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Abstract

The density function theory (DFT) employing SIESTA were used in order to predict the structural and electronic proper-
ties of D-glucose and glucose- 2DG. Such compounds, in their solid form, are widely used in chemical and pharmaceutical
industry. Despite the fact that the two compounds have the same space group, 2DG has the 2-hydroxyl group replaced
by two hydrogen from D-glucose so that it cannot undergo further glycolysis. The objective of this paper is to analyze
the physical propeerties of D-glucose and glucose 2DG with their structural-activity by mapping electrostatic potential
(MEP) surface, types of bond formation among the atoms by charge density analysis, countribution of velence shell lec-
trons in total enery states and change in reactivity due to their phase change from D-glucose to glucose-2DG etc. Appre-
ciable change is observed in structural, electronics properties, physical behaviours, bond length. bond angle and change

in forbidden energy gap during their phase changes.
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Introduction

D-glucose is most abundant monosaccharides which
made by plants by the process of photosynthesis from water and
carbondioxide, it is primary source of energy for living organ-
isms and prepared by plants duirng photo synthesis and their
molecular formula is CgH{,Og [1] as shown in Figure 1(a),
while 2-Deoxy-D-glucose abbribated as 2DG is a glucose mol-

ecule with the molecular formula CH ,O

,O, where two hydrogen

replaced by 2-hydroxyl group as shown in Figurel(b), due to
presence of hydroxyl group at second stage of glycolysis it com-
pletely stop the production of glucose-6-phosphate from glu-
cose and it also affect some other molicular process. Similarly
to D-glucose, 2-DG transported across the blood-brain barrier
(BBB) and quickly taken up into cells by particular glucose trans-
porters, via Sodium-glucose co-transporters (SGLT) [2,3]. Inside
of cells, 2-DG phosphorylated into a charge compound 2-deoxy-
d-glucose-6-phosphate this compound trapped inside of cell. It
do not undergo isomerization to fructose-6-P leading to intracel-
lular accumulation of 2-DG-6-P because of absense of 2 (-OH)
group it inhibit process of glycolysis. As glucose 2-DG is relative-
ly non-toxic and orally available, it is being used in anticancer
therapy [4], when treated with 2-DG showed RT-PCR negative
conversion in COVID patients. It accumulated in virus-infected
cells and prevents virus growth by stopping viral synthesis and
energy production and reduces oxygen demand upto 40 per cent.
Its diagnostic potential has been widely explored, but therapeutic

applications have yet to be achieved [5,6,7,8].

It present paper structural, physical and electronic pro-
peties of D- glucoase and 2DG based on density funcution theo-
ry (DFT) by using siesta will be discussed. This programme has
become quite popular among researchers working in geoscienc-
es, biology, engineering and material science [9]. Coperation of
different orbitals in conduction and velence band and change in
energy level and band gap energy during formation of glucose
and 2DG are also discussed. Attempts to improve 2-DG’s drug-
like properties, its role as a potential adjuvant for other chemo-

therapeutics, will also be discussed.
Results and Discussion

Density-functional theory (DFT) is a successful theo-
ry to calculate the electronic structure of atoms, molecules, and
solids Its goal is the quantitative understanding of material prop-
erties from the fundamental laws of quantum mechanics [10].

This theory is computationally less intensive than other methods

with similar accuracy [11,12]. All calculations are performed by
using the SIESTA (Spanish Initiative for Electronic Simulations
with Thousand of Atoms) code [13,14], where a numerical atom-
ic basis approximation is implemented which is rather fast and
appropriate for electronic structure calculations of large systems
[15,16]. The main feature of this code is to use flexible basis sets
composed of linear combinations of numerical atomic orbitals,
which can be generated by solving the Kohn-Sham equation
of atomic pseudo potentials [17]. The equilibrium positions of
the atoms are obtained by the forces on each atom smaller than
0.01 eV/A. The structural optimization of D-glucose and 2DG
is performed mainly by mesh cut- off, k-points and simulation
box size (i.e. the lattice constant) opti- mizations. Mesh-cutoff
corresponds to fineness of the real-space grid; its convergence
test is performed in the range of 50 to 500 Ry. On the basis of
lowest and stable energy, the calculated mesh-cutoft of both sys-
tems are 450 Ry and 350 Ry, respectively. In the next step of ge-
ometry opti- mization, k-points are optimized in the range of
2-12 and its value corrosponds to lowest energy values for both
system is found to be 5. By the optimized values of mesh-cutoft
and k-points; the cell size is optimized in the range of 6.0-12.0
A. According to minimum energy, optimized values are 1.5 A &

1.15 A, respec- tively.

The optimized structure of D-glucose and 2DG along
with bond length using Jmol programme are shown in Figure
1 (a) and Figure 1 (b) respectively. The bond angles between
different atom of optimized structure are measured, in case
of D-glucose bond angles are as follows C-C-C (110.684°),
0O-C-C (112.450°), H-C-H(107.694%),0-C-O (106.194%), C-O-H
(104.772°), and in glucose -2DG these angles are C-C-C (109.206°
), O-C-C (110.486°), H-C-H(107.694°),0-C-O (106.194%),
C-O-H (106.901°). It can be seen that when D-glucose chang-
es 2DG there is no changes in H-C-H and O-C-O bond angle
but all other bnad angle slitely changes. Bond angle and bond
length between atoms at some places decreases. These changes
is due to incoperation of hydroxyl group in place of hydrogen.
Oxygen present in -OH group is more electronegative in natue,
it apply strong attraction on neghbouring carbon and hydrogen
atom, due to which band angle as well as bond length decreases
[18.19.20] The atoms in 2DG case are more tightly bounded with

each other hence it do not perform glycolysis.
Methodology

Non-conserving pseudo potentials are used with the

follow-ing electronic configuration of the elements: H: 1s', C
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Figure 1: Structural configuratio of (a) D-Glucose and (b)Glucose 2DG

[He] 2s22p?, O [He] 2s?2p* where the core configurations are
shown in parenthesis. A generalized gradient approximation
(GGA) one of the approximations to the exchange-correlation
energy functional in density functional theory (DFT) for calcu-
lating total energy by first principle calculation from Schroding-
er equation.is used in the scheme of Perdew-Burke-Eruzerhof
(PBE) [19,20] describe the exchange and correlation potential,
since GGA is found relatively more efficient to predict the energy

gap than the local-density approximation (LDA) [21].
Molecular Electrostatic Potential

Molecular Electrostatics Potential (MEP) surface analy-
sis is one of the tolls which can play main role in the linear/bipo-
dal receptor lesigning [22]. The molecular electrostatic potential
(MEP) mappings are being logically used in scientific research
for over thirty plus years [23]. Molecular electrostatic potential
surface (MEP) of both the molecule mapped with the output op-
timized by Siesta is generated by Xcrysden programme is shown
in Figure 2 (a & b). It depict net electrostatic effect, produced by
the total charge distribution (electrons and nuclei) of a molecule
at a point in space around it. It also provides visual method to
understand the relative polarity of molecule which correlates the
total charge distribution with dipole moments, partial charges,
electronegativity and site of chemical reactivity of a molecule.
Different values of electrostatic potential at the surface are repre-
sented by different colors. Red colour represents regions of most

negative electrostatic potential, blue colour represents regions of

most electro positive ESP and green colour represents regions of

zero potential.

The negative electrostatic potential (red regions) is lo-
calized over the oxygen atom that corresponds to an attraction of
the proton by the aggregate electron density. The most positive
regions (blue regions) correspond to proton repulsion (shaded as
blue) are localized over hydrogen atoms. Total electron density
depicted by Figure 3(a&b) represent that it is uniform through
whole the molecular vicinity. It also represent that there is not
active sides in 2DG moliculae as that appear in glucose i.e. it can
not allow to other species to intrect and react with them. Position
of different atoms alognwith molicular surface is also depicted in
Figure 4 (a&b).

Charge density analysis

The nature of chemical bonds can be understood by the
analysis of charge density using XcrySDen. It can display proper-
ties such as charge densities, molecular orbitals, or any other 2D
or 3D scalar field as isosurface or contours. The XSF file obtain
by SIESTA output use to display the isosurfaces. Figure 5 and
Figure 6 shows chanrge density of D-glucose and 2DG at differ-
ent resolutions [24,25]. It is observed that in both compound
C-C and C-H bond are covelent in nature while C-O bond are
partially convent and partially ionic which leads to localized
wave functions (shown by concentric spheres) centered at atoms

with a smaller degree of overlap. But in 2DG due to incopera-
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Figure 2: Molecular electrostatic potential surface (MEP) of (a)Glucose-D (b)Glucose-2DG

Figure 3: Total electron density of (a)Glucose-D (b)Glucose-2DG
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Figure 4: Position of different atoms with molicular surface: (a) D-Glucose (b) Glucose -2DG
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tion of 2 OH group the C-C bond attached with Oxygen become
stronger and shows partually ionic nature. The charge density
distributions in the systems are approximately smilar, it is higher
in the inner-most region (magenta), and lower in the outer most
regions (red). Higher charge density is observed around oxygen
since the ionization energy/electro- negativity of oxygen atom is
higher than other atoms present in compound, also concentric
circles around oxygen atoms represents to an ionic bondwith,
there is distortion in circles between carbon and oxyge which is

an indication of a covalent bond between them.

3.3 Density of States Analysis

Density of states (DOS) and projected density of states

(PDOS) provide quick qualitative picture of the electronic struc-
ture of a material. The projected density states (PDOS) and
density of states (DOS) of hydrogen, carbon and oxygen atoms
obtain by Siesta output analyxed by Xmgrace programme are
presented in Figure6 and in Figure 7 respectively. It is observed
from Figure 6 (a) that, in D-glucose 2p orbital of oxygen shows
larger contribution in lower velence band and highest peak ob-
tained at -3.98 eV, electrons of 1s orbital of hydrogen, 2p orbital
of carbon and 2s orbital of oxygen are also contribute in velence
band. In conduction band electrons of 1s orbitals of hydrogen
highly countributed and shows highest peak corrosponds to 3.86
eV, there is little contribution of 2p and 2s electrons of C and 2p
electrons of oxygen showing smaller peak near conduction band

and larget paeak at 5.25¢V.
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Figure 6: Distribution of Charge density of Glucose 2DG
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In Figure 6(b) the density of states (DOS) analysis The highest occupied molecular orbital (HOMO) is at
presents the sp hybridization between s-states of hydrogens and around -1.71 eV and the lowest un-occupied molecular orbit-
p-states of C and O, and formation of sigma boond between O  al (LUMO) is at around 2.81eV, thus forbidden energy gap for
(2s) and H (1s) robital in velence band [26, 27] D-Glucose is 4.52eV, which shows ensulating behaviour, the va-

lence band is continues from -5.0 eV to -1.71 eV and conduction
band from 2.81eV to 5eV.
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Figure 7: (a) PDOS and (b) DOS analysis of D- glucose
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PDOS elements of glucose-2DG is shown in Figure 8a,
there is a slight shift in peaks of 2p- states of C and O, and 1s
states of hydrogen towards Fermi level. There is a peak of H(1s),
C(2p) and O(2p) -states at -2.36 eV near higher energy level of
velence band. It also represent sp- hybridization ,and shifting of
whole band towards Fermi level with broader width. In conduc-
tion band there is large contribution of H(1s) electrons whose

peak stars from 2.76 eV i.e. near lower energy level of conduc-

tion band and moderate contribution of C(2p) electrons and
a few contribution of C(2s) and O(2p) electrons which shows
very small peak beyond 5.8eV. Total density of states is shown in
Figure 8(b). Before Fermi level (-2.13eV) there is a broader va-
lence bands called HOMO and conduction band is obtained after
LUMO around 2.20 eV, the forbid- den energy gap is around 4.33
eV.
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Figure 8: (a) PDOS and (b) DOS analysis of glucose-2DG
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The overal comperesion of physical and chemical behaviour of

D-glucose and glucose -2DG is summerize in table 1.

S.No. | Energy States | D-Glucose Glucose 2DG
) Highest peak in [O(2p) Orbital of Oxy- |H(1s), C(2p) and O(2p)
' velence band gen at -3.98 eV Orbital at -2.36 eV
Highest peak i 1s Orbital of Hdrogen at
1s Orbital of Hdrogen
2. in conduction 3.86 eV1s Orbital of Hdro-
at 3.86 eV
band gen at 3.86 eV 2.76 eV

3. DOS Analysis

sp-hybridization
betwee C-H and O-H,
Sigma bond between
O(2s) and H (1s)

sp-hybridization betwee
C-H and O-H, Sigma bond
between O(2s) and H (1s)

Hghest occupied molecular

4, . 171 eV 2,13 eV
orbital (HOMO)
Lowest un-occupied molec-
5. , 2.81eV 2.20eV
ular orbital (LUMO)
6. Forbidden Energy gap 4.52 eV 4.33 eV
7. Ranging of Velence band  [-5.0eVto-1.71eV |-5.0eV to-2.16 eV
Ranging of conduction
8. 2.81eV to 5eV 2.18 to 5eV
band
Table 1: Comperision of structural analysis of D-glucose and 2-DG
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Conclusion

It is observed form MEP analysis that there is less reactive sites in
2DG phase as compare to D-glucose phase. Charge density anal-
ysis represents that covelent bond in more dominated in 2DG
while bonds in D-glucose are more ionics. From PDOS and DOS
analysis it is found that there is slide change in forbiden energy
gap during changes from D-glucose phase to 2DG phase. It also
shows that countribution of 2p electron of carbon and oxygen
is larger in velence band while, 1s electrons of hydrogen and 2p

electrons or carbon equaly corporate. In conduction band 1s

and oxygen, but in 2DG the peak corrosponds to H(1s) electrons
decreases which shows that here some H has been replaced by
OH groups. Thus incorporation of OH in place of H in glucose
the reactivity of 2DG phase decreases, as conduction band elec-
trons are more responsible of chemical reaction therefore it be-
come less reactive and comapre to D-glucose, hence inhibit gly-
colysis process[28,29.30]. Thus it gets aggregated inside the cell
and cuts off the growth material required for the virus to grow
hence DRDO suggested it as a drug for Covid-19 treatment and

showing much higher recovery.
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