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Abstract---The biological activity of the Co (IlI), Ni (II), and Cu (I)
complexes of bidentate azo-Schiff bases derived from the 2-amino-6-
methoxy Benzothiazole has been investigated. The azo-Schiff bases
and their metal complexes were described using element analyses,
magnetic moment measurements, spectroscopic (IR, electronic, 1H
NMR, XRD), and thermogravimetric examinations. An octahedral
geometry has been postulated for Co (IlI), Ni (II), and Cu (I
complexes. Coordinated water was established by thermal and
infrared data from the metal complexes. The anti-cancer and anti-
oxidant capabilities of Schiff bases and their metal complexes have
been investigated.
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Introduction

Azo dyes can be obtained through diazonium and coupling reactions, where the
first two steps are prepared to form the diazonium salt of the aromatic amines,
which reacts quickly with nitrous acid (HNO2) prepared immediately from the
reaction of sodium nitrite (NaNO2) with concentrated hydrochloric acid (HCI) at a
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temperature ranging from S -0 oC due to the instability of diazonium salt at high
temperatures(Benkhaya et al. 2020). The second step is represented by pairing
the diazonium salt prepared in the first step with the aromatic compound.
Compared to simple aromatic compounds, these azo dye compounds produce a
wide range of colors throughout the visible spectrum, where heterocyclic azo dyes
generate an important color coating effect different colors can be produced by
changing the functional groups incorporated into the azo molecule. Furthermore,
these pigments are more stable and have greater resistance to light degradation
over time than other dye molecules. Much research into azo compounds has been
based on heterocyclic systems and their derivatives, such as benzothiazoles,
thiophenes, thiazoles, and pyrazoles, due to their potential applications in a
number of diverse fields. One area, in particular, involves the design of
biologically active molecules for chemotherapy(Benkhaya et al. 2020; Harisha et
al. 2017; Mallikarjuna and Keshavayya 2020).

The azo compounds that contain a heterogeneous ring have been of great interest
to researchers because of their biological, industrial, and analytical applications.
They have different applications in the fields of analytical chemistry, where they
were used as guides and in manufacturing thin films. Such as antioxidant,
antimicrobial, antineoplastic, antidiabetic, and antiviralMohammadi et al. 2015).
In addition to its active role in the field of industry, it is used in the manufacture
of cosmetics, food coloring, plastics, optical switches, optical data storage, non-
linear optics, liquid crystal displays, and photovoltaic devices(Yadav et al. 2011).
It is a class of heterocyclic sulfur-containing rings that includes a benzene ring
incorporated into a thiazole ring. The benzothiazole ring system was initially
found in many marines and terrestrial natural compounds(El-Ghamry et al. 2018;
Maliyappa et al. 2019).

A series of novel 2-aminobenzothiazole derivatives were synthesized and evaluated
for anti-inflammatory activity. The labeled compounds were synthesized from the
aromatic amines substituted through the intermediate oxidation of 1-
phenylthiourea by bromine water in an acidic medium. The purity of the prepared
compounds was judged by C and H analysis. N and the structure were analyzed
based on IR data, 1HNMR, and mass spectrometry. The new compounds' anti-
inflammatory activities were determined by carrageenan-induced rat paw edema
using diclofenac sodium as a standard. Among the compounds tested, three were
Bt2  (5-chloro-1,3-benzothiazole-2-amine), Bt(6-methoxy-1,3-benzothiazole-2-
amine), and Bt7 (6-methoxy-1,3 - benzothiazole-2-amine) is the most active
compound in this series when compared to diclofenac sodium. In the SAR study,
the phenyl ring was substituted for chloro at position 5, and the methoxy
substitution at 4 and 6 in the benzothiazole ring system showed better
antagonistic activity(Prakash et al. 2021).

Experimental Part
Chemicals and solvents

Amino-6-methoxy Benzothiazole, Sodium nitrite (NaNO2), HCl, and other
chemicals used in this study are of pure quality (BDHA drich). 3-Amino phenol, 4-
Dimethyl benzaldehyde, sodium hydroxide, ethanol, Glacial Acetic acid,
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dimethylsulphoxide (DMSO), CoCl2.6H20, NiCI2.6H20, CuCl2. 6H20 and
distilled water.

Physical measurements

The element analyzer EA 300 (CHNS) was used to determine ligand (HL) elemental
microanalyses. The 1H and 13C NMR spectra were obtained with a Bruker 400
MHZ spectrometer, DMSO-d6 as the solvent, and TMS as the internal reference.
On a T80-PG double beam (UV-Vis) spectrophotometer, the electronic spectra
were obtained in absolute ethanol using a quartz cuvette with a 1 cm path length
of 200-1100 nm. The mass spectra of ligands (BIAB) were recorded using a
Shimadzu Agilent Technologies 5973C mass spectrometer (70 eV). X-ray
diffraction (XRD) measurements were carried out using a Bestec Aluminium
anode from Germany. X-ray diffractometer using (Cu K) radiation in the 20-80
range (14 1.5418A) FT-IR spectra were recorded using a Shimadzu 8400 S (KBr
disks, 4000-400 cm1l). Thermal analysis (TGA-DTA) was performed in a nitrogen
environment using PL-TG equipment at temperatures ranging from 25 to 900 oC
at a heating rate of 10 C minl. A scanning electron microscope is used to capture
the images (FE-SEM). MIRA3 TESCAN The analysis was carried out using the
Stuart instrument, which SMP has produced. The substance's melting point or
decomposition temperature is noted. Ligand, capillary tube Philips PW 9421 pH
meter has been used to take the readings. The chemical was synthesized using
PerkinElmer Chem Bio Draw software, then optimized using PerkinElmer
ChemBio3D software.

Synthesis of novel azo-Schiff base ligand (H L)
Benzothiazole azo ligand preparation

e Preparation of Schiff base
The ligand (HL) was prepared based on what was prepared in our laboratory
by Al-Adly and his group with some modifications to the method of work;
Schiff base was prepared through a condensation reaction between the
compound 4-Dimethylamine benzaldehyde and its molar equivalent (1:2) of
the compound 3-aminophenol, like 1.2 g (0.01 mol) of 4-dimethylamine
benzaldehyde was dissolved in 40 ml of absolute ethanol and mixed with a
solution of 1.2 g (0.01 mol) of 3-aminophenol dissolved in 30 ml of the same
mentioned solvent. Four drops of glacial acetic acid were added as a catalyst,
followed by heating the mixture for (10-12) hours; the solution was left to cool
and then poured over ice pieces of distilled water where pale-yellow crystals
appeared, filtered, dried, and returned Crystallized with hot ethanol to obtain
a base lip(Jaber et al. 2021).(Al-adilee and Hessoon 2019)
e Preparation of azo ligand - Schiff base (HL.)

Dissolve 1.8 g (0.01 mol) of 2-amino-6-methoxybenzothiazole was dissolved in
a mixture consisting of 5 ml of concentrated hydrochloric acid and 35 ml of
distilled water, then the mixture was cooled to a temperature (0-5) oC, and a
solution of 0.75 was added Gram (0.01 mol) of sodium nitrite (NaNO2)
dissolved in 25 ml of distilled water-cooled to (0-4) drop by drop with
continuous stirring, taking into account that the temperature does not rise
above (5) oC. Leave the solution to settle for this diazonium solution was
added dropwise and with continuous stirring to a solution of 2.13 g (0.01 mol)
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of Schiff base prepared in paragraph (2-3-1-a) of this chapter and dissolved in
a mixture consisting of (40) ml of alcohol) Pure ethyl ester and 10 ml of 10%
sodium hydroxide solution and 5 ml of potassium sulfate solution 10%) it was
noticed that the solution was colored in dark red(Al-Adilee and Shaimaa
2017). The mixture was stirred for one hour at a temperature (5-0) oC, filtered
the solution, and washed the precipitate (purple crystals). light with distilled
water several times, it was recrystallized using ethanol solution. The
precipitate was dried using an electric furnace at a temperature of 50 oC for a
few hours, and it was measured Ab the percentage of the prepared product
and its melting point. Scheme (1) shows the denitrification processes and
coupling to form the azo ligand - Schiff base (HL).
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Scheme 1. Synthesis of novel azo-Schiff base ligand (HL)

Synthesis of the complexes

Complexes of ions of metal salts of Cobalt (IlI), nickel (II), and copper (lI) with a
molar ratio of [1:2] [M: L] were prepared by slowly adding the required weight for
each ligand (0.001) mole of the prepared ligand dissolved in 25 ml of pure and
absolute ethanol solvent and gradually stirring to the metal solution (0.0005) mol
of the metal chlorides under study dissolved in 25 ml of the buffer solution at 60°
C for 30 minutes with constant stirring The dark colors were left in the solutions
for 24 hours to complete the sedimentation process, after which the sediments
were filtered and washed several times with non-ionic water and then with a small
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amount of ethanol solvent to remove unreacted organic matter, followed by
recrystallization with absolute ethanol.

Results and Discussion
Characterization of azo dye ligand (HL) and its metal complexes

The synthesized compounds were stable in air and moisture at room temperature.
They were water-insoluble. Dimethyl sulfoxide, methanol, ethanol, and
dimethylformamide are all soluble in Dimethyl sulfoxide (DMF). The analytical
results of the complexes matched the stoichiometry expected(Al-Adilee and
Hesson 2015).

Mole ratio method

With 100% ethanol as the solvent, the metal: ligand [M: L] ratio was computed
using the mole ratio method at different maximum values for each complex. UV-
VIS spectrophotometry was used to analyze the composition of metal complexes
at constant metal ion concentrations and wavelengths (max) and increasing
ligand solution volume (0.25 ml each, adding up to 3.5 ml). Metal complex
solutions with increasing color intensity and color stability at the point of contact
are significant markers of metal complex production at the typical ratio. The
results showed that the ligand reacted with metal ions in a [2:1] metal to ligand
[M: L] mole ratio, which is consistent with our prior findings(Waheeb et al. 2022).

Table 1
Physical properties and element analysis for novel azo-Schiff base ligand (HL)
their metal complexes, and the molar ratios added from the ligand and metals

Compound Color M. | A Molecul | Yie | Found (Calc.) % Molar
p max | ar d [C% H % N% | S% M | conductivi
°C formula | (%) % |ty

(Mol. S.cm?2
Wit) mol-!
(HL.) ligand light 12 |42 | Cos H21 | 86 | 63.96 | 4.86 16.2 | - -
yellow | 6 5 Ns O2 S (64.3 | (4.88) | 7.43 | 3
(431.51) 0) (7.9 | (16.
3) 58)
[Co(HL)2]Cls.H | light 12 | 60 | C46Haa 83 | 52.72 | 4.20 13.3 | 6.12 | 5. | 75.3
20 green 1 7 NioNi Os (53.2 | (4.32) | 8 (6.5 | 62
S, Cls 2) (13. | 7) (5.
(1046.9 78) 82
6) )
[Ni( greenis | 17 | 59 | CseHaq 82 | 54.61 | 4.35 13.8 1 6.34 | 5. | 80.65
HL)2]Cl,.H20 h 0 5 NioCu (55.1 | (4.43) | 6 (6.6 | 80
purple Os S, Clp 1) (14. | 4) (6.
(1010.6 36) 05
3) )
[Cu( light 18 | 61 | C46Haa 76 | 54.35 | 4.33 13.7 | 6.31 | 6. | 77.45
HL),|Cl2.H2O olive 2 0 NioZn (54.6 | (4.41) | 9(14 | (6.6 | 25
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Os S2 Cly 5) 24) | 6) (6.
(1015.4 55
8) )

Molar conductivity

The conductivity values of the metal complexes with the ligand (HL) indicated that
they all have ionic character; Table (1) shows the molar conductance high values
for the complexes cobalt (III), nickel (II), and copper (II) complexes with the ligand
(HL) increased with this. It is evidence of the presence of the ionic character in it
depending on the presence of the chloride ion outside the coordination sphere as
a companion ion. When adding an aqueous solution of silver nitrate (AgNO3) to
the solutions of the complexes mentioned above, it was observed that a white
precipitate formed, which shows us the presence of chloride ions located outside
the sphere Consistency). This agrees with the results obtained in proposing the
structural and spatial shapes of the studied metal complexes(Kyhoiesh and Al-
Adilee 2021).

H NMR studies
H- NMR spectroscopy of the ligand azo-Schiff base (HL)

The ligand (HL) was diagnosed using 1H-NMR proton spectroscopy using dimethyl
sulfur dioxide DMSO-d6 as a solvent, and TMS (TMS) was used as a standard
reference as mentioned in the literature. The -NMR of the ligand has multiple
beams at chemical displacement 6= 3.02-3.06 ppm and it belongs to the protons
of the methyl group ((-CH3) in position (30,31), where it showed a single beam at
chemical displacement 6= 3.64-3.82 ppm which is back to the protons of the
group The methyl (-CH3) at position (11) also showed two bands at chemical
displacement 6 = 6.56-6.80 ppm belonging to the aromatic ring protons at
positions (24,25,27,28) and also appeared multiple at chemical displacement 6 =
7.12-7.28 ppm It goes back to the aromatic ring protons at the sites (15, 16, 18),
as well as a single beam appeared at the chemical displacement 8§ = 7.69-7.74
ppm and it goes back to the aromatic ring protons at the sites (4,5,7) while the
single beam at the chemical displacement 6 = 8.79-8.85ppm It belongs to the
proton of the azomethine group (-N=CH) at the position (22), As for the single
beam at chemical displacement § = 9.33-9.39 ppm belonging to the proton of the
terminal hydroxyl group (OH) at position (20), while the spectrum showed a beam
at chemical displacement § = 2.49 ppm belonging to the protons of the solvent
DMSO-d6 Figure (1) shows the proton nuclear magnetic resonance spectrum of
the ligand (HL).

Table 2
1H-NMR spectrum of ligand (HL) and nickel (II) complex

Ligand (HL)d, ppm Ni(Il)-complex d, ppm
J-J - J-J

(Hatom, peak, . (H atom, peak, assignment) .

. coupling coupling
assignment)
2.49 (DMSO-de) 3.47 2.50 (DMSO-de) 1.00
3.02-3.06 6.17 3.01 1.27
(6H,s,30,31) ) (6H,s,30,31)
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3.64-3.82 2 oa 3.04 0.05
(3H,s,11) : (3H,s,11)

6.56-6.80 6.54-7.21 0.20
(4H,d,24,25,27,28) 4.35 (4H,d,24,25,27,28)

7.12-7.28 7.38-7.5 0.16
(3H,m,15,16,18) 4.20 (3H,m, 15,16,18)

7.69-7.74 ” 80 7.88-7.04 0.42
(3H,s,4,5,7) (3H,s,4,5,7)

8.79-8.85 034 8.40 0.67
(1H,s,22) (1H,s,22)

9.33-9.39 9.11 0.26
(1H,s,20) 0.99 (1H,s,20)
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Figure 1. 1H-NMR spectrum of the ligand (HL.)

NMR proton spectrum of the nickel (II) complex: - [Ni (HL)2] C12.H20

The proton 1H-NMR spectrum of the nickel complex showed a single beam at the
chemical displacement 6=3.01 ppm belonging to the protons of the methyl
molecule (-CH3) at the position (30,31), and also a single beam appeared at the
chemical displacement 6= 3.94 ppm belonging to the protons of the methyl
molecule (-CH3). —CH3) at position (11), and also a binary band appeared at
chemical displacement 6 = 6.54-7.21 ppm, Which belongs to the aromatic ring
protons at positions (24,25,27,28), while the multiple beams at chemical
displacement 6 = 7.38- 7.5 ppm that goes back to the aromatic ring protons at
sites (15, 16, 18), and a single beam appeared at the chemical displacement § =
7.88-7.94 ppm belongs to the aromatic ring protons at sites (4,5,7), either The
single beam at the chemical displacement 6 = 8.40 ppm belongs to the proton of
the azomethine group -N = CH) at the position (22), while the spectrum showed a
single beam at the chemical displacement § = 2.49 ppm belonging to the protons
of the hydroxyl group at the site (20), in When the spectrum showed a single band
at chemical displacement § = 2.50 ppm belonging to the protons of the solvent
DMSO-d6. Figure (2) shows the NMR spectrum of the nickel (II) complex.
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Figure 2. 1H-NMR spectrum of the nickel (II) complex [Ni (HL)2] C12.H20
Infrared spectra studies

e Infrared spectrum ranged between (1700-4000) cm-1
The infrared spectrum of Ligand (HL) gave a medium-intensity absorption
band at a frequency of (3387) cm - attributed to the stretchy vibrations of the
hydroxyl group (OH). This band did not undergo a noticeable change in the
metallic complexes of Ligand (HL), indicating that it did not participate in the
bonding(Khalid 2018; Prajapati et al. 2014).
e Infrared spectrum ranged between (400-1700) cm-1

This region is one of the important regions in the interpretation of the infrared
spectrum of metal complexes, as it includes many or most of the absorption
bands that belong to the active groups in the spectra of the ligand and its
metal complexes, including groups (C = N), (N = N), (C = C) and others. Of the
other effective aggregates, in addition to the vibrations that belong to the (M-
N) (metal-nitrogen) bond. By comparing the spectra of the metal complexes
under study in this region of the spectrum with the spectra belonging to the
free ligand, it was observed that the bands shifted, whether toward lower or
lower frequencies. Higher frequencies, in addition to the emergence of new
bands that were not present in the spectra of the ligands under study,
indicate synergy. We will deal in detail with the ligand bands that were
affected in coordination with the metal ions under study, where the infrared
spectrum of the ligand (HL) gave medium intensity absorption bands at
frequency 1640 (cm-1) belonging to the (C=N) bond in the benzothiazole ring of
the ligand (HL) The spectra of the metal complexes showed a noticeable
change in the position and intensity of these bands. This discrepancy and
difference are due to the participation of the non-acoustic electronic double of
the nitrogen atom of the benzothiazole ring coordinated with the metal ions
under study. The spectra of the studied ligand gave several absorption bands
within the range (1600-1200) cm-1 due to the vibrations of the u (C - C) and v
(N=N) and (C = C), (C - S) and (C - S) bonds. O) in the spectra of the
complexes of these beams(Al-Adely 2012). In the spectra of the complexes, it
was noted that the beams had suffered changes in shape, location, and
intensity and that the reason for the redshift of these beams is the occurrence
of coordination between the metal ion and the nitrogen atom of the azo group
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far from the benzothiazole ring by giving it a free electron pair, and this is
what was indicated. According to several previous studies, the spectra of the
ligand gave an absorption band at a frequency of 1436 cm-1 that was
attributed to the vibration frequencies of the bond (-N=N-) u that was
attributed to the ligand (HL). A noticeable change in the intensity, shape, and
location in the spectra of the metal complexes indicates the involvement of the
electron pair belonging to the azo bridge group's nitrogen atom in the
coordination process with the metal ions under study to form the metal
complexes. The spectra of the free ligand also gave bands at frequency 1277
cm-1. It goes back to the frequency of the (C-S) bond of the benzothiazole
ligand ring (HL). Also, the spectra of the metal complexes gave frequencies for
new bands that were not present in the spectrum of the free ligand, as they
belong to the metal-nitrogen (M-N) bonds. Thus, the infrared spectra indicate
that the ligand (HL) behaves as three-tooth ligands through the coordination
process. The coordination is through the benzothiazole ring's nitrogen atom
with the azo bridge group's nitrogen atom far from the benzothiazole ring.
Hence, the third binding site is through the nitrogen atom of the azomethine
group to give two pentagonal rings that increase the stability of the formed
metal complexes. The many changes mentioned and illustrated in Table (3)
and Figure (3) is evidence added to the previous evidence mentioned about the
occurrence of the process of coordination between the ligand (HL) and the
metal ions under study to form metal complexes(Kyhoiesh and Al-Adilee
2022).
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Table 3
Infrared spectra frequencies (cm-1) for the azo ligand - Schiff base (HL) and its
metal complexes

Group Ligand Co(I) Ni(II) Cu(II)

(HL.) Complex | Complex | Complex

3387 3277m.b | 3285m.b | 3312m.b
u- OH

m.br r r r
E]N—(CHS)Q 2942w 2933m 2931m 2929w
ggg_}lfl)io 1582s | 1587s | 1586s | 1591s
g;}(l?f;N) 1640m | 1647w | 1650m | 1650m
u- (N=N) 1436m 1410w 1432m 1399m
u- (C=C)Ph 1543s 1546m 1544s 1537m
U-(C-S)Thia 1277m 1279m 1276s 1280m
U-(C-N)Thia 1180s 1134m 1159s 1163m
u-(C-0) 1372m 1367m 1364s 1367m
u-M-N) | . S15m S554s 553w

S=strong, m=medium, w=weak, br=broad

Electronic spectra studies
Electronic spectra of free ligand (HL)

The free ligand (HL) spectrum found three peaks, the first absorbing at 425 nm
(23584.9) cm-1, returning to the (n-1t*) transition, and the second returning to the
electronic transition (nm—m*) at 295 nm (33898) cm-1. For the azo groups (N=N)
and (C=N). The third peak arose at a frequency of 250 nm (40000) cm-1, which
was determined by the electron transfer (m—m*) of the (C=C) bond between the
benzothiazole ring and the aromatic ring. It provided the cobalt (III) complex's UV-
visible spectrum. There are three absorption peaks. The first three peaks at 607
nm (16474) cm-1, 442 nm (22624) cm-1, and 250 nm (40,000) cm-1 are produced
by the 1A2g —1T2g(F) (ul), 1A2g —1T1g(F (v2), 1A2g —1T1g(p) (u3) electronic
transitions and its postulated regular octahedral geometry, as well as its
hybridization d2sp3. The electronic spectra of the nickel (II) complex found three
absorption peaks, the first at 968 nm (10330) cm-1, the second at 595 nm
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(16806) cm-1, and the third at 383 nm (26109) cm-1, and is associated with the
electronic transmissions 3A2g3 T2g(F)(11), 3A2g3 Tlg(F) (2), and 3A2g3
3T1g(p)(13). The geometry of the regular octahedral complex and its hybridization
was sp3d2. The electronic spectrum of the copper complex gave a broad mid-
intensity absorption peak at a frequency of 610 nm (16393) cm-1. The reason for
the width of the peak indicates three electronic transitions: 2Blg— 2Alg (1),
2Blg— 2B2g ([12), and 2B1g— 2E2g ([13). The same in energy showed one broad
absorption band due to the electron transition 2Blg — 2Eg, due to the effect of
Jan Teller in the width of this peak. And the proposed geometry is octahedral with
deformed deformation, and the deformation type is compressed (Z-in) or dragged
(Z-out). The most common possibility is (Z-out) and its sp3d2
hybridization(Alshamsi et al. 2021).

Table 4
Electron transfer spectra of the azo ligand - schiff base (hl) and its complexes

Absorption

Bands cm-! Transitions

Compounds Geometry

d2 sp®
Dia Octahedral e

[CO (HL):] Cls.H-0
3 (Regular) i

Octahedral

[Cu(HL)2]Cl2.H20 (Regular)

512 |19230.8 2B,g — 2Eg
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Figure. 4. Electronic spectra of the ligand and its metal complexes
Magnetic susceptibility studies

The magnetic susceptibility of the synthesized complexes was recorded at room
temperature. The value of the effective magnetic moment for the cobalt (III)
complex showed diamagnetic properties (t2g6 eg0O) as the twist is low and the
proposed shape of the prepared complexes is regular octahedral with d2sp3
hybridization of the central atom. It is considered one of the inner orbital
complexes. The nickel (II) complex of ligand (HL) is 2.81 BM = effu, which
indicates the presence of paramagnetic properties. This is the presence of two
single electrons for the regular octahedral complex (t2g6 eg2). The hybridization of
the central atom is sp3d2, meaning that it is considered one of the complexities of
the outer orbital, which is agreed upon in the literature. The magnetic
susceptibility of the copper (II) complex gave paramagnetic properties where it was
1.78 = effu BM. The reason for this is the presence of one single electron. The
proposed shape of the complex is a distorted octahedron that may be (Z-in or Z-
out) of the order (t2gb6 eg3) and hybridization sp3d2. It is an exogenous orbital
complex (Bai et al. 2011). This result is given in Table (4).

Field-emission scanning electron microscope analysis (FE-SEM)

The surface properties of the azo-ligand Schiff base (HL) particles and their metal
complexes with the metal ions under study, namely couplet (IIl), nickel (II), and
copper (II ), in terms of the crystalline shape of the particles and aggregates, were
conducted by using scanning electron microscope technique with a cross-
sectional distance of 5.9 m, and Magnification power K X Mag = 50.00 and
through the FESEM analysis image of the ligand (HL) where it became clear to us
that its shape is heterogeneous crystals and the average size has reached 86.4
nm. The particle size of the Co (III) complex is 59 nm. At the same time, FESEM
analysis of the Ni (II) complex showed rectangular, irregular crystals with an
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average minute size of 67.2 nm. The image of FESEM analysis of the Cu (II)
complex appeared in the form of heterogeneous spherical crystals, and the
average particle size was 65.6. As noted from the results obtained through
FESEM images shown in Fig 5. below, it is clear that all the complexes were
within the nanoscale and that this feature made them can be used in several
fields, including the field of medicine as a treatment against many types of
cancers. The possibility of the ligand was studied. (HL) and its complexes inhibit
colon and rectum cancer cells in our current study to see the possibility of using
them as medicine, which we will explain later.

CO- complex

HL Cu- complex Ni- complex

Figure 5. FE-SEM images of ligand (HL) and chelate complexes
X-ray diffraction study (XRD)

The ligand (HL) and its metal complexes in their solid-state were analyzed using
X-ray diffraction within (angular range 26= 10°-80°) to know some structural
properties, crystal structures, and crystal sizes. Micro strains and the density of
dislocations were also calculated. density) to determine the extent of its purity
and the defects in the crystal structure when converting the ligand into metal
complexes There are some diffraction peaks for which a review occurs for many
reasons, including the microstrain, such as the lack of the crystal lattice
deformation and crystal cracking (Faulting) that occurs as a result of distortions
that occur in the crystal, and the domain size of the crystal, and the Distribution
of domain. The Debye-Scherer equation was also used to calculate the crystal size
of ligand (HL) and their metal complexes, as follows(Shakir et al. 2015).

_ 09X
- BcosB

(1)

where D = average crystal size, k = the shape factor, which is usually about 0.9, A
= represents the wavelength of X-rays, and its value is CuKa = 1.54056 A°, B =
total width half maximum height F.W.H.M, 6 = is the angle of deviation. The
following equation was also used to calculate the micro-compliance: -

§=1/D2
(2)
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Where 8 represents the atomization density and D = the average crystal size.
Through the X-ray spectra, apparent differences were observed in the previously
mentioned data, such as crystal size, microplasticity, dissolution density, and the
spacing between the crystalline levels of the ligand and its prepared metal
complexes. Microstructure and the density of atomizations, so that the higher the
crystal size, the lower the microplasticity and the less the density of the
atomizations, thus reducing the defects of the crystal. In addition, we found that
the ligand and its metal complexes have a grain size of less than 100 nm. They
are within the nanoscale, and at the same time, these results reinforce our
measurements of Previous Emission Field Scanning Electron Microscopy (FESEM)
analyses. Table (5) and Figure (6) shows the diffraction angles, observed values,
relative intensity, crystal size, crystal tension, widths of peaks at mid-strength,
micro-compliance, and decay density for each of the ligands (HL) and its metal
complexes: -
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Figure 6. X-ray diffraction spectrum of ligand azo- Schiff base (HL) and its

prepared metal complexes

Table 5

Diffraction angles, observed d values, relative intensity, crystal size, crystal
tension, symptoms of peaks at mid-intensity, micro-compliance, and dissolution
intensity of the ligand (HL) and its metal complex Compound

No | 26¢bserved | d- I/Io FWHM. | Crystallite | Lattice 6pX1015
(°) o]oserved (%) size (nm) | strain (lin m-2)
(A)

Ligand=HL | 1 16.4687 | 5.38277 | 69.11 | 0.23616 | 50.1 0.0006 | 0.398

2 19.6402 | 4.52015 | 28.6 0.23616 | 35.4 0.0059 | 0.797

3 | 21.4975 |4.13364 | 13.13 | 031488 | 26.3 0.0072 | 1.445

4 | 24.2938 | 3.66382 | 63.07 | 0.15744 | 54.5 0.0031 | 0.336

5 |28.76639 | 3.10354 | 30.81 | 0.23616 | 36.0 0.00401 | 0.771
Co(III)- 1 12.4494 | 7.11267 | 19.47 | 0.3148 | 26.0 0.0126 | 1.479
complex 2 16.23174 | 5.46084 | 10.54 | 0.94464 | 8.6 0.0289 | 13.52

3 |24.82885 | 3.58607 | 18.41 | 0.47232 | 17.5 0.00935 | 3.322

4 | 32.65451 | 2.74235 | 100 0.15744 | 55.6 0.00234 | 0.323

S |[39.11627 | 2.30293 | 30.95 | 0.47232 | 18.2 0.00580 | 3.018

6 | 58.28061 | 1.5832 23.36 | 0.23616 | 39.9 0.00185 | 0.628
Ni(II)- 1 18.2128 | 4.87105 | 53.82 | 0.23616 | 35.3 0.00642 | 0.802
complex 2 ]23.18864 | 3.83587 | 82.33 | 0.23616 | 35.6 0.00502 | 0.789

3 |25.53313 | 3.48873 | 61.33 | 0.47232 | 17.5 0.00911 | 3.265

4 1324791 | 2.75675 | 100 0.31488 | 27.0 0.00472 | 1.371
Cu(Il)- 1 16.37166 | 5.4149 67.1 0.11808 | 73.0 0.00357 | 0.187
complex 2 132.50108 | 2.75494 | 38.16 | 0.23616 | 36.3 0.00353 | 0.758
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3 | 33.18841 | 2.69944 | 100.00 | 0.15744 | 55.6 0.00230 | 0.323
4 | 39.5068 | 2.28106 | 6.85 0.47232 | 18.2 0.00573 | 3.018
5 |46.53266 | 1.95171 | 4.95 0.47232 | 18.6 0.00479 | 2.890
6 | 58.07046 | 1.58842 | 6.38 0.31488 | 19.6 0.00248 | 2.603

Antimicrobial activity

The antibacterial activity of the synthesized compounds was tested against two
species of harmful bacteria: Staphylococcus aureus a gram-positive bacteria) and
Escherichia coli (a gram-negative bacteria). Moreover, a Penicillium fungus class
determines the inhibitory effect of Ligand and its complexes on their growth. The
biological effects of ligand solutions and their metal complexes generated at a
concentration of 1*10-3 M with bacteria and fungus were presented in Table (6)
and the images in Figure (7).

Table 6
Effect of ligand (LH) and its metal complexes dissolved in DMSO solvent on two
types of bacteria and one type of fungi

Compound Staphylococcus | E. Penicillium
coli | sp.

HL +++ ++ | +++

Co(lll)-Complex +++ + +++

Ni(ll)-Complex ++ ++ | ++

Cu(l)-Complex ++ ++ | +++

AS2N o
AS;

Figure 7. The biological effect of Ligand (HL) and its metal complexes

Anti-cancer effect (Cytotoxicity by use Assays (MTT)

This study included cell lines colorectal cancer cell line SW480 and standard cell
line HUVEC for comparison. (MTT) to examine the vitality of all cells. The results
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showed that the type of the prepared compound and its concentration are of great
importance in determining the percentage of cytostatic. It depends mainly on
concentrations and other factors, and this phenomenon is called dose-dependent,
which many agreed upon of researchers(Sirivibulkovit et al. 2018).

Colorectal cancer cell line SW480
The effect of the Ligand (HL) on the growth process of colorectal cancer cells
(SW480) and normal cells (HUVEC)

When studying the effect of Ligand (HL) on the growth process of colorectal cancer
cell lines (SW480) and normal cells (HUVEC), the lowest percentage of cell growth
inhibition appeared for colorectal cancer (SW480) and normal cells (HUVEC) at
concentrations pug/ml 15.625 For both, while the highest inhibition rate was at
500 ug/ml for colorectal cancer cells (SW480) and normal cells (HUVEC) together,
and healthy cells (HUVEC) were used for comparison to know the possibility of
using it in the medical field as a drug. It was found that the percentage of the
number of live cells remaining after the reaction with the Ligand (HL) ranged
between (13.55646% - 97.5418 for the cells of the colorectal cancer cell line
SW480, while the percentage of cells of the normal cell line (HUVEC) was between
(35.2149% - 92.23347%). The best percentage of inhibition of the cell line of
colorectal cancer (SW480) appeared at the concentration - S00 ug/ml 86.44%. In
comparison, the percentage of inhibition of the cell line of the normal healthy cells
(HUVEC) was 64.79%, which is an excellent result as its effect on cancer cells is
greater. From its effect on healthy cells, this, in turn, also shows us the possibility
of using the mentioned Ligand as a treatment for colorectal cancer. Table (7) and
the following Figure (8) illustrate this. The Ligand (HL) reaction with the colorectal
cancer cell line SW480. 250.6 ug/ml, while the half inhibitory concentration of
normal HUVEC cells reached 253.2 ug/ml. The following figure (9) shows the
relationship between the half inhibitory concentration (IC50) of the Ligand (HL)
with cells of the colorectal cancer line (SW480) and cells of the normal cell line
HUVEC.

Table 7
Comparison of the effect of azo-base compound (HL) on the cells of the colorectal
cancer line SW480 with that of a normal cell line at the same concentration using
MTT assay for 48 hours at 37°C

ligand (HL)
Con.(pg.mL1) SW480 line cells of Cancer line cells HUVEC Normal
Mean SD Mean SD

15.625 | 97.5418 4.609356 92.23347 7.280139

31.25 96.54139 6.44867 74.65054 9.835346

62.5 93.4775 7.720248 62.325 6.815347

125 69.57133 5.604497 58.235 7.635856

250 53.07685 7.599238 52.321 2.486821
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500 13.55646 6.11997 35.2149 5.680729

IC50= 253.2 pug/ml
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Figure 8. Comparison of live cells at the selected concentrations of cells of the
colorectal cancer cell line SW480 and cells of the normal cell line HUVEC of the
azo Ligand - Schiff base (HL)
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Figure 9. The relationship between the biological activity of SW480 colorectal
cancer line cells and HUVEC normal cell line cells versus the concentration of the
azo Ligand - Schiff base (HL)

Effect of nickel (II) complex with Ligand (HL) on the growth of SW480
colorectal cancer cells and normal cells (HUVEC)

The effect of nickel (II) complex [Ni(HL)2]Clo.H2O on the growth process of
colorectal cancer cell lines (SW480) and healthy cells (HUVEC) gave the lowest
percentage of growth inhibition of colorectal cancer cell lines (SW480). At the
concentration of 15.625 ug / ml and the same concentration for normal cells
(HUVEC), the highest percentage of inhibition appeared at 500 pg / ml for
colorectal cancer cells (SW480) and normal healthy cells (HUVEC). The obtained
results showed that the percentage of the number of cells remaining after its
interaction with the metallic complex of nickel (II), ranging between (9.5850% -
99.6571%) belonging to the cells of the colorectal cancer cell line (SW480), while
the percentage of cells of the normal healthy cell line (HUVEC) ranged between
(36.0056% - 99.7603%). The best percentage of inhibition of colorectal cancer cell
line (SW480) at a concentration of 500 ug/ml was 90.42%. At the same time, the
percentage of inhibition of cell lines of normal healthy cells (HUVEC) at the same
concentration was 63.99%, as shown in Table (8) and Figure (10). The inhibitory
concentration was also the Inhibition Concentration Fifty (IC50) halves when
reacting the metallic complex of nickel (II) with the colorectal cancer cell line
SW480. ug/ml 68.42 ug/ml, while the half inhibitory concentration of HUVEC
normal cells was 154.6 ug/ml. The following figure (11) shows the relationship
between the half inhibitory concentration (IC50) of the nickel complex (II) with the
cells of the colorectal cancer line (SW480) and the cells of the normal cell line
HUVEC.
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Table 8

Comparison of the effect of nickel (II) complex with Ligand (H L) on cells of
colorectal cancer line SW480 with that of normal cell line at the same

concentration using MTT test for 48 hours at 37°C

Ni (II)-complex
Con.(pg.mL1) Cancer line cells of SW480 Normal line cells HUVEC
Mean SD Mean SD
15.625 97.5418 4.609356 92.23347 7.280139
31.95 96.54139 0.44867 74.65054 9.835346
60.5 93.4775 7.720248 62.325 6.815347
125 69.57133 5.604497 58.235 7.635856
250 53.07685 7.599238 52.321 2.486821
500 13.55646 6.11997 35.2149 5.680729
2 g
g g
g a0 L w
= 2
° 125 B2.5 31.25 15.625 Comrol ¢ 125 625 31.25 15.625 Control
Concentrahons(“g/m]) Concenlrations(pg/ml)

Figure 10. Comparison of live cells at the selected concentrations of cells of the
colorectal cancer cell line SW480 and cells of the normal cell line of the nickel
complex (II) with a ligand (HL

IC50=205 pg/ml
SW480

IC50= 222.5 pg/mli
HUVEC
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Figure 11. The relationship between the iological activity of the colorectal cancer
line SW480 and cells of the normal cell line HUVEC versus the concentration of
nickel (II) complex with (HL) ligand
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Antioxidants

The results of the antioxidant analyze showed that the azo Ligand - Schiff base
(HL) with its metal complexes under study, namely cobalt (III) and nickel (II), in
comparison with ascorbic acid, possess antioxidant properties. In contrast, it was
found that the least inhibition of free radicals in relation to the concentrations of
each From the Ligand (HL) and its complexes. At the lowest concentration of
19.53125 mg/ml it is (12.1227%) (37.6554%) (30.1784%) respectively. It was
found that the highest rate of inhibition of free radicals was at the concentrations
of each of the ligands. Its complexes are cobalt (III) and nickel (II), with the same
concentrations being (89.3247%) (74.1342%) (77.4243%), respectively. Figures
(12) to (17) show the results obtained(Sirivibulkovit et al. 2018).
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Figure 12. Percentage of inhibition compared to ascorbic acid with Ligand (HL)

EC50= 21.44 pg/ml EC50= 630.95 pg/ml
Ascorbic Acid . HL

RELATIVE CELL VIABILITY%

®
g
|~
=
[++}
=
>
-
-
w
o
w
=
<
wl
[+ 4

CONCENTRATION (LOG) CONCENTRATION (LOG)

Figure 13. The relationship between the inhibiting activity of free radicals versus
the concentration of ligand (HL) in comparison with ascorbic acid
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Figure 14. Percentage of inhibition compared to ascorbic acid for the complex of
cobalt (III) with Ligand (HL)
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Figure 15. The relationship between the inhibiting activity of free radicals versus
the concentration of cobalt (III) complex with Ligand (HL) compared to ascorbic

acid
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Figure 16. Percentage of inhibition compared to ascorbic acid for a complex of
nickel (II) with Ligand (HL)
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Figure 17. The relationship between the inhibiting activity of free radicals versus
the concentration of nickel (II) complex with Ligand (HL) in comparison with
ascorbic acid

Conclusion

The Ligand derived from benzothiazole has been prepared, and the complexes of
this Ligand are the divalent cobalt, nickel, and copper complexes. They were
identified by conducting several analyses, such as ultraviolet and infrared
spectroscopy, 1lHNMR, magnetic sensitivity, XRD, FE-SEM techniques, and molar
conduction. It was proved that the complexes have different structures and
shapes. The Ligand is coordinated with the metal from three binding sites: the
nitrogen of the azo group, the nitrogen of the thiazole ring, and the oxygen of the
hydroxyl group after losing its proton. The molar conductivity results revealed a
chloride ion outside the coordination domain. FE-SEM images of the prepared
metal complexes demonstrated that the Ligand and its complexes were
nanoparticles that could be used for cancer treatment. Biological activity and
toxicity of the Ligand and its complexes were performed.
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