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Investigations on Growth, Characterization, NCI-RDG,
AIM, Molecular Docking and In-Silico ADME Properties of
1,2-Benzene Dicarboxylic Acid Anhydride
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Superior single crystal of 1,2-benzene dicarboxylic acid anhydride additionally called Phthalic anhydride (PAN)
was developed via solution growth at low temperatures. Single crystal X-ray diffraction investigation revealed the
crystal system and unit cell characteristics. The phase stability and crystalline nature were uncovered by powder
X-ray diffraction analysis. FT-IR examination was done for the titular material so as to survey the various functional
groups. With the use of the VEDA program's relevant resources, vibrational assignments have been made on the
concept of Potential Energy Distribution (PED). Density Functional Theory (DFT) was employed to smooth out the
molecular structure of PAN and was additionally utilized to consider FT-IR spectrum at molecular level. Non
covalent interactions reduced density gradient (NCI-RDG) analysis has been used for the prediction of the weak
interaction in the actual space in terms of the electron density along with its derivatives for PAN. Atoms in
Molecules (AIM) analysis was carried for out for PAN. The docking research of the small molecule (PAN) with
target protein confirmed that this is a great molecule which docks nicely with numerous targets associated with
Hypoxia Inducible Factor 1-a. The absorption, distribution, metabolism, excretion (ADME) characteristics have
been calculated with the assist of online server preADMET.
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Even with the remarkable advancements in cancer
diagnosis and therapy, pancreatic cancer still has an
unusually high mortality rate [1]. Since it is frequently
discovered in an advanced stage, the prognosis for the patient
is generally very bad [2]. It is believed that intratumoral
hypoxia is a crucial aspect of solid tumours and that it induces
the production of Hypoxia Inducible Factor 1-a (HIF1A).
Previous research has shown that HIFTA is fundamentally
essential for maintaining the energy metabolism of tumour
cells, angiogenesis, and growth and metastasis [3,4,5]. In the
central nervous system (CNS), hypoxia has a profound impact
on a variety of important signalling molecules [6]. Hypoxia
prevents HIF1A's prolyl hydroxylation, which causes the
transcription factor to aggregate and become functional [7].
HIF1A, or hypoxia-inducible factor-1, is a crucial
transcriptional factor that allows cells to change in response
to low oxygen tension [8]. HIF1A is recognised as the initial
step in the antigenic process in tumour cells because to the
transcriptional activation of cancer-related genes like the
vascular endothelial growth factor (VEGF) gene [9]. Poorly
differentiated lesions have a higher pathogenic stage than
well-differentiated lesions due to the degree of HIFTA. High
proliferation, increased ER and VEGF expressions, and
increased HIF1A levels all go hand in hand [10]. Therefore, the
high level of HIF1A has the potential to be linked to more large
tumours.

1,2-benzenedicarboxylic acid anhydride otherwise called
phthalic anhydride (PAN) is an organic chemical with the
formula CgH403. It is a white crystalline material with a molar
mass of 148.11 g/mol that is used in the synthesis of
pigments, dyes, pharmaceuticals, food additives, plasticizers,
and other essential industrial chemicals [11]. As theoretical
investigations and forecast shows a great deal of information,
useful and reliable data before proceeding towards clinical
level trials. Our, aim was to explore the pharmacological
activity of PAN at molecular scale. Although there are various
reports on titular material to explore its potential application
in several fields, we attempted to explore some interesting
facts of PAN in the field of pharmacology. Recent studies
[12,13], demonstrated the pharmacological activity of PAN
and PAN based compounds as a potentialcandidate for
biological applications. This provoked us to explore further the
pharmacological activity of PAN. The initial screening of PAN
revealed its ability as a potential hypoxia inducible factor 1-a
(HIF1A) inhibitors. The present investigation hurl light on the
crystal growth, structural analysis, spectral analysis, DFT, NCI-
RDG and AIM analyis. A special emphasis on Molecular
docking and ADME properties of PAN are reported.

2. Material and Methods

2.1 Crystal Growth

For crystallization, Merck's commercially available
phthalic anhydride (AR grade - 98%) was used. The slow
evaporation approach was used to grow the PAN single
crystals. For the development of a single crystal of PAN,
ethanol was used as the solvent. In order to establish
homogeneity, the saturated ethanolic solution of titular
material was stirred for 8 hours using an immersible magnetic
pellet that was placed on a magnetic stirrer. Using a
Whatmann filter paper, the fluid was filtered. To reduce the
rate of evaporation, aluminum foil was placed on top of the
solution. After 18 days, the PAN single crystal of high purity
was obtained using a slow evaporation method. The image of
a single PAN crystal as it has developed is depicted in Fig. 1.
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Fig. 1. Photograph of as grown crystal of PAN.

2.2 Computational Details

The Gaussian 09W [14] package's 6-311++G(d,p) premise
set functions of the Density Functional Theory (DFT) and
gradient geometry optimization at B3LYP levels are used to do
the comprehensive estimation of PAN. Using DFT [15, 16],
Becke's three-parameter hybrid functional [17], the Lee-Yang-
Parr correlation [18] functional (B3LYP) method, and the
Gauss view programme [19], all of the mathematical borders
were smoothed out using the 6-311++G(d,p) basis set. For
subsequent computations, including DFT, the CCDC
deposition number 1232675 and the Cambridge Structural
Database (CSD) were utilised to produce the Crystallographic
Information File (CIF) [20]. The AutoDockTools (ADT) v1.5.4
and AutoDock v4.2 programme (AutoDock, Auto grid,
Autotors, Copyright-1991-2000) of the Scripps Research
Institute  (http://www.scripps.edu) were used as the
bioinformatics tools for this experiment. The absorption,
distribution, metabolism, and excretion (ADME) properties
were computed using Pre-ADMET, an internet server
(http://preadmet.bmdrc.org).

3. Results and Discussion

3.1 Single crystal X-ray diffraction analysis

The single crystal X-ray diffraction analysis has
established the unit cell properties and crystal system of
phthalic anhydride. For the titular material, the following
lattice characteristics and crystal system were noted: volume
V = 659.96 (3) A3, orthorhombic crystal system, a = 7.889 (2)
A, b=14.155 (2) A c = 5910 (7) A. The phthalic anhydride
crystal generated in this inquiry utilising ethanol as the solvent
was determined to have agreeable lattice parameters and
crystal system as that of the reported data Table 1 [20],
according to the single crystal X-ray diffraction examination.
So, as is asserted, the titular substance crystallises as phthalic
anhydride.

3.2 Analysis of powder X-ray diffraction

To evaluate the sample purity, stable phase, and
crystallinity of the powdered sample of single crystals of
phthalic anhydride, powder X-ray diffraction examination was
conducted. It is common knowledge that the
pharmacologically active substances are only presented as
commercial drugs after undergoing rigorous testing.
Additionally, it is clear that these medicines, which have been
approved following a number of clinical trials, are taken in
virtually powdered crystalline form. As a result, we made an
effort to examine the specifics of the titular material's
powdered sample. We tried to compare the experimental
powder X-ray diffractogram with the powder X-ray
pattern simulated from the Crystallographic Information File
(CIF) using Mercury software, which is available from
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Cambridge Crystallographic Data Centre (CCDC), in order to
have a clear understanding about the stable phase of the
titular material. Fig. 2 shows the phthalic anhydride powder X-
ray diffraction pattern in comparison. The consistency
between the computed and experimental powder X-ray
diffraction patterns is shown from Fig. 2. In terms of a high
intense peak at 27.3° at the 28 axis indexed with (201) plane,
the experimental powder X-ray diffraction results are in good
agreement with the model powder X-ray pattern. The study
shows that the substance only contains a stable form of
phthalic anhydride; no other polymorphs or unstable forms
were seen during crystallisation. Furthermore, the obvious
crystalline nature of the title is confirmed by the strong Bragg
peaks at specified 26 and the sharp intensities in the powder
X-ray diffractogram.

Table 1. Crystal data and refinement parameters for 1,2 -
Benzene Dicarboxylic Acid Anhydride.

Code CCDC 1232675 [20]
Chemical formula Cs H4 O3
Molecular weight 148.11 g.mol”
Temperature 295K
Radiation wavelength 0.71073 A

Crystal System
Space group

Orthorhombic
P na2,

a 7.859(5) A
b 14.173(5)A
c 5.911(3)A

a 90°

B 90°

r 90°

% 658.4 A3

Z 4

Density 1.494 g.cm?
M 0.117 mm~?’
F(000) 304.0

6 range for data correction 10°-70°
Reflections -4<hs4,-5csks5,-2<1<2

RIF2 > 25(F2)], WwR(F2), S 0.0370, 0.0370, 1.01

3.3 Analysis of molecular geometry

To model ideal geometry and ascertain many elements of
molecule structure, stability, and reactivity, computational
methods are one of the informative and practical tools [21].
The entire DFT analysis is built around the improved molecular
geometry. In order to refine the titular material's molecular
geometry for further research on molecular structure analysis
and FT-IR analysis at B3LYP/6-311++G(d,p) level in gas phase,
the CIF [20] was utilised as the input. The optimised molecular
geometry was found to have no negative harmonic vibrational
frequencies, which led to the declaration that the molecular
structure was real and stable. Fig. 3 depicts the PAN
molecular structure as it has been optimized in line with
experimental structure. A superposition between the
experimental and theoretical structures is presented in Fig. 4.
Foresman and Frisch state that the calculation of geometric
parameters such as bond length, bond angle, and torsion
angle is successful if the deviation of the bond length between
the calculated and experimental value is only about 0.01-0.02
A and the deviation of the bond angle and torsion angle is
about 1-20[22,23]. Table 2 is a list of the experimental and the
most stable optimised geometrical parameters acquired by
DFT of PAN. The biggest difference between practical and
theoretical results in the estimated molecular geometry for
the PAN crystal occurs in the bond length C5-C6, which is
around 0.0165. In terms of bond length 02-C8, the smallest
difference is 0.0004. The largest deviation in the bond angle
03-C8-02 is around 1.74°, whereas the minimum deviation in
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the bond angle C8-C2-C1 is approximately 0.04°. The largest
deviation in the torsion angle 02-C8-C2-C1 is determined to be
3.2444°, and the least deviation is found at C4-C5-C6-C1 and
is 0.0434°. The average difference in the length of the C-C
bond between experimental and theoretical values is 0.0073.
Similar to this, there is a 0.04833° average difference between
the experimental and theoretical C-C-C bond angles. The
significant angle variations between the observed and
theoretical bond angles for the molecules C4-C5-C6, 01-C7-
03, 03-C8-02, and 02-C8-C2 are 1.49, 1.58, 1.74, and 1.08°,
respectively. The experimental data from the previous report
[20] is related to the solid-state structure, whereas the
calculated data is obtained in the gas phase, as can be seen
in Table 2. This is to be expected since the calculated
geometrical parameters are slightly longer and shorter than
experimental values.
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Fig. 2. Comparative powder X-ray diffraction pattern of PAN.
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Fig. 3. (a) Experimental structure and (b) optimized structure
of PAN.
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Fig. 4. Superposition of experimental and theoretical
structures.
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Table 2. Experimental and optimized bond lengths of PAN.

Orbital: Electron. J. Chem. 2024, 16(1), 1-9

Bond length XRD(A) DFT(A) Bond length XRD(A) DFT(A)
Cc1-C2 1.38 1.39 01-C7 1.19 1.19
C2-C3 1.38 1.38 C7-03 1.39 1.39
C3-C4 1.41 1.39 02-C8 1.19 1.19
C4-C5 1.38 1.40 Cc1-C7 1.46 1.48
C5-Cé 1.38 1.39 C2-C8 1.47 1.48
C1-Cé 1.39 1.39
Bond Angle XRD(°) DFT(°) Bond Angle XRD(°) DFT(°)
C1-C2-C3 122.4 121.7 01-C7-03 120.6 122.2
C2-C3-C4 116.5 117.1 C7-03-C8 109.4 110.3
C3-C4-C5 120.6 121.2 03-C8-02 120.4 122.2
C4-C5-Cé 122.7 121.2 02-C8-C2 131.9 130.8
C6-C1-C2 121.2 121.7 C8-C2-C1 107.4 107.8
C1-C7-01 131.8 130.8 C8-C2-C3 130.2 130.5
Dihedral Angle XRD(°) DFT(°) Dihedral Angle XRD(°) DFT(°)
C1-C2-C3-C4 -0.71 0 01-C7-03-C8 -179.5 180
C2-C3-C4-C5 1.32 0.1 C7-03-C8-02 177.3 179.9
C3-C4-C5-C6 -0.97 -0.1 C7-C1-C2-C8 -2.4 0.1
C4-C5-C6-C1 -0.04 0.1 02-C8-C2-C1 -176.7 -179.9
C6-C1-C2-C3 -0.28 -0.1 C8-C2-C1-C6 179.1 -179.9
C1-C7-03-C8 0.98 -0.1 C8-C2-C3-C4 -179.8 179.9
3.4 Analysis of vibration recorded at 1841 and 1898 cm are in great agreement. The

One useful tool for assessing the various functional
groups and their vibrational modes is vibrational analysis. To
determine the chemical bonding and to learn more about the
molecular structure of the substance, the Fourier transform
infrared (FT-IR) spectral analysis is used. Additionally, there is
a potential that an ingredient will include contaminants in very
small amounts when it is used in pharmaceutical applications.
In order to evaluate the modes of vibration, different
functional properties, and potential contaminants in PAN, we
used the FT-IR technique. Fig. 5 compares the observed FT-IR
spectra of PAN with the computed IR spectrum.

C-H Vibrations

For asymmetric stretching modes of vibration, the C-H
stretching vibrations of heteroaromatic and aromatic
compounds occur in the range 3100-2900 cm’. The
asymmetric C-H stretching vibrations of the PAN were
attributed to the wavenumbers computed by B3LYP/6-
311++G(d,p) discovered at 3177 cm™ with PED 92%, as was
expected. The C-H asymmetric stretching vibrations band is
identified as the FT-IR signal at 3174 cm™.

C=0 and C=C Vibrations

The main bands in the 2000-1500 cm range are caused
by the stretching of the C=C and C=0 bonds. One of the
simplest absorptions to spot in an infrared spectrum is
carbonyl stretching. Depending on the nature of C=0 bond, it
usually occupies the range between 1830 and 1650 cm and
is the strongest band in the spectrum [24]. The FT-IR bands
are seen at 1850 and 1899 cm™ in the current investigation,
respectively. The experimental value for the corresponding
mode of C=0 vibrations with PED 90% and 82%, respectively,
and the predicted value for the C=0 stretching vibration

wavenumber identified as the C=C stretching vibrations of the
PAN compound at 1643 and 1382 cmin the FT-IR spectrum
is strong in intensity and is compatible with the predicted
value at 1642 and 1384 cm™ with PED 74% and 58%,
respectively. Table 3 provides a thorough explanation of
normal modes based on PED. Additionally, the FT-IR spectrum
of the shows unequivocally that PAN solely consists of
vibrational modes caused by Carbon, Hydrogen, and Oxygen.
Furthermore, it is asserted that the titular material has no
evidence of contaminants due to the similarity between the
experimental and computed IR spectra. Before moving
forward with the experimental and practical applications, it is
obvious that the computing of a material's characteristics
provides numerous crucial pieces of information from the
agreement of the computed IR spectrum with the
experimental one.

Transmittance

Experimental

== Theoretical

4000 3500 2000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig. 5. Comparative IR spectra of PAN.
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Table 3. Experimental and calculated vibrational frequencies and assignments with PED of PAN.

IR Freq. Exp. IRFreq.cal. Red.Masses Force constant IR Intensity Assignments with PED>10%

- 124 5.1666 0.0469 0 T OCCC(51) + T COCC(15)

- 156 10.9727 0.1581 3.3793 T0CCC(14) + T COCC(47) + a 0COC(20)
- 186 7.33 0.151 0.0907 T0CCC(11) + T COCC(17) + a CCCC(59)
- 250 6.8531 0.2537 1.5469 B 0CO(10) + B CCC(45)

- 354 11.6803 0.8668 8.1799 y CC(13) + B COC(15) + B OCO(47)

- 416 3.0815 0.3143 0.7475 THCCC(11) + THCCC(11) + T CCCC(59)+ a CCCC(11)
- 439 5.0155 0.5708 0.0001 T CCCC(80)

534 539 9.428 1.6182 2.5559 y OC(17) + B CCC(29)

- 539 7.6157 1.3081 13.8096 y CC(14) + B OCC(15)

640 637 14.076 3.3745 5.0271 y 0C(10) + B COC(51) + B OCC(15)

- 662 4.5257 1.1707 0 T CCCC(73)

- 686 8.5453 2.3716 51119 B 0CO(61)

715 718 2.8173 0.8568 91.7829 T COCC(10) + @ OCOC(54)

742 746 6.3593 2.0883 0.2124 y CC(47) + B OCC(10)

- 765 8.4681 2.9267 0.0001 T 0CCC(13) + a 0COC(70)

800 800 1.7345 0.6552 14.5223 THCCC(49) + a 0COC(20)

840 845 7.6075 3.2066 8.4011 B CCC(39) + B OCO(33)

- 900 13.2811 6.3447 263.5724  yOC(34) +y 0C(53)

906 905 1.3051 0.6309 0 THCCC(32) + T HCCC(53)

- 987 1.3913 0.7999 1.0449 THCCC(60) + T HCCC(31)

1010 1014 1.3161 0.7983 0 THCCC(27) + T HCCC(32) + T CCCC(13)
- 1029 2.3322 1.4576 5.1185 B HCC(24) + B CCC(17) + B CCC(24)

- 1104 2.5001 1.7966 0.4732 B CCC(39)

- 1121 3.9002 2.8908 55.9769 y CC(11) +y OC(24) + B 0CO(20)

- 1186 1.1848 0.9833 11.1012 y CC(11) + B HCC(60)

- 1189 2.1218 1.7687 0.9855 y CC(24) + B CCC(12)

- 1266 5.8628 5.5363 261.2499  yCC(34) + B COC(12)

- 1307 1.5567 1.5668 0.0987 B HCC(35) + B HCC(24)

1382 1384 5.9825 6.7540 22.2632 y CC(58)

- 1497 2.5198 3.3292 0.0602 y CC(14) + B HCC(50) + B CCC(12)

- 1497 2.4103 3.1861 9.1013 y CC(25) + B HCC(22) + B HCC(28)
1643 1642 6.6815 10.6213 9.2060 y CC(74)

- 1647 7.4666 11.9396 0.2028 y CC(36) + B CCC(28)

1850 1841 13.1778 26.3319 7037358 y0C(90)

1899 1898 13.0769 27.7766 2341838  y0C(82)

3174 3177 1.0875 6.4693 1.3179 y CH(92)

- 3190 1.091 6.5416 3.9326 y CH(100)

- 3202 1.0942 6.6107 1.0018 y CH(91)

- 3205 1.0966 6.6372 4.6164 y CH(98)

y-Stretching, B-Bending, tT-Torsion, a-Out of plane
along with its derivatives, which was proposed by Johnson et

3.5 Density gradient (NCI-RDG) ana[ysis al. [25] Its first derivative is eXpreSSGd in the fO"OWing way:
Non covalent interactins reduced density gradient (NCI-

RDG) analysis has been used for the prediction of the weak __ 1 lvp®)

) oY . . RDG(r) = T (M

interaction in the actual space in terms of the electron density 23723 p(r)3
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Molecular interactions are involved in the structure
stability of a given material. Such interactions, act to weak
intramolecular intermolecular interactions that in turn are able
to be detected by reduced density gradient (RDG) analysis,
this analysis relies on the analysis of non-covalent
interactions (NCI) that exist in the system [26]. The NCI-RDG
analysis is plotted in Fig. 6. Fig. 6 shows that the interaction is
localized across an RDG isosurface that envelops their own
area. Fig. 7 illustrate the gradient isosurfaces of the PAN
crystal compound. Red colors indicate repulsive interactions
(steric effect). The strongest steric repulsive influences of the
substance have been seen in the center of the aromatic ring
and furanic ring related to the -1t clustering interactions [25].
It can be seen that the steric repulsive effect is slightly large
in the furan ring due to the presence of the electronegative
oxygen atom. Both of steric effects might be relevant for the
stability of the molecular system of the title compound.
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1.80 | 0.015
1.60 } 0.010
140 | 0.005
5 120 4 0.000
4 00 -0.005
Q - 1 -0.010
c 0.80F ~0.015
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S © ©& & 9 & & & © 9 o

sign(Ay)p (a.u.)

Fig. 6. The scatter diagram of PAN molecule.

W/

Fig. 7. The gradient isosurfaces of PAN compound.

3.6 AIM calculations: Geometrical and topological parameters

The topological analysis approach is being applied to
further analyze the weakness of interactions between several
substances. Atoms in Molecules (AIM) theory is often
explored for identifying interaction types in a multitude of
different molecular structures and for assessing the electron
density at critical bond points (RCPs) [27]. The quantum
theory of atoms in molecules (QTAIM) has been widely
implemented as a means to classify and comprehend
chemical quantum interactions such as electron density +(p).
QTAIM theory effectively depicts the pattern of interactions
and its conception without limit. The benefits of the AIM

Orbital: Electron. J. Chem. 2024, 16(1), 1-9

theory is that it provides modification in the distribution of the
electron density due to the binding formation. The geometrical
and topological parameters are important elements in order
to determine the strength of the hydrogen bond, bond critical
points (BCPs) and ring critical points (RCPs). In our case we
have ring critical points (RCPs) in the PAN compound. Those
properties could be observed by means of topological
parameters among the compound structures like electron
density Laplacian V2p(r), electron density p(r), potential
energy density V(r), Lagrangian kinetic energy G(r), kinetic
Hamiltonian energy H(r) = G(r) + V(r)bond energy and Eint =
V(r)/2. All of these topological parameters are reported in
atomic units. the optimized geometrical structure has been
adopted in order to establish the critical points of the
intramolecular ring (RCPs) in our crystal structure. The
computational results were analyzed with the Multiwfn
package [28]. The resulting molecular plot displaying the
critical points in the ring of compound PAN is illustrated in Fig.
8(a). The molecular pattern of compound PAN in the RCPs
molecular interactions seen by using the Multiwfn software
are plotted in Fig. 8(b) and the ring points interaction
topological parameters 24 and 26 for the molecule PAN are
listed in Table 4. Usually, elevated p(r) electron density
readings and its laplacian V2p(r) denote the strong
interactions [25]. In the PAN molecule compound, the electron
density (pRCP) value is 0.02232 for RCP24 and 0.04406
atomic unit for RCP26. The high RCP26 value of the electron
density (RCP26) is due to the presence of an oxygen atom in
the furan ring. The values of Laplacian is 0.16255 for RCP24
and 0.30662 atomic unit for RCP26. Also, the hamiltonian
kinetic energy K(r) of RCP26 point is higher (-0.00721 au) than
the resulting value of the point RCP24 (-0.00721 au). The
elevated values of RCP26 compared to RCP24 parameters
presented in table 4 are caused by the electronegative oxygen
atom presence in the furan ring.

3.7 Molecular docking analysis

In the realm of molecular modelling, a method called
docking makes predictions about the preferred orientation of
one molecule to another when they are joined to form a stable
complex. Instead of using the resources in experimental labs,
this offers a path and fundamental concepts for the synthesis
of materials. By offering predictions of the ligand's bound
shape and a plan for ranking the protein-ligand interaction
energetically, molecular docking methods are particularly
helpful in describing the protein-ligand interaction. To find the
optimal insilico conformation, automated molecular docking
was done with the synthesized material. Prior to docking,
ligands were optimised in Gaussian 09 W [14] software using
the DFT/B3LYP/6-311++G(d,p) basis set. Online programmes
called PASS (Prediction of Activity Spectra) [29] forecasts
many kinds of activities. Protein Data Bank (PDB),
(http://www.pdb.org), retrieved from PASS analysis of PAN
predicts actions towards the factor inhibiting HIF-1 alpha in
combination with HIF-1 alpha fragment peptide (PDB ID:
TH2K). The Q-site Finder is used to look for the likely binding
sites of preferred target receptors in order to identify the
ligand-binding site. Protein active and binding sites are
frequently linked to structural pockets and cavities. Kollman
and Gasteiger charges have been added in total, totalling -
6.957 and -14.0268, respectively. There are a total of 8
aromatic carbons and 4 nonpolar hydrogens in the titular
material. The search was carried out using the Lamarckian
Genetic Algorithm, and populations of 150 people were
produced over a period of 10 generations with a mutation rate
of 0.02. Following the saving of each compound in PDBQT
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format, AutoDock was used to dock the compounds. The
mimic structure with the lowest energy among the 10 docking
options is thought to be the best one. The value of interaction
between ligand and receptor was -4.45 kcal/mol. It was
discovered that the hydrogen bonds between two N-H of
His313A and one carbonyl oxygen atom of the five-membered
ring of PAN were, respectively, 2.8 and 2.7 A. The Asp222A N-
H and one of the carbonyl oxygen atoms in the five-membered
PAN ring form a 2.8 A hydrogen connection. In Fig. 9, the same
is displayed as a pose view diagram of PAN. The carbonyl
oxygen atoms of the five-membered ring of PAN are more
interactive with the targets.

3.8 Pre-ADME and pharmacokinetic of PAN

The Lipinski's Rule is met by the PAN molecule (Rule of
Five). A substance must possess the perfect ADMET qualities
in order for clinical tests to identify it as a substance. The only
drug that can typically traverse cell membranes and interact
with a pharmacological target is the unbound drug. As aresult,
a drug's plasma protein binding level affects not only how it
acts but also how it is disposed of and how effective it is.
Chemicals are strongly bound when the value is greater than
90%; otherwise, they are weakly bound. 52.795% is shown by
the PAN. The Human Intestinal Absorption (HIA) test typically
shows good, moderate, and poor absorption in the ranges of
70-100, 20-70, and 0-20%. PAN revealed intestinal
absorption of 97.262%, which is considered "good" absorption
in human intestine. PAN's cell permeability was observed to
be 6.1217 x 106 cm/sec. Maden Darby Canine Kidney (MDCK)
cell permeability is divided into three categories: low (less
than 2.5 x 106 cm/sec), moderate (between 2.5 and 50.0 x 10
6 cm/sec), and high (beyond 50.0 x 10® cm/sec). In in-vitro
MDCK cells, PAN displayed medium permeability at 6.1217 x
10 cm/sec. The Blood Brain Barrier (BBB) is a direct index of
a drug's ability to set foot in the central nervous system (CNS).
Low, moderate, and high (below 0.1 b/b, 0.1 to 2.0 b/b, and
above 2.0 b/b) are the classifications. PAN in BBB is 1.22044,
which indicates a moderate value for penetration. In the
pharmaceutical, cosmetic, and agrochemical industries, it is
crucial to anticipate the skin permeability rate for the
transdermal administration of drugs and for the risk
evaluation of all substances that come into contact with the
skin either accidentally or on purpose. Skin permeability for
PAN is -2.5519 cm/hour.

Orbital: Electron. J. Chem. 2024, 16(1), 1-9

Fig. 8. (a) The resulting molecular plot displaying the critical
points in the ring of compound PAN and Fig.8 (b). The
molecular pattern of compound PAN in the RCPs molecular
interactions seen by using the Multiwfn software.

Table 4. Ring points interaction topological parameters 24 and 26 for the molecule PAN.

Parameters (a.u) RCP 24 RCP 26

Electron density (pRCP) 0.02232 0.04406
Laplacian of electron density 0.16255 0.30662
Lagrangian Kinetic Energy G(r) 0.03310 0.06945
Hamiltonian Kinetic Energy K(r) -0.00753 -0.00721
Potential energy density V(r) -0.02556 -0.06224
Eigen Value A1 0.09897 0.18698
Eigen Value A2 0.08147 0.16511

Eigen Value A3 -0.01788 -0.04547
Electron localization function (ELF) 0.02300 0.04910
Localized orbital locator (LOL) 0.13306 0.18518
Local information entropy 0.00238 0.00432
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Fig. 9. Poseview diagram of PAN.

4. Conclusions

In the current study, phthalic anhydride (PAN) was
effectively produced as a single crystal, and it's structural and
spectral properties were evaluated using examinations of
single crystal X-ray diffraction, powder X-ray diffraction and
FT-IR analyses. The experimental crystal structure is
compared to the optimized geometric structure in the gas
phase, the findings did not reveal any appreciable geometrical
changes (distances and angles). The density gradient (NCI-
RDG) analysis was carried out to reveal the interactions of
titular compound. The geometrical and topological
parameters were assessed using QTAIM analysis. The
synthesised molecule has binding modes in the HIF-1 alpha
fragment peptide active site, according to molecular docking
experiments, and had acceptable docking scores. With the
use of the internet server preADMET, the absorption,
distribution, metabolism, and excretion (ADME) features were
ascertained. Therefore, the titular material is nominated as a
viable candidate in the field of pharmacology and medicine
due to its stable structure, outstanding chemical
characteristics, and strong pharmacokinetic qualities.
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