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2,4,6-Tris(4-hydroxybenzimino)-1,3,5-triazine [1] 2 has been synthesized from the reaction of 1 equiv.
melamine (2,4,6-triamino-1,3,5-triazine) and 3 equiv. 4-hydroxybenzaldehyde. Then, 2,4,6-tris(4-(4,6-
dichloro-1,3,5-triazine-2-yloxy)benzimino)-1,3,5-triazine 3 has been synthesized from the reaction of
1equiv. 2 and 3equiv. cyanuric chloride. And then, two new triazine centered dendrimeric ligands
2,4,6-tris(4-(4,6-bis(4-carboxyphenyloxy)-1,3,5-triazine-2-yloxy)benzimino)-1,3,5-triazine 4 and 2,4,6-
tris(4-(4,6-bis(3,5-dicarboxyphenyloxy)-1,3,5-triazine-2-yloxy)benzimino)-1,3,5-triazine 5 have been

i?rvi‘:;rii: synthesized from the reaction of 1equiv. 3 and 6 equiv 4-hydroxybenzoic acid or 5-hydroxyisophtalic
Melamine acid. Finally, eight new multinuclear Fe(Ill) and Cr(Ill) complexes involving tetradenta Schiff bases

Cyanuric chloride N,N’-bis(salicylidene)ethylenediamine-(salenH;) or bis(salicylidene)-o-phenylene diamine-(salophH;)
Salen with 4 or 5 have been synthesized and characterized by means of elemental analysis, 'H NMR, FT-IR
Saloph spectroscopy, thermal analyses and magnetic susceptibility measurements. The complexes can also be

Schiff bases

characterized as low-spin distorted octahedral Fe(IlI) and Cr(III) bridged by carboxylic acids.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

An important class of compounds having anticancer, antitumor,
antiviral and antifungal activity consists of substituted s-triazine
derivatives. These compounds have been used in the treatment of
depression and hence gained considerable significance. These are
valuable bases for estrogen receptor modulators [2] and also used
as bridging agents to synthesize herbicides and in the production
of drugs or polymers [3].

Melamine resins have been used in many applications includ-
ing the manufacture of plastic dishes under the trade name Melmac.
1,3,5-Triazine derivatives are widely used as herbicides [4], drugs
[5] or polymers [6], like melamineformaldehyde that has excel-
lent thermal and electrical properties [7]. Phenolic melamine has a
good non-flammability owing to containing nitrogen inits chemical
structure [8].

We have reported here that dendrimeric Schiff bases including
hexacarboxylic and dodecacarboxylic groups have been synthe-
sized to be a new template. The reaction of melamine (C3NgHg)
with 3 equiv. of 4-hydroxybenzaldehyde in benzene has given the
desired triazomethine groups and triphenolic groups in a single
step. Phenolic-OH groups [9,10] were then reacted to trimeric
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cyanuric chloride (C3N3Cl3) as single directional at 0-5°C. Then,
the obtained product was reacted under reflux with 6equiv.
4-hydroxybenzoic acid and 6equiv. 5-hydroxyisophthalic acid
[11-15]. It may be useful to stress at the point that the new prod-
ucts mentioned above are the main output of this work. These are
the first in the literature and we call them “oxy-Schiff Bases” due
to literature [9,10].

The magnetochemical properties of the w-oxo-bridged com-
plexes [{Fe(salen)},0] [(salenH;=N,N’-bis(salicylidene)ethylene
diamine)] and [{Fe(saloph)},0] [(salophH; =bis(salicylidene)-2-
phenylenediamine)] and their X-ray studies have widely been
presented in the literature [16-19]. The reaction of [{Fe(salen)}, 0]
with carboxylic acids have been given by Wollmann and Hendrick-
son [20].

Chromium is a unique transition metal ion, which has been
established to be biologically significant at all the levels of liv-
ing organisms [21]. Out of the two stable oxidation states of
chromium, -VI and -III, trivalent chromium has been shown to play
a positive role in controlling carbohydrate and lipid metabolism
[22]. A Schiff base complex of chromium(III), [Cr(salen)(OH;),]*,
was found to enhance insulin activity, and insulin derived
with the same was found to exhibit higher activity in glucose
metabolism in animal models when compared with either free
insulin or other derivatives [23,24]. Their asymmetric catalytic
reactions have been described including oxidations, additions
and reductions such as epoxidation of olefins, epoxide ring
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opening [25-29]. Various metal-Salen complexes in the homoge-
neous phase such as manganese(IIl) [30], chromium(III) [31] and
nickel(Il) [32] Salen have been used for the epoxidation of olefins
[33].

Therefore, in the present study, we have aimed to synthesize
other dendrimeric multicarboxylato bridges and to present their
certain influences on the magnetic behavior of the prepared com-
plexes. We are also interested in dendrimeric multinuclear systems
formed by the carboxylato bridges because of some satisfactory
work concerning this bridge and associated data have appeared in
the literature [34-38].

2. Experimental
2.1. Materials and methods

Elemental analyses were performed on a Carlo Erba 1106 ele-
mental analyzer. The IR spectra were recorded using KBr discs
(4000-440 cm~1) on a Perkin Elmer 1600 series FT-IR spectropho-
tometer. The '"H NMR spectra in CDCl;, dg-DMSO was obtained
using a Bruker 200 MHz spectrometer. MMM-Medcenter, Einrich-
tungen GmbH Vacucell 22 was used as Vacuum Cabinets. Melting
points were measured using a Buchi SMP-20 melting point appara-
tus. Metal contents in complexes were determined using Unicam
929 AAS spectrometer. Mass spectra of the compounds were
obtained on Varian MAT 711 spectrometer. The purification of
the products obtained at the end of the reaction was carried out
using Combi Flash Chromotography. The thermal analyses were
performed on Shimadzu DTA 50 and TG 50 H models using 10 mg
samples. The DTA and TG curves were obtained at a heating rate
of 10°Cmin~!. In all cases, the 22-750°C temperature range was
studied under a dry nitrogen atmosphere. All the other chemicals
were purchased from Aldrich. Magnetic susceptibilities of metal
samples were determined using a Sheerwood Scientific MX Gouy
magnetic susceptibility apparatus and magnetic measurements
were carried out using the Gouy method with Hg[Co(SCN)4] as cal-
ibrant. The effective magnetic moments, jtqf, per metal atom were
calculated from the equation: peg = 2.84,/xmT B.M., where xy is
the molar susceptibility.

2.1.1. Preparation of ligand complexes

[Fe(salen)],0, [Fe(saloph)],0, [Cr(salen)],0 and [Cr(saloph)],O
were prepared by adding concentrated ammonia solution to stirred
hot EtOH solutions of [Fe(salen)Cl], [Fe(saloph)Cl], [Cr(salen)] and
[Cr(saloph)Cl], respectively, until it became alkaline [16,39-41].

2.1.2. The synthesis procedure for 2,4,6-tris(4-
hydroxybenzimino)-1,3,5-triazine 2

Previously, this compound was synthesized by a method [1], but
we synthesized this compound by following method. Melamine
(5mmol, 0.63g) was suspended in benzene (10mL) and a sus-
pension of 4-hydroxybenzaldehyde (1.83 g, 15 mmol) in benzene
(25 mL) was added by stirring. The reaction mixture was boiled
under reflux for 5 h, and the pink powder formed was dried under
vacuum [37,38]. The obtained mixtures were purified using Combi
Flash Chromatography and using 1:4 ethylacetate/n-hexane mix-
ture as eluent. Characterization data for 2: LC-MS data for 2 m/z:
438+2. FT-IR (cm~!) 3338 (OH), 2842 (CH), 1615 (CH=N), 1565
(C=N triazine). 'H NMR (dg-DMSO0) 8§ 9.77 (s, 3H), 7.76-7.73 (d, 6H,
j=2.8Hz), 6.93-6.90 (d, 6H, j=2.8 Hz), 6.08 (s, 3H).

2.1.3. The synthesis procedure for 2,4,6-tris(4-(4,6-dichloro-
1,3,5-triazine-2-yloxy) benzimino)-1,3,5-triazine 3

To stirred cyanuric chloride (2.76 g, 15 mmol), dissolved in ace-
tone (100mL), was added dropwise in a solution of 2 (2.19g,
5mmol) and NaOH (0.6 g, 15 mmol) in H,0 (50 mL) at 0-5°C. The

reaction mixture was stirred vigorously for 3 h at 0-5°C and for
2hat 15-20°C. At these stages the Fujiwara Test [12] for dichloro-
triazine was positive. The temperature was allowed to increase to
25°Cand maintained for 25-30 °C. The pale white solid was filtered,
washed with cold water, then with ethyl alcohol. The obtained mix-
ture was purified using Combi Flash Chromatography and using 1:4
ethylacetate/n-hexane mixture as eluent, and recrystallized from
acetone. Characterization data for 3: LC-MS data for 3 m/z: 882 + 2.
FT-IR (cm~1) 2847 (CH), 1618 (CH=N), 1574 (C=N triazine), 1366
(C-0-C), 845 (C-Cl). "H NMR (dg-DMSO) § 10.03 (s, 3H), 8.05-8.01
(d, 6H,j=4.2Hz), 7.56-7.52 (d, 6H, j=4.2 Hz).

2.1.4. The synthesis procedure for 2,4,6-tris(4-(4,6-bis(4-
carboxyphenyloxy )-1,3,5-triazine-2-yloxy )benzimino)-1,3,5-
triazine 4 or 2,4,6-tris(4-(4,6-bis(3,5-dicarboxyphenyloxy )-
1,3,5-triazine-2-yloxy)benzimino)-1,3,5-triazine 5

A solution of 3 (0.88g, 1 mmol) in acetone (50 mL) was added
dropwise to deionised (100 mL) water in a 250 mL flask cooled
in a ice bath (0-5°C) under vigorous stirring. This was followed
by the addition of 4-hydroxybenzoic acid (0.83 g, 6 mmol) or 5-
hydroxyisophthalic acid (1.09g, 6 mmol) and sodium carbonate
(0.636 g, 6 mmol) in deionised saturated water, respectively. The
mixture was stirred for 3h while being cooled in the ice bath.
The reaction mixture was boiled under reflux for 10h, and the
dirty white or grey powder formed was dried under vacuum. These
obtained mixtures were purified using Combi Flash Chromatog-
raphy and using 1:4 ethylacetate/n-hexane mixture as eluent.
Characterization data for 4: LC-MS data for 4 m/z: 1492 &+ 2. FT-IR
(cm~1)3263 (0OH), 2843 (CH), 1688 (C=0), 1612 (CH=N), 1572 (C=N
triazine), 1408 (COO~), 1364 (COC). "H NMR (CDCl3) § 14.05 (s, 6H),
9.08 (s, 3H), 8.06-8.02 (d, 18H), 7.96-7.91 (d, 12H), 7.55-7.51 (d,
6H). Characterization data for 5: LC-MS data for 5m/z: 1756 &+ 2. FT-
IR (cm~1) 3244 (OH), 2846 (CH), 1694 (C=0), 1618 (CH=N), 1579
(C=N triazine), 1407 (COO~), 1375 (COC). '"H NMR (dg-DMSO) §
14.10 (s, 6H), 9.17 (s, 3H), 8.66-8.62 (d, 6H), 8.04-8.01 (d, 12H)
7.54-7.51 (d, 6H), 6.93-6.91 (d, 6H).

2.1.5. [{Fe(salen)/(saloph)}s(2,4,6-tris(4-(4,6-bis(4-
carboxyphenyloxy )-1,3,5-triazine-2-yloxy )benzimino)-1,3,5-
triazine)] 6x, 6y or [{Cr(salen)/(saloph)}¢(2,4,6-tris(4-(4,6-
bis(4-carboxy-phenyloxy)-1,3,5-triazine-2-yloxy )benzimino )-
1,3,5-triazine)] 6'x, 6'y complexes

[{Fe(salen)/(saloph)},0] (1.98g, 3 mmol/2.27g, 3 mmol) or
[{Cr(salen)/(saloph)},0] (1.96 g, 3 mmol/2.25 g, 3 mmol) were sus-
pended in hot EtOH (50 mL) and a solution of 4 (1.49g, 1 mmol)
in EtOH was added by stirring. The reaction mixture was boiled
under reflux for 4 h, and the solid formed was dried under vacuum.
These obtained mixtures were purified using Combi Flash Chro-
matography and using 1:4 methanol/n-hexane mixture as eluent.
Characterization data for 6x, 6’x: LC-MS data for 6x m/z: 34314 2.
LC-MS data for 6'x m/z: 3408 + 2. FT-IR (cm~1) 2894 (CH,), 3145
(CHar), 1699-1697 (C=0), 1544-1620 (CH=N), 1575 (C=N triazine),
1386 (CO0™), 1366 (COC), 535 (M-N), 466 (M-0). Characteriza-
tion data for 6y, 6'y: LC-MS data for 6y m/z: 3719 + 2. LC-MS data
for 6'y m/z: 3696 + 2. FT-IR(cm~!) 3143 (CHa), 1698-1696 (C=0),
1546-1628 (CH=N), 1579 (C=N triazine), 1385 (CO0~), 1365 (COC),
542 (M-N), 476 (M-0).

2.1.6. [{Fe(salen)/(saloph)}12(2,4,6-tris(4-(4,6-bis(3,5-
dicarboxyphenyloxy)-1,3,5-triazine-2-yloxy )benzimino)-1,3,5-
triazine)] 7x, 7y or [{Cr(salen)/(saloph)}12(2,4,6-tris(4-(4,6-bis-
(3,5-dicarboxyphenyloxy )-1,3,5-triazine-2-yloxy )benzimino )-
1,3,5-triazine)] 7'x, 7’y complexes

[{Fe(salen)/(saloph)}»,0] (3.96g, 6mmol/4.54g, 6 mmol) or
[{Cr(salen)/(saloph)},0] (3.92 g, 6 mmol/4.49 g, 6 mmol) were sus-
pended in hot EtOH (100mL) and a solution of 5 (1.76 g, 1 mmol)
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in EtOH was added by stirring. The reaction mixture was boiled
under reflux for 4 h, and the solid formed was dried under vacuum.
These obtained mixtures were purified using Combi Flash Chro-
matography and using 1:4 methanol/n-hexane mixture as eluent.
Characterization data for 7x, 7’x: LC-MS data for 7x m/z: 5634 4+ 2.
LC-MS data for 7’x m/z: 5588 + 2. FT-IR (cm~1) 2891 (CH,), 3147

(CHar), 1699-1698 (C=0), 1542-1621 (CH=N), 1572 (C=N triazine),
1386 (CO0-), 1363 (COC), 534 (M-N), 469 (M-0). Characteriza-
tion data for 7y, 7'y: LC-MS data for 7y m/z: 6210+ 2. LC-MS data
for 7’y m/z: 6164 + 2. FT-IR (cm~') 3136 (CHa;), 1698-1697 (C=0),
1543-1619 (CH=N), 1575 (C=N triazine), 1384 (CO0-), 1365 (COC),
537 (M-N), 475 (M-0).
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Scheme 1. Proposed structures of the tripodal oxy-Schiff base.
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3. Results and discussion

2,4,6-Tris(4-hydroxybenzimino)-1,3,5-triazine 2 was prepared
through the reaction of melamine and 4-hydroxybenzaldehyde
(Scheme 1). Afterwards, cyanuric chloride was added to 2, and the
structural formula of the 2,4,6-tris(4-(4,6-dichloro-1,3,5-triazine-
2-yloxy)benzimino)-1,3,5-triazine 3 was verified by elemental
analyses, '"H NMR and FT-IR [9] (Scheme 1). 2,4,6-Tris(4-(4,6-
dichloro-1,3,5-triazine-2-yloxy)benzimino)-1,3,5-triazine 3 with
4-hydroxybenzoic acid or 5-hydroxyisophthalic acid was read-
ily furnished, and as a result of this reaction, “dendrimeric
oxy-Schiff bases” have been obtained. Obtained tripodal oxy-
Schiff bases were characterized by their elemental analyses,
thermal analyses, '"H NMR, and FT-IR, AAS and mass spectral
data.

3.1. FT-IR spectra interpretations of the ligands and complexes

We have chosen [Fe(salen)],0, [Fe(saloph)],0, [Cr(salen)],0
and [Cr(saloph)],0 as “ligand complex” because it can coordinate
with another ligand [34-39]. These complexes are the examples
of tripodal multinuclear complexes bridged by carboxylate anions
to the iron and chromium centers (Scheme 2). All compounds
are stable at room temperature in solid state. The results of the
some physical properties, given in Table 1, are in a good harmony
with the structures suggested for the ligands and their complexes.
The results show that all complexes are multinuclear, all com-
plexes are also stable at room temperature and they are only
soluble in organic solvents such as DMSO, DMF and insoluble in
water.

When cyanuric chloride was added to tripodal Schiff base
ligand 2, phenolic OH band disappeared. The vibrations of the
azomethine C=N, triazine C=N and C-O-C of the free ligands
were observed at 1618-1605, 1574-1560 and 1375-1359cm™!
range, respectively [34-38,42,43]. In the complexes, the fact that
these bands were shifted to lower frequencies has indicated that
oxygen atoms of the dendrimeric oxy-Schiff base ligands are
coordinated with the ligand complexes. In the ligands 2,4,6-tris(4-
(4,6-bis(4-carboxyphenyloxy)-1,3,5-triazine-2-yloxy)benzimino)-
1,3,5-triazine 4 or 2,4,6-tris(4-(4,6-bis(3,5-dicarboxyphenyloxy)-
1,3,5-triazine-2-yloxy)benzimino)-1,3,5-triazine 5 the band at
3263-3244cm~! can be assigned to the carboxylate OH group
vibrations [10,34-38]. Bands at 1699-1697 cm~! for all com-
plexes were assigned to C=0 groups due to the coordination
of [Fe(salen)], [Fe(saloph)], [Cr(salen)] and [Cr(saloph)] with
COO groups. Furthermore, bands at 1386-1384cm~! were
assigned to COO~ ions of those complexes. On the other hand,
these bands for C=0 and COO groups were at 1688-1694 cm™!
and 1408-1407 cm~! before the coordination, respectively. In
the dendrimeric-multinuclear complexes, that these bands at
3263-3244cm~! for carboxylate OH group vibrations disap-
peared can also be attributed to the coordination of COO groups
with the metal. The bands in the 534-542 and 466-476cm™!
ranges can be attributed to the M-N and M-0 stretching modes
[34-38,44].

3.2. 'H NMR spectra interpretations of the ligands

In order to identify the structure of 2, the '"H NMR spectra
were recorded in DMSO-dg [45,46]. 'TH NMR spectra also con-
firmed the structure of the synthesized compound. The signals
in 'TH NMR spectrum of 2 at singlet §=9.77 ppm correspond to
three —N=CH—groups and at singlet = 6.08 ppm for three phenolic
OH groups. The values have also showed that a three direc-
tional linkage to melamine had occurred. The “oxy-Schiff bases”
prepared in this way have been obtained in nearly quantitative

yields (Scheme 1). In addition, 3 equiv. of cyanuric chloride was
added to 2. When cyanuric chloride was added to 2, pheno-
lic OH band at 6.08 ppm disappeared. When elemental analyses,
TH NMR, FT-IR and mass spectral data were investigated, Cya-
nuric chloride was seen to be linked to OH groups of 2 as
single directional. Fujiwara test of 3 has also evidenced that cya-
nuric chloride was linked to OH groups of 2 as single directional
[12]. In addition to this, 6equiv. of 4-hydroxybenzoic acid or 5-
hydroxyisophtalic acid was added to 3. When 4-hydroxybenzoic
acid or 5-hydroxyisophtalic acid was added to 3, the phenolic OH
signals at 10.2 ppm for the former and at 10.3 ppm for the lat-
ter disappeared, and the acidic OH signals at 14.05 ppm for 4 and
14.10 ppm for 5 appeared. At 'H NMR spectra of 4 and 5, the acidic
OH signals at 12.4 ppm for 4-hydroxybenzoic acid and 13.2 ppm for
5-hydroxyisophtalic acid have shifted downward. As a result, these
data have evidenced that the compounds 4 and 5 have been suc-
cessfully obtained. All the ligands are soluble in common organic
solvents. Synthetic strategy for preparing dendrimeric multinu-
clear compounds uses a complex as a “ligand” that contains a
potential donor group capable of coordinating with another lig-
and.

3.3. Magnetic moment interpretations of the complexes

The magnetic moments of the complexes given in Table 1
were measured at room temperature. On the basis of spectral
evidence, the dendrimeric low spin Fe(Ill) and Cr(Ill) complexes
have hexanuclear and dodecanuclear structures in which the low
spin Fe(Ill) and Cr(Ill) cations have an approximately octahedral
environment. The magnetic behavior of low spin Fe(Ill) and
Cr(Ill) complexes is in accord with proposed hexanuclear and
dodecanuclear structures. The magnetic moment per hexanuclear
and dodecanuclear complexes which were constructed from
[Fe(salen)];0, [Fe(saloph)];0, [Cr(salen)];0 and [Cr(saloph)],0
either of 2,4,6-tris(4-(4,6-bis(4-carboxyphenyloxy)-1,3,5-triazine-
2-yloxy)benzimino)-1,3,5-triazine 4 or 2,4,6-tris(4-(4,6-bis(3,5-
dicarboxyphenyloxy)-1,3,5-triazine-2-yloxy)benzimino)-1,3,5-
triazine 5 shows paramagnetic property with a magnetic
susceptibility value per atom: 1.59-1.70 and 3.70-3.90 ug,
respectively. It is seen that the [Fe(salen)],0, [Fe(saloph)],0,
[Cr(salen)],0 and [Cr(saloph)],0 containing compounds are rep-
resented by the electronic structure of tyg”eg® and t,g3eg?. The
magnetic data for the [Fe(salen)],0, [Fe(saloph)],0, [Cr(salen)],0
and [Cr(saloph)],0 dendrimeric complexes show good harmony
with the low spin d° and d3 metal ion in an octahedral structure.
This conclusion is supported by the results of the elemental
analyses suggesting that these dendrimeric complexes also have
an octahedral structure [16,34-38].

3.4. Thermal analysis interpretations of the chosen ligands and
complexes

The chosen ligands and complexes have also been thermally
investigated and their plausible degradation schemes are pre-
sented in Table 2 [47,48]. Thermal decomposition of the anhydrous
[Fe(salen)], [Fe(saloph)], [Cr(salen)] and [Cr(saloph)] complexes left
from the ligands 4 and 5 have started in the range of the first step
135-292, the second step 272-367 and the final step 348-507 °C
and completed in the range 565-650 °C. The final decomposition
products were metals and triazine ring. The observed weight losses
for all ligands and complexes are in good harmony with the calcu-
lated values.

From the investigation of LC-MS spectra of all compounds, it has
been seen that molecular weights of ligands and complexes are in
good harmony with the values observed in the area of intensity in
LC-MS spectra (Table 1).
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Table 1

Some physical properties, molecular weight (g/mol) data and elemental analyses, AAS analyses of the ligands and complexes.

Compounds R M et () (296 K) M.p. (°C) Yield (%) Color [Mw (g/mol)] Found calculated (%)

C H N Fe Cr
C24H13Ng03 (2) - - - 142 72 Pink [438.45] 65.67 (65.75) 412 (4.14) 19.1519.17 - -
C33H15N;503Clg (3) - - - 278 80 Pale white [882.30] 42.88 (42.92) 1.67 (1.71) 23.77 (23.81) - -
C75H45N15021 (4) - - - 277 66 White [1492.28] 60.34 (60.37) 3.03 (3.04) 14.06 (14.08) - -
Cg1Has5N15033 (5) - - - 289 63 Pale white [1756.34] 55.32 (55.39) 2.55(2.58) 11.95 (11.96) - -
Cy71H135N27033Feg (6x) -CHy-Hy- Fe3* 1.60 280? 69 Brown [3431.23] 59.81 (59.86) 3.96 (3.97) 11.00(11.02) 9.74 (9.77) -
Ci95H135N27033Feg (6y) @i Fe3* 1.68 2702 61 Brown [3719.49] 62.89(62.97) 3.65 (3.66) 10.14 (10.17) 8.97 (9.01) -
Cy71H135N27033Crg (6'X) -CH,-H,- Cr3* 3.73 2752 58 Orange [3408.12] 60,23(60.27) 3.97 (3.99) 11.07 (11.10) - 9.11 (9.15)
Cy95H135N27033Crg (6'y) @i Cr3* 3.86 2652 54 Orange [3696.39] 63.28 (63.36) 3.63 (3.68) 10.20 (10.23) - 8.42 (8.44)
C273H225N39057Feq; (7x) -CH,-H,- Fe3* 1.59 2882 66 Dark brown [5634.23] 58.16 (58.20) 4.00 (4.03) 9.67 (9.70) 11.82(11.89) -
C321H225N39057Feq; (7y) ©i Fe3* 1.70 2922 77 Dark brown [6210.76] 62.03 (62.08) 3.62(3.65) 8.76 (8.80) 10.75 (10.79) -
C273H225N39057Cr12 (7'X) -CH,-H,- Cr3* 3.70 283" 65 Green [5588.02] 58.65 (58.68) 4.02 (4.06) 9.75 (9.78) - 11.15(11.17)
C321H225N39057Cr12 (7'y) Gi Cr3* 3.90 2732 64 Dark green [6164.55] 62.50 (62.54) 3.64 (3.68) 8.83(8.86) - 10.08 (10.12)

2 Decomposition.

6€5-2€S (010Z) S21 SIDLAIDA snop.pzpH Jo [pu.inof /30y 47 ‘Ibshn °S
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Table 2
Decomposition steps with the temperature range and weight loss for ligand and
complexes.

Compound Step no. Temperature Weight loss
range (°C) found/Calcd. (%)
C75H45N15021 (4) I 153-294 55.60/57.90
Il 297-395 28.87/30.42
Cg1H45N15033 (5) I 193-317 60.65/63.93
Il 320-445 16.50/17.61
Cy71H135N27033Feq (6x) I 145-280 23.87/24.98
Il 285-359 45.24/46.68
11 362-498 8.87/9.03
C195H135N27033Cr6 (Giy) I 135-265 2162/2315
Il 272-354 49.98/51.18
11 358-493 8.13/8.39
C321 H225N39057FE12 (7y) I 163-292 1687/]795
Il 295-367 59.72/60.94
11 372-507 4.97/5.00
C273H225N39057Cl'12 (7/X) I 138-283 1834/]924
Il 287-342 56.02/57.55
11 348-436 5.88/6.25

The final thermal decomposition products are metals and triazine rings.

4. Conclusions

In this study, novel tri-directional melamine and cyanuric chlo-
ride based Schiff bases “2,4,6-tris(4-hydroxybenzimino)-1,3,5-
triazine, 2,4,6-tris(4-(4,6-dichloro-1,3,5-triazine-2-yloxy)benzim-
ino)-1,3,5-triazine, 2,4,6-tris(4-(4,6-bis(4-carboxyphenyloxy)-1,3,
5-triazine-2-yloxy)benzimino)-1,3,5-triazine and 2,4,6-tris(4-(4,6-
bis(3,5-dicarboxyphenyloxy)-1,3,5-triazine-2-yloxy)benzimino)-
1,3,5-triazine” were synthesized. Synthetic strategy for preparing
multinuclear compounds uses a complex as a “ligand” that contains
a potential donor group capable of coordinating with the other lig-
and. We have chosen [Fe(salen)],0, [Fe(saloph)],0, [Cr(salen)],O0
and [Cr(saloph)],0 as “ligand complexes” because they can coor-
dinate with the other ligand. These complexes are the examples of
multinuclear complexes bridged by carboxylate anions to the iron
and chromium centers. Their structures were characterized by
means of elemental analysis, 'H NMR, FT-IR spectroscopy, thermal
analyses and magnetic susceptibility measurements. The magnetic
data for the multinuclear complexes show good harmony with the
d° and d3 metal ion in an octahedral structure.

References

[1] O.B. Akopova, LS. Shabyshev, L.N. Kotovich, N.V. Pankratova, Molecular
parameters, synthesis, and mesomorphism of melamine and phloroglucide
derivatives, Russ. J. Phys. Chem. 70 (3) (1996) 421-426.

[2] K. Sirivinas, U. Sirivinas, R. Jayathirtha, K. Bhanuprakasf, K.H. Kishore,
U.S.N. Murty, Synthesis and antibacterial activity of 2,4,6-trisubstituted s-
triazines, Bioorg. Med. Chem. Lett. 15 (2005) 1121-1123, doi:10.1016/
j-bmcl.2004.12.020.

[3] D.P. Hoog, P. Gamez, W.L. Dressen, ]. Reedijk, New polidentate and polynu-
cleating N-donor ligands from amines and 2,4,6-trichloro-1,3,5-triazine,
Tetrahedron Lett. 43 (2002) 6783-6786, doi:10.1016/S0040-4039(02)01498-3.

[4] M. Carmouna, H. Blanchoud, M.]. Teil, M. Blanchard, M. Chevreuil, Triazines
in the Marne and the Seine Rivers (France) longitudinal evolution and flows,
Water Air Soil Poll. 132 (2001) 1, doi:10.1023/A:1012017025060.

[5] B. Klenke, M. Stewart, M.P. Barrett, R. Brun, LH. Gilbert, Synthesis, Biological
evaluation of s-triazine substituted polyamines as potential new anti-
trypanosomal drugs, ]. Med. Chem. 44 (2001) 3440, doi:10.1021/jm010854+.

[6] H.S.Patel, V.C. Patel, Polyimides containing s-triazine ring, Eur. Polym.]. (2001)
2263, doi:10.1016/S0014-3057(01)00107-0.

[7] P.Hoog, P. Gamez, M. Liiken, O. Roubeau, B. Krebs, ]. Reedijk, Hexanuclear cop-
per(Il) complex of a novel poly(pyridine) ligand exhibiting unique long distance
ferromagnetic interactions through a nitrato-0,0’ bridge, Inorg. Chim. Acta 357
(2004) 213-218, d0i:10.1016/S0020-1693(03)00428-6.

[8] X. Wang, Q. Zhang, Synthesis, characterization, and cure properties of
phosphorus-containing epoxy resins for flame retardance, Eur. Polym. J. 40
(2004) 385-395, d0i:10.1016/j.eurpolym;j.2003.09.023.

[9] D.C. Tahmassebi, T. Sasaki, Synthesis of a new trialdehyde template for molec-
ular imprinting, J. Org. Chem. 59 (1994) 679-681, d0i:10.1021/jo00082a034.

[10] D.C.Tahmassebi, T.J. Sasaki, Synthesis of a three-helix bundle protein by reduc-
tive amination, J. Org. Chem. 63 (1998) 728-731, doi:10.1021/j0970812m.

[11] Q. Fang, L. Jiang, One-pot synthesis of three novel functional monomers con-
taining two allylphenoxy groups and one s-triazine ring, Synthetic Commun.
31(2001) 2631-2637, doi:10.1081/SCC100105389.

[12] Q. Fang, X. Ding, X. Wu, L. Jiang, Synthesis and characterization of a novel
monomer containing two allylphenoxy groups and one s-triazine ring and
the properties of its copolymer with 4,4’-bismaleimidodiphenylmethane
(BMDPM), Polymer 42 (2001) 7595-7602, d0i:10.1016/S0032-3861(01)00274-
9.

[13] K. Sirivinas, U. Sirivinas, R. Jayathirtha, K. Bhanuprakasf, K.H. Kishore, U.S.N.
Murty, Synthesis and antibacterial of various substituted s-triazines, Eur.J. Med.
Chem. 41 (2006) 1240-1246, doi:10.1016/j.ejmech.2006.05.013.

[14] C. Kim, Y. Chang, J.S. Kim, Dendritic hyperbranched polyethynylenes
with the 1,3,5-s-triazine moiety, Macromolecules 29 (1996) 6353-6355,
doi:10.1021/ma9602031.

[15] P.M. Patel, K.C. Patel, Synthesis and characterisation of polyesters based on s-
triazine, Eur. Polym. ]. 36 (2000) 861-865, doi:10.1016/S0014-3057(99)00124-
X.

[16] P. Kopel, Z. Sindelar, R. Klicka, Complexes of iron(Ill) salen and saloph Schiff
bases with bridging dicarboxylic and tricarboxylic acids, Transit. Metal Chem.
23(1998) 139, doi:10.1023/A:1006990925318.

[17] EM. Ashmawy, AR. Ujaimi, C.A. McAuliffe, RV. Parish, R.G. Pritchard,
A facile synthesis of [{Fe(salphen)},0] (salphenH, =N,N-o-phenylenebis-
(salicylidineimine)) and the X-ray crystal structure of [{Fe(salphen)},0]-DMSO,
Inorg. Chim. Acta 187 (1991) 155-158, doi:10.1016/s0020-1693(00)90388-
8.

[18] A. Elmali, O. Atakol, I. Svobodaand, H. Fuess, Structure of [N,N'-o-
phenylenebis(salicylideneaminato)]iron(Ill) chloride as a five-coordinate
monomer, Z. Kristallogr. 203 (1993) 273.

[19] J. Kamenicek, Z. Travnicek, Z. Sindelar, ]J. Walla, Redetermination of the struc-
ture of w-oxo-bis[N,N’-o-phenylene-bis(salicylaldiminato) iron(IIl)]Jdimethyl
sulfoxide solvate, Pol. J. Chem. 70 (1996) 854.

[20] R.G. Wollmann, D.N. Hendrickson, Reaction of p-oxo-bridged iron(Ill) com-
plexes with organic acids: a characterization of the products, Inorg. Chem. 17
(4)(1978) 926-930, doi:10.1021/ic50182a026.

[21] V. Juturu, J.R. Komorowski, Letter to the Editor, Am. J. Clin. Nutr. 78 (2003)
192-193.

[22] GJ. Ryan, N.S. Wanko, A.R. Redman, C.B. Cook, Chromium as adjunctive
treatment for type 2 diabetes, Ann. Pharmacother. 37 (2003) 876-885,
doi:10.1345/aph.1C304.

[23] K.Govindaraju, T. Ramasami, D. Ramaswamy, Chymotrypsin-catalyzed hydrol-
ysis of chromium(IIl) derivatives of insulin: evidence for stabilization of the
protein through interactions with metal ions, J. Inorg. Biochem. 35 (1989) 127,
doi:10.1016/0162-0134(89)80005-4.

[24] H.Y. Shrivastava, S.N. Devaraj, B.U. Nair, A Schiff base complex of
chromium(Ill): an efficient inhibitor for the pathogenic and invasive
potential of Shigella dysenteriae, ]. Inorg. Biochem. 98 (2004) 387-392,
doi:10.1016/j.jinorgbio.2003.11.012.

[25] L. Canali, D.C. Sherrington, Utilisation of homogeneous and supported chiral
metal(salen) complexes in asymmetric catalysis, Chem. Soc. Rev. 28 (1999)
85-93, d0i:10.1039/a806483k.

[26] T.P. Yoon, E.N. Jacobsen, Privileged chiral catalysts, Science 299 (2003)
1691-1693, doi:10.1126/science.1083622.

[27] P.G. Cozzi, Metal-salen Schiff base complexes in catalysis: practical aspects,
Chem. Soc. Rev. 33 (2004) 410-421, doi:10.1039/b307853c.

[28] J.F. Larrow, EN. Jacobsen, Asymmetric processes catalyzed by chiral
(salen)metal complexes, Top. Organomet. Chem. 6 (2004) 123-152,
doi:10.1007/b11772.

[29] Y. Yamashita, T. Katsuki, Asymmetric diels-alder reaction using oxo(salen)
manganese(V) complex as a Lewis acid catalyst, Synletter 8 (1995) 829-830,
doi:10.1055/s-1995-5106.

[30] K. Srinivasan, P. Michaud, J.K. Kochi, Epoxidation of olefins with cationic
(salen)manganese(Ill) complexes. The modulation of catalytic activity by sub-
stitutents, J. Am. Chem. Soc. 108 (1986) 2309-2320, doi:10.1021/ja00269a029.

[31] E.G. Samsel, K. Srinivasan, J.K. Kochi, Mechanism of the chromium-catalyzed
epoxidation of olefins. Role of oxochromium(V) cations, J. Am. Chem. Soc. 107
(1985) 7606-7617, doi:10.1021/ja00311a064.

[32] H. Yoon, C.J. Burrows, Catalysis of alkene oxidation by nickel salen complexes
using sodium hypochlorite under phase-transfer conditions, J. Am. Chem. Soc.
110 (1988) 4087-4089, doi:10.1021/ja00220a086.

[33] T. Luts, R. Frank, W. Suprun, S. Fritzsche, E. Hey-Hawkins, H. Papp, Epoxidation
of olefins catalyzed by novel Mn(Ill) and Mo(IV)-Salen complexes immobilized
on mesoporous silica gel. Part II. Study of the catalytic epoxidation of olefins, J.
Mol. Catal. A Chem. 273 (2007) 250-258, doi:10.1016/j.molcata.2007.04.010.

[34] ZE. Kog, HI Ugan, Complexes of iron(Ill) salen and saloph Schiff
bases with bridging 2,4,6-tris(2,5-dicarboxyphenylimino-4-formylphenoxy)-
1,3,5-triazine and 2,4,6-tris(4-carboxyphenylimino-4’-formylphenoxy)-1,3,5-
triazine, Transit. Metal Chem. 32 (2007) 597-602, doi:10.1007/s11243-007-
0213-7.

[35] ZE. Kog, H.I. Ugan, Complexes of iron(Ill) and chrom(lll) salen and
saloph Schiff bases with bridging 2,4,6-tris(4-nitrophenylimino-4'-
formylphenoxy)-1,3,5-triazine, J. Macromol. Sci. A 45 (12) (2008) 1072-1077,
doi:10.1080/10601320802458087.



S. Uysal, Z.E. Kog / Journal of Hazardous Materials 175 (2010) 532-539 539

[36] S.Uysal, A. Coskun, Z.E. Kog, H.I. Ugan, Synthesis and characterization of a new
dioxime and its heterotrinuclear BF,* capped complexes, ]. Macromol. Sci. A 45
(9) (2008) 727-732, doi:10.1080/10601320802222616.

[37] $S.Uysal, H.I. Ugan, The synthesis and characterization of melamine based Schiff
bases and its trinuclear[salen/salophenFe(lll)] and [salen/salophenCr(III)]
capped complexes, J. Inc. Phenom. Macrocycl. Chem. in press,
doi:10.1007/s10847-009-9581-2.

[38] S. Uysal, H.I. Ucan, The synthesis and characterization of 2,4,6-tris(3,4-
dihydroxybenzimino)-1,3,5-triazine and its [salen/salophenFe(Ill)] and
[salen/salophen Cr(Ill)] capped complexes, J. Inc. Phenom. Macrocycl. Chem.,
in press, doi:10.1007/s10847-009-9598-6.

[39] M. Gembicky, R. Boca, F. Renz, A heptanuclear Fe(Il)-Fe(Ill)s system with
twelve unpaired electrons, Inorgan. Chem. Commun. 3 (2000) 662-665,
doi:10.1016/S1387-7003(00)00160-X.

[40] G.M. Yang, D.Z. Liao, ZH. Jiang, S.P. Yan, G.L. Wang, Novel oxalate-
bridged trinuclear Fe"'-M"-Fe" (M=Cu and VO) complexes: synthesis
and magnetism, Transit. Metal Chem. 23 (1998) 313-315, doi:10.1023/A:
1015777304222.

[41] S.G. Teoh, G.Y. Yeap, C.C. Loh, LW. Foong, S.B. Teo, H.K. Fun, Inner coordina-
tion sphere tin(IV) complexes with some O,N,N-terdentate {N-(2-hydroxy-
benzaldehyde)-1-amino-2-phenyleneimine and N-(2-hydroxy-1-naphtald-
ehyde)-1-amino-2-phenyleneimine} and O,N,N,0-quadridentate{N,N’-bis[2-
hydroxy-1-naphthaldehyde)-1,2-phenylenediimine} Schiff bases, Polyhedron
16 (1997) 2213-2221, doi:10.1016/S0277-5387(96)00546-3.

[42] 1. Karatas, H.I. Ugan, The synthesis of biphenylglyoxime and bis(phenylgly-
oxime) and their complexes with Cu(II), Ni(Il) and Co(lI), Synth. React. Inorg.
Met. Org. Chem. 28 (1998) 383-391, doi:10.1080/00945719809349362.

[43] H.L. Ugan, I. Karatas, G. Irez, M.A. Deveci, B. Mercimek, The synthesis of four new
Schiff bases and some of their transition metal complexes, Synth. React. Inorg.
Met. Org. Chem. 28 (3) (1998) 331-338, doi:10.1080/00945719809349358.

[44] F.Karipcin, H.I. Ugan, I. Karatas, Binuclear and mononuclear cobalt(II), nickel(II)
and copper(Il) complexes of 4,4'-bis(alkylaminoisonitrosoacetyl)diphenyl-
methane derivatives, Transit. Metal Chem. 27 (2002) 813-817, doi:10.1023/A:
1021315931250.

[45] S.M. Khalil, A.A. Emara, Asymmetric Schiff base (N,03) complexes as ligands
towards Mn(II), Fe(Ill) and Co(Il), synthesis and characterization, J. Coord.
Chem. 55 (2002) 17-32, doi:10.1080/00958970211871.

[46] D.L. Dotson, PhD Dissertation, Part 1. The Mesomorphic properties of aryloxy-
s-triazines and their analogs, Part 2. The synthesis and polymerization behavior
of a-aminonitriles and related compounds, Virginia Polytechnic Institute and
State University, Virginia, 1996.

[47] N.M. El-Metwally, LM. Gabr, A.A. EI-Asmy, Spectral, magnetic, electrical and
thermal studies on malonyl bis(thiosemicarbazide) complexes, Transit. Metal
Chem. 31 (2006) 71-78, d0i:10.1007/s11243-005-6347-6.

[48] W. Brzyska, A. Krol, Properties and thermal decomposition in air atmosphere
of Co(II), Ni(II), Cu(II) and Zn(II) benzene-1,2-dioxyacetates, Thermochim. Acta
223 (1993) 241-249, doi:10.1016/0040-6031(93)80140-6.


http://dx.doi.org/10.1007/s10847-009-9581-2
http://dx.doi.org/10.1007/s10847-009-9598-6

	Synthesis and characterization of dendrimeric melamine cored [salen/salophFe(III)] and [salen/salophCr(III)] capped complexes and their magnetic behaviors
	Introduction
	Experimental
	Materials and methods
	Preparation of ligand complexes
	The synthesis procedure for 2,4,6-tris(4-hydroxybenzimino)-1,3,5-triazine 2
	The synthesis procedure for 2,4,6-tris(4-(4,6-dichloro-1,3,5-triazine-2-yloxy) benzimino)-1,3,5-triazine 3
	The synthesis procedure for 2,4,6-tris(4-(4,6-bis(4-carboxyphenyloxy)-1,3,5-triazine-2-yloxy)benzimino)-1,3,5-triazine 4 or 2,4,6-tris(4-(4,6-bis(3,5-dicarboxyphenyloxy)-1,3,5-triazine-2-yloxy)benzimino)-1,3,5-triazine 5
	[{Fe(salen)/(saloph)}6(2,4,6-tris(4-(4,6-bis(4-carboxyphenyloxy)-1,3,5-triazine-2-yloxy)benzimino)-1,3,5-triazine)] 6x, 6y or [{Cr(salen)/(saloph)}6(2,4,6-tris(4-(4,6-bis(4-carboxy-phenyloxy)-1,3,5-triazine-2-yloxy)benzimino)-1,3,5-triazine)] 6´x, 6´y complexes
	[{Fe(salen)/(saloph)}12(2,4,6-tris(4-(4,6-bis(3,5-dicarboxyphenyloxy)-1,3,5-triazine-2-yloxy)benzimino)-1,3,5-triazine)] 7x, 7y or [{Cr(salen)/(saloph)}12(2,4,6-tris(4-(4,6-bis-(3,5-dicarboxyphenyloxy)-1,3,5-triazine-2-yloxy)benzimino)-1,3,5-triazine)] 7´x, 7´y complexes


	Results and discussion
	FT-IR spectra interpretations of the ligands and complexes
	1H NMR spectra interpretations of the ligands
	Magnetic moment interpretations of the complexes
	Thermal analysis interpretations of the chosen ligands and complexes

	Conclusions
	References


