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ABSTRACT

N-(Morpholinomethyl) succinimide (SMF) bearing thempirical formula
CoH14N20O3, has been synthesized by using the mannich coatiensreaction. On
considering its extensive pharmaceutical usage raedicinal value, we investigated its
chemical structure and composition by employingotar spectral techniques likél, *°C
NMR, UV-Visible spectroscopy, FT-IR, FT-Raman and/DSC techniques. Density
Functional Theory (DFT) computation was adoptedtiady the electronic structure of the
SMF molecule. Incorporating the VEDA 4 package,al&nergy Distribution (TED) was
computed for vibrational assignment. In order tdfiout the strength and stability of the
molecules an analysis based on the Natural BondtaDiiNBO) was carried out. Gauge-
Independent Atomic orbital (GIAO) was employed tmfirm whether théH and®*C NMR
spectrum could show the chemical shift values. f@ommolecular orbitals in order to
investigate the forbidden energy gap, viz., HOMOM®O were calculated and thignax
values were observed. Frontier molecular orbitadsenmainly identified which contributed
the atomic orbitals. Based on the chemical activitgpping of the figure was carried out on

molecular electrostatic potential. The nature oflenolar interaction was ascertained for



molecular docking studies in which the biologicebtein system was reported. Based on the
results, a suitable mechanism, its protein bindimgde and drug action were presented.
Molecular docking results suggested that the SMEeoube might exhibit inhibitory activity
against the lung cancer protein.

Keywords; Charge analysis; DFT; Moleculardocking{N\brpholinomethyl) succinimide;
Vibrational spectra; TED.
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N-(Morpholinomethyl) succinimide(SMF), having tleenpirical formula GH14N20s3,
it has been synthesized by using the condensatiaidehyde, imide and secondary amine.
The familiar morpholines molecules naturally or tytically have a significant application
of pharmacological and biological with a great mstyucture core of organic molecules [1].
It is reported that the morpholine is widely ussedaa important building block in the field of
medicinal chemistry [2-4]. A new series of morpheliderivatives has been reported by
Micheli et al. [5] as a selective DAD3 receptoragunist along with the data relatedite
vitro profile and pharmacokinetic. The presence of warinitrogen heterocyclic molecule in
morpholine derivatives play an important role lasytoccur in nature and biologically active
molecules, which carry the anti-inflammatory andagonist properties and are used in some
chemical transformations as chiral auxiliaries [BJpart from having pharmacological
properties, the morpholines have their importargliagtion in a limited level as a simple
bases catalyst such as N-alkylating agent, catalyst chiral auxiliaries in many organic
synthesized [7-13]. Pyrizinamide (morphozinamidedne of the derivatives of
morpholinomethyl is found to have more potentiadatment properties with cure of
tuberculosis than the traditional pyrizinamide [1&everal succinimide derivatives have
significant biological activities such as antieptie and anticonvulsive, fungicidal and other

pharmacological [15-19] activities. Nowadays, Mamibase compounds, in chemistry,



express many opportunities for resourceful molacsyatem of biologically active and it is
dependent on the expectations and their needs. Mdmnich base molecular structures
provide interaction of transition metal ions, which the most valuable region in the
coordination chemistry. Varity of Mannich bases dhédir metal complex structures have
their individual creativity of biological importarcand they play an important role in various
industrial applications. Bundgaard and co-workeevehreported the application of N-
Mannich bases structure containing amine for astits prodrug forms [20]. For illustration,
the salicylamide and aromatic amines with succidenare presented in N-Mannich bases
compounds, which are used to identify the prodrdigth@rapeutic significance. Many
Mannich bases are offered with amazing biologicalvay. 1-[Anilino (phenyl) methyl]
pyrrolidine-2,5-dione is a group of Mannich baseé &s transition metal complexes have a
valuable microbial significance. The Mannich baselaoular system of 1-[(pyridin-2-yl
amino) methyl] pyrrolidine-2,5-dione have their owhbiological activity expressly
performance on antioxidant property. The SMF ishite-crystalline powder which has a
melting point in the range of 101 - @3 The compound SMF based on coarse aqueous
suspension, has acidity level of PH 6.2- 6.5. Tineiss of the SMF, both experimental and
biological have been conducted, but the vigorotesdture survey reveals that there are no
theoretical investigations made on SMF moleculentgdiocusing on the part of molecular
structure, spectral assignments, orbital, PDOSctrelgtatic potential, thermodynamic
properties and molecular docking. The current wisrkledicated to get the theoretical and
computational conclusion of the electronic struetuequilibrium molecular geometry,
vibrational modes (IR and Raman), NMR chemical tshilmass spectral analysis and

TG/DSC techniques of the SMF molecule.



2.Experimental Details

2.1. Synthesis of 1-(morpholinomethyl)Succinimide (SMF)
N-(Morpholinomethyl)Succinimide (SMF) was synthesiZzoy Mannich condensation

reaction [21 - 23] among succinimide, morpholing drmaldehyde in 1:1:1 molar ratio.
Succinimide (5.00g, 0.05M) and morpholine (4.5 M05M) mixed with the less amount of
ethanol was stirred until the content becomes hemogs. To this mixture 40 %
formaldehyde solution (3.8ml, 0.05M) was pouredamjoin drops, as the stirring action
continued. Once the adding process was over,ngiicontinued for 2 h at 60°C and then it
was made to cool in refrigerator. The solid massiobd was rinsed using distilled water,
desiccated and the final residue was recrystallizech acetonitrile to yield a colourless

crystalline powder (Yield: 88 %).

Reaction Scheme: 1

H (0]
H N o EtOH N/\N
oMo (. 2 = O»Qb
v o H"H 2 hrs, stirring, 60 °C o

succinimide morpholine formaldehyde N(morpholinomethyl) Succinimide

2.2. Experimental Method

The SMF molecule was synthesized and reportedeedfil- 23] and the Fourier
Transform Infrared spectrum of SMF was recorded an Perkin Elmer FT-IR
spectrophotometer utilizing the KBr pellet (by nmgiabout 1-2 mg of the analyte with 300
- 400 mg of finely powdered KBr) strategy as a mdrthe range 4000 - 450 clas shown in
Fig.1. Fourier Transform Raman spectrum was recbotiea BRUKER RFS 27 spectrometer
utilizing 1064 nm excitation wavelength from a N&® Laser in the district 4000 -50 ¢m
as appeared in Fig.2. The laser yield for thisdssfpecimen is about 100 mWH NMR
spectra of SMF molecule were recorded on Bruk&f@®z Advance NMR spectrometer
using TMS as an internal standard and its procgsgsonance frequency with the applied
radio-wave frequency at O ppmdrscale (the chemical shift value) as presenteddrBta).
Furthermore, the sampling of the compound was deieg highly polar protic solvent,
dimethyl sulfoxide (DMSO). Proton decoupl&€ NMR spectra were recorded on Advance
NMR Bruker spectrometer 500 MHz, with an operatireguency of about 75 MHz, by
using the deuterated dimethyl sulfoxide (DMSO) asolvent as shown in Fig.3(b). TMS
was used as an internal standard. The HRMS anakassdone using High Resolution Q-



TofMass, mass spectrometer as detector (PerkinrginiarboMassver 5.4.2 software for
data analysis. The GC parameters were found as Xpll injection; column: Elite-5MS
(30m x 0.25 mm 1.D, 25@m df); injection port temperature: 250 °C; carges: helium; flow
rate: 1 mL/min; oven temperature: initially 60 °@ £ min, ramped to 300 °C at 10 °C/min,
300 °C for 6 min. The MS conditions found were @tofvs: transfer line heater: 240 °C; ion
source temperature: 240 °C; electron impact iomnafEl) mode; ionization energy: 70 eV.
Analysis was performed in scan mode, from 600 110 at a speed of 1.5 scans/s. Solvent
delay was set as 2.0 min as observed in Fig.4T{&®.obtained mass spectra were compared
with commonly used EI-MS spectra libraries (NIST,l&y 2008). TG/DSC study was
engaged with the thermo gravimetric instrument T@R@érkin Elmer) Q500 Hi-Res TGA
from TA instruments), DSC7 (Perkin Elmer) Q200 H#sRTGA from TA instruments as
shown in Fig.4 (b). UV-Vis spectrum was recordedDMSO solvent by employing the
Lambda-35 Perkin Elmer spectrophotometer as agbdhte spectral locale of 1100-190 nm
as shown in Fig.S1 (Supplementary information).Tdrdire spectrum experiment was

condensed at Indian Institute of Technology (INgdras, India.

3. Computational Details

Density Functional Theory (DFT) calculations wemptoyed in the Gaussian-09
program [24] package used in our study. The Betkeet parameter hybrids functional
method has been employed in the work. It cong$taon-local exchange functional of
Becke style three parameter sets and the non-6mredlation functional of Lee, Yang and
Parr [25, 26]. The triple-split valence Gaussianction usually along with polarization
functional, for both bulky atoms and simple atoke Ihydrogen, 6-31G (d, p) basis sets have
been involved in the calculations. The saddle- fpoirstationary points as the energy due to
minima at the DFT level using harmonic vibratiomalalyses have been determined. The
vibrational spectrum bands were performed on adcofithe corresponding total energy
distribution (TED) calculated with the help of VEDAprogram [27] while the GuassView
program [28] was employed to give a visual pregemiaof the vibrational assignments.
Natural Bond Orbital (NBO) analysis was adoptechgNBO 3.1 program [29] incorporated
in Gaussian09W at B3LYP/6-31G (d,p) level, to fithee inter- molecular delocalization
between the filled orbital and unfilled orbital aaldo to calculate the hyper conjugation. The
gauge independent atomic orbitals (GIAO) method B0 along with the B3LYP/6-31G
(d,p) functional method was used to calculate thentcal shifts of the SMF molecultd

and *°C isotropic magnetic shielding (IMS) of every X mtocarbon or hydrogen) was



applied corresponding to the standard value of TESX = IMSTMS — IMSx. UV-Vis
spectra and electronic properties of moleculartaklenergies were simulated by Time-
Dependent DFT (TD-DFT). The Density of states (DO®&s performed with the help of
Gauss- sum 3.0 software program [32].

3.1. Prediction of Raman Intensities;

The theoretical Raman intensity™jlis simulated by calculating Raman spectrum witigh
be predicted using the formula [33] [34].

(IF) =Cvo - vi)* vi'Bi'S messsmmsssssssssssoosoooooooooo 1)

Where the Bis the temperature factor, which accounting for ititensity contribution of

excited vibrational states and its denoted by thkzBhann appropriation (B

B :1-exp'(hVi KD A N )

In this study, theR equationy; is the frequency of laser excitation line and \@géhutilized
the excitation frequency,= 9398.5 crit, which corresponds to the wavelength of 1064 nm
of a Nd:YAG laser. The; represents the frequency of normal mode{gwhile the $is the
Raman scattering activity of the normal mode The F; is assumed in arbitrary unit. In the
above said equation, the h and k denote PlanclBafidmann constants, C and T represent
the speed of light and temperature in Kelvin, retipely.

4. Results and discussion

4.1. Molecular geometry

The complete geometrical optimization was accorhplisby accepting the C1 point
group symmetry. The optimized molecular consttutof the most stable structure of SMF
molecule as B3LYP/6-31G (d, p) basic set is shawRig.5. By using B3LYP/6-31G (d, p)
method the structural parameters like bond lendibed angles and dihedral angles of the
titted molecule have been computed and optimiZdee X-ray crystal data of the titled
molecule [21] are compared with the results obthiaed presented in Tablel. All the bond
lengths and bond angle values show small deviatioen compared to the calculated XRD
values obtained by using the B3LYP/6-31G (d, p)idast. The experimental values show
the molecule as solid state, whereas the theoketalaulation has predicted an isolated
molecule in gaseous state. The SMF molecule cenefselectronegativity nitrogen atoms
bonded with the carbon (C8) atom of morpholine rmyi&he carbonyl group €0) along
with the succinimide moiety by other terminatiorisaas an electron acceptor. The charge

transfer involves over theconjugation among the electron contributor anceptr groups.



This SMF molecule contains fourteen C-H bonds, @€ bonds, two €0 bonds, six C-N
bonds and two C-O bonds. The five membered ringsisbof two dione at C1=02, C5=06
and lie in the range, obtained for DFT calculatlo®15 A, 1.214 A which are associated with
experimental data 1.201 A and1.211 A available ftbm literature [22]. The C10-09 and
C14-09 bond length calculated by B3LYP/6-31G (d,mmthod are of the same value of
1.425 A which is slightly deviated from the expeemtal data of a related molecule by
1.423A and 1.409A [21] respectively. The calculaetl bond length in the morpholine ring
are C8-N12=1.444 A, C11-N12 = 1.467 A, C13-N12=68.4 and in the succinimide ring
are C1-N7 = 1.392 A, C5-N7 =1.393 A, C8-N7 = 1.4Ydy B3LYP/6-31G (d, p). These
values are similar to the related experimental eslauch as 1.430, 1.449, 1.4535, 1.387,
1.375 and1.482 A. The C-N bonds reveal impartilbde bond properties in this fragment
which are compared to the normal value of the sif@yN bond (1.47 A) and C=N bond 1.22
A assemble given in the literature [23]. The malpte is elongated due to the presence of
C-C bond length exactly at the location of nitrogerm oxygen substitutions, which gives
bond lengths C10-C11 and C13-C14 leading to 1.534nd similarly in the succinimide
C1-C3and C4-C5 lead to 1.527A and C3-C4 lead t87LA while the observed values are
1.497, 1.495, 1.498 and 1.494, 1.510 A. The catedI C—C bond length in succinimide ring
varies from 1.527-1.537A by the B3LYP/ 6-31G (dwsjich synchronize with recorded data
(1.494-1.510A). The C- C bond lengths of the motiple ring record the value as 1.531 A.
The corresponding values are very near to expetah®RD values (1.495-1.497 A). The
bond length C3-C4 has the maximum value (C3-C4148y B3LYP/ 6-31G (d, p), 1.510
A by XRD) compared to the other C-C bond lengthse Electron deficient (carbonyl) group
present in the succinimide ring, due to the symynefrthe cyclic system is not disturbed.
The bond length C1-C3 =1.527 A and C4-C5 =1.5278hisrter than the C3- C4 =1.537A
which is measured using DFT method at the othestgubon. The maximum contraction in
the succinimide ring angle C3-C4-C5 is computedl@®.1° and the experimental result
shows good correlation with this value at 105.7he C-H bond length of the succinimide
and morpholine ring varies from 1.092 A -1.105 Aiethis found slightly greater than the
experimental value 0.970 A. Whereas, small incrénoecurs in morpholine ring, the C-H
bond lengths C10-H21=1.095A, C10-H22=1.105A, C1B+R098A, C11- H24=1.094A,
C13-H25 =1.098 A, C13-H26 =1.094 A, C14-H27 = 1.%05C14-H28=1.095 A have equal
values for C10-H22 and C10-H21of B3LYP/ 6-31G (d, p



4.2. Mulliken population analysis

Mulliken charge distribution of the SMF malée was analyzed using the B3LYP/6-31G
(d, p) method. In order to assigned its compositionolecules such as N-methyl morpholine
and N-methyl succinimide. The results are summdripe Table S1 (Supplementary
information). The horizontal bar diagram of compiaea Mulliken charge distributions is
displayed in Fig.S2 (Supplementary information).eTbomparison of Mulliken charge
distribution with the intact SMF molecule and ieparated N-methyl morpholine indicate the
Mulliken population analysis as almost similar e tcyclic system and all the carbon atoms
and oxygen atoms show negative charge in both & $olecule and the N-methyl
morpholine moiety; whereas the atoms C8 exhibitesdeviation between the SMF molecule
and the N-methyl morpholine. This confirms the imipaf the attachment of the N-methyl
succinimide ring in the SMF molecule. SimilarlyetN-methyl succinimide ring in the SMF
molecule displayed deviation of Mulliken chargesnfr that of the separated N-methyl
succinimide moiety in the atom C8 space only. Theméc charge of C8 in the SMF
molecule shows positive compared with that of tagasated N-methyl succinimide moiety.
Carbon atoms C1, C2 (having carbonyl group), Cé&¢hed with nitrogen atoms) C10, C14
(attached with oxygen atoms) are positive whileeotarbon atoms are negative and among
these, C1 and C5 are most positive which occurstdube presence of a carbonyl group.
From the SMF molecule, the carbon atoms are neaqlally negative, but C11 and C13
found to be highly negative charged which naturabcur with specific movement of
electrons from N12 to carbon (morpholine ring). d®©C10 and C14 in the SMF molecule
were computed with the less positive charge duthéopresence of the oxygen atom. By
sharing the electron with neighbouring carbon atdhes hydrogen atoms found in SMF
molecule show positive results. The Mulliken atonsitarges of the succinimide group
hydrogen atom H16 and H18 are higher than the nodinghgroup and the methylene group
hydrogen. It denotes the succinimide group hydrogims as found more acidic than the
morpholine group and methylene group hydrogen atétosever, the high value of 0.15038
and 0.15039 for H16 and H18 respectively with ti3 BP/6-31G (d, p) basis set. Mulliken
charge distribution analysis found the carbonylygen and nitrogen groups in the SMF

molecule as contributing factors positively tobtslogical activity.



4.3. Dipole moment of SMF
The dipole moment of SMF molecule has the valu.6#423 D representing the
vector components of the dipole moment along widint€sian coordinates are summarized in
Table S2 (Supplementary information). The dipolemeat value, on the whole is found far
greater when compared to water, JJ p =1.85 D]. The dipole moment of morpholine [u
=1.71 D] is found lesser than that of title molecuthile succinimide [p =2.22 D] which is
greater than that of title molecule [35, 36]. Bembighly polar in nature, the SMF molecule
is found to be soluble, easily in polar solventgitmanol, ethanol, n-propanol, isopropanol, n-
butanol, acetone, DMSO, DMF and CH)Cand this activity is found absent in the case of
certain polar organic compounds such as watery et partially soluble in CCl4, benzene
and acetonitrile [22]. The direction of dipole mamhgector co-ordinates of SMF is shown in
Fig.S3 (Supplementary information). The electrigale moment components data along with
cartesian coordinates, are considered as the mdgniof the total dipole moment is
preferably pointed towards the negative Z-directionainly consider as the electron
withdrawing group such as oxygen atoms placed aphwdine ring, carbonyl group at C1
and C5 and the Nitrogen atom found in N-£¥ are all present in the positive X and Z-
direction. The remaining atoms are slightly oftencidated among the additional two
Cartesian axes. The above inferences indicate symunetrical charge separately distributed
within the molecule, but only partially extent anolthe molecule.
4.4. Vibrational analysis
The title SMF molecule has C1 symmetry and isbimg of 28 atoms with 78 normal
modes of vibration, which may be distributed asibplane and 25 out-of-plane bending
vibrations. It is concluded that the FT-IR and Fanfan are active on the vibrational modes.
The comparison of computed FT-Raman and FT-IR bantls experimental wavenumbers
and vibrational assignments are summarized in T2laled the theoretically constructed FT-
IR and Raman spectrum are shown in Fig.S4 (Supplaneinformation). The computed
wavenumber are scaled by 0.967 which was recomnddoyl@d.P.Scott [37].
4.4.1. C=0 vibrations
In the case of five membered cyclic syst¢B88, the carbonyl group frequencies are
shown in the assortment 1830-1800 cemd 1790-1740 cth The experimentally reported
values of our studied molecule reflect strong ae)strong band at 1765¢mnd 1737 cit
respectively in the FT-IR spectrum and very strgegk at 1769 cmin the FT-Raman
spectrum, which are assigned as C=0 stretchingwdor. In the current studies, we have

noticed theoretically predicted strong, intense Cstf@tching vibration corresponding to a



wavenumber of 1800, 1740 &mThe TED for these vibrations, show 86 and 87%
contribution suggests that the above values are gtuetching vibrations. The observed value
of C=0 group vibration is slightly lower than theebretically calculated frequency and it is
indicated that the conjugation of the carbonyl(C40hd in the succinimide ring, increase
the single bond character, which gives a minimurtuevdor carbonyl group stretching
wavenumbers [39]. In the FT-IR spectrum, the weskand was observed at 934 tmvhich
synchronizes to the theoretical wavenumber at 961 and is related to the C= O stretching
vibration mode which is mixed with C-N and C-C stheng mode. In the SMF system, the
C=0 in-plane and out-of plane bending vibratiors @rserved at 536 and 557 tin FT-IR

as the weak and very weak bands respectively.|&igithe vibrations at 532 and 561¢m
in FT-Raman as the weak and strong band respectoatelate well with the calculated
counterpart at 540 and 557 ¢rwith a TED contribution of 64 and 42% respectivetyis
coupled with C-C stretching and bending of CNC, ptane of CCCH vibration mode. The
main attribute vibration of cyclic ether in the segce from 1150-1085 ¢incorresponds to
the C-O-C asymmetric stretching [40, 41]. The caoteg C-O-C asymmetric stretching
vibrations are observed at 1103 ¢nand found to have perfect concurrence with the
experimental FT-IR value of 1110 ¢h

4.4.2.C-N vibration

The identity of the C-N vibrations occurringrmolecules, are generated to be complex and
allows several bands to get mixed in the followmegion. The C-N stretching vibration is
found 783 crit in FT-Raman spectrum and in FT-IR the peak shaw&8a cni* which are
correlated well with the computed value at 780*dmy B3LYP/6-31G (d, p) method with 58
% of TED impact. In addition to these vibratiott'e C—N—-C, N-C—N and C-C-N bending
vibrations (i.e. in plane and out-of-plane) haveerbalesigned by TED, showing good
concurrence with recorded observed data. The C-Plane bending harmonic vibrations
computed at 1359, 1338, 1194, 620, 470, 468, 254myrB3LYP/6-31G (d, p) method show
excellent agreement with the FT-IR band at 621 @md FT-Raman bands at 608, 216'cm
are assigned to C-N in-plane bending vibrationghn SMF molecule, the C-N torsion and
out-of plane bending vibrations are observed a61883, 557 and 428 ¢hin FT-IR and at
1308, 884, 561 and 413 &min FT-Raman which correlate well with the thearati
counterpart at 1319, 1235, 893, 557 and 430 with a TED contribution of ~ 40%.



4.4.3. CH; vibration

The CH-stretching region of morpholine is remarkably $amio that of piperazine,
except the changes in comparative intensities.oXygen atom having a lone pair plays an
analogous role as that of nitrogen in changingabefident CH bands [42]. The intense
observed peak presented in the range such as -cm* are considered with
overlapping due to the absorption peaks of stretchibration of the ChHgroup [43]. The
asymmetric CH stretching vibration usually observed in the raB§@0 -2900 cil while the
CH, symmetric stretch appears to be 2900 and 2808[4# 45]. The bands at 2861 in FT-
Raman and 2880, 2867 ¢nn the FT-IR is assigned to GEymmetric stretching vibrations.
The medium and strong intensity band at 3014, 29868 and 2944 cthin FT-Raman and a
strong to very weak bands at 2986, 2961, 2938 &89 2ni* in FT-IR are assigned to GH
asymmetric vibrations of SMF molecule. The £s{ymmetric and asymmetric stretching
wavenumber of theoretical anharmonic frequencie88lyYP method show best affiliation
with the recorded spectral data. The further reléi@nds of Chigroup are tabulated in Table
2. The computed frequency of twisting and rockirfighee CH vibrations, show a perfect
concurrence with the experimental observation \&ahyeB3LYP/ 6-31G (d, p).
4.4.4. C-Cvibrations

For our SMF molecule, the C-C stretchingailon was predicted theoretically to appear

in the lower frequency range such as 1012 and 53 The C-C stretching was observed at
985and 858 cih as a strong band in FT-IR and in FT-Raman obseaté84 and 854 cth
which coincides with the theoretical counterpattieaat 856 cril. The very strong peak was
obtained at 632 cri in the FT- IR and observed at 661 tas a very strong, intense band in
FT-Raman correlate well with the theoretical wawveber at 651ciwhich occur due to the
presence of CCC in-plane bending vibration. The CQit of plane bending vibration is
computed at 84cththeoretically which correlates well with FT-Raman76 cnit as a very
strong band with a TED vibration mode of 86 %.
4.5. NBO analysis

The Natural Bond Orbitals (NBO) calculations weredicted with NBO 3.1 program
[29] as appliance in the Gaussian 09 package mgUuBBLYP/6-31G (d, p) basis set and the
imperative results are summarized in Tables S3 @ad(Supporting information). The
molecular system has an intramolecular hypercotinganteractions such as C1-0O2 from
N7 of n1(N7)— = (C1-O2) where the electron density increases &362e weakening the
related bonds C1-O2 which evidently exhibit strodglocalized designate with the
stabilization of 54.47 kJ/mol; C5-O6 from N7 of (N¥) — = (C5-O6) and the electron



density increases in the range at 0.22975e weale¢herelated bonds C5-O6 amount to a
stabilization of 53.57 kJ/mol; C5-N7 from n2(06) o*(C5-N7) which increases the
electron density 0.09310e and weakens the respdmbinds C5-N7 leading to stabilization of
28.78 kJ/mol; C1-N7 from n2(0O2) ¢*(C1-N7) increases the electron density 0.06774k an
weakens the respected bonds C1-N7 which is retatsthbilization energy of 28.48 KJ/mol;
C4-C5 from n2(0O6)- o*(C4-C5) gives electron density at 0.0679e andréspective bonds
weaken C4-C5, its lead to stabilization of 21.90nal; C1-C3 from n2(02)- ¢*(C1-C3)
shows the electron density as increasing at 0.06@nd weakens the particular bonds N7-C8
which have a stabilizing energy of 21.86 kJ/mol-Gd from n1(N12)— o*( N7-C8) which
increases the electron density of 0.06540e and evesathe respective bonds C1-N7an
account of stabilization of 10.79 kJ/mol. The natunybrid orbital with higher energies,
considerable p-characters are very close to alfi@6t%) and low occupation numbers such
as n2 (09), n1 (N7)n(C5-06) andn(C1-O2). The energies, p-characters, occupation
numbers of these orbitals are -0.27836, 0.2627,996 and -0.38072 a.u. and 99.88, 99.86,
99.83, 99.68, 99.82, 99.67 % and 1.86714, 1.58938974 and 1.98968 a.u. The orbital
with lower energies and high occupation numbersndréO2), n1 (09), (C5-06) and (C5-
N7). The energies, p-characters and occupation arsnbf these orbital are -0.68199, -
0.55564, -1.09022, -0.81121a.u. and 42.55, 55.84216 57.02,69.71 and 66.70% and
1.97553, 1.96729, 1.99606 and 1.98581a.u. Thusryaclose to pure p-type lone pair orbital
involve in the electron contribution to tlk&C10-C11) orbital for n2(09)- ¢* (C10-C11) ,

7 (C1-02) orbital for n1(N7)— = (C1-02), = (C5-O6) orbital for aN;) — = (C5-086),

7 (C5-06) orbital for C5-06> ' (C5-06) andt (C1-02) orbital for C1-02> ' (C1-02).

4.6. NMR Spectral analysis

The chemical shift analysis is the most significeathnique adopted with design of
molecular geometry dimension essential for consistalculations of magnetic properties,
after performing the full geometry of respected @cale. The'H and **C chemical shift
values in GIAO, related to TMS (act as a referefueetitte compound) were predicted by
using B3LYP/6-31G (d, p) level of theory; synchmmiwith the observed experimental
values. The experimentdH and**C NMR spectra of the SMF molecule in DMSO solvent
are presented in Fig.3 (a) and (b) respectivelye Tdmputed chemical shift values are in

conformity with the corresponding experimental daiae results are summarized in Table 3.

4.6.1.*H NMR spectrum of SMF



The hydrogen atoms of the N-@N group appear as singlet and the value was
observed at higher chemical shift of 4.21 ppm (DNM$Qe to influence of nitrogen atom
with theoretical peaks at 4.68 ppm. The tripleB&2 ppm in théH NMR spectrum of this
compound shows the presence of methylene protaiCH)2) having the coupling constant
value of 4.75 Hz. ThéH NMR spectrum of SMF reveals a doublet at 2.44 gpmfour
protons attached to an oxygen group with the imtlegalue corresponding to four protons
having the coupling constant of 4.5Hz. A multippetak was observed at 2.51 - 2.50 ppm
with four protons such as 15H, 16H, 17H and 18H@EGH,). A multiplet was appeared in
the region of 2.51 - 2.50 ppm with four protons ingvthe integral value which is always
assigned to the succinimide ring protons. The DMS@vent) peak was observed at 3.3 ppm

as shown in Fig.3 (a).
4.6.2.*CNMR spectrum of SMF

In °C NMR spectrum, the progress of electrons fromakggen atom having lone
pair to non-bonding orbital due to the existence of carbon atom indionyl group has
low lying excited state, which produces a paramagreairrent [46]. This ne* produces a
higher to a lower intensity, since the carbonylboar peaks occur due to the presence of
higher wavenumber and it can appear in the raraye 150-220 ppm [47, 48]. Thus, it has
helped to identify the chemical shift value of arbmmyl group from the rest of the
resonances, for the SMF molecule the carbonyl giagabsorption at 179.13 ppm, which
was compared with calculated value of 159.32 ppmais phase and 163.26 ppm in solvent
(DMSO). In **C NMR spectrum of SMF, the absorption of sevenhalfiz carbons give
signals in the region 28.64 to 66.51 ppm, the pak8.64 ppm is due to the carbon(C4)
attached to the carbonyl carbon which was compartddthe computed value at 23.69 ppm
in the gas phase and 20.55 ppm in DMSO solutiore dlectronegative atom of oxygen,
attached to carbon C10 and C14 shows a higher waveer, thus the NMR signal was
observed in the downfield at 66.51 and 59.69 ppoh the NMR signal was calculated at
59.80 and 58.84 ppm in gas phase and in solvergepaia54.56 & 53.71ppm. The electron
withdrawing atom present in the adjacent positigives the chemical shifts in the de-
shielded region. The signals at 40.48 and 40.31 apnrelated to the carbon C11 and C13
respectively show a deviation of theoretical vadtid8.27 and 46.73 in gas phase and 43.32
and 41.91ppm in solvent (DMSO) phase. The highestrenegative property present in the
nitrogen (N) atom gives the electron contributionuamd the bond to polarise through the

neighbouring carbon atom; the electron density fwasd decreased at the association for the



SMF molecule. Therefore, the results seem to hdightly higher value for the SMF
molecule under study at 50.90 ppm (C8) as prediwitdthe theoretical value at 52.81 in the
gas phase and 48.99 in solvent (DMSO) phase. Th&ONsolvent) peak was observed at
40.24 - 39.48 ppm as shown in Fig.3 (b).

4.7. Mass spectrum of SMF

Mass Spectrum of SMF analysis was done with the SRNethod. In general, the
calculated mass was appeared at m/z 198.22 (higlloprinant) and 199.1083(less
predominant). Similarly, in the experiment intenegy matching with less predominant, the
base peak, amm/z 199.11, it is related to the most stability of thlecular ion peak
[CoH14N205"] of our compound. It shows a peak at m/z 200.1responding to [M+H]
‘peak and as represented by protonated of moleadaron account of the fragment of
CoH1sN,03". The™*C, N, and**S mainly contribute to the M+1 peak, of which tfi@ is the
most significant. If the M is range up to 100%, ¢ethe M+1 intensity/1.1% which gives an
approximation for the quantity of carbon atom prese the molecule. The peak observed at
m/z 209.09, due to the fragment[GN,O,], indicates an isotope peak of carbon atoms. The
peak appears at m/z 221.08, is related to the milaledon with sodium metal ion
[CoH14NoNaQs]*. The two peaks observed at m/z170.10 and 181.1de haalues
corresponding due to the fragment aH&N,O, and GH1gN,O,. The disintegration pattern
proposes as a molecular mass of SMF as 199.11 imodien rule is also related by this
corresponding value. The mass spectrum of SMF ratdes shown in Fig. 4(a).

4.8. TGA and DSC studies of SMF

The simultaneous TGA and DSC metivad used to find the thermal stability and
decomposition behaviour of the SMF molecule. TheATaad DSC study found the heating
at the rate of 10 °C/min from surrounding tempamto 600°C/min in nitrogen atmosphere
as shown in Fig.4 (b) [49]. From the TGA curvesitlear that until the melting point (102°C)
is reached, there is absence of weight loss, shecenaterial is represented as the unreality of
crystallization solvent or contamination and thestndefinite thermal stability of SMF up to
beginning of melting point. The flat response of A @ot after its melting point indicates the
thermal decomposition of SMF with the formationre&ction products [50]. It takes place in
two stages, the first mass loss occurs at 270.63@ °C and suffers 88.41% mass fraction
loss, due to the liberation of volatile substanlkies morpholine ring. The next mass loss
takes place at 320 to 600.3 °C on the descriptidheovolatile product like N-Succinimide

and residue left about 96.34% found towards the €hd final residual carbon mass at 600.3



°C represents the end of the composition reac808.40%. The second broad exothermic
peak appears at 275 °C and after this stage the lnas in TGA occurs gradually. The
gradual mass loss represents the liberation ofirsnude fragments [51]. The decomposition
temperature found as 270.6 °C in TGA graph, abtsvmelting point, represents the thermal
stability of the SMF molecule. The significant wieidoss below 270.6°C indicates the title
SMF molecule as devoid of physically adsorbed water water of crystallisation. The final
residual carbon mass at 600.3 °C indicates the&astof the composition reaction is 3.40%.
From the graph, it is obvious that the sharp exotieepeak with an onset, peak maximum
with offset appear at 100, 114.0 and120°C. Thehexotic peak related to the activity of the
sample melting point liberating the facilitatingetlprocess of melting. The second board
exothermic peak was shown at 270.6 °C. The maxirpaak value and height of the peak
will be indicated by sample weight and possiblydmgapsulation procedure, hence the poor
thermal conduct produces lower peak height witredes peak [52, 53]. It is determined by
the purity of the sample and to analyze the cubmained by a DSC plot with its shape. The
higher concentration of an impurity in a given s&rlpwer the melting point and broader the
range. In SMF molecule, the highest melting poimd #he sharpness of the DSC melting
peak reveal that SMF has higher crystallinity andtp.
4.9. UV-Visible spectral analysis

The recorded UV-Vis spectrum of SMF molecule isvean Fig. S1 (Supplementary
Information) and computed absorbance, oscillatoength and transition assignment are
shown in Table 4. This spectrum shows that absadbarexima for SMF molecule is at 287
nm due to possibility of na * transition which involve the transfer of eleatrérom non-
bonded atomic orbitals along with carbonyl O-atamthe first molecular excited state of
SMF. The frontier molecular orbital analysis comsglthe HOMO as comparatively having
large orbital co-efficient due to N-atom with oret sf the lone pair of electrons residing on
its sp’ hybridized orbitals. Consequently, the non-bondeaital of the O-atom having lone
pairs are equally responsible for the assorted omgies of electronic excitation in the
absorbance of SMF. Furthermore, the UV-Vis spectroinSMF is shown in Fig.S5
(supplementary information) has been simulated hy TD-DFT model. The calculated
observed spectrum gives a broader peak; whichightlsl deviated from the observed
experimental resultdn.x value of SMF. The computed UV-Visible absorbanceximam
appeared at 275 nm. The discrepancy with the exeatal and computed values might be

due to the short sightedness of the chosen DFT Inaodieexpected tolerance limit of 12 nm.



The experimental results mainly depend on factach @s solvent, concentration, solvation
effect and molecular interactions.

4.10. Frontier molecular orbital analysis

The HOMO-LUMO energy gap plays an important roledetermining the chemical
reactivity, chemical reactions and strength of mh@ecule, UV-Vis spectra, electrical and
optical properties. The HOMO-LUMO band gap was gsed through conjugated molecule,
which provides an important role of specific moveitnef electron take place through the end
capping nucleophilic groups like electron-donornatto the effective electrophilic groups
like electron-acceptor atoms with pi-conjugateddipe. The strong electronic interaction
through pi-conjugated path results in considergoteind state donor-acceptor assimilation
the appearance of an electron transfer band ireldwronic spectrum. Therefore, electron
transport properties localized over the morphoyjraup of the pi-conjugated molecule in the
electron-donor (HOMO) side of its electron withdmagv part (LUMO). The electrical
transport properties of molecules, for investiggatine most reactive position that take place
in pi-conjugated systems and also gives a numemaosber of reactions in the conjugated
system were explained by using an energy band gapeen HOMO and LUMO has been
done. In SMF molecule, there are 53 valence elestppesented in molecular orbitals, which
is the highest occupied molecular orbital (HOMO)ihg unsymmetrical properties (A)
among the energy of about -5.56 and also for lowastcupied molecular orbital (LUMO)
having energy with -0.30 eV. It consists of 280 ewnllar orbitals and the atomic orbitals,
mostly distributions towards the HOMO and LUMO, davisualized from Fig. 6(a) and the
obtained data are summarized in Table 5. Evidetitly, HOMO and the LUMO of SMF
molecule are primarily having a linear mixer of rato orbitals of nitrogen on morpholine
ring and the two adjacent carbonyl atoms at posstid and 5 of succinimide ring. The band
gap or excitation energy between the frontier mabacorbitals is determined a& (LUMO-
HOMO) and found to be -5.26 eV. The electronic $raon of theh,.x computed wavelength
by B3LYP/6-31G (d, p) method has been contributeéi-e>L (99%) followed by H-1-L
(95%) and H-L+1 (98%) for the solvent (DMSO) phase. The Gauss S.0 software [32]
is used to predict the group contribution of thdeuolar orbit (DOS) for the SMF molecule
in the gas and solvent phase as shown in Fig.6T(e@.PDOS spectrum represents bonding
and anti-bonding interaction, due to positive oserlpopulation and negative overlap
population analysis [54] are shown in Fig.6 (b).eTROMO orbital is found on the
morpholine ring, methylene group of succinimidegri€H, and C=0 bond are represented as



(84%+9%+25%+3%+1%) and the LUMO corresponds to ghecinimide ring, C=0 and
methylene group of succinimide ring with the ctnttion of (60%+30%+6%).

4.11 Reduced Density Gradient (RDG) analysis

The real space weak interaction, based on eleatl@msity and derivatives is
approached by RDG analysis and it is developedhysbn et al. [55]. It is a dimensionless
guantity and the first gradient found in the litera.

1 |8%(0)

RDG=(r) = . S Y 3)
2(3m*y p)

The weak interaction is identified by analyzimglow electron density values. The plot of
RDG vsp provides the presence of interaction strength.2blsegn is used to differentiate the
bond §,<0) interactions from non-bonding.(> 0) interaction. The Multiwfn and VMD
software [56, 57] are used to plot the RDG surfaceghe SMF molecule. The RDG = 0.1 in
the molecular denote the molecule having repulskiewn in the Fig.7 and attractive
interaction. The value near to zero on both sige®te the equal possibility of attraction and
repulsion in the molecular system. The gradiensusace are mention in colour by the
values of {2) p, which represent the interaction strength in th@ecular system seen from
colour ranging from blue to red (stronger attractio repulsion). As we look refer Fig.7, the
red colour represents the ring system which isaesiple for steric effect, the green colour
represents the van der Walls (VDW) interaction \whienote that the electron in the region
are low.

4.12. Thermodynamic simulation properties of SMF

According to the principles of statistical thermadwyics and the standard
thermodynamic function such as heat capacitiepastant volume (¢), entropies (S), and
enthalpy changes (E) for the SMF molecule were agethfrom the theoretical harmonic
frequencies predicted from B3LYP/6-31G (d, p) bast in the temperature range of 100 -
1000 K are given in the Table S5 (Supplementargrinktion). It can be evaluated that the
all values in thermodynamic functions are foundéasing with the temperature which varies
from 100 to 1000 K due to the increase in molecularations intensities with increase in
temperature. From the computed data, the quadiititigy equations have been derived along
with their factors (R). By using these equations (4, 5, 6), we can ptebe attributes at any
point of temperature without further computatiopedcedures. It is inferred from the results



that the thermodynamic parameters linearly depend tlee temperature value. The
correlations between the thermodynamic propertiestamperatures T values are shown in

Fig.S6 (Supplementary Information). The correlagguations are as follows:

E=-0.025+0.187TH10°T?(R?=0.998) ---mmmmmmmmmmmmmmmmmmmemmeemoccmomeeee (4)
Cy=146.8+0.016T+610°T? (R°=0.999) ---mmmmmmmmmmmmmmmmeeeeeeeeee (5)
S =61.41+0.193:10°T? (R?=1)  seeeeeee e (6)

They can be used to predict the thermodynamic gnkngction based on the theory of
relationship with thermodynamic variables and useevaluate the directions of chemical
behaviour following the thermodynamics second lawhe thermochemical field [58].

4.13. Molecular Electrostatic Potential (MEP)

Molecular electrostatpotential (MEP) designed with the space about the
molecule due to species distribution, is very usefuinterpreting and predicting reactive
charges of electrophilic and nucleophilic reactitor the investigation of biological
identification and intermolecular hydrogen bondingeraction. The electrostatic potential
provides information to analyze the processes daugrto the identification in the region of
the molecule, as in drug-receptor and enzyme-satestnteractions, since this is through
possibilities that the both species primary distisg from each other. The MEP plot display
the most probable reactive path of the respectddaunle for an interaction with electrophilic
and nucleophilic charges, MEP of SMF molecule at@T/B3LYP method with 6-31G (d,
p) basic set optimized geometry was calculated abieg region generally represented as red
colour which is due to the presence of electrophiiactivity of the represented molecule,
whereas the blue colour indicates nucleophilic treéies which are related to the presence
of positive electrostatic potential of respectedanoles as shown in Fig.S7 (supplementary
information). The electronegative atoms having Iga& are usually associated with the
negative electrostatic potential region. From theRvplot of the SMF molecule, the negative
region of the electrostatic potential is in C=0 gye of succinimide ring and the oxygen
atom of morpholine ring which are electrophilic.eTmaximum electrostatic potential arises
due to the positive region as well in the regioe ¢lu the presence of the nitrogen atom and
hydrogen atoms which are nucleophlic. The resulM&P provides that clear evidence for
the biological activity of the SMF molecule

4.14. Molecular docking studies



Molecular docking study is one of the recentual simulation techniques used to find
the binding site of protein-ligand site. The PAS®e(iction of Activity Spectra) [59] online
tool is used for prediction of protein for ligandteraction. In our study, the PASS online
result is shown in Table S6 (Supplementary Inforomt For molecular docking, the high
resolution fine crystal structure of tumour suppogsn lung cancer 1 (PDB ID: 2HE7) [60]
is used. We utilized Auto Dock 4 software packdgdially the protein was kept ready with
the help of Auto Dock tools graphical [61] userenfidice. The polar hydrogen atoms were
added to the protein, atomic charges were calallbte kollman method and lamarckian
genetic algorithm (LGA) was utilized for moleculdwcking calculation implemented in Auto
dock 4.0 software package [62]. The ligand PDB mulke was created by using the
optimized molecular geometry. The active site ®ehergies was defined to add the residues
of active site with the use of grid size/880Ax80A using Autogrid [63, 64].  With  the
help of Auto Dock software [62] the binding ener@dcal/mol), inhibition constants (uUM),
intermolecular energy (Kcal/mol) were computed able S7 (Supplementary Information),
The best result i.e lowest binding result is shamv@HE7 protein exhibit the lowest binding
energy (-4.14 Kcal/mol) with inhibition constantiwa of 927.56 (uM) as shown in Table S8
(Supplementary Information). In Fig.8, the yellaeotted line implies the formation of
hydrogen bonds of ligand with target proteins, logén bond involved in the protein - ligand
is illustrated using pymol software [65]. The arsgyshows the point that lung cancer amino
acid of LYS187, ASP149, LYS148, LEU153 form H-bowdh C=0 and O of title ligand
with hydrogen bond length of 2.0, 2.9, 3.4 and &.4hows the existence of the ligand-
protein interaction as shown in Table S8(Suppleargninformation). The obtained finding
from the PASS online and our computed result mdéecnight have potential inhibitor
against the lung cancer protein.

5. Conclusion

The derivative of novel mannich base SMF mdkeauas synthesized and it has been
characterized using vibrational, NMR, UV- Vis, mamsd TG/DSc techniques. The DFT
computations were used to predict the structurahgetry and vibrational frequencies. The
FT-IR recorded spectrum was investigated with fildeo& Density Functional obtained from
both experimental and theoretical studies confighire presence of CO, C-O-C, and N-€H
N functional group. In the UV, thenaxVvalues of the SMF molecule were nearly similar in
the liquid and gas phases, indicating the implicatiof optical activity of the molecule in the

solvent as negligible. The DFT calculation withtreg basis set predicted the Raman shifts as



especially a good deal compared to the experimeatal The HOMO was restricted over the
morpholine ring except the succiniminide ring, wdas the LUMO was presented over the
succinimide ring which resulted in the electronngf@r process in molecular orbital. The
MEP plot of the SMF molecule and negative regiois weinly around over the C=0 groups
of succinimide ring and the oxygen atom of morpm®lring which were represented as
electrophilic. The highest positive region was preed on the Nitrogen atom and hydrogen
atoms which indicated as nucleophlic. The molecdt@king study concludes with the fact
that the SMF molecular has might inhibitor activétgainst protein, which indicates against
the lung cancer as evident from the binding enefgd.14 Kcal/mol. This result identifies

the inhibitory activity against lung cancer disease
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Table 1

Geometrical parameters [bond length (A), bond angl¢° ) and dihedral angle ()] of the SMF molecule.

Bond B3LYP/61 XRD? Bond angle  B3LYP/613  XRD? Dihedral angle B3LYP/61 XRD?
length 3-G (d, p) -G (d, p) 3-G (d, p)
02-C1-C3 127.4 127.3 02-C1-C3-C4 -178.3 176.2
C1-02 1.215 1.201 02-C1-N7 124.7 124.3 C2-C1-C3-H15 59.8
C1-C3 1.527 1.498 C3-C1-N7 107.8 108.4 C2-C1-C3-H16 -56.3
C1-N7 1.392 1.387 C1-C3-C4 105.2 105.1 N7-C1-C3-C4 2 -4.5
C3-C4 1.537 1.510 C1-C3-H15 108.7 111.0 N7-C1-C5-H1l -119.9
C3-H15 1.094 0.970 C1-C3-H16 108.7 111.0 N7-C1-Q%H 124.0
C3H-16 1.093 0.970 C4-C3-H15 1135 111.0 02-C1-G3-C 178.0 -176.9
C4-C5 1.527 1.494 C4-C3-H16 113.7 111.0 02-C1-N7-C8 2.4 -9.5
C4-H17 1.094 0.970 H15-C3-H16 107 109.0 C3-C1-N7-C5 -2.3 3.7
C4-H18 1.094 0.970 C3-C4-C5 105.1 105.2 C3-C1-N7-C8 -177.9 171.1
C5-06 1.214 1.211 C3-C4-H17 113.7 111.0 C1-C3-C4-Ch -1.1 3.6
C5-N7 1.393 1.375 C3-C4-H18 1134 111.0 C1-C3-CZ-H1 -120.1
N7-C8 1.473 1.482 C5-C4-H17 108.9 111.0 C1-C3-C&H1 117.4
C8-N12 1.444 1.430 C5-C4-H18 108.5 109.0 H15-C3a34- 117.6
C8-H19 1.094 0.970 H17-C4-H18 107 126.6 H15-C3-Q4-H -14
C8-H20 1.092 0.970 C4-C5-06 127.6 109 H15-C3-C4-H18 -123.9
09-C10 1.425 1.423 C4-C5-N7 107.8 124.4 H16-C3-6G4-C -119.8
09-C14 1.425 1.409 06-C5-N7 124.6 112.2 H16-C3-G4-H 121.2
Cl0-C11 1.531 1.497 C1-N7-C5 114 122.9 H16-C3-C&-H1 -14
C10- H21 1.095 0.970 C1-N7-C8 123.2 123.6 C3-C4085- -179.8 178.6
C10-H22 1.105 0.970 C5-N7-C8 122.6 116.7 C3-C4-@5-N -0.2 -1.6
C11-N12 1.467 1.449 N7-C8-N12 112.3 108.0 H17-C4aE5 -57.6
C11-H23 1.098 0.970 N7-C8-H19 105.6 108.0 H17-C4NJ5 122.0
Cl1-H24 1.094 0.970 N7- C8-H20 105.6 108.0 H18-&4ab 58.5
N12-C13 1.468 1.454 N12-C8-H19 112.6 108.0 H18-G4ANT -121.9
C13-C14 1.531 1.495 N12-C8-H20 111.3 107.0 C4-CEeN7 1.5 -1.31
C13-H25 1.098 0.970 H19-C8-H20 109.1 110.21 C4-C=8 177.2 -168.6
C13-H26 1.094 0.970 C10-09-C14 111.7 111.5 06-C57 -178.8 178.5
C14-H27 1.105 0.970 09-C10-C11 110.8 111.2 06-C5=87 -3.2 11.2
C14-H28 1.095 0.970 09-C10-H21 106.4 109.0 C1-N/MN22 88.5 101.5
09-C10-H22 110 109.0 C1-N7-C8-H19 -34.6
C11-C10-H21 111.3 110.0 C1-N7-C8-H20 -150.1
C11-C10-H22 110.1 110.0 C5-N7-C8-N12 -86.8 -92.6
H21-C10-H22 108.1 108.0 C5-N7-C8-H19 150.2
C10-C11-N12 111.9 109.8 C5-N7-C8-H20 34.7
C10-C11-H23 108.5 109.0 N7-C8-N12-C11 118.7 262.
C10-C11-H24 111.5 109.0 N7-C8-N12-C13 -106.9 068.
N12-C11-H23 108.0 110.0 H19-C8-N12-C11 -122.3
N12-C11-H24 109.2 110.0 H19-C8-N12-C13 12.1
H23-C11-H24 107.6 108.0 H20-C8-N12-C11 0.5
C8-N12-C11 116.6 114.7 H20-C8-N12-C13 135
C8-N12-C13 116.1 115.2 C14-09-C10-C11 -58.5 58.5
C11-N12-C13 1114 110.7 C14-09-C10-H21 -179.7
N12-C13-C14 111.7 109.5 C14-09-C10-H22 63.5
N12-C13-H25 108.2 110.0 C10-09-C14-C13 58.6 958.
N12-C13-H26 109.1 110.0 C10-09-C14-H27 -63.5
C14-C13-H25 108.6 110.0 C10-09-C14-H28 179.8
C14-C13-H26 111.3 110.0 09-C10-C11-N12 54.6 257.
H25-C13-H26 107.8 108.0 09-C10-C11-H23 -64.5
09-C14-C13 110.9 111.5 09-C10-C11-H24 177.2
09-C14-H27 109.9 109.0 H21-C10-C11-N12 172.8
09-C14-H28 106.4 109.0 H21-C10-C11-H23 53.7
C13-C14-H27 110.2 109.0 H21-C10-C11-H24 -64.6
C13-C14-H28 111.3 109.0 H22-C10-C11-12 -67.3
H27-C14-H28 108.0 108.0 H22-C10-C11-H23 173.6
H22-C10-C1H24 55.3



C10-C11-N12-C8
C10-C11-N12-C13
H23-C11-N12-C8
H23-C11-N12-C13
H24-C11-N12-C8
H24-C11-N12-C13
C8-N12-C13-C14
C8-N12-C13-H25
C8-N12-C13-H26
C11-N12-C13-C14
C11-N12-C13-H26
N12-C13-C14-09
N12-C13-C14-H27
N12-C13-C14-H28
H25-C13-C14-09
H25-C13-C14-H27
H25-C13-C14-H28
H26-C13-C14-09
H26-C13-C14-H27
H26-C13-C14-H28

85.3
-51.2
-155.3
68.3
-38.6
-175.1
-85.6
154.9
37.9
51.1
174.6
-54.7
67.3
-172.9
64.5
-173.5
-53.7
-176.9
-54.9
64.8

-171.5
56.2

171.7

57.7

®Table from Ref[21 -23]



Table 2. Vibrational wavenumbers obtained for SMF aB3LYP /6-31G(d, p) method [harmonic frequency (cr), IR in:(Kmmol ™),
Raman Intensity (Arb Units)].

W Theorgtical .
- avenumber (cm
wode  Srpermetal o TED (210%
nos. Assignments
FTIR  FT-Raman o=/ IRy Ramp

1 3452 br vCH(99)
2 3031 6.06 49.86 VvCH(98)
3 3030 4.29 13.13 vCH(99)
4 3018 0.04 26.4 VvCH(97)
5 3014s 3011 11.1 26.22 vCH(96)
6 3004 13.88 22.2 VvCH(95)
7 2992 45.47 99.71 vCH(95)
8 2990 55.1 68.95 VvCH(99)
9 2986ms 2986ms 2988 2.71 110.46/CH(99)
10 2982 12.9 25.08 vCH(98)
11 2961ms 2958vs 2970 11.5 29.03 vCH(93)
12 2938vw 2944vs 2940 62.89 60.66 vCH(84)
13 2939w 2935 13.4 10.15 vCH(96)
14 2880ms 2870 81.13 77.08 vCH(94)
15 2867s 2861s 2862 26.3 8.22

16 2810ms 2833w

17 2747vw 2763w

18 2697vw  2706vw

19 2651vw

20

21 2546vw

22

23 2269vw

24 2168vw

25 2080vw

26 1966w

27 1765s 1769vs 1800 30.51 34.32 vOC(86)

28 1737vs 1740 583.44 0.15 vOC(87)



29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71

1714vs

1441vw
1428vw

1393s
1387ms
1362vw

1349vs

1324vs

1274vs
1245s

1228w

1203s

1148vs
1133s
1121s

1110vs
1072s
1059s
1039s

1014vw
1000w
985ms
934w
883s
855vw

821ms
781vw

732w
632vs

1434s

1391w

1321ms
1308s

1224vw
1210vw
1196w
1140s

1070w
1028s
1014s
999s
984s

884s
854s

826
783ms

739vs
661vs

1463
1458
1449
1443
1442
1424
1422
1396
1381
1369
1359
1345
1338
1320
1319
1280
1274
1271
1235
1228
1205
1194
1139
1133
1124
1103
1066
1061
1033
1013
1011
993
979
961
893
853
829
824
809
780
719
651

5.13
3.81
0.09
5.07
5.9
30.72
0.3
55.92
1.48
5.87
1.86
42.96
6.49
34.67
306.42
6.63
28.31
89.56
33.64
1.33
0.43
37.68
61.66
48.58
191
66.76
72.85
31.26
17.78
2.08
37.32
0.04
3.42
46.11
7.58
20.15
14.74
0.19
18.58
6.88
14.06
36.27

35.62
10.32
31.56
44.55
49.28
20.3
52.58
7.22
19.81
8.62
11.23
4.9
39.49

BHCH(62)

BHCH(61)

BHCH(89)

BHCH(87)

BHCH(73)

BHCH(58)

BHCH(90)

tHCNC(49) + BCNC(10)
tHCOC(38) +yCHCH(28)
tHCNC(54)
BHCN(34)+tHCNC(13)
yHCCH(14) +BHCN(12)
BHCN(56)

13.11 tHCOC(17) +yCHCH(16) + THCNC(13)

9.32
50.88
0.58
7.16
11.97
4.65

tHCNC(26)+BCNC(10)
BHCO(71)

BHCC(23)+tHCCC(19)

tHCNC(15)
BHCC(36)+THCCC(19)4HCCN(16) + vCC(13)
BHCO(30)+tHCOC(11)

31.07 BHCC(30)+yCCCH(23)«HCCC(11)

28.25

BHCO(37)4HCN(26)

20.94 vNC(14) +tTHCNC(12) + yCCOH(10)

8.53
9.58
3.07
15.54
1.69
1.34
7.24

vNC(32)

BHCC(35)+HCCC(19)+tHCCN(12) +yCCCH(11)
vOC(75)

VCN(22)+yCCOH(10)

yCCOH(21) +vNC(10)

VCC(21)+BHCN(13)

vCC(36)CN(36)

4.16 BCCO(16) +"NC(11)+ BCCN(10)

0.14

yCCCH(56)+yOCNC(22)

33.89vCC(69)

44.3
10.58
1.09
40.93
11.54
29.36
72.22
98.54
11.2

vOC(33)wCC(37) + vNC(10)
tHCNC(11)

vCC(46)

vOC(53)+vCC(11)
yNC(21)+yCCOH(16)
yCCCH(31)+yOCNC(24)
VNC(58)+BNCN(11)

vCC(36) +BNCN(15) + vNC(13)
BCCC(74)



72 621w 608s 620 18.65 75.54 BCNC(27)+ vNC(23)+BNCN(10)

73 585vw 589s 583 2.15 1452 pCCO(18)+ PCNC(13)+CCOH(12) +BCCN(10)
74 557w 561s 557 9.57 12.87 yOCNC(42)+BCNC(10)+CCCH(10)
75 547vw 546w 548 0.1 11.79 yYOCNC(69) +yCCCH(11)

76 536vw 532w 540 0.19 28.98 PCCO(64) +vCC(27)

77 479w 474vw 470 0.07 25.99 PCCN(26) +BCNC(10)

78 467w 468 0.28 34.94 PCCN(31)

79 433 0.25 4.2 TNCCO(48) +BCCO(10)+tHCNC(10)
80 428w 413w 430 0.77 11.59 tHCNC(49) +BCNC(10)

81 386 28.53 18.49 BCCO(47)

82 318vw 315w 312 14.83 3.89 1COCC(31)

83 268vw 272w 271 3.51 6.93 1COCC(26)

84 219vw 216vw 254 1.41 2.84 BCNC(34)+NCCO(20)

85 170vw 171vw 174 3.34 49.07 BCNC(40)+iINCCO(27)

86 121vw 119vs 117 9.75 10.13 YNCCO(27)

87 96vw 99vw 100 4.09 56.91 tCCNC(43)+xCNCC(18) + BNCN(10)
88 76vs 84 0 6.48 1CCCC(86)

89 62vs 61 0.45 86.79

90 34 0.02 147.04 tCNCN(83)

91 20 0.02 31.16 tCNCN(78)

IR int- IR intensity; Ramy - Raman Intensity; Kmmol w-weak; vw- very weak; s-strong; vs-very strongmmeeium; br, sh- broad, shoulder,
v - stretchingpsym — Symmetric stretchinguasy asymmetric stretchingd: in plane bendingy- out-of —plane bendingr: torsion.



Table 3.

The experimental and theoretical *C and *H NMR chemical shift values of the SM F molecule

5cal (5exp) dcal (3exp)

Atom Gas DM SO Atom Gas DM SO

C1 159.32 163.26 179.13 H15 2.37 2.60 2.51(m,4H)

C3 23.69 20.54 28.64 H16 243 2.62 2.51(m,4H)

c4 23.69 20.55 28.64 H17 2.38 2.59 2.51(m,4H)

C5 159.01 163.04 179.13 H18 245 2.63 2.51(m,4H)

Cc8 52.81 48.99 50.90 H19 4,75 4.68 4.21(s,2H)

C10 59.80 54.56 66.51 H20 453 4.50 4.21(s,2H)

Cl1 48.27 43.32 40.48 H21 3.60 3.56 3.52(t, =4.75MHz,4H)

C13 46.73 41.91 40.31 H22 3.70 3.73 3.52(t, JF=4.75MHz,4H)

C14 58.84 53.71 59.69 H23 3.25 3.19 2.44(t, =4.5MHz,4H)
H24 3.12 2.96 2.44(t, F4.5MHz,4H)
H25 314 3.10 3.52(t, F=4.75MHz,4H)
H26 3.22 3.04 3.52(t, JF=4.75MHz,4H)
H27 3.82 3.84 2.44(t, F4.5MHz,4H)

H28 3.61 3.56 2.44(t, F4.5MHz,4H)




Table. 4. Experimental and Calculated absor ption wavelength, energies and oscillator strengths of SMF using the TD-DFT method at
B3LYP/6-31G(d, p) method.

Cl
Excitation Cl Wavelength  Oscillator Excitation expansion Wavelength Oscillator
expansion A Strength Coefficient Iy Strength (f) Expt. Assignment In Solvent
Coefficient (nm) (f) (nm) M ajor
Cal.Gas Cal. DMSO Contribution
Phase (> 10%)
Excitated Excitated
State 1 State 1
53-54 4.4933 276 0.0007 53-54 4.5068 275 0.0008 287 n-m*. H - L (99%)
Excitated Excitated
State 2 State 2
49, 55 5.1601 240 0.0011 5254 5.2385 237 0.0013 T ¥, H-1- L (95%)
5254
Excitated Excitated
State 3 State 3
5355 5.4958 226 0.0044 5355 5.5993 221 0.0053 T - ¥, H - L+1 (98%)

*H-HOMO; L-LUMO



Tables.
HOMO, LUMO, Kubo gap, global electronegativity, global hardness and softness, global electrophilicity index, and dipole moment

of the SMF molecule

Gasphase Solvent phase
Parameters (DM S0)
B3LYP/6-31G (d,p) B3LYP/6-31G (d,p)

HOMO -5.56 -5.59
LOMO -0.30 -0.31
AEHOMO - ELUMO gap -5.26 -5.28
lonization potential(l) 5.56 5.59
Electron affinity(A) 0.30 0.31
Chemical potential(p) -2.93 -2.95
Chemical hardness) 2.63 2.64
Electronegativityy) 2.93 2.95
Softnessf) 281.47 280.44
Electrophilicity index() 1.64 1.65
Dipole moment(Debye) 55.57 70.80

SCF Energy (Hartrees) 26131.62 26131.62
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Fig.4. (a) Mass spectrum and (b) TG/DSC spectrum of SMF molecule



Fig. 5.0ptimized geometry of SMF molecule
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Fig.6. (@) HOMO-LUMO, DOS and (b) PDOS diagram of SMF molecule
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Fig.7. The Reduced Density Gradient of SMF molecule (Top) and Coloured surface of
SMF molecule (Bottom)



Fig.8. Thebinding site of SMF molecule with 2HE7 protein.



SMF was characterized by using spectroscopic techniques.
The H atoms and C atoms chemical shifts were analysed by NMR investigation.
PDOS and RDG spectrum have been performed.

Molecular docking studies suggest the SMF molecule might act as alung cancer protein.



