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Investigating the influence of p-substituents upon spectral, thermal, kinetic,
molecular modeling and molecular docking characteristics of new synthesized
arylazobithiazolylhydrazones
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A series of novel arylazobithiazolylhydrazones (A-E) were efficiently synthesized via the reaction of
thiazolylthiosemicarbazone 3 with hydrazonoyl chlorides 4a-e in boiling ethanol containing triethylamine as catalyst.
The synthesized thiazoleazodye derivatives were characterized by microanalyses and spectral data (IR, 1H-NMR and
13C-NMR), as well as thermal analysis. Moreover, theoretical implementations for compounds (modeling and docking)
were taken in consideration. The molecular and structural formulae were established on the basis of analyses and
compared altogether in their general features. The influence of substituents on thermal, kinetic, biological activity and
reactivity was investigated. The decomposition pathway is completely affected by substituents type. The kinetic
parameters estimated have direct relation with the heating rate as well, deeply affected by the inductive effect of
substituents. Variable essential parameters were computed upon optimized structures applying Gaussian 09 and Hyper
Chem 8.1 programs. In between, the indices attributed to reactivity and biological features point to the priority of
compound E in coinciding with the presence of sulfur atom in the substituent group. Also, docking study differentiates
between tested derivatives; their behavior in docking efficiency was varied in coinciding with various substituents, as
expected. The best docking efficiency was recorded with derivative E, which includes a highly inductive functional
group (SO2NHz2) as p-substituent.
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INTRODUCTION synthesized with  potential  pharmacological

The synthesis of heterocyclic compounds has Zﬁgl\”ttelseii like az?it_lr?acg;::ﬂéivjntl_lnflzmir?:?z'
been thoroughly investigated over decades as Hgesic, nyper : . gal,
antiplatelet, antimalarial, anticonvulsant,

raising significant interest to their great therapeutic
effects and various heterocyclic compounds
containing nitrogen and sulfur display elastic
structures for drugs improvement [1]. Thiazoles are
considered as a heavily studied class of aromatic
five-membered heterocyclics which are found in
many powerful biologically active drugs such as
Sulfathiazol  (antimicrobial  drug), Ritonavir
(antiretroviral drug), Abafungin (antifungal drug)
and Tiazofurin (antineoplastic drug) [2]. Thus,
thiazole or thiazolyl moiety if it is present in any
compound will show numerous biological activities
such as anti-inflammatory [3], antimicrobial &
antifungal [4], antihypertensive [5], anticancer [6],
anti-HIV [7], antidiabetic [8], and anticonvulsant
[9] activities. Hydrazone-based compounds
represent a very important class of derivatives with
a broad spectrum of strong pharmacological
influences [10]. A variety of hydrazones were

antidepressant, antiviral, and anticancer [11].
Beside their extensive biological characteristics
they also integrate with other active functional
groups to display pharmacologically active
molecules [12, 13]. For example,
thiazolylhydrazones displayed an excellent ability
to effectively inhibit leukemic tumor cell growth
and to decrease the concentrations  of
deoxyribonucleoside triphosphate [14].
Furthermore, excessive accumulation of metal ions
in brain leads to neurodegeneration. Metal-
promotion neurotoxicity is proposed to be attached
with various neurological diseases [15]. Recently,
chelation therapy has become a significant handling
for the symptoms associated with the central
nervous system [16]. Different classes of sulfur-
and nitrogen-containing compounds are capable to
form complexes with metal ions interacting with
biological systems [17-19]. Referring to the strong
reactivity of the hydrazine nitrogen (C=N) and azo
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(N=N) groups, compounds including both groups
represent a versatile class which is significant in
curing chemistry [20-23].

On the other hand, thermal methods of analysis
are most widely used to study industrially important
products such as polymers, pharmaceuticals,
metals, minerals, alloys, clays, various metal
complexes, etc. [24]. Panchal et al. [25] have
reported thermo gravimetric analysis of lanthanide
coordination polymers with the Schiff base N,N’-di
(o-hydroxy  phenyl) terephthalaldehyde and
determined final decomposition products. Aghera
and Parsania [26] have reported thermo gravimetric
analysis of symmetric double Schiff bases
containing cardo group to understand the effect of
different substituents on thermal stability, Kinetic
parameters of Schiff bases. Recently, Gangani and
Parsania [27] have reported thermo acoustical
studies of various substituted symmetric double
Schiff bases. From researches reported, this work
aims to start synthesis of new
arylazobithiazolylhydrazone  derivatives  with
various p-substituents over one side, and to
investigate their influence on the kinetic parameters
upon thermal study. The effect of aromatic
substituents on the homolysis of organic
compounds suffers an observable shortage in
literature review. The formulae will be established
based on elemental, spectral and conformational
optimization software. The docking towards DNA
was taken in consideration, to give a comparative
view about their inhibition efficiency, which points
to their expected efficiency with infected cell DNA.

EXPERIMENTAL

All reagents and solvents used were purchased
from Sigma-Aldrich and used without any further
treatments.

Techniques of analyses

Using a digital Gallen-Kamp MFB-595
instrument with open capillary tubes, the melting
points were recorded and are uncorrected. On
Schimadzu FTIR 440 spectrometer using KBr
pellets, the IR spectra were determined over range
of 400-4000 cm™. Using a Bruker model 400 MHz
Ultra Shield NMR spectrometer through DMSO-ds
using tetramethylsilane (TMS) (internal standard),
the 'H-NMR and *C-NMR spectra were recorded.
Chemical shifts were reported as dppm UnNits. The
elemental analyses were performed using Perkin-
Elmer 2400 CHN Elemental Analyzer. Shimadzu
Thermal Analyzer was used to obtain the TGA
curves of the complexes applying variable heating
rates; 5-25 K.min?, under pure N, atmosphere, over
the range of 20-900 °C. Conformational analysis
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was executed by Gaussian 09 program and
molecular docking by Autodock 4.2 tools. 1-(2-
Allylamino-4-methylthiazol-5-yl)ethanone (1) and
hydrazonoyl chlorides 4a-e were prepared
according to previously reported procedures [28,
29].

Synthesis of 2-(1-(2-allylamino-4-methylthiazol-5-yl)
ethylidene)-N-phenylhydrazine-1-
thiocarboxamide (3)

A solution of 0.01 mol (1.96 g) of 1-(2-
allylamino-4-methylthiazol-5-yl)ethanone 1 was
dissolved in 30 mL of ethanol and then 0.01 mol
(1.67 g) of 4-phenylthiosemicarbazide was added in
presence of 0.5 mL of conc. HCL. The solution was
heated under reflux for 4 h, then allowed to cool
down to room temperature. The precipitate
(compound 3) was isolated by filtration, washed
wth ethanol, dried and recrystallized from
MeOH:DMF (1:1) mixture (Scheme 1). Pale yellow
powder, Yield (87%), mp 202-203°C; IR (KBr)
vmad/cm™: 3310 (NH), 3187 (NH), 3036 (NH), 3015
(CH-sp?), 2930 (CH-sp®), 1622 (C=C), 1598
(C=N), 1261 (C=S); *H-NMR (400 MHz, DMSO-
ds): dppm = 2.38 (s, 3H, CHj3), 2.52 (s, 3H, CHj),
4.19 (s, 2H, NCHy), 5.24 (dd, Jae = 1.2, Jac = 10.4
Hz, 1H, =C-Ha), 5.33 (dd, Jas = 1.2, Jsc =16.8 Hz,
1H, =C-Hg), 5.85-5.94 (m, 1H, =C-Hc), 7.16-7.65
(m, 5H, Ar-H), 9.81 (bs, 1H, NH), 10.43 (bs, 1H,
NH), 11.08 (bs, 1H, NH); C-NMR (100 MHz,
DMSO-ds): dppm= 14.78 (CH3), 16.66 (CHs), 47.93
(CH2N), 117.93 (CH:=), 120.50 (Thiazole-Cs),
125.50 (CHa), 128.73 (2CHaf), 129.19 (2CHa),
132.63 (CH=), 139.43 (Car), 144.64 (C=N), 154.02
(Thiazole-Cs), 166.54 (Thiazole-Cy), 177.03 (C=S);
Anal. Calcd. for CigHi9NsS; (345.11): C,55.63; H,
5.54; N, 20.27%, Found: C, 55.59; H, 5.52; N,
20.26%.

Synthesis of 2-allylamino-4-methyl-5-(1-((4-methyl-
3-phenyl-5-(arylazo)thiazol-2(3H)yildene)
hydrazono)ethyl)thiazoles (A-E)

Solutions of equimolar amounts of hydrazonoyl
chloride 4 (0.005 mol) and compound 3 (1.73 g,
0.005 mol) in 30 mL of ethanol were mixed in
presence of 0.5 mL of triethylamine. The mixture
was heated under reflux for 3 h, then cooled down
to room temperature. The resulting thiazole dye
was collected by filtration, washed with aqueous
ethanol, dried and recrystallized from glacial acetic
acid to afford the aimed compounds (A-E).

2-Allylamino-4-methyl-5-(1-((4-methyl-3-
phenyl-5-(4-fluorophenylazo)thiazol-2(3H)yildene)
hydrazono)ethyl)thiazole (A). Red crystals, Yield
(88%), mp 236-237°C; IR (KBr) vma/cm™: 3200
(NH), 3063 (CH-sp?), 2989 (CH-sp®), 1619 (C=C),
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1592 (C=N), 1567 (N=N); H-NMR (DMSO-ds):
d(ppm) = 2.52 (s, 3H, CHs), 2.49 (s, 3H, CHs), 2.56
(s, 3H, CHg), 5.17-5.28 (m, 2H, CH,=), 3.92 (bs,
2H, NCH,), 5.93 (m, 1H, =C-Hc), 7.17-7.24 (m,
5H, Ar-H), 7.49 (d, J = 7.5 Hz, 2H, Ar-Hys), 7.31
(d, J=7.5Hz, 2H, Ar-Hss), 8.35 (bs, 1H, NH); **C-
NMR (DMSO-ds): dppm= 16.90 (CH3), 17.36 (CHs),
19.69 (CHs), 46.78 (CH2N), 113.69 (Thiazole-Cs),
116.45 (CH,=), 116.52 (2CHar), 119.29 (Thiazole-
Cs), 121.55 (2CHar), 123.40 (CHar), 13241
(2CHar), 134.88 (2CHar), 135.21 (CH=), 139.93
(Car), 149.29 (Car), 150.21 (Thiazole-C4), 154.27
(Thiazole-Cy4), 161.52 (Car), 168.20 (Thiazole-C,),
168.98 (Thiazole-Cy), 173.56 (C=N); Anal. Calcd.
for CaxsH24FN7S; (505.64): C,59.39; H, 4.78; N,
19.39%, Found: C, 59.57; H, 4.75; N, 19.38%.
2-Allylamino-4-methyl-5-(1-((4-methyl-3-
phenyl-5-(4-chlorophenylazo)thiazol-2(3H)yildene)
hydrazono)ethylthiazole (B). Red powder, Yield
(95%), mp 234-235°C; IR (KBr) vmad/cm™: 3197
(NH), 3082 (CH-sp?), 2965 (CH-sp®), 1621 (C=C),
1593 (C=N), 1570 (N=N); H-NMR (DMSO-ds):
dppm = 2.11 (s, 3H, CHg), 2.35 (s, 3H, CHs3), 2.40 (s,
3H, CHs), 3.90 (s, 2H, NCHy), 5.13 (dd, Jas = 1.6,
Jac=10.2 Hz, 1H,=C-Ha), 5.24 (dd, Jaxe = 1.6,
Jec=17.0 Hz, 1H, =C-Hg), 5.86-5.95 (m, 1H,=C-
Hc), 7.10-7.39 (m, 5H, Ar-H), 7.41 (d, J = 7.5 Hz,
2H, Ar-Hss), 7.67 (d, J = 7.5 Hz, 2H, Ar-Hyg), 8.05
(bs, 1H, NH), 10.59 (s, 1H, NH); BC-NMR
(DMSO-ds): dppm= 13.59 (CHs), 16.70 (CHs3), 19.13
(CHs), 46.55 (CH:N), 116.24 (CH.=), 117.32
(Thiazole-Cs), 119.54 (Thiazole-Cs), 123.91
(2CHar), 128.70 (2CHar), 129.81 (2CHar), 129.81
(2CHar), 129.98 (CHar), 132.75 (CH=), 136.15
(Car), 140.00 (Car), 150.60 (Car), 151.79 (Thiazole-
C.), 156.16 (Thiazole-Cs), 162.25 (Thiazole-C,),
167.83 (Thiazole-Cy), 173.56 (C=N); Anal. Calcd.
for C25H24C|N782 (522.1): C,57.51; H, 4.63; N,
18.78%, Found: C, 57.48; H, 4.60; N, 18.75%.
2-Allylamino-4-methyl-5-(1-((4-methyl-3-

phenyl-5-(4-bromophenylazo)thiazol-2(3H)yildene)
hydrazono)ethyl)thiazole (C) Red crystals, Yield
(90%), mp 240-241°C; IR (KBr) vmad/cm™: 3191
(NH), 3082 (CH-sp?), 2935 (CH-sp®), 1620 (C=C),
1598 (C=N), 1569 (N=N); 'H-NMR (DMSO-ds):
dppm = 2.47 (s, 3H, CHg), 2.48 (s, 3H, CHs), 2.55 (s,
3H, CHg), 3.92 (bs, 2H, NCH,), 5.16 (dd, Jas= 1.6,
Jac=10.2 Hz, 1H, =C-Ha), 5.25 (dd, Jag = 1.6, Jac=
17.0 Hz, 1H, =C-Hg), 5.91-5.93 (m, 1H, CH=),
7.17-7.24 (m, 5H, Ar-H), 7.35 (s, 4H, Ar-H), 8.34
(s, 1H, NH); BC-NMR (DMSO-ds): dppm= 16.87
(CHs), 17.25 (CHs), 19.03 (CHs3), 46.78 (CH2N),
116.06 (2CHar), 116.44 (CH»=), 119.30 (Thiazole-
Cs), 123.35 (Thiazole-Cs), 124.21 (CHa/), 125.81
(2CHar), 126.51 (2CHar), 129.51 (2CHar), 133.31

(CH=), 134.86 (Car), 139.81 (Car), 143.15 (Car),
154.21 (Thiazole-C,), 161.47 (Thiazole-Cy4), 168.29
(Thiazole-C;), 168.96 (Thiazole-C), 172.75
(C=N); Anal. Calcd. for CasH24BrN;S; (566.55):
C,53.00; H, 4.27; N, 17.31%, Found: C, 53.01; H,
4.24; N, 17.29%.
2-Allylamino-4-methyl-5-(1-((4-methyl-3-
phenyl-5-(4-ethoxyphenylazo)thiazol-2(3H)yildene)
hydrazono)ethylthiazole (D). Orange powder,
Yield (86%), mp 179-180°C; IR (KBr) vma/cm™:
3198 (NH), 3068 (CH-sp?), 2970 (CH-sp®), 1622
(C=C), 1614 (C=N), 1567 (N=N); !H-NMR
(DMSO-ds): dppm = 1.06 (t, J = 7.2 Hz, 3H, CH3),
2.47 (s, 3H, CHg), 2.52 (s, 3H, CHs), 2.56 (s, 3H,
CHa), 3.92 (bs, 2H, NCHy), 4.35(q, J = 7.2 Hz, 2H,
OCHy), 5.15 (dd, Jag = 1.5, Jac= 10.2 Hz, 1H, =C-
Ha), 5.26 (dd, Jas = 1.5 Hz, Jgc=16.5Hz, 1H, =C-
Hg), 5.87-5.96 (m, 1H, CH=), 6.91-7.20 (m, 5H,
Ar-H), 7.44 (d, J = 7.8 Hz, 2H, Ar-Hss), 7.78 (d, J
= 7.8 Hz, 2H, Ar-H,e), 8.35 (bs, 1H, NH); C-
NMR (DMSO-ds): dppm= 16.92 (CH3), 17.36 (CHs3),
19.02 (CHs), 19.70 (CHs), 46.80 (CH:N), 56.51
(OCH), 114.08 (Thiazole-Cs), 116.45 (CHj=),
119.26 (Thiazole-Cs), 123.51 (2CHa;), 126.35
(CHar), 127.77 (2CHar), 129.88 (2CHar), 130.11
(2CHar), 134.83 (CH=), 137.07 (Car), 141.26 (Car),
146.84 (Car), 154.49 (Thiazole-Cs), 161.80
(Thiazole-C4), 168.10 (Thiazole-C;), 169.06
(Thiazole-Cz), 174.08 (C=N); Anal. Calcd. for
Co7H2N7/OS; (531.71): C,60.99; H, 5.50; N,
18.44%, Found: C, 60.96; H, 5.48; N, 18.41%.
2-Allylamino-4-methyl-5-(1-((4-methyl-3-
phenyl-5-(4-sulfonamidophenylazo)thiazol-
2(3H)yildene) hydrazono)ethyl)thiazole (E). Red
crystals, Yield (87%), mp 177-178°C; IR (KBr)
vmadicmt: 3231, 3166 (NH.), 3081 (NH), 3054
(CH-sp?), 2981 (CH-sp®), 1620 (C=C), 1596
(C=N), 1582 (N=N); 'H-NMR (DMSO-ds): Sppm =
2.47 (s, 3H, CHs), 2.49 (s, 3H, CHs), 2.57 (s, 3H,
CHa), 3.92 (bs, 2H, NCH), 5.16 (dd, Jas = 1.5,
Jac= 10.2 Hz, 1H, =C-Ha), 5.26 (dd, Jas = 1.5,
Jec=17.0 Hz, 1H, =C-Hg), 5.88-5.96 (m, 1H, CH=),
6.92-7.19 (m, 5H, Ar-H), 7.22 (s, 2H, NHy), 7.44
(d, J = 8.5 Hz, 2H, Ar-Hss), 7.78 (d, J = 8.5 Hz,
2H, Ar-Hze), 8.35 (bs, 1H, NH); ®C-NMR
(DMSO-ds): dppm= 17.36 (CHs), 19.02 (CHs3), 19.70
(CHs3), 46.81 (CH2N), 114.08 (Thiazole-Cs), 116.45
(CH.=), 119.26 (Thiazole-Cs), 12451 (2CHa),
127.77 (2CHar), 128.55 (2CHa), 129.12 (CHa),
129.98 (CHar), 134.03 (CH=), 137.07 (Car), 141.26
(Car), 146.84 (Car), 154.49 (Thiazole-C4), 161.80
(Thiazole-Cs), 168.10 (Thiazole-C;), 169.06
(Thiazole-Cy), 176.96 (C=N); Anal. Calcd. for
CosH26NgO2Ss  (566.71): C,52.98; H, 4.62; N,
19.77%, Found: C, 52.95; H, 4.60; N, 19.75%.

529



N NN
78\ o T pPn 3 NH,
RHN" g 8
Me
1 2
R =
Me S
HA HC N )\ \
7\ Ny >N
RHN ~ "N \
S Ph
Me
A-E

=N Me

EtOH/HCI
reflux 4h

Me S
N )3\ Ph
/N N
N
RHN/QSK\(/ NoOH
Me
o 3

Ar
/N\N,Ar

4a-e ClI

Me EtOH/TEA/reflux 2h

A, Ar = 4-F-C¢H,-; B, Ar = 4-CI-CgHy-; C, Ar = 4-Br-C¢H,-; D, Ar = 4-EtO-CgH,-;

E, Ar = 4-Nst°2'C6H4'

Scheme 1. Synthesis of 2-allylamino-4-methyl-5-(1-((4-methyl--3-phenyl-5-(arylazo)thiazol-
2(3H)ylidene)hydrazono)ethyl)thiazole derivatives ,A-E.

THEORETICAL IMPLEMENTATION
Kinetics

Significant thermodynamic parameters were
computed over main decomposition stage in each
compound under different heating rates beside the
activation energy (E) and order (n). Many
researches had established mathematical equations
for this purpose and clarified their scientific
meaning [30-38]. The rate of decomposition
(equation 1) is the yield of two separated indices
(k(T) and f(a)):

do

=KM@ €

Therein, o is a fraction decomposed at time t,
f(a) is a conversion function and k(T) is a
temperature dependent function. The two functions
are of Arrhenius type (equation 2):

K=AgERT ¥

Therein, R is the gas constant (J mol?k™). Using
equation 2 as a function of equation 1, equation (3)
was obtained:

da A
o - ()@ ®

Therein, ¢ is the linear heating rate (dT/dt).
Applying integration and approximation, equation
(4) was obtained:

-E* AR
In =——+In
9(@) RT LDE *}

(4)
g(a) function depends on the mechanism of action

in the decomposition process. Implementing Coat-
Redfern [32] and Horowitz-Metzger methods [37],
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the temperature integral (right-hand side) and
significant kinetics were evaluated.

Geometrical optimization

Applying DFT/B3LYP method using Gaussian
09 software [39], the optimized geometrical forms
of arylazo-bithiazolylhydrazone derivatives were
built (figure 1). 6-31G is a suitable base set for this
purpose. Essential physical parameters which
reflect significant features around the treated
compounds were computed based on frontier
energy gapes by known relations [40, 41] as
follows:

1- % =-0.5 (ELumo + Enomo)
2- p=-%x=0.5(ELumo + Eromo)
3-  1n=0.5(ELumo - Eromo)

4- S=-0.57
5- o= p¥2n
6- o=1/Mm

Two considerable files (log and chk) were
excreted. The files were visualized over Gauss
program screen [42] to obtain essential physical
data.

QSAR parameters computation

Surface area, volume, hydration energy, log P,
reactivity and polarizability were the calculated
QSAR parameters over optimized structures (A-E).
The optimization process was executed by
HyperChem (8.1) program. Semi-empirical AM1
followed by molecular mechanics (MM™) were the
suitable setup methods before the geometrical
optimization process. The optimization process was
accomplished  without  restriction for any
parameters, after which the parameters were
computed separately [43].
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Molecular docking process

This is a recent computational method in drug
designing industry as a preliminary test of the
inhibition efficiency of organic compounds towards
pathogen protein. Auto Dock tool 4.2 was
implemented for docking process between arylazo-
bithiazolylhydrazone derivatives and calf thymus

DNA (2hio). Non-polar hydrogen atoms were
added and the rotatable bonds were excluded
before. Fundamental hydrogen atoms, charges
(Kollman united) and solubility parameters were
then added [44]. The affinity (grid) maps of xx A
grid points and 0.375 A spacing were obtained
through Autogrid program [45].
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Fig. 1. The optimized structures of arylazobithiazolylhydrazone derivatives (A-E).

Electrostatic terms and van der Waals forces
were estimated through dielectric  function
(distance-dependant) and auto dock parameter set,
respectively. Docking process was executed by
Solis & Wets local search method and Lamarckian
genetic algorithm (LGA) [46]. The orientation,
initial position and torsions of tested molecules
were set incidentally. All rotatable torsions were
decomposed during the docking process. Each
experiment was the average value of 10 different
runs which set to close after maximum of 250000

energy assessments. The used population size was
150. During the process, in the translational step
(0.2 A) quaternion and torsion steps were applied.

RESULTS AND DISCUSSION
Mechanism of action

As outlined in scheme 1, 1-(2-allylamino-4-
methylthiazol-5-yl) ethanone (1) was condensed
with 4-phenylthiosemicarbazide (2) in ethanol
(boiling) containing HCI as a catalyst to afford
thiazolylthiosemicarbazone 3 in good yield. The
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chemical structure of compound 3 was built based
on elemental analysis, spectral data, and chemical
transformations. The IR spectrum of compound 3
exhibited absorption bands at 3310, 3187, 3036,
1622, 1598, and 1261 cm™ characteristic to three
NH, C=C, C=N, and C=S groups, respectively. Its
'H-NMR spectrum revealed, besides the expected
signals of phenyl and allyl protons, two singlets at &
2.38 and 2.52 ppm assignable to two methyl
protons, and three broad singlet signals,
exchangeable with D,O, at 6 9.81, 10.43, 11.08
ppm owing to three NH protons. The BC-NMR
spectrum of compound 3 revealed the presence of
fourteen carbon signals compatible with its
molecular formula (CisH19NsS;). The  most
characteristic carbon signals resonate at & 14.78,
16.66, 47.93, 177.03 ppm owing to two methyl
carbons, methylene, and thiocarbonyl group,
respectively.

Next, we investigated the reactivity of the
thiourea ~moiety in compound 3 towards
hydrazonoyl chlorides with the aim to attain
arylazobithiazolylhydrazones for thermal analysis
investigation. Thus, reaction of compound 3 with a
series of N-aryl hydrazonoyl chlorides 4a-e [29] in
boiling ethanol containing triethylamine as a basic
catalyst gave one isolable product in each case (as
evidenced by TLC analysis of the crude product),
which were recognized to be products 5a-e
(Scheme 1). The structure of products 5a-e was
confirmed by elemental analyses and spectral data.
The IR spectra of products 5a-e showed in each
case the disappearance of C=S absorption band and
the presence of new absorption bands in the ranges
1592-1598 and 1567-1582 cm? assigned to
conjugated C=N and N=N groups, respectively.
The H-NMR spectrum of compound 5d, as an
example, revealed in addition to the expected
signals of the allyl amino protons, aromatic protons,
and protons of three methyl groups, a triplet signal
at & 1.06 ppm and a quartet signal at 4.35 ppm
assigned to ethoxy group. There is also a pair of
doublet signals resonating around 7.44, 7.78 ppm
with the same coupling constant value (J = 7.8 Hz)
assigned to the four protons of p-substituted
benzene ring residue. The *C-NMR spectrum of
compound 5d revealed the presence of 23 carbon
signals. The sp® hybridized carbon atoms resonate
at 6 16.92, 17.36, 19.02, 19.70, 46.80 and 56.51
ppm characteristic to four methyl carbons, CH:N,
and OCH,, respectively. The more downfield three
carbons resonate at & 168.10, 169.06, 174.08 ppm
assigned to the carbons of thiazole-C,, thiazole-C»,
and C=N, respectively (see supplementary data).
The mass spectra of all products 5a-e exhibited in
each case a molecular ion peak at the correct

532

molecular weight for the respective compound (see
Experimental). To account for the formation of
products 5a-e, it was suggested that the reaction
starts via nucleophilic attack of the thiol group in
compound 3 to the electron-deficient carbon of the
hydrazone group in compounds 4a-e and
subsequent in situ dehydrative cyclization to give
the target products 5a-e.

TGA homolysis of arylazobithiazolylhydrazone
derivatives

Although an observable shortage in researches
concerning the relation between p-substituents and
the thermal behavior of compounds, some articles
exhibited essential knowledge about their pyrolysis
[47-49]. All derivatives were subjected to thermal
analysis (TGA and DTG) up to 800°C (figure 2).
The data (Tables 1&S1-S4) show discriminate
findings in mass loss for all compounds (A-E)
which were recorded with heating rate variations
(5-25 K. min?) although the high similarity in
homolysis  pathway in various derivatives
observable distinct features toward thermal stability
which clearly appeared in the first stage of
pyrolysis. These observations clarify the high
impact of heating rate changes, as well as p-
substituents. The substituents with high inductive
effect led to difficult degradation over the whole
molecule. This reflected on incomplete pyrolysis of
the organic compounds. Derivative A displayed
high rigidity in the pyrolysis process in agreement
with the high inductive effect of the small-sized
substituent (F) followed by derivative D for OC,Hs
substituent.

Kinetic studies

This part in our research is considered the most
significant, in which the study is being processed to
estimate the Kkinetic parameters. The Kkinetic
parameters (AH, AG and AS) and energy of
activation were estimated by using two comparative
reference equations [32, 37]. These calculated
parameters serve for discrimination of the influence
of changeable substituents on the degree of thermal
rigidity. Moreover, the parameters were calculated
under variable heating rates (5-25 K.mint) to
investigate the degree of shifts in their values in
coinciding. Figure 3 displays relations for Coat-
Redfern and Horowitz-Metzger methods under
various conditions (heating rate and p-substituents).
The data were computed by applying two methods
(Tables 2&S5-S8) over most suitable degradation
stage (second and sometimes the first). This stage
accidently the main degradation stage represents
expel of a great mass.
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The first view of the relations (figure 3) showed
the mismatch of the resulting lines, which confirms
the effect of the substituents on the behavior of
thermal decomposition for compounds and also on
the effect of changes in the heating rate. The data
demonstrated that there are many reactions; number
of reactions is increasing at low heating rates (5 and
10 K. min') compared to high rates (15-25 K. min-
1), Although, only one effective reaction was taken
in consideration for simplicity and the parameters
are displayed in the tables reported. It is noted that
all pyrolysis models are based on a single effective
reaction. Moreover, there is an observable increase
of kinetic parameters values with increasing heating
rate. Also, the high inductive effect of the
substituents leads to high values of the Kkinetic
parameters as appeared in A, B and D compounds
for F, Cl and OC;Hs p-substituents.

Structural optimization process. DFT/B3LYP
method

The best atomic distribution inside the five
derivatives (figure 1) was obtained in gas phase by
DFT/B3LYP method with 6-31G base set. The
frontier energy gaps (Ewomo - ELumo) were
calculated and used for computing other significant
parameters (Table 3) using reference relations [50,
51]. Electronegativity index (y), chemical potential
index (u), global hardness index (7), global softness
index (S), global electrophilicity index (w) and
absolute softness (s) were the parameters
computed. Electrophilicity parameter is indicator
for the degree of reactivity and toxicity for the
tested compound. Electronic chemical potential (x)
and electronegativity (y) are two opposite faces
pointing at the degree electron affinity gained from
universe. Global hardness (#), global softness (S)
indices are also two opposite faces pointing to the
degree of flexibility of the compound which serve
to distinguish the biological behavior of the
compound inside the cell. All indices introduce
distinguished reactivity and toxicity of compound
E, which includes substituent SO.NHo.

Table 1. Plausible degradation process for arylazobithiazolylhydrazones (at 5 K. min " heating rate)

Compound Steps Temp. range Decomposed Weight loss: Calcd (Found)
(°O (%)
A 1t 50.2-81.4 CH, 3.17(3.17)
2nd 200.1-308.4 C7HsN4S 35.64(35.67)
3 362.4-515.1 CsH1N3SF 32.68(32.71)
Residue 12C 28.50(28.45)
B 1 51.2-91.1 C7H9N,S 29.35(30.00)
2nd 122.6-301.2 CoHsN3 30.30(30.41)
3 305.6-400.1 CsH7N2CIS 33.45(33.61)
Residue 3C 6.90(5.98)
C 18t 55.1-170.2 CoHi11N2S 31.64(31.65)
2nd 221.5-452.1 CisH11NsBr 62.34(62.33)
3 535.2-581.3 H.S 6.02(6.02)
Residue nil
D 1t 122.3-305.4 CasH2sN70S; 94.72(94.75)
2nd 350.2-403.3 CoH4 5.28 (5.25)
Residue nil
E 1 61.2-122.1 CsHeN 9.80(9.81)
2nd 210.1-341.2 Ci3H11N4S 45.05(45.04)
3 420.3-583.2 CsHaN,S 17.31(17.33)
Residue CeH7SO2N 27.74(27.82)
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Fig. 2. TGA and DTG of compounds A-E at 5 K. min " heating rate
Table 2. Computed Kinetic parameters by Coats—Redfern (CR) and Horowitz—Metzger (HM)

(for main step at 5 K min " heating rate)

Comp. Step  Method Kinetic Parameters
E (Jmol?) A (SY) AS(Imol*K?1)  AH@mol?) AG (Imol?) r
A 2nd CR  4.25E+04 7.05E+03 -1.76E+02 5.82E+04 1.51E+05 0.9993
HM  5.96E+04 5.90E+04 -1.58E+02 6.52E+04 1.49E+05 0.9991
B 2nd CR  2.69E+04 2.06E+01 -2.24E+02 3.29E+04 1.41E+05 0.9993
HM  4.37E+04 2.80E+02 -2.02E+02 3.96E+04 1.38E+05 0.9991
C 2nd CR  3.73E+04 3.77E+00 -2.40E+02 3.22E+04 1.78E+05 0.9993
HM  4.87E+04 5.86E+01 -2.17E+02 4.37E+04 1.76E+05 0.9991
D 2nd CR  4.01E+04 1.40E+04 1.94E+01 1.96E+04 1.83E+05 0.9993
HM  4.11E+04 1.48E+4 3.90E+01 2.06E+04 1.81E+05 0.9991
E 2nd CR  3.51E+04 8.54E+03 -1.75E+02 6.05E+04 1.56E+05  0.9993
HM  4.27E+04 6.06E+04 -1.58E+02 6.82E+04 1.55E+05  0.9991
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Table 3. Computational parameters of arylazobithiazolylhydrazones through DFT/B3LYP method

EH -
Comp. En(eV) EL(eV) EL)(eV) EI-Eh  x(eV) weV) nev) S(eV-1) w(eV) 6(eV)
A -0.17306 -0.08827 -0.0848 0.08479 0.130665 -0.13067 0.042395 0.021198 0.20136 23.58768723
B -0.17606 -0.08905 -0.087 0.08701 0.132555 -0.13256 0.043505 0.021753 0.20194 22.98586369
C -0.17539 -0.08876 -0.0866 0.08663 0.132075 -0.13208 0.043315 0.021658 0.20136 23.08669052
D -0.16986 -0.07713 -0.0927 0.09273 0.123495 -0.1235  0.046365 0.023183 0.164467 21.5679931
E -0.18289 -0.10579 -0.0771 0.0771 0.14434  -0.14434 0.03855  0.019275 0.270221 25.94033722
Table 4. Estimated physical parameters extracted from log files
Comp. Dipole moment, Oscillator Excitation Heat of formation, E Charge of p-
D (Debye) strength, [ energy, E (nm) (A.U) substituent C?°
A 3.6863 0.2439 633.03 -2245.95315356 0.315047
B 4.6705 0.3433 599.73 -2606.32416645 -0.280876
C 4.3800 0.3488 603.2 -4717.72566804 -0.316959
D 3.9918 0.3666 565.56 -2300.54347509 0.318885
E 12.1981 0.3596 673.91 -2750.36357247 -0.238973
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Fig. 3. The kinetic plots for Coats—Redfern (CR) and Horowitz—Metzger (HM) methods for main step in compounds
(A-E) at various heating rates

Table 5. QSAR computational parameters for optimized new arylazobithiazolylhydrazone compounds

Function A B C D E
Surface area (Approx) (A?) 691.61 716.75  725.66 77424  749.95
Surface area (Grid) (A?) 793.77 823.25 835.76 88242  871.61
Volume (A%) 1384.42 141855 143720 1512.01 1499.67
Hydration energy ( Kcal/mol) -14.26 -14.21 -14.18 -15.23 -20.47
Log P 3.84 421 4.49 3.79 2.58
Reactivity (A%) 159.32 16391  166.73 170.32  172.45
Polarizability (AS) 55.30 57.32 58.02 59.70 57.88
Mass(amu) 505.63 522.09  566.54 531.69  566.71

Oscillator strength values fall in the known
range (0-1) [52], which reflects the high probability
for the absorption or emission of radiations during
the transition between levels. The computed values
fall near to each other's and show the flexibility in
absorption and emission character for all molecules.
Excitation energy values coincide with heat of
formation which appeared high with compound E.
The computed charges over the carbon atom, which
bonds to substituents, point to variable attachments
from ionic to covalent.

This is another type of parameters estimated
upon optimized structures applying molecular
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mechanics (Table 5) of Hyper Chem (8.1) program.
These parameters assert on the discrimination
between derivatives under the effect of substituents.
Surface area, volume, hydration energy, partition
coefficient (log P has a reverse relation with
biological susceptibility), reactivity and
polarizability are essential parameters which give a
clear insight about such influence. A marked
difference between estimated values coincides with
the effect of substituents. Estimated values of
compound E showed its best qualities as regards
reactivity and biological susceptibility [53].
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Fig. 4. Frontier HOMO level of arylazobithiazolylhydrazone derivatives (A-E)

QSAR calculations. Docking study

This study is considered the biggest revolution
in computational study dealing with drug designing
through simulation process. The docking process
was executed for each derivative (A-E; as PDB file)
against the calf thymus DNA protein (2hio) to give
an insight about the degree of interaction in
between. The DNA protein used was selected to
simulate what may happen inside any infected cell.
As we know that, the first target for any treatment
drug, is the cell-DNA, so the interaction with DNA,
may give the best view about treatment for many
microbial diseases. The extracted parameters (Table
6) led to a clear view about the inhibition efficiency
of tested compounds. The comparative vision for
the data calculated displays a great differentiation
between compounds (A-E) especially for values of
inhibition constant calculated. Also, the data point
to the priority of compound E among the others in
agreement with previous computational studies.
Such priority of the compound asserts on highly
expected inhibition behavior towards pathogen and

its success in the medical field. Figure 6 illustrates
the complexes between proposed inhibitors and
DNA protein receptor. The Hp and 2D plots
introducing the same number of H-bonding were
obtained with all complexes. Moreover, nitrogen
no. 25 is the sponsor of intra-hydrogen bonding
with the protein except for compound B. This
compound represents a chloro-substituent, which
has a negative effect on the donation feature of the
atom (N?%) towards the H-bonding. Also, the best
prolongation for the DNA helixes was observed
with compound E, in agreement with previously
reported data in this study.

CONCLUSION

This study is focusing on the effect of
substituents on the features of organic compounds
as: thermal, Kinetic; stability, reactivity and
biological suitability. The influence of p-
substituents (F, Cl, Br, OC;Hs and SO.NH) was
stated from the thermal and Kinetic study. The
substituents which have a high inductive effect, led
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to difficult degradation over the whole molecule.
The type of reactions in degradation process was
reduced by increasing heating rate. Also, the kinetic
parameter values are directly attached with heating
rates. The computational studies also assert on the
great influence for the substituents on many
significant features of the compound. The physical
parameters calculated over optimized structures
showed a great difference in between derivatives in
coinciding with various substituents. The best
features were obtained for derivative E which

.
4'¥

includes a highly inductive substituent (SO2NH,).
Molecular docking against DNA was also tested
and the inhibition energy parameters were
estimated over docked complexes. Also, the
inhibition activity was recorded with derivative E.
So promising biological activity can be predicted
with one derivative among all. This result asserted
on the significant influence of substituents although
the moiety of compounds used is fixed.

Fig. 5. Frontier LUMO level of arylazobithiazolylhydrazone derivatives (A-E).

Table 6. Docking energy values (k cal/mol) for new arylazobithiazolylhydrazones- DNA receptor (2hio) complexes

Comp.  Est. free Est. inhibition vdW+ bond+ Electrostatic Total intercooled Frequency Interact
energy of constant (Kj) desolve energy energy energy surface
binding (uM)
A -6.28 24.72 -8.53 +0.03 -8.50 10% 1128.309
B -6.82 10.10 -8.98 -0.12 -9.10 10% 1131.124
C -6.07 35.31 -8.52 +0.06 -8.46 10% 1126.701
D -6.13 32.17 -8.72 -0.10 -8.82 10% 1147.885
E -5.86 50.34 -8.50 -0.04 -8.54 20% 1190.344
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Fig. 6. The docking complexes of arylazobithiazolylhydrazone derivatives (A-E) with DNA protein receptor (2hio)
7. R.K. Rawal, R. Tripathi, S.B. Katti, C. Pannecouque,
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