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SYNTHESIS AND SPECTROSCOPIC CHARACTERIZATION OF Fe(I11I), Mn(II) AND
Cu(Il) COMPLEXES WITH N’-MALEOIL-SALICYLIC-HYDRAZID
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[Fe(C;1H9N205)2(H20)2]'3(C3H7N0) (1), [Ml’l(C]1H9N205)2(H20)2]'3(C3H7NO) (2) and
[Cu(C;HoN,0s),(H,0),]*3(C3H:NO) (3)complexes have been synthesized and characterized by
elemental analysis, FT-IR and EPR spectra, magnetic susceptibility and thermal analysis. All
complexes show distorted octahedral geometry. In 1, 2 and 3complexes, metal ions are
coordinated by means of two oxygen atoms of salicylic residue and two nitrogen atoms bonded

with maleic residue and two water molecules.
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1. Introduction

Hydrazides of  carboxylic  and
dicarboxylic acids are of theoretical and
practical interest. An emphasis laid on these
compounds is due, first of all, to their ability to
change the dentation depending on reaction
conditions and form both mononuclear and
polynuclear  complexes.  N’-acylsalicyl-
hydrazides contain two or three nitrogen and
oxygen donor atoms which can coordinate
with metal atoms and give rise to various
structural types such as trinuclear polymer [1],
hexanuclear, octanuclear, decanuclear and
dodecanuclear metalladiazamacrocycles [2-4].

At present, quite a lot of theoretical and
experimental data have been accumulated on
the physical-chemical properties, composition
and structural features of transition metal
complexes. This is due to the fact that many of
their coordination compounds have high

physiological activity to serve as a basis for
creating promising materials. In particular,
they are based on characteristic hydrazides
complexes TB [5-6], anticancer [7-9], anti-
malaria [10] and antimicrobial [11-12] activity
and bactericidal, fungicidal, and antiviral [13]
effect.

The aim of our work is to search for
ligands that form polynuclear complexes. With
that end in view, we synthesized a N’-
acylsalicylhydrazide ligand  [(2-hydroxy-
benzoyl) of hydrazinyl]-4-oxobut-2-enoic acid
(H4L) by means of the method [14] based on
the following: it is a potential heptadentate
ligand with —OH, -COOH and -CONHNHCO-
which can construct multinuclear coordination
polymers with transition metals. However, as
shown in the work, this compound together
with Fe(Ill), Mn(II) and Cu(II) ions behave as
a bidentate monoanionic ligand.

2. EXPERIMENTAL

2.1. Measurements

Note that IR spectra were recorded on a
NicoletIS10 Spectrometer using KBr discs in
the range 4000-400 cm '. The'H
and "CNMR spectra were obtained on a

BrukerDPX-400 Spectrometer using MeOD-
solvent at 300 K. Magnetic moments at 25°C

were determined using the Faraday method
with Hg[Co(SCN),] as calibrant.
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2.2 Synthesis of H4L. (N’-maleoyl-salicylic hydrazide)

Salicylhydrazide = was  synthesized
according to the literature procedure.
Maleic anhydride (0.981 g, 10 mmol) was
added to the solution of methanol (40 mL)
with salicylhydrazide (1.52 g, 10.0 mmol) at
room temperature. The reaction mixture was
stirred. The reaction was over in a short time
(5~10 min) with higher yields. The white
crystalline product was washed with methanol,
and dried on air. The purity of the ligand was
checked by IR spectra, and melting point.
Yield: 95% m.p. 188°C; Found: C, 52.8; H, 4;
N, 11.2 %. Anal. Calcd. for: C11H1005N2 C,

53.4; H, 4.2; N, 10.8 %.'"H NMR (MeOD), &
ppm: 792 (d, 1H, o-PhCH); 7.46-
7.43(m,1H;p-PhCH), 6.98-6.96(m, 2H m-
PhCH), 6.41-6.39 (m, 2H; -CH=CH-); "C
NMR (MeOD), & ppm:166.92 (-COOH-),
166.03 (-CO-PA),163.54 (Ph-CO-), 158.53
(PhC-OH), 134.01(Nnuco-CH=), 131.76 (p-
PHC), 129.94 (=CH.coon), 128.82 (0-PhC),
119.25 (m-Ph), 116.77 (PhC_co.), 114.74 (m-
PhC.con); IR (KBr pellet, cm-1): vN-H,
3029vs; broad;vC=0, 1704s; vC=C, 1659 s;
vC=N, 1610 s; vNC=0, 1525vs; ON-H,
1490vs; vC-OH (phenolic), 1228 s, 1160 s.

2.3 Synthesis of complexes

2.3.1 Synthesis of [Fe(HsL),2H,0[]-3DMF

Solution of H4L (0.25g, 0.lmmol) in
methanol and DMF (2:1), and solution of
FeCl; (0.135 g, 0.05mmol) in methanol were
mixed and stirred for 0.5 h. Then the solution
obtained was adjusted to pH = 8-9 by NH4OH.

Further, the solution was stirred for 1 h
and filtered. After slow evaporation of the
mother solution within a month, a dark brown
precipitate of 1 was obtained from the filtrate
in 45% yield.

2.3.2 Synthesis of [Mn(H;L)*2H;0]*3DMF

The complex was prepared in a manner similar to that used for 1; a brown precipitate was

obtained in 55% yield.

2.3.3 Synthesis of [Cu(H;3L),*2H;0]*3DMF

The complex was prepared in a manner similar to that used for 1; a dark green precipitate

was obtained in 62% yield.

3. RESULTS AND DISCUSSION

The ligand H4sL was obtained by a
method different from the one known in
literature [10], under relatively mild conditions
by reaction of salicylhydrazide with maleic
anhydride in a methanol solution. The
structure of the prepared hydrazide ligand was

studied by elemental analyses, IR, and 'H

and ">C NMR spectral studies. The results obtained
are in good agreement with those calculated for the
suggested formula, and the melting point is sharp
indicating the purity of the prepared ligand (H4L)
(Scheme 1.).
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Scheme 1. H,L a- diketo-form, b-mono-enol form, c-dienol form

3.1 Spectral characterization

Note that the IR spectra of
thehydrazide ligand contain a strong C=0O
absorption band at 1704 cm 'and N-H
absorption band at 3029 ¢cm '. Bands at 1228
cm ' is assigned to the stretching vibration of
v(Ph-O). For all complexes, the absence of
stretching band N-H and C=O is consistent
with deprotonation of CONH groups and
coordination with metal ions in enol form.
Also, the characteristic absorptions at 1607cm’
! indicate the presence of C=N-N=C group
(scheme 1-c). The complexing process

involves the oxygen of the carbonyl group of
the salicylic residue and the nitrogen atom
bonded with the maleic residue. Deprotonation
and coordination can also be confirmed by
band at 524-534 cm” (M-O bonds) and 406-
466 cm™ (M-N bonds) respectively. Note that
the absence of carboxyl absorption band is
explained by the formation of strong
intermolecular hydrogen bonds due between of
O (carboxyl group) and H (phenolic), O
(carboxyl group) and H (crystallization water).

3.2 Elemental analysis

Elemental analysis data show that Fe*" Mn®*"
and Cu”" ions form complexes of the
composition M(LH3), (where M is the metal

OH

ion and LHj is the singly ionized ligand).
Fig. 1.

*3DMF

HO

Fig. 1 The structure of complexes
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3.3. Thermal Analysis (TG)

Thermogravimetric analysis showed
that the decomposition of compounds occurs
in two stages. The main weight loss occurs at
the first stage within the temperature range
250-350°C (55-75%, depending on the nature
of metal ion); at the second stage within the

temperature range of 400-600°C; the final
decomposition takes place to form appropriate
oxides. Note that the amount of oxides
remaining after the decomposition corresponds
to the content of metals in the complexes
(Table 1).

Table 1. Some characteristics of synthesized compounds

Compounds | Brutto-formula | Ty, °c Elemental analysis, % M;,

Calc./anal. q\mol
C T N 0 M

534 | 42 | 1081 | 3159 | - 250
! CotOsNo 188 oy e 10 T2 | 32 i
4765 | 325 | 10.11 | 28.88 | 10.11

II CoaHisOwNaFe | =260 = ae ™35 T 10.02 | 2787 | 1138 | %
4775 | 326 | 10.13 | 28.93 | 9.93

m CooHigO10NaMn [ =260 === "9 49 [ 2823 | 1122 | 227
4698 | 321 | 996 | 2847 | 1138

v CyHi15019N4sCu >260 562
4701 | 3.18 | 9.89 | 2828 | 11.64

3.4. EPR spectra

The EPR spectra of all complexes in
the polycrystalline state are practically
symmetrical singlet indicating a high degree of
symmetry around the metal ion close to the
octahedral one. The intense signals observed
in iron and manganese complexes are manifest
on high-spin °S ground state of Fe(III) ions

(d’-configuration) and Mn(Il). The values of
AH and g-factors for complexes 1 and 2 have
values of AH = 1400 G and AH =800 G and g
= 2.02 and g = 2.014 respectively. As for the
Cu(Il) complex (3), the line width peak to
peak is AH = 350 G, and the g-factor is
2.12.(fig.2).

3.2. Magnetic susceptibility

The iron complex shows the value of
the magnetic moment equal to 5.71 B.M. at
room temperature, manganese - 5.90 B.M, and

copper - 1.9 B.M. It revealed that the
complexes have magnetic moments in the
normal range typical for octahedral complexes.
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Fig.2 EPR spectra of complexes 1, 2, and 3.

4. CONCLUSION

[Fe(HsL),2H,0]*3DMF,[Mn(H;L),*2H,0]*3  behaves as a monoanionicbidentate where the
DMEF and [Cu(H;L),*2H,0]*3DMF have been ligand is in the enol form and coordinates with

prepared on the basis of N’-maleoyl-salicylic ~metal

ions through the oxygen atoms of

hydrazide and characterized by elemental salicylic residue and nitrogen atom bonded
analysis, FT-IR,magnetic susceptibility and With maleic residue.

thermal analysis. It found that the ligand
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-MALEOIL-SALISILHIDRAZID ILO Fe(IIl), Mn(Il) VO Cu(Il) .
KOMPLEKSLORININ SINTEZI VO SPEKTROSKOPIK XUSUSIYYOTLORI
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Fe(C11H9N205)2(H20)g]°3(C3H7NO) (1), [Ml’l(C]1H9N205)2(H20)2]‘3(C3H7N0) (2) Vo
[Cu(C11H¢N>0Os),(H>0),]*3(C3H,NO) (3) komplekslori sintez edilmis va element analizi, 1Q- va
EPR spektroskopiya, magnit hassasligi va termiki analiz vasitalori ila tadqiq edilmisdir. Biitiin
komplekslor tahrif edilmis oktaedrik qurulus amoalo goatirir. 1, 2 va 3 komplekslorinda metal
ionlart iki ligand molekulunun salisil galiginin oksigen atomu, malein galigt ilo birlasmis azot
atomu va iki molekul su ila koordinasiya olunur.

Acar sozlar: sintez, Fe(Ill), Mn (I1) va Cu(ll) komplekslori, termiki analiz, magnit hassaslig

CHHTE3 H CITEKTPOCKOITHYECKHE XAPAKTEPHCTHKH KOMILIEKCOB
Fe(II), Mn(IT) H Cu(Il) C N’-MAJTEOH/I-CAJTALIHIT HIPA3ZHIOM
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Boiu CUHME3UPOBAHbL KOMNIEKCbl Fe(C;HoN>Os),(H0),]*3(C3H7NO) (1),
[Mn(CHHgNng)g(HzO)g]’3(C3H7NO) (2) u [CM(CI1H9N205)2(H20)2]‘3(C3H7NO) (3) u
oxapakmepuso8amvl  d1emMeHmublM  ananuzom, HK- u OIIP cnekmpamu, MmacHumuou
B0CHPUUMYUBOCIBIO U MEPMUYECKUM AHANU30M. Bce komniekcvl nokasvl8aiom UCKAHCEHHYIO
okmal’opudeckyro ceomempuio. B xomnnexcax 1,2 u 3 uonvl memannios KoOpOUHUPYIOMCS C
08YMsT MOAEKYIAMU TULAHOA NOCPEOCMBOM O08YX AMOMO8 KUCIOPOOd CATUYUIOB020 OCMAMKA,
08YX amMOMO8 a30Mma, C853AHHBIX C MAICUHOBLIM OCMAMKOM U O8YMS MOJEKYIAMU 80OV
Knwueewvie cnosa: cunmes, xomnaexcol Fe(lll), Mn (II) u Cu(ll), macnumnas 60cnpuumuusocms,
mepMu4eckull anaiu3.
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