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Abstract Four polydentate azomehines and their mono-
and binuclear Pt(II), Cu(Il), and Ni(II) complexes were
synthesized and characterized. The resulting complexes
were characterized by FTIR, magnetic measurements,
elemental analysis, conductivity measurements, and ther-
mal analysis. Electronic spectra and magnetic susceptibil-
ity measurements sustain the proposed distorted square-
planar structures for the copper complexes. The electronic
spectra display the characteristic pattern of square-planar
stereochemistry for the other complexes. The thermal
analyses have evidenced the thermal intervals of stability
and also the thermodynamic effects that accompany them.
Azomethine complexes have a similar thermal behavior for
the selected metal ions. The decomposition processes as
water elimination, chloride anion removal as well as deg-
radation of the organic ligands were observed.
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Introduction

Azomethine metal complexes attract considerable interest
and occupy an important role in the development of the
chemistry of chelate systems because of the presence of
hard nitrogen, oxygen, and soft sulfur donor atoms in
backbones of these ligands. Tridentate and tetradentate
azomethines and their complexes are of particular interest
not only for their ability to form complexes with unusual
coordination numbers, high thermodynamic stability, and
kinetic inertness but also for their ability to exhibit cata-
Iytic [1], magnetic [2], biological properties such as anti-
microbial [3-6], antitumor [7-9], antiviral [10], fungicidal
[11] mimic biological sites upon complexation with metal
ions [12—-16] and nonlinear optical (NLO) [17], and mate-
rials chemistry by coordination chemists at all times
[18-22].

Due to such a wide range of applications, new series
of polydentate complexes of Pt(Il), Cu(Il), and Ni(Il) are
of particular interest. In our present struggle, we have chosen
four azomethines, teradentate, (3-morpholin-4-ylpropyl)
[(1Z)-pyridin-2-ylmethylene]amine Lh: pentadentate,
N,N'-(bis(pyridine-2-yl) formylidene)diethylenetriamine (Lz);
tetradentate, 2-piperazin-1-yl-N-[(1Z)-pyridin-2-yl methy-
lene]ethanamine (L); and a tridentate, 1-pyridin-2-yl-N-
[(1E)-pyridin-2-yl methylene] methanamine (L*) to prepare
Cu(I), Ni(II), and Pt(Il) complexes with different molecular
properties. Polyamines, heterocycles, and azomethines are
important chelating ligands [23-25] in this regard. The ther-
mal behavior of the complexes with azomethines have
attracted attention in the last years [26, 27], this attention
being focused on the species that could have some practical
applications [28, 29].The details of synthetic, spectral, mag-
netic, and thermal behaviors of these compounds are
described.
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Experimental
Materials

The high purity reagents were obtained commercially and
used as received without further purification. Spectroscopic
grade and argon saturated methanol was used for the azo-
methine syntheses to prevent the hydration.

Physical measurements

Elemental analyses (carbon, hydrogen, and nitrogen) were
performed on a Perkin-Elmer 2400 CHN elemental
analyzer. IR spectra (KBr discs, 4000400 cm™") were
recorded using a Perkin Elmer BXII spectrometer. 'H and
3C NMR spectra of the ligands were measured with a
Varian 300 MHz spectrometer in CDCIl; and CD;OH
and chemical shifts were indicated in ppm relative to the
solvent peak. Mass spectra were measured with GC-MS,
Thermo Finnigan Trace DSQ. Molar conductance was
measured using a WTW inolab cond 720 conductivity
meter, where the cell constant was calibrated with 0.001 M
KCl1 solution, and methanol was used as solvent. Thermal
studies were made with a Seiko SII TG-DTA 6300 TG/DT
analyzer heated from 20 to 1200 °C under dry air. The end
products in TG-DTA study were analyzed by a Bruker D2
Phaser XRD. Electronic spectra were measured with an
Agilent diode array HP 8453 UV-VIS spectrophotometer.
The molar magnetic susceptibilities of the complexes were
measured on powdered sample at room temperature using
a Sherwood Scientific Magnetic Susceptibility Balance.

Synthesis of (3-morpholin-4-ylpropyl)[(1Z)-pyridin-2-
ylmethylene]amine, L'

(3-Morpholine-4-ylpropyl)amine (2.88 g, 20 mmol) and
pyridine-2-carboxaldehyde (2.14 g, 20 mmol) were mixed
together in 50 mL dry argon saturated methanol and
refluxed for 9 h. The yellowish solution was concentrated
on a rotary evaporator and left for crystallization. A yel-
lowish oily product was obtained. The purity of the sub-
stance was checked by thin layer and one component was
observed. Yield: % 71, 3.31 g. Anal. calcd. for C;3H;9N3O,
(233.31 g/mol): C 66.9; H 8.2; N 18.1%. Found: C 66.7; H
84; N 18.3%. FTIR (KBr, cm™'): 3057 v(Ar—-CH),
2949-2812 v(R-CH), 1648 v(CH=N). '"H NMR (4, ppm,
CDCl3): 13.15 (OH, s), 8.65 (CH=N, s), 8.56-7.32 (Ar-H),
3.72 (t, CH,-0,), 2.71 (t, CH,-N), 2.44 (t, CH,-), 1.93 (t,
CH,-N), 1.74 (m, -CH,-) "*C NMR (4, ppm, CDCls):
178.79 (CH=N), 162.33, 154.52, 149.55, 136.80, 121.41
(aromatics) 67.11, 59.52, 56.76, 53.83, 27.66 (aliphatics
and morpholine -CH,-). MS (El): m/z 234.15 [M]™.
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Synthesis of N,N'-(bis(pyridine-2-
yhformylidene)diethylenetriamine, L*

This ligand was prepared by the same procedure with L'.
Yield: (76%) 4.71 g. Anal. calcd. for C;¢H 9N5 (281.36): C
68.3; H 6.8; N 24.9%. Found: C 68.5; H 6.9; N 25.1%. IR
(KBr, cm™"): 3304 (NH), 3012 (Ar—CH), 2933-2835 (R-
CH), 1653 (C=N), 1595(C=C). "H NMR (4, ppm, CDCl5):
8.53 (s, CH=N), 7.67-7.11 (Ar-H), 3.90 (t, -CH,), 2.72 (t,
—CH,). *C NMR (6, ppm, CDCly): 178.79 (CH=N), 159.74,
149.23, 136.67, 122.47, 122.07 (aromatics), 55.07, 48.95
(aliphatics). MS (El): 282.17: m/z: 281.33.

Synthesis of 2-piperazin-1-yl-N-[(1Z)-pyridin-2-
ylmethylene]ethanamine, L

This ligand was prepared by the same procedure with L'.
Yield: % 81, 3.72 g. Anal. calcd. for C;,H;gN4 (218.30): C
66.0; H 8.3; N 25.7%. Found: C 66.1; H 8.2; N 25.6%.
FTIR (KBr, cm™"): 3360-3291 v(NH), 3080 v(Ar—CH),
2940-2815 v(R—CH), 1649 v(CH=N. 'H NMR (4, ppm,
CDCl3): 8.58 (CH=N, s), 8.35-7.26 (Ar-H), 3.78 (t, CHy—
N=), 2.85 (t, CH»-N,), 2.67 (t, CH,-), 2.47 (t, CH). '*C
NMR (d, ppm, CDCly): 178.79 (CH=N), 154.48, 149.62,
137.30, 125.01, 121.60 (aromatics), 58.78, 54.87, 53.94,
46.11 (aliphatics and piperazine). MS (EI): m/z 219.19
M]".

Synthesis of 1-pyridin-2-yl-N-[(1E)-pyridin-2-
ylmethylene]methanamine, L*

This ligand was prepared by the same procedure with L'.
Yield: % 81, 3.72 g. Anal. calced. for C,,H; N3 (197.24): C
73.1; H 5.6; N 21.3%. Found: C 73.0; H 5.7; N 21.1%.
FTIR (KBr, cm™'): 3062-3012 v(Ar—CH), 29162860 v(R—
CH), 1648 v(CH=N, 'H NMR (J, ppm, CDCl;): 8.30
(CH=N, s), 8.33-7.16 (Ar—H), 3.73 (s, CH,-N=). '*C NMR
(8, ppm, CDCl3): 160.94 (CH=N), 158.25, 157.20, 149.52,
148.31, 136.74, 135.70, 124.16, 123.58, 122.17, 121.69
(aromatics), 73.87 (N-CH,). MS (El): m/z 197.24 [M]".

Synthesis of the complexes

All the complexes of azomthines with Pt(II), Ni(Il), and
Cu(I) were prepared by following general method. The
metal salt (10 mmol) was dissolved in 40 mL argon satu-
rated methanol and the solution was added to a stirred
solution of azomethine (12 mmol) in 30 mL argon satu-
rated methanol solution at room temperature. On addition
of metal to ligand solution immediate color change was
observed according to the metal ions. Then the solution
was warmed up to 50 °C and stirred for 10 h and then
solution was concentrated on rotary evaporator. Solutions
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were left for crystallization but amorphous powders were
obtained. The resulting precipitates were filtered by suction
and then dried at vacuum oven at room temperature for
24 h. The elemental analysis data are summarized in
Table 1. The proposed structures of the complexes and
ligands are given in Schemes 1 and 2.

Table 1 Analytical data of the azomethines and their complexes

FTIR study

The FTIR spectra of the azomethines show N-H stretching
vibration around 3200 cm™"' in L? and L? along with the
several weak bands in the region 2940-2840 cm™' for
aliphatic C-H stretching. The moderately intense bands are

Compounds Analysis found %/calc. Ues/B.M.

C H N M
L 66.83/66.72 8.41/8.27 18.31/18.01 - -
[PtL}] Cl,-H,O 40.73/40.63 5.39/5.51 10.85/10.93 25.19/25.38 Diamagnetic
[CuL'],Cl,-3H,0 39.42/39.55 5.53/5.62 10.52/10.64 15.92/16.10 1.34
L? 68.51/68.34 6.92/6.81 25.11/24.89 - -
[NiL?]Cl,-2H,0 42.81/42.99 5.26/5.19 15.86/15.67 13.08/13.13 Diamagnetic
[CuL?],Cl,-3H,0 43.27/43.40 5.21/5.02 15.93/15.82 14.21/14.35 1.39
L’ 66.13/66.02 8.24/8.31 25.61/25.67 - -
[NiL*] Cl,-3H,0 35.86/35.99 5.83/5.78 14.52/14.64 14.57/14.65 Diamagnetic
[PtL3]Cl,-H,0 40.17/40.00 5.44/5.32 15.41/15.55 27.13/27.07 Diamagnetic
[CuL?|Cl,-H,0 38.85/38.98 5.32/5.18 14.21/15.15 17.13/17.19 1.81
L 73.18/73.07 5.71/5.62 21.14/21.30 - -
[NiL*CI]CI1-2H,0 39.73/39.61 4.48/4.33 6.03/6.14 16.07/16.14 Diamagnetic
[PtL3] Cl,-H,0 42.61/42.49 3.78/3.57 12.27/12.39 28.68/28.75 Diamagnetic
[CuL3]Cl, 50.37/54.50 4.38/4.19 15.66/15.89 11.89/12.01 1.88

Scheme 1 Proposed structures
of the complexes. Counter ions
and water are omitted N Cy
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Table 2 Selected FTIR/cm ™" and electronic/nm spectral data of the ligands and complexes

Compounds v/H,O v/NH v/C=N v/C=N(cyc) v/IC-O v/M-O v/IM-N C.T. bands
L! - - 1648 1589 1437 - - -

[PtL}] CL-H,0O 3431 - 1616 1581 1447 483 431 266
[CuL'],Cl,-3H,0 3432 - 1635 1600 1446 491 419 390, 510
L? - 3308 1653 1593 - - - -
[NiL?]Cl,-2H,0 3466 3214 1642 1606 - - 422 283, 390
[CuL?],Cl,-3H,0 3446 3025 1635 1607 - - 421 295, 612
L’ - 3291 1649 1588 - - - -

[NiL*] Cl,-3H,0 3438 3218 1632 1599 - - 420 277, 376
[PtL3]Cl,-H,0 3427 3286 1629 1544 - - 432 261
[CuL*|Cl,-H,0 3431 3204 1646 1598 - - 419 334, 663
L - - 1658 1592 - - - -
[NiL*C1]C1-2H,0 3450 - 1647 1604 - - 425 274, 393
[PtL3] Cl,-H,O 3440 - 1631 1605 - - 433 280
[CuL3ICL, - - 1644 1606 - - 418 390, 660

observed in between 3030 and 3100 cm ™' due to aromatic
symmetric asymmetric C-H stretchings. The bands
between 1648 and 1658 cm™' in the free ligands are
assigned to v/C=N. These bands are shifted to lower wave
numbers 1616-1647 cm™' in the complexes due to the
coordination of the nitrogen atom of the azomethine group
to the metal ion [30, 31]. The band assignable to v/C-O at
1437 cm™ ! is shifted to higher wave number 1447 cm™" in
complexes. This shift is the indication of involvement of
morpholine oxygen in complex formation. The v/C=N
(cyclic) IR bands in the ligands are also shifted higher
frequencies in the complexes, indicating that pyridine
nitrogen is coordinated to the metal ions. The bands
observed for the complexes between 483-491 and 418-433
cm~! were metal sensitive and are assigned to v/M—O and
wM-N [32], respectively. The appearance of the strong
bands at 3400-3450 cm™"' suggests the presence of water
in the complexes. The selected and most important IR
absorption bands of the ligands and complexes are listed in
Table 2.

Electronic spectra

Electronic spectra of metal complexes were recorded in
argon saturated ultrapure water. Electronic spectra of the
complexes show d-n* Metal-Ligand Charge Transfer
(MLCT) transitions in the region 350-400 nm which can
be assigned to the combination of B, ¢ = zEg and
‘B g = 2B2g transitions [33] in a distorted square-planar
environment [34] and another high intensity intra-ligand
(m—m*) transitions in between at 290 and 319 [35, 36]. The
second expected low-energy ligand field bands, observed
in between 480 and 650 nm range and are assigned as
d—d transitions. The Ni(II) complexes are diamagnetic and
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the bands around 390-427 nm could be assigned to
lAlg - lBlg transition [37] consistent with low spin
square-planar geometry. Pt(Il) complexes are all four
coordinated; therefore square-planar geometry around the
metal is expected. The appearance of two/three bands in
the present complexes suggests them to possess square-
planar structures.

'H and "*C NMR spectra

The 'H and '*C NMR spectra of the azomethines were
carried out at room temperature in CDCIl;. The data are
summarized in the synthesis of ligands. All the ligands
show characteristic singlets at 8.65(L1), 8.53(L2), 8.58(L3),
and 8.30(L*) ppm for —-CH=N- protons and '*C peaks at
162.33, 178.79, 178.79, and 160.94 ppm are observed for
—CH=N-, respectively. Aromatic protons appear in
between 8.56 and 711 ppm and '*C peaks are observed in
between 162.33 and 121.66 ppm.

Molar conductance

The observed molar conductances of the Cu(Il), Ni(Il),
and Pt(I) complexes in 1 x 10~% molar methanol solution
are in the range 107-178 S cm? mol ™" for all complexes
except for NiL* which is found to be 71 S cm® mol ™.
The molar conductivity measurements show that all the
complexes are electrolytes in methanol. [NiL*]Cl complex
has monovalent cation and counter ion, chloride for the
electrical neutrality. The molar conductance values are
consistent with the divalent cation and monovalent anions
for [CuL*|Cl,, [CuL*|Cl,, [NiL|Cl,, [NiL?|Cl,, [PtL']CL,
[PtL?]CL,, [PtL*|Cl, and tetravalent cations with monova-
lent anions for [CuzLi]Cu and [CuzL%]CLL
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Table 3 Thermoanalytical results for the complexes

Complex Step Onset/°C Endset/°C Leaving group Mass loss/% Residue
— Expt./Calc.
Exp Calc.

[CuL'1,Cl4-3H,0 1 25 198 H,O0 6.1 6.8 Cu0 6.1/9.9
2 198 417 L'+ Cl, 87.6 80.7
3 417 620

[CuL?],Cly-3H,0 1 25 198 H,0 6.1 6.1 CuO 7.6/8.9
2 198 356 L? + Cl, 86.9 79.6
3 356 644

[CuL’] Cl,-2H,0 1 25 190 H,0 45 438 CuO 14.3/17.1
2 190 354 L* +ClL 82.1 78.2
3 354 614

[CuL3]CL, 1 25 390 L* + Cl, 92.1 88.4 CuO 7.5/12.0
2 390 629

[PtL}] Cl,-2H,0 1 25 223 H,O 5.6 4.7 PtO 19.8/25.4
2 223 339 L'+ CL 74.1 70.0
3 339 579
4 579 975

[PtL3]Cl,-H,0 1 25 198 H,O0 32 2.5 PtO 24.1/29.3
2 198 361 L® + Cl, 71.5 70.5
3 361 581
4 581 917

[PtL3] Cl, H,O 1 25 196 H,O 2.6 2.6 PtO 29.0/31.1
2 196 391 L+ Cl, 68.5 68.6
3 391 598
4 598 988

[NiL?] Cl, 2H,O 1 25 204 H,O0 8.0 6.5 NiO 20.0/17.3
2 204 376 L? + Cl, 78.8 76.1
3 376 649

[NiL*ICL, 3H,O 1 25 178 H,O 145 135
2 178 368 L*+ClL 72.1 69.2 NiO 18.6/18.6
3 368 638

[NiL*CI]CI-2H,0O 1 25 188 H,O0 10.0 10.9 NiO 22.9/21.0
2 188 668 L* + Cl, 73.9 67.5

Thermal analysis

TG-DTA analyses were performed in the temperature
range of 25 and 1200 °C in the static dry air atmosphere to
examine thermal stabilities of complexes. The TG curves
of the Ni(Il), Cu(Il), and Pt(II) complexes with the same
ligands are very similar and that of complex NiL? is dis-
cussed as an example. Thermal analysis data of the com-
plexes are summarized in Table 3. The TG curves show
mainly three stages in the decomposition process. The first
stage decomposition temperature is in the range of
25-162 °C, with a mass loss of 14.5%, which corresponds
to the loss of 3 mole of water calculated (13.5%). In the
second to third stage of decomposition in the 162-638 °C

temperature range, the remaining organic ligand molecule
and two chloride ions are lost, with a mass loss of 69.2%
(caled. 72.1%). The final product is the NiO (18.6%, calcd.
18.6%). These results are in good accordance with the
composition of the complexes. The thermogravimetric
analyses reveal greater thermal stability of the Pt(Il)
complexes over the Ni(II) and Cu(Il) azomethine com-
plexes. It is confirmed that most of the complexes contain
water in the structure. As a result of the thermal study,
qualitative conclusion can be done for the stability of the
complexes. PtL' complex is the most stable one and Pt(II)
complexes are much more stable than the other complexes.
The TG curves of the complexes are given in Figs. 1, 2, 3,
4, and 5.
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Fig. 1 TG curves of the Cu(Il) complexes in dry air with heating rate
15 °C min~". Sample holder: silica, sample mass: §—10 mg
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Fig. 2 TG curves of the Ni(I) complexes in dry air with heating rate
15 °C min™"'. Sample holder: silica, sample mass: 8—10 mg
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Fig. 3 TG curves of the Pt(Il) complexes in dry air with heating rate
15 °C min™"'. Sample holder: silica, sample mass: 8—10 mg

Magnetic moments of the complexes

The magnetic susceptibilities of the solid-state complexes
under discussion were measured by the Gouy balance
method. It was found that the effective magnetic moments
of some of the complexes at room temperature are sub-
stantially lower (1.34 and 1.39 for CuL' and Cu L2

@ Springer

100.07 TN
80.0 24.9%
o 60.0 -
& 39.9%
Q)
'_
40.0 -
20.0
1200Cel
19.7%
0.0 | | | 1 1 1
200 400 600 800 1000 1200
Temp/°C
Fig. 4 The thermal decomposition of the NiL* complex
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Fig. 5 The labeled TG decomposition curve of the NiL? complex

respectively) than the pure spin value. The reduced mag-
netic moments of the dimeric copper complexes (L' and
L?) are consistent with the proposed dimeric planar struc-
tures with some tetrahedral distortion. The lowered mag-
netic moments are entirely due to exchange couplings since
the magnetic moments of complexes with L* and L* which
are found as monomeric complexes have magnetic
moments 1.81—1.88. These data suggest that the L' and L2
copper complexes have dimeric structures. The absorption
spectra of the dimeric and monomeric structures show a
broad absorption in the region 480—-660 nm. The positions
of absorption bands are consistent with square planar
structures. Ni and Pt complexes are monomeric square
planar diamagnetic complexes.

Conclusions

In this article, we presented copper(Il), nickel(Il), and
platinum(II) complexes of four polydentate azomethine
ligands. The metal centers in all complexes are four
coordinated with square-planar geometry for Pt(II) and
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Ni(II). The copper center is four coordinated with distorted
square-planar geometry, which was also confirmed through
UV-Vis spectral studies in solution. Cu2L} and Cu2L3 are
bimetallics while CuL® and CuL* are monometallic com-
plexes. The structure of the complex is well sustained by
the other spectral, room temperature magnetic moment,
thermal, and conductometric studies. Since the similar
configurations of the three Pt(Il) complexes, their three-
step thermal decomposition processes are also very similar.
Ni(Il) and Cu(Il) complexes have two or three steps
decomposition according to the structure of the ligands.
The lattice water in the structures leads to remarkable
increase inner and inter hydrogen bonds, so complexes are
more tightly combined with each other. As a result azo-
methines in the complex structure posses less flexibility
and lead to high thermal stability. The higher decomposi-
tion temperature under the linear heating rate indicates that
Pt(II) complexes are much more stable than the other metal
complexes. Cu(Il) complexes are the least stable in the
series studied.
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