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Natural Bond Orbital, Structural Properties, Density Functional Theory
(DFT) Calculations and Charge Distribution for the 2-[(1k-pyrrol-2-yl)
Methyl]-14-pyrrole Compound
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ABSTRACT: Pyrroles are a significant class of heterocycles due to their uses as bioactive compounds and
there have general application in the arena of materials chemistry. In this paper, the optimized geometries
and frequencies of the stationary point and the minimum-energy paths of 2-[(1H-Pyrrol-2-yl) meth-yl]-1H-
pyrrole are calculated by using the DFT (B3LYP) methods with LANL2DZ basis sets. BSLYP/LANL2DZ
calculation results indicated that some selected bond length, bond angles values calculation spectrum for the

CH

97710

N, some similarity between calculated and experimental results.
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INTRODUCTION

Pyrroles are a significant class of heterocycles due
to their uses as bioactive compounds and synthetic
intermediates in organic production . Pyrroles
have general application in the arena of materials
chemistry and as structural elements in molecular
recognition trainings 2,

The pyrrole moiety is an amazing compound
since its finding this heterocyclic system has been
incessantly created in nature at the very heart of
many different compounds essential for survival
of living organisms. Pyrroles are five membered
aromatic structures with the lone pair on nitrogen
delocalized over the ring. This gives the ring a total
of six m electrons achieving Huckel’s rules for
aromaticity. As such the pyrrole ring displays
reactivity matching to that of an aromatic
molecule ¥,

The pyrrole comprising heterocyclic
derivatives have been described in synthetic and
effective biological importance for instance COX-
1/COX-2 inhibitors “%. Heterocyclic systems are
of common occurrence in nature, mainly in such
natural products as nucleic acids, vitamins,
proteins and the heme, bile pigments, porphyrins,
the pyrrole alkaloids, chlorophyll, antibiotics and
polymeric systems 9,

* To whom correspondence be made:
E-mail: Ikiu2014@gmail.com

Pyrrole derivative are great attention of
synthetic significance and extensively used in
drug discovery “°" and pharmacological activity
such as anti-inflammatory !, cytotoxicity "2, and
in vitro cytotoxic activity beside solid tumor
models 314 treatment of hyperlipidemias 1.
Pyrrole and its derivatives are biochemically
important compounds and can be originated as
substructures in many natural products 617,
Also Electrophilic substitutions of pyrroles, which
combine electron-rich n-systems, have been
examined intensively "8,

The semiempirical calculations suggest an
unlimited deal of understanding of reaction
mechanisms, mainly for organic compounds;
however, they usually cannot give perfect
quantitative answers due to their parametric
nature. On the other hand, ab-initio controls are
more dependable, but the computational times
could be very prohibitive for applications including
big molecules. They also suffer from natural errors
of small basis sizes and/or prohibition of electron
correlation effects 11920,

We are interested to the biological activities
of these title compounds. Thus, for this study, we
are achieved computational investigation for
pyrrole derivatives. Dipyrromethane (DPM)
derivatives have been used as intermediates in
key the synthesis of symmetric and
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nonsymmetrical porphyrins and also used as
organometallic ligands.

The crystal structure of the title compound,
C,H, N,, has been reported at 153(K), also all
experimental data used in this article take from
Acta Cryst 2Y, In recent years, computational
chemistry is playing an important role in
supporting and supplementing the experimental
research, and explain the observed results. The
present study considers C.H, N, whose includes
pyrrole. The structure has been confirmed by
neutron diffraction studies and is justified by
VSEPR theory 122231,

During this study we report the optimized
geometries, assignments and electronic structure
calculations for the compound. The main objective
of the present study is to assess the performance
of the hybrid density functional method B3LYP,
with the LANL2DZ basis sets. The comparison
between theory and calculation is made. In present
work, density functional theory has been used to
study the electronic properties of C.H, N, to
determine HOMO and LUMO of its IR, NMR and
RAMAN spectrum 24,

COMPUTATIONAL DETAILS

Theoretical approaches form another different for
obtaining evidence on the bonding of such complex
structures. Actually, a number of strengths have
been made employing semi-empirical quantum
mechanical calculations on geometries 2% and
small basis ab-initio calculations of pyrroles.

The molecule under study represented in
Fig. 1. All the computational studies were carried
out using the density functional theory (DFT)
methods implemented in the Gaussian 09 28 suite
of programs. The optimized structural parameters
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Figure 1: The optimized structure of the C;H, N,

were used in the vibrational frequency calculations
at the DFT level to characterize all stationary points
as minima. The molecular properties of the
compounds have been computed by DFT using the
standard LANL2DZ basis sets. In the
DFT calculations the Lee Yang and Parr correlation
functional #” is used together with Becke’s three
parameters ?® exchange functional BSLYP.

Harmonic vibrational frequencies (i) in cm™
and infrared intensities (int) in Kilometer per mole
of all compounds were used at the same level on
the respective fully optimized geometries 2.

RESULTS AND DISCUSSION

Molecular Properties

Theoretical calculation of bond and angle for the
compound was determined by optimizing the
geometry (Table 1 and Table 2). We could compare
the calculation results given in bond lengths and
bond angle values with the experimental data
(Graph 1 and Graph 2).

Table 1
Geometrical Parameters Optimized for CH N,
some Selected Bond Lengths

Bond Calculated bond Experimental bond

lengths (A) lengths (A)
C8-C20 1.392 1.363(3)
C8-N19 1.392 1.369(3)
C9-N19 1.392 1.361(3)
C10-C20 1.438 1.402(3)
C9-C10 1.394 1.370(3)
C9-C15 1.510 1.491(3)
C15-C21 1.513 1.490(3)

Table 2

Geometrical Parameters Optimized for CH N,
some Selected Angles

Bond Calculated Experimental

angles (°) angles (°)
C9-C15-C21 114.4 115.1(2)
C8-N19-C9 110.0 110.5(2)
C2-C1-N5 107.5 107.0(2)
C8-C20-C10 107.3 107.8(2)
C9-N19-H13 123.7 124.8(2)
C8-N19-H13 126.0 124.8(2)
C21-C1-H4 125.2 126.2(2)
C2-C1-H4 126.8 126.2(2)
C21-C1-C2 107.9 107.7(2)
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Actually, (Graph 1) shows that calculated
angles {series 1} completely accords with
experimental angles {series 2} but in (Graph 2)
that shows calculated bond lengths (A) {series 1}
had a little difference with experimental bond
lengths {series 2}.
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Graph 1: Compare calculated angles {series 1} with
experimental angles {series 2}.
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Graph 2: Compare calculated bond lengths (A) {series 1}
with experimental bond lengths {series2}.
Raman Analysis

The Raman Effect happens when light impinges
upon a molecule and interdepends with the
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electron cloud and the bonds of that molecule. For
the extemporary Raman Effect, which is a form of
light scattering, a photon motivates the molecule
from the ground state to a suitable energy state.
When the molecule moderates it emits a photon
and it incomes to a different rotational or
vibrational state. The difference in energy between
the original state and this novel state hints to a
shift in the emitted photon’s frequency away from
the excitation wavelength. The Raman Effect,
which is a light scattering phenomenon, should
not be muddled with absorption where the
molecule is motivated to a discrete energy level.

In this we have carried out computed chemical
shift calculations of existing molecule, and the
Raman spectrum of 2-/(1H-Pyrrol-2-yl) meth-yl]-
1H-pyrrole (C,H, )N,) are showed in Fig 2.

NMR Analysis

NMR spectroscopy is a suitable technique for
identifying and analyzing organic compounds. In
this we have carried out computed chemical shift
calculations C NMR of current molecule. The
NMR spectrum of 2-/(1H-Pyrrol-2-yl) meth-yl]-1H-
pyrrole (C;H, N,) are indicated in Fig 3. Our
founding can be interpreted in this way that in
13C NMR spectrum, four carbons that give peak in
rang of A {35-55 ppm]} are in the strong field,
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Figure 2: Raman spectra calculated DFT (B3LYP)/LANL2DZ
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Figure 3:

13C NMR spectra calculated by DFT (B3LYP)/LANL2DZ
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because they are connected to the nitrogen atoms
and have sp?hybrid. Similarly four carbons that
give peak in range of B {70-75 ppm} are in the
middle field, because they are distance from
Nitrogen but have sp? hybrid. Whereas sp?hybrid
give peak in stronger field than sp?® hybrid, C15
give peak {160 ppm} that existent in weak field,
because they are distance from nitrogen atoms and
have sp®hybrid.

Charge and Electron Density Distribution

The total electron density distribution is a physical
property of molecules. The electron density is
typically showed as a comparison of the identified
electron density with that predictable by spherical
models of the atoms and is called deformation
electron density. The total electron density was
calculated by DFT/ LANL2DZ using ESP type with
SCF density matrix and the structure atomic
Mulliken charges displayed in Fig 4 that fixed color
range from references. Table 3, exhibited that the
negative charge of pyrrole ring inclusive the N19
was greater than another ring, and the charge N19
{-0.486} is more than N18 {-0.466}, it show
congestion of negative charge was on ring include
N19. In the other hand, between all carbons in
this compound, the negative charge of C15 {-0.827}
and C20 {-0.915} extremely greater than from
others, it results that C15 and C20 be able to
fulfilment the electrophilic reaction with other
compounds. In this condition, hydrogen atoms that
connected to these carbons can be separated easier
than other. Furthermore, in nucleophilic reactions,
the ring include N18 be able to acting and in
electrophilic reactions, ring include N19 can be
performing.

Table 3
Charge of C;H, N,
Atom No Charge Atom No Charge
C1 0.033 C10 -0.714
C2 -0.493 C20 -0.915
C3 -0.289 C8 -0.813
C9 0..581 C21 0.930
N18 -0.466 N19 -0.489
Natural Bond Orbitals

Natural bond orbitals (NBOs) are included few-
center orbitals that define the Lewis-like
molecular bonding pattern of electron pairs in
optimally compact form. With a computer program

that can calculate NBOs, optimal Lewis
constructions be able to found. An optimal Lewis
construction can be perfect as that one with the
great amount of electronic charge in Lewis orbitals
B0 A little amount of electronic charge in Lewis
orbitals demonstrations strong effects of electron
delocalization. In resonance structures, major and
minor discovery structures may be present.

This analysis is carried out by searching all
possible interactions among “filled” (donor) Lewis-
type NBOs and “empty” (acceptor) non-Lewis
NBOs, and considering their energetic position by
2nd-order perturbation idea. Natural charges have
been computed using natural bond orbital (NBO)
module instigated in Gaussian 09. Atomic charges
and bond orders are imperative factors for our
investigation. These quantities are derived from
the NBO occupation analysis. The NBO method
is wished to Mulliken charges, because the former
suggestions and orbital image that is closer to the
classical Lewis structure.

The NBO calculated hybridizations are
significant parameters for our study. These
quantities are derived from the NBO population
analysis. The NBO analysis involving
hybridizations of selected bonds are calculated at
B3LYP methods and LANL2DZ level of theory.
Hybridizations for Nitrogen is S'P?but in Fig 5
there are three Hybridizations for Nitrogen that
consist of [S' P*77_S'P#_S!P244], Average of these
three Hybridizations for Nitrogen is [S1P2%].

(1.77 +1.88 +2.44) = 6.09 — 6.09/3=2.03 — S'P2%

Therefor calculated Hybridizations for
Nitrogen is similar to the theory Hybridizations,
also the highest percentage of orbital P for
Nitrogen is in N-H bond.
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Figure 4: Contour map of electron density and the structure
atomic charges with wan der Waals Radii
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Figure 5: NBO Hybridizations for N in C H, N
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Frontier Molecular Orbital

Both the highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital
(LUMO) are the main orbital take part in chemical
stability. We focus attention on these two orbitals
because they are the nearby in energy. These
orbitals are closely involved in chemical reactivity,
because they are the maximum accessible to
electrophiles and nucleophiles, individually.
Another key change has to do with the frontier
orbitals, the 1 (HOMO) and =* (LUMO) orbitals

[31-32]

Energy difference between HOMO and LUMO
orbital is called as energy gap that is a significant
factor for structures. The HOMO represents the
skill to donate an electron, LUMO as an electron
acceptor represents the ability to obtain an
electron *3, Highest occupied molecular orbitals
(HOMOs) and lowest unoccupied molecular
orbitals (LUMOs) and the values are listed are
shown in Fig 6. The HOMO-LUMO energies were
also calculated at the LANL2DZ, respectively.

IR spectrum

Vibrational spectroscopy is widely used in organic
chemistry for the identification of functional
groups of organic compounds, the study of
molecular conformations, reaction kinetics. IR
Spectrum for C.H, N, and Vibronic information
for the highest pick are Freq: 549.76 Infrared:
269.7305 Raman activity: 6.3824 that showed in

Fig 7. Our founding can be interpreted in this way:
According to advanced inorganic chemistry 34,

number of vibrational peaks is calculated by
following method:

C | E C E

A l, Unshifted atom 21 A=(1+1)x{1x1x63} =63A

—

Contribution pro atom | 3 I3y =63A

I'tot 63

Since we do not have x, y, z, Rx, Ry andR , thus
we do not have translational and rotational
contributions, therefore I'3 = I' vibrational, it
show that this molecule has maximum 63 peaks
in IR spectrum.

CONCLUSION

In this research we are interested in studying on
C,H, N, was chosen to theoretical studies **. The
optimized geometries and frequencies of the
stationary point are calculated by using the DFT
(B3LYP) methods with LANL2DZ basis sets. This
calculation results indicated that some selected
bond length, bond angles values calculation
spectrum for the C;H, N, some similarity between
calculated and experimental results. Calculated
angles completely accords with experimental
angles, but experimental Bond lengths had a little
difference with calculated bond lengths. This
results shows that C15 and C20 be able to
fulfilment the electrophilic reaction with other
compounds. In this condition, hydrogen atoms that
connected to these carbons can be separated easier
than other. Furthermore, in nucleophilic reactions,
the ring include N18 be able to acting and in
electrophilic reactions, ring include N19 can be
performing. These calculation results indicated
that some selected bond length and bond angles
values for the CH N..
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Figure 6: HOMO and LUMO with their energies calculated
at DFT (BSLYP)/LANL2DZ
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Figure 7: IR spectrum calculated at DFT (B3SLYP)/LANL2DZ.
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