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ABSTRACT

This study was aimed to investigate synthesis and characterization of two ligands type
(azo-linked Schiff-base) with its complexes. Precursor (W) obtained by reaction of diazonium
salt of 1-Naphthyl amine with O-tolidin in water as a solvent via 2:1 mole ratio. Azo-linked
Schiff-base ligands synthesized via the reaction of 3, 3'- dimethyl-5,5"-bis((E)-pyridin-3-
yldiazenyl)-[1,1'-biphenyl]-4,4'-diamine with curcumun or dibenziyl methan for obtaining 4,
4', 4", 4"- ((1E, 1'E, 6E, 6'E) - ( (3, 3'- dimethyl-5, 5'-bis((E)-pyridin-3-yldiazenyl)-[1,1'-
biphenyl]-4,4'-diyl)  bis (azaneylylidene)) bis  (5-hydroxyhepta-1,6-diene-1,7-diyl-3-
ylidene))tetrakis(2-methoxyphenol) (H2L!) or 3,3'-((3,3'-dimethyl-5,5"-bis((E)-naphthalen-1-
yldiazenyl)-[1,1'-biphenyl]-4,4'-diyl)bis(azaneylylidene))bis(1,3-diphenylpropan-1-ol) (H2L?).
Complexes synthesis achieved via reaction of the metal ion salts Coll, Mnll, Cull, Nill and
Cdll with azo-linked Schiff-base ligands within (2-1) mole ratio. Characterization of prepared
ligands and complexes through spectroscopic and analytical techniques included;
conductance, microanalysis, thermal analysis and magnetic susceptibility (for complexes)
measurements along with NMR, UV-Vis and FTIR spectroscopies
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INTRODUCTION moieties, enabling their uses in dyeing fabrics
The functional group (-N=N-) characterizes and polyester, acrylic and nylon threads
azo compounds (Reham &Hassan , 2022), (Bashandy et al,2016, El-Sonbati et al,2016).
which may use as dyes and the most synthetic In our labs, it was reported many azo linked
important colorant agent, widely applied in: Schiff bases and their transition metal
paper manufacturing, printing and textile, etc. complexes,( Enaam et al,2020, Hasan et
Azo compounds have the ability to have al,2013). The multiple functional groups
biological effectiveness (Rehab &Al-Hassani, presence in a molecule improves properties,
2016). Reaction of the azo compounds with therefore; in our research, we attempted to
schiff bases formed Azo-schiff base type synthesize, characterize and bio-reactivity
compounds (Haider & Karam,2022). The study of ligands type azo-Schiff base owing
academic and applied researcher focused on both imine and azo moieties along with hetero
this type of compounds, which have been used and homo aromatic rings, the ligands derived
in various fields in science, medicine and from curcumun (Zaid &Alrubeii, 2023) or
technology. Azo-schiff base compounds were dibenziyl methan with tolidine and 1-Naphthyl
used in manufacturing of dyes, which belong amine. Also transition metal complexes
to coloration character intensity of these prepared and studied.

ligands, this may resulted from the MATERIALS AND METHODS
delocalization of pi electrons, also the FT-IR spectral data were determined using
containment of the azo methane and azo Fourier Transform Infrared Spectra apparatus
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FTIR-600, as Potassium bromide discs, in
4000-400 cm™ range. An internal reference,
tetra methyl silane (TMS), in DMSO-d®
solvent to assess some synthesized compounds
'H and *3C- NMR spectra using a Brucker 400
MHZ instrument (100 MHz for 13C and 400
MHz for 1H). The electronic (U.V-Vis)
spectral data were obtained with a quartz cell
of (1.0), at 25 °C, with Shimadzu UV-160
spectrophotometer using DMSO-d® as a
solvent. Electrospray (+) mass
spectrophotometer type a Sciex Esi mass
analyzer to obtain mass spectra, Euro EA 3000
apparatus were used for the ligands' elemental
analysis (C.H.N.) and Shimadzu (A.A) 680G
atomic absorption spectrophotometer for metal
content determinations. Stuart apparatus of
type SMP40 electro-thermal was used to
estimate melting points of prepared compound.
Synthesis of azo ligands

Figuer (1) shows precursor compound (W)
were synthesized by dissolving 1-naphthyl
amain (0.5g, 3.49 mmol) in water (10 ml) and

MHz

MNa o2

Iragi Journal of Agricultural Sciences —2026:57(2):663-675
P-ISSN: 0075- 0530 /E-ISSN: 2410-0862
DOI: https://doi.org/10.36103/x6kpsf31

e bad

HCL .con/sir

3 ml of hydrochloric acid, this mixture was
agitated until a clear solution obtained, and it
was then stored at a temperature of 0 to 5 °C.
Then, a drop wise addition of a sodium nitrite
aqueous solution (1g, 14.49mmol) in 5ml of
water was made while maintaining a pH of
about (Eman et al,2020) and a temperature
below 5°C. Tolidine (( 0.37g, 1.74 mmol)
solutions, and an equivalent volume of NaOH
was added to the diazonium salt solution,
before being dried at pH 6-7, the precipitate
was filtered and repeatedly rinsed with cold
water. After that curcumin or dibenzayl
methan solution was added (0.74g, 2.01mmol )
or (0.43g,1.92mmol) respect to azo derivative
(0.5g, 0.96mmol) W with a few drops of
glacial acetic acid as a catalyst, refluxed 10
hrs., before the precipitate compound was
obtained by filtration, the solution leaved at
room temperature for about 15 minutes.(Said
et al,2017) Table (1): displays the physical
properties of the synthesised precursors and
ligands

th 0-5 '
ring 1

10hrs
reflux

ljjlar:a] acid

Figuer 1. Synthetic route for Precursors and ligands
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Table 1. colours, melting points, Weight and yields of the precursor and ligand

m.p. Color Yield (%) Weight of azo (g) Weight of amine (g) Precursor
°C

Dark Purpl 165 85% 1.54 0.5 W
109 Violat 94% 1.11 05 HoL!
79 Violat 95% 0.85 05 HolL?

Synthesis of complexes

Figure (2) shows synthesis of complexes
achieved through adding an ethanolic
potassium hydroxide solution equivalent
amount (10) ml with heating and stirring to a
solution of (0.5 g, 0.40 mmol) or (0.5g,
0.53mmol ) from the ligands [H2L'] or [H2L?]
dissolved in (40 ml) of ethanol. Equivalent
amount of each metal salt [CdIl, Mnll, Coll,

mixture was refluxed for 2 hrs., then washed
with ethanol and recrystallized. Analysis of
microelements and calculated values include:
practically C (72%) H (5.5%) N (7.2%);
theoretical C (73%) H (5.3%) N (7.9%);
[HoL?]: practically C (71%) H (5.5%) N
(9.9%) theoretical: C (72%) H (5.8%) N
(9.7%). (Hasan &Fluorescence, 2017). Table
(2)and (3): displays the physical properties of

Nill and Cu Il dissolved in 10 ml ethanol was the synthesised complexes.

added to ligands solution. The resulting
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Table 2. Some physical properties for complexes of [H2L1']

Complex of Molecular M.Wt Weight of The complex color m.p.C Yield
Metal ions Formula metal salt(g) Weight(g)
[Co2(H2LY)(H20)4Cl2] CrsH72Co2 Cl2N6O14 1475.76 0.3 0.33 green  >300* 91
[Niz(H2LY) (H20)4Cls] ~ Cr6H7aNi2 Cl2NgO1a 1467.76 05 031 red >300* 86
[Cuz(HaLY) Cl] CesHsoCuz Cl2NsO1o 1417.76 02 020 Brown >300* 86
[Cd2(H2LY) Cly] CesHesoCd2 C12N6O1o 1515.76 03 032  Yellow >300* 86
[Mn2(H2L1)(H20)4Cl2 CrsH74Mn2 Cl2NeO14 1473.76 0.3 0.32 red >300* 88

Table 3. Some physical properties for complexes of [H2L2]
Complex of Molecular M.Wt Weight of The complex color m.p.C  Yield
Metal ions Formula metal salt(g) Weight(g)
[Mn2(H2L2)(H20)4Cl] CsaHsaMn; ClaNsOs 1188.75 0.5 0.32 red 159 88
[Co2(H2L2)(H20)4Cl2] CsaHs4C02 Cl2N6Os 1189.5 0.2 021 Green 175 84
[Ni2(HzL2) (H20)4Cl] CssHs4Ni2 Cl2N6Os 1182.5 0.5 0.57 Orange 197 90
[Cuz(H2L2) Clz] CssHeoCu2 CI2NsO2 1132.5 0.3 031 Green 194 86
[Cd2(H:L%) Cl2] CesHsoCd2 ClI2NsO2 1230.5 0.3 0.33  Yellow
RESULTS AND DISCUSSION order, and appeared at (1620-1624) cm-! .
The precursors produced using a conventional Bands in the (1400-1454) cm-! range were
azo dye method. The 2:1 mole ratio reaction categorized as belonging to the (N=N) azo
between 1-Naphthyl amine diazonium salt and group. This shift in the two groups insured the
O-Tolidine. Look at Scheme 1. precursors W involvement and coordination of the C=N and
reacted with curcumin or di bnzayl methan to N=N moieties to the metallic center.(Baidaa et
produce [H2L'] and [H2L?], which were then al,2021) . The delocalization of the metal
used as the ligands of azo-linked Schiff bases. electron density into the ligand -system, which
(Scheme 1 and Scheme 2). The complexes reveals the participation of the azo and imine
created by reacting the metal salts of Cd Il, Mn groups in the coordination, may be the cause
I, Co II, Ni Il, and Cu Il in a 2:1 mole ratio of the shift in frequency in these
with the azo-linked Schiff base ligands. bands.(HOMO-LUMO), where HOMO is the
Elemental analyses, electronic spectra, FT-IR highest Lowest Unoccupied Molecular Orbital,
data and magnetic susceptibility or HOMO, is the highest occupied molecular
measurements, all supported the novel orbital and.(Mustafa et al,2021) The
compounds'  existence. The  suggested complexes exhibited at lower frequencies
structures supported by the analytical results in bands around (401-497) and (501- 578) cm™
Table 4. The complexes' molar conductance in which may referred to(M-O) and (M- N)
DMSO solvents is indicative of electrolyte and stretching vibration respectively. The (M-O)
non-electrolyte behavior. As a result of band noticed at higher frequency ranges
complex formation, the v(C=N) at ca. (1647, compared to (M—N), this could belong to the
1639) cm-! in the free ligands were shifted and change in (dipole moment) value for M-O
appeared at lower frequencies in the when compared to M—N. (Dhekra & Mahdi,
complexes spectra, recorded a reduced in bond 2023)

100 =
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Figure 3. FT-IR spectrum of HzL!
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Figure 4. FT-IR spectrum of HzL?

Mass spectrometer

Mass spectra of the Schiff base ligand, [HzL!]
spectrum in Figure (5) exhibits a distinct
molecular ion peak at m/z = 1222.76amu,
which coincides (M + 1) with the molecular
composition of the Schiff base ligand
(C76HesNeO10). The fragments are shown by a
series of peaks in the [HoL'] ligand's spectrum
at m/z 650, 574, 524, 433, 496, 212, 369, 195,

247, 144, and 128 amu. These peaks' intensity
reveals the stability of the parts.in Figure (6) A
peak in the mass spectrum of [H.L?] at
m/z+=937 amu, attributable to [M+1] of the
ligands' chemical formula (CssHs2N6O2), Also
observed at the same time peaks at 863, 786,
639, 485, 383, 225, 212, 156, 149, 160, 110,
136,88, 78, and 56 amu, which the fragments .
(Ali et al,2007).
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Figure 5. mas spectrum of
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Figure 6. mas spectrum of HzL?2

Electronic spectral data for the ligand and
complexes: The chelation between metal ions
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n-n* and n-n* transitions of the conjugated
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chromophore to change in energy, which is
connected to the blue shift behavior of
complexes. It is possible to attribute the
considerable hypochromic shift in the n-n*
and n-rt* transition regions caused by the dye's
complexation with the metal ion to the
complex's M-L charge transfer transition. An
electronic transition in a conjugated system, in
which a metal may or may not participate and
may be assigned to M-L charge transfer
transition for the complexes, is thought to be
the cause of the light absorption in metal
chelates, which is thought to occur in the UV
area.(Mohammad et al,2010)

The absorption peaks for HoL* and HoL? are(
(213, 213), (212, 345) nm, respectively,
relating to overlaps of m—n* and n—n* are
caused and (422,424) Due to the transition of
the N=N group(24). The Mn(ll) complex °©
Aig—*  Tig(G), SAig—*Tig transition
assigned by peak at (819), (717) nm indicates
a deformed octahedral geometry around the
Mn(ll) ion for HoL! and H,L? respectively .
Due to the C.T and *Axg® — *T1g®, *4Tig®
—*T,g® transitions, the Co(ll) complex
exhibits additional peaks in the d-d region at
422, 618, and 776 nm, and 424, 745 nm in
[HzoLY]and [H2L?Jrespectively. The octahedral
geometries around the Co atom in Co(ll)
complexes  with  this  spectrum  are
deformed.(Shaima & Salih, 2022) A deformed
octahedral geometry around the Ni atom was
corroborated by peaks in the Ni(ll) complex at

Iragi Journal of Agricultural Sciences —2026:57(2):663-675
P-ISSN: 0075- 0530 /E-ISSN: 2410-0862
DOI: https://doi.org/10.36103/x6kpsf31

445and 777 nm and 359,709 nm that were
attributed to C.T and 3Ag—3T1g® transitions,
for [HoL'Jand [H2.L?] respectively(Muntaha
&Majeed, 2023, Said et al,2020). The HaL?!
and HzL? Cu(ll) complex spectrum has shown
peaks in the regions ( 420 ,772) nm and
(364,748) nm due to C.T and d-d transitions
type 2Big(")—?B.g(")  respectively. The
spectrum of the [HoL'] and [H.L?] Cdll
complex exhibited peaks at (267,345) and
(268,421) assigned to ligand n—rt * and M— L
charge transfer. (Naureen et al,2021)

'H AND 3C —-NMR spectra of azo

The NMR spectra were recorded in DMSO-d®
(dimethyl sulfoxide) using tetramethylsilane
(TMS) as standard. Table 4 shows the spectral
data of THNMR of the azo compound W, as
displayed in Figure (7) The resonance at
(6=8.00-9.00) ppm referred for four (NH-)
protons, the (C-H) aromatic protons showed
signals at (6=7.51-7.94) ppm, while the signals
referring to the aliphatic CHs,CH> appeared at
(6=1.98, 2.37) pm (7) The ¥C-NMR spectral
data for (W) shown in Table (4) , the spectrum
revealed aromatic carbon atoms are located at
(6=123.52-129.80) ppm, while the carbon of
the imine(C=N) group signal appeared at
(0=185) ppm. The chemical shift at (6=123.58-
129.88) ppm may referring to the( C-N, C-O
and C-C) In Figuer (8). The deference in
signals results from the deference in the
electronic  environment  surrounding the
groups.

16 15 14 13 12 11 10 9 8 7 6 5
L

a4 3 2

e T el

1 1 -2 ppm

Figuere 7. Spectrum of 'H-NMR for (W)
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Figuere 8. Spectrum of'3C-NMR for (W)
Table 4. ®*CNMR —H-NMR and spectral data of the W

Funct. Group H-NMR 13C NMR
(ppm) (ppm)

C=N 185

-NH2 8.00-9.00 L

-CH3 1.98 2.37-2.85

-CH2 2.37-2.85 40.18-49.87

-CH arom 7.51-7.54 123.52-129.80

-C-N,C-0 and 132.16-136.70

_C_C_

Cc=C 93.72

DMSO-ds 4.04-4.12

Schiff base ligands [H2L'] , [H2L?] *H-nmr
and 3C —nmr spectra

In Figuer (9) and (11), the OH groups (resulted
from tautomerization of the curcumiin and
dibenziyl methan moiety resonances shifted to
the upper field and appeared at (6.05), and
(6.89) for [H2L'] and [H2L?] respectively. This
may attributed to the intramolecular hydrogen
bonding (OH...N=C).( Muna &Kareem,2020)
While (CHz3) protons were given the chemical
shift between (1.21) and (1.07) ppm. The (-
CH2) was attributed to the strong peaks at
(2.51) and (2.50) ppm. The aromatic protons
of [H2L'] and [H.L?] may be attributed to the
numerous chemical shifts around (7.17-8.98)
and (7.36-8.97) ppm, respectively.  The
chemical shift caused by the DMSO-d6
protons was lastly seen in the spectra at (3.80-
40.62) and (3.42- 4.89) ppm (Aemed &Enaam
,2022; Wasan et al,2019) .3)C-NMR in
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Figuer(10)and (12) the [HoL'] and [H2oL?]
regions with ppm values between (6=111.81—
130.80) and (6=111.69-129.32) can be
assigned to the C-O, C-N, and C-C groups in
the two ligands respectively. Aromatic (C=C)
for [H2L'] and [H2L?] is responsible for the
chemical shift at the ranges of (6=131.17-
141.18) and (6= 133.50-147.80) ppm.While
the carbon atom (C=N) azomethine groups in
the [HoL'] and [H2L?] are responsible for the
chemical  shifts at (6=148.46) and
(0=185.80)ppm, respectively. signals at
(6=93.72)and (6=93.72) refers to (C-OH)alif
for [HoL'] and [H2L?], respectively. In the
azo-linked Schiff base compounds, the
carbonyl group C=0 that was produced by the
tautomerization of the dipnzeyl methan moiety
was lastly observed at about (6=183.68) and
(6=196.20)ppm for [HoL'] and [H.L?]
respectively.(Kheirkhahi et al,2021)
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Thermal analysis

Three peaks in Figuer (13) could be seen on
the [Ni2(H2L2)(H20)2Cl ] TGA curve. The first
peak was discovered between (58.03 - 102.70
°C) and it was accompanied with a mass loss
calculation of 8.08% that was attributed to the
mass loss of (CsHi2) molecules. The second
peak, which was discovered between (339.05-
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411.61°C), was accompanied by an 7.18%
calculated mass loss due to the breakdown of
(N, H20, 2CI) molecules. The third peak was
found between (428.87 — 535.46 °C) with a
mass loss of 6.970% calculated that was
attributed to the mass loss of (N, H2O, 2Cl)
molecules.( Ali et al,2007).

m

13.00 -

12.00
2.17min

58.03C

3.98min
11.00 I 102.70C
Weight Loss -1.070mg

-8.088%

10.00 -

Weight Loss

13.45min
339.05C
16.34min
411.61C
-0.950mg

7.181% Stk

17.03min
428.87C
21.29min
535.46C
-0.922mg
-6.970%

End

Weight Loss

L 2 i 1 1
-0.00 50.00 100.00 150.00 200.00

L
250.00

I
300.00
Temp [C)

1 L 1 L L
350.00 400.00 450.00 500.00 550.00

Figure 13. TGA curves of the [Ni2(H2L?)(H20)4 Cl2 ]

Molaer conductivity measurement for the
complexe: Molar conductivity measurement
for the complexes A compound's conductance
can be calculated using its measurement of
conductivity nonelectrolyte with concentrate
(1*10-3) nature of the of the (H.L') and
(H2L?) complexes . The molar nonelectro-
conductivity of complexes listed in Table
(5)and (6) in (DMSO) solvent
Table 5.The molar conductivity of the
(Hz2L! )complexes

Compound No Compound m
S.cm2 molarc-1 Ratio

[Mn2(H2LY)(H20)4 Cl2 ] 19.5
[Co2(H2LY)(H20)4Cly] 16.7
[Ni2(H2LY)(H20)4Cl2] 23.2
[Cuz(H2LHCl2] 18.9
[Cd2(H2LHClI2] 17.8

Table 6. The molar conductivity of the
(Hz2L?) complexes

Compound No Compound m

S.cm2 molar-1 Ratio

[Mn2(H2L%)(H20)4 CI2 ] 20.4
[Co2(H2L?)(H20)4CI2] 21.2
[Ni2(H2L?)(H20)4CI2] 21.6
[Cuz(H2L2)CI2] 20.7
[Cd2(H2LA)CI2] 19.3

671

Biological activity complexes and ligands: In
addition to the one species of fungi studied
(Candida), microbiological activity against
Gram-positive  bacteria  (Staphylococcus
aurous and Bacillus subtitles) and Gram-
negative bacteria (Klebseilla pneumonia and
Pseudomonas aeruginosa) (Zaid &Alrubeii,
2023) for the ligands and their metal
complexes were tested in Table(7). Alone
solution of DMSO studied and showed no
activity against organisms. The test organisms
inoculated with agar media, and (100 ug/ml) a
solution of the tested compound was
separately, placed in a 6 mm diameter plates in
the agar medium. The inhibition zones were
measured after 24 hours’ incubation,. The
bacteria and fungi were chosen because of
their well-known effects on a range of
diseases; they also show different levels of
resistance to drugs and drug compounds. The
zone of inhibition for the ligand and its
complexes was effective.( Khadij &Hassan,
2022)
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Table 7.inhibition zone ligands and complexes against pathogenic bacteria and fungi

Inhibition zone mm ligands and complexes

Complexes  Klebseilla Pseudomoas Bacillus Staphylococus Candida
pneumonie aeruginosa subtilus aureus albicans
gentamicin - 8 - 20 20
H,L*! 8 8 13 16 18
[Ni2(H.LY)(H20)4 Cl] 12 13 16 15 20
[Mn,(H2L)(H20)4Cl] 13 12 15 16 16
[Cuz(H2LY)Cl2] 13 1 15 17 20
H,L 2 9 9 14 15 16
[Cuz(H.LA)CI; ] 13 11 16 15 16
[Niz(H2L?)(H20)4 Cl] 13 10 18 16 18
[Co2(H2L2)(H20)4Cl2] 14 12 16 15 18
20
18

m Klebseilla pneumonie
H Pseudomoas aeruginosa

Bacillus subtilus

Figure 14. The inhibition zones diameter (mm) against (K. pneumonie , P. aeruginosa, S.
aureus, B. Subtilis, and Candida
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Ghad) calac iy Aaalae( gl o) ddyal) o shell ol ZISE Lol audd

aliiual)
A .\gilS a2 (azo-linked Schiff-base) ulgll ¢ (uegi Chuagiy BT Gy ) Aupal) oda cdaa
dalge dadty cudaS clal) g—°‘ O-tolidings Naphthyl amine-1 Jel&i JMa ¢ (W) gij\ﬂ Sl Ao Jgaaldl
'~ dimethyl-5,5'-bis((E)-3 ,3 33 Jel&i 3k o Azo-linked Schiff-base Ly, priai a3y .2:1
pyridin—-3-yldiazenyl)-[1,1'-biphenyl]-4,4'-diamine with curcumun or dibenziyl methan for
obtaining 4, 4', 4", 4™~ ((1E, 1'E, 6E, 6'E) — ( (3, 3'- dimethyl-5, 5'-bis((E)-pyridin—-3-
yldiazenyl)-[1,1'-biphenyl]-4,4'-diyl) bis (azaneylylidene)) bis(5-hydroxyhepta-1,6-diene-
1,7-diyl-3-ylidene)) tetrakis (2-methoxyphenol) (H2L1) or 3,3'-((3,3'-dimethyl-5,5'-
bis((E)-naphthalen-1- yldiazenyl)- [1,1'-biphenyl]- 4,4'-diyl) bis (azaneylylidene)) bis
Odlaall cligd 3l Jelis Gk oo Baiaal) ClSyall o3 juiand a3 .(1,3-diphenylpropan-1-ol) (H2L2)
4wy azo-linked dhyy 4yl azo-linked Schiff-base kg, aa Cdll gNill sCull sMnll sColl
lasil) Ciluld Al b ey (Banal) cbiSally Bulg )l Chsasi ulally iall) Jalal Gl ciladi . (2:1) dilsa
@5 ol Ak ) DALYl (Bl Clal) Lphliall Aaulaally glall Jaailly «3dd) Jaailly
FTIR _adl) Jdail) 5 NMR, UV-Vis  &Lidlaay  ulisall
Omal s (613 5 (eSS, Caaalsl , cpal RS, g3, RES ao|gh 1 dualidal) cilaldl)
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