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Abstract— Present investigation focuses on the analysis of the bioactivity contained in plant-derived natural bio molecule
namely Iso-vallesiachotamine using density functional theory. In this view its Infra-Red active vibrations, Raman scattering
activity, UV-visible absorption, 'H & ** C NMR chemical shifts, zero-point vibrational energy, enthalpy, molar heat capacity at
constant volume, entropy, dipole moment, polarizability, first order hyperpolarizability and chemical reactivity have been
evaluated at its optimized geometry using DFT-B3LYP/6-31+G (d, p) level of theory. The Eigen value of HOMO and LUMO
having energy gap =~ -0.148 eV along with its molecular electrostatic potential (MESP) surface has been evaluated at the same
level of theory. The strongest IR vibration, Raman activity, peak in UV-visible absorption band have been calculated to be
occurred at 1698 cm™, 3094 cm™, 282 nm respectively and (*H, ©* C) NMR chemical shifts calculated at the aforesaid
theoretical level; are consistent with their experimental counterparts which exhibit the compatibility of the adapted theoretical
approach to study this molecular system. The theoretical dipole moment and zero-point vibrational energy has been calculated
to be 5.87 Debye & 247.12 Kcal/Mol respectively. The bioactivity of the title molecule has been screened through molecular
docking approach and viewed at MESP surface which has been found to be correlated with the molecular orbital theory in
terms of low HOMO-LUMO energy gap. The findings of the present investigation enable us to draw the inference that the title
bio molecule is a multifunction natural drug agent against the diabetic mellitus and lung cancer.
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l. INTRODUCTION properties and chemical reactivity descriptors has been

carried out using density functional theory (DFT) with

Various plant products are being used to treat a variety of
disease from the ancient time medicine system such as
Ayurveda. This world is enriched with a large number of
medicinal plants and modern period may be the right time to
use the bio molecules derived from these plants as natural
resource using modern science and technology for
developing alternative medicines to control the diseases like
diabetes, cancer, osteoporosis etc because they will need no
cost and labour to synthesize. Iso-Vallesiachotamine is also a
naturally occurring compound isolated from the fruits of
Anthocephalus chinensis plant having molecular formula
C,1H2,N,03 possessing activity against the lung Cancer Cell
Line H1299 [1-2], however the physical principle of its
bioactivity is yet to be reported. The computational study on
the bio molecules has already been emerged as theoretical
method to predict its qualitative structure property
relationship and same is also required for this molecule
because no such study has ever been reported to the best of
our knowledge. The computational study on spectroscopic
characteristics like IR active vibrations & Raman activity,
electronic transitions in UV-Vis spectra, *H & *C NMR
chemical shifts, thermo chemistry, nonlinear optical
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B3LYP functional and 6-31+G (d, p) basis set. The
calculated spectroscopic characteristics have also been
compared with their experimental counterparts available in
reference 1 and 2 to validate the computationally optimized
structure of the title compound. Thermo chemical and
nonlinear optical analysis has been performed to predict the
related characteristics. Chemical reactivity analysis has been
carried out to investigate the physical principle applicable to
elucidate its bioactivity.

The present paper contains six sections namely I, I, 111, 1V,
V and VI which discuses introduction, related work,
computational methods, results, discussions and conclusion
& future scope respectively.

Il. RELATED WORK

Density functional theory approach has been adapted to
perform the quantum chemistry calculations related to the
aforesaid characteristics because of its popularity regarding
consistency with the experimental findings in the recent

118


http://www.isroset.org/

reports on the bio molecules [3-7].The drug activity of this
bioactive natural molecule has been theoretically explored by
using molecular docking which has been reported to be an
important theoretical approach for the evaluation of the
biological activity [8]. Since, the G Protein (1GCN) receptor
and (1X2J & 5C5S) protein receptor have been reported to be
a target for an anti diabetic agent [9] and anti lung cancer
agent [10] respectively along with G Protein-Coupled
receptors are the novel structures for anti diabetic drug [11]
hence the binding of the titled molecule as drug agent with
these protein receptors has been examined via the same
molecular docking reported to be useful in computer-aided
drug design due to the importance of shape-matching in
drug-macromolecule interactions, as well as the properties of
contact surface between the drug and the protein [12].
Docking of this molecule with the human insulin protein
receptor (3140) [13] and pancreatic cancer receptor (2NMO)
[14] has also been performed to ascertain its anti diabetic
mellitus activity. From the findings of the present
investigation, it is inferred that apart from its activity against
the lung Cancer Cell Line H1299; it possesses the biological
activity against the several types of lung cancer and diabetic
mellitus. The findings of the present study may be useful for
evolving the principle of the natural bioactivity of the title
molecule and developing it as multifunctional drug agent
against the diabetic mellitus and lung-cancer.

11l.  COMPUTATIONAL METHODS
Density Functional Theory Approach

The geometry optimization and frequency calculation were
performed at DFT-B3LYP/6-31+G (d, p) level of theory as
per reported method [15-16] to carry out the thermo chemical
and nonlinear optical analyses. The evaluation of IR and
Raman activity were carried out using normal mode analysis
of the calculated frequencies at the same theoretical level.
The UV-visible absorption spectrum and electronic
transitions involved in it were analyzed using the known
Time dependent-DFT (TD-DFT) method at the same

theoretical level in ethanol solvent. The *H and *C NMR
chemical shifts were calculated by using the well known
Gauge Independent Atomic Orbital (GIAO) approach at
same level of theory in Dimethyl Sulfoxide (DMSO) solvent.
The effect of solvent in TD-DFT and NMR chemical shift
were accounted by the reported polarizable continuum model
of Tomasi and coworkers [17]. Theoretical calculations of
highest occupied molecular orbital (HOMO), lowest
unoccupied molecular orbital (LUMO) and molecular
electrostatic potential (MESP) surface have been performed
using same DFT approach. Gaussian 09 program package
[18] has been utilized for implementing the aforesaid
theoretical methods.

Molecular docking

The 3D optimized structure of the title molecule obtained by
the aforesaid DFT method has been exploited for virtual
screening of its bioactivity through molecular docking
approach as per the available method using Auto dock 4.2
program packages [19, 20]. The final free energy of binding
of this molecule to the receptor has been evaluated as the
measure of its drug activity. The free energy of binding is an
important parameter in protein-ligand interaction study [21]
for predicting the bio molecule to be drug agent. The
obtained optimized geometry of the titled compound has
been taken as the input ligand to interact with the target
protein receptors retrieved from Protein Data Bank (PDB)
[22] in the Docking process; results in an interaction energy
value and picturizes the interaction energy surface [23].

IV. RESULTS
FT-IR and FT-Raman Analysis

The optimized geometry of the titled molecule
consisting of 48 atoms containing nonlinearity due
to asymmetric atomic charge distribution has been
displayed in Figure 1.

Figure 1 Optimized Geometry of Iso-Vallesiachotamine calculated at B3LYP/6-31+G(d,p)
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The normal mode analysis of the vibrational frequency
exhibits 138 active fundamental modes of vibration agreeing
with the reported formula of maximum (3N-6) numbers of
such modes of vibrations in a nonlinear molecule containing
N atoms [24]. There is no imaginary frequency in these
active modes indicating the existence of true minimum at
potential surface. The calculated vibrational frequencies
corresponding to these fundamental modes are assigned via
gauss-view program [25]. The calculated frequency of each
fundamental mode has been scaled with a factor of 0.9648
because the hybrid functional B3LYP in DFT approach tends
to overestimate the fundamental modes as reported by
Merrick et al [26]. The calculated and scaled frequencies of
IR active mode of vibrations and its Raman activity have
been depicted in Table 1. The theoretical IR and Raman
Spectra have been displayed in Figure 2 and Figure 3
respectively.

NMR analysis

The comparison of theoretical and experimental values of **C
NMR and 'H NMR chemical shifts provides a schematic
approach for the structural prediction of large bio molecules
[27] The difference between isotropic magnetic shielding
(IMS) of tetramethylsilane (TMS) and any proton (X) given
by dx = IMStys — IMS, predicts the chemical shift of that
proton. The calculated values of *H and *C chemical shifts
have been depicted in Table 2 and are in good agreement
with the reported experimental values. The *H chemical shift
for 28H largely differed with the experimental values, may
be because of other shielding effects arising due to the space
orientation at the optimized geometry.

The chemical structure including the computationally
assigned serial number of the atoms in the optimized
geometry of the title molecule used for NMR chemical shift
calculation has been displayed in  Figure 4.

UV-Visible absorption analysis

The UV-Visible spectra obtained using TD-DFT method in
ethanol solvent has been shown in Figure 5. We have
analyzed the excited states by specifying the excitation
energies, wavelengths and oscillator strengths listed in Table
3.The oscillator strength is the measurement of how strongly
the particular electronic transition is allowed in absorption.
The maximum absorption intensity occurs at 282.03 nm at
excitation energy 4.3961 eV corresponding to the orbital
transitions H-1—L+1, HOMO—L+2 with oscillator strength
0.211. This oscillator strength is largest amongst all and
hence these transitions would be the strongly allowed.

Thermo chemical analysis

By default, the program package used in the present study
carries out thermo chemical analysis at 298.15 K temperature
and 1 atmosphere of pressure wherein the parameters namely
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thermal energy correction (E), molar heat capacity at
constant volume (Cy) and entropy (S) for electronic,
translational, rotational and vibrational components have
been depicted in table 4. The electronic component of these
parameters is zero due to the lack of free electrons in this
molecule. The translational and rotational thermal energy
correction is negligibly small and thermal correction to the
energy is practically accounted by the vibrational component.
The molecular mass of the title compound has been
estimated to be 350.16304 amu and its zero-point vibrational
energy is 247.12374 Kcal/Mol. The total energy of this
molecular system is represented by Eiga = Eg + E vibrationa + E
rotational T+ E translational, where EO = E electronic T Z€r0 'pOint
energy. Zero-point energy correction to the electronic energy
accounts for the effect of vibrations persisting even at 0 K in
the molecule which has been estimated to be 247.12
Kcal/Mol. The final electronic energy has been predicted to
be Eq = -720570.04 Kcal/Mol. Since, the thermal correction
to Energy=  261.90 Kcal/Mol, to Enthalpy=  262.49
Kcal/Mol and to Gibbs free energy= 213.14 Kcal/Mol has
been predicted and hence the final electronic energy E,,
Enthalpy H = E + RT and Gibbs free energy G = H-TS are
subject to the thermal correction.

Finally, the sum of electronic and thermal Energies= -
720555.26 Kcal/Mol, sum of electronic and thermal
Enthalpies= -720554.67 Kcal/Mol and sum of electronic and
thermal Free Energies= -720604.02 Kcal/Mol has been
predicted by the said theoretical computation.

Nonlinear optical analysis

The total energy has been calculated at the single point of the
molecular potential surface at optimized geometry named as
the single point energy which is -1148.68 Hartee at
equilibrium. Total calculated dipole moment is 5.87 Debye
distributed along x, y and z as -4.1201, -2.3912 and -3.4326D
respectively, mean polarizability () = 0.293 X 10%esu and
the mean first order hyperpolarizability (B) = 11.495 X 10
esu indicating the axial and trans-axial distortion exist in the
title molecule which may produce nonlinear effects.

Chemical reactivity analysis

The calculated values of chemical reactivity descriptors are:
ionization potential = 0.21626 eV, electron affinity =0.06759
eV, chemical hardness = 0.074 eV, chemical potential = -
0.141 eV, electro negativity = 0.141 eV and electrophilictity
index = 0.134 eV. Pearson proposed the HOMO-LUMO
energy gap to be the measure of softness of molecule for
chemical reaction [28] which has been calculated to be -
0.1486 eV, reasonably small in title molecule. The ability of
electron transportation and excitation properties is
qualitatively predicted through HOMO and LUMO [29]
wherein HOMO primarily acts as an electron donor and
LUMO acts as an electron acceptor and tends to create
chemical reactivity through electronic transition [30]. The
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HOMO and LUMO plots of the title compound have been
shown in Figure 6.

MESP surface is very useful to understand the potential sites
for electrophilic (negative region) and nucleophilic (positive
region) reactions [31] which is well suited for recognition of
one molecule by another through this potential, as in the case
of drug- receptor interactions [32] shown in Figure 7.The
values of the electrostatic potential at the surface are
displayed by different colors in the order of red < orange <
yellow < green < blue. The color code of these maps is in the
range between -8.503 a.u. (deepest red) and 8.503 a.u.
(deepest blue) in the titled compound, where blue indicates
the most electropositive i.e. electron poor region and red
indicates the most electronegative region, i.e. electron rich
region. From the MESP figure it is evident that the most
electronegative region is located around oxygen atom
attached to carbon atom which effectively acts as electron
donor in molecule.

Bioactivity analysis

The binding of Vallesiachotamine molecules as a ligand with
1GCN, 2NMO, 3140, 1X2J and 5C5S protein receptors has
been observed to be mediated through the O-atoms of the
titled ligand molecule at all the residues sites. Intermolecular
and the free energy of binding of this ligand (titled
molecule)-protein  (receptors) interaction calculated by
molecular docking approach depicted in Table 5 have been
observed to be significantly negative in case of the entire
ligand-protein complex. The biological activity of this
molecule evaluated in this study explores its drug
application.

V. DISCUSSION

The normal mode analysis of IR active vibrations is specific
feature of theoretical computation and not possible through
experimental methods. The vibrations in the region 3093.95-
3006.33 cm™ occurring at the active modes of vibrations
137-129 as obvious from the table 1, are observed to be C-H
stretching which in agreement with earlier reported
characteristic region (3100-3000 cm™ [33] appeared due to
the aromatic ring. The vibrational modes 89-65 shows the
frequency range 1303.70-1020.06 cm™ which correspond to
C-H in plane bending frequencies appearing in line with the
reported range 1300-1000 cm™ [34]. The C—H out of plane
bending vibrations have been reported to be appearing in the
region 1000-750 cm™ [35] which are aligned with the
theoretical vibrations occurred at the active modes 64-48 in
the region 1004.63-751.27 cm™ Thus, the theoretically
evaluated regions for C—H vibrations are in good agreement
with their experimental counterpart. The C-C stretching
vibrations in titled compound are found in the region
1604.74-1426.55 cm™ corresponding to the vibrational mode
112-99. The low region frequencies of other vibrational
modes which are hardly observed in experiments have also
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been calculated through the said theoretical approach. The
theoretical IR spectra exhibit the maximum intensity at 1699
cm-' which is in good agreement with the earlier
experimental findings. The strongest Raman activity has
been observed at 3094 cm™ which is the characteristics of
this molecule. The calculated *H and *C chemical shifts in
NMR analysis are in good agreement with the experimental
values. The UV-Visible analysis predicts four electronic
transitions involved in producing UV-visible absorption band
out of which the maximum peak occurs at 282 nm leading to
an excellent agreement with its experimental vale 291 nm.
The prediction of the electronic transitions, oscillator
strengths and excitation energies corresponding to the
absorption band in UV spectrum, is an important advantage
of the present study.

Thermo chemical analysis predicts the statistical mechanical
descriptors to be used for describing the phase transition in
the chemical reaction of the title molecule which in turns
indicate the causes of its natural biological activity. The
chemical reactivity descriptors predict the title molecule to
be a soft molecule for chemical reaction in terms of a
reasonably small energy gap between HOMO-LUMO energy
level causing its bioactivity as per the earlier study of
Pearson quoted in reference no. 27. In this way the
phenomenon of its natural bioactivity is correlated with the
molecular orbital theory. Since MESP surface has electron
rich region located around O-atom is a good reactive site;
agree with the report quoted in references 4 and 5 and hence
the binding of Vallesiachotamine molecules as a ligand with
protein receptors has been observed to be mediated through
the O-atoms of the titled molecule at all the residues sites
which again confirms that its natural bioactivity is correlated
with the molecular orbital theory.

VI. CONCLUSION & FUTURE SCOPE

The calculated vibrational spectroscopic characteristics at
B3LYP/6-31+G (d,p) level are aligned well to other reported
results as obvious by the discussion section of this paper and
the strongest IR active & Raman activity occur at the wave
numbers 1698 & 3094 cmrespectively. The calculated
values of the NMR chemical shift in the title molecule at the
same theoretical level are also in good agreement with their
experimental counterparts. The electronic spectra of UV-
Visible spectrum predict the various possible intra molecular
charge transfer out of which the molecular transition HOMO-
1—L+1, HOMO—L+2 corresponds to the maximum peak at 282
nm which is in good agreement with its experimental value
291 nm. The thermo chemical analysis predicts the zero-
point vibrational energy in Iso-vallesiactomine to be 247.12
Kcal/Mol. The dipole moment has been calculated to be
5.8716 Debye which indicates the axial and trans-axial
distortion in the shape of the title molecule to produce
nonlinear effects. HOMO-LUMO energy gap in this
molecule is significantly low (= -0.1486 eV) which makes it
best fit for being chemically reactivity. The bioactivity of the
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title molecule is thus correlated with the molecular orbital
theory in terms of HOMO-LUMO energy gap as per the
findings of reference 28. A free binding energy value -5.26
kcal/mol, -5.94 kcal/mol, -6.37 kcal/mol, -7.43 kcal/mol and
-5.90 kcal/mol have been predicted with the help of
molecular docking with 1GCN,1X2J, 2NMO, 3140 and 5C5S
receptors respectively which reveals that the titled molecule
possesses multifunctional anti diabetic and anti-lung cancer
drug activity. The binding of this molecule in entire ligand-
protein complex screened for its bioactivity analysis has been
observed to be mediated through O-atom; this is because

electron rich region is located around O- atom as obvious
from the MESP surface containing reasonably low HOMO-
LUMO energy gap which again confirms that the physical
principle of its bioactivity is correlated with the molecular
orbital theory. Hence it is concluded that the molecular
orbital theory forms the basis of the physical principles of the
phenomenon of the natural bioactivity of the title molecule.
We propose the molecular dynamics simulation study to be
the future scope of the present study for exploring its drug
related applications .

Figure 1 Optimized Geometry of Iso-Vallesiachotamine calculated at B3LYP/6-31+G(d,p) level
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Figure 2 IR spectra of Iso-Vallesiachotamine obtained at B3LYP/6-31+G (d, p) level.
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Figure 3 Raman spectra of Iso-Vallesiachotamine obtained at B3LYP/6-31+G (d, p) level.
Table 1 IR active vibrations and Raman activity in Vallesiachotamine obtained by normal mode analysis at B3LYP/6-31+G(d,p) level
Active Calculate Scaled Intensity Vibration Description Raman D- U-
mode of d freg.(cm’ I.R Activity Dipolar Dipolar
vibrgtion freql.)(cm‘ D! (AYAMU)
1 22.00 2123 | 05283 | Ti(H38-H39) 2.2266 0.6943 0.8196
2 27.88 26.90 | 04432 | To (H46-HA47-H48-C44) 3.5561 0.6624 0.7969
3 35.90 3464 | 44479 | To (C44-HA5-HA4T) + Ti (042) 3.9496 0.7111 0.8312
4 54.28 5237 | 27428 | Ti(C37-H38-H39-H40) 1.2086 0.6562 0.7924
5 66.05 63.73 | 06153 | R[To (H33-H11) + Ti (H10-H1)] 4.7487 0.7458 0.8544
6 80.38 7755 | 45271 | To (H45-H47)+ Ti(035-H39) 1.8382 0.7209 0.8378
7 94.79 9145 | 12275 | To (H46-H47)+ Ti(H38) 2.8820 0.7387 0.8497
8 98.77 9529 | 23274 | To (H39-H8) + Ti(O36) 1.8294 0.6912 0.8174
9 116.47 11237 | 05408 | To (H39-H38-H40) 0.4253 0.6717 0.8036
10 128.31 12379 | 02505 | To (H45-H47)+ Ti(H46) 0.7299 0.1154 0.2069
11 133.04 12836 | 18539 | To (H45-H47)+ Ti(H46) 1.1455 0.6314 0.7741
12 138.32 13345 | 3.1797 | To (H39-H43) 0.9223 0.6226 0.7674
13 161.24 155.56 | 0.6173 | R[To (H30-H31)+ Ti (H43)] 1.3464 0.7148 0.8337
14 174.81 168.66 | 39593 | R[To (H33-H17)] 0.8583 0.5209 0.6850
15 192.49 185.71 | 64998 | To (H45-H46)+ Ti(H43) 1.0771 0.5980 0.7485
16 209.25 201.88 | 0.6883 | To (C44-H45-H46)] 0.7113 0.7470 0.8552
17 232.39 22421 | 05830 | R[To (H16-H29-H33)] 1.3441 0.1962 0.3280
18 247.05 23835 | 3.3127 | To (H47-H43)] + Ti(C26-H48) 1.5653 0.7457 0.8543
19 275.10 265.42 | 4.0347 | R[To (H30-H31)+ Ti(H1)] 1.3405 0.1917 0.3217
20 281.37 271.47 | 05025 | R[To (N18) + Ti(H33-H17)] 0.7017 0.0951 0.1738
21 285.12 275.08 | 51559 | R[To (H1) + Ti(H17-H33)] 2.4329 0.6551 0.7916
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22 310.68 29974 | 32999 | R[To (H16-H28-H29)] 18990 | 02037 | 03385
23 323.89 31249 | 55357 | R[To (H1) + Ti (H30-H31)] 27235 | 01143 | 0.2051
24 369.64 35663 | 63.1510 | R[To (H1) + Ti (H16)] 08535 | 07279 | 08425
25 379.15 365.80 | 34266 | R[To (H1-H17-H33) + Ti (H16-H29)] 16333 | 05345 | 0.6967
26 393.44 37959 | 41691 | R[To (H1-H30)] + Ti (H29-H39) 21504 | 02797 | 04371
27 410.14 30570 | 26210 | R[To (H30-H31)] 29030 | 0.7406 | 0.8509
28 426.20 41120 | 47370 | R[To (H16-H28) + Ti (H29)] 22182 | 03459 | 05140
29 439.21 42375 | 5367 | R[To (H10-H11)] 03769 | 04711 | 06404
30 476.56 45079 | 31814 | R[Ti(H31)] + To (H45-H46) + Ti (C26) 09792 | 07081 | 0.8201
31 483.97 46693 | 46652 | R[Ti(H31-H33-H17)] 25575 | 07386 | 0.8496
32 523.81 gaa24 | LU FAT-HIIN+ To (HA3-HAB) + T 26241 | 02723 | 0.4281
505.37 (C23)
33 528.81 51020 | 91804 | R[To (H1-H33-H17) + Ti (H10-H32)] 18137 | 06023 | 0.7518
34 549.96 53060 | 131697 | R[To (H27-H32) + Ti (H30-C19)] 47861 | 01632 | 02805
35 568.3 4830 | 47088 | R[To (H1-H32) + Ti(H31)] 7.007 0.1558 | 0.3134
36 583.44 s62.00 | 30759 | R[To (H1-H9) Ti (H8)] 0.1666 | 07194 | 0.8368
37 606.01 ssa6s | 47528 | Rlus (C2-C4) + Ti(H8-H)] 6.0820 | 0.7500 | 0.8571
38 611.72 59019 | 95006 | R[To (H17-H33)] 13544 | 04637 | 0.6336
39 623.66 0171 | 2868 | R[To (H27-H28) T (H29)] 20141 | 06853 | 08132
40 638.06 615.60 | 6.9825 | R[To (H33-H16)] + Ti (035-C34-H38)] 9.2882 | 00351 | 0.0678
41 676.72 65200 | 11795 | Ls(C12-C15) + To (H1-H10-H8) 104890 | 00282 | 0.0548
42 698.66 67007 | 53336 | R[To(C20-H27)] + Ti (H30-H31)] 116250 | 02489 | 0.3986
43 730.88 20515 | 46907 | R[To (H1-H33) + Ti (H16-H29)] 47788 | 07481 | 0.8559
44 745.49 71905 | 52.0738 | R[To (H8-H10-H16)] 16787 | 03595 | 05289
45 755.20 12862 | 441201 | R[Ti (H8-HO-H10-H11)] 22811 | 06931 | 08188
46 765.88 73892 | 33.7426 | R[To (H11) + Ti (H10)] + To (C34) 41081 | 01951 | 0.3265
47 770.00 74200 | 30.9253 | R[To (H30-H31)] + Ti (C6-H10) 04886 | 0.7330 | 0.8459
48 778.68 75127 | 18.9760 | To (H45-HAT) + T (C41-H43) 233578 | 0.0486 | 0.0926
49 832.10 g02.81 | 7.0458 | To (H11-H33) + Ti(H17) 81982 | 01214 | 02165
50 857.81 827.62 | 10677 | R[To (H8-H11) + Ti(H9-H10)] 20482 | 02720 | 04276
51 860.12 29.84 | 63718 | R[To (H1-H30) + Ti (H27-H31) 76188 | 00367 | 0.0709
52 872.37 4166 | 192519 | Ti(H47-H48) 23267 | 03331 | 04998
53 875.54 4472 | 97116 | To (H1-H30) + Ti (H31-H27) 59140 | 05831 | 0.7367
54 903.75 g7104 | 59941 | R[To (H16-H29-H33)] 906128 | 02524 | 04030
55 927.65 895.00 | 22614 | R[To (H30-H31-) + Ti (H17-H32)] 48239 | 04465 | 06174
56 938.28 90525 | 0.5466 | R[To (H8-H9) + Ti (H11-H10)] 09981 | 07280 | 08426
57 943,81 91059 | 386113 | R[To (H28)] 12574 | 05928 | 0.7444
58 953.05 919.50 | 51759 | R[uas (C14-C13) + To (H17-H29-H33)] 52453 | 05769 | 07317
59 970.58 936.42 | 49.0939 | R[To (H28-H30)] 41378 | 05713 | 0.7272

© 2019, IISRPAS All Rights Reserved 124




Int. J. Sci. Res. in Physics and Applied Sciences Vol.7(2), Apr 2019, E-ISSN: 2348-3423

60 978.25 943.82 | 0.0169 | R[To (H9-H11) + Ti(H8-H10)] 0.1790 0.7254 0.8408
61 1001.63 966.37 | 19.6815 | R[To (H31-H27)] + To (H45-H48) 3.0850 0.0166 0.0327
62 1026.32 99019 | 25355 | R[To (H32)] + Ti (H43) 5.9256 0.2113 0.3488
63 1035.40 998.95 | 10.0389 | us(C2-C3) + To (H11-H10-HY-H8) 309116 | 0.0734 0.1367
64 1041.28 100063 | 24542 | R[To (H32)] + Ti (H43) 2.7489 0.4047 0.5763
65 1057.28 102006 | 05684 | R[(H27-H31) + (H30-H32)] 8.1833 0.2081 0.3444
66 1064.98 1027.49 | 41771 | R[To (H16-H33) + Ti (H17)] 4.4425 0.2324 0.3771
67 1070.01 103235 | 0.9407 | T, (H48) + Ti(H45-H47) 2.8868 0.6823 0.8111
68 1084.28 104611 | 352071 | R[To (H17-H30) + Ti (H31-H32)] 6.4082 0.4110 0.5825
69 1107.79 1068.80 | 215318 | Uas (O36-C34) + To (H39-H30) 9.3133 0.7385 0.8496
70 1116.07 1076.78 | 286320 | R[uas (C20-C23)]+ To (H46-H43) 2.3258 0.7068 0.8282
71 1133.83 1093.92 | 27.0374 | R[To (H8-HY) + Ti (H10-H11)] 12.4954 | 0.2050 0.3403
72 1149.96 sza1e | (0 (N25-C13) + To (HE-HO) + T 3.9301 0.6834 0.8120
1109.48 (H10)]
73 1161.74 1120.85 | 25.8995 | R[To (H32-H9) + Ti (H10-H30)] 17.1412 | 0.2145 0.3532
74 1171.36 113043 | 09955 | To (H38-H40)] + Ti (H39) 1.5958 0.4450 0.6159
75 1179.57 1138.05 | 51372 | R[To (H10-H11) + Ti (H8-H9)] 2.2134 0.4683 0.6379
76 1197.65 115549 | 107.850 | R[To (H33-H31-H29) + Ti (H1-H27)] 5.7620 0.1361 0.2397
77 1200.79 1158.52 | 294054 | R[To (H33-H16-H29) + Ti (H17)] 3.2090 0.3927 0.5640
78 1212.44 1169.76 | 48003 | R[To (H33-H17)] + Ti (H39-H40) 12.3440 | 0.1865 0.3144
79 1215.16 117239 | 705086 | R[To (H1-H33) + Ti (H17-H31) 9.9170 0.1138 0.2043
80 1230.39 118708 | 279743 | R[To (H1-H17) + Ti (H29)] 1.4139 0.5310 0.6937
81 1242.87 1199.12 | 14.9532 | R[To (H1-H29-H32) + T (H17)] 5.0989 0.0854 0.1573
82 1263.19 1218.73 | 194672 | R[To (H11-H29-H33) + Ti (H10)] 3.9651 0.7382 0.8494
83 1280.85 123576 | 132.308 | R[To (H32) + Ti (H27)] 13.8305 | 0.7500 0.8571
84 1305.90 1259.93 | 375770 | R[To (H32-H27)] 205037 | 0.6136 0.7605
85 1308.67 126260 | 781400 | R[vas (C4-C3) + To (H32-H)] 624335 | 0.2548 0.4061
86 1325.16 127851 | 645940 | R[To (H27-H30-H32)] 3.8738 0.3887 0.5598
87 1329.80 128299 | 52.8939 | R[To (H27-H32-H33)] 50.5575 | 0.1379 0.2423
88 1332.63 1285.72 | 338370 | R[To (H29-H30) + Ti (H32-H27)] 161661 | 0.5073 0.6731
89 1351.26 130370 | 70.7473 | R[To (H30-H32) + Ti (H16)] 231116 | 0.6499 0.7878
90 1375.42 132701 | 157014 | R[To (H29-H16)] + Ti (H48)] 5.7769 0.7445 0.8535
o1 1377.50 1329.01 | 273619 | R[To (H16-H29)] + Ti (H48) 12,0485 | 0.3567 0.5258
92 1384.56 133582 | 91852 | R[To (H27--H28) + Ti (H31- H32)] 2.2014 0.5925 0.7441
93 1395.37 134625 | 92795 | R[To (H29-H31-H32)] 147477 | 0.1018 0.3218
94 1401.67 135233 | 293758 | R[To (H28-H29)] 142255 | 0.3741 0.5445
95 1405.31 1355.84 | 23586 | R[To (H9-H32-H31)] 16.8695 | 0.4149 0.5864
96 1412.72 136299 | 9.9369 | To (H45-H46-H47) 244594 | 0.3340 0.5007
97 1431.55 138116 | 855851 | R[To (H32-H16) + Ti (H29)] 3.9564 0.4061 0.5777
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98 1445.44 139456 | 155618 | To (H43-H48) 17.1238 | 0.5980 0.7484
99 1478.60 142655 | 06360 | To (H47)+Ti (H45-H46) 6.8780 0.4644 0.6343
100 1479.96 142787 | 165681 | R[us(N18-C12)++Ti (H9-H10)] To (H47) | 10.9240 | 0.7075 0.8287
101 1481.26 1429.12 | 229118 | To (H39-H40) 8.8853 0.7245 0.8402
102 1484.67 143241 | 141676 | To (HA7)+Ti (H45-H46) 323804 | 0.3035 0.4656
103 1488.74 143634 | 417626 | R[us (N18-C5-C6)+Ti (H10-H11)] 88.0078 | 0.5769 0.7317
104 1489.81 143737 | 35724 | To (H16)+Ti (H17-H33) 17.1827 | 0.4172 0.5888
105 1492.99 144044 | 16653 | To (H38-H39-H40) 4.4108 0.6956 0.8505
106 1493.39 144082 | 40036 | R[Ti (H30-H31)] 20.8363 | 0.6110 0.7585
107 1501.77 144891 | 17907 | R[To (H29-H16)] 293629 | 05766 0.7314
108 1515.99 146263 | 14.7265 | To (H38-H40) 165990 | 0.4950 0.6622
109 1527.25 1473.49 | 3.6025 | R[vas(C2-C7) + To (H8-H9-H1)] 45167 0.6530 0.7900
110 1605.04 154854 | 98845 | R[uas(C4-C5)+us{(C15-C12)+(C2-C3)}] 176.127 | 0.3699 0.5400
111 1627.16 1569.88 | 9.0099 | R[uas(C12-C15)+us{(C5-CB)+(C2-C3)}] 66.6009 | 0.1835 0.3102
112 1663.29 160474 | 235412 | R[us(C21-C22)+ (C4-C5)+(C2-C7)] 837078 | 0.2092 0.3460
113 1667.68 1608.98 | 148482 | R[uas(C4-C5)+us{(C12-C15)+(C2-C7)}] 489220 | 0.6000 0.7500
114 167553 238333 | Us(021-C22)+ 0s(C23-C26)(CA1- 140.250 | 0.0546 0.1035
1616.55 042)
115 1759.66 1697.72 | 320.463 | v,(C34-035) 809175 | 0.3068 0.4696
116 1771.78 1709.41 | 153.606 | us(C41-C42)+ vs(C23-C26) 404638 | 0.6617 0.7964
117 2911.20 180873 | 124.609 | 0s(C41-H43) 89.6496 | 0.2804 0.4379
118 2990.09 ,884.84 | 31257 | R[us(C24-H32)] 216.878 | 0.1686 0.2886
119 3013.34 290727 | 321590 | R[us(H17-C14-H33)] 142.308 | 0.0943 0.1723
120 3031.26 92456 | 14.0658 | Ls(H48-C45-H4T) 297.602 | 0.1043 0.1888
121 3041.58 503452 | 474307 | R[us(H38-C37-H40-H39)] 168.660 | 0.0616 0.1161
122 3047.92 294063 | 84050 | R[us{(H17-C14)+(H29-C13)}] 760410 | 05919 0.7436
123 3055.12 594758 | 27.8229 | R[us (H30-C19-H31)] 137.625 | 0.0634 0.1193
124 3060.36 295264 | 744990 | R[us[(H17-C14)+(H29-C13)] 258.052 | 0.1479 0.2577
125 3066.27 595834 | 3.8779 | R[us (H27-C20)] 447861 | 0.2590 0.4114
126 3078.63 297026 | 7.9223 | us(H45-C44-H47) 115720 | 0.7350 0.8473
127 3094.67 298574 | 29.8538 | R[us(H30-C19-H31)] 47.623 0.7425 0.8522
128 3106.09 599676 | 27.6888 | R[us (H16-C13-H29)] 98.2025 | 0.6604 0.7955
129 3116.01 3006.33 | 26.1684 | Ls(H38-C37)+ vas (H38-C37-H40) 109.495 | 0.5052 0.6712
130 3139.56 3029.05 | 125363 | Ls[(H46-C44)+ (C26-H48)] 957852 | 0.4674 0.6371
131 3141.84 303125 | 205522 | ug[(H39-C37-H40)] 67.2307 | 05937 0.7450
132 3159.99 3048.76 | 11.1050 | Ls[(H46-C4d)+ (C26-H48)] 539163 | 0.1821 0.3081
133 3178.87 22303 | NLA(HT0-CAPHO-CI)H(HB-C2)+(HT1- 216468 | 0.6656 0.7992
3066.97 C7}]
134 3184.35 307206 | 22297 | R[us{(H10-C4)+(H11-C7})] 127.356 | 0.6572 0.7931
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135 3195.14 3082.67 | 25.6190 | R[us{(H10-C4)+H9-C3)+(H11-C7}] 82.1318 0.7477 0.8556
136 3197.46 3084.91 | 58841 | R[us(C22-H28)] 60.3647 0.3335 0.5002
R[Us{(H10-C4)+H9-C3)+(H8-C2)+(H11-
137 3206.83 22.3885 339.910 0.144 0.2517
3093.95 C7}

138 3680.46 3550.91 | 50.9529 | R[us(N18-H1)] 79.494 0.1469 0.2562
Abbreviations:- v, :asymmetric stretching, vs: symmetric stretching, T,: out of plane torrision, T;: in the plane torrision, R:
carbon ring.

Note: The vibrations whose potential energy distributions are less than 20% have been neglected for the sake of simplicity.
P
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Figure 4 Chemical structure view of the optimized structure of Iso-Vallesiachotamine in NMR analysis

Table 2 Comparison of theoretical and experimental (*H NMR, **C ) chemical shift (Sppm) in Vallesiachotamine

Position of Acal dexp* Degeneracy & Position dcal dexp* Degeneracy &
Atom (ppm) (ppm) assignments of Atom (ppm) (ppm) assignments

2C 112.44 120.1 1(Aromatic Ring) 24C 50.43 49.2 1(Out of Ring)
3C 108.43 1225 1(Aromatic Ring) 26C 141.39 147.8 1(Methene Group)
4C 102.68 112.2 1(Aromatic Ring) 27H 3.32 4.29 1
5C 135.31 138.8 1(Pyrrole Ring) 28H 19.09 7.33 1
6C 114.57 127.8 1(Pyrrole Ring) 29H 3.59 374 1
7C 104.88 118.8 1(Aromatic Ring) 30H 1.84 1.26 1
8H 7.61 6.99 1 31H 2.50 1.26 1
9H 7.56 7.06 1 32H 4.58 4.29 1
10H 7.70 7.28 1 33H 2.74 NA 1
11H 7.82 7.40 1 34C 166.58 170.3 1(Acid Group)
12C 147.79 138.1 1 37C 60.64 51.3 1(Acid Group)
13C 40.69 52.2 1(Aromatic Ring) 38H 14.12 NA 1(Acid Group)
14C 21.09 23.0 1(Aromatic Ring) 39H 3.64 3.61 1(Acid Group)
15C 111.62 108.3 1(Pyrrole Ring) 40H 3.42 NA 1(Acid Group)
16H 3.21 3.74 1 41C 187.51 192.0 1(-CHO Group)
17H 2.31 2.81 1 43H 10.29 10.26 1(-CHO Group)
19C 17.04 30.6 1(Aromatic Ring) 44C NA 13.3 1(-C,H, Group)
20C 25.44 49.1 1(Aromatic Ring) 45H 1.09 2.18 1(-C,H, Group)
21C 96.01 945 1(Aromatic Ring) 46H 1.47 2.18 1(-C,H,4 Group)
22C 139.49 149.6 1(Aromatic Ring) 47H 1.52 2.18 1(-C,H, Group)
23C 134.71 144.5 1(Aromatic Ring) 48H 8.29 6.55 1(-C,H, Group)

*Source: Reference [1, 2]
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Figure 5 UV-Visible spectra of Iso-Vallesiachotamine obtained at B3LYP/6-31+G (d, p) level

Table 3.TDDFT analysis of UV-visible spectrum of Iso-Vallesiachotamine obtained at B3LYP/6-31+G(d,p) level.

S No. Excitation Wavelength(nm) Oscillator Strength Orbital transition
Energy(eV)
1 3.8349 3233 0.0134 H-4—LUMO
2 3.9514 313.77 0.0003 H-2—LUMO
3 4.1201 300.92 0.0189 HOMO—L+1
4 4.3961 282.03 0.211 H-1-L+1,HOMO—L+2

Table 4: Thermo chemical parameters of Iso-Vallesiachotamine obtained at B3LYP/6-31+G (d, p) level

S.No Components E (Thermal) Cyv S
KCal/Mol Cal/Mol- Kelvin Cal/Mol- Kelvin
1 Electronic 0.000 0.000 0.000
2 Translational 0.889 2.981 43.454
3 Rotational 0.889 2.981 35.394
4 Vibrational 260.129 84.531 86.677
5 Total 261.906 90.493 165.525

HOMO (-0.21626 eV)

LUMO (-0.06759 eV) (Energy difference = - 0.1486 eV)

Figure 6 HOMO-LUMO plots for Iso-Vallesiachotamine obtained at B3LYP/6-31+G(d,p) level
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Figure 7 MESP plot for Iso-Vallesiachotamine obtained at B3LYP/6-31+G(d,p) level

Table 5: Intermolecular Energy and the Free energy of binding at a particular inhibition constant calculated by docking

Name of Protein Receptor

Intermolecular Energy
(at Inhibition Constant) (at

Free Energy of Binding
Inhibition Constant)

1GCN (Anti Diabetic)

-6.46 kcal/mol at 138.67 uM

-5.26 kcal/mol at 138.67 uM

2NMO ( Pancreatic Cancer)

-7.57 kcal/mol at 21.29 uM

-6.37 kcal/mol at 21.29 uyM

3140 (Human Insulin)

-8.62 kcal/mol at 3.59 uM

-7.43 kcal/mol at 3.59 uM

1X2J ( Lung Cancer)

-7.13 kcal/mol at 44.40 uM

-5.94 kcal/mol at 44.40 uM

U'I-J>(.0I\)I—‘§§-D

5C5S(Several type Lung Cancer)

-7.10 kcal/mol at 47.18 uM

-5.90 kcal/mol at 47.18 uM
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