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Abstract

Betazole belongs to pyrazole type medicines and selectively targets and binds to the H2-
type receptors. Tautomerism can only be demonstrated in pyrazole derivatives and not in
the pyrazole itself. In the present density functional treatment of tautomers of betazole
(within the constraints of density functional theory) calculations have been performed at
the level of B3LYP/6-311++G(d,p). Betazole may exhibit 1,3- and 1,5-type proton
tautomerism involving pyrazole ring system so that in some tautomers aromaticity of the
ring is destroyed. The results have revealed that all the tautomers possess thermo
chemically favorable formation values at the standard conditions and are electronically
stable. Some quantum chemical and spectral properties of those tautomeric systems as
well as nucleus independent chemical shift (NICS) values for the aromatic ones have
been obtained and discussed.

1. Introduction

Betazole (also known as ametazole) [1-4] is a histamine H2 receptor agonist with
diagnostic application. Betazole hydrochloride is known as gastramine. Betazole is used
as a stimulant [5]. in preference to histamine because of its specificity for
the H, receptor and its advantage of not generating the undesirable side effects that
histamine would induce. It therefore does not require concomitant use of antihistaminic
compounds to block the actions of histamine at other histamine receptor types.

Betazole selectively targets and binds to the H2 receptor, thereby mimicking the
effect of histamine on these receptors. This may lead to an increase in gastric secretions.
Betazole can be used in gastric function tests. The test can be used in diagnosis of
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diseases such as Zollinger-Ellison syndrome where there is excess acid production, in this
case driven by over production of gastrin. This procedure can lead to complications and
should be avoided in subjects with coronary artery disease [6]. It is also used in diagnosis
of gastritis in association with a test for secretin activity. It is used to test the
effectiveness of H, receptor blocking drugs such as nizatidine [7].

A new synthesis of betazole was described by Jones and Mann [8,9] and also
enzymatic formation of it was reported [10]. In the literature ample number of articles
exist about the medicinal aspects of betazole [11-17].

Betazole belongs to pyrazole family of medicines. Note that the important physical
property of pyrazole is the existence of tautomerism, which can only be demonstrated in
pyrazole derivatives and not in the pyrazole itself. If pyrazole is tautomeric, then the
positions 3 and 5 will be identical; if pyrazole is not tautomeric, then these positions are
different [2,19]. Some molecular orbital calculations were performed on betazole and
similar compounds [19-21].

2. Method of Calculations

In the present study, all the initial structure optimizations of the closed-shell
structures leading to energy minima have been achieved by using MM2 method then
followed by semi empirical PM3 self consistent fields molecular orbital (SCF MO)
method [22-24]. Afterwards, the structure optimizations have been managed within the
framework of Hartree-Fock (HF) and finally by using density functional theory (DFT) at
the level of B3LYP/6-311++G(d,p) [25,26]. It is worth mentioning that the exchange
term of B3LYP consists of hybrid Hartree-Fock and local spin density (LSD) exchange
functions with Becke’s gradient correlation to LSD exchange [27]. The correlation term
of B3LYP consists of the Vosko, Wilk, Nusair (VWN?3) local correlation functional [28]
and Lee, Yang, Parr (LYP) correlation correction functional [29]. In the present study,
the normal mode analysis for each structure yielded no imaginary frequencies for the 3N—
6 vibrational degrees of freedom, where N is the number of atoms in the system. This
search has indicated that the structure of each molecule considered corresponds to at least
a local minimum on the potential energy surface. Furthermore, all the bond lengths have
been thoroughly searched in order to find out whether any bond cleavage occurred or not
during the geometry optimization process. All these computations were performed by
using SPARTAN 06 [30]. Whereas the nucleus-independent chemical shift, NICS(0),
calculations have been performed by using Gaussian 03 program [31].
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3. Results and Discussion

Since tautomers having different structures possess dual reactivity, it is anticipated
that betazole may exhibit 1,3- and 1,5-proton tautomerism and should display variable
biological properties (beside others) depending on its tautomer content (allelotropic
mixture [32,33]). Note that substances which are isomeric under certain conditions are
tautomeric under more drastic conditions [32,33]. In the absence of any degenerate
tautomeric process, the opportunity of observing two tautomeric forms, A and B arises
[18]. However, in the literature structure of betazole seems not to be firmly established
yet. In some articles or data bases, structure-B1 [1,4,19,34,35], whereas in the others
structure-B2 [3,10,36] was considered for the tautomers (See Figure 1). Figure 1 shows
1,3- and 1,5-proton tautomerisms in betazole which is a 3-substituted pyrazole (For
betazole, R: CH,CH,NHy,).

B35 Bl B2
R R R
o / \ - - "
H E S L~ - —_—
H’QN/“-‘ Cﬂ/” C\N/N“

b

[+ | B4
N/N:

-~

H

B3
R
\
2\ Pt
N

Figure 1. 1,3- and 1,5-Proton tautomerisms in 3-substituted pyrazoles (For betazole, R:
CH,CH,NH,).

Figure 2 shows the optimized structures of the betazole tautomers considered. The
direction of the dipole moment vectors is shown as well. The dashed-lines indicate
possible hydrogen bondings. Note that in tautomers B1 and B2 there exist 6n-electrons in
cyclic conjugation. So, they are inner aromatics in which lone pair of one of the nitrogen
atoms is included in the aromatic sextet. Tautomers B3-B5 do not have any cyclic
conjugation in the ring.

In Figure 2, a noticeable point is that the directions of the dipole moment vectors in
tautomers Bl and B2 are almost opposite to each other. Note that in B2 there is a
possibility of hydrogen bonding formation which may lead to zwitter ion formation. The

electronegativity of nitrogen atom at position-2 of B1 and B2 should be quite different.
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Bl B2

Figure 2. Optimized structures of the tautomers considered.

Table 1 lists some properties of the tautomers considered. There, the polarizability is
defined according to the multivariable formula [30].

Polarizability = 0.08*V - 13.0353*h + 0.979920*h2 + 41.3791

where V and h are the Van der Waals volume and hardness, respectively. Hardness is
defined as,

Hardness = -( €nomo - €Lumo)/2

where eyomo and € ymo are the molecular orbital energies of the highest occupied
(HOMO) and the lowest unoccupied (LUMO) molecular orbital energies.

Note that tautomer-B2 has the lowest logP value and hydrophilic drugs (having low
octanol/water partition coefficients) are found primarily in aqueous regions. Considering
this fact together with its high dipole moment value, structure of tautomer-B2 should be
more polar than B1.

The order of dipole moments is BI<B5<B4<B2<B3. Note that the amino group in
B2 acts as an acceptor whereas in B4 and BS5 it is a donor in hydrogen bonding process.
Thus, dipole moments in B3-B5 are quite different from the one in tautomer-B2. Also the
dipole moment values among B3-B5 differ from each other although the donor and
acceptor sites are the same in those cases. The reason for that should be the
electronegativity difference of nitrogen atom at position-2 of the ring for tautomers from
B3 to B5.
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Polar surface areas (PSA) of the tautomers is defined as the amount of molecular
surface area arising from polar atoms (N,O) together with their attached hydrogen atoms.
Molecules with PSA values greater than 140 A2 tend to be poor at permeating cell
membranes whereas to penetrate the blood-brain barrier a PSA value of a molecule
should be less than 90 A2 [37,38]. Therefore, all the tautomers of present interest seem to
have quite good penetrating ability the blood-brain barrier having the order of ease of
B4>B3>B5>B2>Bl.

Table 1. Some properties of the tautomers considered.

Area  Volume Ovality LogP Polarizability PSA Dipole

(A) (A2 moment
B1 147.73  120.93 1.25 0.02 49.77 50.113 2.86
B2 14520  120.55 1.23 -1.30 49.78 46.918 4.70
B3 145.55  120.76 1.23 -0.26 50.03 44.352 5.63
B4 144.60  120.73 1.22 0.67 50.16 44.070 4.33
B5 145.58  120.69 1.23 -0.02 50.13 45.126 4.09

Dipole moments in debye units. Polarizabilities in 10-3° m? units.

Figure 3 shows bond lengths of tautomers B1 and B2. As seen in the figure
depending on the tautomerism, bond lengths of the pyrazole ring exhibit some variations
which should affect the NICS values mentioned below.

Earthline J. Chem. Sci. Vol. 10 No. 2 (2023), 213-227
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Figure 3. Bond lengths of tautomers B1 and B2.

Figure 4 displays the electrostatic potential maps of the tautomers considered. In the
figure the red and blue colors stand for negative and positive potential regions,
respectively. The most negative potential region in each tautomer coincides with the
nitrogen atoms of the pyrazole ring and the amino group of the substituent.

Table 2 shows some thermo chemical values of the tautomers considered. As seen in
the table all the tautomers possess exothermic heat of formation and favorable Gibb’s
energy of formation values at the standard states. The orders of H® and G° values
(algebraically) are the same as B2<B1<B3<B5<B4, so that B2 is more exothermic and

more favorable as compared to B1.

B4 B5

¢ .

Figure 4. Electrostatic potential maps of the tautomers considered.
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Table 2. Some thermo chemical values of the tautomers considered.

Tautomer H° S° (J/mol®) G°
Bl -945540.5444 344.79 -945643.3442
B2 -945548.3737 342.30 -945650.4305
B3 -945451.1531 347.38 -945554.7275
B4 -945414.8919 344.96 -945517.7443
BS -945429.1433 346.08 -945532.3291

Energies in kJ/mol.

Table 3 lists some energies of the tautomers considered where E, ZPE and EC stand

for the total electronic energy, zero point vibrational energy and the corrected total

electronic energy, respectively. As seen in the table all the tautomers considered are
electronically stable and the stability order (in vacuum) is B2>B1>B3>B5>B4. Note that
in tautomers B3-B5 lone-pair, lone-pair repulsive energy exists between the ring nitrogen

atoms. Additionally, some steric effects should have arisen due to peculiar structure of

each tautomer. The results reveal that aqueous energies of B1-B5 are -945976.09,
-945980.46, -945895.05, -945837.00, -945860.23 kJ/mol., sequentially. It should be
worth mentioning that both of B1 and B2 are aromatic structures however B2 is aquated

better than B1.
Table 3. Some energies of the tautomers considered.
Tautomer E ZPE Ec
Bl -945932.85 380.25 -945552.60
B2 -945942.58 382.56 -945560.02
B3 -945838.32 374.75 -945463.57
B4 -945802.94 376.13 -945426.81
BS -945816.22 374.80 -945441.42

Energies in kJ/mol.

Figure 5 displays some of the molecular orbitals of the tautomers of interest. The

HOMO, LUMO energies (egomo and & uymo, respectively) and intermolecular orbital

energy gap (Aeg) (Ae = e ymo-€nomo) values of the tautomers are shown in Table 4. The
data in the table reveal that the orders of the HOMO and LUMO energies are

Earthline J. Chem. Sci. Vol. 10 No. 2 (2023), 213-227
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B4<B3<B2<B5<B1 and B4<B5<B3<B2<BI, respectively. Whereas, the order of Ae
values is B4<B5<B3<B2<B1. Thus, tautomer B4 is characterized with the lowest HOMO
and LUMO energies. Whereas, B1 has the highest HOMO and LUMO energies. Note
that tautomer B2 possesses lower HOMO and LUMO energies as compared to B1. The

n-electron topology and hydrogen bonding occurring in B2 should have lowered both the

frontier molecular orbitals of B2 with respect to B1.
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Figure 5. Some of the molecular orbitals of the tautomers of interest.

The distribution of inner molecular orbital energy levels also vary from tautomer to

tautomer. Similar variations also exist for the NEXTLUMO energy levels.

Table 4. The HOMO, LUMO energies and Av values of the tautomers considered.

Tautomer HOMO LUMO Av
Bl -612.91 -36.52 576.39
B2 -619.52 -61.19 558.33
B3 -620.30 -156.70 463.60
B4 -620.90 -210.33 410.57
BS -618.96 -197.00 421.96

Energies in kJ/mol.
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Figure 6 shows the calculated UV-VIS spectra of the tautomers considered. As seen
in the figure, tautomers B1, B2 and B3 absorb in the ultraviolet region only. Whereas B4
and B5 have some absorption in the visible region. Note that B4 and B5 have smaller
interfrontier molecular orbital energy gap (Av), so they exhibit some bathochromic shift
to visible region as compared to the others. A shoulder in the spectrum of B3
progressively increases its intensity and becomes distinct peaks in the spectra of B4 and
B5 (see Figure 6 and Table 5).

Table 5. A, values (nm) of the tautomers considered.

Bl B2 B3 B4 B5
217.53 211.89 213.72 223.99 231.35
308.30 232.95 318.26
375.92 363.20
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Figure 6. The calculated UV-VIS spectra of the tautomers considered.
NICS

To determine the local aromaticity of the pyrazole ring present in the tautomers
considered, “nucleus-independent chemical shift” (NICS) values were obtained. Note that
NICS is the computed value of the negative magnetic shielding at some selected point in
space, generally at center of a ring or cage [39-51]. There are many review articles about
NICS [43,44,50,51]. The calculated data so far have piled in the literature [39-51], have
indicated that negative NICS values are associated with aromaticity. On the contrary,
positive NICS values are associated with antiaromaticity while small NICS values are
indicative of non-aromaticity. However, it is to be mentioned that although NICS
approach has been proved to be an effective probe for the local aromaticity of individual
rings of polycyclic systems a couple of contradictory results have been reported [48].
Table 6 shows the NICS(0) values of tautomers B1 and B2. The other tautomers included
in the present treatment do not have cyclic m-conjugation to be considered for aromaticity
calculations.

Table 6. The NICS(0) values of B1 and B2.

B1 B2

-12.6289 -12.5455

Pyrazole nucleus shows high degree of aromatic character. Therefore, tautomers B3-
B5 are less likely to occur because they are no longer aromatic. Although, in the case of
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unsubstituted pyrazole inter conversion of tautomers, occur readily [52], substituents on
the ring may affect the equilibrium biasing for one of the tautomers.

4. Conclusion

Within the constraints of the theory and basis set employed, the present DFT
treatment of betazole tautomers considered has indicated that in vacuum as well as in
aqueous conditions, they have thermo chemically favorable formation values and are
electronically stable. Some of them are not aromatic structures and they are characterized
with less favorable G° values and they are less stable compared to the ones in which the
pyrazole ring remains intact. Tautomer B2 is found to be more favorable and more stable
than B1. The calculated properties of the tautomers are highly dependent on their
tautomeric form, such as their solvation energies, dipole moments, polar surface areas
and log P values. Especially the log P values of the aromatic ones (B1 and B2) are
strikingly different from each other. Their calculated UV-VIS spectra are similar each
other and occur in the ultraviolet region only, whereas the others (B3-B5) mainly absorb
in the ultraviolet but exhibit some bathochromic shift to the visible region.
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