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1. Introduction

Melamine is an organic compound that functions as a
base and comprises three cyanamide molecules. (Hazra etal,,
2014). Melamine, with its 1,3,5-triazine structure, is a
significant industrial substance widely utilized as a flame
retardant in polymer engineering and as a fertilizer in
agriculture. It is also employed in the manufacturing of
plastic materials (Horacek and Pieh, 2000). Thermosetting
plastic (Panyakapo and Panyakapo, 2008), Formica (Fodey
et al,, 2011), laminate flooring and dry erase boards (Uysal
and Kog, 2010). In addition, melamine foams, polymers
derived from melamine, serve as effective insulation and
soundproofing materials. They are also used in the
production of polymeric cleaning products like Magic Eraser.
(Wang and Zhang, 2004; Uysal, 2013; Uysal and Kog, 2016).
Heterocyclic compounds are increasing in use in polymer,
coordination chemistry, environmental, biochemistry,
dyestuff and pharmaceutical (Wimmer et al., 1992; Uysal et
al,, 2012). Furthermore, s-triazine Schiff base compounds are
used in medicine, especially as molecular magnetic
materials, and such heterocyclic compounds are used as
active ingredients of antitumor and anticancer drugs (Koc
and Uysal, 2016; Arslaner et al,, 2017; Ozer et al., 2023).

s-Triazine compounds have gained importance in
environmental chemistry, metal-organic lattice structures
and gas storage (Yu et al, 2008). 2,4,6-Triamino-s-triazine
was used as the core s-triazine group in the synthesis of
Schiff base ligands (Uysal and Koc, 2016). Since melamine
has symmetrical three-way amine groups, Schiff base-
containing 2,4,6-triamino-s-triazine ligands were obtained
by condensation reaction with different aldehyde groups
(Koc and Uysal, 2016). Multipodal melamine-cored ligands
heteronuclear complexes were obtained by coordinating the
melamine with the salophen ligand complexes with a single
oxygen (Celikbilek and Koc, 2014). s-Triazine
[(Fe(Il)/Salophen)] and transition metal complexes were
obtained by these complexes with aldehydes (Karipcin and
Karatas, 2001; Uysal, 2013).

2. Experimental
2.1. Materials

Elemental analyses were performed using a Leco, CHNS-
932 model analyzer. 'H NMR spectra were recorded by the
Varian, 400 M spectrometer. FT-IR spectra were recorded
using a Perkin-Elmer Spectrum 100 with Universal ATR
Polarization Accessory. Magnetic susceptibilities of the metal
samples were measured at 296 K using a Sherwood Scientific
MX Gouy magnetic susceptibility apparatus with
Hg[Co(SCN)4] as a calibration by the constant magnetic field.

2.2. 4-((46-diamino-1,3,5-triazine-2-imino) = methyl)
phenol [MHBA]

Synthesis of [MHBA] was synthesized according to the
cited literature (N. Yildirim, 2023), (Figure 1).

2.3. Synthesis of salophen ligand and complexes
Synthesis of salophen ligands and salophen complexes

were synthesized according to the cited literature. (Kopel et
al,, 1998; Gembicky et al., 2000), (Figure 2).
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Figure 1. Monopodal Schiff base ligand [MHBA].
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Figure 2. Salophen ligand and [Fe(salophen)Cl] complex.

2.4. Synthesis of 4-((4,6-diamino-1,3,5-triazine-2-
imino)methyl)phenol [MHBAFe(Ill)(salophen)] complex

Synthesis of [MHBAFe(1lI)(salophen)] was synthesized

according to the cited literature (N. Yildirim, 2023), (Figure
3).
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Figure 3. Monopodal Schiff base ligand [MHBAFe(III)(salophen)]

complex.

2.5. Synthesis of 2,2'-(6-(((4-hydroxybenzylidene)amino)-
1,3,5-triazine-2,4 diyl) bis (azanylylidene)) bis
(methanylylidene))diphenol [SALMHBAFe(Ill)(salophen)]

[MHBAFe(IlI)(salophen)] (1 mmol, 0.57 g,) was dissolved
in 30 mL of methanol and stirred under reflux for one hour.
2-Hydroxybenzaldehyde (2 mmol, 0.25 mL) 20 mL methanol
was added to the resulting mixture. The mixture was reflux
for 4 h and 5 drops of acetic acid catalyst was added. It was
mixed for a while until the powder formed and a color change
was  observed. The  precipitate was filtered.
[SALMHBAFe(IlI)(salophen)]: FT-IR (cm') 3340, 3123 (OH),
1653,1631 (C=N), 1547 (C=Nutriazine), (Figure 4).
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Figure 4. Tripodal Schiff base ligand [SALMHBAFe(III)(salophen)]
complex.

2.6. Synthesis of 2,2'-(6-(((4-hydroxybenzylidene)amino)-
1,3,5-triazine-2,4-diyl) bis  (azanylylidene)) bis
(methanylylidene))  diphenol [MSALMHBAFe(lll)
(salophen)] heteronuclear complexes (M=Co(ll), Ni(ll),

Cu(ll))

Suspension of [MSALMHBAFe(III)(salophen)]
heteronuclear complexes (1 mmol 0.85 g) in 20 mL of
ethanol was prepared in a 100 mL flask on 1 mmol
(Co(CH3C00)2.4H20 (0.25 g.), Cu(CH3C00)2.H20 (0.20 g.),
Ni(CH3C00)2.4H20 (0.25 g.)) were added in 20 mL ethanol.
Boiled under a back cooler for 3 h. at around 80 °C. The
solvent was evaporated by half and allowed to cool (under
room conditions). Then, half of the water was added, left for
a day, filtered in a vacuum, washed with water and dried in
an oven at 105 °C. [Co(I)SALMHBAFe(I1I)(salophen)]: FT-IR
(cm?) 1676,1624, (C=N), 1535 (C=Nrriazine).
[Ni(IN)SALMHBAFe(IlI)(salophen)]: FT-IR (cm) 1675,1629
(C=N), 1534 (C=Ntriazine). [Cu(II)SALMHBAFe(III)(salophen)]:
FT-IR (cm') 1683, 1624 (C=N), 1539 (C=Nuriazine), (Figure 5).
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Figure 5. Tripodal Schiff base ligand [MSALMHBAFe(III)(salophen)]
heteronuclear complex.

3. Results and Discussion

In this study, Melamine and 2-hydroxybenzaldehyde
were used as starting material and s-triazine Schiff base
monomer [MHBA] was synthesized. Single oxygen
coordinated bridged monomer complex structures obtained
[MHBAFe(IlI)(salophen)] with synthesized [MHBA] and

[Fe(I1I)(salophen)Cl] complexes are 2-
hydroxybenzaldehyde  (Salicylaldehyde) Schiff base
complexes [SALMHBAFe(IlI)(salophen)] were obtained.

Two oxygen and tri nitrogen coordinated bridged complex
structures obtained [MSALMHBAFe(Ill)(salophen)] with
[Fe(IlI)salophenMHBASAL] and (Co(CH3C00)2.4H-0,
Ni(CH3C00)2.4H:0, Cu(CH3C00)2.H20 heteronuclear
complexes were obtained.
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When OH protons were examined in the 'H NMR
spectrum of the [MHBA] ligand, a singlet chemical shift
corresponding to OH protons occurred at 9.76 ppm. In
addition, two doublet chemical shift values of the aromatic
ring were observed at 7.74-7.72 ppm, 6.89-6.91 ppm and
CH=N singlet chemical shift values at 8.39 ppm. (Figure 6)
(Tahmassebi and Sasaki, 1998).
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Figure 6. 'H NMR Spectrum of [MHBA].
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The OH peaks of the [MHBA] ligand were observed as
3324 cm! and the CH=N Schiff base group was observed as a
stretching vibration of 1649 cm. In addition, it has been
observed that OH peaks disappear in the monopodal
complex of the [MHBA] ligand as a result of coordination
with the [Fe(IlI)(salophen)Cl] synthesized from the
literature with a single oxygen (Figure 7-8). (Figure 9-10)
(Koc and Ucan, 2007; N. Yildirim, 2023).
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Figure 7. FT-IR spectrum of [MHBA].
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Figure 8. FT-IR spectrum of [MHBAFe(III)(salophen)].
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Figure 9. FT-IR spectrum of [SALMHBAFe(III)(salophen)].
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Figure 10. FT-IR spectrum of [MSALMHBAFe(III)(salophen)] (A:
Co(ID), B: Ni(II), C: Cu(II)).

Synthesized  [MHBA] and [(Fe(Ill)salophen)Cl],
complexes [MHBAFe(Ill)(salophen)] were obtained with
weak field effect for the BM values of 5.27, and tzg3eg? were
observed, respectively. As a result, it was estimated to have
a triangular pyramidal (dsp3) geometric structure, since it
showed a weak field complex feature. As a result, since the
complex structures have the d5 electron configurations
calculated theoretically, (Table 1) (Koc and Ucan, 2008; N.

Table 1. Physical properties of ligands and complexes.

Yildirim, 2023). Then, heteronuclear complex structures
were obtained with the ligand complex [Co(II)/Ni(II)/Cu(I)]
of the ligand [MSALMHBAFe(IlI)(salophen)]. The theoretical
BM values expected in heteronuclear structures of the
[MHBAFe(IlI)(salophen)] ligand complex yield lower BM
values than expected values with Co(II) d7 (tzg5e¢?), Ni(1I) d®
(tzg®eg?), Cu(II) d? (tzg%e¢?), metal ion arrangement of 1.73 BM
corresponding to a single electron and Co(II) 1.65, Cu(II)
1.67 and Ni(II) diamagnetic BM values, respectively It has
been associated with antiferromagnetic action. Looking at
these structures, we think that geometry is a square pyramid
and hybridization is dsp3.

TGA measurement of [MHBAFe(IlI)(salophen)] was
made. According to the TGA diagram of gaseous H:0, COz,
CeHs, N2 and H: are first removed from the environment and
at 155, 325 and 455 °C 64.32% (Theoretical: 65.46%) three-
step It is observed that the decomposition reaction that takes
place is a total mass loss. However, at 800-880 °C, the mass
loss of matter continues. It is estimated that this is due to the
presence of the triazine ring and metal oxides in the
environment (Figure 11) (Karipcin and Karatas, 2001).
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Figure 11. TGA spectrum of [MHBAFe(III)(salophen)]

Compounds Color \((Oi/j;d 1(\1[5 Meft zound (Calcula]_t[ed) (%) 5

% e
[Cﬁﬂﬂlzafgtljé(l)ls)(salophen)] Black 75 160 5.27 ?57.7(.);6) L(lfgs) 35?732)
[CSZ?;Zl:Hegng(III)(salophen] Orange 80 290 5.36 ?655?30) 1(2127) zf;:m
CasHa2CoFeNsOs [Co(I) SALMHBAsalophenFe(lI1)] Yellow 70 300* 3.44 ?éfjs) ?5667) %12234)
[leligglz)lgfi\FLegiI%SAsalophenFe(111)] Green 65 300* 483 ?6%?7) ?;27) zfé?764)
CasHa2CuFeNgOs [Cu(IT)SALMHBAsalophenFe(lI1)] Brown 60 300* 3.57 ?615153) l(lifé)S) %ffgn

*Decomposition
Acknowledgments

Thanks to Selguk University for supporting this study
through a grant: (BAP) 14201003.

References

Arslaner, C., Karakurt, S. and Koc, Z. E., (2017), Synthesis of
benzimidazole Schiff base derivatives and cytotoxic
effects on colon and cervix cancer cell lines, Biointerface
Research in Applied Chemistry, 7 (4), 2103-2107.

53

Celikbilek, S. and Koc, Z. E., (2014), Investigation of Dipodal
oxy-Schiff base and its salen and salophen
Fe(IIl)/Cr(IlI)/Mn(III) Schiff bases (N202) caped
complexes and their magnetic and thermal behaviors,
Journal of Molecular Structure, 1065, 205-209.

Fodey, T. L., Thompson, C. S., Traynor, 1. M., Haughey, S. A,
Kennedy, D. G. and Crooks, S. R. H., (2011), Development
of an Optical Biosensor Based Immunoassay to Screen
Infant Formula Milk Samples for Adulteration with
Melamine, Analytical Chemistry, 83 (12),5012-5016.



Z. E. Kog / Selcuk Universitesi Fen Fakiiltesi Fen Dergisi 50 (2) 2024

Gembicky, M., Boca, R. and Renz, F., (2000), A heptanuclear
Fe(II)-Fe(II1)(6) system with twelve unpaired electrons,
Inorganic Chemistry Communications, 3 (11), 662-665.

Hazra, C., Adusumalli, V. N. K. B. and Mahalingam, V., (2014),
3,5-Dinitrobenzoic Acid-Capped Upconverting
Nanocrystals for the Selective Detection of Melamine, Acs
Applied Materials & Interfaces, 6 (10), 7833-7839.

Horacek, H. and Pieh, S, (2000), The importance of
intumescent systems for fire protection of plastic
materials, Polymer International, 49 (10),1106-1114.

Karipcin, F. and Karatas, I, (2001), The synthesis of
substituted bis(aminophenylglyoxime)methanes and
their polymeric metal complexes with Cu(II), Ni(II), and
Co(I) salts, Synthesis and Reactivity in Inorganic and
Metal-Organic Chemistry, 31 (10), 1817-1829.

Koc, Z. E. and Ucan, H. I, (2007), Complexes of iron(III) salen
and saloph Schiff bases with bridging 2,4,6-
tris(2,5dicarboxyphenylimino-4-formylphenoxy)-1,3,5-
triazine and 2,4,6-tris(4-carboxyphenylimino-4'-
formylphenoxy)-1,3,5-triazine, Transition Metal
Chemistry, 32 (5), 597-602.

Koc, Z. E. and Ucan, H. 1., (2008), Complexes of Iron(III) and
Chrom(III) Salen and Saloph Schiff Bases with Bridging
2,4,6-tris(4-nitrophenylimino-4'-formylphenoxy)-1,3,5-
triazine, Journal of Macromolecular Science Part a-Pure
and Applied Chemistry, 45 (12), 1074-1079.

Koc, Z. E. and Uysal, A, (2016), Investigation of novel
monopodal and dipodal oxy-Schiff base triazine from
cyanuric chloride: Structural and antimicrobial studies,
Journal of Macromolecular Science Part a-Pure and
Applied Chemistry, 53 (2), 111-115.

Kopel, P., Sindelar, Z. and Klicka, R., (1998), Complexes of
iron(Ill) salen and saloph Schiff bases with bridging
dicarboxylic and tricarboxylic acids, Transition Metal
Chemistry, 23 (2), 139-142.

N. Yildirim, Z. E. K,, (2023), s-Triazin merkezli polimerik
Schiff bazlarinin sentezi ve [(Fe(IIl)/Mn(IlI)(salen)Cl]
komplekslerinin incelenmesi, Selcuk University Journal of
Science Faculty, 49 (2), 29-36.

Ozer, A, Yasa, D. E,, Sahin, D. H., Turbayindir, H., Pehlivan, E.
and Koc, Z. E, (2023), Investigation of microwave
assisted synthesis of Schiff Base derived Metal-Chelates
by liquid invert sugar containing D-Glucose, Inorganic
and Nano-Metal Chemistry.

Panyakapo, P. and Panyakapo, M. (2008), Reuse of
thermosetting plastic waste for lightweight concrete,
Waste Management, 28 (9), 1581-1588.

Tahmassebi, D. C. and Sasaki, T., (1998), Synthesis of a three-
helix bundle protein by reductive amination, Journal of
Organic Chemistry, 63 (3), 728-731.

Uysal, S. and Ko¢, Z. E, (2010), Synthesis and
characterization of dendrimeric melamine cored
[salen/salophFe(III)] and [sale n/salophCr(III)] capped
complexes and their magnetic behaviors, Journal of
Hazardous Materials, 175 (1-3), 532-539.

Uysal, S., Koc, Z. E., Celikbilek, S. and Ucan, H. 1, (2012),
Synthesis of Star-Shaped Macromolecular Schiff Base
Complexes Having Melamine Cores and Their Magnetic
and Thermal Behaviors, Synthetic Communications, 42
(7),1033-1044.

Uysal, S., (2013), Synthesis of melamine based polymer
complexes and their thermal degradations and magnetic
properties, Journal of Inclusion Phenomena and
Macrocyclic Chemistry, 76 (1-2), 223-230.

Uysal, S. and Koc, Z. E, (2016), Synthesis and
characterization of dopamine substitue tripodal
trinuclear [(salen/salophen/salpropen)M] (M=Cr(III),

54

Mn(IlI), Fe(Ill) ions) capped s-triazine complexes:
Investigation of their thermal and magnetic properties,
Journal of Molecular Structure, 1109, 119-126.

Uysal, S. and Kog¢, Z. E, (2016), Synthesis and
characterization of dopamine substitue tripodal
trinuclear [(salen/salophen/salpropen)M] (M=Cr(III),
Mn(IlI), Fe(Ill) ions) capped s-triazine complexes:
Investigation of their thermal and magnetic properties,
Journal of Molecular Structure, 1109, 119-126.

Wang, X. D. and Zhang, Q, (2004), Synthesis,
characterization, and cure properties of phosphorus-
containing epoxy resins for flame retardance, European
Polymer Journal, 40 (2), 385-395.

Wimmer, T., Kreuzer, F. H., Staudinger, G. and Nussstein, P.,
(1992), Synthesis of Novel Insoluble Cyclodextrin
Polymers, Minutes of the Sixth International Symposium
on Cyclodextrins, 106-109.

Yu, Q., Schwidom, D., Exner, A. and Carlsen, P., (2008),
Synthesis of Novel Homo-N-Nucleoside Analogs
Composed of a Homo-1,4-Dioxane Sugar Analog and
Substituted 1,3,5-Triazine Base Equivalents, Molecules,
13 (12), 3092-3106.



