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ABSTRACT

Chelate of furancarbamide (FUR), benzoic acid hydia (BAH) and its acetone hydrazone (ABH) withkeli¢ll)
and manganese (ll) nitrate have been prepared. @dmplexes and ligands were characterized by Fourier
transform infrared spectra analysis, electronic cfpg analyses, conductivity, melting point, anduskdity. The
FTIR analysis indicated that the ligand (FUR) cooated with the metal ions through the carbonylgedy, the
azomethine nitrogen and amine nitrogen, while (ABbrdinated through the carbonyl oxygen and azbimet
nitrogen. The BAH ligand coordinated through carplonxygen and the primary amine nitrogen. Thisais
indication that the ligands acted as tridentate dndientate donors to the metal ions. The electrgpiectra showed
the complexes of Ni with ABH and BAH as octahedemimetry. The conductivity data showed the coraplas
non electrolytes. Elemental analysis indicate tihat complexes of BAH and ABH formed an MXtype with Ni
and Mn formed an MLtype with ABH. The FUR complex formed with Mnris\iL;. X type complex and Mltype
for Ni.
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INTRODUCTION

We have previously reported the synthesis and ctenaation of copper Il complexes obtained from
furancarbamide (FUR), benzoic acid hydrazide (BA&h)d its acetone hydrazone derivatives (ABH). The
coordinating properties of various carbazone semé&zones, hydrazones and Schiff base ligands haea b
reported (1-8). These compounds have been knowthéar intriguing chelating properties with tramgit metals.
They have found application in pharmacology, etextiemistry, agrochemicals etc. In this paper wesenmt the
synthesis and characterization of FUR, BAH and A8nplexes with nickel Il and manganese |l nitrasing
infrared spectroscopy, electronic spectra, conditgtand other physicochemical properties of thenptexes with
the aim of studying the nature of the chelatingratieristics of the ligands with the transitiontate and their
possible applications.

MATERIALSAND METHODS
Reagents
All the reagents used for this study are of anedytgrade and were obtained from Sigma Aldrich Camnypand
BDH. They were used without further purification.

Preparation of ligands and metal complexes

The methods of preparation of ligands and metalptexes have been reported previously by Emmanuel dhe
weight of Ni and Mn salts and ligands varied acoaydo the stoichiometric calculation shown in ggheme of
synthesis of the metal complexes [14].
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Synthesis of ligands

Synthesis of furancarbamide ligand by Cherkasal,€1970) method as in [8] 40ml of analar gradéufaldehyde
was measured and poured into a 250 ml flat bottaskf 40g of urea added, followed by 9ml of distillwater. The
mixture was heated on a water bath until a temperaif 600C was reached, 1ml of 20% NaOH solutias then
added and heating continued for another 20 mindthe. mixture was cooled on an ice bath and theiptate
filtered and washed with cold water (10-150C) amehtit was dried at a temperature between 40- 5T0€ .dried
powder obtained was washed with n-Hexane and redliged twice from methanol- water solution (30%8@'v)
and dried.

The ligand benzoic acid hydrazide and acetoneberamd hydrazone were synthesized as describediabieze
1996 [10].

7ml (7.079g) of hydrazine hydrate was added in slegtess to 31.6ml ethylbenzoate in a 500ml rowttbin flask,
100ml ethanol was then added and the mixture reflufor 6 hours at 800 C. It was poured into a bealkel
covered with a watch glass and left to crystallilee crystals were filtered using a suction pumg @aerystallize in
ethanol, and dried in a desiccators over calciuloricte.

7.8g of hydrazide was dissolved in 100ml ethanaélél (3.3g) added and heated under reflux for 4rdotihe
mixture was poured into a beaker, concentratedefhdo crystallize. The crystal was filtered argtnystallized in
methanol. The pure crystals were dried in a degicsa

Synthesis of metal complexes
4.83g- 5.25gof furancarbamide was dissolved in 108mboiling distilled water in a 250ml beaker. 3dlL-4.72¢g
(0.0189mol) of nickel (1) and Manganese (ll) saltss dissolved in 50ml of distilled water respesiy and added
to the ligand solution and heating continued. Is\weated for 10 minutes and the removed from hedffiiered
immediately. The filterate was concentrated andvadd to cool the resulting precipitate was filteged! dried. It
gave a 7.5% vyield.

Scheme 1: reaction of preparation of furancarbamidt&al complexes

MX.nH,O + 2(@H502N2) — > [M(CGHGOZNz)z]anQO

(where M is Ni (Il), Mn(ll) and X is N@, nis 1,2 or 3)

Preparation of the complex of ABH
Scheme 2: reaction of preparation of acetone beramid metal complexes

H_O

2(C1oH1;N,0,) + Mx.nH,O ——>  [M(C,,H,,N,0),]X.nH,O

ethanol

The complex of ABH was synthesized by weighing §.89.87 in slight excess of ligand dissolved im¥@&thanol
in a 250ml beaker. Then 0.685g- 0.625g nickel amhganese salt dissolved in water was added toighaedl
respectively with stirring. The crystalline predgie formed were filtered and dried. Yield 69.02408

Preparation of benzoic acid hydrazide complex
Scheme 3: reaction of synthesis of benzoic aciddride metal complexes

MX.nH>,O + Z(GHSONz) — > [M(C7H80N2)2]XHH20

0.72g-0.78 of BAH was weighed and dissolved in IF6hethanol in a 250ml beaker. Then 0.72g (0.0Db¥netal
salts was weighed and dissolved in 50ml of digtilleater respectively. This was then poured gently the ligand
solution with constant stirring. The resulting daJs were filtered and dried in a desiccator. Yig#i82-28.86%

Physical measurements
Metal ions were determined by gravimetrically aftemoving the organic residue by digesting witlew firops of
concentrated nitric acid. The infra red spectradztligand and complexes were recorded on Gerke&$IR
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spectrometer as kbr discs over a range of 400060dhe conductivity was determined on Jenway 4330
conductivity and pH meter in DMSO. Electronic spactvere determined on Unicam 9700 series UV/Visible
spectrometer over a range of 200-900nm. Meltingntpainalysis was done on Electrothermal melting tpoin
apparatus.

RESULTSAND DISCUSSION

The analytical data (Table 1) show the chemicaimida and some physical constant of the complexée T
elemental analysis and derived chemical formulawslb that the complexes of BAH and ABH for both Ni
precipitated with two molecules of the ligands ejvely while Mn precipitated with one molecule ABH and
two molecule of BAH. The complexes of FUR precifgthwith three molecule of ligand with Ni and oneletule
with Mn. The percentage yield of the complexesnighie range 69-100% for the ABH ligand, 28.86-6808®r
BAH ligand and 3.19-60.88% for FUR ligand.

Infrared spectra data for ligands and metal complexes

The relevant infrared spectra data is presentedaiite 4. From the data the band duev@=0) vibration was
observed at 1632.80cm-1 for ABH, 1660.77cm-1 fortBAnd 1672.03 in the FUR parent ligands. These were
lowered in the complexes by ca. -15.46- 34.72cmkk lowering of the band due to the coordinatiothid site to
the metal ion; Nakamoto (1997) state that compeucontaining weakly coordinating ligand oxygentsas
ketones, aldehydes, esters and some nitro compayrads coordination show a shift in the absorptiamd ofv
(C=0) either to the lower or higher frequencies [Bhe band corresponding to(C=N) stretching vibration was
located in the ligand furancarbamide at 1532.8%cABH at 1546.9crl it was lower by approximately -84.87 in
the [Ni(FUR)] and increased by +48.48 and +3.0fMn(FUR)] and [Mn(ABH)]. The lowering and increasethe
vibration band due to (C=N) in the complexes is attributed to the cooatibn of this site to the metal ion. This
band was not observed in the [Ni(FUR)] complex they indicate a strong coordination of this sitéht® metal ion
[4, 9, 10]. The vibration band dueiqNH) was observed at 3199cm-1 was lowered in tmplexes of BAH by ca
-10.56-29.85cm-1. In the complexes of ABH and Fuapipeared broad and unresolved suggesting thermeof
OH of water of crystallization. The presence of Malds not observed as this was beyond the randeeahtichine
used for this analysis.

Electronic spectra data

The electronic spectra were recorded in DMSO smiugéind absorption maxima in the UV/visible regioae af the
complexes is listed on Table 3 along with suggestssignment. The ligands showed absortion at 31a@D
22,300cm-1

The electronic spectra of Mn with BAH and FUR shdweeligand metal charge transfer (LMCT) transitiimax
approximately 31,056 and 31,786¢mMn (I1) with ABH showed a weak absorption arouB8®.7cni it is
assigned a d-d transition. The transition showthieycomplexes is similar to reported transitiomMaf [11-12]. Due
to the doubly forbidden transition in thé donfiguration of manganese the absorption bandhefoctahedral
geometry are always very weak [11]

The spectra of Ni (Il) with ABH and BAH showed ahsiion bands at 16,077 and 16,355crespectively. These
band are assigned the transition duéAgg-> >T,g(F). Ni with FUR showed not absorption in the bisiregion.
This may be due to its partial solubility in DMSkpwever absorptions were observed in the UV refidhe range
52,029 - 38,138cth This may due to the interaction of the ligandhwite metal ion. An octahedral geometry is
proposed for the complex as shown from the analytiata and the green colour given by the complék [

The molar conductance measurements showed thabthglexes are non-electrolytes (Table 4). Theyiraeluble
in most organic solvents (Table 5) indicating aypwric nature of the complexes.

Proposed names for complexes

. [Ni(FUR)3](NOg), ------ trifurancarbamide Nicke(ll) nitrate

. [Mn(FUR)](NOy), ------ furancarbamide Manganese (ll) nitrate

. [Ni(ABH) 5](NO3), ----- diacetonebenzoic acid hydrazone Ni (I1) auiér

. [Ni(BAH) ;](NO3), ----- dibenzoic acid hydrazide Nickel (1) nitrate

. [Mn(ABH)](NO ), ----- acetonebenzoic acid manganese (ll) nitrate

. [Mn(BAH) 5](NO3),----- dibenzoic acid hydrazide Manganese (I1) tiédra

OO WNER
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Table 1: Analytical data of complexes

Compound Formula F\/%Eﬁlta f%::gqrsgal %C | %H| %N C%'g:::p?é;he
[Ni(ABH)2](NO3)2 [Ni(C10H11N202)2](NO3)2. 5H20 63173 9.04(9.40) | 385% 355 899 Blue
[Ni(BAH)2](NO3)2 [Ni(C7HIN202)2](NO3)2 565.0828 9%0.3) 14.87| 1.60 4.95 Blue
[Mn(ABH)](NO3)2 [Mn(C10H11N202)](NO3)2 354.1616 B4(15.50) | 33.91] 3.13 7.90 Light brown
[Mn(BAH)2](NO3)2 | [Mn(C7HIN202)2](NO3)2.5H20 406.191 13.63(13.52)| 20.70 471 6.89 Light brown
[Ni(FUR)3](NO3)2 [Ni(C6HB6N202)3](NO3)2. 4H20 669.68 8.75(8.17) 3231 211 1219 Green
[Mn(FUR)](NO3)2 [Mn(C6HB6N202)](NO3)2.2H20 219.0902 | 18.60(18.58) | 24.7¢ 2.76 9.62 Brown

Value in brackets are the theoretical % metal cositim

Table 2: Relevant Infrared spectra data

v(NH)(OH v(C=0 v(C=N Av(C=0) | Av(NH
Compound ( crr)1(—1 ) E:m—l) E:m—l) c(m—l ) cr(n—l) Av(C=N)em-1

FUR 3323 1672.03 1532.87 - - -
ABH 3218.34; 3024.48 1632.80 1546.96 - - -
BAH 3199 1660.77 - - - -
[Ni(FUR)3](NO3)2 33495 163854 144800  -33.49 2
[Mn(FUR)](NO3)2 3349.76 162570 158138  -46. +8.4
[Ni(ABH)2](NO3)2 3386.15,3731.8 1601.98 - -30.04 -
[Ni(BAH)2](NO3)2 3169.15 1626.06 - 3472 -29.85 -
[Mn(ABH)](NO3)2 3088.14 1617.34 1550.00 -15.44 048.
[Mn(BAH)2](NO3)2 3188.44 163854 - 2064 -105p -

Table 3: Electronic spectra data of metal complexes

Compounds Amax cm? | Assignments
[Ni(FUR)3](NO3), | 33,138 LMCT
[Mn(FUR)](NOs), | 31,786 LMCT

[Ni(ABH) ;J(NOs), | 16,077 Axg ->°T1g(F)
[Ni(BAH) JJ(NO3), | 16,355 3A.g ->°T1g(F)
[Mn(ABH)](NO3), | 16,597 d-d
[Mn(BAH),](NOs), | 31,056 LMCT

Table 4: Conductivity and melting point data of metal complexes

Compounds Conductivity  Melting point/decomposittemp
[Ni(FUR)3](NO3), 0.044 218
[Mn(FUR)](NOs), 0.022 41.2-52%

[Ni(ABH) 5](NOs), 0.537 238-247"
[Ni(BAH) 5](NO3), 0.556 231-250°
[Mn(ABH)I(NO3), 1.850 85-8%
[Mn(BAH)](NO3), 0.712 159-16%2
D ---- decomposed
M ---- melt

Table 6: Solubility study of complexesin some solvents

Compound Hex| Ac MeOH | Eoth| DMSO| HO
[Ni(FUR)3](NO3), PS PS INS PS S INS
[MN(FUR)I(NOs), | S PS PS PS PS PS
[Ni(ABH) 2J(NOs). | INS | INS | INS INS | S INS
[Ni(BAH) 5J(NO3), | INS | INS | INS INS | S INS
[Mn(ABH)](NO3), | INS | S S S S S
[Mn(BAH),J(NO3), | INS | S PS PS S S on heating
CONCLUSION

We reported here the syntheses and characterizattinoew complexes of Ni (II) and Mn (1) with furaarbamide
(FUR), benzoic acid hydrazide (BAH) and its acetbydrazone derizative ABH. The syntheses gave aniéde
function of the ligands. Ni (ll) with FUR gave aethte of the type Mi while BAH and ABH gave an Mitype.
Mn (1) gave ML type with FUR and ABH while BAH gave an Mltype complexes. An octahedral geometry is
proposed for the complex compounds using the presgrerimental data.
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