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analysis of (E)-1-(2, 6-bis (4-methoxyphenyl)-3, 8imethylpiperidine-4-ylidene)-2-(3-(3, 5-
dimethyl-1H-pyrazol-1-yl) pyrazin-2-yl) hydrazine by DFT method
A. Therasa Alphon$aC. Loganathah S. Athavan Alias AnarfdS. Kabilaf’
®Department of Chemistry, Annamalai University, Amaainagar - 608002, Tamilnadu, India.
Abstract

We have synthesized (E)-1-(2, 6-bis (4-methoxyphedy 3-dimethylpiperidine-4-
ylidene)-2-(3- (3, 5-dimethyl-1H-pyrazol-1-yl) pwia-2-yl) hydrazine (PM6). It was
characterized using FT-IR, FT-Ramatd NMR, *C NMR techniques. To interpret the
experimental datagb initio computations of the vibrational frequencies weagied out using
the Gaussian 09 program followed by the full optimions done using Density Functional
Theory (DFT) at B3LYP/6-311 G(d,p) level. The comdyl use of experiments and
computations allowed a firm assignment of the nigjaf observed bands for the compound.
The calculated stretching frequencies have beendfdow be in good agreement with the
experimental frequencies. The electronic and chaagesfer properties have been explained on
the basis of highest occupied molecular orbita®MDs), lowest unoccupied molecular orbitals
(LUMOs) and density of states (DOS). The absorpspectra have been computed by using
time dependent density functional theory (TD-DFFH.and**C NMR spectra were recorded and
'H and**C NMR chemical shifts of the molecule were calcedatising the gauge independent
atomic orbital (GIAO) method. From the optimizedogeetry of the molecule, molecular

electrostatic potential (MEP) distribution, fromtienolecular orbitals (FMOs) of the title
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compound have been calculated in the ground dtatwdtically. The theoretical results showed
good agreement with the experimental values.

Keyword: DFT, VEDA, MEP, NLO, Potential energy scan andldtolar Docking

1. Introduction

Nitrogen and oxygen containing heterocyclic commisutmave received considerable
attention due to their wide range of pharmacoldgastivity [1]. Pyrazole is an important
aromatic heterocyclic compound containing two be@hdérogen atoms. It is related to many
compounds such as isoxazole, isothiazole, oxazwldraidazole [2]. Pyrazoles have illustrious
history; in 1883, a German chemist Ludwig Knorr Wl first to discover antipyretic action of
pyrazole derivative in man, he named the compountpyine. When he attempted to
synthesize quinoline derivatives with antipyretatiaty, accidentally obtained antipyrine (2, 3-
dimethyl-1-phenyl-3-pyrazolin-5-one) which has &@esic, antipyretic and antirheumatic
activity; which stimulated interest in pyrazole aofistry. The first natural pyrazole derivative
was isolated by Japanese workers Kosuge and Okedtla iyear 1954, till their discovery it was
thought that pyrazoles could not be obtained ndyurBhey isolated 3-n-nonylpyrazole [3] from
Houttuynia Cordata, a plant of the “piperaceae” ilanfrom tropical Asia; which showed
antimicrobial activity. They also isolated lepe(l-pyrazolyl) alanine [4] an amino acid from
watermelon seeds (Citrullus Vulgaris).

Many natural products have the pyrazole unit asctite structure [5]. Pyrazoles and its
derivatives, a class of well known nitrogen hetgobes, occupy as the core in a variety of
leading drugs such as Celebrex, Sildenafil (Viag@)azlac, Rimonabant and Difenamizole etc.
Pyrazole analogues have found use as building blookorganic synthesis for designing

pharmaceutical and agrochemicals; and as bifuraitiogands for metal catalysis. Pyrazole and



its derivatives have widespread applications infighld of medicine and industry. They are used
as antihypertensive [6], anti thrombotic [7], amflammatory [8], anti microbial [9], anti
rheumatic [10], anti tumor [11], anti viral [12] @manti diabetic [13]. Some derivatives are used
as anti corrosion and for coloured photography.esehderivatives have attracted significant
attention because of the application in drug dgwalent [14]. Particularly, arylpyrazoles are
important in medicinal and pesticidal chemistry ][1& number of herbicides with pyrazole
moieties have been commercialized [16]. Receatditire shows that, some arylpyrazoles were
reported to have non-nucleoside HIV-1 reverse td@pigse inhibitor activity [17, 18]. They are
also useful intermediates for many industrial paidu[19-21]. The vibrational spectra of
pyrazole have been thoroughly investigated [22-Zddwever, there is relatively little
information regarding substituted pyrazoles, ahdsubstituted pyrazoles in particular [25, 26].
The inclusion of a substituent group in pyrazokedieto the variation of charge distribution in
molecules and consequently this affects the stralGtelectronic and vibrational parameters. The
methyl and amino groups are generally referredstelactron donating substituents in aromatic
ring systems [27]. The CGHand NH interact with nearbyt systems via hyper conjugation,
which implies electronic delocalization and areetaknto account by the molecular orbital
approach [28, 29].

Due to the importance of the pyrazole nucleus, aleeed it worthwhile to design and
synthesize new pyrazole derivatives. Investigationt® the structural stability of these
compounds using both experimental techniques asmtetical methods have been of interest for
many years. With recent advances in computer haedasad software, it is possible to correctly

describe the physico- chemical properties of mdedrom first principles using various



computational techniques [30]. In recent years,sigrfunctional theory (DFT) has been the
shooting star in theoretical modeling.

A large number of studies have been made on thiesis, spectroscopic analysis and
theoretical calculations of pyrazole and its denes [31-33]. In this study, we present the
experimental and theoretical studies of the titlenpound. The interaction energies, NMR
spectral analysis, Molecular electrostatic poténtthermodynamic and nonlinear optical
properties of PM6 were investigated at the B3LYB18:G (d, p) level. A detailed interpretation
of the vibrational spectra of PM6 has been mad¢herbasis of the calculated amount of total
energy distribution (TED) [34]. The results of theeoretical and spectroscopic studies are
reported here. The redistribution of electron dgndD) in various bonding and anti-bonding
orbitals and E2) energies has been calculated by natural bdnitab(NBO) analysis. The UV
spectroscopic studies along with HOMO, LUMO anaysiave been used to elucidate
information regarding charge transfer within the lesale. The molecular first
hyperpolarizability and thermodynamic propertiesendaeen analyzed by means of vibrational
spectroscopy. The aim of this work is to expldre tmolecular dynamics and the structural
parameters that govern the chemical behaviour,tarmbmpare predictions made from theory

with experimental observations.

2. Experimental
2.1. Synthesis

2, 3-dichloro pyrazine, ammonium acetate, 4-methdognzaldehyde, 3-methyl-2-
butanone are purchased from Sigma-Aldrich chenaioaipany with a stated purity and are used

as such without further purification. The title gpound is synthesized according to Scheme 1.



2.2. Instruments
The FT-IR spectrum of the molecule is recordedhia tegion of 4000-400 crit on

Thermo Scientific Nicolet iS5 (iDI transmission)ing KBr pellet. FT-Raman spectrum is
recorded using 1064 nm line of Nd: YAG laser asitakon source with wave length in the
region 3500-50 cm' on a Bruker RFS 100/S FT-Raman spectrophotometes. dBtector is a
liquefied nitrogen cooled Ge detector. The Ultréaticabsorption spectra of PM6 dissolved in
DMSO are examined in the range of 200-800 nm usingHitachi model U-2001
spectrophotometer. NMR spectrum is performed inkBr DPX 400 MHz at 300K. The
compound is dissolved in DMSO-d6. Chemical shifte aeported in ppm relative to
tetramethylsilane (TMS) for protons and carbdfsand**C NMR spectra are obtained at a base

frequency of 400 MHz and 100 MHz respectively.

2.3. Computational Techniques

All computational studies are carried out at Dgngtinctional theory (DFT) level on a
Dell workstation equipped with V3 quardcore, Xeamd core processor E3-1240, 3.40 GHz
personal computer with 8 GB total RAM using Gausst®W program package [35]. DFT
calculations are less time consuming and includggaificant part of the electron correlation
leading to good accuracy. The calculations areiezhrout with the Becke’s three parameter
exchange functional with the LYP correction (B3LY&"d the basis set, 6-311 G (d, p) are used
in appropriate calculations [36, 37]. The compuwiadi work has begun with the conformational
analysis of the compound. The selected geometranpeters of the optimized structure of PM6

are given in Table 1S.



2.4. Docking Studies

The molecular docking studies reported in this wevkre performed on a Dell
workstation equipped with Xeon processor E3-122%2 Quardcore, 3.20 GHz personal
computer with 8 GB total RAM and with Schrodingeftaare suite, LLC, New York, 2014
release. The preliminary step for molecular docks¢o prepare the protein and ligand to an
optimized and minimized structure. The 3D crysgiéphic structure of human CYP51 protein
(PDB ID: 3LD6) was downloaded from the protein datnk (www.rcsb.com). The complex
was prepared byprotein preparation wizard[38] incorporated in theMaestro [39] of
Schrodinger software, 2014. After pre—processed, flotein complex was optimized and
minimized usingOptimized Potential for Liquid Simulations (OPLS@3pforce field[40] until
the root mean square deviation (RMSD) reached #isevof 0.3 A. Further, the grid was
generated for protein complex using receptor gedegation option which is incorporated in the
Glide[41] module of Maestro. The ligand preparation wase by importing the 2D structure of
the compound (mol format) to project table of Mamstater, the compound structure was
minimized and possible conformers were generate®Bi.S—2005 force field usingigprep
[42] application. The interactions of the testeghhd in the binding site of the 3LD6 protein

were identified by the extra precision (XP) modelo€king using Glide module.

3. Results and Discussion
3.1. Vibrational analysis
The synthesized PM6 is subjected to FT-IR, FT-Raspsttral analysis. The theoretical

vibrational analysis of the compound PM6 is analyzesing DFT/B3LYP 6-311 G (d, p)



method. The observed and calculated FT-IR, FT-Raspastrum of PM6 is given in Figure 1S
and the values are tabulated in Table 2S. The egative vibrational frequency obtained from
DFT calculations confirms that the optimized geamedf compound PM6 is located at the
minima on the potential energy state. The calcdlaibrational frequencies are found to be in
good agreement with the observed FT-IR frequendiég. theoretical vibrational frequencies
obtained for compound PM6 is interpreted by mean3atal energy distribution (TED %)
calculations using SQM method. The normal modegasent of the theoretical frequencies is
visualized and substantiated with the help of theugaView 5.0 visualization program. The
synthesized PM6 consists of 74 atoms and hence&h@sormal modes of vibrations which
include 78 stretching, 81 bending and 57 torsianaldes of vibration. The molecule PM6
belongs to C1 symmetry. All the modes are IR aatim@les. The significant normal modes with
TED (10%) are given in order of decreasing wave numioefable 2S.
N-H vibrations

Thevn.n stretching vibrations normally appear in the ran§8500-3300 cil [43]. The
experimental wave number of 3412 trim the FT-IR spectrum (FT-Raman at 3425™¢mof
PM6 is attributed for N-H stretching. The theoratidN-H stretching vibration modes are
visualized in the mode numbers 199 and 198 wittstiaded frequencies 3438 ¢rto 3436 crit
respectively. Both the theoretical and experimemutiatational frequencies are pure vibrations
with TED of 99 %.
Aromatic stretching group vibrations

In general, the aromatic C-H stretching frequenajgsear in the range of 3100-3000 cm
! [44] and the ring C-C stretching vibrations ocaurthe region 1650-1400 ¢h[45]. In the

present work, the experimental FT-IR spectrum of6RNe band appeared in the range of 3132



cm® while in FT-Raman at 3133 chis assigned to the aromatic C-H stretching. Irotigcal
calculation, the mode nos. 197-186 corresponds heoretical aromatic C-H stretching
vibrations. The theoretical C-C stretching vibratimodes are visualized in the mode numbers
163-159 with the scaled frequencies of 1611-1559 mrmpectively.
Methyl, methylene group vibrations

The symmetric and asymmetric stretching mode ofribéhyl group appears in the range
of 2935-2860 cril and 2985-2925 cth[46]. The methyl groups present in PM6 undergoes
vibrations like symmetric stretching, asymmetri@&thing, symmetric and asymmetric bending
modes. The C-H stretching vibrations of methyl g®oun PM6 are observed in the range at
2983-2924 cil in FT-IR spectrum (FT-Raman at 2983, 2944 and 2983). The stretching in
the methyl groups is well explained by the mode bers 178-171 in the theoretical vibrational
study of the compound PM6. The theoretical wave lmens1 matched well with the experimental
FT-IR and FT-Raman wave numbers. The bending vdratof the methyl group are found to
appear in the region of 1465-1440 tmand 1390-1370 cth[47]. The bending vibrations of the
methyl groups are observed at 1413%cim FT-IR spectrum whereas in FT-Raman spectrum at
1407 cn® (mode no. 136). The theoretical study make cldathese bending vibrations as
asymmetric and symmetric bending vibration of thethyl group with the help of the mode
numbers 154-139 and 136 in the scaled frequengerah1479-1435 and 1414 ¢m

The asymmetric and symmetric C-H stretching in rylete group normally appears in
the region of 3100-2900 ¢h[48]. In the present study, the observations givasetric and
symmetric stretching of the C-H in methylene gr¢Ga6) in compound PM6 observed at 3059

cm® in FT-IR spectrum (FT-Raman at 3053 BYmare complemented by the theoretical



investigation which well explains the asymmetricd @ymmetric stretching in the methylene
group in the respective scaled frequencies at 8812(mode no.188).
C=N Vibrations

The C=N vibration normally appears in the regio83:4471 crit [49]. The strong band
observed at 1612 chin FT-IR spectrum besides in FT-Raman spectrun6a2tm' (mode no.
164) of PM6 is assigned to C=N vibration. The model64 and 158 with the scaled frequency
1612 and 1541 cihvisualizes to the C=N stretching.
N-N Vibrations

The wave number of 1120 and 1076 tin the FT-IR spectrum whereas in FT-Raman
spectrum at 1123 and 1079 ¢rfmode nos.101 and 97) is attributed for N-N strieighin
pyrazine ring and in NH-N bond. The N-N stretchwigration modes are visualized in the
mode nos. 96, 97 and 100-102 with the scaled frequ&064, 1089, 1107, 1124 and 1129'cm

respectively.

3.2.  'Hand**C NMR spectral analysis.

The'H NMR spectrum of PM6 has been given in Figurela3he'H NMR spectrum of
the compound PM6 Table 1 in which H (4) signal appes triplet at 0.85 ppm. The singlet at
1.20 ppm in théH NMR indicates the presence of H (3). The doubte?.54 ppm in théH
NMR spectrum of the compound PM6 shows the presendé (16) protons. ThéH NMR
spectrum of PM6 reveals a multiplet at 4.78 ppmHdb), H (15) attached to a phenyl ring. The
aromatic protons are observed in the range for 9259 ppm. The doublet observed at 9.92

and 10.03 ppm are attributed to the presence @6jgnd H (14) ppm.



The °C NMR spectrum of the compound PM6 has been disgldy Figure 3S. The
carbon chemical shifts are presented in Table & & NMR spectrum of the synthesized
compound PM6 has been recorded in DMSO. The lold ggnal observed at 20.1 and 20.9
ppm in**C NMR spectra of PM6 is due to the carbons C 3®.T8e C (16) carbon is identified
at 47.7 ppm in*C NMR of PM6. The carbons in the azine linkage exposed by the up-field
signals 159.6 ppm to 160.1 ppm. The signals at pgm and55.2 ppm in tH&C NMR spectrum
of PM6 are due to the carbons C (15) and C (2)ectsgely.

NMR spectroscopy is the key to reveal the conforonal analysis of organic molecules.
Good quality geometries must be taken into conatdaer for the quantum calculation of the
absolute isotropic magnetic shielding tensors &ldymore reliable results. There are many
reports on NMR isotropic magnetic shielding tensalculations employing the GIAO method
associated with the Density functional theory (DfE)]. The GIAO'H NMR and**C NMR
chemical shift calculations of the stable conforngemade in DMSO [scrf= (solvent=DMSO)]
using B3LYP / 6-311G (d, p) basis set. The isatrqalues in the calculations are subtracted
from a scaling factor of 182.4656 and 31.882 taivbthe chemical shifts fdfC and'H NMR
respectively. The obtained chemical shift valuesseweompared with the experimentally
observed values. The observed and the calculatmiichl shift values are found to be in good
agreement. The calculated values are given in #i#eTl along with the observed values. The
relationship between the experimental chemicalt sinfl computed chemical shift values are
given in Figure 2. The relation between the obsraed computed values predicts that the
conformation deducted theoretically should be tieofable conformation of the synthesized

PM6.



3.3. Natural Bond orbital analysis

The natural bond orbital analysis provides an ffit method for studying intra-and
intermolecular bonding and interaction among borwrasl also provides a convenient basis for
investigating charge transfer or conjugative intBos in molecular systems; it could enhance
the analysis of the delocalization of charge inghstem.

The donor bonding orbitals, the acceptor antibogdirbitals, the donor lone pair atoms
are given in Table 2 along with the E (2) valuesclwhestimates the interaction between the
donor (filled) and acceptor (vacant) orbitals. E€) energy is the lowering energy that occurs
during the hyperconjugative electron transfer psscand hence E (2) can be referred to as
stabilization energy. Larger the E (2) valuesatgeis the stability of the molecule. In the NBO
analysis of the compound PM6, the E (2) valuegyezater for the delocalization of the electrons
between the bonds present in the phenyl ring. I3ihe pair of electrons present in the Nitrogen
atom N25, N26, N33, N32, N29, 012, 023 are delaedlito C1-C16, C1-N25, C27-N32, C28-
N29, C37- C36, C35- N34, C27- C28, C27-C28, C10-abfl C21-C20 antibonding orbitals.
The delocalization energy for lone pair electrom$odalization tor* antibonding orbital is

higher than the delocalization of lone pair eleatrtos* antibonding orbitals.

3.4. Charge Analysis

The charge quantifies the electronic structure gharunder atomic displacement. It is
related directly to the chemical bonds presenthim nolecule, it influences dipole moment,
polarizability, electronic structure and more pnaj@s of molecular systems. The Mulliken and
natural charge distribution of the molecule caltadaon B3LYP level with 6-311G (d, p) basis

set are shown in Table 3. The Mulliken chargerithstion in the compound PM6 is found to be



the distribution of charges considering the atororbitals alone and the natural charge
distribution considers the polarization of the tals too and hence some atoms like C2, C3, C4,
C13, N14C16, C21C24, C35, C37, C38 and C39 posggeas differences between Mulliken and
natural charges Figure 3. The carbon atoms 5C,1&6C, 17C, 30C, 31C possess positive
Mulliken charge and negative natural charge. A# hetero atoms in the compounds possess

negative Mulliken and negative charges.

3.5. Molecular electrostatic potential (MEP) surfaces

The reactive behavior of the molecule is visualizgth the help of three dimensional
MEP surface. MEP surface describes the chargeilbdison in the molecule and helps in
predicting the sites for nucleophilic and electidiprattack in the molecule. The MEP surface
has been plotted for the molecules PM6 in Figur&kégion of negative charge is pictured out in
red colour and it is found around the electronegal in the azine linkage and 012, 023 atoms
in the methoxy groups in the molecule PM6. Thea@dur region is susceptible to electrophilic
attack. The blue colour region represents stromgtipe region and is prone to nucleophilic
attack. The green colour region corresponds totanpial half way between the two extremes

red and blue region.

3.6. HOMO-LUMO of PM6

HOMO-LUMO pictures of molecule PM6 is presentedFigure 5. Thep, orbitals of
023, 012, C13, C24, C22, C17, C18, C19, C20, C24, L5, C6, C7, C8, C9, C10, C11, C15
carbon atoms do not involve in the formation of H@MO orbitals in the molecule PM6. The

p; orbitals of 023, 012, C13, C24 ,C22, C17, C18, G120, C21, C7, C8, C9, C10, C11, C4



carbon atoms alone do not involve in the formatbthe LUMO orbital. The band gap between

the HOMO and LUMO orbital energy is found to besQ V.

3.7. Polarizability calculations of PM6

The calculated values of the dipole momep}, (the polarizability ¢,) and first
hyperpolarizability f.y) by finite field approach are given in Table 4 rajowith the
corresponding components. The field independentfiaidi dependent dipole momentvalues
of PM6 are calculated to be 4.84 and 1.64 respalgtilhe highest value of dipole moment is
observed for the componepi for both the field independent and dependent ¢mmdi. The
compound PM6 is found to be polar molecule haviog A zero dipole moment components.

The calculated polarizabilities; have non — zero valuesd are dominated by the
diagonal components. Tifie, value of PM6 is found to be 10.81 x*f@su. Delocalization of
charges in particular directions is indicated bygéavalues of those particular components of
polarizability and hyperpolarizability. First ordeyperpolarizability is dominated 4. value.
This shows that the delocalization of the chargegsresence of external field is endorse@dn
direction. The first hyperpolarizability of PM@:) is 29 times greater than that of urea (0.3728

x 10°° esu); hence this molecule can have considerab(@ dtivity.

3.8. UV spectrum and electronic properties

On the basis of fully optimized ground-state stoet TD-DFT// B3LYP/6-311 G (d, p)
calculations have been used to determine the lavglgxcited states of PM6. The experimental
Amax Value is obtained from the UV/Vis spectra recordedMSO is given in Figure 4S. The

calculations were also performed with DMSO soleffect. The calculated results involving the



vertical excitation energies and wavelength areiezhrout and compared with measured
experimental wavelength. Typically, according te tfranck-Condon principle, the maximum
absorption peak (max) corresponds in an UV-Vis spatto vertical excitation. The TD-DFT//

B3LYP/ 6-311 G (d, p) [51] method predicts one e electronic transition at 280 nm in good
agreement with the measured experimental data @3@wm). The deviation between

experimental and theoretical results may be dusoteent effects. This electronic absorption
corresponds to the transition from the ground &fitst excited state and is mainly described by
one electron excitation from the highest occupiedlecular orbital (HOMO) to the lowest

unoccupied molecular orbital (LUMO). The HOMO-LUMé&hergy gap of PM6 was calculated
at the B3LYP/6-311 G (d, p) level. LUMO as an alestacceptor represents the ability to obtain
an electron; HOMO represents the ability to doraateelectron. The gap between HOMO and
LUMO characterizes the molecular chemical stab[B®]. The energy gap between the HOMOs
and LUMOs is a critical parameter in determininglewalar electrical transport properties

because it is a measure of electron conductivity.

3.9. Docking studies

Molecular docking studies were performed to ingge the binding affinities of the
newly synthesized compound PM6 and the human CY##btein, PDB ID: 3LD6 [53]. The
ligand—protein complex stability was successfullgda by some features such as hydrogen bond
interactions, vander Waals forcasy stacking, hydrophilic and hydrophobic interactiohbese
interactions between the drug and receptor deppnd the nature of functional groups present
in the ligand. On ligand preparation (bgprep module) of compound PM6, twelve structures

were obtained as different conformers. Each condorwas docked into the binding pocket of



the 3LD6. The conformer with high docking score4i8is displayed in Fig. 6. The imidazole
and pyrazine nucleus of the tested compound PM6 tvawn—= stacking interactions with TYR
131 and PHE 234 amino acids respectively. The daoclkitudies were also showed weak
hydrogen bond interaction with length 2.27 A betwélee pyrazine nitrogen atom of PM6 and
the water molecule (HOH 8) present in the active sf 3LD6. The statistical parameters of top
five conformers of compound PM6 were tabulatedabl& 5.
4. Conclusions

A novel compound PM6 was synthesized and charaetey FT-IR, UV, FT-Raman,
'H and®®C NMR techniques. The theoretical vibrationahfrencies are found to be in good
agreement with the observed vibrational frequenofd3M6. The compound PM6 is subjected
to NBO analysis, the E(2) values are greater ferdblocalization of the electrons between the
bonds present in the phenyl ring. The delocalraéinergy for lone pair electrons delocalization
to ©* antibonding orbital is higher than the delocaii@aa of lone pair electrons to*
antibonding orbitals. The first hyper polarizalyiliof PM6 is 29 times greater than of urea
(0.3728 x 10° esu), hence this molecule can have considerabf@ Bittivity and can find its
application in material science field too. The klog results clearly indicate that the imidazole
and pyrazine nucleus of the tested compound PM6 tvawr—= stacking interactions with TYR

131 and PHE 234 amino acids present in the acdtiee@t3LD6.
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Figure and Scheme Captions
Scheme 1.
Fig. 1. Numbering of PM6 used in this study
Fig. 2. Comparison of observed and theoretical chemhiftssvalues ofH and™>C spectrum of
PM6
Fig. 3. Comparison of Mulliken charges and NBO chargeBMb
Fig. 4. MEP plot of PM6
Fig. 5. HOMO-LUMO pictures of PM6

Fig. 6. 2D and 3D docking poses of compound PM6 with 3LD6
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Fig. 4. MEP plot of PM6
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Fig. 5. a) HOMO and b) LUMO pictures of PM6
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Table captions
Table 1 Experimental and computatiorfal and**C NMR spectral analysis of PM6 in DMSO
solution by DFT method
Table 2 Second order perturbation theory analysis of foekrix in NBO basis for PM6
Table 3. Mulliken charges and NBO charges of PM6
Table 4. Dipole momenf: (D), mean polarizabilitg, (x 10%* esu) and first hyperpolarizability
Bot (X103 esu) of PM6 by DFT method

Table 5. Molecular docking data of PM6 conformers with 3.D



Table 1.Experimental and computatiori#d and**C NMR spectral analysis of PM6 in DMSO

solution by DFT method.

'H chemical shift values

Atom Expt. value Calc. value
H4 0.846(s) 1.569
H3 1.199(s) 2.886
H(38,39) 2.436(s) 2.258
H5 4.782(m) 4.127
H15 4.782(m) 4.871
H(13,24) 3.706(s) 3.755
H(16-Ha,Hb) 2.544(d) 2.227
Aromatic Protons  6.921-7.591 6.833-7.775
H26 9.928(d) 7.992
H14 10.033(d) 0.948
3¢ chemical shift values
Atom Expt. value Calc. value
C39 20.09 12.307
C38 20.93 14.233
C16 47.70 47.822
Cc2 55.22 47.507
C15 58.09 69.467
C5 66.23 61.768
C13,24 79.16 54.73
Aromatie 113.48-152.35  109.45-146.38
Cc27 159.56 153.36
C1 160.13 160.31




Table 2. Second order perturbation theory analysis of foelrix in NBO basis for PM6.

Type ([i’)onor ED (i.e) g)cceptor ED (j.e) (EI<2caI/MoI) E'%)'E(') F(.j) au
t-n*  C6-Cll 167512 C7-C8 0.32255  21.20 0.28 0.069
t-m*  C6-Cll 167512 C10-C9  0.39583 18.12 0.27 0.064
t-m*  C7-C8 170354 C6-Cl1 035770 18.18 0.29 0.065
t-x*  C7-C8 170354 C10-C9 039583 21.57 0.28 0.071
t-m*  Cl0-C9 165894 C6-C11 035770 2151 0.29 0.071
t-n*  Cl0-CO 1.65894 C7-C8 0.32255 16.94 0.29 0.063
t-m*  C17-C22 1.68035 C18-C19  0.31555 21.10 0.28 0.069
t-m*  C17-C22 168035 C21-C20  0.39327 17.63 0.27 0.063
t-m*  C18-C19 170479 C17-C22 035414 17.42 0.29 0.064
t-m*  C18-C19 170479 C21-C20  0.39327 21.73 0.28 0.071
t-m*  C21-C20 166195 C17-C22  0.35414 21.94 0.29 0.072
t-m*  C21-C20 1.66195 C18-C19  0.31555 16.64 0.30 0.063
t-m*  C27-N32 1.69574 C28-N29  0.39068 14.82 0.31 0.062
t-m*  C27-N32 1.69574 C31-C30 031050 26.10 0.33 0.083
n-m*  C28-N29 175242 C27-N32 043411 17.13 0.31 0.068
t-m*  C28-N29 175242 C31-C30 031050 19.20 0.33 0.073
t-m*  C31-C30 163878 C27-N32 043411 16.51 0.26 0.060
t-m*  C31-C30 1.63878 C28-N29 039068 21.94 0.27 0.069
t-m*  C37-C36 179822 C35-N34 037900 28.58 028 0.083
t-m*  C35-N34 1.88675 C37-C36 032959 11.68 0.33 0.059
LP(2)-m* 012 184157 C10-C9 039583 30.60 0.34 0.097
LP(2)-m* 023 184061 C21-C20 039327 30.83 0.34 0.097
LP(1)-c* N25 1.92136 C1-C16 005285 13.58 0.75 0.091
LP(1)-m* N26 169355 C1-N25 017099 25.75 0.31 0.082
LP(1)-n* N26 169355 C27-N32 043411 42.04 0.27 0.098
LP(1)-n* N33 156148 C28-N29  0.39068 14.67 0.24 0.054



LP(1)-m *
LP(1)-m *
LP(1)- o*
LP(1)- o*

T*-*

T*-*

N33

N33

N32

N29
C10-C9
C10-C9
C21-C20
C21-C20
C27-N32
C28-N29
C35-N34

1.56148
1.56148
1.91050
1.91011
0.39583
0.39583
0.39327
0.39327
0.43411
0.39068
0.37900

C37-C36
C35-N34
C27-C28
C27-C28
C6-C11
C7-C8
C17-C22
C18-C19
C31-C30
C31-C30
C37-C36

0.32959
0.37900
0.05404
0.05404
0.35770
0.32255
0.35414
0.31555
0.31050
0.31050
0.32959

39.96
25.81
10.80
11.39
263.60
277.14
275.58
255.27
119.98
138.24
154.34

0.29
0.28
0.86
0.85
0.01
0.01
0.01
0.01
0.02
0.02
0.01

0.099
0.077
0.087
0.089
0.079
0.082
®.08
2.08
8.07
9.07
D.06

a - energy of hyper conjugative interaction (staation energy), b - energy difference donor and
acceptor i and j NBO orbitals, c - F (i-)) is theck matrix element between i and j NBO orbitals




Table 3.Mulliken charges and Natural charges of PM6

Atom  Mulliken Charges Natural Charges

1C 0.304 0.258
2C -0.227 -0.497
3C -0.315 -0.684
4C -0.319 -0.682
5C 0.035 -0.059
6C 0.099 -0.079
7C -0.128 -0.214
8C -0.114 -0.269
9C 0.348 0.318
10C -0.132 -0.316
11C -0.140 -0.222
120 -0.517 -0.520
13C -0.078 -0.327
14N -0.549 -0.715
15C 0.043 -0.056
16C -0.004 -0.110
17C 0.070 -0.078
18C -0.115 -0.223
19C -0.122 -0.270
20C 0.351 0.320
21C -0.136 -0.320
22C -0.137 -0.212
230 -0.517 -0.519
24C -0.078 -0.327
25N -0.317 -0.272
26N -0.432 -0.423

27C 0.549 0.379



28C
29N
30C
31C
32N
33N
34N
35C
36C
37C
38C
39C

0.433
-0.445
0.064
0.092
-0.503
-0.380
-0.350
0.308
-0.265
0.378
-0.377
-0.375

0.339

-0.419
-0.060
-0.011
-0.471
-0.204
-0.294
0.158

-0.349
0.188

-0.710
-0.722




Table 4. The dipole momenf: (D), the mean polarizability &= (x 10%* esu) and the first

hyperpolarizabilityBi; (x103 esu) of PM6 by DFT method

Parameters Dipole moment Parameters First hyperpolarizability
field independent  -4.15 Brxx 7584.3

e field dependent -1.57 Bxxy -972.27
field independent  1.69 Bxyy 1858.297

"™ field dependent  0.23 By 11354.88
field independent  1.82 Bxxz -1426.34

"2 field dependent  0.39 Bz 760.31
field independent  4.84 Byyz -2235.43

" field dependent  1.64 Bros 17.42

Parameters Polarizability Byzz -1223.87

Olxx 66.76 B2z -168.80

Olxy -0.88 Brot 10806.24

Olyy 61.89

Olxz -8.33

Oyz 3.46

Olzz 44.13

<g> 57.60

o: la.u = 0.1482*16" esu;B: la.u = 8.6393*16° esu




Table 5.Molecular docking data d#M6 conformers with 3LD6

Docking Glide Glide

Conformer score score Glide evdw ecoul Glide energy
Conf. 1 -8.41 -0.76 -56.61 -1.69 -58.29
Conf. 2 -7.09 -7.19 -37.83 -3.81 -41.64
Conf. 3 -6.15 -6.25 -51.10 -2.07 -53.17
Conf. 4 -5.33 -6.67 -61.00 -2.53 -63.54

Conf. 5 -5.23 -7.04 -56.64 -0.39 -57.03




SUPPLIMENTARY FIGURES AND TABLES

Figure 1S Experimental IR spectrum of PM6.
Experimental Raman spectrum of PM6.

Figure 2S.ExperimentalH NMR spectrum of PM6.

Figure 3S.Experimental®C NMR spectrum of PM6.

Figure 4S.UV spectrum of PM6.

Table 1S.Selected geometric parameters Bond Ienébh Bond angle?) and Dihedral angle
Q) of PM6 computed by DFT method (B3LYP/6-311 G},
Table 2S.Experimental and theoretical wave numbers obtaioe(FT-IR and Raman)

spectral values of PM6
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Table 1S.Selected geometric parameters Bond Length (A°)dBamgle (°) and Dihedral angle

(°) of PM6 computed by DFT method (B3LYP/6-311 G§).

Parameters Bond Length (A°) Parameters Bond Length (A°)
C1-N25 1.286 N26-C27 1.378
C1-C16 1.545 C27-C28 1.425
C1-C2 1.511 C27-N32 1.339
C6-C7 1.402 C28-N33 1.414
C6-C11 1.398 C28-N29 1.325
C6-C5 1.521 C31-C30 1.390
C7-C8 1.389 C31-N32 1.334
C11-C10 1.396 C30-N29 1.339
C8-C9 1.401 N33-C37 1.372
C10-C9 1.399 N33-N34 1.365
C9-012 1.365 C37-C36 1.379
C17-C18 1.406 C37-C39 1.494
C17-C22 1.398 C35-C36 1.420
C17-C15 1.522 C35-N34 1.328
C18-C19 1.388 C35-C38 1.498
C22-Cc21 1.397 C16-C4 1.546
C19-C20 1.402 C16-C3 1.545
C21-C20 1.398 C16-C15 1.581
C20-023 1.365 C2-C5 1.543
C13-012 1.418 N14-C15 1.464
C24-023 1.418 N14-C5 1.478
N25-N26 1.365

Parameters Bond Angle(°) Parameters Bond Angle(°)
N25-C1-C16 128.9 C27-C28-N29 120.8
N25-C1-C2 114.1 N33-C28-N29 116.7
Cl16-C1-C2 116.8 C30-C31-N32 121.7
C7-C6-C11 117.6 C31-C30-N29 120.6

C7-C6-C5 120.5 C28-N33-C37 128.3



C11-C6-C5 121.7 C28-N33-N34 118.9

C6-C7-C8 121.4 C37-N33-N34 112.6
C6-C11-C10 121.7 N33-C37-C36 105.5
C7-C8-C9 120.0 N33-C37-C39 123.5
C11-C10-C9 119.5 C36-C37-C39 130.8
C8-C9-C10 119.4 C36-C35-N34 111.1
C8-C9-012 115.8 C36-C35-C38 128.5
C10-C9-012 124.7 N34-C35-C38 120.3
C18-C17-C22 117.4 C37-C36-C35 105.8
C18-C17-C15 122.1 N33-N34-C35 104.8
C22-C17-C15 120.3 C27-N32-C31 117.8
C17-C18-C19 121.3 C28-N29-C30 118.3
C17-C22-C21 122.0 C1-C16-C4 110.8
C18-C19-C20 120.3 C1-C16-C3 110.0
C22-C21-C20 1194 C1-C16-C15 106.5
C19-C20-C21 119.3 C4-C16-C3 1111
C19-C20-023 115.8° C4-C16-C15 109.3
C21-C20-023 124.8 C3-C16-C15 108.6
C9-012-C13 118.1 C1-C2-C5 111.9
C20-023-C24 118.1 C15-N14-C5 117.3
C1-N25-N26 121.6 C17-C15-C16 115.0
N25-N26-C27 120.6 C17-C15-N14 109.2
N26-C27-C28 125.7 C16-C15-N14 109.0
N26-C27-N32 114.3 C6-C5-C2 111.5
C28-C27-N32 119.9 C6-C5-N14 113.2
C27-C28-N33 122.3 C2-C5-N14 109.6
Parameters Dihedral Angle (°)  Parameters Dihedral Angle (°)
C16-C1-N25-N26 -0.6 C1-N25-N26-C27 174.3
C2-C1-N25-N26 178.1 N25-N26-C27-C28  27.7
N25-C1-C16-C4 -63.4 N25-N26-C27-N32  -153.2
N25-C1-C16-C3 59.8 N26-C27-C28-N33 9.5

N25-C1-C16-C15 177.5 N26-C27-C28-N29 -172.9



C2-C1-Cl6-C4
C2-C1-C16-C3
C2-C1-C16-C15
N25-C1-C2-C5
C16-C1-C2-C5
C11-C6-C7-C8
C5-C6-C7-C8
C7-C6-C11-C10
C5-C6-C11-C10
C7-C6-C5-C2
C7-C6-C5-N14
C11-C6-C5-C2
C11-C6-C5-N14
C6-C7-C8-C9
C6-C11-C10-C9
C7-C8-C9-C10
C7-C8-C9-012
C11-C10-C9-C8
C11-C10-C9-012
C8-C9-012-C13
C10-C9-012-C13
C22-C17-C18-C19
C15-C17-C18-C19
C18-C17-C22-C21
C15-C17-C22-C21
C18-C17-C15-C16
C18-C17-C15-N14
C22-C17-C15-C16
C22-C17-C15-N14
C17-C18-C19-C20
C17-C22-C21-C20
C18-C19-C20-C21

117.7
-118.8
-1.2
131.3
-49.7
0.2
-178.5
-0.1
178.6
102.7
-132.9
-76.0
48.2
-0.2
-0.1
-0.03
-179.7
0.2
179.9
179.8
0.1
-0.8
-179.3
1.2
179.7
-87.5
35.3
93.9
-143.0
-0.01
-0.6
0.5

N32-C27-C28-N33
N32-C27-C28-N29
N26-C27-N32-C31
C28-C27-N32-C31
C27-C28-N33-C37
C27-C28-N33-C34
N29-C28-N33-C37
N29-C28-N33-N34
C27-C28-N29-C30
N33-C28-N29-C30
N32-C31-C30-N29
C30-C31-N32-C27
C31-C30-N29-C28
C28-N33-C37-C36
C28-N33-C37-C39
N34-N33-C37-C36
N34-N33-C37-C39
C28-N33-N34-C35
C37- N33-N34-C35
N33-C37-C36-C35
C39-C37-C36-C35
N34-C35-C36-C37
C38-C35-C36-C37
C36-C35-N34-N33
C38-C35-N34-N33
C1-C16-C15-C17
C1-C16-C15-N14
C4-C16-C15-C17
C4-C16-C15-N14
C3-C16-C15-C17
C3-C16-C15-N14
C1-C2-C5-C6

-169.4
8.0
175.8
-5.0
-128.8
52.8
53.5
-124.7
-3.7
173.9
6.2
-1.8
-3.1
-178.5
2.5
-0.1
-179.0
178.5
-0.003
0.2
179.0
-0.3
179.1
0.1
-179.3
177.5
54.3
57.6
-65.4
-63.9
172.9
171.9



C18-C19-C20-023
C22-C21-C20-C19
C22-C21-C20-023
C19-C20-023-C24
C21-C20-023-C24

-179.8
-0.2
-179.7
-179.9
-0.4

C1-C2-C5-N14
C5-N14-C15-C17
C5-N14-C15-C16
C15-N14-C5-C6
C15-N14-C5-C2

45.6
171.8
-61.6
-116.1
9.1




Table 2S. Experimental and theoretical wave numbersbtained for (FT-IR) spectral values of PM6.

Mode Nos 'R Raman Unscaled Scaled IR lraman  Vibration Assignments (TED>100)

10 TN25 N26 C27 C28 (35)JiN26 N25 C1 C2
! 11 338 49  (131,7C2C15 C5 N14 (10)

17 TC1 N25 N26 C27 (37JFC5 N14 C2 C1 (15)+
2 18 1.97 541 25 c1c2 c16 (10)
3 20 19 186 6.5  TC21C16N14 C5 (14)
4 24 23 448 7.03 BN25N26 C27 (14)N14 C5 C6 C11 (23)
5 26 25 165 83  TN14C5C6 Cll (37)FC15 C17 C22 C18 (10)
6 26 34 633 1070 (Tll\ii)’>4 N33 C28 N29 (27)FC28 C27 N34 N33
7 40 38 132 851 TN34 N33 C28 N29 (11)

44 TN34 N33 C28 N29 (17)fC2 C15 C5 N14
8 46 1.96 443 14)+rC28 C27 N34 N33 (13)
9 58 55 672 7.38 TNL14C15C17 C22 (52)
10 68 62 322 585 TN34N33C28N29 (11)

77 TC13 012 C9 C8 (10AN33 C28 N29 C27
11 80 418 607 11)yrc2s C27 N34 N33 (19)

81 BC28 N33 N34 (12)4C31 N32 C30 N29 (13)+
12 84 731 659 N33 co8 N29 C27 (11)

89
13 93 8.24 6.18 TC13 012 C9 C8 (26)FC24 023 C20 C19 (23)
14 107 103 gga 200 TC13012C9C8 (21)FC24 023 C20 C19 (15)
15 114 110 5,5 g3 [H38C38 C35C36 (12)8H38 C38 C35 C36

(12)



16

17

18

19

20

21

22

23

24
25
26

27

28
29
30

31

32

217

299

116

128

161

178

180

192

203
224

226
236
250

258

268
279
299

307

311

111

123

155

171

173

185

195

216

218

227
241.25
248

258

269
288

296

300

3.29

2.37

7.31

4.27

11.49

1.77

8.56
2.18

9.94
6.63
7.64

1.86

7.03
7.44
14.61

7.38

5.96

4.89

2.59

2.23

3.03

8.24

6.07

5.01
2.66

5.27
1.36
4.94

5.42

6.7
3.28
6.77

3.31

7.11

BC22 C17 C15 (11)
TH39 C39 C37 N33 (13)#C11 C6 C5 (10)

TC9 C8 C10 C11 (13)FC13 012 C9 C8 (11)

TH4 C4 C16 C3 (17)FH4 C4 C16 C3 (13)+
TH3 C3 C16 C4 (10)

TC31 N32 C30 N29 (16)FC39 N33 C36 C37
(10)

TH39 C39 C37 N33 (13)FC36 C37 C35 N34
(12)+°C38 C36 N34 C35 (14)FC39 N33 C36
C37 (19)

TH3 C3 C16 C4 (10)$C4 C16 C1 (12)
BC39 C37 C36 (10)

BO23 C20 C21 (22)pC24 023 C20 (18)

BC39 C37 C36 (10)

TH13 C13 012 C9 (12)FH13 C13 012 C9
(10)+BC39 C37 C36 (14)C38 C35 N34 (11)
TH24 C24 023 C20 (24)pH24 C24 023 C20
(11)+TH24 C24 023 C20 (15)

BC3 C16 C1 (21)
BO12 C9 C10 (13)BC13 012 C9 (18)

BC38 C35 N34 (10)

BC16 C15 N14 (13)FC4 C15 C1 C16 (22)

I'C38 C36 N34 C35 (13RC39 N33 C36 C37
(10)



33
34
35
36
37

38

39

40
41
42

43

44

45

46

a7

48

49

443

394

441

498

321
343
369
373
395
411

424

431
437
462

468

506

518

546

556

573

589

309
331
356
359
381

396

409

415

421
445

451

488

499

526

536

552

568

5.13

10.67

12.33 3.56

4.96
10.29
9.53

5.52

4.89

3.02
12.7
7.39

6.99

14.05

18.97

29.31

26.46

20.48

8.46

11.58

7.63
8.99

3.85

1.3

1.52
4.16
5.84

5.03

13.07

11.92

5.61

19.05

6.03

7.75

BC38 C35 N34 (12)
BC22 C17 C15 (19)$C24 023 C20 (12)
TN26 N25 C1 C2 (32)FC4 C15 C1 C16 (13)
I'C3 C4 C1 C16 (17)

TC10 C9 C11 C6 (10JFN26 N25 C1 C2 (13)

['C3 C4 C1 C16 (18)

TH7 C7 C8 C9 (12)FH11 C11 C10 C9
(14)+TC9 C8 C10 C11 (27)FC8 C7 C9 C10
(37)

TC21 C20 C22 C17 (12)C20 C19 C21 C22
(20)+ TC19 C18 C20 C21 (28)

TC21 C20 C22 C17 (15)

BC10 C9 C8 (10)$C13 012 C9 (14)
BO23 C20 C21 (11)pC24 023 C20 (23)
TH26 N26 N25 C1 (31)

TH26 N26 N25 C1 (11)8C5 N14 C15 (10)

roz23 C19 C21 C20 (10)

TH26 N26 N25 C1 (16)FN26 C28 N32 C27
(19)

I'C6 C2 N14 C5 (10)

vC39 C37 (13)BC35 C36 C37 (12)§C30 C27
C31 N32 (11)¥C30 C31 N29 C28 (11)



50
51
52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

665

740

665

720

743

600
637
649

654

655

672

679

689

713

729

745

750

779

791

795

802

811

579

614
626

631

632

648

655

664

688

703

718.

723

751

763
767

773

782

5.51
9.31
9.55

11.43

7.22

16.62

10.47

20.98

36.38

11.2

12.04

11.89

18.08

21.16

12.35

7.6

9.25
8.79
9.8

5.85

7.84

6.84

6.98

7.06

7.3

4.37

491

6.36

4.89

10.07

5.79

12.21

17.5

vC38 C35 (14)BC35 C36 C37 (18)FC30 C27
C31 N32 (12)

BC31 C30 N29 (12)FC36 N34 C37 N33 (14)

vC20 C19 (10)pC22 C21 C20 (18)pC20 C19
C18 (32)

TH39 C39 C37 N33 (10JFC36 N34 C37 N33

(36)

BCY C8 C7 (25)

I'N25 C1 C2 C16 (12)

TH38 C38 C35 C36 (11)FC36 C37 C35 N34
(50)+T'C38 C36 N34 C35 (13)

vC3 C16 (10)

BC30 C31 N32 (14)9C10 C9 C11 C6 (12)
TC21 C20 C22 C17 (17)

TC10 C9 C11 C6 (24)

TC21 C20 C22 C17 (10)

vN33 C37 (10)¥C39 C37 (11)¥C38 C35 (10)

vC21 C20 (16)¥C20 C19 (10)¥023 C20 (15)+
I'C17 C16 N14 C15 (10)

TH36 C36 C35 C38 (74)

TH36 C36 C35 C38 (14)FC30 C27 C31 N32
(13) +TC30 C31 N29 C28 (12)FN26 C28 N32
C27 (14)4N33 C28 N29 C27 (11)

vC10 C9 (17)+C9 C8 (12)+012 C9 (28)



67

68

69

70

71

72
73
74

75

76

77

78

79

80

81

82

83

833

939

816

834

910

946

826

829

839

848

858

862
865
920

935

936

948

951

955

959

964

984

990

797

799

809

818

827

831

834
887

902

903

914

917

921

925

930

949

955

14.78 6.63

19.53 10.64

18.47 17.24

30.27 9.63

27.18 13.33

22.485.22
13.7814.55
21.68 12.4

9.14 10.56

10.91 12.66

9.03 9.89

11.86 8.63

409 4.71

592 5.32

3.43 3.48

3.97 212

23.43 9.82

TH11 C11 C10 (25)%H8 C8 C9 C10 (11)+
TH10 C10 C9 C8 (46)

TH22 C22 C21 C20 (22)pH21 C21 C20 C19
(47)

TH19 C19 C20 C21 (10)

TH7 C7 C8 C9 (27)FH8 C8 C9 C10 (30)+
rO12 C8 C10 C9 (15)

TH18 C18 C19 C20 (11)pH19 C19 C20 C21
(19)+TH30 C30 N29 C28 (11)

TH19 C19 C20 C21 (12)BH30 C30 N29 C28
(29)+ TH31 C31 N32 C27 (12)

TH30 C30 N29 C28 (23)

BC31 N32 C27 (15)BC31 C30 N29 (22)

vC4 C16 (11)4C3 C16 (15)+C15 C16 (11)

TH11 C11 C10 C9 (16)FH10 C10 C9 C8
(13)+vC2 C5 (21)

TH11 C11 C10 C9 (21)FH10 C10 C9 C8 (10)+
vC4 C16 (11)

TH22 C22 C21 C20 (13)¥C3 C16 (10)

TH22 C22 C21 C20 (36)#H21 C21 C20 C19
(15)

TH30 C30 N29 C28 (26)pH31 C31 N32 C27
(62)

TH7 C7 C8 C9 (48)FH8 C8 C9 C10 (37)
TH18 C18 C19 C20 (56)#H19 C19 C20 C21
(28)

BH36 C36 C35 (12)FH38 C38 C35 C36 (10)+
vC35 C36 (19)



84

85

86

87

88

89
90

91

92

93

94
95
96

97
98
99

1022

1028 1026

1076 1079

1002

1019

1027

1029

1041

1043
1054

1065

1070

1076

1077
1098
1103

1129
1136

1142

966

983

991

992

1004

1006

1017
1027

1032

1038
1039

1059
1064

1089
1096

1102

7.94

14.78

9.47

3.41

11.22

8.94

6.46

6.7

2.38

2.28

13.64
6.58

34.0518.99

6.79

11.62

68.12

76.03
40.5
34.29

40.72
26.21

20.72

4.78

3.26

8.23

11.63
14.02
29.45

15.51
3.8

4.82

TH39 C39 C37 N33 (18)FH39 C39 C37 N33
(15)+TH38 C38 C35 C36 (10)FH38 C38 C35
C36 (10)

BH2 C2 C1 (13)

BH8 C8 C9 (10)pC11 C10 C9 (37)BC10 C9
C8 (12)+BC9 C8 C7 (26)

BH19 C19 C20 (10)#N14 C15 (10)+8C22 C21
C20 (31)+4C21 C20 C19 (12)#C20 C19 C18
(25)

BC35 C36 C37 (26)

TH4 C4 C16 C3 (18) ¥H3 C3 C16 C4 (17)

BC37 N33 N34 (20)

BH38a C38 H38c (13)$H38c C38 H38b (14)+
TH38 C38 C35 C36 (19)FH38 C38 C35 C36
(23)+ TH38 C38 C35 C36 (23)

BH39a C39 H39c (13)$H39b C39 H39a (11)+
TH39 C39 C37 N33 (26)FH39 C39 C37
N33(18)+TH39 C39 C37 N33 (21)

vO12 C13 (39)v023 C24 (34)

vO12 C13 (33)v023 C24 (38)
vN14 C15 (20)
vC30 C31 (25)#N25 N26 (10)

vN25 N26 (13)+N14 C15 (10)+C2 C5 (10)
BH8 C8 C9 (14)

fH18 C18 C19 (15)$H19 C19 C20 (15)



100

101

102

103

104

105

106

107

108

109

110
111
112

113
114

115

1120 1123

1182 1184

1227

1148

1165

1170

1173

1178

1179

1199

1200

1203

1211

1212
1228
1246

1270
1277

1294

1107

1124

1129

1131

1136

1137

1157
1158

1160

1168

1169

1185
1202

1225
1232

1248

49.31 10.74

30.2 10.27

29.93 8.34

49.34 3.91

433 7.93

385 7.8

26.58 9.2

17.31 13.6

41.4 14.03

13.467.82

17.1511.87
13.649.59
19.41 20.67

27.05 15.44
29.74 18.16

96.24 11.06

vN25 N26 (26)

vN33 N34 (26) +N14 C5 (10)+C4 C16 (11)

BH36 C36 C35 (40)4#N33 N34 (13)+C39 C37
(13)

TH4 C4 C16 C3 (13)4C1 C2(14)

BH24a C24 H24c (14)pH24b C24 H24a (14)+
TH24 C24 023 C20 (38)FH24 C24 023 C20
(16)+ TH24 C24 023 C20 (17)FH24 C24 023
C20 (17)

BH13a C13 H13c (13)$H13 bC13 H13a (14)+

TH13 C13 012 C9 (38)FH13 C13 012 C9
(17)+ TH13 C13 012 C9 (17)

vN33 N34 (18)
vN33 N34 (20)

BH22 C22 C21 (10)

BH13C13H13 (16)[H13 C13 012 C9 (27)+
TH13 C13 012 C9 (29)

BH24c C24 H24b (15)FH24 C24 023 C20
(26)+ TH24 C24 023 C20 (26)

vC17 C15 (20)

TH2 C2 C1 C16 (20)+C6 C5 (11)
vC1 C2 (16)
vN29 C28 (22)+N32 C27 (23)#C27 C28 (13)

vO12 C9 (28)+023 C20 (10)



116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

1253 1253

1295

1303

1307

1323

1331

1332

1344

1346

1353

1374

1396

1404

1405

1417

1424

1425

1249

1257

1261
1276

1284
1285
1296
1298

1305

1325
1347

1354

1355

1367

1374

1375

89.1 14.52
55.28 17.77
20.2419.77
14.79 11.38
15.09 16.88
6.42 17.11
38.64 11.51
37.86 11.67
10.63 15.37
13.1233.19
29.4110.32
34.8817.55
21.9111.38

16.036.63

36.6117.83

8.4 11.57

vC22 C21 (11)%023 C20 (30)

BH2 C2 C1 (13)48H5 C5 C6 (14)4TH2 C2 C1
C16 (10)

BH26 N26 N25 (11)N32 C31 (17)+wN29 C30
(19)+VvN26 C27 (10)

BH18 C18 C19(17)

BH7 C7 C8 (11)48H11 C11 C10 (10)
vN32 C31(10)+N33 C37(12)

BH22 C22 C21 (10)

TH5 C5 C6 C7 (11)+C10 C9 (13)

TH15 C15 C17 C18 (31)FH5 C5 C6 C7(13)

TH2 C2 C1 C16 (11)4H15 C15 C17 C18
(25)+ TH5 C5 C6 C7 (30)
BH15 C15 C17 (14)BH5 C5 C6 (30)

BH38a C38 H38c (10)$H38b C38 H38a (11)+
BH38c C38 H38b (10)+C35 C36(12)

BH15 C15 C17 (29)BH5 C5 C6 (13)

BH4 C4 H4 (20)4BH4 C4 H4 (20)48H3 C3 H3
(17)+BH3 C3 H3 (11)48H3 C3 H3 (11)

BH38a C38 H38c (13)pH38c C38 H38b (13)+
BC37 N33 N34 (10)

BH39a C39 H39c (26)$H39b C39 H39a (36)+



132

133

134

135

136

137

138

139

140

141

142

143

1413 1407

1435

1456

1461

1462

1466

1480

1483

1488

1489

1491

1495

1496

1384

1405

1409

1410

1414

1428

1431

1435

1436

1438

1442

1443

27.8514.18

40.215.37

259 10.88

3591 8.72

7.23 461

47.32 19.14

57.28 15.85

18.8211.65

20.3 9.86

11.6115.71

9.98 11.38

11.3 123

BH39c C39 H39b (29)

BH4a C4 Hac (11)$H4b C4 H4a (15)$H3a
C3 H3c (15)43H3b C3 H3a (17)$H3c C3 H3b
(12)

BH26 N26 N25 (20)BH31 C31 N32 (32)
BH14 N14 C5 (12)%C19 C18 (11)#C22 C21
(10)

vC35 C36 (21)

vC8 C7 (12)+C11 C10 (11)4H24b C24 H24a
(33)

BH14 N14 C5 (46)

vC38 C35 (12)

BH24a C24 H24c (28)pH24b C24 H24a (33)+
BH24c C24 H24b (18)

BH13a C13 H13c (32)$H13b C13 H13a (30)+
BH13c C13 H13b (18)

BH39a C39 H39c (40)$H39b C39 H39a (35)+
TH39 C39 C37 N33 (17)

BH4b C4 H4a (16)BH4c C4 H4b (21)BH2b
C2 H2a (28)

BH4b C4 H4a (12)BH4c C4 Hab (12)BH2b
C2 H2a (45)



144

145

146

147

148

149

150

151
152
153

154
155
156

157

158
159
160

161
162

1563

1498

1503

1504

1505

1510

1513

1518

1519
1521
1522

1533
1550
1557

1559

1597
1616
1625

1628
1631

1445

1450

1451

1452

1457

1460

1464

1465
1467
1468

1479
1495
1502

1504

1541
1559
1568

1571
1573

14.2315.53

75.5423.96

68.9248.21

100 74.45

8.79 11.03

15.9615.4

20.469.55

73.8223.97
23.155.32
31.6510.09

40.5217.97
87.4316.34
62.198.75

56.6811.94

77.7453.5
49.6932.2
40.8740.28

173 12.04
19.3410.34

BH38a C38 H38c (35)$H38c C38 H38b (40)+
TH38 C38 C35 C36 (15)

BH24a C24 H24c (37)

BH13b C13 H13a (37pH38b C38 H38a (33)+
TH24 C24 023 C20 (16)

BH13b C13 H13a (38)BH24b C24 H24a (39)+
TH13 C13 012 C9(16)

BH3a C3 H3c (34)$H3b C3 H3a (18)

BHA4C C4 H4b (16)4H3b C3 H3a (27)-H3c
C3 H3b (27)+TH3 C3 C16 C4 (10)

BH39a C39 H39c (11)BH39¢ C39 H39b (36)

BH13c C13 H13b (41)fH24c C24 H24b (16)
BH13c C13 H13b (17)H24c C24 H24b (41)
BH4a C4 Hac (24)

BH38b C38 H38a (16)¥N34 C35 (13)+N33
C37 (10)

BH26 N26 N25 (23)4N26 C27 (14)

BH18 C18 C19 (11)¥C20 C19 (11)vC18 C17
(11)

BH7 C7 C8 (11)48H10 C10 C11 (10)+C7 C6
(10)+vC9 C8 (10)

vN29 C28 (21)+N32 C27 (23)+N29 C30 (17)
vC36 C37 (21)#N34 C35 (12)+C30 C31 (10)
vC36 C37 (19)#C30 C31 (12)#C27 C28 (10)
vC17 C22 (17)¥C21 C20 (25)¥C20 C19 (13)+
vC18 C17 (18)

vC6 C11 (18)+C7 C6 (18)+C10 C9 (23)+C9



163
164
165

166
167
168
169

170

171

172

173
174
175
176

177
178

179

1612 1612

2913

2924 2923

2944

2983 2983

1670
1671
1698
2927
2991
3014
3015

3030

3041

3049

3054
3064

3075

3076

3094
3112

3122

1611
1612
1638

2824
2886
2908
2909

2923

2934

2942

2947
2956

2967

2968

2985
3003

3012

46.5939.2
41.3
19.61100

31.3816.53
29.6728.26
67.2378.46
82.9184.79

25.1728.81

32.698.91

23.2642.43

22.8431.65

21.4447.53
56.2343.64
68.3252.25

26.0637.13
18.988.86

22.8730.72

C8 (15)
vC19 C18 (16)#C17 C22 (11)wC22 C21 (13)

43.59vN25 C1 (79)

vC8 C7 (17)¥C6 C11 (10)+C11 C10 (14)
vC15 H15 (99)

vC5 H5 (95)

vC13 H13c (45)%C24 H24c (45)

vC13 H13b (45)wC24 H24b (44)

vC2 H2 (91)

vC38 H38a (41)%C38 H38b (43)%C38 H 38c
(16)

vC39 H39a (19)¥C39 H39b (22)¥C39 H39c
(59)

vC3 H3a (30)+/C3 H3b (14)+C3 H3c (54)
vC4 Hda (27)+C4 H4b (37)4C4 H4c (35)
vC13 H13c (50)C24 H24c (49)
vC13 H13b (49)wC24 H24b (50)

vC38 H38a (51)~C38 H38b (49)
vC39 H39a (12)%C39 H39b (49)vC39 H39c

(39)
vC3 H3a (48)+C3 H3c (43)



180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196

197

3059 3053

3074 3074

3088

3098

3132 3133

3128
3135
3141
3143
3146
3148
3149
3150
3175
3176
3177
3179
3198
3203
3211
3219
3222

3259

3018
3025
3031
3033
3035
3037
3038
3039
3063
3064
3065
3067
3086
3090
3098
3106
3109

3144

34.9426.08
15.5725.98
16.3126.49
19.7228.55
18.7125.97
28.3629.5
43.8782.09
56.0295.39
18.6
21.6426.36
17.5926.68
19.1922.27
36.883.12
12.9232.99
15.4
13.0633.16
35.4977.41

10.586.64

vC4 H4b (58)+C4 H4c (34)

vC2 H2 (95)

vC38 H38c (84)

vC39 H39a (69)%C39 H39b (28)
vC4 H4 (63)+C4 H4 (27)

vC3 H3 (19)+C3 H3 (72)

vC13 H13 (54)+C24 H24b (37)

vC13 H13 (37)+C24 H24a (54)

42.99vC31 H31 (39) wC16 H16 (59)

vC11 H11 (88)+C30 H30 (21)
vC7 H7 (87)

vC22 H22 (96)

vC30 H30 (79)+C31 H31 (21)
vC18 H18 (29)+C19 H19 (70)

46.57 vC8 H8 (94)

vC18 H18 (68)+C19 H19 (29)
vC21 H21 (93)

vC36 H36 (99)



198 3561 3436 30.9466.12 VvN26 H26 (99)

199 3412 3425 3563 3438 6.18 35.4AWN14 H14 (99)

v - stretchingf - inplane bending; - torsional vibrations; - out of plane bending




Highlights:

1. PM6 was synthesized and characterized by IR, *H, *C NMR, UV and
Raman spectroscopy.

2. Optimized geometry, HOMO-LUMO, MEP, Polarizability, NBO and
Docking were discussed.

3. 'H and **C NMR chemical shifts have been compared with experimental

values.
4. Theoretica IR frequencies are analysed by TED% using VEDA 4 program.
5. Computational technique were carried out by B3LY P/6-311G (d, p) basis

Set.



