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Abstract: The 2-phenylbenzothiazole derivatives have antitumor activities. Work has shown that these derivatives have
mesomeric forms. The electrophilic centers of these mesomers form adducts with the nucleophilic centers of deoxyribonucleic
acid (DNA). These adducts destroy the tumor cells and prevent the proliferation of these. In this sense, the knowledge of
electrophilic sites, nucleophiles and the capacity to protonate these derivatives is therefore useful if we want to know their future
in the biological environment. Using DFT/B3LYP method associated with the bases 6-31G (d, p) and 6-31+G (d, p), this work
aims at determining the preferential protonation site, the electrophilic and nucleophilic centers of six 2-phenylbenzothiazole. This
study also analyzes the stability of these derivatives. Calculations are carried out in gas and aqueous phases. Results show that
fluorinated derivatives are the most stable. 2-(4-aminophenyl) benzothiazoles are the most reactive. The atoms carbon C*, C* and
C° of benzothiazole ring are the most electrophilic. Interactions of these derivatives with nucleophilic centers of deoxyribonucleic
acid (DNA) will probably be at these atoms. Nitrogen sp” (N1) of benzothiazole ring remains the most nucleophilic center and the
preferential site of protonation in all the molecules studied. These results highlight the influence of the substituents on the basicity
of the nitrogen sp” (N1) and reactivity of the 2-phenylbenzothiazole derivatives studied.
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Benzothiazoles have various biological properties [6-8].
Because of their biological potential, these compounds are
synthesized for various pharmaceutical uses [6, 9-11].
concern. If the epidemiological data show a decrease in ~ Structure of 2-phenylbenzothiazole (Figure 1) represents the
mortality rate linked to this pathology in Western countries, = Pharmacophore of a series of molecules that have anti-tumor
these are expanding in developing countries [I-5]. activities agalpst kidney, breast, lung and ovarian cancers
Scientific studies have shown that the most common L[12-18]- Studies have shown that 2-phenylbenzothiazole
cancers in the sub-Saharan region are prostate, cervical, derivatives have a very interesting anticancer activity [13, 15,

breast, ovarian and liver cancers [1, 5]. Treatment of this 19-25].

disease is a challenge for both doctor and chemist. So, Capacity to protonate and reactivity of a bioactive
many studies are conducted on search for new anticancer molecule is likely to affect its fate in biological environment.

molecules to eradicate these pathologies. It was in this Bioactive molecules are usually polyfunctional derivatives.

context that anticancer activity of certain benzothiazole  Lherefore, study of reactivity and determination of
derivatives were discovered protonation sites of these bioactive molecules are necessary if

we want to know their fate in biological environment.

1. Introduction

Cancers constitute on planetary scale a public health
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However, in search for solution to health problem related to
cancers, most of the research is focused on synthesis and
effectiveness of the anticancer molecules used in treatment of
these pathologies.

By implementing quantum chemistry methods, this work
aims to determine preferential protonation sites of six 2-
phenylbenzothiazole derivatives (Figure 1). A study of the
stability and reactivity of these derivatives is carried. This
work also examines the tautomeric equilibrium possible that
may exist in these molecules. In this sense, a theoretical
calculation of thermodynamic energies and reactivity
parameters is performed. Determination of protonation sites
and the prediction of acidity is made from the calculation of
protonic affinity (PA) and basicity (GB). Calculation of
Fukui indices made it possible to identify electrophilic and
nucleophilic sites of molecules studied. Hybrid functional
B3LYP of Density Functional Theory (DFT) method
associated with bases 6-31G (d, p) and 6-31+G (d, p) is used
to conduct this study. Calculations are carried in gas and
aqueous phases.
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Figure 1. Structures of 2-phenylbenzothiazole derivatives with atoms
numbers.

BTa: R' =NH,, R?=CH;, R*=R*=H

BTd: R'=OCHs, R*=0OCH;, R*=R*=H
BTb: R'=NH,, R*=CH;,R*=F, R*=H
BTe: R' = OCH;, R*=OCH;, R*=F,R*=H
BTc: R'=NH,, R?>=CH;, R*=H,R*=F
BTf: R' =NH,, R>=CH;, R*=H,R*=F

2. Materials and Method

2.1. Calculation Level

Density Functional Theory (DFT) [26, 27] with the hybrid
functional B3LYP [28, 29] associated with bases 6-31G (d, p)
and 6-31G+(d, p) was used to perform calculations. The
calculation software used is the Gaussian 03 quantum
chemistry software [30]. Calculs are carried out in gas and
aqueous phases at temperature of 298 Kelvin and at pressure
of 1 atmosphere (1 atm). Polarized Continuum Model (PCM)
[31] is taken as a solvation model. Previous theoretical work
on prediction of acidity has shown that hybrid functionals
such as B3LYP associated with bases 6-31+G (d, p), 6-
311+G (d) and 6-311+G (3df, 3pd) lead to results in good
agreement with experimental data [32—34]. Protonic affinities
and basicity were therefore determined from geometry
optimization at the B3LYP/6-31+G (d, p) theory level.

2.2. Global and Local Indices Derived from Conceptual
DFT

Density Functional Theory (DFT) has defined a number of

physico-chemical quantities such as electronegativity (),
hardness (7), global softness (S)... Thus for a system with N
electrons, electronic energie total E and potential energie V
(r), the chemical potential (p) is defined as first derivative of
E with respect to N for V (r) constant [35]. These reactivity
parameters can also be expressed as a function of Ionization
Potential (IP) and Electronic Affinity (EA) from following
relationships:
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Enomo and &;ypo are respectively energies of HOMO and
LUMO frontier molecular orbitals. Functions Fukui are
obtained using procedure based on finite difference method
[36-38]. The different values of these local descriptors are
calculated from equations (4), (5) and (6).

fi = a(N+1)—q,(N) (€]
fi =aN) —q(N—-1) (5)
Af = fk+ - fr (6)

qx(N), qx(N + 1) and g, (N — 1) are respectively the
electronic population of the atom k in neutral molecule,
anionic molecule and cationic molecule. Af is the dual
descriptor. It is a representative function of reactivity of
molecule. Positive or negative value of this function
indicates respectively an electrophilic zone or a
nucleophilic zone.

2.3. Protonic Affinity and Basicity

Protonation is a process in which a Lewis B base fixes a
proton to give a protonated molecule BH™ according to
equation below (Figure 2):

1

2

BH"

Figure 2. Protonation equilibrium equation.

Protonic affinity (PA) and basicity (GB) are respectively
the opposite of enthalpy variation and free enthalpy of
protonation reaction in the forward direction (1). They are
calculated from relations (7) and (8):

PA=—AH, = A;H(B) + AH(HY) — A;H(BHY)  (7)
GB = —0,G, = AG(B) + AG(HY) — A;G(BHY)  (8)

Enthalpy and free enthalpy of proton formation in
literature [39, 40] are as follows:

AsH(H*) = +367,2 Kcal.mol™"
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ArsG(H*) =—6,29 Kcal. mol™"

3. Results and Discussion

Results concern stability, tautomerism, reactivity of 2-
phenylbenzothiazole derivatives and protonic affinity of its
heteroatoms.

3.1. Relative Stability

3.1.1. Stability of 2-phenylbenzothiazole Derivatives

The  different  molecular  structures  of  2-
phenyllbenzothiazole derivatives studied, differ from each
other by the position of the fluor atom (F) and by the
substitutions on the phenyl group in position 2 of
benzothiazole (Figure 1). Values of energies of enthalpy and
free enthalpy of molecules are regrouped in Table 1.

Table 1. Gibbs free energies and enthalpies (kJmol') of 2-
phenylbenzothiazole derivatives calculated at the B3LYP/6-31G (d, p) in gas
phase.

Molecules ArH A G

BTa -2980.8 -4046.1
BTb -3172.1 -4242.5
BTc -3180.3 -4250.7
BTd -4736.9 -5914.8
BTe -4927.5 -6112.9
BTf -4935.8 -6121.1

All energies are negative (Table 1). These negative values
of enthalpy and free enthalpy translate the formation and the
existence of these compounds at temperature of 298K and at
1 atmosphere (P=1atm). Gibbs free energy, at computational
level B3LYP/6-31G (d, p), helps to discuss relative stability
of 2-phenylbenzothiazole derivatives shown in Figure 1.
Considering Gibbs free energy values grouped in Table 1, we
deduce descending order of values of Af G’ as follows:

As G°(BTa) > A; G'(BTb) > A, G°(BTc) > Ar G°(BTd) > A; G°(BTe) > Ay G°(BTH)

This ranking gives the order of increasing relative stability
that follows:

BTa <BTb <BTc < BTd <BTe < BTf

This stability sequence shows that BTc derivative is more
stable than the BTb; and the BTf more stable than BTe. This
indicates that the fluor atom at the position 5 increases
stability of 2-phenylbenzothiazole. These values also show
that substitution of methyl (CH3) and amine (NH;) groups by
methoxyl (CH;0) confers a greater stability to derivatives
BTd, BTe and BTf.

3.1.2. Stability of Tautomers

To evaluate the tautomerism of 2-(4-
aminophenyl)benzotiazole derivatives (BTa, BTb and BTc),
we first consider possible equilibriums between the potential
tautomers and then we calculate equilibrium constants. Most
therapeutic activities of biological molecules depend on
potential equilibriums between their tautomeric forms [41].
For this fact, we have studied possible equilibrium that can
exist between these molecules (Figure 3). Each molecule can
be in the form of two tautomers: tautomers amine and imine.
Values of the thermodynamic energies, energetic gaps and

dipole moment of tautomers are summarized in Tables 2 and
3.

Table 2. Enthalpy, Gibbs free energies (kJ.mol-1), energy gaps (eV) and
dipole moment (Debye) of tautomers calculated at B3LYP/6-31G (d, p) in
gas phase.

Table 3. Reaction themodynamic energies (kJ.mol'), and equilibrium
constants of tautomers calculated at B3LYP/6-31G (d, p) in gas phase.

Tautomers ArH ArG AE (eV) 1

BTa-amine -2980.8 -4046.1 4,11 3,26
BTa-imine -2968.4 -4034.5 3.19 6.20
BTb-amine -3172.1 -4242.5 4,09 3,68
BTb-imine -3158.4 -4230.1 321 6.06
BTc-amine -3180.3 -4250.7 4,04 4,77
BTc-imine -3169.5 -4236.5 3.17 6.71

Equilibrium AH A,.G Keqt K.

1 12.4 11.6 9,38.10° 1,06.10?

2 13.7 12.4 6,86.10° 1,46.107

3 10.8 14.2 3,28.10° 3,05.10°
R CH, R

H CH;
R N H ;R4 N
) N\ - — N—H
S H 2 S

tautomer amine tautomer imine

Figure 3. Possible equilibrium  between of 2-(4-

aminophenyl)benzothiazole derivatives.

tautomers

Equilibrium 1: R*=R*=H
Equilibrium 2: R*=F,R*=H
Equilibrium 3: R*=H, R*=F

Results in Table 2 show that tautomers imine have the
highest thermodynamic energy values. They also have lowest
values of energy gaps. Which means that tautomer amine is
more stable than tautomer imine. Values of reaction enthalpie
and free enthalpie reaction are positive. These positive values
of thermodynamic energies reaction reflect a non-
spontaneous endothermic reaction under conditions of this
study. Tautomeric equilibrium of these derivatives is non-
spontaneous reaction at 298 K. A chemical equilibrium
between two tautomers A and B (Figure 4) is characterized
by its equilibrium constant K.

[ N
A o B
Figure 4. Equilibrium between two tautomers A and B.

Calculation of K.q makes it possible to highlight existence
tautomeric equilibrium. K.¢'s values are obtained at 298 K
with the relation:
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Keq

When Keq<10'4, the form A exists alone. If K€q>104,
compound B predominates. The equilibrium becomes
effective if K4 ranging from 10 to 10%,

Values of the equilibrium constants calculated for these
molecules are between 10 and 10* (Table 3). This indicates
that the studied systems are in a tautomeric equilibrium state.
These molecules can exist under tautomers.

Tautomers imine have higher dipole moment values.
They are therefore more polar than tautomers amine. Imine
function increases polarity of 2-(4-
aminophenyl)benzothiazoles studied.

= exp(-ArG(T)/R)

3.2. Reactivity of 2-Phenylbenzothiazole Derivatives

3.2.1. Frontier Molecular Orbitals Theory (FMO Therory)

The energy gap between the HOMO and LUMO frontier
molecular orbitals is a critical parameter in the determination
of molecular electrical transport properties as it measures the
electronic conductivity. It makes it possible to characterize
the chemical reactivity and the kinetic stability of the
molecule. A molecule with a small energy gap is generally
associated with high chemical reactivity, low kinetic stability,
and is also called a soft molecule [42, 43]. The energies of
the frontier molecular orbitals (HOMO, LUMO) and energy
gaps calculated in this work are summarized in Table 4.

Table 4. Energies of frontier molecular orbitals (HOMO, LUMO) and energy
gaps (eV) calculated at B3LYP/6-31G (d, p) level in gas and aqueous
phases.

HOMO-LUMO (difference. This leads us to conclude that
substitution of methyl and amine groups in 3' and 4' positions
by methoxyl leads to an increase in HOMO-LUMO energetic
gap. This substituent increases stability of benzothiazoles
studied. This makes them less reactive. Also, fluor atom on
benzothiazole causes a decrease in energetic gap. This
translates that fluorinated 2-phenylbenzothiazoles are more
reactive.

3.2.2. Global Indices of Reactivity

To understand different aspects of molecular reactivity,
several descriptors of chemical reactivity are proposed.
Reactivity parameters examined in this serie of molecules
are: chemical potential (ppot), hardness (n), softness (S) and
electrophile index (). The study of reactivity according to
the Frontier Molecular Orbitals theory has shown that
molecules studied are more reactive in aqueous phase. We
have therefore retained data obtained in this phase for the
analysis of global indices of reactivity. Calculated values of
these parameters are reported in Table 5.

Table 5. Chemical potential, hardness, electrophilia (eV) and softness (V)"
calculated in aqueous phase at B3LYP/6-31G (d, p).

Molecules Mpot n S [0)

BTa -3.427 3.972 0.252 1.478
BTb -3.477 3.944 0.254 1.533
BTc -3.495 3.901 0.256 1.566
BTd -3.711 4.199 0.238 1.640
BTe -3.780 4.138 0.242 1.726
BTf -3.769 4.184 0.239 1.698

gas Phase aqueous Phase

Molecules €HoMO €Lumo AE €Homo €Lumo AE

BTa -5.305 -1.195 4.110 -5.413 -1.441 3.972
BTb -5.376 -1.289 4.087 -5.449 -1.505 3.944
BTc -5.401 -1.358 4.044 -5.445 -1.544 3.901
BTd -5.645 -1.386 4.258 -5.810 -1.611 4.200
BTe -5.727 -1.482 4.245 -5.861 -1.677 4.184
BTf -5.740 -1.547 4.193 -5.849 -1.711 4.138

The Highest Occupied Molecular Orbital (HOMO) and
Lowest Unoccupied Molecular Orbital (LUMO) determine
interaction for molecule with other species. Molecular orbital
HOMO reflects electro-donor (nucleophilic) character of
molecule. Higher the energy of this orbital, the more easily
the molecule will give up electrons. As for LUMO, it reflects
electro-acceptor (electrophile) character of molecule. The
lower the energy of this molecular orbital, the easier the
molecule will accept electrons. The BTa molecule has the
highest HOMO level energy (table 4). This molecule will be
susceptible to electrophilic attack. The lowest energy level
LUMO is obtained with the molecule BTf. This molecule
would be favorable to a nucleophilic attack.

Energetic gaps drop in aqueous phase. Reactivity of
molecules increases in aqueous phase. Values of AE
mentioned in Table 4 are smaller in the first group of
molecules (derivatives having as basic structure the molecule
P1, Figure 5). The smallest value of AE is obtained with
benzothiazole BTc. The BTd molecule has the largest

Electrophilia (o) is a reactivity parameter that accounts for
electrophilic caracter of a molecular system. Also, the higher
the value of this parameter, the more important will be
reactivity of molecule with a nucleophile. Values of this
reactivity parameter calculated for these compounds (Table
5) show that BTa, BTb and BTc derivatives are the least
electrophilic. Methoxylated derivatives have the highest
values of electrophilia. This indicates that methoxylated
benzothiazoles are the most apt to receive electrons. These
data show that methoxyl substituent contributes to increase
this reactivity index. Also, we note that fluorinated molecules
are the most electrophilic. Fluor atom in position 5
contributes to accentuate this electrophilic character.

Chemical hardness (1) and overall softness (S) express the
strength of a molecular system, whether gain or loss of
electrons (charge transfer). In a series of molecules, when the
value of 1 is small, the molecule is soft; and when it is large,
molecule is hard. Data in Table 4 show that BTa, BTb and
BTc derivatives have the lowest values of hardness. These
molecules are the softest, therefore the most reactive.

3.2.3. Local Indices of Reactivity: Fukui Indices

Work has shown that the 2-(4-aminophenyl)
benzothiazole derivatives have mesomeric forms.
Electrophilic centers of these mesomers form adducts with
the nucleophilic centers of DeoxyriboNucleic Acid (DNA).
These adducts destroy tumor cells and prevent
proliferation of these cells [44, 45]. Given results of these
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studies, it is important to determine sites of interaction
(nucleophilic and electrophilic) of these molecules.
Calculations of Fukui indices are necessary for the
determination of these interaction sites. Determination of

benzothiazole derivatives that are BTa, BTb and BTc
molecules. Atoms involved in this study are the nine
atoms of benzothiazole ring (Figure 1). Fukui indices were
calculated using Hirschfeld populations [46]. Results of

these interaction sites concerned 2-(4-aminophenyl)  calculations are summarized in Table 6.
Table 6. Fukui indices calculated at B3LYP/6-31+G (d) level in gas phase.

Atoms BTa BTb BTc

f* f Af () r f Af(r) r I Af(r)
s! 0.188 -0.107 0.295 0.152 -0.109 0.261 0.127 -0.095 0.222 0.127
C? -0.003 -0.002 -0.001 0.007 -0.06 0.067 0.017 -0.06 0.077 0.017
N? -0.083 0.225 -0.308 -0.085 0.193 -0.278 -0.095 0.189 -0.284 -0.095
ct 0.249 -0.061 0.310 0.221 -0.071 0.292 0.141 -0.034 0.175 0.141
(o3 0.049 0.157 -0.108 -0.048 0.156 -0.204 0.188 -0.046 0.234 0.188
(X 0.176 -0.125 0.301 0.152 -0.083 0.235 -0.023 0.063 -0.086 -0.023
C’ 0.107 -0.019 0.126 0.132 -0.019 0.151 0.102 -0.023 0.125 0.102
ct -0.018 0.042 -0.060 0.065 0.075 -0.010 0.065 0.075 -0.010 0.065
C’ 0.059 -0.009 0.068 0.063 0.078 -0.015 0.063 0.078 -0.015 0.063

A positive value of Af(r) indicates an electrophilic
region. A nucleophilic site gives a negative value of Af{r).
In the BTa molecule, this reactivity parameter has a
positive value at atoms Sl, C4, C6, C7 and C’ level (Table
6). These atoms are electrophilic sites. A nucleophilic
attack would probably occur at these atoms level. Carbons
C* and C° have the highest values of Af(r). These would be
more reactive vis-a-vis a nucleophilic attack. atoms N°, C°
and C® have negative Af(r) values. These atoms are
nucleophilic centers. BTb and BTc derivatives have
virtually the same electrophilic and nucleophilic sites.
Atoms S', C?, C*, C° and C7 of BTb derivative have
positive values of Af{r). With molecule BTc, it is atoms S',
C?, C*, C°, C7 which have positive values of Af(r). Atoms
N°, C°, C% €% and N°, C°% C% C’ of BTb and BTc
derivatives, respectively, have negative values of Af(r).
These atoms are nucleophilic sites. Nitrogen N* has the
lowest value of Af(r) and the maximum value of '~ in the
compounds studied. An electrophilic attack would be
made primarily on this atom (N3). For all derivatives
studied, carbons C4, C’ and C® would be the most reactive
vis-a-vis a nucleophilic attack. Interactions of 2-(4-
aminophenyl) benzothiazole derivatives studied with the
nucleophilic centers of DNA will probably occur at these
atoms.

3.3. Protonic Affinity and Basicity

Values of Protonic Affinity (PA) and Basicity (GB) are
given in Table 7. The protonated sites are shown in Figure 5.
These are the nitrogen atoms sp® of benzothiazole ring (N1)
and sp’ of amine substituent at position 4 ' of phenyl group
(N2). Molecules BTa, BTb and BTc have same
pharmacophore noted P1 (2-(4-aminophenyl) benzothiazole
derivatives). BTd, BTe and BTf derivatives have base
structure P2 (2-  (4-methoxyphenyl) benzothiazole
derivatives). Protonation sites for this second group of
molecules are atom nitrogen sp> of benzothiazole denoted N1
and oxygen atoms of methoxyl groups on positions 4 '(02)
and 3' (03).

1
L,
N

S

(P1)

CH,

]
N

NH @: ) 0-CHs

2 s 2

(P2)

Figure 5. Structures of 2-phenylbenzothiazoles with protonated atom
numbers; (P1): 2-(4-aminophenyl) benzothiazole, pharmacophore of BTa,
BTbh and BTc molecules; (P2): 2-(4-methoxyphenyl) benzothiazole, p
harmacophore of BTd, BTe and BTf molecules.

Table 7. Protonic affinities and basicities (KJ.mol-1) calculated for atoms selected at BILYP/6-31+G (d, p) level in gas phase.

Nsp*(N1) Nsp*(N2) 01 02

Molecules PA GB PA GB PA GB PA GB
BTa 502.1 22897 476.6 203.96

BTb 500.2 227.44 4755 202.95

BTc 498.5 226.43 4747 202.33

BTd 493.4 22447 465.4 192.48 465.9 192.98
BTe 4915 223.58 4602 187.14 4653 192.43
BTf 490.3 TIT 4593 186.29 4642 191.39

PA and GB both account for basicity strength of a site in molecule. For these six benzothiazoles, these two quantities agree on basicity forces of sites
examined. Values of PA and GB of site N1 of BTa, BTb and BTc derivatives are higher than those obtained with nitrogen N2 for same compounds. This site
also has the highest value of PA in the BTd, BTe and BTf derivatives. Nitrogen Nsp® (N1) of benzothiazole ring is therefore preferentiel site of protonation in
these molecules. Fluor atom (F) at position 5 causes a decrease in the basicity of sites N1 and N2. Nitrogen N2 remains the least basic. PA and GB values
calculated for the N1 nitrogen are higher in BTa, BTb and BTc molecules compared with those obtained in BTd, BTe and BT derivatives. Decreasing order of
basicity at this site level is: N1 (BTa) > N1 (BTb) > N1 (BTc) > N1 (BTd) > N1 (BTe) > N1 (BTf)
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These results indicate that methoxyl groups at positions 3' and
4" contribute to reducing protonic affinity of site N1. The data
also reveal that fluor atom decreases the basicity of sites studied.
At level of BTd, BTe and BTf derivatives, PA and GB values of
O3 site are higher than those obtained with O2 site.

4. Conclusion

Results of this theoretical study on 2-phenylbenzothiazole
derivatives, have shown that fluorinated derivatives are the
most stable. Fluor atom contributes to increasing stability of
these molecules. Calculations of equilibrium constants
revealed existence of tautomeric equilibrium in 2-(4-
aminophenyl) benzothiazole derivatives. Examination of
stability of tautomers has shown that tautomers amine of
these derivatives are the most stable.

The study of reactivity based on calculation of energetic
gaps and global indices of reactivity, reveals that 2- (4-
aminophenyl) benzothiazoles derivatives are the most
reactive. fluoro compounds are the most electrophilic.
Calculation of Fukui Indices identified nucleophilic and
electrophilic  sites of  2-(4-aminophenyl)benzothiazole
derivatives. These calculs showed that carbons C4, C’and C°
are the most electrophilic. Interactions of these derivatives
with the nucleophilic centers of deoxyribonucleic acid (DNA)
will probably occur at these atoms. Nitrogen N3 remains the
most nucleophilic site in all the molecules studied.

Analysis of protonic affinities and basicity (GB) in gas phase,
parameters obtained for protonation reactions on target
heteroatoms (N and O atoms) shows that 2-(4-
aminophenyl)benzothiazole derivatives have higher protonic
affinities, thus a higher basicity than 2-(4-methoxyphenyl)
benzothiazoles derivative. Nitrogen sp’ of benzothiazole ring
(N1) is preferentiel site of protonation in all molecules studied.
Methoxyl groups at positions 3' and 4' contribute to reducing
protonic affinity of nitrogen N1. Data also reveal that fluor atom
decreases basicity of sites studied. These results highlight
influence of substituents on basicity this sites.

Since methoxyl group and fluor atom (F) have electro-
attractor effect, it could be argued that electron-attractor
groups on 2-phenylbenzothiazole ring disadvantage the
proton fixation on nitrogen N1 of benzothiazole ring.
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