COMPREHENSIVE THEORETICAL STUDY OF PYRIDO (2,3-
b)PYRAZINE-2,3-DIOL BY USING DENSITY FUNCTIONAL
THEORY
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Abstract. In the present communication we have done theoretical study on molecular structure
vibrational analysis electronic study and biological activity of pyrido (2,3-b)pyrazine-2,3-diol. The
geometry optimization of title molecule was done by using combination of density functional theory
(DFT) /B3LYP and 6-311G(d,p) basis set. The calculated spectra were interpreted with the help of
normal mode analysis subsequent optimized structure of title molecule. The correlation factor RZ =
0.999 shows that experimental frequencies are well matched with calculated frequencies. Electronic
property of title molecule is calculated with help of Highest occupied molecular orbital (HOMO),
Lowest unoccupied molecular orbital (LUMO), Molecular electronic surface plot (MESP). The
docking of title molecule with 1FP1 protein suggests that title molecule have good medicinal
potential.
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INTRODUCTION

Pyrazine chemistry has been studied in 1974 by Belgand et al. [3], Dow
Chemical’s [5], and Nakamura et al. [19], due to its biological activity. At that time
few derivatives were considered as dye chromophores, but production of
pyrazinophthalocyanines was reported in 1990 [14]. Pyrido (2,3-b)pyrazine-2,3-
diol and its derivative use as IP receptor which is during its activation have
tremendous useful for the treatment of many pulmonary fibrosis as well as exert
again good effects in fibrotic conditions of various organs in animal as well as
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human models[4]. Its derivative may also use to degrade nicotine by the aerobic
bacterium Arthrobacter nicotinovorans. Some of cases it may have intermediate
role in investigating oxidation method in dying hair. A complete quantum chemical
study may lead to assess every energetic as well as significant mechanistic insight
within its formulation periphery.

In ongoing research [1, 6, 7, 15, 16, 20] we deal with the investigation of the
structural, electronic, and vibrational properties of pyrido (2,3-b)pyrazine-2,3-diol.
The structure and harmonic wave numbers were determined and analyzed at the
density functional theory level employing 6-311G(d,p) as the basis set. The
optimized geometry and its molecular properties, such as equilibrium energy,
frontier orbital energy gap, molecular electrostatic potential (MESP) energy map,
electronic and thermodynamic parameters of pyrido (2,3-b)pyrazine-2,3-diol were
calculated and discussed. First principle calculations gives easier vibrational
analysis of various spectroscopic modes of vibrations along with their intensity
distribution.

MATERIALS AND METHODS

This computational scheme is very useful and extensively employed in the
bio molecular studies due to reliability of its results as compared to experimental
data. B3LYP functional [2, 13] are implemented, and all parameters are calculated
with the efficient and accurate computational program Gaussian09 [9], by
employing 6-311g(d,p) basis set. The HOMO, LUMO and MESP are plotted with
help of GaussView program [8].

RESULTS

MOLECULAR STRUCTURE

The optimized structures of title molecule are calculated by using
combination of DFT/B3LYP method and 6-311G(d,p) as the basis set and is shown
in Fig. 1 with labeled atoms. The animated Gauss view shows that title molecule is
unsymmetrical and contained two benzene rings fused to each other. The calculated
C5-C6 bond length is 1.43 A, the optimized N2-C5 bond length 1.37 A is less than
the standard bond length 1.47 A. The optimized bond length of C8-H14 is 1.08 A,
which is in excellent agreement with the standard bond length of 1.09 A. The other
calculated bond lengths also show an excellent agreement with standard value.
Based on the above comparison, it is clear that the calculated bond lengths are very
near to the standard values.
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Fig. 1. Molecular structure of pyrido (2,3-b)pyrazine-2,3-diol by B3LYP 6-311G(d,p) level.

VIBRATIONAL SPECTROSCOPIC ANALYSIS

The pyrido (2,3-b)pyrazine-2,3-diol has 17 atoms and 3N-6(45) normal
modes of fundamental vibration. The calculated frequencies are overestimate due
to anharmonicity; electron-electron correlation so calculated wavenumbers are
scaled by a factor of 0.96 [32] to compare with experimental wavenumber [24].
Detailed description of vibrational modes (Table 1) can be given by importance of
normal coordinate analysis.
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Fig. 2. Correlation between experimental wavenumbers and calculated wavenumbers.

Title molecule has —CH and —OH groups so, in higher wavenumber region,
stretching vibrations [V(C-H) & V(O-H)) are present. In this study, a sharp
polarized peak appears at 3540 cm'; it is well matched with calculated
wavenumber 3541 cm . This peak appears due to V(O-H). C-H bands fits well in
the range 2800-3200 cm . In the present study, two peaks appear at 3086 cm ™' and
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3031 cm', which are well matched with experimental wavenumber 3090 cm ' and
3025 cm ', respectively, due to V/(C-H). In lower wavenumber region two back-to-
back peaks appears at 1618 cm' and 1555 cm’', due to
B(CCN)R1,R2+B(OH)adjR1 and B(CC)R1&R2, respectively, which are well
matched with experimental data. As we see that torsional modes are seen —n the
lower region. A strong torsion mode of H-C-C-H and N-C-C-N are at 590 cm ' and
680 cm' in calculated spectrum. A correlation graph (Fig. 2) plotted in between
experimental IR and calculated IR frequencies and find a linear correlation Y =
6.62333 + 1.00327X with a correlation factor R = 0.999. This correlation factor
shows that experimental frequencies (FTIR, Fig. 3) are well matched with
calculated IR frequencies.
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Fig. 3. The pyrido (2,3-b)pyrazine-2,3-diolinfrared spectrum.
Tablel
Vibrational analysis at B3LYP/6-311G(d,p) level for pyrido (2,3-b)pyrazine-2,3-diol
Experimental | Calculated . .
IR intesity . .
wavenumber | wavenumber (K-mmol‘l) Mode of vibration
(cm™) (cm™)

— 3655 143.40 V(H17-012)adjR1
3540 3541 104.87 V(H16-O11)adjR1
3090 3086 13.12 [V(H13-C7)+V(H14-C8)]R2

- 3071 5.48 [V(H13-C7)+V(H14-C8)]R2
3025 3031 23.61 V(H15-C9)R2
1620 1618 14.19 B(CCN)R1,R2+B(OH)adjR1

- 1570 21.24 B(CCN)R1,R2+B(OH)adjR1
1535 1555 27.57 B(CC)R1&R2
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1490 1494 8.54 B(CC)R1,R2+S(CCH)R2
— 1456 118.25 B(CCORI,R2+S(CCH)R2
— 1437 517.31 S(H14-C8-C9-H15)R2
— 1348 11.22 B(CCCO)R2
— 1339 87.28 w(H13-C7-C8-H14)R2
— 1302 306.31 B(CCC)R2+S(H15-011-C4)adjR1
1290 1288 24.72 B(CCC) R1&R2
— 1219 3.79 B(HCCH)R2+S(HOC)adjR1
1200 1194 21.54 B(CCC)R2+t(H15-C9-N10)R2
— 1178 23.74 B(CO)R1&R2+t(H17-012-C3)R1
— 1139 305.77 S(H16-0O11-C4)adjR1
1093 13.16 S(H13-C7-C8-H14)R2
1020 1024 1.03 S(H14-C8-C9-H15)R2
911 5.75 t(C7-C8-C9-N10)R2+ o(HOC)adjR1
869 11.04 B(CCC)R1&R2
740 729 7.48 B(CCO)R1
— 711 3.85 Breathing R1&R2+o(HCCH)R2
700 680 3.72 t(H14-C8-C9-H15)R2
- Breathing R1&R2+t(H13-C7-C8-
606 35.80 HI14)R2
— 590 11.68 t(HCCH)R2+t(NCCN)R 1
— 519 63.88 Breathing R2
480 463 0.76 R(H14-C8-C9-H15)R2
— 457 7.97 o(HCCH)R1+B(CCC)R1&R2
— 451 129.19 o(H17-012-C3)R1
— 412 47.36 Breathing R1&R2+o(HOC)R1
- o(H16-011-C4) R1+
348 0.27 {(HCCH)R 1&R2
— 309 5.48 Breathing R1&R2+o(HCCH)R2
— 307 4.29 B(HCCH)RI1+B(H17-012-H15)R1
- o(H16-011-C4)R1+
26 0.04 {(HCCH)R 1&R2
— 133 3.52 Twisting R1&R2+y(HCCH)R2

HOMO-LUMO AND MESP PLOTS AND ELECTRONIC PARAMETERS

The frontier molecular orbital’s (HOMO-LUMO) and their properties such as
energy are very useful for physicist and chemists. This is also useful for predicting
the most reactive position in pie-electron system and explains several types of
reaction in conjugated system [23]. The conjugated molecules are characterized by
a small highest occupied molecular orbital and lowest unoccupied molecular orbital
(HOMO-LUMO) separation, which is the result of significant degree of intra-
molecular charge transfer from the end-capping electron-donor groups to the
efficient electron acceptor groups through pie-conjugated path [21]. The HOMO,
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LUMO and MESP plots of title molecule are shown in Fig. 4. Both HOMO and
LUMO are distributed over whole molecule. The energy gap of pyrido (2,3-
b)pyrazine-2,3-diol is 4.71 eV. In color grading scheme, the blue represents the
most electropositive (010, O11), i.e., electron poor region, whereas the red (N2)
corresponds to the most electronegative center, i.e., electron rich region [17, 24].
Ionization energies, |, and electron affinity, A, are calculated as the negative of
energy eigen values of HOMO and LUMO respectively. x and n can be calculated by
using finite-difference approximations [22] as ="' (I —A) and = "2 (I + A). These
parameters, often used to describe chemical reactivity of molecules, are listed in
Table 2, where: |.P. = ionization potential, E.A. = electron affinity, y = electro-
negativity, | = global hardness, S= global softness, ® = global electrophilicity index,

Ey = band gap.

Table 2
Calculated electronic properties of pyrido (2,3-b)pyrazine-2,3-diol by B3LYP 6-311G(d,p) level
I.P EA. n X S ® Ey
(eV) (eV) (eV) (eV) (eV) (eV) (eV)
8.70 0.22 4.24 4.46 0.12 4.69 4.71

(c) MESP

(b) LUMO

Fig. 4. HOMO, LUMO and MESP surfaces of pyrido (2,3-b)pyrazine-2,3-diol.

BIOLOGICAL ACTIVITIES AND DOCKING

ALOGPS 2.1 [25] program, developed by Tetko et al. [14, 26, 27], is based on
electro topological indices like Log P and Log S The parameter Log P is basically
employed to determine transport properties of drug through cell membranes. In this
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study the calculated the value of Log P (0.31) recommends that the title molecule
shows good ability to transport through cell membranes. The calculated value Log S
(=.35) lies in between —1 to —5.36 (more than 85 % drugs) favors the permeability of
title compound into cell membranes. Several biological activities are calculated with
help of PASS software of title molecule. The prediction of biological activities by
PASS [28] based on the analysis of structure activity relationships (SAR). By using
molecular mechanisms, PASS calculate 900 pharmacological properties, e.g.,
mutagenicity, carcinogenicity, teratogenicity, and embryo toxicity. The calculated
biological activities of title molecule for Pa > 70 % is listed in Table 4. Title
molecule shows good activities against glycosylphosphatidylinositol phospholipase
D inhibitor (0.845), dehydro-L-gulonate decarboxylase inhibitor (0.832), lysostaphin
inhibitor (0.752), nicotinate dehydrogenase inhibitor (0.744), etc. These activities are
related to pulmonary fibrosis so to design new pulmonary fibrosis drug we have
performed docking of title molecule with appropriate protein. Swiss dock is online
server is used to perform docking. Swiss dock [11, 33] predict isoliquiritigenin 2'-o-
methyltransferase (1FP1) protein for docking. The 3D protein structure of 1FP1 is
obtained at protein data bank [10]. The calculated full fitness score (-916.51
kcal/mol) and binding affinity (—.22 kcal/mol) shows that title molecule binds well
with target protein [21, 29, 31]. The docking picture is obtained by CHIMERA 3.0
software and plotted in Fig. 5. From this figure, we see that nitrogen of title molecule
bind with amphipathic amino acid methionine (MET17) residue with 2.27 A
distance.

Fig. 5. Docking of title molecule with 1FP1 protein.

Table3
Calculated biological activity of title molecule by PASS for Pa> 70 %
S.N. Biological activity Pa Pi
Glycosylphosphatidylinositol
! phospholipase D inhibitor 0,845 0,006
) Dehydro-L-gulonate decarboxylase 0.832 0.006

inhibitor
3 Nicotinic alpha2beta2 receptor 0,780 0,013
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antagonist
4 Nicotinate dehydrogenase inhibitor 0,744 0,004
5 Nicotinic alpha6beta3be'ta4alpha5 0,759 0,019
receptor antagonist

6 tRNA-psequu'nfhne synthase [ 0.731 0,005

inhibitor
7 NADPH peroxidase inhibitor 0,715 0,024
3 Aspulv1n0ned{me'thylallyltransferase 0.703 0,063

inhibitor

Pa = pharmacologicaly active index, Pi = pharmacologicaly inactive index.

CONCLUSIONS

This study presents a complete computational structural study of pyrido (2,3-

b)pyrazine-2,3-diol. All calculated wavenumbers are real in nature; thus, it is
stable. All vibrational modes are thoroughly described first time by using first
principle methods which act vital role for description of various chemical
assignments. The calculated full fitness score and binding affinity shows that title
molecule binds well with target protein.

Conflict of interest: The authors declare that they have no conflict of interest.
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