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Abstract

Novel formamidine transition metal complexes were synthesized and thoroughly
investigated through a reaction between various metal ions (Mn(II), Fe(1l), Pd(II),
Rh(III), Pt(IV), and Mo(VI])) and N,N-bis-(m-nitroaniline), resulting in air-stable
complexes with geometrically distinct structures, including octahedral arrangements
for Fe(Il), Rh(III), Pt(I1l), and Mo(VI), a square planar configuration for Pd(II), and
a tetrahedral structure for Mn(Il). The structures of these compounds were
identified using various techniques. IR spectra verified how the formamidine group
act as bidentate N> ligand chelating with the metal ions. Mass spectroscopy
confirmed the suggested geometries. Studies have done by pyrolysis (TGA and
DSC curve) shown that water excesses could be coordinated with metal complexes.
'"H-NMR and magnetic sensitivity have also confirmed the existence of the ligand
(HL) and consequently complexation with the metals. Besides, elemental micro-
analysis, ultraviolet-visible spectroscopy, conductivity and melting points
examination were implemented. The antioxidant activity of the compounds was
finally assessed using the DPPH as free radical method. Gallic acid was used as a
standard substance, has determined an ICsg value for the achieved complexes, which
are potentially able to DPPH scavenge free radicals. Biological activity of the
prepared ligand and its synthesized complexes has assessed against bacterial
species, one of Gram-positive bacteria and the other was Gram negative bacteria, as
well as fungi screening. The ligand [LNO2] did not appear to exert any effort
towards the Stab positive bacteria and the Esch negative bacteria at the
concentration used, while the participation of the complexes was higher compared
to the ligand next to the positive and negative bacteria in concentration. The
hostility of iron, rhodium and molybdenum was not observed at the concentration of
the complexes and even the participation of platinum in the bacteria. Only the gram
negative was not given to the body, knowing that the metal salts were more
effective than the ligand. Inhibition of the ligand [HLNO2] against the fungus.

Keywords: Antioxidant measurements, antibacterial and anti-fungi evaluation,
formamidine ligands, mass spectroscopy, main transition complexes.
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1. Introduction:

In 1858, Gerhardt prepared amidines (R*N=C(R')-NHR?®) firstly the aniline and N-
phenylbenzimidyl chloride reaction [1]. Amidines are important organic compounds utilized
in synthetic chemistry as basic intermediates and starting materials [2]. Specifically, when
R1= H in an amidine, the ligand is classified as formamidine [3]. These ligands are
particularly valuable due to their ease of crystallized, diverse coordination modes, and can be
produced in large quantities [4]. Formamidines in particular are chemicals widely used in the
pharmaceutical and medical fields [5]. Specifically, amidine (N-H deprotonated amidines)
products have shown promise as chemical vapor deposition (Chemical vapor deposition)
precursors [6]. Over the past decade, N, N'-chelating organic ligands have gained more and
more attention in the field of organometallic chemistry because of their versatility in
coordinating a wide range of main-group f-block and transition metal centers [7]. Their
prevalence is attributed to the ease with which their steric and electrical properties can be
adjusted by changing the organic substituents R and R'[8]. Additionally, amidines possess a
strong ability to form complexes with metals, in addition to their supporting roles in
asymmetric synthesis [9 and 10]. Despite the possible issues brought on by their high basicity,
a variety of tiny amidine compounds with basic functional groups have been identified for
over a decade as efficient nucleophilic catalysts in organic synthesis [11 ,12].

In this work we report the synthesis, characterization, spectroscopic analysis, thermal
decomposition (TGA and DSC curve), and the antioxidant activity of formamidine metal
complexes with (Mn (II), Fe (II), Pd (II), Rh (III), Pt (IV) and Mo (VI)). The antioxidant
activity was evaluated against the DPPH compared to that of a reference natural antioxidant
gallic acid. Additionally, the biological activity of the formamidine complexes examine two
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kinds of bacteria Escherichia coli as Gramme negative bacteria, and Staphylococcus aurous
as Gramme positive bacteria, as well as fungi test.

2.Experimental
2.1Materials and Methods:

The trading suppliers, Sigma, Aldrich, and Merck, provided the materials. 1 x 10~ M.
DMSO, THF, and DMF were the solvents, have all been used. The '"H-NMR spectra were
obtained using the Bruker (400 MHz) Spectrometer. Fourier transform was examined using
the IR Prestige-21. The UV-1800 Shimadzu Spectrophotometer was used to acquire the UV-
visible absorption spectra. All of the products' mass spectra have been gathered using (MS)
Q-P-50-A-D-I Analysis. Mass spectrometer Shimadzu QP (E170Ev) -2010-Pluss. Metals
were identified using a Shimadzu (A.A) 680 G atomic clock. The complementary
susceptibility model MSR-MKI was engaged to detect the magnetic properties for the
complexes. For the thermal analysis of all earlier types, Perkin-Elmer Pyres Diamond TGA-
DSC was utilized. To perform (C.H.N) analysis, the Revector model EA/3000, singleV30,
was utilized. Melting points were performed to know the stability of the final products and
were incorrect. The conduct meter W-T-W, 25°C has been used to quantify molar
conductivity.

2.28ynthesis of N, N-bis-(m-nitroaniline)-formamidine Ligand

This ligand was synthesized following a method from 1858,[13] with some amendments.
The reaction performed by condensing (0.001mol/50g) of triethylorthoformate with (2 g,
0.002mol) of m-nitroaniline and adding about 10 drops of glacial acetic acid. The mixture
kept stirring with reflex at a temperature of (60-70) °C for 4 hours. After half an hour of the
reaction, the color changed to light brown. The precipitate was then filtered, collected, dried
and recrystallized with ethanol offering the formamidine compound with light brown color,
85% yield and a melting point (190-192) °C.

2.3General Methodology for Metal Complexes Synthesis

To the prepared ligand, 1 g of NaOH was added and stirred at a low temperature without
reflex for two hours, and upon completion, the precipitate was filtered. Metal salts (1 mmol)
(MnCL.4H2O 0.1384 g, FeS04.6H>O 0.1872g) were dissolved in 10ml of water,
((NH4)2M004 0.1272g, RhCl; 0.1462g, PdCl 0.240g, H2PtCls.6H20 0.1807g) were dissolved
in 20ml of ethanol and 2 drop HCI, and added to the solution of the prepared formamidinate
compound (NaL), which was dissolved in THF (0.423g, 2mmol) drop wise. The resultant
mixture was allowed to cool and left stirring continuously for 3-4 days at room temperature.
After isolating the solid precipitate from any unreacted components, gathered, dried and
weighed. Schem.1 shows the formation steps starting from ligand preparing and ending with
the metal complexes forming.
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Scheme 1 : Synthesizing the ligand (HL) and their metal complexes.

3.Results and Discussion

Analytical and physical information regarding the synthesized complexes and the ligand
(HL) was obtained from the ligand prepared from triethyl orthoformate and m-nitroaniline
using 2 drops glacial acetic acid. Three types of reactions were performed using 1:1, 1:2, and
1:3, but the successful results were 1:2, and based on this, measurements of the preparation
were made by diagnosis IR, UV, and mass spectrometry techniques. A number of solvents
THF, DMSO, DMF when a solvent DMSO was used, it was difficult to evaporate were used,
but the best result was THF Then reaction with metal salts by using THF solvent. Reaction of
metal ions with ligand offered the synthesized complexes, shown in scheme.l The outcomes
of elemental analysis demonstrated that 1:2 M: L was the main quantity used for all produces,
which agreed with the theoretical calculations, as shown in Table 1.
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Table 1: Some elemental physical characteristics investigations of ligand and complexes

fofr‘l’l‘:l‘;l;’,fsw c % | H% | N% | M% | a% C;’:‘Ii)‘;\fltév(;ty Color | mp°C
CiHN:Os | (54.55) | (3.52) | (19.57
286.24 (55.01) (3.94) (20.21) yellow | 190-192
CoollsNsOsMn | (49.88) | (2.87) | (17.90) | (8.77) " Light | 120124
625.41 5018 | 218 | 17.08 | 7.99 brown
CooluNsOoFe | (47.15) | (3.35) | (16.92) | (8.43) 0 Reddish | 1101124
662.35 4800 | 411 | 1782 | 7.93 brown
CooloCINSOSRD | (42.92) | (2.75) | (15.40) 489) 0 Light | 1171104
726.84 4308 | 345 | 1497 5.44 brown
CooHsNsOPd | (46.09) | (2.65) | (16.54) | (15.71) s Reddish | 0
676.89 4566 | 377 | 1759 | 1477 brown
CooH1sCLNSOSPL | (37.3) | (2.15) | (13.38) | (23.31) | (3.43) . Dark | oo
836.45 3818 | 197 | 1412 | 2387 | 7.88 brown
CooHisNsOMo | (44.67) | (2.57) | (16.03) | (13.67) s Yellowish | 1o
698.41 4528 | 208 | 1588 | 1427 brown

Note* (Found)
d=decompose

3.1Proton Nuclear Magnetic Resonance Spectrum of the Ligand (' H-NMR):

A spectrum 'H-NMR of the ligand is shown in Fig. 1. The analysis was conducted using
DMSO as a solvent, yielding a chemical shift of 2.48-2.49 ppm. Another shift appeared to be
assigned to HDO(Hydrodeoxygenation) at 3.85 ppm. Multiple shifts appeared to be referred
to the (C-H) aromatic between 7.20-8.60 ppm. It showed a peak in resonance (NH) 7.59
ppm(1H) [14 and 15].

mr nasravi-sample code: L2

........................................
9
f1 (ppm)

Figure 1 : '"H-NMR spectra of ligand (HL)

3.2LC-Mass Spectrum of HL and Some of the complexes

LC-Mass measurements were employed to assess the ligand (HL) and some of the final
products. This method was one of the most significant methods used for characterization and
served as a complement to other methods that estimated the compound's molecular weight
applying the relation (m/z). Scheme. 2. illustrates mass data for the ligand displaying the
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extract mass and fragmentation pattern for each assembly. It can plainly detect the molecular
ion peak [M]" for the portion Ci3H10N4O4 and its comparative copiousness about 15% in Fig.
2. Other peaks observed at 35%,30% belong to the C7H4N>O,™", CsHaN>O>"™, respectively.
For the [Mn(L)2] in Scheme. 3, It can be observed the molecular ion peak [M'] at 625.41 m/z
with a comparative abundance of 10%, and the next patterns are CzsHisMnNgOs,
C26H17MnN70s, C20HisMnNsO4", C7HsMnN: ", C7HsN>O,", CsHsN2O, ", which correspond to
578.39 m/z,456.29 m/z,171.06 m/z, 149.13 m/z ,137.12 m/z, respectively. For the [Fe(L):
(H20):], Fig. 3 and Scheme. 4, we can observe the molecular ion peak [M] at 662.35 m/z
with a relative copiousness of 25%, and the next arrangements are CisH22FeNgOjo,
Ca6H17FeNsOs ", CasH19FeNsO4", C20HisFeNsO»", C14H11FeNsO>", CH3FeNs", C7HgN™, which
correspond to 625.31 m/z ,535.31 m/z, 413.21 m/z ,337.11 m/z, 112.90 m/z ,104.13 m/z
respectively [16]. For the [(Pd(L)2] in Fig.4 Scheme. 5 we can observe the molecular ion peak
[M"] at 676.89 m/z with a relative abundance of 10%, and the next patterns are
C26H1sNgOsPd, CaHisNgOsPd™*, CisHioNsPd™", Ci3H1oNsPd™*, C7HsNPd™, which
correspond to 584.88 m/z, 340.68 m/z, 314.66 m/z, 222.54 m/z respectively. For the [Rh(L)>
(H20) (C1)] Scheme. 6, we can observe the molecular ion peak [M*] at 726.84 m/z with a
relative abundance of 10%, and the next patterns are CasH20ClsO9Rh, Ca6HisCIN7OgRh",
C20H15CIN6O4Rh", C20H1sN¢OsRh*, C7HsN2Rh", C7HaN202™*, C¢HsN2O2", which correspond
to 662.82 m/z ,541.73 m/z, 506.28 m/z ,219.03 m/z ,148.12 m/z ,137.12 m/z respectively
[17]. For the [Pt(L)2(Cl)2] Fig.5 Scheme. 7, we can observe the molecular ion peak [M*] at
836.45m/z with a relative abundance of 10%, and the next patterns are CasH1sCl2NgOgPt,
C26H17N3OsPt", C26H17N706Pt™, C20H13N6O4Pt™, C13HsN4O4Pt*, which correspond to 764.54
m/z, 718.53 m/z, 596.43 m/z, 479.31 m/z respectively [18]. For the [Mo(L)2(0)4] Scheme 8,
we can observe the molecular ion peak [M ] at 698.41 m/z with a relative abundance of 20%,
and the next forms are C26H1sMoNsO10, C26H19NsOsMo™, C26H19N6OsMo™", C20Hi1sMoNgOs™,
CeHsN20:2", C7HsN™, which correspond to 607.41 m/z ,591.41 m/z ,513.29 m/z ,137.12 m/z,
104.13 m/z respectively [19].

12/10/2023 82835 AM_GA1
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Flgure 2: Mass spectrum of the ligand (HL) Fi 1gure 3 Mass spectrum of Fe-complex
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Figure 4 :Mass spectrum of Pd-complex Figure 5 : Mass spectrum of Pt-complex
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Scheme 3 : Fragmentation of Mn-complex
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Scheme 4 : Fragmentation of Fe-complex
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Scheme 5: Fragmentation of Pd-complex
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Scheme 6: Fragmentation of Rh-complex
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Scheme 7 : Fragmentation of Pt-complex
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Scheme 8 : Fragmentation of Mo-complex

3.3Thermal Study Data

Thermal analysis results of the ligand (HL) and the corresponding complexes are
presented in the Tables 2 and 3, as well as Figs. 6 and 7 respectively. The percentages of the
weight loss for the complex, along with breakdown products, temperature ranges, and phases
of decomposition were calculated up on the thermograms, and they demonstrated consistency
among their predicted values and thermal decomposition consequences, validating the
findings of the elemental analysis and the proposed Equations [20 and 21]. In this study,
carbon was identified as the residual ligand, and Fe'(Il)was the enduring metal oxide in the
ligand and metal combination. The thermogravimetric test findings show that the ligand and
complexes break down in one to two steps.as showed in Scheme. 9.

-3.0 __Mass change 594.978 °C, -89.986 % 563.7°C,-3.2uV a
35 h‘
-4.0

-4.5
-5.0
-5.5
-6.0
-6.5

179.9°C, 4.9 4y

274.3°C, T 1py
-7.0

-7.5
Name: L2 4
Weight:17 mg -16

Heating rate :10 ¢/min
Atmosphere:AIR -18

-8.0
-8.5
-9.0
-9.5

-10.0

-10.5 S

-11.0 92.5°C,-10 6pv
-11.5

HDSC (V)

309.7°C,-94pv

Rel. mass change (%)

229.8°C,-10.9pv

-12.0
-12.5
-13.0
-13.5
-14.0

o 100 200 300 400 500 600
Temperature (°C)

Figure 6: TGA and DSC curve of Ligand (HL)
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Figure 7 : TGA and DSC curve of Fe-complex
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Scheme 9 : Reaction of tentative breakdown of metal and ligand complex
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Table 2: TGA data of the ligand (HL) and its complex

Compounds | Step L e \CV;icght mass li(')(flsu:/((l) Reaction
Ligand 1 73.623 597.547 94.756% 95.807% -C12H10N4O4
C
Calculated:94.756 % Final=5.244%; Estimated 95.807% Final =4.193%
Fe-complex 1 41.192 118.7 5.745% 5.435% -2H,0
2 118.7 311.105 19.983% 20.532% -2NO», CO2
3 311.105 596.984 63.041% 63.108% -CasHisNsO
FeO
Calculated:88.769% Final=11.231%; Estimated 89.075% Final 10.925%
Table 3: DSC data of the ligand (HL) and its complex
Ti Tt Theat Type reaction

36.34 168.17 92.5 endothermic
168.17 191.33 179.9 exothermic
L 191.33 258.63 229.8 endothermic
258.63 284.52 274.3 exothermic
284.52 343.22 309.7 endothermic
37.5 194.8 91.3 endothermic
194.8 242.5 268.8 exothermic
e i 242.5 277.3 349.8 endothermic
277.3 322.1 309.7 exothermic
322.1 378.7 326.6 endothermic

3.4 Infrared Spectra Measurements:

Infrared spectral analyses were conducted on the formamidine ligand and its metal
chelate complexes with Mn (II), Fe (II), Pd (II), Rh (III), Pt (IV), and Mo (VI), with the
comprehensive results presented in Table 4, the ligand spectrum illustrated in Figure 8, and
the Iron complex spectrum depicted in Figure 9. The ligand had band at 2939 cm™' allocated
for v (N=C-H), a strong peak at 3435 cm™! assigned for v (NH), indicating the existence of the
parent formamidine, 3088 cm™ v(CH) aromatic, 1681 cm™ v(C=N), 1352 cm™ (C-N), 1479
cm™! v (C=C aromatic), 1523cm™ v(N=0). Infrared spectra for all the produced compounds
were shown that the two sides of the formamidine ligand attached to metal ions. The nitrogen
position of the formamidine group, and the trans nitrogen position deprotonating of the
amine. New bands allocated to (M-N) acted at 663, 673,673,669,669,673 cm™ for the Mn*?,
Fe*?, Pd"?, Rh", Pt"* Mo™ complexes correspondingly, v (N=0) for the free ligand was
located at 1523cm™ while for the complexes the v (N=0) found at 1523 cm™, 1529 cm™,
1531 em™, 1523 em!, 1523 ecm™,1525 cm™! respectively. Other bands were 320cm™ v (Rh-
Cl), and 318cm™! v (Pt-Cl) [22 and 23].
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Table 4: The IR spectra bands (cm™) of the Formamidine ligand and its complexes
v (H20)

Compounds

HL

[Mn(L):2]

[Fe(L)2(H20)2]

[Pd(L)]

[Rh(L)2(H20)
(8))

[Pt(L)2(Cl)2]

[Mo(L)2(0)4]

Iraqi Journal of Science, 2026,

37.656—

aqua

3255
1622
805

3218
1623
813

v (N=C-H)

2939

2900

2927

2779

2929

2974

2941

(NH)
3435

v (CH)
aromati
c
3088

3095

3097

3051

3074

3099

3087

=Ny YEN
1681 1352
1675 1344
1666 1348
1671 1350
1668 1350
1691 1348
1681 1350

3.5 UV-Vis Studies of the Ligand (HL) and its Complexes:

The electronic spectrum for ligand (HL) in Fig.10 reveals robust absorptions at 293 nm,
34129.692 cm! ascribed to the n— 7*. The electronic alteration of Mn*? complex is revealed
a peak of 263, 381, 625, 863,887, 993 nm assigned to n— n*, C.T M—L ,°A1g—*Egq),
SA1g—*Tag) *Aig—*Tige) CAig—*Tagm), respectively, which is an indicative of a
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Figure 9: FT-IR spectrum of complex (Fe)
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tetrahedral geometry [24]. The Fe™ complex in Fig.11 showed peaks of 475, 720, 800 nm
assigned to®A1g—*Tagq), *A1g—*TigG), *A1g—* Egm) respectively. It is also representing an
octahedral geometry [25]. The Pd*? complex presented appeared peaks of 263, 391, 977, 999
nm assigned to m—n*, n—n* C.T M—L,'Aig—'Big,'Aig—'Asg respectively, which
represents a Square planar geometry. The Rh™ complex showed peaks of 263, 396, 542, 629,
726 nm assigned to m—n*, n— w*, L-M (C.T), 'Aig—'Tig ,!Aig—'Tag, 'Aig—!Tsg
respectively, it depicts an octahedral geometry. The Pt™ complex showed peaks of 265, 415,
889,993 nm assigned to n— ¥, 'A1g —!Tig, 'Aig —'Tag, 'A1g —!T3g respectively, it depicts an
octahedral geometry. The Mo™ complex showed peaks of 212, 288, 542 nm assigned to
n—n*, n—n*, C. T M—L respectively, it depicts an octahedral geometry [26]. Table 5. shows

the electronic assignment for metal complexes.

1.603

1.500-
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T T

T

T

02420
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Figure 10 : UV-Vis spectrum of ligand (HL)
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Figure 11 : UV-Vis spectrum of Fe-complex

Table 5: UV-Vis spectra, magnetic moments and molar conductivity for ligand (HL)

and their metal complexes

, . E€max L . ueff
1
Compound A nm v cm Abs mol! cm-! Assignment (B.M)
34129.692
Ligand = HL 293 1.449 144.9 n— ¥
263 38022.813 3.285 328.5 n—m*
381 26246.719 0.472 472 C.T M—L
[Mn(L):] 625 16000 0.033 33 A1g—*EgG) 5790
Tetrahedral 863 11587.485 0.008 0.8 6A1g—*TagG) :
887 11273.957 0.010 1 Aig—'Tig@)
993 10070.493 0.057 57 6A1g—*Tagm)
(Fe (L2 (E20)1] 475 21052.631 0.66 66 CT Mol
Octahodial 720 13888.888 0.05 5 (Tag'Eg) 5.568
800 12500 0.07 7 2678
38022.813 P
263 25575.447 2.201 220.1 nom* C.T ML
[Pd (L)2] 391 0.318 31.8 1 , _
10235.414 Aig—'Big Dia
Square planar 977 10010.01 0.034 34 A el A
999 : 0.033 33 18> A8
1315
263 38022.813 0553 1315 Tom* no*+C.
[Rh (L)2 (H:0) 396 25252.525 0,000 253 TM—L
(CD)] 542 18450.184 0,020 2 A1g—'Tig Dia
Octahedral 629 15898.251 0.025 2 TAig—'Tag
726 13774.104 : 2.5 A1g—'Tag
265 37735.849 0.484 484 o
[Pt(L)2 (Cl)] 415 24096.385 0.344 34.4 1A1g—'Tig Dia
Octahedral 889 11248.593 0.007 0.7 IA1g—Tag
993 10070.493 0.017 1.7 IA1g—!Tsg
212 47169811 0.641 64.1 T
U\g"iLﬁz é?{“] 288 34722222 1.103 110.3 Nk Dia
ctahedra 542 18450.184 0.002 0.2 C.TM—L
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3.6 Study of antioxidant activity using DPPH
method

The antioxidant activity of the ligand and its metal complexes was evaluated using
Gallic acid as a reference standard, given its phenolic nature. Five standard solutions with
varying amounts of Gallic acid (0.008, 0.004, 0.002, 0.001 and 0.0005 mmol') were
produced using ethanol as a diluent from a 10 mmol™! solution of Gallic acid. 100 uL of each
of the standard Gallic acid solutions were mixed with 6 ml of 45 ug ml"! DPPH solution.
After the combined solution was let to sit at room temperature for thirty minutes in the dark,
the reaction mixture's absorbance was measured at 517 nm. Figs. 12 and 13. demonstrating
that a lower ICso value indicates DPPH radical scavenging, which means the Fe complex is
more antioxidant active [27 and 28]. The results are as follows (Gallic acid >HL>Fe complex
>Mo complex >Mn complex >Rh complex >Pd complex >Pt complex), The lower the ICso
value, the more inhibiting the ratios are which detailed in Table 6 and Figure-14 Mechanical
ligand.

Table 6: Antioxidant activity of formamidine and its complexes

compound Concentration P1% RSA% ICso values mg/mL

0.008 11.58 88.42
0.004 44.82 55.18

Gallic acid 0.002 63.19 36.81 0.008
0.001 70.58 29.42
0.0005 76.06 23.94
0.061 21.05 78.95
0.030 38.43 61.57

L 0.015 45.48 54.52 0.026
0.008 53.12 46.88
0.008 22.49 77.51
0.004 30.28 69.72

MusComplex 0.002 51.25 48.75 0.094
0.001 60.29 39.71
0.064 20.46 79.54
0.032 40.43 59.57

Fe-Complex 0.016 46.03 53.97 0.039
0.008 54.18 45.82
0.012 19.13 80.87
0.006 32.19 67.81

ek o e 0.003 60.28 39.72 0.227
0.0015 61.06 38.94
0.008 21.09 78.91
0.004 33.19 66.81

Lo e 0.002 55.18 44.82 0.182
0.001 72.82 27.18
0.012 18.49 81.51
0.006 33.19 66.81

Pt=Complex 0.003 57.13 42.87 0.727
0.0015 60.29 39.71
0.008 22.49 7751
0.004 33.19 66.81

Mo-Complex 0.002 55.15 44.85 0.077
0.001 60.29 39.71
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3.7Antimicrobial activity of the ligand and its complexes

The biological activity of the formamidine and its complexes was investigated against
Escherichia coli as Gramme negative bacteria and Staphylococcus aureus as Gramme
positive bacteria. In addition to the fungi examination on Aspergillus Niger. Antibacterial
activity of formamidine was similarly demonstrated the inhibition zone values against
Escherichia coli and Staphylococcus aureus; however, when the complexes were compared
with the free ligand, activity was in complexes and no effect appeared on the ligand, as
shown in the Fig. 15. According to Tweedy's chelation theory, the enhanced activity of the
complexes can be attributed to the formation of metal-ligand coordination bonds [29 and 30].
The complexes and ligands both showed activity against the fungi as shown in Fig. 16 and
detailed in Table 7.

Figure 15 : Effect of the ligand and its complexes towards
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P K : M =2
Figure 16: Effect of the ligand and its complexes towards fungi

Table 7: Antibacterial activity and anti-fungi data of ligand and its complexes (inhibition
Zone)

Compound Staphylococcus aureus G+ Escherichia Coli G— Fungi

L No No 50mm

[Mn (L):] 1.5x1.3 1.4x1.4 20mm

[Fe (L)2 (H20):] No No 25mm
(Pd (Ly2] 1.7x1.8 1.7x1.8 15mm

[Rh (L)2 (H20) (C)] No No 30mm
[Pt (L)2 (Cl)2] 2.3x2.5 No 13mm
[Mo(L)2(0)4] No No 27mm

Conclusion

In conclusion, the formamidine ligand was easily synthesized through the reaction of
triethyl orthoformate and m-nitroaniline. This ligand subsequently coordinated with various
metal ions (Mn™?, Fe*?, Pd*?, Rh*®, Pt"* and Mo'®) forming air-stable compounds with
distinct morphologies. Ligand and metal complexes were identified using a range of
analytical techniques, including elemental microanalysis, magnetic susceptibility, thermal
analysis TGA and DSC curves, FTIR, UV-Vis, 'H-NMR, and metal-chloride containing
electrical conductivity and melting point measurement. The M: L percentage in all
compounds existed 1:2. Agreeing with the results, the geometric shape is proposed to be
octahedral for (Fe*2, Rh™* Pt™, Mo ) square planer for (Pd*?) and tetrahedral for (Mn*?) that
was based on the data from mass and IR measurements. The biological activity of the
corresponding complexes against fungi and bacteria was performed, as well as antioxidants
study has carried out using Gallic acid. Fungi gave more inhibition than bacteria. The
synthesized complexes can be considered as potentially candidates to be used in the future in
medical and catalytic applications.
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