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Abstract: The molecule  5-amino-1-(2,6-dichloro-4-(trifluoromethyl)phenyl)-1H-pyrazole-3-
carbonitrile is a pyrazole derivative with five different functional points. The main aim of this
manuscript is to identify whether the compound interacts with fullerene molecules. The molecule's
structure was simulated DFT- B3LYP/6-311+G (2d, p). The electronic spectra were generated using
RCAM-B3LYP functional and the same basis sets with different solvents. Physical and chemical
properties like active sites, biological activities, stabilities, solvation energy, electrons' occupancies in
bonding orbitals, weak and strong hydrogen bonds, the steric force of interactions, delocalization of
electrons, and reactive sites identification are reported. PASS and subsequent docking studies indicate
the antiarthritic property. This molecule has good absorption energy (AH) -71.84 kcal/mol with a
fullerene complex. Also, we found an enhancement of Raman activity of the compound when adsorbed
with fullerene.
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1. Introduction

The derivatives of pyrazole are heterocyclic aromatic compounds partaking in
medicinal and pesticide chemistry by their bioactivity [1]. The substituted pyrazoles are great-
affinity ligands with estrogen receptor (E.R.) and have significantly great potential as an
agonist on the ERa than on the ERP subtype [2]. Some pyrazoles have potential against human
pathogens with high adaptivity against antimicrobial diseases ranging from soft tissue like
bacteremia, endocarditis, pneumonia, and osteomyelitis, like Staphylococcus aureus [3], active
against colorectal cancer cell lines HCT116 and SW620 [4], and clinical agent for the treatment
of osteoporosis [5]. The derivatives of biphenyl pyrazole-benzofuran possess an inhibitory
effect against a-glucosidase activity [6].

Curcumin pyrazole derivatives are active against Parkinson's disease. It is the
deposition of neurotoxic o-synuclein aggregates in the brain during the development of
neurodegenerative diseases and can be curbed by anti-aggregation strategies [7]. Derivatives
of pyrazole carboxamide show antifungal activities against Botrytis cinerea, a necrotrophic
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pathogenic fungus that causes significant crop loss in many plant species [8]. The substituents
of strobilurin are the most important classes of agricultural fungicides [9]. Compounds like
hymexazole, rabenzazole, and pyraclostrobin are fungicides derived from pyrazole, and these
led to the commercial introduction of many industries [10].

The molecule 5-amino-1-(2,6-dichloro-4-(trifluoromethyl)phenyl)-1H-pyrazole-3-
carbonitrile has three major functional groups acetonitrile, aminoimidazole, and chlorinated
trifluoromethylphenyl. The multicomponent reactions (MCRs) are one of the best ways to
synthesize heterocyclic compounds starting from simple and readily available materials [11].
Organic cyano compounds easily undergoes heterocyclation reactions by the addition of
nucleophile to the cyano group [12], photoisomerization reaction [13], condensation reaction
[14-16], cyclocondensation [17], addition reaction [18], reductive coupling reaction [19, 20],
cross-coupling [21], substitution reaction [22, 23], and catalytic reactions [24].

The applications of acetonitrile, pyrazole and imidazole derivatives are biosynthesis of
hemeproteins [14], anti-inflammatory [25], using photodynamic therapy for the treatment of
cancer [15], anticancer activity [22, 26, 27], antiviral activity [1], anti-tuberculosis activity
[28], control the activity of GPR139-protein in central nervous system [29], DNA labeling [30],
polymerization/copolymerization [23], insecticidal activity [20], antifungal [10], Parkinson’s
disease [7], biogas energy [31] and battery energy [32].

In general, pyrazole derivatives contain C-N (especially lone pairs of nitrogen). They
are used for their analgesic, antipyretic, anti-inflammatory (e.g., antipyrine, phenylbutazone,
celecoxib), antibacterial, tranquilizing, anticancer, and antidiabetic activities [33, 34]. The
molecule 5-amino-1-(2,6-dichloro-4-(trifluoromethyl)phenyl)-1H-pyrazole-3-carbonitrile is a
famous insecticide [35].

In this paper, we report the theoretical investigations by DFT [36—-38] calculations of
structure, light-harvesting efficiency, solvent effects, nature of bonding orbitals, average
localized ionization energy, electrostatic potentials, non-covalent interaction, and molecular
docking assay of 5-amino-1-(2,6-dichloro-4-(trifluoromethyl)phenyl)-1H-pyrazole-3-
carbonitrile. We also adsorbed the molecule with fullerene and found that there is effective
adsorption and also, an enhancement in Raman activity of the system.

2. Materials and Methods

Optimization of carbonitrile done by Gaussian-09 [39] software, and package using the
basis set of 6-311+G(2d,p) [40—44] with DFT- B3LYP [45-49] method. The ultraviolet-visible
spectrum simulation calculation with TD-DFT using long-range corrected RCAM-B3LYP
functional [50, 51] and 6-311G+(2d,p) method and basis set. We used to visualize the result
and recover using from GaussSum [52] software. Reaction sites of carbonitrile were calculated
using Multi-wavefunction software by analyzing wave functions like average localized
ionization energy, total electrostatic potentials, and non-covalent interactions [53]. The
structural relative bio-activity of carbonitrile was collected using PASS online webserver, high
activity of corresponding PDB 1Ds downloaded from RCSB site [54], and the molecule docked
with suitable protein using AutoDock_Vina [55], and docked results were visualized with the
help of Discovery Studio [56] software.
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3. Results and Discussion

3.1. Structure elucidation of carbonitrile.

Figure 1 shows the geometry of carbonitrile, and it poses 25 atoms with the
contributions of three fluorine, two chlorine, four nitrogen, 11 carbon, and five hydrogen
atoms. The prominently bond lengths of C-F in the trifluoromethan- group between 1.30 and
1.36 A, C-N in 1° amines, and pyrazole between 1.37 and 1.50 A, C-C near 1.50 A, C-N in
nitril- is 1.16 A, and C-CI between 1.73 and 1.75 A: bond angles of C9 in trifluoromethyl
between 1.07 and 111.56° N19 and N20 in pyrazole and 1° amines between 103.50 and
127.80°.

Figure 1. Optimized geometry of carbonitrile.

3.2. Light-harvesting efficiency (LHE), and free solvent energy (AG°) of carbonitrile.

The energy calculation of the electronic transition study done by TD-DFT utilizing
RCAM-B3LYP/6-311+G(2d,p) with carbonitrile with the polar and nonpolar solvents like
water, ethanol, and dimethylsulfoxide (DMSO) implicit solvents atmosphere IEFPCM
solvation model. The U.V.—Vis spectrum is given in Figure 2. The L.H.) and solvent energy of
carbonitrile are shown in Table 1.
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Figure 2. Electronic spectra of carbonitrile with solvents.
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Table 1. LHE and free solvation energies of carbonitrile.

Solvents Wavelength Absorbance Light harvesting energy Solvation energy AG® (in
(nm) factor () LHE=1-10" in % kcal/mol)

Water 238.32 0.0842 0.1762 17.62 -2.2245

Ethanol 237.92 0.0845 0.1768 17.68 -2.7347

DMSO 238.41 0.0877 0.1871 18.71 -2.1360

The light-harvesting efficiency measures the fraction of light intensity absorbed by the
dye. Here, we have done a theoretical investigation of this carbonitrile-derived molecule.

Carbonitrile is a polar molecule, so we selected polar solvents like water, ethanol, and
DMSO. Carbonitrile dissolved into different solvents, water, ethanol, and DMSO, shows
intensities at 238.32, 237.92, and 238.41 nm, and absorption factors (f) 0.0842, 0.0845 and
0.0877, respectively. The efficiency of carbonitrile can be calculated in theoretically as LHE
[57-64], expressed as a function of the oscillator strength related as LHE=1-10" [65-67].
Carbonitrile having light-harvesting efficiency with solvents water, ethanol and DMSO are
0.1762, 0.1768, and 0.1828, and in percentage 17.62, 17.68, and 18.28, respectively. From the
above result, carbonitrile does not have good light-harvesting efficiency due to poor
percentages of capacity with selected solvents [68, 69].

Water and ethanol are polar solvents, and DMSO is an aprotic solvent. Carbonitrile
showed red shifts and hypsochromic shifts due to higher intensities occurring at lower
wavelengths (below 240 nm). Carbonitrile in water, ethanol, and DMSO shows free salvation
energies (AG?) are -2.2245 and -2.7347, and -2.1360 kcal/mol, respectively. These solvents
can make dissolution with carbonitrile with a number of hydrogen bonds with water and
ethanol, hydrogen bonds, and proton transfer interactions with DMSO. Solvent water produces
a number of hydrogen bonds by oxygens with hydrogens in carbonitrile and halogens in
carbonitrile with hydrogens in water, but solvent ethanol has a number of hydrogens than water
and forms a greater number of hydrogen bonds than solvent water, and solvent DMSO makes
hydrogen bonds between carbonitrile and DMSO through only donates of protons. From the
above result, ethanol is a good solvent comparing selected polar solvents, with good solvation
energy.

3.3. Adsorption (AH) assay of carbonitrile with fullerene-24.

The attractions between hydrogen and more electronegativity elements produce
electrostatic effects between them [70-73]. The absorption property is found by frequency
calculations of carbonitrile and fullerene (C24), and both of them shows in Figure 3 and Table
2.

The absorbance occurs between carbonitrile and fullerene with hydrogen bond
attractions of halogens, nitrogen, and hydrogens. This assay is explained by increased complex
intensity (carbonitrile with fullerene) compared with the individual intensities of carbonitrile
and fullerene. Frequencies at 522.4, 556.90, 815.60, 1339.60, 1540.70, 1616.70, 1696.70,
2359.70, and 3527.90-3629.60 cm™ notable absorbances of C-F in phenyl- ring, C-H in
fullerene ring, C-ClI in phenyl- ring, C-CFs in phenyl- ring, C-N is an aromatic bond in
imidazol- ring, C=C of imidazol- ring, C-NH: in imidazole group, -C.N. is nitrile in imidazol-
group, and N-H amine in imidazol- group respectively.

Absorption analysis also gives a change in enthalpy (AH) between reactants and
products of making complex, which is the difference between the enthalpy of complex and
individual of carbonitrile and fullerene:
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[H —H H

absorption products ~ ' 'reactants

D Habsorption = Hcomplex _[Hcarbonitrile + H fullerene]
The enthalpies of carbonitrile, fullerene, and complex are -1860.8855, -913.6917, and
-2774.5768 Hartree, respectively. Therefore, the change in enthalpy of the complex has -0.1145
Hartree, which is equal to -71.8499 kcal/mol.
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Figure 3. Absorption of carbonitrile on fullerene showing enhancement of spectral behavior.

Table 2. Absorbance of complexes of carbonitrile with fullerene.

Functional groups Frequency (cm™) Absorbance —
Complex Carbonitrile Fullerene
C-F (phenyl) 522.40 35.0812 9.73887 37.0356
C-H (fullerene) 556.90 1143.82 14.6884 210.305
C-ClI (phenyl) 815.60 385.45 352.558 15.227
https://biointerfaceresearch.com/ 5 of 28
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Functional groups Frequency (cm™) Absorbance —
Complex Carbonitrile Fullerene

C-CFs (phenyl) 1339.60 1247.14 1193.26 0.73613
C-N (aromatic in imidazole) | 1540.70 166.082 231.215 0.01636
C=C (imidazole) 1616.70 299.129 317.97 0.00013
C-NH2 (imidazole) 1696.70 398.501 360.191 0

-CN (nitrile in imidazole) 2359.70 129.627 52.6592 0

N-H (NH>) 3527.90-3629.60 | 58.9407-81.2998 | 46.3397 - 76.9548 | 0

3.4. Natural bonding orbital (NBO) assay.

Molecular structure and stability of carbonitrile are explained by NBO assay.
Carbonitrile has 25 atoms (chlorine, fluorine, nitrogen, carbon, and hydrogen), which possess
586 atomic orbitals, angular momentums, types, occupancies of electrons, and energies
(orbital) shown in Table S1. The valence orbital with 3pz (angular momentum) of chlorine
atoms labeled as 13 and 14 shows 1.91 and 1.89 (near 2) occupancies, and energies are -0.36
and -0.35 a.u. respectively (in phenyl- ring); alike, valence orbital with 2pz (angular
momentum) of fluorine atoms label as 10, 11 and 12 shows 1.89, 1.82 and 1.67 (near 2)
occupancies, and energies are -0.47, -0.47 and -0.48 a.u. respectively (in phenyl- ring).

In the same way, the valence orbital with 2pz (angular momentum) of nitrogen atoms
labeled as 19, 20, 22 and 23 shows 1.38, 1.24, 1.21 and 1.33 (near 1) occupancies, respectively,
and energies are -0.21 a.u. (in imidazol- ring), -0.29 a.u. (in imidazol- ring), -0.16 a.u. (in
acetonitril-) and -0.26 a.u. (amino-) respectively;, valence orbital with 2pz (angular
momentum) of carbon atoms has occupancies between 0.60 and 1.08 (near 1) and energy
between -0.07 and -0.12 a.u.; similarly, the valence orbital with 1s (angular momentum) of
hydrogen atoms have occupancies between 0.61 and 0.75 (near 1) and energy between 0.01
and 0.02 a.u. From the above result, all the valence electrons in carbonitrile are delocalized.

Table 3 displays the transition energies of carbonitrile from donor to acceptor orbitals.
The electron transitions occur from donor bonding and antibonding orbitals of ¢(2)C1-C2,
6(2)C1-C2, 6(2)C3-C4, 6(2)C3-C4, 6(2)C15-C17, L.P. (1)N20, L.P. (1)N20, L.P. (1)N22, L.P.
(1)N23, 6*(2)C5-C6, 6*(2)C5-C6, 6*(2)C16-N19, and 6*(2)C16-N19 to acceptor antibonding
orbitals of ¢*(2)C3-C4, ¢*(2)C5-C6, 6*(2)C1-C2, c*(2)C5-C6, 6*(2)C16-N19, c*(2)C15-
C17,0*(2)C16-N19, R*(1)C21, 6*(2)C15-C17,6*(2)C1-C2, 6*(2)C3-C4, 6*(2)C15-C17, and
0*(3)C21-N22 using the amount of energies are 21.09, 21.18, 20.72, 21.50, 30.57, 41.47,
26.26, 18.48, 26.55, 174.87, 329.43, 125.44, and 22.12 kcal//mol respectively [74-76].

Table 3. Transition energies of carbonitrile.

NAOs | Donor NAO (i) NAOs | Acceptor NAO (j) E(2) kcal/mol | E(j)-E(i) a.u. F(i,j) a.u.
2 o(2) C1-C2 561 o*(2) C3-C4 21.09 0.28 0.07
2 o(2) C1-C2 566 o*(2) C5-C6 21.18 0.27 0.07
8 o(2) C3-C4 555 o*(2) C1-C2 20.72 0.29 0.07
8 0(2)C3-C4 566 o*(2) C5-C6 21.50 0.27 0.07
20 o(2) C15-C17 578 o*(2) C16-N19 30.57 0.27 0.09
78 LP(1) N20 573 o*(2) C15-C17 41.47 0.3 0.10
78 LP(1) N20 578 o*(2) C16-N19 26.26 0.28 0.08
79 LP(1) N22 478 R*(1) C21 18.48 1.62 0.16
80 LP(1) N23 573 o*(2) C15-C17 26.55 0.34 0.09
566 o*(2) C5-C6 555 o*(2) C1-C2 174.87 0.02 0.08
566 o*(2) C5-C6 561 0*(2) C3-C4 329.43 0.01 0.08
578 0*(2) C16-N19 573 o*(2) C15-C17 125.44 0.02 0.06
578 0*(2) C16-N19 584 0*(3) C21-N22 22.12 0.12 0.09
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3.5. Average localized ionization energy (ALIE) assay.

ALIE assay explains the stability of carbonitrile by nature of localized and delocalized
electrons in the molecule. Figure 4 displays the nature of electrons. Carbonitrile has a length
unit between -12.14 and 12.14 Bohr3, with the scale range from 0.00 to 2.00, denoting colors
from blue to red. The delocalized electrons produce several carbonitrile resonance structures,

which explains its stability.
2.000
[ 1.800

B.19
546 - 1.600
- 1.400
.73 -
- 1.200
0.00 l 1.000
- 0.800

—2.73
0.600

—0.46 0.400

819 0.200

0.000
—1214 —8.09 —4.05 0.00 4.05 8.09 12.14
Length unit: Bohr

Figure 4. Average localized ionization energy of carbonitrile.

Color blue range between 0.20 and 0.50, mentioning that localized electrons of all
hydrogen atoms and lone pairs of electrons contain all nitrogen atoms in carbonitrile. Similarly,
a bluish-green color range between 0.70 and 1.20 mentions the delocalized electrons of
chlorine-, fluorine-, carbon atoms in 1,3-dichloro-5-(trifluoromethyl)phenyl- and their pi
system, and nitrogens and carbons in amino-, acetonitrile- and imidazole- and their pi system.
Similarly, the red color range between 1.80 and 2.00 mentions those core electrons of heavy
atoms like chlorine, fluorine, nitrogen, and carbon atoms in the whole molecule [71, 72].

3.6. Molecular electrostatic potentials (MESP) assay.

MESP explains the reactivity of carbonitrile by electrical and nuclear charges, which
means these charges show active sites of electrophiles and nucleophiles. Figure 5 displays the
electrical and nuclear charges of carbonitrile [77, 78].

MESP by electrical charges of carbonitrile represented by the length unit between -
12.08 and 12.08 Bohr?, and scale from -0.10 to 0.10 by the color from blue to red. The blue
color from -0.04 to -0.02 shows electron-rich sites of carbonitrile, which means lone pairs of
electrons in all nitrogens atoms. Therefore, electrophiles attack (electrophilic reactions
possible) these sites. The red color from 0.06 to 0.10 shows electron-poor sites of carbonitrile,
which means carbon atoms that possess hydrogen atoms. Therefore, nucleophiles attack
(nucleophilic reactions) these sites.
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MESP by nuclear charges of carbonitrile represented by the length unit between -12.14
and 12.14 Bohr®, and scale from 0.00 to 50.00 by the color from blue to red. Carbonitrile having
negative electrostatic potentials show high electron density shows large attractions of protons
with nuclei due to the core and lone pair of electrons in heavy atoms are carbons, nitrogens,
fluorines, and chlorines in the molecule at the nuclear charge between 47.00 and 50.00, and the
positive electrostatic potentials show large repulsions of protons with nuclei due to no neutrons,
core, and lone pair of electrons in all the hydrogen atoms in the molecule at nuclear charges
between 17.00 and 23.00 have.
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Figure 5. Molecular electrostatic potentials of carbonitrile.

3.7. Non-covalent interactions (NCI) assay.
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NCI explains reactivity, especially biological activity based on hydrogen bonds of

carbonitrile. Figure 6 represented hydrogen bond interactions of (strong, weak, and repulsion
forces of) hydrogen bonds by a graph plotted energy against the reduced density gradient of
carbonitrile [79-83].

Carbonitrile has energy from -0.15*10 to -0.05*10 a.u. show strong hydrogen bonds
between nitrogen and hydrogen atoms of amino- in imidazole- group, alike energy from -
0.05*10* to 0.04*10 a.u. shows van der Waals forces between chlorine and hydrogen atoms
in 1,3-dichloro-5-(trifluoromethyl)phenyl- group, and energy from 0.06 to 0.24*10 a.u. shows
hydrogens and pi repulsions between cabonitrileimidazol- and 1,3-dichloro-5-
(trifluoromethyl)phenyl- groups. Also, in Figure 6, we represent the NCI between the fullerene
and the molecule also. It is clear that there are enhanced weak interactions between fullerene
and carbonitrile, which is evident from more green points in the scatter graph.
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Figure 6. Non-covalent interactions of carbonitrile.
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3.8. Molecular docking assay.

Table 4 shows the quantitatively structure-relative activity (QSRA) of carbonitrile
predicted using the PASS online server, and the PASS result shows biological activity by
probability to be active (0.63) and inactive (0.03) of carbonitrile having antiarthritic activity
more than 50 percent. Structurally, carbonitrile is active against T cell receptor beta chains
related to rheumatoid arthritis (R.A.). Therefore, the human immune system rheumatoid
arthritis protein (PDB ID: 2AXJ) [84], was downloaded and did dock. This protein structure is
derived from synovial fluid (SF4) and tissue (C5-1) of a patient with R.A.

Table 4. PASS-QSRA analysis of carbonitrile.
Pa Pi Activity
0.63 0.03 | Antiarthritic
0.59 0.02 | HMGCS2 expression enhancer
0.54 0.02 Neurodegenerative diseases treatment
0.49 0.02 | Antiobesity
0.48 0.02 Protein kinase inhibitor
0.46 0.01 Interleukin antagonist
0.45 0.02 | Antiparkinsonian
0.42 0.01 MAP Kinase inhibitor
0.42 0.01 Dihydroorotase inhibitor
0.40 0.00 Potassium channel (Ca-activated) activator
0.38 0.02 | Transplant rejection treatment
0.41 0.05 | Autoimmune disorders treatment
0.37 0.03 | CYP2C9 inhibitor
0.43 0.10 | Complement factor D inhibitor
Pa - probability to be active; Pi - probability of being inactive.

Table 5 displays the binding affinity of carbonitrile and ibuprofen (as reference drug),
and having -5.70 and -5.1 kcal/mol at zero root mean square deviation (rmsd) of both upper
and lower bases, respectively. Table 6 shows five residues (list) of the protein that interact with
carbonitrile and reference molecules (of side chain A), and Figure 7 displays the skeletal and
2D structure of interactions between carbonitrile, reference molecules, and protein.

Table 5. Binding affinity of carbonitrile.

- Distance from best mode _— Distance from best mode
B|n_d|_ng A) Bln_dl_ng A)
Mode Affinity Mode | Affinity
(kcal/mol) rmsd low | rmsd upper (kcal/mol) rmsd low | rmsd upper
base base base base
Carbonitrile Ibuprofen (as reference)
1 -5.70 0.00 0.00 1 -5.10 0.00 0.00
2 -5.70 0.31 2.16 2 -4.90 1.75 2.51
3 -5.70 1.13 1.96 3 -4.90 1.74 2.88
4 -5.60 1.09 2.81 4 -4.90 22.92 24.11
5 -5.50 4.42 6.20 5 -4.90 9.70 11.86
6 -5.50 6.06 8.16 6 -4.80 1.89 3.31
7 -5.50 6.07 8.23 7 -4.80 3.31 6.19
8 -5.50 4.38 6.48 8 -4.70 21.12 22.10
9 -5.40 17.03 18.12 9 -4.70 42.67 44.30

Table 6. Name and label of protein (PDB ID: 2AXJ) residues binding with carbonitrile and ibuprofen (as
reference).
Compounds | Label of Protein Residues
Carbonitrile | ASP:3, ILE:6. LEU:103, PHE:104, and PHE:105
Ibuprofen ARG 15, GLU 17, GLY 18, GLN 84, and VAL 113
ARG-arginine; ASP-aspartic acid; GLN-glutamine; GLU-glutamic acid; GLY-glycine; ILE-isoleucine; LEU-
leucine; PHE-phenylalanine; and VAL-valine.
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Figure 7. Skeletal and 2D structure of carbonitrile with protein.

Table S2 shows non-bond (including favourable and unsatisfied sites) interactions of
carbonitrile in detail (including types and categories). Carbonitrile has four conventional
hydrogen bonds as donors (hydrogen) from A:ASP3:HT2, A:PHE105:HN, :UNKO:H and
:UNKO:H to acceptors (nitrogen, fluorine, and oxygen) :UNKO:N, :UNKO:F, A:PHE105:0 and
A:ILE6:0 and the bond distances are 2.10, 2.32, 3.03 and 2.10 A respectively. One carbon-
hydrogen bond as a donor (hydrogen) from A:PHE104:CA to an acceptor (fluorine) :UNKO:F
by the distance 3.27 A, alike one pi-donor hydrogen bond donor (hydrogen) from A:ILE6:HN
to acceptor pi orbital in :UNKO with 3.00 A, One halogen bond from halogen acceptor (oxygen)
of A:LEU103:0 to a halogen of :UNKO:F by the distance 3.52 A. carbonitrile having one
unsatisfied site is nitrogen as donor and details mentioned in Table S2 [85-89]. Similarly, the
reference molecule has three conventional hydrogen bonds, one carbon-hydrogen bond, and
one pi-sigma bond type of interaction with referred protein. Carbonitrile has a greater number
of interactions and higher binding affinity than reference drugs.

4. Conclusions

From the result of the solvent effect, 5-amino-1-(2,6-dichloro-4-
(trifluoromethyl)phenyl)-1H-pyrazole-3-carbonitrile shows a good effect with ethanol than
water and DMSO, from NBO studies revealed the intensity of various intramolecular
interactions and stability explained by the occupancies of electrons in orbitals and transition
energies, from ALIE study shown the nature of localized electrons, from MESP study,
explained the electrostatic potentials by electronic and nuclear charges, from NCI study
discussed the non-covalent interactions of weak and strong hydrogen bonds and steric type of
bond attractions. The structure relative activity is confirmed from PASS and binding affinity.
This molecule has good absorption energy (AH) -71.8499 kcal/mol with a fullerene complex.
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Supplementary materials

Table S1. Natural atomic orbital occupancies of carbonitrile

NAOs Atom No. lang Type(AO) Occupancy Energy NAOs Atom No. lang Type(AO) Occupancy Energy
1 C 1 S C(1S) 1.99888 -10.0836 283 Cl 13 S C(1S) 2 -100.3

2 C 1 S V(2S) 0.93626 -0.21181 284 Cl 13 S C(2S) 1.99969 -10.4811
3 C 1 S R(4S) 0.00196 1.13995 285 cl 13 S V(3S) 1.83455 -1.03965
4 C 1 S R(3S) 0.00015 1.08019 286 cl 13 S R(5S) 0.00135 1.28151
5 C 1 S R(5S) 0.00002 21.40866 287 Cl 13 S R(4S) 0.0001 0.74922
6 C 1 pX V(2p) 1.09893 -0.12909 288 cl 13 S R(6S) 0 17.54267
7 Cc 1 px R(4p) 0.00489 0.92613 289 Cl 13 S R(7S) 0 207.7893
8 C 1 pX R(3p) 0.00034 0.6228 290 cl 13 pX C(2p) 1.99998 -7.2611
9 C 1 pX R(5p) 0.00015 3.40573 291 cl 13 pX V(3p) 1.80778 -0.34672
10 C 1 py V(2p) 1.15807 -0.1234 292 cl 13 pX R(4p) 0.00236 0.53853
11 C 1 py R(4p) 0.00656 1.02544 293 cl 13 pX R(5p) 0.00012 0.73345
12 c 1 py R(3p) 0.00034 0.52004 294 cl 13 pX R(6p) 0.00002 2.84702
13 C 1 py R(5p) 0.0001 3.41363 295 cl 13 pX R(7p) 0 25.46366
14 C 1 pz V(2p) 0.98859 -0.16529 296 cl 13 py C(2p) 1.99993 -7.26616
15 C 1 pz R(4p) 0.00118 0.49715 297 cl 13 py V(3p) 1.37149 -0.3183
16 C 1 pz R(3p) 0.00047 0.33973 298 cl 13 py R(4p) 0.00266 0.46155
17 C 1 pz R(5p) 0.00003 2.80662 299 Cl 13 py R(5p) 0.00009 0.53911
18 C 1 dxy R(3d) 0.001 2.05483 300 Cl 13 py R(6p) 0.00005 3.43001
19 C 1 dxy R(4d) 0.00054 3.63768 301 Cl 13 py R(7p) 0 25.48849
20 C 1 dxz R(3d) 0.00038 1.32281 302 Cl 13 pz C(2p) 1.99999 -7.26012
21 C 1 dxz R(4d) 0.00016 3.0867 303 cl 13 pz V(3p) 1.91241 -0.35849
22 C 1 dyz R(3d) 0.00055 1.27964 304 cl 13 pz R(4p) 0.00205 0.47158
23 C 1 dyz R(4d) 0.00009 3.04273 305 cl 13 pz R(5p) 0.00012 0.57922
24 C 1 dx2y2 | R(3d) 0.00103 2.01078 306 cl 13 pz R(6p) 0.00004 2.40184
25 C 1 dx2y2 | R(4d) 0.00044 3.60032 307 cl 13 pz R(7p) 0 25.3405
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26 c 1 dz2 R(3d) 0.00158 1.69733 308 cl 13 | dxy R(3d) 0.00245 1.44879
27 c 1 dz2 R(4d) 0.00006 3.31712 309 cl 13 | dxy R(4d) 0.00005 2.66364
310 cl 13 | dxz R(3d) 0.00087 0.77428
28 c 2 S C(19) 1.99886 -10.1089 311 cl 13 | dxz R(4d) 0.00005 2.22838
29 c 2 s V(29) 0.90131 -0.21571 312 cl 13 | dyz R(3d) 0.00238 0.89038
30 c 2 s R(4S) 0.00091 1.27092 313 cl 13 | dyz R(4d) 0.00004 2.38694
31 c 2 s R(3S) 0.00013 0.94282 314 cl 13 | dx2y2 | R(3d) 0.00176 1.31952
32 c 2 s R(5S) 0.00001 21.29905 315 cl 13 | dx2y2 | R(4d) 0.00003 2.65318
33 c 2 px V(2p) 1.04758 -0.15027 316 cl 13 | dz2 R(3d) 0.00109 1.01894
34 c 2 px R(4p) 0.0061 1.16703 317 cl 13 | dz2 R(4d) 0.00006 2.39895
35 c 2 px R(3p) 0.00028 0.68988
36 c 2 px R(5p) 0.00017 3.47503 318 cl 14 |s C(19) 2 -100.292
37 c 2 py V(2p) 1.09881 -0.12557 319 cl 14 |s C(29) 1.99968 -10.4753
38 c 2 py R(4p) 0.00411 1.15754 320 cl 14 |s V(3S) 1.83234 -1.02971
39 c 2 py R(3p) 0.00054 0.59008 321 cl 14 |s R(5S) 0.0014 1.28111
40 c 2 py R(5p) 0.0002 3.58332 322 cl 14 |s R(4S) 0.00005 0.77545
41 C 2 pz V(2p) 1.03255 -0.17336 323 cl 14 |s R(6S) 0 17.61978
42 c 2 pz R(4p) 0.00198 0.57599 324 cl 14 |s R(7S) 0 207.7259
43 c 2 pz R(3p) 0.0004 0.4872 325 cl 14 | px C(2p) 1.99997 -7.25412
44 c 2 pz R(5p) 0.00001 2.75777 326 cl 14 | px V(3p) 1.77654 -0.33645
45 c 2 dxy R(3d) 0.001 1.92471 327 cl 14 | px R(4p) 0.00246 0.54988
46 c 2 dxy R(4d) 0.00064 3.65781 328 cl 14 | px R(5p) 0.00013 0.89279
47 c 2 dxz R(3d) 0.001 1.02273 329 cl 14 | px R(6p) 0.00002 2.73389
48 c 2 dxz R(4d) 0.00018 3.42411 330 cl 14 | px R(7p) 0 25.47041
49 c 2 dyz R(3d) 0.00052 1.06608 331 cl 14 |py C(2p) 1.99993 -7.25846
50 c 2 dyz R(4d) 0.0003 3.36388 332 cl 14 |py V(3p) 1.4092 -0.31313
51 c 2 dx2y2 | R(3d) 0.00154 2.00471 333 cl 14 |py R(4p) 0.00254 0.47963
52 c 2 dx2y2 | R(4d) 0.00076 3.60066 334 cl 14 |py R(5p) 0.0001 0.70455
53 c 2 dz2 R(3d) 0.00215 152176 335 cl 14 |py R(6p) 0.00004 3.23476
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54 c 2 dz2 R(4d) 0.00007 3.50129 336 cl 14 | py R(7p) 0 25.47226
337 cl 14 | pz C(2p) 1.99999 -7.25295
55 c 3 S C(19) 1.99889 -10.0826 338 cl 14 |pz V(3p) 1.88986 -0.34774
56 c 3 S V(29) 0.93719 -0.21096 339 cl 14 | pz R(4p) 0.00191 0.48699
57 c 3 s R(4S) 0.0019 1.15337 340 cl 14 | pz R(5p) 0.00009 0.71665
58 c 3 s R(3S) 0.00015 1.01258 341 cl 14 | pz R(6p) 0.00003 2.28968
59 c 3 s R(5S) 0.00002 21.46064 342 cl 14 | pz R(7p) 0 25.34669
60 c 3 px V(2p) 1.0927 -0.12609 343 cl 14 | dxy R(3d) 0.00267 1.47182
61 c 3 px R(4p) 0.00488 0.91683 344 cl 14 | dxy R(4d) 0.00005 2.67468
62 c 3 px R(3p) 0.00033 0.629 345 cl 14 | dxz R(3d) 0.00103 0.81858
63 c 3 px R(5p) 0.00015 3.40699 346 cl 14 | dxz R(4d) 0.00005 2.24404
64 c 3 py V(2p) 1.16656 -0.12261 347 cl 14 | dyz R(3d) 0.00221 0.92996
65 c 3 py R(4p) 0.00647 1.04669 348 cl 14 | dyz R(4d) 0.00003 2.38868
66 c 3 py R(3p) 0.00037 0.50184 349 cl 14 | dx2y2 | R(3d) 0.0015 1.29811
67 c 3 py R(5p) 0.00009 3.42752 350 cl 14 | dx2y2 | R(4d) 0.00002 2.65058
68 C 3 pz V(2p) 0.97993 -0.16309 351 cl 14 | dz2 R(3d) 0.00113 1.02052
69 c 3 pz R(4p) 0.00113 0.49279 352 cl 14 | dz2 R(4d) 0.00005 2.4056
70 c 3 pz R(3p) 0.00046 0.34918
71 c 3 pz R(5p) 0.00004 2.80609 353 c 15 |s c(19) 1.99904 -10.1468
72 c 3 dxy R(3d) 0.00106 2.04 354 c 15 |s V(29) 0.7918 -0.15895
73 c 3 dxy R(4d) 0.00048 3.63602 355 c 15 |s R(4S) 0.00183 0.91693
74 c 3 dxz R(3d) 0.00038 1.34291 356 c 15 |s R(3S) 0.00003 0.71173
75 c 3 dxz R(4d) 0.00015 3.09895 357 c 15 |s R(5S) 0.00003 21.57702
76 c 3 dyz R(3d) 0.00064 1.28716 358 c 15 | px V(2p) 0.98566 -0.0969
77 c 3 dyz R(4d) 0.00008 3.04507 359 c 15 | px R(4p) 0.00405 1.1757
78 c 3 dx2y2 | R(3d) 0.00097 2.01131 360 c 15 | px R(3p) 0.0002 0.77604
79 c 3 dx2y2 | R(4d) 0.00051 3.60525 361 c 15 | px R(5p) 0.00016 2.95186
80 c 3 dz2 R(3d) 0.00154 1.684 362 c 15 | py V(2p) 0.98181 -0.15271
81 c 3 dz2 R(4d) 0.00006 3.3261 363 c 15 | py R(4p) 0.00166 0.64447
19 of 28

https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC134.342
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC134.342

364 c 15 | py R(3p) 0.00048 0.56574
82 c 4 S C(19) 1.99847 -10.1588 365 c 15 | py R(5p) 0.00012 2.69023
83 c 4 S V(29) 0.92197 -0.26167 366 C 15 pz V(2p) 0.83449 -0.06514
84 c 4 S R(4S) 0.00107 1.13222 367 c 15 | pz R(4p) 0.00532 1.08222
85 c 4 s R(3S) 0.0001 0.87072 368 c 15 | pz R(3p) 0.00023 0.73195
86 c 4 s R(5S) 0.00002 21.9502 369 c 15 | pz R(5p) 0.00014 3.00149
87 c 4 px V(2p) 1.05037 -0.15176 370 c 15 | dxy R(4d) 0.00096 2.30809
88 c 4 px R(4p) 0.00566 0.91499 371 c 15 | dxy R(3d) 0.00009 2.30603
89 c 4 px R(3p) 0.00012 0.64037 372 c 15 | dxz R(3d) 0.00103 253033
90 c 4 px R(5p) 0.00017 3.64336 373 c 15 | dxz R(4d) 0.00053 3.20626
91 c 4 py V(2p) 0.98012 -0.18272 374 c 15 | dyz R(3d) 0.00099 2.38837
92 c 4 py R(4p) 0.0071 0.92682 375 c 15 | dyz R(4d) 0.00029 2.45107
93 c 4 py R(3p) 0.00023 0.50019 376 c 15 | dx2y2 | R(3d) 0.00068 2.66521
94 c 4 py R(5p) 0.0002 3.53601 377 c 15 | dx2y2 | R(4d) 0.0004 2.84163
95 C 4 pz V(2p) 1.02784 -0.19171 378 c 15 | dz2 R(3d) 0.00074 25782
96 c 4 pz R(4p) 0.00142 0.55518 379 c 15 | dz2 R(4d) 0.00054 3.14866
97 c 4 pz R(3p) 0.00032 0.40241
98 c 4 pz R(5p) 0.00003 2.80089 380 c 16 |sS C(19) 1.99897 -10.1114
99 c 4 dxy R(3d) 0.00247 1.81746 381 c 16 |s V(29) 0.85096 -0.15231
100 c 4 dxy R(4d) 0.00056 3.70609 382 c 16 |s R(3S) 0.00232 1.10068
101 c 4 dxz R(3d) 0.00109 1.07916 383 c 16 |s R(4S) 0.00005 1.77108
102 c 4 dxz R(4d) 0.0002 3.32665 384 c 16 |s R(5S) 0.00003 20.73281
103 c 4 dyz R(3d) 0.00213 1.04104 385 c 16 | px V(2p) 0.96479 -0.07965
104 c 4 dyz R(4d) 0.00014 3.34003 386 c 16 | px R(4p) 0.00604 1.42057
105 c 4 dx2y2 | R(3d) 0.00221 1.82005 387 c 16 | px R(3p) 0.00009 0.62878
106 c 4 dx2y2 | R(4d) 0.00045 3.7345 388 c 16 | px R(5p) 0.00016 2.91855
107 c 4 dz2 R(3d) 0.00331 151633 389 c 16 | py V(2p) 1.06086 -0.14268
108 c 4 dz2 R(4d) 0.00012 3.4819 390 c 16 | py R(4p) 0.00136 0.74204

391 c 16 | py R(3p) 0.00039 0.55144
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109 c 5 S C(19) 1.9986 -10.132 392 c 16 | py R(5p) 0.00008 2.69531
110 c 5 s V(2S) 0.81841 -0.17657 393 C 16 | pz V(2p) 1.06428 -0.09654
111 c 5 S R(3S) 0.00155 1.13284 394 c 16 | pz R(4p) 0.00584 1.48357
112 c 5 S R(4S) 0.00004 5.28665 395 c 16 | pz R(3p) 0.00014 0.77397
113 c 5 s R(5S) 0.00002 16.98713 396 c 16 | pz R(5p) 0.00015 2.72971
114 c 5 px V(2p) 0.88882 -0.09883 397 c 16 | dxy R(3d) 0.00074 1.82372
115 c 5 px R(3p) 0.00691 1.15584 398 c 16 | dxy R(4d) 0.00009 2.76
116 c 5 px R(5p) 0.00009 2.90052 399 c 16 | dxz R(3d) 0.00116 2.39067
117 c 5 px R(4p) 0.00011 1.66119 400 c 16 | dxz R(4d) 0.00058 3.71898
118 c 5 py V(2p) 1.10987 -0.15347 401 c 16 | dyz R(3d) 0.00091 1.86185
119 c 5 py R(3p) 0.00522 1.06829 402 c 16 | dyz R(4d) 0.00011 2.79937
120 c 5 py R(5p) 0.00025 2.61401 403 c 16 | dx2y2 | R(3d) 0.00112 2.13672
121 c 5 py R(4p) 0.0001 1.62316 404 c 16 | dx2y2 | R(4d) 0.00033 3.24273
122 C 5 pz V(2p) 1.05644 -0.17797 405 c 16 | dz2 R(3d) 0.00063 2.22463
123 c 5 pz R(3p) 0.00595 0.61521 406 c 16 | dz2 R(4d) 0.00038 3.19333
124 c 5 pz R(5p) 0.00007 2.21431
125 c 5 pz R(4p) 0.0001 1.44274 407 c 17 |s C(19) 1.99894 -10.0501
126 c 5 dxy R(3d) 0.00113 2.29751 408 c 17 |s V(29) 0.94832 -0.1884
127 c 5 dxy R(4d) 0.0004 3.58553 409 c 17 |s R(4S) 0.00091 1.36621
128 c 5 dxz R(3d) 0.00053 1.87047 410 c 17 |s R(3S) 0.00007 117105
129 c 5 dxz R(4d) 0.00051 2.94642 411 c 17 |s R(5S) 0.00001 21.77852
130 c 5 dyz R(3d) 0.00043 1.74025 412 c 17 | px V(2p) 1.13319 -0.09621
131 c 5 dyz R(4d) 0.00017 2.71757 413 c 17 | px R(4p) 0.00319 1.18987
132 c 5 dx2y2 | R(3d) 0.00155 2.18745 414 c 17 | px R(3p) 0.00044 0.93633
133 c 5 dx2y2 | R(4d) 0.00082 3.47509 415 c 17 | px R(5p) 0.0001 2.97614
134 c 5 dz2 R(3d) 0.00093 2.16249 416 c 17 |py V(2p) 1.14558 -0.13931
135 c 5 dz2 R(4d) 0.00033 3.14192 417 c 17 | py R(3p) 0.00228 0.53537
418 c 17 | py R(4p) 0.00054 0.64378
136 c 6 S C(19) 1.99846 -10.1606 419 c 17 |py R(5p) 0.00002 252287
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137 c 6 s V(2S) 0.9226 -0.26519 420 C 17 | pz V(2p) 1.08009 -0.09299
138 c 6 s R(4S) 0.00108 1.13036 421 c 17 |pz R(4p) 0.00376 0.96451
139 c 6 s R(3S) 0.0001 0.9248 422 c 17 | pz R(3p) 0.00031 0.95692
140 c 6 s R(5S) 0.00002 21.94662 423 c 17 |pz R(5p) 0.0001 2.94419
141 c 6 px V(2p) 1.05592 -0.15188 424 c 17 | dxy R(3d) 0.0008 1.2686
142 c 6 px R(4p) 0.00558 0.90354 425 c 17 | dxy R(4d) 0.00008 3.17596
143 c 6 px R(3p) 0.00014 0.65234 426 c 17 | dxz R(3d) 0.00077 1.86213
144 c 6 px R(5p) 0.00016 3.64275 427 c 17 | dxz R(4d) 0.00052 3.71095
145 c 6 py V(2p) 0.96816 -0.19038 428 c 17 | dyz R(3d) 0.00067 1.36081
146 c 6 py R(4p) 0.00695 0.92568 429 c 17 | dyz R(4d) 0.00007 3.19731
147 c 6 py R(3p) 0.00031 0.51047 430 c 17 | dx2y2 | R(3d) 0.00189 1.8976
148 c 6 py R(5p) 0.0002 3.51405 431 c 17 | dx2y2 | R(4d) 0.00014 3.48732
149 C 6 pz V(2p) 1.04582 -0.19556 432 c 17 | dz2 R(3d) 0.00107 1.84634
150 c 6 pz R(4p) 0.00141 0.5431 433 c 17 | dz2 R(4d) 0.00019 3.49065
151 c 6 pz R(3p) 0.00033 0.41203
152 c 6 pz R(5p) 0.00003 2.79888 434 H 18 |s V(1S) 0.76496 0.02399
153 c 6 dxy R(3d) 0.00245 1.79684 435 H 18 |s R(3S) 0.00037 155622
154 c 6 dxy R(4d) 0.00054 3.70632 436 H 18 |s R(2S) 0.00017 1.25753
155 c 6 dxz R(3d) 0.00097 1.10888 437 H 18 | px R(2p) 0.00029 2.78106
156 c 6 dxz R(4d) 0.00022 3.33363 438 H 18 |py R(2p) 0.00033 2.03321
157 c 6 dyz R(3d) 0.00211 1.04096 439 H 18 | pz R(2p) 0.00019 25961
158 c 6 dyz R(4d) 0.00015 3.33367
159 c 6 dx2y2 | R(3d) 0.0023 1.81252 440 N 19 |s c(18) 1.99941 -14.1776
160 c 6 dx2y2 | R(4d) 0.00045 3.7313 441 N 19 |s V(2S) 1.43427 -0.55607
161 c 6 dz2 R(3d) 0.00329 1.49806 442 N 19 |s R(4S) 0.0014 21719
162 c 6 dz2 R(4d) 0.00011 3.48867 443 N 19 |s R(3S) 0.00004 1.07853
444 N 19 |s R(5S) 0 35.22353
163 H 7 s V(1S) 0.75123 0.00949 445 N 19 | px V(2p) 1.14731 -0.18023
164 H 7 s R(2S) 0.00101 1.21503 446 N 19 | px R(4p) 0.00368 1.02689
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165 H 7 S R(3S) 0.0002 1.69627 447 N 19 | px R(3p) 0.00207 0.56795
166 H 7 px R(2p) 0.00017 2.65398 448 N 19 | px R(5p) 0.00004 470778
167 H 7 py R(2p) 0.00029 2.80824 449 N 19 | py V(2p) 1.26246 -0.211
168 H 7 pz R(2p) 0.00026 1.92662 450 N 19 |py R(4p) 0.00183 0.64572
451 N 19  |py R(3p) 0.00044 0.47089
169 H 8 V(1S) 0.75071 0.01185 452 N 19 |py R(5p) 0.00001 3.91124
170 H 8 R(2S) 0.00105 1.21945 453 N 19 pz V(2p) 1.37985 -0.20507
171 H 8 R(3S) 0.0002 1.70677 454 N 19 | pz R(4p) 0.00376 0.72946
172 H 8 px R(2p) 0.00016 2.64087 455 N 19 | pz R(3p) 0.00093 0.52776
173 H 8 py R(2p) 0.00031 2.83702 456 N 19 | pz R(5p) 0.00003 4.4219
174 H 8 pz R(2p) 0.00025 1.91803 457 N 19 | dxy R(3d) 0.00123 1.41507
458 N 19 | dxy R(4d) 0.00011 4.90897
175 c 9 S C(19) 1.99913 -10.3691 459 N 19 | dxz R(3d) 0.00441 1.93671
176 c 9 S V(29) 0.77691 -0.28519 460 N 19 | dxz R(4d) 0.00022 5.21475
177 c 9 S R(4S) 0.00389 1.10922 461 N 19 | dyz R(3d) 0.00384 1.44601
178 c 9 S R(3S) 0.00035 0.86607 462 N 19 | dyz R(4d) 0.00006 4.90723
179 c 9 s R(5S) 0.00003 22.39807 463 N 19 | dx2y2 | R(3d) 0.00274 1.68873
180 c 9 px V(2p) 0.89309 -0.1743 464 N 19 | dx2y2 | R(4d) 0.00006 5.00591
181 c 9 px R(4p) 0.00855 1.30815 465 N 19 | dz2 R(3d) 0.00498 1.7052
182 c 9 px R(3p) 0.00054 0.356 466 N 19 | dz2 R(4d) 0.00016 5.11639
183 c 9 px R(5p) 0.00014 1.72078
184 c 9 py V(2p) 0.59078 -0.15673 467 N 20 |s Cc(19) 1.99914 -14.2565
185 c 9 py R(4p) 0.01264 1.27091 468 N 20 |s V(25) 1.14931 -0.53515
186 c 9 py R(3p) 0.00066 0.40578 469 N 20 |s R(3S) 0.00569 0.72782
187 c 9 py R(5p) 0.00013 2.32739 470 N 20 |s R(4S) 0.0003 1.86397
188 C 9 pz V(2p) 0.60271 -0.15454 471 N 20 |s R(5S) 0 34.99592
189 c 9 pz R(4p) 0.01039 1.1636 472 N 20 | px V(2p) 1.26057 -0.29598
190 c 9 pz R(3p) 0.00079 0.37601 473 N 20 | px R(4p) 0.00434 1.37462
191 c 9 pz R(5p) 0.00005 2.24878 474 N 20 | px R(3p) 0.00121 0.80999
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192 c 9 dxy R(3d) 0.00199 2.84112 475 N 20 | px R(5p) 0.00008 412125
193 c 9 dxy R(4d) 0.00024 3.02793 476 N 20 | py V(2p) 157563 -0.30388
194 c 9 dxz R(3d) 0.00271 258081 477 N 20 | py R(4p) 0.00608 0.75122
195 c 9 dxz R(4d) 0.00022 2.80475 478 N 20 | py R(3p) 0.00172 052772
196 c 9 dyz R(3d) 0.00365 2.65548 479 N 20 | py R(5p) 0.00002 3.99139
197 c 9 dyz R(4d) 0.00035 2.71562 480 N 20 pz V(2p) 1.23909 -0.29058
198 c 9 dx2y2 | R(3d) 0.00262 2.87754 481 N 20 | pz R(4p) 0.00453 0.99805
199 c 9 dx2y2 | R(4d) 0.00021 2.92368 482 N 20 | pz R(3p) 0.00115 0.52666
200 c 9 dz2 R(3d) 0.00332 2.62498 483 N 20 | pz R(5p) 0.00004 4.20867
201 c 9 dz2 R(4d) 0.00029 2.90183 484 N 20 | dxy R(3d) 0.00079 1.67418
485 N 20 | dxy R(4d) 0.00016 4.93832
202 F 10 |s C(1S) 1.99991 -24.4773 486 N 20 | dxz R(3d) 0.00165 1.95731
203 F 10 |s V(29) 1.84807 -1.33537 487 N 20 | dxz R(4d) 0.0002 5.15965
204 F 10 |s R(3S) 0.00048 153831 488 N 20 | dyz R(3d) 0.00137 1.59797
205 F 10 |s R(4S) 0.00005 2.31215 489 N 20 | dyz R(4d) 0.00006 4.8109
206 F 10 |s R(5S) 0 66.38997 490 N 20 | dx2y2 | R(3d) 0.00223 1.91646
207 F 10 | px V(2p) 1.91334 -0.4705 491 N 20 | dx2y2 | R(4d) 0.00016 5.02459
208 F 10 | px R(3p) 0.00109 0.52442 492 N 20 | dz2 R(3d) 0.00173 1.90771
209 F 10 | px R(4p) 0.00007 1.79298 493 N 20 | dz2 R(4d) 0.00018 5.08955
210 F 10 | px R(5p) 0.00001 5.8738
211 F 10 | py V(2p) 1.69147 -0.47985 494 c 21 |s Cc(19) 1.99923 -10.0818
212 F 10 | py R(3p) 0.0007 0.44373 495 c 21 |s V(29) 0.82455 -0.10502
213 F 10 |py R(4p) 0.00018 1.91476 496 c 21 |s R(3S) 0.00807 1.00222
214 F 10 | py R(5p) 0.00004 5.84498 497 c 21 |s R(5S) 0.00006 18.60465
215 F 10 |pz V(2p) 1.88982 -0.47034 498 c 21 |s R(4S) 0.00003 3.43767
216 F 10 | pz R(3p) 0.00069 0.46501 499 c 21 | px V(2p) 0.97806 -0.00899
217 F 10 | pz R(4p) 0.00006 1.80075 500 c 21 | px R(4p) 0.01219 1.26921
218 F 10 | pz R(5p) 0.00001 5.79539 501 c 21 | px R(3p) 0.00037 0.53169
219 F 10 | dxy R(3d) 0.00153 2.41528 502 c 21 | px R(5p) 0.00009 2.49102
24 of 28

https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC134.342
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC134.342

220 F 10 | dxy R(4d) 0.00001 9.22376 503 c 21 | py V(2p) 0.92767 -0.09716
221 F 10 | dxz R(3d) 0.00056 2.14813 504 c 21 | py R(4p) 0.00062 0.724
222 F 10 | dxz R(4d) 0.00001 9.07828 505 c 21 | py R(3p) 0.00026 0.52799
223 F 10 |dyz R(3d) 0.00164 2.48494 506 c 21 | py R(5p) 0.00005 2.43753
224 F 10 |dyz R(4d) 0.00002 9.25679 507 C 21 pz V(2p) 0.95488 -0.04913
225 F 10 |dx2y2 | R(3d) 0.00154 2.47243 508 c 21 | pz R(4p) 0.00717 1.02297
226 F 10 |dx2y2 | R(4d) 0.00002 9.25168 509 c 21 | pz R(3p) 0.00019 0.64229
227 F 10 | dz R(3d) 0.00092 2.28071 510 c 21 | pz R(5p) 0.00007 2.49597
228 F 10 | dz2 R(4d) 0.00001 9.1537 511 c 21 | dxy R(4d) 0.00062 2.93558
512 c 21 | dxy R(3d) 0.00003 2.2298
229 F 11 |s C(1S) 1.99991 -24.4775 513 c 21 | dxz R(4d) 0.00054 3.61599
230 F 11 |s V(2S) 1.84849 -1.3354 514 c 21 | dxz R(3d) 0.00004 2.64218
231 F 11 |s R(3S) 0.00048 153946 515 c 21 | dyz R(4d) 0.0003 2.87842
232 F 11 |s R(4S) 0.00006 2.299 516 c 21 | dyz R(3d) 0.00008 1.97812
233 F 11 |s R(5S) 0 66.39222 517 c 21 | dx2y2 | R(4d) 0.00036 3.22514
234 F 11 | px V(2p) 1.90487 -0.47076 518 c 21 | dx2y2 | R(3d) 0.00004 2.37124
235 F 11 | px R(3p) 0.00109 0.51553 519 c 21 | dz2 R(4d) 0.00037 3.04672
236 F 11 | px R(4p) 0.00007 1.8096 520 c 21 | dz2 R(3d) 0.00004 2.44989
237 F 11 | px R(5p) 0.00001 5.86626
238 F 11 |py V(2p) 1.76245 -0.4767 521 N 2 |s c(19) 1.99958 -14.0583
239 F 11 | py R(3p) 0.00069 0.47222 522 N 2 |s V(29) 1.59046 -0.57336
240 F 11 | py R(4p) 0.00014 1.87973 523 N 22 |s R(4S) 0.00391 2.2706
241 F 11 |py R(5p) 0.00003 5.82798 524 N 2 |s R(3S) 0.00003 1.03999
242 F 11 |pz V(2p) 1.82786 -0.47312 525 N 2 |s R(5S) 0 35.01531
243 F 11 | pz R(3p) 0.0007 0.44198 526 N 22 | px V(2p) 1.35466 -0.16624
244 F 11 | pz R(4p) 0.00009 1.8489 527 N 22 | px R(3p) 0.00137 0.67782
245 F 11 | pz R(5p) 0.00002 5.79173 528 N 22 | px R(5p) 0.0002 2.81437
246 F 11 | dxy R(3d) 0.00121 2.34016 529 N 22 | px R(4p) 0.00002 2.33259
247 F 11 | dxy R(4d) 0.00001 9.18102 530 N 22 |py V(2p) 1.11135 -0.15067
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248 F 11 | dxz R(3d) 0.00093 2.24958 531 N 22 |py R(3p) 0.00061 0.61572
249 F 11 | dxz R(4d) 0.00001 9.13263 532 N 22 |py R(4p) 0.00001 2.23922
250 F 11 | dyz R(3d) 0.00162 25451 533 N 22 |py R(5p) 0.00003 2.28564
251 F 11 |dyz R(4d) 0.00002 9.27587 534 N 22 pz V(2p) 1.2197 -0.15799
252 F 11 |dx2y2 | R(3d) 0.00119 2.34369 535 N 22 | pz R(3p) 0.00076 0.66624
253 F 11 |dx2y2 | R(4d) 0.00001 9.19081 536 N 22 | pz R(5p) 0.00006 256702
254 F 11 | dz2 R(3d) 0.00123 2.32169 537 N 22 | pz R(4p) 0.00002 2.334
255 F 11 | dz2 R(4d) 0.00001 9.18337 538 N 22 | dxy R(3d) 0.0033 1.45858
539 N 22 | dxy R(4d) 0.00004 470725
256 F 12 |s C(1S) 1.99992 -24.4751 540 N 22 | dxz R(3d) 0.00642 1.97727
257 F 12 |s V(29) 1.85261 -1.33246 541 N 22 | dxz R(4d) 0.00003 4.92703
258 F 12 |s R(3S) 0.00049 1.55441 542 N 22 | dyz R(3d) 0.0019 1.36218
259 F 12 |s R(4S) 0.00006 2.29567 543 N 22 | dyz R(4d) 0.00002 4.64054
260 F 12 |s R(5S) 0 66.41975 544 N 22 | dx2y2 | R(3d) 0.00389 1.64042
261 F 12 | px V(2p) 1.88557 -0.46676 545 N 22 | dx2y2 | R(4d) 0.00002 4.76944
262 F 12 | px R(3p) 0.00107 0.47882 546 N 22 | dz2 R(3d) 0.00318 1.45678
263 F 12 | px R(4p) 0.00005 2.02675 547 N 22 | dz2 R(4d) 0.00001 4.72942
264 F 12 | px R(5p) 0.00001 5.65804
265 F 12 |py V(2p) 1.93338 -0.4646 548 N 23 |s c(19) 1.9994 -14.1908
266 F 12 |py R(3p) 0.00064 0.48836 549 N 23 |s V(29) 1.35165 -0.60686
267 F 12 |py R(4p) 0.00003 1.99437 550 N 23 |s R(4S) 0.00039 1.3542
268 F 12 |py R(5p) 0.00001 5.59882 551 N 23 |s R(3S) 0.0001 1.23291
269 F 12 |pz V(2p) 1.67298 -0.47582 552 N 23 |s R(5S) 0 35.24835
270 F 12 |pz R(3p) 0.00074 0.43634 553 N 23 | px V(2p) 1.41679 -0.25607
271 F 12 |pz R(4p) 0.00018 2.14612 554 N 23 | px R(3p) 0.00253 0.66356
272 F 12 |pz R(5p) 0.00004 5.56624 555 N 23 | px R(4p) 0.00011 0.89372
273 F 12 | dxy R(3d) 0.00042 2.12571 556 N 23 | px R(5p) 0.00001 4.38224
274 F 12 | dxy R(4d) 0 9.06833 557 N 23 | py V(2p) 1.67587 -0.27634
275 F 12 |dxz R(3d) 0.00175 251147 558 N 23 | py R(3p) 0.00496 0.45801
26 of 28

https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC134.342
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC134.342

276 F 12 |dxz R(4d) 0.00002 9.26893 559 N 23 |py R(4p) 0.00011 0.71874
277 F 12 |dyz R(3d) 0.00146 2.3751 560 N 23 |py R(5p) 0.00002 3.9515
278 F 12 |dyz R(4d) 0.00001 9.21498 561 N 23 | pz V(2p) 1.33114 -0.25996
279 F 12 | dx2y2 | R(3d) 0.0004 2.16373 562 N 23 | pz R(3p) 0.00195 0.62902
280 F 12 | dx2y2 | R(4d) 0.00001 9.09251 563 N 23 | pz R(4p) 0.00041 0.6374
281 F 12 | dz2 R(3d) 0.00211 2.60796 564 N 23 | pz R(5p) 0.00004 4.3956
282 F 12 | dz2 R(4d) 0.00003 9.31814 565 N 23 | dxy R(3d) 0.00417 1.47685
566 N 23 | dxy R(4d) 0.00004 4.93693
567 N 23 | dxz R(3d) 0.0025 1.63836
568 N 23 |dxz R(4d) 0.00009 5.0507
569 N 23 | dyz R(3d) 0.00211 1.32328
570 N 23 | dyz R(4d) 0.00004 4.86491
571 N 23 |dx2y2 | R(3d) 0.00185 1.26835
572 N 23 |dx2y2 | R(4d) 0.00003 4.83475
573 N 23 |dz2 R(3d) 0.00246 156338
574 N 23 | dz2 R(4d) 0.0001 4.98276
575 H 24 |s V(1S) 0.61224 0.04357
576 H 24 |s R(2S) 0.00091 1.16303
577 H 24 |s R(3S) 0.00028 1.82879
578 H 24 | px R(2p) 0.00026 250633
579 H 24 | py R(2p) 0.0005 2.25137
580 H 24 | pz R(2p) 0.00019 2.16766
581 H 25 |s V(1S) 0.60914 0.0487
582 H 25 |s R(3S) 0.00046 1.49865
583 H 25 |s R(2S) 0.00021 1.48888
584 H 25 | px R(2p) 0.00022 25143
585 H 25 |py R(2p) 0.00044 1.99631
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| | | | | |s86 | H |25 |pz | Rep) | 0.00027 | 2.41818
Table S2. Non-bond interactions between carbonitrile and protein.
Favourable non-bond
Distance (A) | Category | Type | From | From Chemistry | To | To Chemistry
Carbonitrile
2.10 Hydrogen Bond Conventional Hydrogen Bond A:ASP3:HT2 H-Donor :UNKO:N H-Acceptor
2.32 Hydrogen Bond;Halogen | Conventional Hydrogen Bond;Halogen (Fluorine) | A:PHE105:HN H-Donor;Halogen Acceptor | :UNKO:F H-Acceptor;Halogen
3.03 Hydrogen Bond Conventional Hydrogen Bond :UNKO:H H-Donor A:PHE105:0 | H-Acceptor
2.10 Hydrogen Bond Conventional Hydrogen Bond :UNKO:H H-Donor A:ILE6:O H-Acceptor
3.27 Hydrogen Bond;Halogen | Carbon Hydrogen Bond;Halogen (Fluorine) A:PHE104:CA H-Donor;Halogen Acceptor | :UNKO:F H-Acceptor;Halogen
3.00 Hydrogen Bond Pi-Donor Hydrogen Bond A:ILE6:HN H-Donor :UNKO Pi-Orbitals
3.52 Halogen Halogen (Fluorine) A:LEU103:0 Halogen Acceptor :UNKO:F Halogen
Ibuprofen (as reference)
2.35 Hydrogen Bond Conventional Hydrogen Bond A:ARG15:HH21 | H-Donor :UNKO0:0 H-Acceptor
2.46 Hydrogen Bond Conventional Hydrogen Bond A:GLY18:HN H-Donor :UNKO0:0 H-Acceptor
212 Hydrogen Bond Conventional Hydrogen Bond :UNKO:H H-Donor A:GLN84:0 | H-Acceptor
3.61 Hydrogen Bond Carbon Hydrogen Bond A:GLU17:CA H-Donor :UNKO0:0 H-Acceptor
3.92 Hydrophobic Pi-Sigma A:VAL113:CG1 | C-H :UNKO Pi-Orbitals
Name Atom Unsatisfied type Name Atom Unsatisfied type
Carbonitrile
{UNKO:IN | N | Donor | | - | - [ -

:UNKO: carbonitrile; ARG-arginine; ASP-aspartic acid; GLN-glutamine; GLU-glutamic acid; GLY-glycine; ILE-isoleucine; LEU-leucine;
PHE-phenylalanine; and VAL-valine
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