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Abstract

By FT-IR, FT-Raman and DFT computations spectral characterisation of 3-[(4-
Carboxyphenyl)  carbamoyl]-4-hydroxy-2-oxo-1,  2-dihydroxy  quinoline-6-
carboxylic acid was performed. Computational calculations were done using
B3LYP/6-31G(d’) basis set. Vibrational assignments of wavenumbers were
performed on the basis of potential energy distribution. Donor acceptor interactions
were evaluated using NBO analysis. To foresee the important reactive sites of the

title compound we combined DFT calculations and molecular dynamics (MD) and
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visualized the ALIE and Fukui functions. Sensitive nature of the compound
towards autoxidation and degradation in the presence of water was investigated by
the calculation of BDE and RDF. By molecular docking the compound forms a
stable complex with ubiquinol-cytochrome—c reductase inhibitor.
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1. Introduction

Quinoline derivatives possess number of medicinal properties like anti-bacterial [1] anti-
filarial [2] anti-malarial [3] anti-fungal [4] cardiovascular [5] anti-tuberculosis [6]. 8-hydroxy
quinoline derivative can be used as an active compound of pharmaceutical products [7]
nuclear medicine [8] treating cancer [9] and neurodegeneration disorder [10]. Recent years
DFT, molecular docking and vibrational studies of quinoline derivatives are reported [11,12].
Some quinoline derivatives are used as lifesaving drugs and have many applications like
optical switches sensors in electro chemistry and in the area of inorganic chemistry [13,14].
Amino quinoline derivatives are a good candidate for the inhibition of human immuno virus
(HIV) [15]. In order to analyse the effect of halogen substitution, in the parent molecule the
hydrogen atoms 7H, 8H and 9H are replaced by fluorine, chlorine and bromine atoms which
are designated as 7F, 8F, 9F for fluorine, 7Cl, 8Cl, 9ClI for chlorine and 7Br, 8Br, 9Br for
bromine, respectively. Here we have spectroscopically characterized the title compound by
employing FT-IR and FT-Raman techniques and to predict the local as well as global reactive
properties by DFT calculations and MD simulations. Using DFT calculations we have also
calculated the Frontier molecular orbitals (FMO) which helps us in understanding the HOMO-
LUMO gap which determines the stability, hardness and many other parameters. To foresee
about the reactive sites ALIE, MEP and Fukui function values are plotted against to the
electron density surface. Thus, we can evaluate the prone sites of electrophilic and
nucleophilic attacks. Organic molecules with considerable biological activity and high
stability are usually a threat to the nature [16]. Autoxidation and hydrolysis are important
parameters that helps to analyse the degradation properties of the molecule. BDE (Bond
dissociation energy) and RDF (Radial distribution functions) reflect the sensitivity of
compounds towards the water environments, BDE and RDF can be evaluated using the MD
simulations and DFT calculations. The greatest challenge in the production of pharmaceutical

products is to find an active component, if the active component doesn’t meet the



requirements, it can be modified using an excipient. Using solubility parameter, we can easily
find out an excipient [17-19]. Therefore, the aim of our study was to calculate and understand
the degradation properties of target molecule, to check a suitable excipient and to perform
molecular docking.

2. Experimental Details

3-[(4-Carboxyphenyl)carbamoyl]-4-hydroxy-2-oxo-1,2-dihydroquinoline-6-carboxylic  acid
was prepared by a microwave-assisted reaction of 4-aminobenzoic acid with triethyl
methanetricarboxylate [20] (Scheme 1). All reagents were purchased from Aldrich. Kieselgel
60, 0.040-0.063 mm (Merck, Darmstadt, Germany) was used for column chromatography.
TLC experiments were performed on alumina-backed silica gel 40 F254 plates (Merck). The
plates were illuminated under UV (254 nm) and evaluated in iodine vapour. The melting
points were determined on Boetius PHMK 05 (VEB Kombinat Nagema, Radebeul, Germany)
and are uncorrected. Elemental analyses were carried out on an automatic Perkin-Elmer 240
microanalyser (Boston, USA). The purity of the final compounds was checked by the HPLC
separation module Waters Alliance 2695 XE (Waters Corp., Milford, MA, USA). The
detection wavelength 210 nm was chosen. The peaks in the chromatogram of the solvent
(blank) were deducted from the peaks in the chromatogram of the sample solution. The purity
of individual compounds was determined from the area peaks in the chromatogram of the
sample solution. UV spectra (A, nm) were determined on a Waters Photodiode Array Detector
2996 (Waters Corp.) in ca 6x10™* mol methanolic solution and log & (the logarithm of molar
absorption coefficient €) was calculated for the absolute maximum Amax Of individual target
compounds. All *H NMR spectra were recorded on a Bruker AM-500 (499.95 MHz for H),
Bruker Bio Spin Corp., Germany. Chemicals shifts are reported in ppm (3) to internal

Si(CHs)4, when diffused easily exchangeable signals are omitted.

2.1 3-[(4-Carboxyphenyl) carbamoyl]-4-hydroxy-2-oxo-1, 2-dihydroxy quinoline-
6-carboxylic acid.
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Scheme 1. Preparation of the target compound: (a) microwave irradiation

4-Aminobenzoic acid (0.7 g, 0.005 mol) was mixed with triethyl methanetricarboxylate (2.12
mL, 0.01 mol) and heated in microwave reactor at 50% of power during 15 min and 3 min at
90%. The temperature reached 231 °C during heating. Et-O was added to the cooled mixture
and the precipitate was washed with hot (55 °C) MeOH to obtain the pure product as a yellow
crystalline compound. Yield 62%. Mp 340-350 °C. Anal. Calc. for C1gH12N207 (368.29): C
58.70%, H 3.28%; found: C 58.09%, H 3.54%. HPLC purity 97.52%. UV (nm), Amax/log &:
251.3/3.53. IR (cm™): 3621, 1180 (OH), 3034 (CHarom), 2970, 1689 (acid), 1680 (lactam),
1642 (C=0), 1635 (C = Ceycle), 1630 (amide), 1599 (Ph), 1520 (NH). *H NMR (DMSO-ds,
500 MHz) &: 7.41 (d, J=8.5 Hz, 1H), 7.70 (d, J=9.1 Hz, 2H), 7.90 (d, J=9.1 Hz, 2H), 8.15 (d,
J=8.5 Hz, 1H), 8.50 (s, 1H), 12.40 (s, 1H), 12.95 (s, 1H), 16 (s, 1H).

The FT-IR spectrum (Fig.1) was recorded using KBr pellets on a DR/Jasco FT-IR 6300
spectrometer. 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, excitation

wavelength 1064 nm, maximal power 150mW, measurement on solid sample.

3. Computational Details

Calculations of the wavenumbers, molecular geometry, polarizability values, frontier
molecular orbital analysis were carried out with Gaussian 09 program [21] using the B3LYP/
6-31G(d") quantum chemical calculation method. A scaling factor of 0.9613 is used to scale
the theoretically obtained wavenumbers [22] and the assignments of the vibrational
wavenumbers are done by using Gauss View [23] and GAR2PED software [24]. Parameters
corresponding to optimized geometry of the title compound (Fig. 3) are given in Table 1.
Jaguar 9.0 and Schrodinger materials science suite 2015-4 was used for the investigation of
the reactivity of the compound [25]. DFT calculations with the Jaguar were carried out using
B3LYP exchange correlation functional, with 6-311++G(d,p), 6-31+G(d,p) and 6-311G(d,p)
basis sets for the calculations of ALIE, Fukui functions and BDEs, respectively. Desmond program
was used for MD simulations which was performed by OPLS 2005 force field [26], with simulation
time set to 10 ns. The pressure was set at 1.0325 bar while temperature was set to 300 K. Cutoff
radius was set to 12 A, while the modelled system was of isothermal-isobaric (NPT) ensemble class.
For the solvent of SPC model [27] was used here. For the modelling of system CPCHODQG6C



molecule was placed alone into the cubic box with ~3000 water molecules. For the preparation of

input files and output analysis Schrodinger materials science suite 2015-4 was used [28].

4. Results and Discussions

4.1 Optimized Geometrical Parameters

For the title compound the bond lengths of C,-Cs = 1.4084 A, C3-C4 = 1.4130 A and C4-Cs =
1.4045 A and these values are greater than that of C1-C, (1.3824 A) and Cs-Cs (1.3916 A)
due to adjacent quinoline ring and the reported values are C,-Cs = 1.4020 A, C3-C4 = 1.4171
A, Cs-C4 = 1.4043 A [29]. The values of bond lengths Ci12-C14 (1.4579 A) and Cis-Cis
(1.4854 A) are high which is due to the adjacent C=0 and carboxylic groups. The bond angle
C3-C4-Cs (119.5°) is lesser than 120° because of the presence of quinoline ring. The angles
C4-C13-C14 and C3-N1o-C12 are 121.2° and 126.0° respectively, which can be assumed as due
to the presence of OH group which is electropositive. According to literature the
corresponding reported bond angles are Ci-C2-Cz (119.6°), C2-Cs-Cs (119.4°), C2-N14-C2o
(125.8°), C3-C15-C1g (121.3°) and Ni14-Co0-Ci1g (114.2°) respectively [30]. The presence of
higher electro negative group C=0 would be the reason for the lesser bond angle of N1o-C12-
Cu4 (116.0°).

4.2 IR and Raman Spectra

The observed IR and Raman bands and calculated (scaled) wavenumbers and assignments
are given in Table 2. The C12=016 and C13=Cu4 stretching vibrations are assigned at 1678 cm"
! (DFT), 1670 cm™ (IR) and at 1562 cm™ (DFT), 1551 cm™ (IR), 1548 cm™ (Raman)
respectively. The C=0 stretching mode has high IR intensity and PED of 37%. The C=0
stretching vibration in the spectra of carboxylic acid give rise to strong bands in the region
1600-1700 cm™ [31]. The bands observed at 1746, 1741 cmtheoretically with IR intensities
362.66, 401.29, Raman activities 269.81, 169.61 and with PEDs of 73, 72% are assigned as
C35=036, C31=Ca2 stretching modes of the title compound. The stretching band of C13-Oss is
expected in the region 1220 + 40 cm™ [32-34] and the band at 1292 cm™ (DFT) is assigned as
C-O stretching vibration with IR intensity of 165.43, Raman activity of 5.51 and a PED of
17% of the title compound while the reported value is 1206 cm™(DFT) [30]. The O-H
stretching vibration gives rise to a band at 3050 + 150 cm™ [31]. The band observed at 2666



cm™ experimentally and 2793 cm™ in DFT calculation is assigned as the O-H stretching
vibration. The downshift of the OH stretching mode is due to the strong hydrogen bonded
system present in the title compound as reported in literature [35, 36]. The O-H in-plane and
out-of-plane deformation modes are expected at 1395 + 55 cm™ and at 905 + 70 cm
respectively [32]. For the title compound the band at 1352 cm™ (DFT) is assigned as the in-
plane O-H deformation band. Similarly, the band at 922 cm™ (DFT) is assigned as the O-H
out-of-plane deformation band of the title compound. The in-plane O-H bending mode has a
low IR intensity 68.74 and high Raman activity of 955.36. Rajeev et al. [30] reported a band
at 1412 cm™ as the in-plane O-H deformation. The N-H stretching vibrations are expected
[37] in the range 3500-3300 cm™. In the present study the bands observed at 3440, 3392 cm*
in the IR spectrum and 3454 cm™ theoretically are assigned as N-H stretching vibrational
mode which has a PED of 100%, IR intensity 50.89 and Raman activity 108.89. In the
present case the N-H stretching mode splits into a doublet and downshifted from the
computed value which indicates the weakening of the N-H bond [38, 39]. N-H group shows
bands at 1510-1500, 1350-1250 and 740-730 cm™ [39]. According to literature if N-H is a
part of a closed ring [40] the N-H deformation band is absent in the region 1510-1500 cm™.
In the present case the N-H in-plane deformation band is observed at 1439 cm™ theoretically
and this mode has IR intensity 35.79, Raman activity 131.12 with a PED 22%. The out-of-
plane deformation bands of N-H are expected in the range 650 + 50 cm™ and the bands
observed at 612 cm™ (DFT) are assigned as yN-H mode of the title compound. This mode
has 73% PED with 60.95 as IR intensity and a low Raman activity less than 10.00. In the
present case, the quinoline CC stretching ring modes are observed at 1413 cm™ in the IR
spectrum, 1414 cm™ in the Raman spectrum, 1413 cm™ theoretically with high Raman
activity and the C-N stretching modes are at 1114 cm™ in the IR spectrum, 1233, 1106,1082
cm* theoretically. Both the modes possess moderate IR intensities. Rajeev et al. reported the
quinoline stretching modes at 1610, 1445, 1020 cm? (C-C), 1262 cm™? (C-N) in the IR
spectrum, 1609, 1051, 1022 cm™ (C-C), 1202 cm™ (C-N) in the Raman spectrum, 1607,
1433, 1045, 1035 cm? (C-C), 1270, 1230 cm™ (C-N) theoretically [30]. The DFT
calculations give the C-H stretching modes of the phenyl ringl and phenyl ringll of the title
compound at 3128, 3101, 3067 cm™ and 3151, 3099, 3098, 3061 cm™. Similarly, the bands
observed at 3132, 3103, 3078 cm™ (Raman) and 3157, 2990 cm™ (IR) are assigned as C-HI
and C-HII stretching modes of the phenyl rings of parent molecule [31]. The bands observed
at 1470, 1372 and 1593, 1505, 1314 cm™in IR spectrum, 1477 and 1602, 1503, 1382, 1323
cm?® in Raman spectrum and at 1618, 1580, 1485, 1369, 1342 and 1609, 1591,



1538,1403,1321 cm™ theoretically are assigned as phenyl rings stretching modes of the title
compound which are expected in the region 1620-1250 cm™ [31]. In asymmetric tri-
substituted benzene, when all the three substituents are heavy, the ring breathing mode
appears above 1100 cm™ [32]. For the tri-substituted phenyl ring Phl, the ring breathing
mode is assigned at 1066 cm™ theoretically with moderate IR intensity and PED 18%.
Madhavan et al. [41] reported the ring breathing mode for a compound having two tri-
substituted benzene rings at 1110 and 1083 cm™ respectively. In the present case, the band
observed at 1070 cm™ in Raman spectrum and 1072 cm? theoretically with a PED
contribution of 36% and high IR intensity is assigned as the ring breathing mode of the
phenyl ring 11 which is expected in region 1020-1070 cm™ [32]. Panicker et al. [42] reported
the ring breathing mode of di-substituted benzene at 1018 cm™ (IR), 1034 cm™ (Raman) and
1019 cm™* (DFT). For the title compound, the bands observed at 1284 cm™ (IR), 1134, 1099,
cm?® (Raman) and 1288, 1245, 1152, 1137, 1104 cm™ (DFT) are assigned as the C-H in-
plane bending modes of the phenyl rings. The C-H out-of-plane deformations are expected
below 1000 cm™[31] and for the title compound the theoretical calculations give bands at
951, 949, 938, 925, 842, 828, 815, 794 cm? as yC-H modes of the phenyl rings.
Experimentally these bands are observed at 970, 926, 841, 818, 799 cm™ in the Raman

spectrum.

4.3 Frontier Molecular Orbitals

Frontier molecular orbital study is used to explain the chemical behaviour and stability of the
molecular system. The atomic orbital components of the frontier molecular orbitals are
shown in Fig. 4. The delocalization of HOMO and LUMO over the molecular system shows
the charge transfer within the molecular system. The HOMO-LUMO gap is found to be
3.157 eV. The chemical descriptors can be evaluated by using HOMO and LUMO orbital
energies, EHomo, and ELumo as ionization energy 1= —Enowmo, electron affinity A= —ELumo,
hardness 1 = (I-A)/2, chemical potential p = —(I+A)/2 and electrophilicity index (o = p?/2n
[43]. For the title compound CPCHODQG6C, I = 8.482, A = 5.325, 1= 1.579, p = —6.904 and
® = 15.093 eV (Table 3). For the title molecule, HOMO is delocalized over the phenyl group
(Phll), amide group and partially over the quinoline ring while the LUMO is delocalized
strongly over the entire molecule except carboxyl group of quinoline ring. For 7Cl, HOMO is
delocalized strongly over the quinoline ring and substituted chlorine atom while LUMO is

delocalized strongly over the entire molecule except NH groups. For 8Cl and 9CI HOMO is



over the phenyl ring Phl and partially over the pyridine ring and LUMO is over the entire
molecule except carboxyl group of Phl and carbonyl group of pyridine ring. For 7Br HOMO
is over the entire molecule except carboxyl group of Phl and LUMO is over the entire
molecule. For 8Br and 9Br HOMO is over the entire molecule except carboxy! group of Phl
and carbonyl group of pyridine ring and LUMO is over the entire molecule except carboxyl
group of Phl and NH group of pyridine ring. For 7F, HOMO is over the entire molecule
except carboxyl group of Phl and NH of pyridine while LUMO is over the entire molecule
except NH group of amide group. For 8F, HOMO is over the entire quinoline ring while for
9F, HOMO is over the entire molecule. LUMO is delocalized over the entire molecule except
carboxyl group of Phl, carbonyl group of pyridine and NH group of amide for 8F and 9F.
The chemical potential decreases for the halogen substitution in the order 7ClI, 8Cl, 9CI < 7F,
8F, 9F < 7Br, 8Br, 9Br < CPCHODQG6C. Chemical potential value of 8Cl is deviated
maximum from the parent molecule while all other halogen substitution shows minimum
deviation. Halogen substitution results in reduction in the p value in comparison with the
parent molecule and for 8CI it is minimum. Halogen substitution also results a decrease in
electrophilicity index and is minimum for 8CI. Global hardness is higher for 8CI because of

its large HOMO-LUMO gap which results a decrease in polarizability.

4.4 Molecular Electrostatic Potential

Molecular electrostatic potential and electron density are related to each other to find the
reactive sites for electrophilic and nucleophilic sites [44,45]. The negative (red and yellow)
regions of MEP map (Fig.5) were related to electrophilic reactivity while the positive (blue)
regions to nucleophilic reactivity. For the parent molecule, most electrophilic (red and
Yellow) regions are C=0O group of both carboxyl group, slightly over PhIl and the
nucleophilic regions (blue) are deeply over the NH bond of quinoline ring, slightly over the
hydrogen atom of the OH groups. For 7Cl, 8Cl and 9Cl, electrophilic regions are strongly
over the carbonyl group of both carboxyl group and slightly over the phenyl ring while the
nucleophilic regions are over the NH group of quinoline ring and slightly over the hydrogen
atoms of the OH groups and more intense in the case of 8Cl. For fluorine substitution the
electrophilic regions are similar to that of chlorine substitution while the nucleophilic regions
are same that of chlorine substitution but blue region of NH bond of quinoline in 8F is more
pronounced. For bromine substitution also the electrophilic and nucleophilic behaviour is

identical to that of chlorine and fluorine substitution while blue region around bromine is



higher than that in fluorine substitution. The nucleophilic region of fluorine substitution is

less than that in chlorine and bromine substitution.

4.5 NBO Analysis

The natural bond orbitals (NBO) calculations were performed using NBO 3.1 program [46]
and the important interactions are presented in tables 4 and 5. The strong interactions are
LPO37—C35—036, LPO3—C35—037 LPO33—C31—032, LPO32—C31—033, LPN20—C18—01o,
LPO15—C13—C14, LPN1g—C12—016, LPC4—C13—C14 and LPCs—Cs—Cs With energies, 21.44,
16.30, 21.43, 16.26, 28.99, 22.49, 27.67, 37.81 and 35.28 kcal/mol. 100% p—character is

found in lone pairs of Os7, Oss, Os3, O32, O16, O15 and N1o atoms.

4.6 Nonlinear Optical Properties

The calculated first hyper polarizability of the title compound is 15.827x107% esu which is
121.75 times that of standard NLO material urea (0.13 x10%° esu) (Table 6) [47]. The
reported value of first hyper polarizability of similar derivative is 2.24 x107%° esu [48]. The
phenyl ring stretching vibrations at 1593, 1505 cm™ in the IR spectrum have their
counterparts in the Raman spectrum at 1602, 1503 cm™ respectively with IR and Raman
intensities are comparable. These types of organic molecules have conjugated m-electron
system and large hyper polarizability which leads to nonlinear optical properties [49]. The
C—N distances in the calculated molecular structure vary from 1.3745 to 1.4047 A which are
in between those of a CN single and double bond and this suggest an extended zm-electron
delocalization over the molecular system which is also responsible for the nonlinearity of the
molecule [50]. We conclude that the title compound is an attractive object for future studies

of non-linear optical properties.

4.7 ALIE surfaces and Fukui functions

Average local ionization energy (ALIE) is a quantum molecular descriptor which indicates
the energy required to remove an electron from the molecule. So, we can say that the sites
with least values of ALIE are more open for an electrophilic attack [51,52]. According to the

equation given below ALIE is the sum of orbital energies weighted by the orbital density.



Where p, () denotes electronic density of the i-th molecular orbital at the point 7, ¢ denotes
orbital energy and p() denotes total electronic density function. We have mapped the ALIE

values with the electron density surface in order to understand the attacking sites of
electrophiles. The ALIE figure is represented in Fig. 6. Here in this figure, we can see that
benzene ring shows the least ALIE values that is 210.59 kcal/mol. On the other side in the
close vicinity of hydrogen atoms Hii, Hiz, Has, Hss, Hsg shows highest ALIE value 372.51
kcal/mol. The interesting molecular sites which are important in the view of local reactivity
can be identified using Fukui functions. The functional derivative of chemical potential with
respect to external potential is termed as Fukui functions. According to Maxwell’s relations
we can interpret this as the derivative of electronic density with respect to the number of
electrons [53-55]. If we physically interpret the term, it is the change in electron density
according to change in charge. These functions in Jaguar program are calculated with the

help of finite difference approach, according to the following equations:

(P ()=-p"(n)

o

o _ " (N)=p"(r)

o

7

’

where N stands for the number of electrons in reference state of the molecule, while ¢ stands
for the fraction of electron which default value is set to be 0.01[55] . By plotting Fukui
functions to electron density surfaces we get a lot of information about the important
molecular sites acting as a reactive centres [51,52]. The Fukui function plot is represented in
Fig. 7. The colour coding in the plot is as follows, purple (positive) colour in Fukui function
f* means the electron density has been increased by the addition of charges to the system
while red (negative) colour in Fukui function f- means the electron density has been
diminished by the addition of charges. Electron density is increased in the near vicinity of

carbon atom Cz1 and electron density is decreased near the O1s, O3s, O37 atoms.



4.8 Reactive and degradation properties based on autoxidation and hydrolysis

Degradation properties based on autoxidation and hydrolysis mechanisms are explained using
RDFs and BDEs. Calculations of BDE for hydrogen abstraction allow the possibility to
predict molecular sites where autoxidation process could start. It provides details about upto
what extent some molecule are sensitive to presence of oxygen in open air, a parameter that is
of very much importance in pharmaceutical industry. Forced degradation studies can also be
studied using BDE, since they can be used for confirmation and determination of degradation
path of some organic pharmaceutical molecule [56-59]. Wright et al. says that the target
molecule is most vulnerable to autoxidation if the BDE for hydrogen abstraction ranges from
70 to 85 kcal/mol [60]. BDE values for hydrogen abstraction lower than 70 kcal/mol, are not
suitable for the autoxidation mechanism since formed radicals are resistant for O insertion
[60-62]. Fig.8 contains all BDE values for CPCHODQG6C. Red coloured values represent the
BDE values for hydrogen abstraction and blue-coloured values correspond to the BDE values
for the rest of the single acyclic bonds. All the BDE values of molecule are greater than 100
kcal/mol so we can say that the molecule is stable in the presence of oxygen. To find the
extend of hydrolysis we have also calculated the RDF for the molecule. In Fig.9 RDFs of
atoms with the most pronounced interactions with water molecules are presented. In RDF
plot, g(r) represents the probability of finding a particle in the distance r from another particle
[63]. Results provided in Fig.9 indicate that only four atoms of CPCHODQ6C molecule have
relatively significant interactions with water molecules. These atoms are Ci2, C2s, O19, Ogzs,
Os7 , Hi1, Hi7, Has, Has, H3g which shows similar g(r) profile. According to the maximal g(r)
values the most important RDF is certainly for Hss atom. Here the presence of hydrogen
atoms shows the low stability of the molecule in the surroundings of water, so the role of this

title compound in the pharmaceutical industry is irrelevant.

4.9 Solubility parameter

One of the demanding fields in pharmaceutical is the development of new products and
finding the active component. To be considered for the pharmaceutical drug production, the

active ingredient has to fit in to certain physical properties such as stability, solubility etc. If



the active component doesn’t meet the required parameters, then these properties must be
modified. One way to modify the properties without structural modification is to find a
suitable excipient and mixing them up. Suitable excipient can be identified using
experimental methods but its time consuming, while computational methods can be
effectively used to narrow down the possibilities. Active component and excipient must be
mutually compatible, one of the parameters for compatibility is the solubility parameter.
Which means, the solubility parameter of the active component must have a value similar to
the one of the excipient compounds [17-19]. Solubility parameter can be computationally

predicted by applying the MD simulations and the following equation:

AH, — RT
§= |———— (1)
4%

In this work, the solubility parameter has been calculated for the CPCHODQ6C molecule and
it has been compared with three compounds frequently used as excipients
polyvinylpyrrolidone polymer (PVP), maltose, and sorbitol). MD systems used to calculate
this quantity consisted of 32 molecules placed in a cubic simulation box. Solubility
parameters of all mentioned compounds have been summarized in Table 7.

As indicated by the results presented in Table 7, the CPCHODQ6C molecule has the highest
compatibility with the Maltose compound. In this case, the difference between corresponding
values of solubility parameter is less than 0.2 MPa'?, indicating very high compatibility.
Solubility parameter of sorbitol is higher than the solubility parameter of the CPCHODQG6C
molecule, while PVP has lesser value than our title molecule. Therefore, the MD calculations

suggest that it is reasonable to consider Maltose as an excipient for CPCHODQ6C molecule.

4.10 Molecular Docking

Antimalarial drugs constitute a major part of antiprotozoal drugs. Malaria remains a major
health problem, mainly in sub-Saharan Africa and parts of Asia and South America [64] with
over 200 million clinical infections and nearly half a million deaths annually. Malaria is
caused by protozoan parasites belonging to the genus Plasmodium and is transmitted via the
bite of a female Anopheles mosquito. There are four major species of the parasite that cause
malaria in humans, namely, Plasmodium falciparum, P. vivax, P. ovale and P. malaria, while
a fifth parasite, P. knowlesi, is now recognized [65]. Historically, a range of drugs has been

used to treat or prevent malaria, including several derived from the quinoline ring system



such as quinine, chloroquine (CQ), amodiaquine, piperaquine, mefloquine, and primaquine
[66]. Quinoline and its related derivative comprise a class of heterocycles, which has been
exploited immensely than any other nucleus for the development of potent antimalarial
agents. Various chemical modifications of quinoline have been attempted to achieve analogs
with potent antimalarial properties against sensitive as well as resistant strains of Plasmodium
sp., together with minimal potential undesirable side effects [67]. From PASS (Prediction of
Activity Spectra) [68] analysis we have to choose the favorable target for docking study and
different types of activities predicted as in Table 8. We choose the activity ubiquinol-
cytochrome-c reductase inhibitor with Pa value 0.858 and high-resolution crystal structure of
corresponding receptor atovaquone-inhibited cytochrome BC1 complex with (PDB ID:
4PD4) was downloaded from the RCSB protein data bank website. Atovaquone is a drug that
inhibits the respiratory chain of Plasmodium falciparum, but with serious limitations like
known resistance, low bioavailability and high plasma protein binding [69]. cyt bcl inhibitors
are generally classified as slow-onset anti-malarials, we found that a single dose of endochin-
like quinolone-400 (ELQ-400) rapidly induced stasis in blood-stage parasites, which was
associated with a rapid reduction in parasitemia in vivo. ELQ-400 also exhibited a low
propensity for drug resistance and was active against atovaquone-resistant P. falciparum
strains with point mutations in cyt bcl. ELQ-400 shows that cyt bcl inhibitors can function
as single-dose, blood-stage anti-malarials and is the first compound to provide combined
treatment, prophylaxis, and transmission blocking activity for malaria after a single oral
administration [70]. This remarkable efficacy suggests that metabolic therapies, including cyt
bcl inhibitors, may be valuable additions to the collection of single-dose anti-malarials in
current development. All docking calculations were performed on AutoDock4.2 [71], Auto
Dock-Vina software [72] and as in literature [73]. The amino acids of the receptor Tyr275,
Asn96, Asn271 forms H-bond with OH group and other electrostatic interactions are detailed
in Fig.10. The docked ligand forms a stable complex with the receptors atovaquone—inhibited
cytochrome BC1 complex as depicted in Fig.11 and the binding free energy value is -9.1
kcal/mol (Table 9). The docked ligand is embedded with the catalytic site of cytochrome BC1
complex as shown in Fig.12. These preliminary results suggest that the compound having
inhibitory activity against the antimalarial receptor atovaquone—inhibited cytochrome BC1
complex. Thus, the title compound can be developed as drug used for the treatment of

malaria.



5 Conclusions

The vibrational spectroscopic studies of 3-[(4-carboxyphenyl) carbamoyl]-4-hydroxy-2-oxo-
1, 2-dihydroquinoline-6-carboxylic acid in the ground state were reported theoretically and
experimentally. Potential energy distribution of normal mode vibration was done using
GAR2PED programme. The vibrational wave number of the title compound successfully
analysed. For the title compound HOMO is delocalized over the phenyl group, amide group
and LUMO is over the entire molecule except carboxyl group of quinoline ring. In addition to
that the halogen substituted HOMO-LUMO calculation showed a decrease in the
electrophilicity index and is minimum for substituted chlorine at the eight position of the
compound. The molecular electrostatic potential analysis results that the negative charge
covers part of the oxygen atom in carboxylic acid and positive charge over the nitrogen atom
in the quinoline ring. NBO analysis predicts a strong interactions LPO3z7—C35—Oss,
LPO3—C35—037 LPO33—C31—032, LPO32—C31—033, LPN20—Ci18—019, LPO15—Ci13—Cia,
LPN1o—C12—016, LPC4—C13—C14 and LPC4—Cs—Ce. The calculated first hyperpolarizability
of the material is 121.75 times greater than the standard NLO material, so we can say that the
compound is optically active. By DFT calculations we were able to calculate the ALIE
values, beside benzene ring, we have determined Hii, Hi7, Hss, Hasg, Hsg are prone to
electrophilic attacks. Thanks to the mapping of the Fukui function values to the electron
density surface we have also determined that carbon atom C»1 and O1s, O3s, O37 are important
reactive centres. Calculation of BDE showed that title molecule is not sensitive in the water
surroundings towards auto oxidation mechanisms. The presence of hydrogen atoms in the
RDF shows the low stability of the title compound in the degradation processes. The MD
calculations of solubility parameter suggests that it is reasonable to consider Maltose as an
excipient for CPCHODQG6C molecule. By molecular docking the compound form a stable
complex with ubiquinol-cytochrome—c reductase inhibitor as is evident from the binding

affinity values.
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Tables

Table 1

Optimized Geometrical parameters of 3-[(4-carboxyphenyl) carbamoyl] -4-hydroxy-2-oxo-1, 2-

dihydroquinoline-6-carboxylic acid.

Bond length (A)

Bond angle (°)

Dihedral angle (°)

C1-C2 1.3824 | C2-C1-Cs 120.9 | Ce-C1-C2-Cs -0.0
C1-Cs 14113 | C-Csi-Hy 120.8 | C2-C1-C6-Cs -0.0
Ci-Hy 1.0863 | C1-C2-Cs 119.6 | C2-C1-C6-Css 180.0
C2-Cs 1.4084 | C1-Ca-Hg 120.7 | C1-C2-C3-C4 0.0
C2-Hs 1.0880 | Ce-Ci1-H7 118.3 | C1-C2-C3-N1o 180.0
Cs-C4 1.4130 | C1-Ce-Cs 119.6 | C2-C3-C4-Cs 0.0




Cs-N1o 1.3745 | C1-Ce-Css 117.8 | C2-C3-C4-Ci3 -180.0
Cs-Cs 1.4045 | C3-Cz-Hg 119.7 | N10-C3-C4-Cs -180.0
C4-Ci3 1.4498 | C>-C3-Cs4 120.1 | N1o-C3-C4-Cy3 0.0
Cs-Cs 1.3916 | C2-C3-Nio 121.3 | C2-C3-N10o-C12 -180.0
Cs-Hg 1.0841 | C4-C3-N1o 118.6 | Cs4-C3-N10-C12 0.0
Ce-Css 1.4849 | C3-Cs-Cs 119.5 | C5-Cs-Cs-Co -0.0
N1o-Hi1 1.0127 | C3-C4-C13 118.4 | C13-C4-C5-Cs 180.0
N1o-C12 1.3914 | C3-Nio-Hu 119.9 | C3-C4-Cy13-Ci4 -0.0
C12-Cu4 1.4579 | C3-N1o-Cu2 126.0 | C3-C4-C13-O1s5 -180.0
C12-O16 1.2374 | C5-C4-Cy3 122.1 | Cs5-C4-C13-Ci4 180.0
C13-Cus 1.3989 | C4-Cs-Cs 120.3 | Cs-C4-C13-O1s5 -0.0
C13-O1s 1.3198 | C4-Cs-Ho 119.0 | C4-Cs-Cs-Ct 0.0
C14-C1s 1.4854 | C4-C13-Cua 121.2 | C4-Cs-Ce-Css -180.0
O15-Hi7 1.0122 | C4-C13-Oss 115.9 | C1-Cs-C35-O36 0.0
O16-Hao 1.7992 | Ce-Cs-Hg 120.7 | C1-Cs-Cs5-O37 180.0
H17-O19 1.5785 | Cs-Ce-Css 122.5 | Cs-Ce-C35-O3s -180.0
C18-O19 1.2507 | Ce-Cs5-O36 124.7 | Cs-Ce-C35-O37 -0.0
Ci18-N2o 1.3596 | Ce-Cs5-O37 113.0 | C3-N10-C12-Cus -0.0
N20-Co1 1.4047 | H11-N10-Cy2 114.0 | C3-N10-C12-O1s 180.0
N2o-Hazo 1.0244 | N1o-C12-Cus 116.0 | N1o-C12-C14-C13 0.0
C21-C22 1.4068 | N10-C12-O16 118.0 | N1o-C12-C14-C1s 180.0
C21-C23 1.4092 | C14-C12-O16 126.0 | 016-C12-C14-C13 -180.0
C22-Cos4 1.3924 | C12-C14-Cy3 119.8 | O16-C12-C14-C1s 0.0
Ca2-Has 1.0814 | C12-C14-Cis 122.1 | C4-C13-C14-C12 -0.0
C23-Ca6 1.3864 | C12-Cie-Hao 99.6 | C4-C13-C14-C1s -180.0
Ca3-Ha7 1.0896 | C14-C13-O1s 123.0 | O15-C13-C14-C12 180.0




C24-Cog 1.4017 | C13-C14-Cis 118.1 | O15-C13-C14-Cis 0.0
Ca24-H2g 1.0859 | C13-O15-H17 106.1 | C12-C14-C18-O19 180.0
C26-Cos 1.4030 | C14-C18-O19 120.2 | C12-C14-C18-N2o 0.0
Ca26-Hao 1.0863 | C14-Cis-N2o 116.8 | C13-C14-C15-O19 0.0
C28-Ca1 1.4815 | O15-H17-O19 149.6 | C13-C14-C18-N2o 180.0
Cs1-Os2 1.2132 | O19-C18-N2o 123.0 | C14-C18-N20-C21 -180.0
Cs31-Os3 1.3596 | C18-O19-Ha7 103.1 | O19-C18-N20-C21 0.0
Os3-Has 0.9720 | C18-N20-C21 129.2 | C18-N20-C21-C22 -0.0
C35-O36 1.2120 | Cig-N2o-Hag 113.5 | C18-N20-C21-Co3 180.0
Cs5-O37 1.3554 | C21-N2o-Hag 117.3 | N20-C21-C22-C24 -180.0
Os7-Hsg 0.9722 | N20-C21-C22 124.3 | C23-C21-C22-Ca4 0.0
N2o-C21-C23 116.3 | N2o-C21-C23-C2s 180.0
N2o-Hz9-O16 141.9 | C22-C21-C23-Cas -0.0
C22-C21-Cas 119.4 | C21-C22-C24-Cag 0.0
C21-C22-C24 119.5 | C21-C23-C26-C2s 0.0
C21-C22-Hzs 119.7 | C22-C24-C28-Co6 -0.0
C21-C23-Co6 120.5 | C22-C24-C2s-C31 180.0
C21-Ca3-H27 119.5 | Cz3-C26-C28-C24 0.0
C24-C22-Has 120.8 | C23-C26-C28-Ca1 -180.0
C22-C24-Cos 121.2 | C24-C28-C31-O32 180.0
C22-Ca4-Hag 119.4 | C24-C28-C31-O33 -0.0
C26-C23-Ha7 120.0 | C26-C28-C31-O32 0.0
C23-C26-Cas 120.4 | Cz6-C28-C31-Og33 180.0
Ca23-Co6-Hzo 120.8
Ca28-C2s-Hag 119.5
C24-C28-Cas 119.1




C24-Cos-Ca1 122.8
Cas-Cos-Hzo 118.8
C26-Cos-Ca1 118.2
C28-C31-O32 125.2
C28-C31-O33 113.1
O32-C31-O33 121.7
C31-O33-Has 105.8
O36-C35-O37 122.3
Cs5-Os7-Hss 106.2

Table 2
Calculated scaled wavenumbers, observed IR, Raman bands and vibrational assignments with
potential energy distribution (PED) of CPCHODQG6C.

B3LYP/6-31G* IR(cm™) | Raman(cm™) | Assignments
viem?) | IR Ra
3545 64.41 295.68 | - 3542 vOs33H34(99)
3545 85.56 236.91 | - - vO37H35(99)
3454 50.89 108.89 | 3440 - vN10H11(100)
3392
3231 | 398.20 | 43145 |- - VN20H39(99)
3151 2.95 39.19 3157 - vCHII(98)
3128 2.89 37.14 - 3132 vCHI(99)
3101 1.58 143.23 | - 3103 vCHI(95)
3099 1.69 95.44 - - vCHII(95)
3098 2.12 95.49 - - vCHII(93)
3067 |6.25 |8567 |- 3078 vCHI(95)




3061 7.07 48.71 2990 - vCHII(95)

2793 903.66 | 56.85 2666 - vO15H17(99)

1746 362.66 | 269.81 |- - vC35036(73)

1741 401.29 | 169.61 |- - vC31032(72)

1678 512.03 | 10.06 1670 - vC12016(37)

1625 138.36 | 620.76 | - 1630 vC18019(26)

1618 74.61 | 349.28 | - - vPhI(23)

1609 170.19 | 11.78 - - vPhII(30)

1591 978.08 | 1638.12 | 1593 1602 vPhII(24)

1580 208.84 | 1.94 - - vPhI(49)

1562 41.76 | 118.04 | 1551 1548 vC13C14(22), vPh1(15), 8015H17(10)
1538 986.10 | 1388.60 | 1505 1503 VPhII(27), 6C18019(13), vC14C18(11)
1496 26.65 |130.96 |- - vPhII(48), sCHII(45)

1485 165.35 | 350.03 | 1470 1477 vPhI(24), 5CHI(20), vC3N10(11)
1439 35.79 131.12 | - - ON10H11(22), vPhI(13), vC13N10(13)
1413 213.93 | 438.67 | 1413 1414 vC4Ci3(15)

1403 1430 |86.10 - 1382 vPhlII(42), sCHII(27)

1369 5.58 23.41 1372 - vPhI(51), 6CHI(12), dN10H11(12)
1352 68.74 | 955.36 |- - 0015H17(17), vC13C14(17)

1342 111,52 |191.03 | - - vPhI(26), 6C18019(15)

1338 67.92 1.95 - - 0037H38(12), vC35037(1)

1336 473.63 |189.54 |- - 0033H34 (13), vC31033(12)

1321 60.41 | 257.62 | 1314 1323 VvPhII(73)

1292 165.43 | 551 - - vCO(17), vN10C12(16), vC12C14(14)
1288 13.42 128.21 | 1284 - OCHII(62)

1251 103.81 | 403.81 | 1261 1260 8C18019 (19)




1245 |27.98 |711.98 |- i 3CHI(23), vC21N20(16)
1233|2023 |111.26 |- i VCaN1o(17), 5C1:01s (19), SN1oH11(14)
1210 |2932 |06l |- i 5C18010 (36)

1184 | 19544 |11.90 |- 1183 5033H32(31), SCHII(20), 5C25Ca1(13)
1173 | 207.87 | 9565 | 1173 i 5037H(31), CoCas(13)

1152 | 30517 | 41554 |- i SCHII(48), 5033H31(14)

1137 10.52 14.28 - 1134 O0CHI(42)

1106 | 7521 | 2452 | 1114 i vC12Nio(12), SCHII(12)

1104 98.68 4.34 - 1099 OCHII(36)

1082|5918 |1591 |- i vC12N10o(15), vC31033(15)

1072 | 20493 |750 |- 1070 VPhIT (36), vC31033(33)

1066 | 39.09 |0.59 - - vPhI(18), vC35037(31), SCHII(12)
994 699 |1805 |1014 | 1020 SPhII(53), vPhII(32)

951|097 [382 |- 970 yCHII(79), yPhII(17)

949 |016 |050 |- i CHI(86)

948|770 |416 | 946 i 5C15019(22), 5PhI(13)

938|047 |04l |- i +CHII(90)

925 8.72 1.32 - 926 yCHII(78)

922 118.10 | 0.48 - - v015H17(96)

896 7.84 16.48 |- 870 8C18019(26), SPhI(17)

846|344 | 2696 |846 i 5C15019(29), 5Nz2oHas (18)

842 28.35 |0.08 - 841 yCHII(63)

828 3623 |299 |- i yCHII(67), yN2oHzs(17)

815 9.54 3.18 - 818 yCHI(70)

812 |9.74 3000 |807 i 5C15019(41), dring(11)

794 |3868 | 137 |- 799 yCHII(50), yYNzoHz9(20), YN2oCa(15)




762 4905 [420 | 768 776 yPhII(25), yC31032(22), yC21N20(10)
759|241 235 |- i yring(32), 5C13015(23), yPh1(11)
754 6210 |065 |- 754 yCa5036(41), yPhI(15), yCHI(11)
744 | 4576 |518 |- - vC26Ca1(19)

736 36.51 2.95 - - 1C12016(29), YC18019(15), yPhI(14)
700 | 18.04 |2294 |- i SPhII(11), 3PhI(10)

701 12.14 1.59 - - vC18019 (29), yring (17), yYN1oH11(13)
694 |37.34 |203 | 688 i yPhII(56), yC28Ca1(13), yC21N2o(11)
659 | 995 |243 |- 668 yPhI(21), 5C13015(30), yring(10)
650 | 1128 |21.35 | 648 i 5PhI(34), sring(11)

637 |3711 |129 |- 636 5CeCa5(29),), 8PhI(15), 8C12016(12)
625 | 1822 |569 |- i SPhII(44)

614 |3963 |578 |- i SPhII(35), 5C51032(14)

612 60.95 |241 - - YN10H11(73)

601 96.01 6.18 - 600 yO37H3g (50), yring(10)

597 34.60 9.87 596 - vC28C31(61)

578 |6.03 |527 |572 578 5C1019(41), 5C31032(18)

549 | 2723 |1837 |547 i SPhI(17), oring(16), 8CsCas(15)
516 18.76 | 0.89 535 - dring(46), 6C35036(13)

511 | 2517 |265 |51l i yPhI(37), yring(22), yCeCas(13)

498 | 1314 |576 |- 500 vC21N20(29), yPhII(39), yC2:Ca1(13)
489 707 |135 |- i SPhII(25), 5C25Ca1(45)

471 47.81 1.55 459 - dC35036(39)

438 | 2855 | 158 | 438 437 5C13015(16), 8N2oHas(13), 5C12016(11)
433 4.83 0.13 426 - vyPhI(54)

415 | 1312 |503 |- i 5C13019(41), 5C13015(10)




405 0.21 0.06 406 - YPhII(80)

394 2232 | 229 - 379 8C18C14(23), 8C12016(17), 6C21N20(13)
368 8.65 4.57 - 347 8C31032(17), éring (28), SPhII(12)
317 0.36 0.74 - - vC14Cig (13), yPhI (13), yring(11)
308 | 165 |004 |- - yring(21), yC28C31(11), yPhII(11)
307 133 0.88 - - 8C18019(18), 6C21N20(21)

297 0.74 6.20 - 286 0C35Cs(17), 6Cs035(14), 6PhI(18)
253 0.37 1.19 - - 7C14C18(49), SPhII(25)

247 0.86 0.78 - - vC18C14(19), 3PhI(12)

181 0.43 0.85 - 196 OPhII(24), 6CesCa5(10)

176 0.10 2.02 - - tring(41), yO15H17(22)

158 1.90 0.19 - - 1ring(24), yN1oH11(21)

150 5.09 0.13 - - 8C28C31(14), 8C18019 (13)

142 0.29 0.34 - - 1ring(20), tC14C15(20)

116 3.03 0.67 - - 8CsC35(35)

104 0.13 1.20 - 101 1C14C18(36), tring(18), yO15H17(21)
78 2.32 1.57 - - TC18N20(15), tring(11), TPhI(10)

75 0.00 0.49 - - 1C28C31(60)

57 171|137 |- - tring (15), tPhI(14), 1CCas(57)

49 0.00 0.75 - - tring(33)

47 003 |080 |- - SN20Hz0(34), 5C21N20(11)

27 0.69 1.35 - - ™N20C21(57)

16 0.00 0.84 - - 1C18N20(29), 1C14C18( 21), Tring(12)




Table 3

Second-order perturbation theory analysis of Fock matrix in NBO basis corresponding to the
intramolecular bonds of the title compound.

Donor(i) | type ED/e Acceptor(j) | Type ED/e E(2)? E(j)- F(ij)°
E(i)°
C1-Ne c 1.98582 | Ci1-C2 c* 0.05017 | 0.89 1.36 0.031
- T 1.73005) | Co-N3 w* 0.32058 | 18.49 0.31 0.069
- T - Cs-Cs w* 0.04365 | 20.70 0.33 0.075
C2-Ns T 1.70809 | C1-Ne * 0.38561 | 20.02 | 0.29 0.069
- T - C4s-Cs * 0.29757 | 22.45 0.32 0.075
Cs-Cs c 1.98640 | C1-Ne o* 0.03033 | 0.61 1.21 0.024
- T 1.62140 | C1-Ne * 0.38561 | 20.47 | 0.26 0.065
- T - C2-Ns * 0.32058 | 19.14 0.27 0.065
- T - Co-O10 * 0.28710 | 10.70 0.31 0.053
Ci2-C13 | o 1.97164 | N11-Cr2 c* 0.03414 | 0.87 1.06 0.027
- T 1.63542 | C14-C17 * 0.39086 | 22.68 | 0.27 0.070
- T - C15-Cag n* 0.34201 | 20.85 | 0.29 0.070
CuCi7 |o 1.97706 | N11-C12 o* 0.03414 | 4.21 1.08 0.060
- T 1.72017 | C12-Cy3 * 0.38599 | 18.51 | 0.30 0.068
- T - C15-Cig * 0.34201 | 19.17 0.31 0.070
Ci5-C9 | m 1.63333 | C12-Cu3 * 0.38599 | 22.77 0.27 0.070
- T - C14-Cy17 * 0.39086 | 23.23 0.26 0.070
LPN3 c 1.92158 | C:-C» c* 0.05017 | 11.01 0.82 0.085
LPN3 c - Cs-Cs o* 0.04365 | 10.63 | 0.84 0.085
LPNs c 1.89228 | C:1-C» o* 0.05017 | 11.12 |0.81 0.086
LPNs c - Cs-Cs o* 0.04365 | 10.21 | 0.83 0.084
LPO1w |m - Cs-Co o* 0.07420 | 18.84 | 0.62 0.098




LPO1o T - Co-Nu1 c* 0.07354 | 22.46 0.65 0.109
LPN11 c - Co-O10 w* 0.28710 | 50.74 0.29 0.109
LPN11 o - C12-C13 w* 0.38599 | 31.00 0.31 0.088
LPClzz | n 1.91841 | C1-Ne w* 0.38561 | 14.26 0.27 0.060
Table 4
NBO results showing the formation of Lewis and non-Lewis orbitals of title compound.
Bond(A-B) | ED/ea EDA% EDB% NBO s% p%
6C1-C2 1.99140 | 50.76 49.24 0.7125(sp™C [ 4167 |58.33
- -0.78221 | - - +0.7017(sp*"")C | 36.14 63.86
c6C1-Ne 1.98582 39.57 60.43 0.6290(sp*#")C 34.86 65.14
- -0.98582 | - - +0.7774(sp*™)N | 36.41 63.59
nC1-Ng 1.73005 | 45.46 54.54 0.6742(sp*)C | 0.00 100.00
- -0.36803 | - - +0.7385(sp®)N | 0.00 100.00
6C1-Cla7 1.98115 43.96 56.04 0.6630(sp*?®)C 23.38 76.62
- -0.70944 | - - +0.7486(sp>%)C | 14.42 85.58
6C2-N3 1.98229 40.06 59.94 0.6329(sp>18)C 31.47 68.53
- --0.34997 - +0.7742(sp" )N | 34.49 | 65.51
nCa-N3 1.70809 | 42.91 57.09 0.6551(sp™®@)C | 0.00 100.00
- -0.87490 | - - +0.7556(sp~®)N | 0.00 100.00
oN3-Cs 1.98489 | 59.97 40.03 0.7744(sp* )N | 34.45 65.55
- -0.86687 | - - +0.6327(sp2.24)C | 30.82 69.18
6Cs-Cs 1.98640 49.27 50.73 0.7019(sp*%9)C 37.19 62.81
- -0.76925 | - - +0.7122(sp™)C | 37.09 | 62.91




nCs-Cs 1.62140 | 49.06 50.94 0.7004(sp*®)C | 0.01 99.99
- -0.31939 | - - +0.7137(sp***)C | 0.01 99.99
6Cs-Ns 1.97150 | 39.88 60.12 0.6315(sp?>®)C | 30.46 69.54
- -0.87076 | - - +0.7754(sp*%)N | 34.96 65.04
6Cs-Cg 1.96638 | 52.10 47.90 0.7218(sp>®)C | 32.43 67.57
- -0.69127 | - - +0.6921(sp*)C | 34.35 65.65
6Co-O10 1.98952 | 34.60 65.40 0.5883(sp?>**)C | 31.90 68.10
- -1.00167 | - - +0.8087(sp*")O | 33.67 66.33
nCo-O10 1.97656 | 32.17 67.83 0.5672(sp>>*C | 1.77 98.23
- -0.42140 | - - +0.8236(sp>*%%)0 | 1.80 98.20
6Co-N11 1.98598 | 36.36 63.64 0.6030(sp?>*?)C | 32.03 67.97
- -0.85300 | - - +0.7978(sp*"®)N | 35.92 64.08
oN11-Ci2 | 1.98280 |63.01 36.99 0.7938(sp%)N | 37.19 62.81
- -0.81409 | - - +0.6082(sp?%®)C | 27.16 72.84
6C1-C13 | 1.97164 |51.28 48.72 0.7161(sp1.68)C | 37.34 62.66
- -0.70877 | - - +0.6980(sp**)C | 33.79 66.21
nC12-C13 1.63542 | 51.24 48.76 0.758(sp*®°)C 0.00 100.00
- -0.26987 | - - +0.6983(sp)C | 0.00 100.00
6C12-C1a | 1.96297 | 50.28 49.72 0.7091(sp*®?)C | 35.41 64.59
- -0.71281 | - - +0.7051(sp*®)C | 35.35 64.65
6C13-C1is | 1.97541 | 50.06 49.94 0.7075(sp*®)C | 35.73 64.27
- -0.69942 | - - +0.7067(sp'®)C | 35.67 64.33
6Cu-Ci7 | 197706 | 50.02 49.98 0.7072(sp*")C | 36.45 63.55
- -0.73587 | - - +0.7070(sp*)C | 39.45 60.55
nCu4-Ca7 1.72017 | 48.11 51.89 0.6936(sp*®)C | 0.00 100.00
-0.28552 | - - +0.7203(sp*®)C | 0.00 100.00




oCis-C19 | 1.96170 | 49.31 50.69 0.7022(sp*"")C | 36.11 63.89
- -0.69504 | - - +0.7120(sp*®)C | 34.07 65.93
nCi15-C1o 1.63333 | 49.99 50.01 0.7070(sp*®)C | 0.00 100.00
- -0.25852 | - - +0.7072(sp**)C | 0.00 100.00
6C17-C19 | 1.97709 | 50.40 49.60 0.7100(sp*®)C | 41.11 58.89
- -0.72842 | - - +0.7042(sp*)C | 34.01 65.99
6Ci7-l26 1.97175 | 53.77 46.23 0.7333(sp*%)C | 19.78 80.22
- -0.49972 | - - +0.6799(sp®%)C | 10.37 89.63
6C1-C2» | 1.97831 |50.95 49.09 0.7138(sp?>')C | 31.89 68.11
- -0.63165 | - - +0.7004(sp>*)C | 29.84 70.16
n1Ns 1.92158 | - - Sp2.21 31.11 68.89
- -0.38057 - - -

n1Ng 1.89228 |- - Sp2.49 28.68 71.32
- -0.37174 - - -
n1010 1.97545 | - - Sp0.55 64.52 35.48
- -0.70487 - - -
n2010 1.87439 | - - Sp99.99 0.06 99.94
- -0.27662 - - -
N1N1 1.65763 |- - Sp99.99 0.07 99.93
- -0.29824 - - _

N1l 1.99300 | - - Sp0.12 89.54 10.46
- -0.61887 - - -

N2l2s 1.97743 |- - Sp99.99 0.14 99.86
- -0.27418 - - -

n3l2s 1.95066 | - - Sp0.17 0.00 100.00

-0.27235




n1Clyy 1.99197 - Sp0.17 85.15 14.85

- -0.94724 - - -

n2Cly7 1.97091 - Sp99.99 0.44 99.56

- -0.33659 - - -

n3Clz7 1.91841 - Sp1.00 0.00 100.00

- -0.33348 - - -
Table 5

Second-order perturbation theory analysis of Fock matrix in NBO basis corresponding to the
intra molecular bonds of CPCHODQG6C

Donor(i) |type | ED/e Acceptor(j) | Type | ED/e E()?* | EG)-E®)® | F(ij)°
Cs-Ce c 0.98733 | C35-Os6 c* 013399 |1.25 |1.20 0.049
- T 0.82446 | C35-Oss ¥ 0.13399 |14.41 |0.24 0.076
- T - Ci-C2 * 0.12995 | 11.73 |0.28 0.074
C13-Cas c 0.98754 | C4-Cs o* 0.01001 |1.84 |[1.26 0.061
- c - C18-N2o c* 0.02628 | 1.55 1.16 0.054
- T 0.84525 | C12-O16 m* 0.00515 | 16.45 |0.26 0.084
- T - C18-O19 m* 0.13952 | 16.22 |0.25 0.082
LPC4 c 0.54382 | Cs-Cs * 0.15882 | 35.28 |0.15 0.111
- c - Ci3-Caa * 0.17309 |37.81 |0.13 0.106
LPN1o o 0.81494 | C12-Oss ¥ 0.18382 | 27.67 |0.26 0.108
LPOss c 0.98597 | C13-Cus o* 0.01569 |4.22 | 1.06 0.085
- T 0.88385 | C13-Cus m* 0.17309 | 22.49 |0.32 0.110




LPO16 c 0.98828 | N1o-C12 c* 0.03861 | 0.94 1.04 0.040
- T - N10-C12 o* 0.03861 | 11.50 |0.62 0.107
- T - C12-Cu4 o* 0.02821 | 8.07 0.69 0.095
LPO1o T 0.92775 | C18-N2o o* 0.02662 | 8.34 0.79 0.105
LPN2o T - C18-O19 * 0.98887 | 28.99 |0.23 0.104
LPOs2 T 0.93175 | Cus-Ca1 o* 0.98606 | 7.71 0.67 0.093
LPOz3> T - C31-Os3 o* 0.99564 | 16.26 | 0.54 0.119
LPOs3 c - C31-O32 ot 0.99259 | 2143 |0.30 0.106
LPOss T 0.98819 | C35-Os7 o* 0.99554 | 16.30 | 0.54 0.119
LPOg37 T 0.91664 | C35-Oss * 0.13399 | 2144 |0.31 0.105
Table 6
Polarizability values of CPCHODQG6C with halogen substitutions
pwdebye |ax10Zesu |Px10%%su |yx10esu | MR =1.333naN

CPCHODQ6C | 3.7723 3.835 15.827 -37.219 25.210 x a

TF 2.4881 3.852 14.266 -40.117 97.113

8F 3.3922 3.835 18.475 -38.524 96.684

OF 4.0094 3.844 15.433 -38.203 96.911

7Cl 2.2885 4.090 14.706 -43.982 96.684

8Cl 3.3286 4014 19.209 -41.111 103.113

oCl 4.2570 4.019 16.340 -40.007 101.323

7Br 2.6165 4.200 14.325 -46.681 105.886

8Br 3.4016 4.103 18.702 -42.842 103.441

9Br 4.3456 4.097 14.845 -41.671 103.289




Table 7.
Values of solubility parameters § [MPa*?] for studied molecules and selected frequently

used excipients

Molecules 5 [MPa'?]

CPCHODQ6C 27.411

PVP 18.515

Maltose 28.564

Sorbitol 32.425
Table 8

PASS prediction for the activity spectrum of CPFCHODQ6C compound. Pa represents
probability to be active and Pi represents probability to be inactive.

Pa Pi Activity

0.858 0.015 Ubiquinol-cytochrome-c reductase inhibitor

0.855 0.012 Methylenetetrahydrofolate reductase (NADPH) inhibitor
0.823 0.020 Testosterone 17beta-dehydrogenase (NADP+) inhibitor
0.777 0.017 Taurine dehydrogenase inhibitor

0.731 0.004 5 Hydroxytryptamine release inhibitor

0.732 0.014 Glutathione thiolesterase inhibitor

0.709 0.016 NADPH-cytochrome-c2 reductase inhibitor

0.705 0.015 2-Dehydropantoate 2-reductase inhibitor

0.700 0.012 Pterin deaminase inhibitor

0.690 0.005 N-methylhydantoinase (ATP-hydrolysing) inhibitor
0.711 0.026 Glutamate-5-semialdehyde dehydrogenase inhibitor
0.688 0.007 Aminobutyraldehyde dehydrogenase inhibitor

0.687 0.012 Kidney function stimulant

0.668 0.016 Fatty-acyl-CoA synthase inhibitor

0.673 0.029 Fusarinine-C ornithinesterase inhibitor

0.656 0.015 L-glutamate oxidase inhibitor

0.656 0.023 UDP-N-acetylglucosamine 4-epimerase inhibitor
0.641 0.008 Erythropoiesis stimulant

0.653 0.021 2-Hydroxyquinoline 8-monooxygenase inhibitor
0.639 0.007 Histamine release inhibitor

0.659 0.028 Ribulose-phosphate 3-epimerase inhibitor

0.646 0.017 Insulysin inhibitor

0.653 0.029 Dehydro-L-gulonate decarboxylase inhibitor



Table 9

The binding affinity values of different poses of the compound predicted by Autodock Vina.
Mode Affinity (kcal/mol)  Distance from best mode (A)

- RMSD I.b.  RMSD u.b.

1 -9.1 0.000 0.000

2 -8.7 23.021 25.648
3 -8.6 21.625 24.204
4 -8.5 4.709 6.627

5 -8.5 22.282 24.626
6 -8.2 15.464 16.890
7 -8.0 17.626 19.186
8 -8.0 2.659 10.111
9 -7.8 22.017 24.050
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Fig. 1. FT-IR spectrum of CPCHODQ6C
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Fig. 2. FT-Raman spectrum of CPCHODQ6C
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Fig. 3. Optimized geometry of CPCHODQ6C
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Fig. 4. HOMO-LUMO plots of CPCHODQG6C Wwith halogen substitutions
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Fig. 5. MEP plots of CPCHODQG6C with halogen substitutions
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Fig. 6. ALIE surface of CPCHODQ6C
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Fig. 7. Fukui functions a) f* and b) f~ of the CPCHODQ6C
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Fig. 8. BDEs of all single acyclic bonds of CPCHODQ6C
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Fig. 9. RDFs of CPCHODQG6C atoms with significant interactions with water molecules
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Fig. 10. Interactive plots of amino acids of the receptor with the ligand

Fig. 11. The docked ligand of CPCHODQ6C at the active site of receptor



Fig. 12. The docked ligand embedded in the catalytic site of cytochrome BC1 complex



