.7
119.2
119.1
121.0
119.8
119.8
120.3
119.8
120.0
119.9
120.1
119.6
120.1
120.2

C5-C6-C15-C17 -4.7
C5-N11-C13-014 -178.0
C5-N11-C13-C17 0.8

H12-N11-C13-014
H12-N11-C13-C17
C11-C13-C17-C15
C11-C13-C17-N18
014-C13-C17-C15
014-C13-C17-N18
C6-C15-C17-C13
C6-C15-C17-N18
Cl16-C15-C17-C13
Cl16-C15-C17-C18
C13-C17-N18-H19
C13-C17-N18-C20
C15-C17-N18-H19
C15-C17-N18-C20
C17-N18-C20-021
C17-N18-C20-C22
H19-N18-C20-021
H19-N18-C20-C22
N18-C20-C22-H23
N18-C20-C22-C24
021-C20-C22-H23
021-C20-C22-C24
C20-C22-C24-H25
C20-C22-C24-C26
H23-C22-C24-H25
H23-C22-C24-C26
C22-C24-C26-C27
C22-C24-C26-C28
H25-C24-C26-C27
H25-C24-C26-C28
C24-C26-C27-H29

2.1
179.1

-6.4

177.6
172.3
-3.7
8.5
-176.2
-168.8
6.5
21.9
-133.4
-153.6
51.1
-2.6
176.7
-157.0
22.3
1.9
178.5
-178.8
0.8
-0.0
-179.9
179.5
-0.4
-0.6
179.5
179.6
-0.4
-0.0



C24-C26-C27-C31 -180.0
C28-C26-C27-H29 179.9
C28-C26-C27-C31 0.0
C24-C26-C28-H30 -0.0
C24-C26-C28-C32  180.0
C27-C26-C28-H30  180.0
C27-C26-C28-C32 0.0
C26-C27-C31-H33  180.0
C26-C27-C31-C34 -0.0
H29-C27-C31-H33 0.0
H29-C27-C31-C34 -180.0
C26-C28-C32-C34 -0.0
C26-C28-C32-H36  180.0
H30-C28-C32-C34 -180.0
H30-C28-C32-C26  0.02
C27-C31-C34-C32 0.0
C27-C31-C34-H35 180.0
H33-C31-C34-C32 -180.0
H33-C31-C34-H35 0.0
C28-C32-C34-C31 0.0
C28-C32-C34-H35 -180.0
H36-C32-C34-C31  180.0
H36-C32-C34-H35 0.0




Table(s)

Table 2. Calculated wavenumbers (scaled), IR, Raman bands and assignments of (2E)-N-(4-chloro-2-oxo-1,2-dihydroguinolin-3-yl)

-3-phenylprop-2-enamide

HF/6-31G(6D,7F) B3LYP/6-31G(6D, 7F) B3LYP/SDD IR Raman Assignments®

vem™) IRl Rx  vem™IR,  Ra viem™) IR, Ra v(cm™) v(cm™) -

3331 67.01 73.07 3452 46.86 114.37 3467 52.72 106.30 3377 - WNH(100)

3329 71.94 7252 3387 59.38 146.46 3419 57.32 192.73 3377 - WNH(100)

2955 3.38 87.95 3113 3.73 89.37 3124 11.18 152.26 3168 3149 vCHI(98)

2930 8.46 395.693091 22.83 345.9 3109 31.81 314.02 - - vCHII(92)

2930 36.08 125.2 3020 26.74 342.7 3106 23.43 225.69 - - vCHI(100)

2923 36.79 64.07 3082 36.21 54.14 3095 42.25 44.72 - : vCHII(100)

2916 12.10 106.043078 9.50 119.9 3089 10.35 90.63 - b vCHI(99)

2914 594 5544 3074 10.55 128.9 3084 10.61 108.49 3085 - vCHII(93)

2909 2357 50.95 3066 1.83 94.17 3074 4.04 60.51 - - vCHII(97)

2902 2.32 5330 3062 552 69.26 3071 5.03 54.04 . - vCHI(97)

2901 0.48 131.063061 1.83 33.20 3069 8.34 42.39 - - vCHII(94)

2897 091 7.09 3060 10.34 11.76 3068 7.06 10.02 3062 3067 vCH(93)

2894 3.74 16.14 3052 0.21 30.06 3053 0.18 26.66 3029 3030 vCH(93)

1627 155.47 411551719 60.45 68.01 1639 131.02 1544.09 1631 1648 vC=C(66), vCO(23)

1611 608.49 611.63 1690 545.4 42.13 1608~ 266.4 2489.9 1606 1601 vCC(21), vCO(12)
vPhI(22)

1585 41.93 158.68 1630 229.4 3350.1 1595 50.54 415.84 - - vC=0(82), SNH(10)

1578 622.921432.6 1604 12.89 641.5 1593 33.09 36.07 - - VPhI(53), VC=C(12)



1570
1561
1535
1533

1468
1451
1449
1427
1406
1374
1312
1304
1294
1267
1248

1244

1211

1197

1176

62.33 48.77 1596
3.32 388.43 1591
23.53 18.40 1571
58.01 196.17 1560

532.76 37.83 1487
15.93 14.89 1485
22.83 3.45 1477
26.90 93.07 1461
27.08 20.16 1440
42.99 53.38 1392
108.65 33.24 1330
207.23 30.83 1324
9.19 122.07 1322
83.07 4.99 1315
2.01 209.55 1304

103.81 20.46 1273

38.85 73.15 1260

25.82 12.73 1246

39.21 273 1223

6.23 16.17
57.26 11.68
13.73 100.9
093 877.2

94.06 0.42

435.61 784.24
331.54 223.07
33.43 149.55
23.91 92.96
10.14 103.39
8.42 43.49
229.29 8.43

144.96 167.87
410 57.98
48.94 57.96

22.22 2.94

27.49 187.01

9.80 3.63

22.73 74.61

1587
1577
1560
1547

1474
1469
1464
1445
1424
1383
1347
1333
1328
1323
1305

1279

1268

1246

1235

3.57 13721
436.51 2610.6
13.93 89.29
117.2 1518.9

592.6 538.48
2.52  62.77
166.56 25.22
21.44 107.42
30.18 97.16
85.65 15.70
7.85 291.46
105.38 84.76
21.40 120.46
209.18 9.57

18.35 54.01

27.02 14.13

41.80 146.68

10.62 16.03

41.88 55.17

1490

1449
1402

1285

1248

1585

1457
1413

1334

1319

1294

1253

VPhII(55), vPhI(20)
vC=0(57), vPhII(15)
VPhII(66), SCHII(10)
vC=0(15), vPhI(32),
vC=C(12)

SNH(59), vCN(31)
SCHII(58), vPhII(40)
wPhI(36), SNH(13)
VPhII(49), vPhI(42)
SCHII(15), vPhII(50)
SNH(66), SCHI(14)
WPhI(81)

WPhII(71)

SCHI(90)

VCN(13), vCC(10)
SCH(28), vCN(11),
vCC(16)

vCC(54), vPhII(10)
vCC(30), VCN(27)
vCN(19), SPhI(15),
wPhI(14), SCHI(34)
WPhI(21), SCHI(19),



1172

1156
1149
1125
1115
1110

1081
1040
1026
1019

1005

996

992

987

980
962

298.45177.21 1193

6.95
8.79
128.9
5.83
0.88

8.80
5.08
5.60
0.35

31.16

1.30

1.04

1.73

6.90
1.20

37.70
83.35
97.11
29.77
28.98

18.49
0.75
11.17
0.51

10.25

31.42

0.06

2.57

0.37
91.38

1183
1169
1149
1148
1128

1105
1072
1032
1018

997

979

977

959

944
933

54.14 427.22

136.69 204.18
15.84 227.15
2191 8.91
0.81 23.68
280.2 692.44

83.90 347.18
7.16 5.46
5.38 54.37
0.35 39.64

22.01 4.03

13.86 19.20

15.96 105.21

051 0.82

0.02 0.29
197 19.44

1202

1187
1177
1163
1160
1135

1103
1068
1022
1014

1009

1000

992

985

977
960

10.96

178.99

233.77 838.0

15.40
20.84
0.38

177.5

34.31
9.10
7.86
32.40

2.61

9.63

0.01

0.49

1.78
27.48

207.1
6.80
16.50
625.21

164.78
1.01
67.16
4.24

32.45

0.18

0.39

0.12

166.79
5.73

1115
1071
1030

1199

1177

1150

1114

1030

1000

972

SNH(42)

vCC(37), SCH(12),
VPhII(18), SCHII(14)
VCN(40), SCHII(25)
SCHII(73)

SCHI (83)

SCHII(81)

vCN(30), vCC(12),
SCHI(12)

vPhI(20), SCHI(48)
wPhII(29), SCHII(51)
WPhI(67), SCHI(28)
yC=C(24), 1C=C(17),
SCHII(45), tPhII(10)
VPhII(53), SPhII(13),
SCHII(12)
yCHII(66), tPhII(11),
yC=C(10)

yCHI(82), vPhI(11)
yCHII(91)

SPhII(63), vPhII(31)
5C=0(37), vCN(13),



947
938
915
898

892

884

849

826

795

794

e

768

751
730

27.22 3.36
2.83 5.52
485 9.21
57.24 12.61

6.98 22.85

13.65 3.46

1.23 3.96

12.23 11.14

27.36 5.75

66.17 4.89

218.550.93

63.56 0.95

159 1.65
12.44 2.94

931
919
909
895

849

841

831

824

820

757

750

740

718
717

0.01
13.48
2.08
0.06

24.01

1.16

0.41

9.40

1.03

26.24

45.75

69.34

0.20
9.58

0.25
3.27
0.73
5.08

14.29

29.94

5.10

20.42

6.69

3.76

1.82

1.90

1.39
3.12

957
929
928
911

882

868

848

839

810

774

771

766

740
728

4.07 0.58
0.02 042
131 11.07
16.12 8.42

23.67 23.23

099 1.10

1.68 0.34

9.73 8.36

15.66 30.55

56.19 0.68

176.35 0.86

1581 2.73

8.10 2.50
7.09 1243

937

865

841

792

758

944

862
848

765

SNH(13)

yCHI(91)

yCHII(75), TPhII(12)
5PhI(24), SCN(15)
5PhI(39), 5Ring(12),
vCCI(11), vCC(10)
yCH(62)

yCHI(76), TPhI(10)
yCHII(96)

vPhII(13), 6CC(18),
tPhII(18), yCHII(17)
vCCI(20), vPhI(14),
tPhII(17), yCHII(14)
tPhII(28), yCHII(25),
yCC(12)

YNH(16), tTRing(15),
yCHI(37), yCO(14)
tRing(25), yCO(14),
yCN(11), yCHI(22)
tPhI(44), tRing(18)
tPhI(18), YNH(42),
yCO(11)



704

683

677

666

630

606

603
592

562

558

521

506

9.04 3.93

77.96 4.00

722 3.23

11.25 4.77

18.51 8.95

0.26 8.11

18.68 2.50
450 3.73

103.39 29.05

12.21 3.39

20.93 2.74

45.39 4.88

693

688

665

638

636

611

609
604

565

563

516

513

19.48

6.02

29.24

76.96

60.62

17.01

10.10
3.35

18.43

6.67

8.49

31.32

1.67

19.35

11.58

20.21

4.47

36.70

38.34
1.56

5.68

11.42

2.68

21.21

704

695

686

668

634

632

611
598

576

565

518

514

15.76

85.25

33.69

14.14

25.03

57.36

0.41
3.21

3.51

14.84

13.40

30.44

1.68

5.31

2.05

13.92

97.82

84.55

16.06
9.83

24.42

1.65

15.34

11.07

699

675

632

563
527

666

619

564

yNH(31), 8C=0(47),
yCHII(14)

tPhII(25), 8Ring(11),
yCHII(16)

tPhII(33), yCHII(16),
yC=0(19)
yC=0(21), tPhII(11),
yNH(44)

dPhI(31), yNH(11),
TNH(10)

yNH(20), tNH(19),
dPhI(16), tC=0(13)
SPhII(86)

SPhI(25), 8CO(25),
dCN(10)

vCCI(38), tPhI(26),
tRing(20)

OPhII(50), tTRing(22)
yCCI(18), TRing(24),
tPhI(18), tPhII(11),
yCN(17)

yC=0(29), 6Ring(14),



438
451

441
410
400
375
353
310
281
275
255

237
216
186
149
128

112
99

6.87
2.18

10.43
20.92
0.10
291
6.35
13.24
4.00
2.24
14.0

3.63
0.30
4.84
0.43
0.22

1.18
4.74

0.89
2.54

17.83
2.15
0.20
5.13
3.38
3.45
4.06
3.73
3.88

1.79
2.95
0.87
1.67
3.32

2.58
251

483
460

443
417
398
391
356
323
282
269
266

245
228
188
150
138

128
105

6.06
1.71

2.04
21.34
0.02
3.30
7.19
6.04
1.85
4.32
3.45

2.20
0.53
3.33
0.48
0.18

1.83
2.60

4.90
9.75

38.84
1.22
0.09
7.54
6.39
1.69
8.90
101.2
0.46

1.39
2.15
2.85
3.08
2.51

1.55
7.04

491
457

444
418
403
383
352
314
282
271
265

242
220
185
157
144

133
108

11.55
2.83

3.80
20.84
0.02
3.55
5.35
7.66
1.80
3.78
10.91

1.86
0.84
3.64
1.07
0.34

1.89
4.33

5.85
10.07

52.51
1.84
0.04
7.43
9.11
2.00
5.52
4.28
8.72

1.06
2.49
2.79
2.63
1.90

0.45
7.10

473

404

476

408

349

282

262

159

127
104

dCC(13)

tPhIl(26), yCC(32)
tPhI(25), TPhII(15),
yCN(11)

tPhI(21), 5Ring(15)
ORing(24), 6CC(28)
TPhII(85)

dCCl(27), 6Ring(24)
tPhI(28), yCCl(14)
0CO(22), 0CN(11)
TPhII(38), TPhI(24)
tRing(36), tPhI(26)
tNH(11), tPhII(11),
dCN(10)

dCC(39), 6CO(17)
yCCI(50), TPhI(23)
dCCI(19), 6C=0(10)
1C=C(27), 1C=0(10)
tRing(24), yCCI(15),
yNH(11), tPhII(10)
tNH(22), 1C=C(19)
tRing(49), tNH(15)



89 256 177 93 064 3.37 93 093 3.64 - - tRing(17), tNH(13),

1C=C(13)
70 183 222 77 067 435 80 112 522 - - tRing(23), TNH(34)
53 3.66 855 66 0.13 831 68 0.25 5.56 - - TNH(15), 6CC(14),
tRing(12)
28 186 452 29 1.05 6.06 30 0.51 8.6 - - 1CC(41), 1C=C(16)
20 214 194 27 005 1064 27 1.02 641 - - NH(17), SNH(25),
SCN(14)
9 0.04 11.28 19 126 250 21 181 1.73 - - 1C=0(46), YNH(17)

%v-stretching; 5-in-plane deformation; y-out-of-plane deformation;t -torsion; Ph-phenyl ring; Ring-quinoline ring; potential energy distribution
is given in brackets in the assignment column; IRI-IR intensity in KM/Mole; RA-Raman activity in A*/amu. Phll-mono-substituted phenyl ring;
Phl-1,2-di-substituted phenyl ring; Ring-quinoline ring.



Table(s)

Table 3. Second-order perturbation theory analysis of Fock matrix in NBO basis corresponding to the intra

molecular bonds of the title compound

Donor(i)  Type ED/e Acceptor(j) Type ED/e EQ)? EG)-EG)” FGj°
C1-C2 c 1.97888 C1-C6 o* 0.01443 191 1.21 0.043
- c - C2-C3 o* 0.01632 1.53 1.22 0.039
- c - C6-C15 o* 0.03418 4.84 1.15 0.067
C1-C6 c 197012 C1-C2 o* 0.01443 1.83 1.24 0.043
- c - C5-C6 o* 0.03449 2.92 1.18 0.052
- c - C5-N11 o* 0.02958 4.13 1.08 0.06
- c - C6-C15 c* 0.03418 2.81 1.14 0.051
- c - C15-C17 o* 0.03084 3.2 1.24 0.056
C1-C6 T 1.60294 C2-C3 * 0.37051 20.34 0.28 0.068
- T - C4-C5 * 0.41199 24.62 0.27 0.073
- T - C15-C17 * 0.29246 21.12 0.27 0.069
C2-C3 c 1.98046 C1-C2 o* 0.01443 1.53 1.24 0.039
- c - C3-C4 o* 0.01274 1.49 1.23 0.039
C2-C3 i 1.6147 C1-C6 * 0.42392 24.66 0.27 0.074
- i - C4-C5 ¥ 0.41199 211 0.26 0.067
C3-C4 o 1.97824 C2-C3 o* 0.01632 1.48 1.23 0.038
- c - C4-C5 o* 0.02057 191 1.21 0.043
- c - C5-N11 o* 0.02958 4.89 1.09 0.065
C4-C5 o 1.97102  C3-C4 c* 0.01274 1.79 1.25 0.042
- c - C5-C6 c* 0.03449 3.17 1.2 0.055
- c - C5-N11 o* 0.02958 0.98 1.09 0.029
- o - C6-C15 o* 0.03418 4.03 1.16 0.061
- c - N11-C13 c* 0.06847 4.44 1.09 0.063
C4-C5 i 1.62265 C1-C6 * 0.42392 18.27 0.29 0.066
- T - C2-C3 * 0.37051 23.52 0.29 0.074
C5-C6 c 19571 C1-C6 o* 0.02158 2.62 1.21 0.05
- c - C4-C5 c* 0.02057 2.99 1.21 0.054
- c - C6-C15 c* 0.03418 2.46 1.15 0.048
- c - C15-Cll6 o* 0.04032 4.88 0.77 0.055
C5-N11 c 1.98455 C1-C6 o* 0.02158 2.68 1.34 0.054

- c - C3-C4 c* 0.01274 1.92 1.37 0.046



N11-C13
C13-014

C13-014

C13-C17

C15-Cl16

C15-C17
C15-C17
C17-N18

N18-H19

1.97184
1.98567
1.98798

1.97962

1.95727

1.98008

1.97729
1.79731
1.98161

1.9784

C4-C5
C13-014
C1-C2
C1-C6
C4-C5
C5-C6
C15-C17
C17-N18
C4-C5
C5-N11
C17-N18
C5-N11
C13-C17
C15-C17
C13-014
C15-C17
C15-Cl16
C15-C17
N18-C20
C5-C6
C13-C17
C1-C6
C6-C15
C13-014
C13-C17
C17-N18
C1-C6
C13-014
N18-C20
C6-C15
N11-C13
C15-C17
C20-C22
C15-C17

0.02057
0.00905
0.01443
0.02158
0.02057
0.03449
0.03084
0.02833
0.02057
0.02958
0.02833
0.02958
0.07091
0.03084
0.39457
0.29246
0.04032
0.03084
0.08318
0.03449
0.07091
0.02158
0.03418
0.00905
0.07091
0.02833
0.42392
0.39457
0.08318
0.03418
0.06847
0.03084
0.05492
0.03084

1.09
2.46
2.55
2.99
3.56
1.83
2.81
5.51
2.6
1.27
221
3.19
1.14
2.14
1.67
6.16
6.78
2.92
3.84
4.06
4.77
3.6
2.6
1.92
1.73
2.49
14.66
21.45
1.57
3.1
2.07
2.33
1.92
4.79

1.33

1.3
1.25
1.21
1.21
1.19
1.25

1.1
1.34
1.22
1.23
1.38
1.39
1.54
0.33
0.37
0.75
1.23
1.07
1.17
1.08
1.28
1.22
1.24
1.16
1.16
0.32
0.27
0.68
1.25
1.19
1.35
1.23

1.2

0.034
0.051
0.051
0.054
0.059
0.042
0.053
0.069
0.053
0.035
0.047

0.06
0.036
0.052
0.023
0.046
0.064
0.054
0.058
0.062
0.065
0.061

0.05
0.044

0.04
0.048
0.065
0.072

0.03
0.056
0.045

0.05
0.044
0.068



N18-C20

C20-021

C20-C22

C22-H23

C22-C24

C22-C24

C24-C26
C26-C27
C26-C28
C26-C28

1.98135

1.99047

1.96942

1.97812

1.97924

1.84587

1.97271

1.97406

1.97327

C20-021
C13-C17
C15-C17
C17-N18
C22-C24
C20-C22
C22-C24
C17-N18
C22-C24
C24-C26
C20-021
C22-C24
N18-C20
C20-C22
C24-C26
C26-C28
C20-021
C26-C28
C20-C22
C22-C24
C26-C27
C26-C28
C27-C31
C28-C32
C22-C26
C26-C28
C27-C31
C22-C24
C24-C26
C26-C27
C28-C32
C22-C24
C27-C31
C32-C32

0.01687
0.07091
0.29246
0.02833
0.01136
0.05492
0.11155
0.02833
0.01136
0.0241

0.01687
0.01136
0.08318
0.05492
0.0241

0.02323
0.31371
0.37582
0.05492
0.01136
0.02776
0.02323
0.01414
0.01449
0.0241

0.02323
0.01414
0.01136
0.0241

0.02776
0.01449
0.11155
0.29814
0.32393

3.7
1.7
1.15
1.36
2.07
1.22
4.15
5.88
2.02
549
4.37
1.11
2.51
1.57
2.03
2.87
23.25
12.31
3.44
2.31
1.85
1.69
2.9
3.24
1.97
2.46
1.95
3.12
1.78
2.45
1.8
18.48
20.04
20.95

1.15
1.19

0.8
1.19
1.41
1.43
0.39
1.05
1.27
1.13
1.03
1.14
1.11
1.16

1.2
1.25
0.27

0.3
1.09
1.27
1.18
1.18
1.21

1.2
1.15
1.21
1.23
1.29
1.15

1.2
1.22
0.28
0.28
0.28

0.058
0.041
0.029
0.036
0.048
0.038
0.037

0.07
0.045

0.07

0.06
0.032
0.048
0.038
0.044
0.054
0.073
0.058
0.055
0.049
0.042

0.04
0.053
0.056
0.042
0.049
0.044
0.057

0.04
0.048
0.042

0.07
0.068
0.069



C27-C31

C27-C31

C28-C32

C31-H33
C31-C34

C32-C34

C32-C34

LPN11

LPO14

LPO14

LPCI16

LPCI16

1.98005

1.67514

1.98001

1.97739
1.98106

1.9813

1.65247

1.62269

1.97573

1.87789

1.98948

1.97019
1.68465

1.9755

C24-C26
C26-C27
C31-C34
C26-C28
C32-C34
C24-C26
C26-C28
C32-C34
C26-C27
C27-C31
C32-C34
C28-C32
C31-C34
C26-C28
C27-C31
C4-C5
C13-014
N11-C13
C13-C17
C5-N11
N11-C13
C13-C17
C6-C15
C15-C17
C6-C15
C15-C17
C15-C17
C13-C17
C15-C17
C15-C17
C20-021
C20-021
N18-C20
C20-C22

0.0241

0.02776
0.01643
0.37582
0.32393
0.0241

0.02323
0.32393
0.02776
0.01414
0.01623
0.01449
0.01643
0.37582
0.29814
0.41199
0.39457
0.06847
0.07091
0.02958
0.06847
0.07091
0.03418
0.03084
0.03418
0.03084
0.29246
0.07091
0.03084
0.29246
0.01687
0.31371
0.08318
0.05492

4.52
2.01
1.61
20.42
21.15
412
1.81
1.63
5.38
1.62
1.5
1.62
1.49
21.73
20.11
38.54
63.78
1.87
3.1
0.55
21.92
16.25
231
2.1
3.46
4.34
12.68
3.49
1.5
26.61
1.18
49.35
1.74
3.28

1.16
1.21
1.22
0.28
0.28
1.62
1.21
1.23
1.04
1.23
1.22
1.23
1.22
0.28
0.28
0.29
0.26
1.07
1.08
0.64
0.64
0.65
1.38
1.47
0.77
0.86
0.32
0.66
0.82
0.28
0.77
0.27
1.05

1.1

0.065
0.04
0.04

0.069

0.069

0.062

0.042
0.04

0.067
0.04

0.038
0.04

0.038
0.07

0.068

0.096

0.115

0.041

0.052

0.017

0.108

0.093

0.051
0.05

0.046

0.055
0.06

0.046

0.034

0.077

0.029

0.103

0.039

0.054



LPO21 T 1.8785 N18-C20 o* 0.08318 25.5 0.63 0.114
- T - C20-C22 c* 0.05492 16.1 0.67 0.094

®E(2) means energy of hyperconjugative interactions (stabilization energy).
®Energy difference between donor and acceptor i and j NBO orbitals.
°F(i,j) is the Fock matrix element between i and j NBO orbitals.



Table(s)

Table 4. NBO results showing the formation of Lewis and non-Lewis orbitals

Bond(A-B) ED/energy’ EDA% EDB% NBO s% p%

oC1-C2 1.97888 50.48 49.52 0.7105(sp™"®)C+ 35.90 64.10
- -0.70661 - - 0.7037(sp*"*)C 35.78 64.22
6C1-C6 1.97012 48.08 51.92 0.6934(sp*%®)C+ 34.73 65.27
- -0.70038 - - 0.7205(sp*®"\C 34.86 65.14
nC1-C6 1.60294 46.23 53.77 0.6800(sp™?)C+ 0.00 100.0
- -0.26427 - - 0.7333(sp®)C 0.00 100.0
6C2-C3 1.98046 49.79 50.21 0.7056(sp™")C+ 34.85 65.15
- -0.69650 - - 0.7086(sp-%)C 35.34 64.66
nC2-C3 1.61470 51.35 48.65 0.7166(sp-%)C+ 0.00 100.0
- -0.26041 - - 0.6975(sp®)C 0.00 100.0
6C3-C4 1.97824 49.34 50.66 0.7024(sp**4)C+ 35.45 64.55
- -0.71141 - - 0.7118(sp*"®)C 36.24 63.76
6C4-C5 1.97102 48.61 51.39 0.6972(sp-*¥)C+ 34.74 65.26
- -0.71786 - - 0.7169(sp*")C 36.48 63.52
nC4-C5 1.62265 52.03 47.97 0.7213(sp*)C +  0.00 100.0
- -0.27729 - - 0.6926(sp-®)C 0.00 100.0
6C5-C6 1.95710 49.76 50.24 0.7054(sp*®)C+  35.96 64.04
- -0.70946 - - 0.7088(sp>%)C 32.66 67.34
6C5-N11 1.98455 37.54 62.46 0.6127 (sp>®)C+  27.42 7258
- -0.83825 4 - 0.7903(sp™**)N 37.96 62.04
6C6-C15 1.97184 50.05 49.95 0.7075(sp*%®)C +  32.43 67.57
- -0.71285 - - 0.7068(sp™*°)C 38.54 61.46
oN11-C13 1.98567 63.64 36.36 0.7978(sp**)N +  35.47 64.53
- -0.84394 - - 0.6030(sp>%)C 30.95 69.05
6C13-014 1.98798 35.10 64.90 0.5925(sp>®)C +  32.83 67.17
- -1.00514 - - 0.8056(sp-*)0 34.54 65.46
nC13-014 1.97962 29.12 70.88 0.5396(sp™*)C +  0.02 99.98
- -0.37008 - - 0.8419(sp**)0 0.03 99.97
6C13-C17 1.95727 48.39 51.61 0.6956(sp*"®)C+  36.26 63.74
- -0.68837 - - 0.7184(sp>*)C 31.09 68.91
6C15-Cl16 1.98008 43.62 56.38 0.6605(sp>*)C +  21.41 78.59

- -0.69515 - - 0.7508(sp>*))Cl 15.52 84.48



cC15-C17

nC15-C17

ocC17-N18

oN18-C20

0C20-021

nC20-021

0C20-C22

0C22-C24

nC22-C24

0(C24-C26

cC26-C27

0C26-C28

nC26-C28

cC27-C31

nC27-C31

cC28-C38

cC31-C34

1.97729
-0.77463
1.79731
-0.30779
1.98161
-0.81081
1.98135
-0.80125
1.99047
-1.00730
1.97678
-0.35859
1.96942
-0.66370
1.97924
-0.73205
1.84587
-0.27435
1.97271
-0.66244
1.97406
-0.68602
1.97327
-0.68474
1.61770
-0.24925
1.98005
-0.69523
1.67514
-0.25567
1.98001
-0.69284
1.98106
-0.68950

49.82

50.31

38.89

64.00

34.44

30.92

49.18

50.02

54.44

49.46

50.63

50.79

51.63

50.33

49.55

50.23

50.06

50.18

49.69

61.11

36.00

65.56

69.08

50.82

49.98

45.56

50.54

49.37

49.21

48.37

49.67

50.45

49.77

49.94

0.7058(sp**%)C +
0.7084(sp™**)C
0.7093(sp®)C +
0.7049(sp™*)C
0.6236(sp>*1)C +
0.7817(sp*H)N
0.8000(sp™*)N +
0.6000(sp>*4)C
0.5868(sp>%*)C +
0.8097(sp>""O
0.5561(sp™*°)C +
0.8311(sp™*)0
0.7013(sp~%)C +
0.7129(sp>*®)C
0.7072(sp*®HC +
0.7070(sp*®®)C
0.7379(sp*%)C +
0.6750(sp-%)C
0.7033(sp*®C +
0.7109(sp*®)C
0.7116(sp***)C +
0.7026(sp**HC
0.7127(sp**)C +
0.7015(sp*®)C
0.7186(sp%)C +
0.6955(sp-%)C
0.7095(sp*%)C +
0.7047(sp*)C
0.7039 (sp®)C +
0.7103(sp%)C
0.7087(sp™*)C+
0.7055(sp**hC
0.7075(sp™*C+
0.7067(sp>*)C

40.07
39.52
0.01

0.02

29.29
35.54
35.35
30.08
32.85
36.05
0.18

0.13

37.00
31.95
38.37
37.27
0.00

0.00

35.17
32.39
34.15
35.56
33.45
35.75
0.00

0.00

35.66
35.73
0.00

0.00

35.42
35.59
35.24
35.29

59.93
60.48
99.99
99.98
70.71
64.46
64.65
69.92
67.15
63.95
99.82
99.87
63.00
68.05
61.63
62.73
100.0
100.0
64.83
67.61
65.85
64.44
66.55
64.25
100.0
100.0
64.34
64.27
100.0
100.0
64.58
64.41
64.76
64.71



cC32-C34

nC32-C34

n1N11

n1014

n2014

n1Cl16

n2CI16

n3CI16

n1N18

n1021

n2021

1.98130
-0.69131
1.65247
-0.25328
1.62269
-0.29286
1.97573
-0.69816
1.87789
-0.26770
1.98948
-0.93461
1.97019
-0.32163
1.92000
-0.31704
1.68465
-0.27708
1.97550
-0.67333
1.87847
-0.24881

50.04

50.37

49.96

49.63

0.7074(sp™%)C+
0.7068(sp™%))C
0.7097(sp™%)C+
0.7045(sp)C

1.00

sp

0.53

Sp

99.99

sp

0.19

Sp

99.99

sp

99.99

sp

40.77

Sp

0.57

Sp

99.99

Sp

35.30

35.43

0.00

0.00

0.00

65.45

0.01

84.08

0.30

0.10

2.39

63.83

0.02

64.70

64.57

100.0

100.0

100.0

34.55

99.99

15.92

99.70

99.90

97.61

36.17

99.98

%ED/energy in a.u.



Table(s)

Table 5. The charge distribution calculated by the Mulliken and
natural bond orbital (NBO) methods

Atoms Atomic charges(Mulliken) Natural charges
C1l -0.345525 -0.17545
C2 -0.238086 -0.21833
C3 -0.199086 -0.18774
C4 -0.358573 -0.24225
C5 0.249502 0.21526
C6 0.395314 -0.11596
H7 0.253772 0.23741
HS8 0.228895 0.22651
H9 0.228456 0.22609
H 10 0.227403 0.22182
N 11 -0.408546 -0.61614
H12 0.338060 0.43605
C13 0.002780 0.66961
014 -0.310708 -0.67035
C15 -0.308734 0.04137
Cl 16 -0.003157 -0.01493
C17 0.379675 0.09414
N18 -0.485967 -0.66435
H 19 0.338649 0.43870
C 20 0.221051 0.68427
021 -0.266928 -0.63171
C22 -0.368046 -0.29546
H 23 0.210216 0.20414
C24 -0.209379 -0.13039
H25 0.259279 0.23584
C26 0.465782 -0.07121
C27 -0.359596 -0.18996
C28 -0.379763 -0.18550
H29 0.220102 0.21314

1



0.230879
-0.229151
-0.225257
0.221822
-0.223287
0.224931
0.223221

0.22077
-0.20733
-0.21008
0.22156
-0.20293
0.22118
0.22221




Table(s)

Table 6. Calculated Mulliken charges of (2E)-N-(4-chloro-2-oxo-1,2-dihydroquinolin-3-yl)-

3-phenylprop-2-enamide

Atom

HF/6-31G B3LYP/631g(6D,7F) B3LYP/SDD

C1
C2
C3
C4
C5
C6
H7
H8
H9
H10
N11
H12
C13
014
C15
Cl16
Cc17
N18
H19
C20
021
c22
H23
C24
H25
C26
c27
Cc28
H29

-0.163705
-0.217147
-0.177899

-0.193854

0.456201

-0.084068
0.256455

0.215136

0.217897
0.222213

-1.093868
0.407401
0.821171

-0.609070
-0.205201
0.223213

0.234013
-0.975891

0.405865
0.787030
-0.622511
-0.271346
0.199169

-0.103524

0.251119
-0.052777
-0.173467
-0.207271

0.210824

-0.211917
-0.130019
-0.134010

-0.175899
0.367035
0.118661
0.166311
0.139361
0.138627
0.133986
-0.774533
0.339648
0.610691
-0.540193
-0.113494
0.053239
0.236515
-0.717541
0.356844
0.601297
-0.505872
-0.213347
0.139117
-0.155752
0.164620
0.169616
-0.171890
-0.187155
0.138031

-0.344756
-0.238287
-0.199404
-0.359437

0.249991
0.394645
0.254905
0.228931
0.226700
0.225575
-0.408703
0.336836
0.002627

-0.310699
-0.309263
0.003166

0.379525
-0.483719
0.340841

0.219798

-0.272513
-0.365540

0.213864
-0.212156
0.256019

0.466976
-0.358091
-0.382172

0.223246



H30 0.218755 0.134672 0.226518

C31 -0.206186 -0.131264 -0.228202
C32 -0.203512 -0.131344 -0.226061
H33 0.206399 0.142139 0.226673
C34 -0.186392 -0.124182 -0.223017
H35 0.206939 0.136823 0.225920
H36 0.207891 0.131178 0.219263




Table(s)

Table7. Experimental and calculated *H NMR parameters (with respect to TMS).

Protons OTMS B3LYP/SDD Jcalc = OTMS — Ocalc____EXP.(Sppm)
H 32.7711 24.3451 8.462 7.51
8H - 24.9830 7.7881 7.30
9H - 24.9113 7.8598 7.40
10H - 25.5397 7.2314 7.20
12H - 25.0065 7.7646 7.30
19H - 24.9365 7.8346 7.40
23H - 26.0422 6.7289 6.70
25H - 25.2490 7.5221 5.90
29H - 24.5444 8.2267 7.51
30H - 24.9566 7.8145 7.80
33H - 24.8819 7.8892 740
35H - 24.8266 7.9445 7.51

36H - 24.8524 7.9187 7.80




Graphical abstract

Title of the paper: Vibrational spectroscopic and molecular docking study of (2E)-N-(4-chloro-2-oxo-
1,2-dihydroquinolin-3-yl)-3-phenylprop-2-enamide
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Highlights

* IR, Raman spectra and NBO analysis were reported.

* The wavenumbers are calculated theoretically using Gaussian09 software.

* The geometrical parameters are in agreement with that of similar derivatives.
* Molecular docking is reported.
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