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ABSTRACT

Formations of thio-thiol and keto-enol tautomers of 2-thiouracil (2TU) were investigated in this work for
performing structural analysis by means of density functional theory (DFT) calculations. To this aim, existence
of all possible structures were examined by movement of hydrogen atoms of amine groups to each of original
thio and keto groups for formation of thiol and enol groups for new structures. Optimization calculations were
performed to reach the minimum energy level for each investigated structure. The results showed that
occurrence of such tautomerism processes could yield new features for the corresponding structures, in which
variations were more or less significant in comparison with the original features. The important note is that
formations of tautomers were possible meaning changes of expected activities regarding occurrence of such
process in order to the concept of structure-activity relationship. Therefore, such computer-based works could
provide information for examining such features in the tautomers of 2TU, as a compound related to
pharmaceutical applications, to manage somehow the structural features for the specified purposes.
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INTRODUCTION

After characterizing nucleobase structures, considerable efforts have been dedicated to investigate existence of other
possible derivatives with specific applications especially related to pharmaceutical compounds production.’? To this
aim, several modified models of nucleobases have been introduced, in which 2-thiouracil (2TU) has been seen as a
useful compound obtained by uracil nucleobase.*® 2TU has been seen useful for medication of thyroid disorders and
some types of cancers in addition to its role as an initiating structure for synthesizing other pharmaceutical
compounds.”® One of issues with almost all pharmaceutical compounds is their unwanted side effects after
consumption or their low efficacy for medication.’® As known by structure-activity relationship (SAR), each structure
would assign an specified activity, in which changes of structural features could change the expected activity for that
compound.’* Therefore, performing structural analysis is an important step for characterizing those structural
parameters affecting the specified activity for the investigated models.'? To do such analysis, computational chemistry
approach could help very well to analyze structures at the lowest molecular and atomic scales avoiding the existence
of any interferers.’® Hence, such approach was used in this work to analyze structure of 2TU regarding formation of
thio-thiol and keto-enol tautomers as shown in Fig. 1.
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Tautomerism is a common process happening in almost all organic compounds changing their structural feaures.**
Such tautomers formation are also possible for 2TU, in which hydrogen atoms of two amine groups of heterocyclic
nucleobase ring could move to sulfur (thio) or oxygen (keto) sites of the parent structure to construct new thiol or enol
tautomeric structures. In such processes, the structural stability of tautomer is expected to be changed during such
hydrogen movement yielding new features for the resulted tautomer structure. As a result, not only one tautomer,
but five tautomers were achieved for 2TU in addition to the parent 2TU by movement of hydrogen atoms of amine
groups between thio or keto groups of the parent 2TU (Fig. 1). To reach the purpose of this work, all possibilities of
such tautomer formations were examined and their features were evaluated for providing required information for
discussing the subject (Tablel).

Fig. 1: Optimized models of 2TU and tautomers and representations of HOMO -> LUMO distribution patters.

MATERIALS & METHODS
The main material of this work was 3D model of 2TU, in which other tautomeric structures were generated from the
parent 2TU yielding 1S30, 1S, 3S, 10, and 30 tautomeric models as shown in Fig. 1. Tautomeric models were assigned
by a number 1 or 3 meaning the hydrogen atom of nitrogen number 1 or number 3 moving between sulfur and/or
oxygen atomic sites. For example, 1530 means that the hydrogen number 1 moved to sulfur atomic site and the
hydrogen number 3 moved to oxygen atomic site. Stabilized structures of all models were obtained by performing
optimization calculations at the B3LYP/6-31+G* level of density functional theory (DFT) employing the Gaussian
program.’® Hence, all possible structures were prepared for evaluating describing features including various types of
energies as summarized in Table 1. Total energy of structure was assigned by E, in which difference energy between
each tautomer and the most stabilized structure was assigned by AE. Moreover, energy values of the highest occupied

and the lowest unoccupied molecular orbitals (HOMO and LUMO), energy gap (Egap), chemical hardness and softness
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(n and o), and dipole moment (Dm) were obtained for the stabilized structures. Additionally, HOMO - LUMO
distribution patterns were visualized for the models in addition to the optimized shapes and bond distances as shown
in Fig. 1. As a consequence, the required information were obtained for analyzing structural features of 2TU among
formations of thio-thiol and keto-enol tautomeric forms.

Table 1: Obtained descriptors for the optimized models.”

Model Eev AE eV HOMOev LUMOeV EgapeV nev o eVl Dm Debye
2TU -20076.665 0 -6.617 -2.002 4.615 2.307 0.433 4.838
1S30 -20076.102 0.563 -6.836 -1.405 5.431 2.716 0.368 1.331
1S -20076.161 0.505 -6.920 -1.820 5.100 2.550 0.392 3.054
3S -20075.759 0.906 -6.917 -1.306 5.611 2.805 0.356 6.836
10 -20075.649 1.016 -5.852 -2.063 3.788 1.894 0.528 8.253
30 -20076.071 0.594 -5.902 -1.957 3.944 1.972 0.507 5.785

*Models were shown in Fig. 1.

RESULTS & DISCUSSION

As shown in Fig. 1, six models were investigated in this work including the parent 2TU and five additional tautomers of
1S30, 1S, 3S, 10, and 30, resulted by movement of hydrogen 1 and/or 3 among sulfur and/or oxygen atomic sites. A
quick look at the face of tautomers and bond distances could show effects of occurrence of tautomerism on
geometrical features of the models. Such observation was affirmed by evaluated values of total energy (E) for each
structure, in which the parent model of 2TU was found to be the most stabilized structure (Table 1). Comparing values
of E for other tautomers indicated different stabilities for the resulted tautomers, in which 1S was the most stabilized
one and 10 was the least stabilized one among five tautomeric structures indicated by comparing magnitudes of AE.
By changing stabilities of structures, their corresponding electronic features are also expected to be changed. To show
this trend, obtained values of energies for HOMO and LUMO levels indicated significant variations among tautomeric
structures in addition to comparing with the parent 2TU. Furthermore, differences of HOMO and LOMO levels assigned
by Egap also detected significant changes of such electronic features for the investigated models. These features are
almost the most important ones for defining the reactivity of compounds, in which each value of n and o could
somehow show tendency of a molecule for contributing to reactions in the modes of chemical hardness and softness.
Lower values of n and higher values of o could imply for better favorability of a molecule for contributing to reactions
with other substances. For the model systems, such values were significantly changed for 10 model, in which it was
shown earlier as the least stabilized tautomer among other tautomeric structures. It is worth to note that tautomerism
might lead to mutation in living systems, in which the results here showed that the reactivity of tautomers were
changed by movement of only one hydrogen atom. Moreover, unwanted side effects of such pharmaceutical related
compounds might be arisen from the formation of such tautomeric structures with different tendency to contribute
to reactions with other substances in comparison with the parent model. Therefore, such results could provide
insightful information for preparing a compound of 2TU wit desirable reactivity.

Further analysis of the models by visualized HOMO and LUMO distribution patterns could show that changes of HOMO
patterns among the models were more significant than those of LUMO patterns indicating that the tendency of
positions of molecules for electron donating were remarkably changed whereas those positions for electron accepting
were almost similar among the models. This trend could be mentioned in another words, in which the models of 2TU
different features for initiating a contribution to a reaction as electron donors. Such changes of molecular orbitals
patterns yielded different values of Dm, in which the largest value was found again for 10 tautomer. The results
emphasized that only closed formulas of molecular models are not enough for analyzing their features, in which such
open formulas could show possible variations of structural features and their corresponding electronic features as
indicated by optimized geometries and evaluated descriptors. Additionally, careful examination of the results could
reveal insight about how to modify next structures of 2TU avoiding formation of tautomers or managing formations of
desired tautomers for specified purposes. Obtaining these results could be done by benefit of employing computer-
based works for analyzing the pure models at the smallest molecular and atomic scales, which are not easily achievable
in experiments.’®'” As a consequence, the obtained results of current work indicated possibility for existence of
tautomers of 2TU for warring for its carful employing for further pharmaceutical applications.
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CONCLUSION

This work was done for analyzing structural features of 2TU through formations of thio-thiol and keto-enol tautomers

resulted by movement of hydrogen atoms of amine groups of parent molecule into sulfur and oxygen atomic sites.

DFT calculations yielded five tautomeric structures with different optimized geometries and stabilities in comparison

with the parent 2TU or among other tautomers. The most highlighted results of such variations were found for 10

model, in which hydrogen of nitrogen number 1 was moved to oxygen atomic site to make enol tautomer. The highest

stability of tautomers was found for 1S model, in which hydrogen of nitrogen number 1 was moved to oxygen atomic

site to make thiol tautomer. Molecular orbitals related features indicated that tendency of tautomers for contributing

to reactions with other substances were significantly changed, in which such tendency was tremendously increased

for 10 model with the lowest stability. Such achievement revealed the importance of structural features for defining

their activity arising advantages or disadvantages for their further applications.

DISCLOSURE STATEMENT

The author(s) did not report any potential conflict of interest.

1.

10.
11.

12.

13.

14.

15.

16.

17.

Yaraghi A, Ozkendir OM, Mirzaei M. DFT studies of 5-fluorouracil tautomers on a silicon graphene nanosheet. Superlattices
and Microstructures. 2015;85:784-788.

Kouchaki A, Gilseren O, Hadipour N, Mirzaei M. Relaxations of fluorouracil tautomers by decorations of fullerene-like SiCs:
DFT studies. Physics Letters A. 2016;380:2160-2166.

Ashjaee Y, Zandi H. Molecular analysis of 5-COR derivatives of uracil and evaluating their affinity against the MPro target of
COVID-19. Advanced Journal of Science and Engineering. 2021;2:79-85.

Mirzaei M, Meskinfam M, Yousefi M. A cytosine-assisted carbon nanotubes junction: DFT studies. Superlattices and
Microstructures. 2012;52:158-164.

Mirzaei M, Ravi S, Yousefi M. Modifying a graphene layer by a thymine or a uracil nucleobase: DFT studies. Superlattices and
Microstructures. 2012;52:306-311.

Mirzaei M, Gulseren O. DFT studies of CNT—functionalized uracil-acetate hybrids. Physica E. 2015;73:105-109.
Sanchez-Rodriguez JA, Mohamadzade A, Mai S, Ashwood B, Pollum M, Marquetand P, Gonzélez L, Crespo-Hernandez CE,
Ullrich S. 2-Thiouracil intersystem crossing photodynamics studied by wavelength-dependent photoelectron and transient
absorption spectroscopies. Physical Chemistry Chemical Physics. 2017;19:19756-19766.

Lara NL, Silva Jr VA, Chiarini-Garcia H, Garcia SK, Debeljuk L, Hess RA, Franga LR. Hypothyroidism induced by postnatal PTU
(6-n-propyl-2-thiouracil) treatment decreases Sertoli cell number and spermatogenic efficiency in sexually mature pigs.
General and Comparative Endocrinology. 2020;299:113593.

Soleimani M, Mirzaei M, Mofid MR, Khodarahmi G, Rahimpour SF. Lactoperoxidase inhibition by tautomeric
propylthiouracils. Asian Journal of Green Chemistry. 2020;4:1-10.

Hughes AM. Cretinism in rats induced by thiouracil. Endocrinology. 1944;34:69-76.

Hussein TS, Ahamad MR. Synthesis of N-glycosides analogues containing thiouracil unite and evaluated as antibacterial,
antifungal and antioxidant active. Annals of the Romanian Society for Cell Biology. 2021;25:10915-10921.

Yaghoobi R, Mirzaei M. Computational analyses of cytidine and aza-cytidine molecular structures. Lab-in-Silico. 2020;1:21-
26.

Zandi H, Harismah K. Computer-based tools for structural characterizations and activity specifications of natural products: a
quick review. Lab-in-Silico. 2021;2:50-54.

Mirzaei M. 5—Fluorouracil: computational studies of tautomers and NMR properties. Turkish Computational and Theoretical
Chemistry. 2017;1:27-34.

Frisch, M.; Trucks, G.; Schlegel, H.; Scuseria, G.; Robb, M.; Cheeseman, J.; Montgomery Jr, J.; Vreven, T.; Kudin, K.; Burant, J.
Gaussian 09 D.01 Program. Gaussian. Inc.: Wallingford, CT, USA. 2009.

Fallahpour F, Ariaei S. Computational investigation of B6 particle for H2S capturing. Advanced Journal of Science and
Engineering. 2021;2:31-35.

Taghipour M, Yousefi M, Fazaeli R, Darvishganji M. Gd impurity effect on the magnetic and electronic properties of hexagonal
Sr ferrites: a case study by DFT. Chinese Physics B. 2020;29:077505.

Please visit the journal homepage:
https://adv-j-sci-eng.com

SciEng


https://adv-j-sci-eng.com/

