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Abstract: Aminonitriles are heterocyclic compounds commonly used as intermediates in the syn-
thesis of various compounds, but which have versatility in physiological processes, with peculiar
characteristics and high biological value that still need to be investigated with greater avidity. Given
this perspective, the present study aimed to determine the probability of substituted aminonitriles
interacting with classes of pharmacological targets in the human body. For this, eight aminonitriles
(HAN-1 to HAN-8) were synthesized and used in the in silico prediction of the compounds, using
the Molinspiration software, where the potentiality of the substances to act as a G protein coupled
receptor (GPCR) ligand, an ion channel modulator, a kinase inhibitor, a nuclear receptor ligand, a
protease inhibitor and an enzyme inhibitor was evaluated. Thus, it was observed that the molecules
showed moderate bioactivity in 100% of cases as a GPCR ligand (−0.27 to −0.5), 87.5% as an enzyme
inhibitor (−0.33 to −0.49), 75% as a kinase inhibitor (−0.39 to −0.5), 62.5% as an ion channel modula-
tor (−0.3 to −0.47) and as a protease inhibitor (−0.45 to −0.49), and 37.5% as nuclear receptor ligand
(−0.43 to −0.46). The computational analysis carried out in this study indicated that the HAN-4 and
HAN-6 molecules were the only molecules that reached a considerable activity score for all classes of
proposed pharmacological targets, thus being the most promising as possible therapeutic tools, with
further advances in studies on the performance of pre-clinical and clinical tests to verify their real
bioactivity still being necessary.

Keywords: in silico; aminonitriles; pharmacological targets; computer simulation

1. Introduction

In silico studies represent is a revolutionary method of analysis that allows research
without the need for an experimental laboratory, which facilitates the process of analyzing
natural products and discovering new medicines [1]. In this context, high-performance
computing and theoretical improvement have led to the use of in silico methods to design
scenarios before carrying out physical experiments [2].

With regard to natural products, it is well known that such products and their struc-
tural analogues have historically made a great contribution to pharmacotherapy, especially
for cancer and infectious diseases [3]. However, natural products also present challenges
for drug discovery, such as technical barriers to screening, isolation, characterization and
optimization [4].
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One of the strategies to solve these challenges is through computational analysis,
which consists of screening low-molecular-weight compounds against macromolecular
targets, generally proteins, of clinical relevance. In this way, small molecular fragments
can bind to one or more sites on the target and act as starting points for the development
of lead compounds [5]. Furthermore, in recent years, several technological and scientific
developments—including in silico methods—have opened up opportunities for drug
analysis and discovery [4].

In this context, the use of aminonitriles, modified natural compounds that represent
versatile and valuable building blocks in organic synthesis, stands out, given that they
offer many reactivity options [6]. Indeed, natural products continue to be the main sources
of bioactive compounds and drug candidates, not only because of their unique chemical
structures, but also because of their overall favorable metabolism and pharmacokinetic
properties, and the number of natural products in databases accessible to the public has
increased significantly in recent years [7].

Therefore, it is considered extremely important to evaluate the in silico bioactivities
of natural products in order to improve the administration of these phytoconstituents.
Therefore, this study aims to analyze the probability of substituted aminonitriles interacting
with classes of pharmacological targets in the human body.

2. Materials and Methods
2.1. Molecules

Eight aminonitriles were used: HAN-1 to HAN-8. The molecules were synthesized
and provided in collaboration by Professor Dr. Helivaldo Diogenes da Silva Souza from
the Synthesis Laboratory at the Federal University of Paraíba.

2.2. Preparation of SMILE Codes

For compound analysis, molecule files were inserted in .pdb format and converted
to SMILES (Simplified Molecular-Input Line-Entry System) format, which is a way of
representing chemical structures using ASCII characters (American Standard Code for
Information Interchange). The conversion was carried out using the Discovery Studio
program [8].

2.3. Analysis of Pharmacokinetic Parameters and Biological Targets

Molinspiration Molecule Viewer software (www.molinspiration.com, accessed on 28
August 2023) enables molecule perception by employing sophisticated Bayesian statistics,
which combine the structures and properties of the representative compound active in
the specific target with the structures of inactive molecules, to recognize substructure
features typical of the active molecules. This program is capable of evaluating the molecule,
providing several parameters, including the ability to predict the compound’s probability
of acting on certain pharmacological targets [9,10].

Furthermore, the software is capable of reporting important physicochemical pa-
rameters in predicting the theoretical oral bioavailability of the drug under study. These
parameters are the total polar surface area (TPSA), the partition coefficient (water/oil)
(cLogP), the molecular weight, the number of hydrogen acceptors (nALH), and the number
of hydrogen donors (nDLH) [11,12].

To verify whether the substance can be planned to be administered orally, an analysis
was carried out based on the “Rule of Five”, as described by Lipinski (2004). According to
this rule, if the molecule presents scores of at least 3 parameters meeting the requirements
(TPSA < 140 A2; cLogP ≤ 5; molecular weight < 500 daltons; nALH ≤ 10; nDLH ≤ 5), the
molecule possibly presents, theoretically, a good oral bioavailability.

www.molinspiration.com
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3. Results

It has been shown that in silico analysis is an important scientific tool to expand
pharmacological and toxicological studies of natural products, as it allows studies to be
carried out without the need for a physical laboratory [13,14].

To obtain the molecular parameters TPSA (total polar surface area of the molecule),
hydrophobicity (MLogP) and spatial volume (Vol), the Molinspiration software was used.
The prediction results for aminonitriles obtained after analyzing the program can be seen
in Table 1.

Table 1. Theoretical analysis of the physicochemical properties of aminonitriles using Molispiration
software.

Compound
Physicochemical Properties 1

TPSA nON MlogP Nv nROTB Vol

HAN-1 35.82 2 3.16 0 3 201.54

HAN-2 35.82 2 3.61 0 3 218.10

HAN-3 45.05 3 3.22 0 4 227.09

HAN-4 35.82 2 4.67 0 4 251.49

HAN-5 35.82 2 3.84 0 3 215.08

HAN-6 65.28 4 2.50 0 4 235.10

HAN-7 35.82 2 4.06 0 3 234.66

HAN-8 45.05 3 4.04 0 5 260.45
1 TPSA: total polar surface area; nON: O/NH O-HN Interaction; nV: violation number; nROTB: rotation number;
Vol: volume.

The potential similarity to other drugs or the drug likeness of aminonitriles was
calculated considering the MlogP (partition coefficient), molecular mass, number of heavy
atoms, number of hydrogen acceptors, number of hydrogen donors, number of violations,
number of bonds rotations and molecular volume. The potential biological targets were
evaluated by calculating the activity index of GPCR ligands, ion channel modulators,
nuclear receptor ligands, kinase inhibitor sand enzyme inhibitors with the help of the
software [9].

Regarding the computational analysis carried out with the aminonitrile molecules,
Table 2 shows the targets related to the probability of interaction with the pharmacolog-
ical targets GPCRL (GPCR ligand), ICM (ion channel modulator), KI (kinase inhibitor),
NRL (nuclear receptor ligand), PI (protease inhibitor) and EI (enzyme inhibitor) tested
in Molispiration.

Therefore, the probability of aminonitriles binding to certain pharmacological targets
was investigated, which can help us to understand how the molecule develops its biological
activity and its toxic effects. To achieve this, Molinspiration performs calculations to predict
possible bioactivities, providing a set of theoretical data that, when evaluated, can indicate
some pharmacological targets of the chemical compounds under study.

According to this chemoinformatics platform, a calculated score above 0.00 suggests
considerable biological activity for that specific target, while score values between −0.50
and 0.00 indicate moderate biological activity in relation to the target and, finally, a score
below −0.50 suggests inactivity in relation to the pharmacological target considered [15].

It was observed that the molecules showed moderate bioactivity potential in 100% of
cases as a GPCR ligand (−0.27 to −0.5), 87.5% as an enzyme inhibitor (−0.33 to −0.49), 75%
as an kinase inhibitor (−0.39 to −0.49), −0.5), 62.5% as an ion channel modulator (−0.3 to
−0.47) and as a protease inhibitor (−0.45 to −0.49) and 37.5% as nuclear receptor ligand
(−0.43 to −0.46).
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Table 2. Probability of interaction with pharmacological targets of aminonitriles calculated using
Molispiration software.

Compound
“Drug-Likeness” a

GPCRL ICM KI NRL PI EI

HAN-1 −0.50 −0.48 − 0.54 −0.80 −0.59 −0.49

HAN-2 −0.48 −0.54 −0.51 −0.73 −0.58 −0.52

HAN-3 −0.40 −0.51 −0.42 −0.61 −0.49 −0.45

HAN-4 −0.27 −0.39 −0.35 −0.43 −0.35 −0.33

HAN-5 −0.42 −0.44 −0.47 −0.72 −0.56 −0.48

HAN-6 −0.30 −0.45 −0.30 −0.46 −0.45 −0.34

HAN-7 −0.40 −0.50 −0.42 −0.62 −0.49 −0.45

HAN-8 −0.38 −0.56 −0.41 −0.46 −0.45 −0.48
a “Drug-likeness”: probability of compound interaction with the pharmacological target; GPCRL: GPCR ligand;
ICM: ion channel modulator; KI: kinase inhibitor; NRL: nuclear receptor ligand; PI: protease inhibitor; EI:
enzyme inhibitor.

In Table 2, it is possible to observe that all aminonitriles representing the targets GPCRL
(gPCR ligand), ICM (ion channel modulator), KI (kinase inhibitor), NRL (nuclear receptor
ligand), PI (protease inhibitor) and EI (enzyme inhibitor) are negative, demonstrating that
the compounds have a low probability of interacting with these biological targets.

Next, the molecular properties of the aminonitriles were calculated according to the
molecular descriptors using Lipinski’s rule of five, in the Molinspiration Cheminformatics
2023 software, as seen in Table 3.

Table 3. Theoretical analysis of the physicochemical properties of aminonitriles required for theoreti-
cal oral bioavailability compared to Lipinski–Molinspiration “Rule of Five” standards.

Compound
Parameters for Bioavailability Assessment 1

TPSA nDLH nALH Da cLogP

HAN-1 35.82 1 2 208.26 3.16

HAN-2 35.82 1 2 222.29 3.61

HAN-3 45.05 1 3 238.29 3.22

HAN-4 35.82 1 2 250.34 4.67

HAN-5 35.82 1 2 242.71 3.84

HAN-6 65.28 2 4 254.29 2.50

HAN-7 35.82 1 2 236.32 4.06

HAN-8 45.05 1 3 266.34 4.04

Standard of the “Rule
of the five” Lipinski ≤140 ≤5 ≤10 ≤500 ≤5

1 nDLH: number of hydrogen donors; nALH: number of hydrogen acceptors; Da: molecular mass; cLogP:
water/oil partition coefficient.

The analysis presents a rationale based on Lipinski’s rule of five, which establishes
structural parameters for predicting the oral bioavailability profile, which is added to the
absorption and permeability of possible drugs and depends on five parameters: (1) the
number of groups hydrogen bond acceptors (nALH) being less than or equal to 10; (2) the
number of hydrogen bond donor groups (nDLH) being less than or equal to 5; (3) the
molecular mass (Da) being less than or equal to 500 g/mol; (4) the octanol–water partition
coefficient (cLogP) being less than or equal to 5; and (5) the total polar surface area (TPSA)
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being less than or equal to 140 Å. Molecules that violate more than one of these rules
present problems with bioavailability.

According to the results obtained in Molinspiration using Lipinski’s “Rule of Five”
(2004), it was possible to infer that all aminonitriles presented good theoretical oral bioavail-
ability, since all physical–chemical parameters evaluated for these molecules were below
the cutoff point established by the Lipinski “Rule of Five” (Table 3).

Furthermore, several approaches have been developed to evaluate the drug similarity
of bioactive compounds based on topological descriptors, molecular structure fingerprints,
or other properties such as molecular weight, water solubility, and cLogP [16].

4. Discussion

The aminonitriles analyzed showed moderate potential for interaction with the bi-
ological targets used in the computational analysis. The classes are representatives of
different pharmacological targets used in the clinical treatment of different pathologies.
The function of G protein-coupled receptors (GPCRs), which represent the largest class
of human membrane proteins and drug targets, depends on their ability to change shape,
transitioning between distinct conformations. Determining the structural dynamics of
GPCRs is, therefore, essential both for understanding the physiology of these receptors and
for the rational design of GPCR-targeted drugs [17].

Regarding kinase inhibition, protein kinases are responsible for regulating a high
number of signal transduction pathways in cells, through the phosphorylation of serine,
threonine or tyrosine residues. Dysregulation of these enzymes is associated with several
diseases, including cancer, diabetes and inflammation. For this reason, the specific inhi-
bition of tyrosine or serine/threonine kinases may represent an interesting therapeutic
approach [18].

Furthermore, the bioactivity of the molecules through the inhibition of the GPCR
enzyme can be used in future studies in an attempt to outline pharmacological strategies
through this finding. In relation to kinase inhibition, aminonitrile molecules are strategies
for developing drugs associated with diseases generated by the dysregulation of kinases,
including cancer, diabetes and inflammation.

Regarding ion channel modulation (ICM), it is known that ion channels are important
targets in the treatment of central nervous system pathologies, especially in the study of
antiepileptic drugs (AEDs). It is well known that the role of Na+ and Ca2+ channels as
targets of new AEDs and the participation of other receptors in this process have been
widely discussed over the years and have been the subject of numerous studies [19].

Substituted aminonitriles, which present ion channel modulator (ICM) bioactivity, can
be improved and used in future research related to this type of modulation.

Regarding protease inhibitors, it is known that they constitute molecular participants
in the biochemical duel with pathogenic microorganisms. In the treatment of patients with
HIV (human immunodeficiency virus), the current triple regimen uses reverse transcriptase
and protease inhibitors, which have been shown to be effective in reducing the number of
circulating viruses (viral load), leading to an increase in the number of CD4 T lymphocytes,
improving immunity, with the consequent control of associated diseases [20].

Therefore, aminonitrile molecules can be thought of through the inhibition of proteases as
possible defense mechanisms to combat pathogens that require proteases for development.

As for nuclear receptors (NRs), it is known that they are proteins that regulate gene
transcription, being important targets for drug design. NRs are formed by four domains,
the most essential of which is the ligand binding domain (LBD), responsible for the selective
recognition of ligands and the activation of their function. When aminonitriles bind to
nuclear receptors, they can be considered for the development of therapeutic strategies that
act on these types of receptors [21].
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5. Conclusions

The computational analysis carried out in this study indicated that the HAN-4 and
HAN-6 molecules were the only ones that reached a moderate activity score for all classes
of proposed pharmacological targets, thus being the most promising as possible therapeutic
tools, with further advances in studies, such as carrying out pre-clinical and clinical tests to
verify their real bioactivity, still being necessary.

Therefore, the molecules showed potential to act in the inhibition of the GPCR enzyme;
in kinase inhibition, which that can be evaluated for the development of drugs associated
with diseases generated by the dysregulation of kinases, including cancer, diabetes and
inflammation; in ionic modulation; in the inhibition of proteases to combat pathogens; and
in therapeutic strategies that act on nuclear receptors.

Author Contributions: Conceptualization, I.d.S.O. and S.B.F.; methodology, R.T.M., H.D.d.S.S.,
B.A.F.V. and P.I.J.H.; validation, S.B.F. and I.d.S.O.; formal analysis, B.A.F.V. and P.I.J.H.; inves-
tigation, S.B.F., B.A.F.V. and P.I.J.H.; resources, B.A.F.V. and P.I.J.H.; data curation, B.A.F.V. and
P.I.J.H.; writing—original draft preparation, B.A.F.V.; writing—review and editing, B.A.F.V., P.I.J.H.,
I.d.S.O. and S.B.F.; visualization, B.A.F.V. and P.I.J.H.; supervision, R.T.M., H.D.d.S.S., I.d.S.O. and
S.B.F.; project administration, S.B.F. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded with Grant: 3204/2021 Paraíba State Research Foundation
(FAPESQ). The opinions, hypotheses and conclusions or recommendations expressed in this material
are those of the author(s) and do not necessarily reflect the views of FAPESQ.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Brogi, S.; Ramalho, T.C.; Kuca, K.; Medina-Franco, J.L.; Valko, M. In silico methods for drug design and discovery. Front. Chem.

2020, 8, 612. [CrossRef] [PubMed]
2. Mirzaei, M. Science and engineering in silico. Adv. J. Sci. Eng. 2020, 1, 1–2.
3. Harvey, A.L.; Edrada-Ebel, R.; Quinn, R.J. The re-emergence of natural products for drug discovery in the genomics era. Nat. Rev.

Drug Discov. 2015, 14, 111–129. [CrossRef] [PubMed]
4. Atanasov, A.G.; Zotchev, S.B.; Dirsch, V.M.; Supuran, C.T. Natural products in drug discovery: Advances and opportunities. Nat.

Rev. Drug Discov. 2021, 20, 200–216. [CrossRef] [PubMed]
5. De Souza Neto, L.R.; Moreira-Filho, J.T.; Neves, B.J.; Maidana, R.L.B.R.; Guimarães, A.C.R.; Furnham, N.; Silva, F.P., Jr. In silico

strategies to support fragment-to-lead optimization in drug discovery. Front. Chem. 2020, 8, 93. [CrossRef]
6. Grundke, C.; Vierengel, N.; Opatz, T. Aminonitriles: From Sustainable Preparation to Applications in Natural Product Synthesis.

Chem. Rec. 2020, 20, 989–1016. [CrossRef] [PubMed]
7. Durán-Iturbide, N.A.; Díaz-Eufracio, B.I.; Medina-Franco, J.L. In silico ADME/Tox profiling of natural products: A focus on

BIOFACQUIM. ACS Omega 2020, 5, 16076–16084. [CrossRef]
8. BIOVIA, Dassault Systèmes. BIOVIA Discovery Studio Visualizer; Dassault Systèmes: San Diego, CA, USA, 2020.
9. Ertl, P.; Rohde, B.; Selzer, P. Fast calculation of molecular polar surface area as a sum of fragment-based contributions and its

application to the prediction of drug transport properties. J. Med. Chem. 2000, 43, 3714–3717. [CrossRef]
10. Gupta, A.; Aniyery, R.B.; Pathak, A. In silico pharmacological and in vitro biological study of novel organotinsorbate. Int. J.

Pharm. Sci. Res. 2017, 8, 4201–4212.
11. Ursu, O.; Oprea, T.I. Model-free drug-likeness from fragments. J. Chem. Inf. Model. 2010, 50, 1387–1394. [CrossRef]
12. Ursu, O.; Rayan, A.; Goldblum, A.; Oprea, T.I. Understanding drug-likeness. Wiley Interdiscip. Rev. Comput. Mol. Sci. 2011, 1,

760–781. [CrossRef]
13. Musa, A.; Elmaidomy, A.H.; Sayed, A.M.; Alzarea, S.I.; Al-Sanea, M.M.; Mostafa, E.M.; Abdelmohsen, U.R. Cytotoxic potential,

metabolic profiling, and liposomes of Coscinoderma sp. crude extract supported by in silico analysis. Int. J. Nanomed. 2021, 16,
3861. [CrossRef]

14. Santana de Oliveira, M.; Pereira da Silva, V.M.; Cantao Freitas, L.; Gomes Silva, S.; Nevez Cruz, J.; de Aguiar Andrade, E.H.
Extraction yield, chemical composition, preliminary toxicity of bignonia nocturna (bignoniaceae) essential oil and in silico
evaluation of the interaction. Chem. Biodivers. 2021, 18, e2000982. [CrossRef] [PubMed]

https://doi.org/10.3389/fchem.2020.00612
https://www.ncbi.nlm.nih.gov/pubmed/32850641
https://doi.org/10.1038/nrd4510
https://www.ncbi.nlm.nih.gov/pubmed/25614221
https://doi.org/10.1038/s41573-020-00114-z
https://www.ncbi.nlm.nih.gov/pubmed/33510482
https://doi.org/10.3389/fchem.2020.00093
https://doi.org/10.1002/tcr.202000066
https://www.ncbi.nlm.nih.gov/pubmed/32706179
https://doi.org/10.1021/acsomega.0c01581
https://doi.org/10.1021/jm000942e
https://doi.org/10.1021/ci100202p
https://doi.org/10.1002/wcms.52
https://doi.org/10.2147/IJN.S310720
https://doi.org/10.1002/cbdv.202000982
https://www.ncbi.nlm.nih.gov/pubmed/33587821


Chem. Proc. 2023, 14, 29 7 of 7

15. Husain, A.; Ahmad, A.; Khan, S.A.; Asif, M.; Bhutani, R.; Al-Abbasi, F.A. Synthesis, molecular properties, toxicity and biological
evaluation of some new substituted imidazolidine derivatives in search of potent anti-inflammatory agents. Saudi Pharm. J. 2016,
24, 104–114. [CrossRef] [PubMed]

16. Tetko, I.V. Computing chemistry on the web. Drug Discov. Today 2005, 10, 1497–1499. [CrossRef] [PubMed]
17. Latorraca, N.R.; Venkatakrishnan, A.J.; Dror, R.O. GPCR dynamics: Structures in motion. Chem. Rev. 2017, 117, 139–155.

[CrossRef] [PubMed]
18. Silva, B.V.; Horta, B.A.; Alencastro, R.B.D.; Pinto, A.C. Proteínas quinases: Características estruturais e inibidores químicos.

Química Nova 2009, 32, 453–462. [CrossRef]
19. Porto, L.A.; Siqueira, J.D.S.; Seixas, L.N.; Almeida, J.R.G.D.S.; Quintans-Júnior, L.J. O papel dos canais iônicos nas epilepsias e

considerações sobre as drogas antiepilépticas: Uma breve revisão. J. Epilepsy Clin. Neurophysiol. 2007, 13, 169–175. [CrossRef]
20. Nadal, S.R.; Manzione, C.R.; Horta, S.H.C.; Galväo, V.D.M. Comparaçäo das doenças perianais nos doentes HIV+ antes e depois

da introduçäo dos inibidores da protease. Rev. Bras. Colo-Proctol 2001, 21, 5–8.
21. De Souza, P.C.T. Modelagem Molecular de Receptores Nucleares: Estrutura, Dinâmica e Interação com Ligantes. Doctoral Thesis,

UNICAMP, Campinas, Brazil, 2013.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.jsps.2015.02.008
https://www.ncbi.nlm.nih.gov/pubmed/26903774
https://doi.org/10.1016/S1359-6446(05)03584-1
https://www.ncbi.nlm.nih.gov/pubmed/16257371
https://doi.org/10.1021/acs.chemrev.6b00177
https://www.ncbi.nlm.nih.gov/pubmed/27622975
https://doi.org/10.1590/S0100-40422009000200032
https://doi.org/10.1590/S1676-26492007000400005

	Introduction 
	Materials and Methods 
	Molecules 
	Preparation of SMILE Codes 
	Analysis of Pharmacokinetic Parameters and Biological Targets 

	Results 
	Discussion 
	Conclusions 
	References

