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Abstract

New series of Schiff base macrocyclic complexes have been prepared through a
new chemical approach. Firstly, ligand Bis (2,6-diamine pyridine 2,5-hexanedione
(DP-HD)  prepared via reacting of 2,6-diamine pyridine (DP) with 2,5-
hexanedione(HD) in molar ration (1DP:1HD). The complexes of this ligand include
Mn (I1), Fe (I1), Co (I1), Ni (I1) and Cu (1) as central metal ions also prepared with a
molar ratio of (1 ligand:1 metal ion). Metals chloride was used as raw materials for
this preparation. A variety of spectral and physical techniques were applied to
characterize the macrocyclic complexes such as 1H-NMR, FT-IR, UV-Vis, CHN
analysis, conductivity, Atomic absorption and magnetic susceptibility. Depending
on spectral and magnetic measurements, the suggested geometrical shapes of these
complexes were reported. FT-IR spectroscopy recorded the coordination sites based
on the ligand's main group bands that could shift to a lower frequency. Finally,
thermal stability has been investigated for ligands and their complexes. While the
thermal gravimetric analyses (TGA) and differential thermal analyses (DTA)
approved the stability of these compounds if compared to their ligands only.

Keywords: Macrocyclic ligand, transition metal complexes, Schiff base complexes,
Thermal stability.
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1. Introduction

Schiff bases have been recorded as familiar ligands react with most transition metals to
form stable complexes [1, 2]. These complexes have many applications, such as health topics,
industrial topics, and other applications [3, 4]. The Macrocyclic Schiff base ligand has unique
coordination with the metal ion in the center of cyclic ligand formation. This formation is
similar to biological molecules such as hemoglobin, chloroprene, catalytically enzyme and
vitamin B12. Most complexes of macrocyclic Schiff base ligand stable with a high oxidation
state of metal ion, slow coordination reaction, and high thermal stability [5, 6].
The development of transition metal reaction with macrocyclic ligand encountered some
difficulties; for example, most non-transition metals react with large ring ligands such as
Pb(l11), Ba(ll) and Ag(ll), the transmetallation technique has been used to form the same
complex with a transition metal, in this case, the complexes of non-transition metal must be
dissolved completely in the solvent [2, 7].
Pyridine and it's substitution are used widely in macrocyclic Schiff base synthesis, many
transition metal complexes prepared by reaction of metals (Cr (111), Mn (1), Fe (111), Co (I1),
Ni (II) and Cu (Il)) with 2,6-diacetyl pyridine once and with 1,2-di(o-amino phenyl)
thioethane another once [8]. Non-transition metal complexes prepared in similar way, the
dinuclear complex of Pb(ll) of pyridine Schiff bases ligands with formula
[Pb2(BT)(BI)2(SCN)2] (BT= Benzotriazole, Bl= Benzoimidazole) [8, 9].
Thermal stability study of complexes very important to indicate the properties and the
applications especially in the industrial applications. The thermal gravimetric analysis will be
helpful in this study [3]. In this work, we aim to prepare some transition metal complexes
with large cycle ligand and study the thermal stability of them in order to indicate the future
applications of these complexes.
2.Experimental
All chemicals used are fine chemical and all the compounds are prepared according to
literature preparation methods [3, 10-12].
2.1. Preparation of Bis(2,6-diamine pyridine 2,5-hexanedione) (DP-HD):
A solution of 2,6-diamine pyridine (DP) (0.02mol, 2.2g) dissolved in 30ml of warm ethanol
was added to (0.02mol, 2.28g) of 2,5-hexanedione (HD) (dissolved in 30ml of warm ethanol
too). Then 1ml of concentrated HCI was added to the mixture, and all these content refluxed
for 12h. After that, the mixture concerted to a half volume (approximately 20ml), it left
overnight to cool. A dark gray precipitation appeared can be separated by filtration and
washed by ethanol and diethyl ether several time. Then after the precipitate was dried at room
temperature and then in an oven below 100°C. The filtered solution was concentrated slowly
by evaporation at room temperature to obtain more participation. Scheme (1) shows the
prepared ligand (DP-HD).

1886



Sababh et al. Iragi Journal of Science, 2022, Vol. 63, No. 5, pp: 1885-1893

0]

3 /
=N~ N7 "N=C
N | |

‘ conc. HCI CH, CH,
AT —— | |

NH, "N NH, S reflux 12h CH, CH,

2,6-diamine pyridine 2,5-hexanedione =N N\ N=C

(DP) (HD)

Bis(2,6-diamine pyridine 2,5-hexanedione) (DP-HD)
Scheme 1- Prepared Ligand (DP-HD) Bis(2,6-diamine pyridine 2,5-hexanedione)

2.2. Preparation of the complexes:

(0.01mol) of (DP-HD) was dissolved in warm 20ml ethanol and dropwise addition with
constant stirring to a solution of (0.01mol) metal ion dissolved in 20ml ethanol (metal as
metal chloride) with a molar ratio is 1:1 (ligand: metal), the mixture reflex for 15h, then
concentrated to 20ml. The precipitate then was washed with diethyl ether.

2.3. Characterization methods:

Several spectral and physical methods were used to characterize the prepared compounds. The
infra red spectroscopy (IR) was carried out by using ALPHA FT-IR spectrometer Bruker,
JASCO Canvas FT/IR 4200 (with KBr and Csl desk). At the same time, the conductivity of
prepared samples was recorded via the HANNA EC214 conductivity meter. Elemental
analysis (CHN) was carried out via Euro EA Elemental Analysis Euro 3000-Italy. Atomic
absorption for metal ion analyses was carried out by atomic absorption spectrophotometer of
type SensAA GCB scientific equipment system 3000. Proton NMR at NMR 60 pro version
(1.0). Electrothermal melting point 9100 was used to determine the melting point. Magnetic
susceptibility was tested by using Sherwood MK1. Shimadzu 1800 spectroscopy was used for
UV-Vis measurements, for the thermal study were carried out by METTLER TOLEDO
TGA\DSC with STARe evaluation software virgin (16.3) at 25-600°C with heat ramping rate
5°C/min to get more accurate results. All compounds were finely characterized. Table 1
shows some physical properties of the prepared compounds.

Table 1- Some physical properties of prepared compounds

CHN cal./(found) M% Cl%
No. Compound Color m.p °C cal./ cal./
P P % H%  N% found)  (found)
7058  6.95  22.46

(69.48) (6.64) (23.14)

Dark 4589 547 1690  10.24 13.2

2| IMnOP-HD)(HO)LCL] oy 1027105 4708 (5582) (15:34) (12.88)  (14.8)

5272 523 1677 1114 141
3 [Fe(DP-HD)CI,] Black 123125 coeoy 43 (1591) (1055  (139)
5240 520 1666 1170  14.0
(54.20) (4.86) (15.36) (12.12)  (14.5)
5242 520 1667  11.65 14.0
(53.88) (5.27) (15.33) (12.05) (13.3)
Dark s0< 5192 515 1651 1249 139
brown (52.75) (4.63) (15.01) (13.22) (13.0)

1 (DP-HD) Dark gray 80-83

4 [Co(DP-HD)CI,] Gray 110-113
5 [Ni(DP-HD)CI,] Dark gray 113-115

6 [Cu(DP-HD)CI,]

1887



Sababh et al. Iragi Journal of Science, 2022, Vol. 63, No. 5, pp: 1885-1893

3. Results and discussion

Figure 1 shows 'H-NMR spectral for ligand (DP-HD) (the solvent used DMSO-d6 appears at
(6 2.50), 6-1.99 (s, 12H), 6-5.76 (t, 8H, J= 6.0 Hz), 6-6.42 (m, 2H), 8-7.30 (m, 4H), the
conductivity measurements carried out by using DMSO as a solvent with concentration 10
M at 25°C. These results prove that the complexes are nonconductive and the chloride ion is
connected directly with the metal ion in the coordination sphere expect the chromium
complex. On the other side, the complexes geometrical shape are tetrahedral, which suggested
depends on the magnetic susceptibility and spectral data, which a good matching with the
literature [10, 13-15]. Table 2 show the conductivity, magnetic data and spectral bands value
with their transition bands.

c

1.0 4 a ‘ ) a

Normalized Intensity

7
CH car Shift (ppm

Frgure 1- The *H- NMR spectral of the Ilgand (DP HD)

Table 2- Conductivity, magnetic and spectral data

Conductivity Bands Suggested
No. Compound (ohm™.cm®mol™) Heri(B.M) cm™ transitions
28248 n—m*
1 (DP-HD) 34602 T
18181 *A,g—Eg
2 [Mn(DP-HD) (H,0),Cl,] 0.22 6.08 23999 g T, (G)
3 [Fe(DP-HD)Cl] 0.16 4.73 Egg; SE_5T,
14836 ‘A, (F)— T, (F)
4 [Co(DP-HD)Cl,] 0.18 3.92 16477 ‘A, (F)— T, (F)
17761 ‘A, (F)— Ty (P)
12610 T, (F)— °T, (F)
5 [Ni(DP-HD)Cl,] 0.31 3.81 14164 T, (F)-°A; (F)
14310 T, (F)>°T, (P)
6 [Cu(DP-HD)Cl,] 0.20 2.62 14310 T,-%E

The infrared results confirm the suggested coordination site and identify the main groups in
the prepared compounds. The stretching IR spectrum of ligand show a strong band at
(1647cm™) referring to: v(N=C).n azomethine group, and that agrees with the literature [3,
16], while the pyridine ring shows the bands at (1517,1562 cm™) belongs to v(C =N)py group,
and the bands (1382, 1456 cm™) refer to stretching frequency of v(C= C)py [17]. The other
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two bands at (3182 cm™) and (2975 cm™) refer to v(C-H)a, and v(C-H). frequency
respectively. For the water band appears at (3357 cm™) [18-20], Figure 2 show the IR

spectrum of the ligand.
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Figure 2- IR spectrum of ligand (DP-HD) Bis(2,6-diamine pyridine 2,5-hexanedione)

In complexes IR spectrum, it was observed that decrease in v(C=N),m value within
(10-40 cm™). This shifting in this group band indicates the coordination site from the nitrogen
atom of azomethine in the ligand, while the v(C=N)y, stretching frequency value decries up
to (50 cm™), refer to coordination from the nitrogen atom of pyridine. The stretching
frequency of vw(M-N) and v(M-Cl) bands appear at (430-465 cm™) (235-325 cm™),
respectively. The other main group did not show any notable change in their frequency. Table
3 shows the main group’s IR band in the prepared compounds.

Table 3- IR spectral data of prepared compounds in cm™

No. Compound v(C=N)an V(C=N),, V(C-H)gr V(C-H)aipn
1 (DP-HD) 1647 1652,1517 3182 2975
2 [Mn(DP-HD)(H,0).Cl,] 1638 1449 3196 2919
3 [Fe(DP-HD)CI,] 1641 1455 3190 2925
4 [Co(DP-HD)CI,] 1639 1479 3201 2999
5 [Ni(DP-HD)CI,] 1609 1480 3177 2974
6 [Cu(DP-HD)CI,] 1581 1430 3163 2920

No. Compound v(M-N) v(M-CI) v(H,0) v(M-O)
1 (DP-HD) 3357
2 [Mn(DP-HD)(H,0),Cl,] 435 272 3318 440
3 [Fe(DP-HD)CI,] 442 260 3320
4 [Co(DP-HD)CI,] 451 281 3326
5 [Ni(DP-HD)CI,] 449 310 3298
6 [Cu(DP-HD)CI,] 457 214 3351

The suggested structure is shown in Figure 3 from all physical and spectral propertiesis .
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Figure 3- The suggested complexes’ structure

This work aims to study the thermal stability of the prepared compounds. The thermal
study can be useful to predicate the complex beavers especially when they use in the
industrial process such as biological uses, polymer production and other application [3, 21-
23]; knowing thermal properties to determine the right decision of identified these compounds
in the various and specific application.

Thermal gravimetric analysis (TGA) was carried out, as shown in the experimental part.
The (TGA) analyses of the ligand (DP-HD) show that the mass loss process pass through two
main steps. The first step includes the remove of the moistness water at a temperature up to
100°C. In contrast, the second step includes the dissociation of the compounds to original
parts with temperature from 120°C to 415°C. The (TGA) diagram of the ligand is shown in
Figure 4, differential thermal analyses (DTA) is shown in Figure 5 and differential scanning
calorimetry (DSC) is shown in Figure 6. Time, temperature and losing mass ratio percentage
of the ligand dissociation steps are listed in Table 4.

Left Limit ~ 0.00 min 1L2 001
Ty Right Limit 19.48 min Sample Weight
Heating Rate 5.00 °Cmin”-1 1.2 001, 7.8290 mg

80

60 Left Limit 19.56 min

Right Limit  74.75 min
Heating Rate 5.00 °Cmin”-1

404

204

280

80 100 120 140 160 180 200 220 240 260

300

320 340 360 380

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 min

Figure 4- TGA diagram of the ligand (DP-HD) Bis(2,6-diamine pyridine 2,5-hexanedione)
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Figure 5- TGA and DTA of the ligand (DP-HD) Bis(2,6-diamine pyridine 2,5-hexanedione)
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Table 4- TGA data of the ligand (DP-HD)

Steps Temp. °C Mass Loss%
1 25-120 17.66%
2" 120-400 82.34%

The complexes thermal stability was studied too and compared with the ligand. The results
approve all complexes are more stable than ligand, as can be seen in Figure 7, the complex
with metal Mn, Fe and Co ions (2-4) is more stable than the complex with Ni and Cu metal
(5,6). All complexes can be applied in an industrial process that needs heat rampage below

300°C.
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Figure 7- TGA and DTA of the ligand (DP-HD) and its complexes (2-6)
4. Conclusion:

The spectral and magnetic measurements has determined the geometrical shapes of
prepared macrocyclic complexes to be an octahedral geometry for Mn(Il) complex [Mn(DP-
HD)(H,0),Cl;]. At the same time, the other complexes showed tetrahedral geometrical shapes
that have a general formula [M(L)Cl,] (M = Fe(ll), Co(Il), Ni(Il) and Cu(ll)).

The thermal study showed that the ligands were stable below 300°C. While the complexes
were more stable than ligands at the same conditions, and they were stable up to 300°C.
Complexes (2-4) have good thermal stability compared with complexes (5,6). All the
prepared macrocyclic compounds can be utilized in any industrial applications at temperatures
below 300°C.
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