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Abstract:
A heterocyclic azo ligand was prepared from the conjugation of amino acid with
Imidazole in alkaline media. The new compound was identified by C.H.N analysis ,
Mass spectrometry, Infrared spectroscopy, Ultraviolet-Visible spectroscopy, "HNMR
spectroscopy and many other Physical properties. It is prepared a series of octahedral
coordination complexes for the ions of cobalt(ll), nickel(Il), copper(ll), zinc(ll),
cadmium(ll) and mercury(ll) ,The proposed geometrical of all complexes were
octahedral . The prepared new compounds proved their vital activity as antioxidant
and anti-cancer compounds.
Keywords:metronidazole, Anticancer, Antioxidant, Azo dye
1. Introduction

The metronidazole compound is an antibiotic from nitroimidazole derivatives,
from its common uses as a treatment for some anaerobic bacterial infections and
parasites that affect the joints, spinal cord of the brain, skin, stomach and liver *? the
physical properties of metronidazole is a white to pale yellow powder that can change
to a dark color when exposed to light ® As for the compound metronidazole, it has a
mild odor and has a bitter, slightly salty taste | its melting point is 158-160 degrees
Celsius, it has solubility in water as well as ethanol, but its solubility in ether is
slightly®®. That is, its solubility in organic solvents is unstable at room temperature
W
Chemical nitroimidazole derivatives include active Nitro groups either at positions 2
as well as 5 of the imidazole ring. While 2 - nitroimidazole carries pharmacological
properties®. Metronidazole MTN. the prototype and one of the most versatile
antibiotics in clinical use, is a derivative of metronidazole with antibiotics, A wide
range of pharmacological effects of the microorganism is manifested with an
emphasis on its antiviral, antibacterial, antiproliferative and antifungal activities in
particular ¢
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For azo compounds with an azo anion (-N=N -) in their structure, conjugated with
heterocyclic or identical, monocyclic or polycyclic aromatic systems @2 The
presence of various functional groups in the backbone of the prepared compound can
increase the impact on its electronic and structural flexibility, and therefore on the
range of its possible applications 34
The aim of the study preparation of a new heterocyclic azo ligand for derivative of
imidazole with aromatic amine using the traditional preparation method and some
selective transition ion complexes . Studying the physical and chemical properties of
the prepared ligand and their metal complexes, diagnosis by available analytical
means and proposing geometric shapes for them .
2. Experimental
2.1. Materials and Methods

All reagents and solvents used without purification from the companies BDH
and FLUKA . Before being used, glassware was cleaned with soap, rinsed with
distilled water, and dried at 110 degrees Celsius in an oven. An electric Metler
balance was used for the weigh-in (BL, Satorius, 2015).The Stuart Melting Point
SMP10 melting point instrument was used . Measurements of molar conductance
were performed in DMSO using (Digital Conductivity Series Ino.Lab.720). Magnetic
Susceptibility Measurement was conducted using Balance Magnetic Susceptibility
model (M.S.B Auto) . Infrared spectral analyses were recorded using (Shimadzu
FTIR 8400S Spectrophotometer) in the range of 400-4000cm-1. Elemental analysis
(C.H.N.S) was carried out using Elemental Analysis System (GMBH). Using ethanol
in the 200-1000 nm range, the Shiadzu 240-UV-V is spectrophotometer recorded
the UV-Visible spectra of all the substances under investigation. Using DMSO as the
solvent, the 1H-NMR spectra measurements were conducted on a BRUKER 500MHz
using tetramethylsilane (TMS) as the internal standard. Mass Spectra Measurements
were captured using the Shimadzu Instruments, Japan, QP-2010 GC-MS.
2.2. Synthesis of azo-metronidazole ligand

The preparation of this heterocyclic azo ligand was done as previously
mentioned **® as shown in Figure .1. 2-amino-5-methyl benzoic acid (1.51 g,
0.01mol) was dissolved in( 50 mL) distal water and (5 mL) concentrated HCI (37%)
by stirring the mixture until a transparent solution was achieved. After cooling this
solution to between (0 and 5 °C), a drop-by-drop addition of sodium nitrite solution
(0.7g, 0.01mol) in (10 mL) of water and stirring the liquid for 20 minutes in an ice
bath. After cooling below 5 °C, (1.71g ,0.01mol) of metronidazole was dissolved in
(150 mL) of alkaline ethanol and added to the resultant diazonium chloride solution.
The mixture was acidified with (0.1 M)of HCI acid till (pH = 7) after being
refrigerated for a full day. After repeatedly washing with distilled- water, the red
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crude precipitate was air dried, twice recrystallized from ethanol, and dried in an
oven set at 45 °C.
2.3 Preparation of the azo-metronidazole complexes

Chelated complexes in their solid state have been prepared for this bonding with
metal ions [Co (1D),Ni(I1),Cu(1l),Zn(11),Cd(I1), Hg(ll),]. The complexes were
prepared by dissolving the appropriate weights of each of the selected metal salts in
(10 ml) of distilled water into ligand solution dissolved in (25 ml) of absolute
ethanol,mole ratio (1:2)(metal:ligand) the reaction solution is heated for half an hour,
after addition operations, precipitation of the prepared complexes is observed, which
were filtered and dried with air, after which they were recrystallized using absolute
ethanol ®"18
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Scheme 1: The synthesis of azo-metronidazole ligand

2.4 Antioxidant Activity

Ethanol was used as a solvent to create a (0.1 Mm) concentration DPPH solution.
Three milliliters ml of the aforesaid solution were taken out and mixed with one
milliliter of azo-metronidazole solution in ethanol at various concentrations. The
mixes were stored at (25°C ) in the dark. The absorbance at 517 nm was evaluated
after 30 minutes in comparison to blank samples that lacked a scavenger. Using
ethanol as a blank, the absorbance of the clear resultant solution was measured at 517
nm. Positive controls included ascorbic acid (A.A). A greater activity of DPPH free
radical scavenging is shown by the reduction in absorbance of the resultant mixture
(19,20)

2.5 Effectiveness of Anticancer
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The produced azo-metronidazole ligand cytotoxic action on the colon cancer cell
line HCT116 and the normal cell line HFF. Following a 24-hour incubation period at
37°C, the ligand was assessed using MTT assays at doses of (7.4, 22.22, 66.66, 200
and 600) ug/mL. It was found that the selected chemical inhibited the (HCT116) and
(HUVEC) cell lines. The percentage of inhibition was compared to the control to
determine the harmful impact's magnitude %2,

3. Results and Discussion
The azo-metronidazole ligand was a stable solid powder, red in color and all of the
complexes are powders that are soluble in the majority of organic solvents, including
methanol, ethanol, acetone, dimethylformamide, and dimethyl ulfoxide, which yield
stable solutions at room temperature, but insoluble in water. The color of the
complexes varies depending on the metal ions present.
3.1. Element investigation

The results show a strong correlation with the computed values that were utilized to
assess the ligand purity. It implies that the coordination ratio (M:L) between the
metal and the ligand is[ 2:1] or[ 1:1]. The complexes' empirical formulas are
proposed based on the analytical data. In Table 1 Some analytical and physicaldata
on the ligand and its complexes.

Table 1. Some analytical and physical data on the ligand and its complexes

Compound (g/llr'r\?:)tl') n()\g yield% | Color | . . Fognd (Caledl\)l %) "
C14H14N5Os 333 | 215 | &5 Red (%i'.gg) (gigg) (%:g) .............
[Co(C1H1NsOs);] H,O | 488.993 | 198 | 75 Ggﬁg\?virih 1:2 (?7): gg) (3131) éi;ﬁg) (11812)
[Ni (CaeHuaNeOe)] H:O | 40871 | 300 | 70 | Gomet | 12 (ggjgé) (ig;) éj:%) (igiﬁ)
[CU(C1eHuNsO:);] H,O | 41354 | 300 | 85 | Green | 1:2 (g;’:ég) (jf;’g) ég:gg) ééég)
[ZN(C1eHuN:Os),] H,O | 415.38 | 218 | 75 Red | 12 | @300 | 430 | oass) | (11y
[CA(C1HuNsOs),] H,O | 4624 | 220 | 75 Red | 1:2 (gg:gé) (3:2‘1‘) é%é) é?%
[Hg(CreH1NsOs),] H,O | 55059 | 300 | 70 Red | 1:2 (jgflg) (g:g;) ég: g% é?:‘;g)
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3.2 The 'HNMR Spectrum of ligand

Spectra of 'HNMR of this chemical were obtained using DMSO-D6, at 2.5 ppm it
was caused by protons in the solvent. Multiple indicators appeared in the region of
6.8-8.5 ppm due to aromatic rings . The -CHs; group appeared in the imidazole ring at
2.9 ppm . At 6 12.9 ppm due to (-OH) carboxcylic acid . An additional signal at &
4.30 ppm is due to the proton active group (CH, ) aliphatic group ®?*%_ And
additional signal at 6 4.37 ppm in the ligand spectrum due to (-OH)
aliphatic group.Shown in Figure 1

Figure 1: The "HNMR spectrum of the ligand

3.3 The azo ligand Mass Spectrum

The mass spectrum of Azo - sulfadiazine ligand showed a characteristic
molecular ion peak at (M / Z = 541.3), which corresponds to its corresponding
molecular mass. The fraction (M / Z = 477.3) is the azo molecule after the loss of the
(sulfo group) fraction at (M/Z = 295,280) attributed to [C;7H15N30,]and

Figure 2: azo-metronidazole ligand mass spectrum

Figure 2: azo-metronidazole ligand mass spectrum
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[C17H15N,0,] The fragment is at (M / Z = 263) corresponding to (C1oHgN5s0,S), the
peak at (M/Z = 105 and 92) which is due to(CgH4N,) and (CgHsN) 7.
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N X
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[ CSH7N02]Jr Molecular Weight: 185
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[ CeHgl™ [C4Hg]"
Molecular Weight: 78 Molecular Weight: 56

Scheme (2): Suggested mass fragmentation pathways for Azo Ligand

3.4.IR Spectra of ligand

The azo ligand and the metal complexes recorded their IR spectra as KBr pellets in
the 4000-400 cm™' range. The results revealed the ligand's functional group
associated with the metal ions, which are shown in Table (2). The absorption band
resulting from (O—H) in the imidazole ring was detected at 3290 cm™' . Additionally,
the band at 3454 cm™ in the ligand spectrum was caused by (COOH) stretching
vibration of carboxcylic acid . This band, which were absent in complexes spectra
.The band at 1566 cm™was moved to a lower frequency in complexes and suggested
that the azomethine group of imidazole ring was involved in complexation .In the
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ligand, the stretching frequency resulting from the azo (N=N) was detected at 1417
cm™. The presence of one azo nitrogen atom coordinating with a metal ion is
indicated by the azo group's shift to hihger frequency, appearing around 1417-1435
cm™ .The presence of low intensity non-ligand bands in the range of 520-547 cm™ in
all complexes is further evidence that the creation of complexes between the azo
ligand and metal ions through coordination bonds is caused by v (M—N) stretching
frequencies, respectively ®. The spectra of the azo ligand and its complexes are
shown in Figures 3 to 9.

Table 2: Frequencies of functional aggregates in the infrared spectrum (in cm™)

»(COOH)
Compound vo-m [ % s (=0 VN (No2) [ v N
CreHiaNsOs 3290 br | 3454 15665 | 1647 | 14175 | 120" | L.

[Co(CuaHuNsOs)s] H,O | 3286 | 3441 1579 1548|1423 |1of0 | 542

[Ni (CuHuNeOs)] H,O | 3290 | 3439br | 1573 W | —ooeenee 121w | o8| sa

[Cu(CuHuN:O)] HO | 3358 | 3442m | 1571w | 1630s |1417m | ;300|520

[Zn(CuHuNsOs)] H,O | 3394 | 34375 | 1591w | woreenmee 1406w | 12805 | 474w

[CACLHuN:OI O | 3346 | 34465 | 15705 | 1640 | 14195 | ;o0 | 553m

[HOCuHuN:O] O | 3286 | 344lbr | 15645 | 1635 | 1417m | ;300 |532w

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

100
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i (

e

1400 1200 1000 o 800

Fig. 3: IR spec.of L
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Fig. 6: IR Spec. of [ Cu (L), ]
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Fig. 7: IR Spec. of [ Zn (L), ]

Fig. 8: IR Spec. of [ Cd (L), ]

Fig. 9: IR Spec. of [ Hg (L), ]
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3.5 Electronic Transfers

All of the compounds' electronic absorption spectra were recorded at room
temperature using an ethanol exhausting solution in the( 200-1100 nm )range. All of
the complexes, with the exception of complex , were determined to be non-
electrolytic based on molar conductance measurements recorded in the solvent
DMSO. The chelate's value of conductivit ®®. and fall within the range (1.17 - 4.72)
S.cm?mol™®?. The spectra of the azo ligand and its complexes are displayed in

Figures 9 to15

Table 3: Electronic data, Magnetic measurements, Geometry, Hybridization and Conductivity

Compound . aAnSZ( . Trarr1lsiti0 gocnrgf (gﬁfz) Geometry Hybrir:jizatio
m) .mol

C14H14N5Os iéi . ;: .............................
[CO(C14H14N505),] H,0 22‘5‘ I\I/IILC(:ZTI' 213 ,g | Octahedral SPd?
[Ni (CuHuNOS)] HoO | 02 vior | 142 | 547 | Octahedral |  SP%d’
[Cu(C14H14N505),] H,0 g;z ,\'/I'L%TT 347 | 17g | Octahedral SPd?
[Zn(C14H14N505),] H,0 2331 ,\'/I'L%TT 299 Dia | Octahedral SP3d?
[Cd(C14H14N505),] H,0 jé‘ls ,\'/I'L%TT 4.72 Dia | Octahedral SPd?
[HY(CuuhuNsO)] HO | 350 vier | 117 | Dia | Octahedral |  SPid?

Abs.

1.8000

1.5000

1 DOSC\
0.5000 \
AN

|

0.0000
200.00

400.00

600.00

800.00
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Fig. 9: UV-Vis. of L
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Fig.13: UV-Vis of [Zn(L),]

Fig.14: UV-Vis of [ Cd (L),
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Fig.15:UV-Vis of [ Hg (L), ]

3.7 Anticancer effectiveness

Previous studies have shown good results for and its derivatives as pharmaceutical
compounds®. A study was conducted of the cytotoxic effect of the ligand on treated
and untreated colon cancer cells (HCT116) , then a study of the cytotoxic effect of
normal cells (HUVEC) was conducted and a comparison was made between them for
the purpose of demonstrating the extent of their toxic effectiveness on the cells of the
human body and the possibility of using them as medicines For cancer .The azo-
metronidazole ligand , proved biological effectiveness towards colon cancer, as the
results of measurements on cells with colon cancer showed a clear inhibition ©?. The
practical results obtained confirmed the possibility of using the ligand as a new
inhibitor for this type of cancer, as it is safer for healthy cells because it has (IC50 =
98.07ug\ml) for cancer cells and (IC50 = 376,45ug\ml) for healthy cells . Table 4:
Biological effectiveness of ligand on cellular cells of cancer HCT116. Compare it to
the normal HUVEC cellular line for the same concentration and use the test MTT for
72 hours and tem 37 C.
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Table 4: Biological effectiveness of Ligand on cellular cells of colon cancer HCT116. Compare it

to the normal HUVECcellular line for the same concentration and use the test MTT for 72 h. and

tem. 37 °C.

Con. Percentage (%) for each cell line
4 Cancer line cells of Normal line cells of
(ng. mL™) HCT116 HUVEC
Cell Viab. | Cell Inhib. | Cell Viab. | Cell Inhib.
7.4 93.56 6.44 106.25 6.25
22.22 81.10 18.9 100.25 0.25
66.66 67.47 32.53 90.06 9.94
200 56.03 43.97 79.17 20.83
600 41.71 58.29 71.52 28.48
IC50 98.07 376.45
y =-11.72In(x) +117.18
L2 R?=0.9991

Viability (%)

100 200 300
Concentration (ug/mL)

400 500

600

u\f

Fig.16: The half-inhibitory concentration of cancer cells (HCT116) and healthy cells (HUVEC) for
ligand ,Anticancer activity data of cells against unhealthy and healthy Cells.
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L2 (HCT116) 7.4 ug.m

L2 (HUVEC) 7.4 ug.m

L2 (HCT116) 22.22 ug.m
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L2 (HUVEC) 22.22 ug.m

L2 (HUVEC) 66.66 ug.m
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L2 (HCT116) 200 ug.m

L2 (HCT116) 600 ug.m
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L2 (HUVEC) 600 ug.m

Fig.17: Cancer cells treating Ligand with different conc. after adding (MTT)

3.8 Activity of Antioxidants

Many biological functions, such as those that are anti-inflammatory, anti-allergic,
anti-cancer, and anti-diabetic, need antioxidant activity®”. The azo dye has strong
anti-radical scavenging properties. The inclusion of sulfadiazine derivatives as
bioactive elements in the structures of synthetic dyes was suggested to be responsible
for these compounds' activity . A stable, comparatively free radical is DPPH. To be
more stable, it takes an electron or hydrogen . Azo ligand showed high antioxidant
activity towards DPPH, with the highest inhibition rate of the prepared compounds at
concentration (25ppm) reaching (78.33%), while the lowest inhibition rate at
concentration ( 5ppm) was (75.32%). As shown by the inhibition ratios in the table
below® .Table 5 displays the azo ligand's DPPH % inhibition.

Table 5: Antioxidant activity of the azo-metronidazole ligand

Ligand Ascorbic Acid

Con. 1

(ne ) Absorbance Inhibition | Absorbance Inhibition
5 0.287 75.32 0.015 98.7

10 0.281 75.83 0.009 99.2

15 0.265 77.21 0.006 99.4

20 0.255 78.07 0.004 99.6

25 0.252 78.33 0.002 99.8
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4. Conclusion

Figure 18: Scavenging activity of the azo ligand

Inferences have been reached that lead to: The ligand was produced using the
diazotization process and A three-claw ligand of type (N,N,O) is a negatively
charged monocoque chelating ligand that binds to metal ions in a pentagonal

chelating

ring. the complexes are octahedral.

The generated complexes

demonstrated good stability. The ligand is efficient against cancer, and

antioxidants.
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Scheme2 : Suggested geometries of the ligand complexes
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