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ABSTRACT

A new series of metal complexeswith a Schiff baseligand derived from condensation of 1,6-hexamethylene diamine
and salicylaldehyde have been synthesized and characterized by elemental analysis, conductivity, thermogravimetric
analysis, IR and electronic spectra. These complexes have the formulaML or ML(CH,OH), where L isthe Schiff
base tetradentate ligand N,N’-disalicylidenehexameythylenediamine (salhmnH,) that coordinates through N,O,.
The studiesreveal formation of squareor octahedral complexes. These complexesare potentially useful indevising

metal probes, catalysis, and as models for some metalloenzymes.

INTRODUCTION

Schiff base ligands are considered “previliged
ligands™™ because they are easily prepared by con-
densation between aldehydes and primary amines.
These ligands are able to coordinate many different
metalsand to sabilizetheminvariousoxidation states?.
The Schiff basemeta complexesshow alargevariety
of cataytic®¥ and biological activitiessuch asantibac-
teria® and antifungal®®. Furthermore, Schiff basesare
utilized asstarting materid inthesynthesisof industrial”
and biological compoundssuch asp-lactams®. These
compounds have been recently used in construction of
poly vinyl chloride powder (PV C)- based membrane
selective sensors?.

For along timetetradentate Schiff base complexes
of transition metd ions have attracted many research-
ersinterest inthefield of coordination chemistry!®2,
During exploration of the chemistry of salhmnH, we
havefoundthat somecomplexesof sdhmnand sdophen
have utilizabl e properties®4. A report onthe crystal
structure of thisligand appeared during preparation of
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thismanuscript!®!,

The present study deal swith the preparation and
characterization of complexesof sdhmnwith somedi-
valent metal ions, namely Mn(l1), Co(Il), Ni(I1) and
Pb(Il) duetotheir potentialy useful properties. Thesolid
complexes have been synthesized and studied by € -
ementd anays's, conductivity, thermogravimetricandy-
ss(TG), IR and el ectronic spectra.

EXPERIMENTAL

1. Reagents

Sdlicylaldehyde, hexamethylenediamine, and lead
nitrate were obtained from Riedel -de Haen. Reagent
grade purechlorides, nitrates, sulphates, acetatesof al
cationswere purchased from Aldrich and used asre-
ceived. Commercidly avail able solventswereused as
received.

2.Apparatus

Theinfrared spectrafor themateria swererecorded
on aPerkin-Elmer FT-IR spectrometer usng KBr disc
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TABLE 1: Physical and chemical data of the complexes made in this study

Sample c H N M % m.p.
Calc. Found Calc. Found Calc. Found Calc. found Yyied
MnL(CHsOH), 59.85 59.91 6.84 6.95 6.35 6.30 1245 1210 70%  dec..>300°C
CoL 6299 6257 5.82 5.90 7.35 7.28 1545 1520 55% dec..> 300°C
NiL(CH3OH), 59.35 59.22 6.78 6.87 6.29 6.21 13.18 12.78 40% dec..> 300°C
PbL 4536 44.98 4,19 4.28 5.29 5.20 39.12 3891 85% dec.at 300°C

TABLE 2: Infrared and uv-visible spectraof theligand and
thecomplexesstudied

Infrared (cm™, KBr) Uv-vis (nm)
Sample _ observed
v(C=N) v(M-N) v(M-O) v(OH) peaks
Salhmn 1625 3430 yellow
Brown 392,
Mn complex 1610 445 519 3400 314, 280
green 600(w),
Cocomplex 1600 437 517 395.4(s), 380(9)
Ni complex 1595 448 514 3410 Pale green 400
Pb complex 1590 448 511 Y ellow 400

intherangeof 4000 to 400cm.

Uv-visspectraof methanolic solutionsof the com-
plexes wererecorded on aLambda20 Perkin Elmer
spectrophotometer.

Conductivity measurements were made on a
PHY WE conductivity meter.

Themeta content of thecomplexeswasdetermined
using aPerkin Elmer AAnayst-100. The complexes
were decomposed and digested in conc. sulfuric and/
or nitric acid before determination of themetal ionsin
their aqueous sol utions. M anganese was determined
volumetricaly by complexometrictitrationvs. EDTA.

3. Synthesisof the Schiff baseligand,

N,N’-disdlicylidenehexameythylenediamine(sahmnH.,)

1,6-hexameythylenediamine 1.16g(10mmol) was
dissolved in 30ml of ethanol and added dropwisetoa
hot solution of 2.44g(20mmol) of sdicyld dehydein 30mi
ethanol. Thestirred mixturewasrefluxed for about 1
hour, and left to stand overnight at room temperature.
The solid mass was filtered and the product N,N’-
disdlicylidenehexameythylenediamine (sdhmnH.) was
recrystallized from ethanol and air dried, m.p. 78°C,
yield 80%. Andl. caled. for C,H,,N,O,: C, 74.05; H,
7.46; N,8.63. Found: C, 73.86; H, 7.52; N, 8.71. IR(v,
cnrt): 3430(0OH), 1625(C=N).

4. Synthesis of N,N’-disalicylidenehexameythy
lenediaminate metal complexes

Toahot solution of 0.324(1mmol) of salhmnH, in

20ml of methanol was added asolution of (1mmoal) of
themeta salt(chlorideor acetateor nitrate) in methanol
and the hot mixturewas stirred for 2 hoursand left to
cool. The precipitate that formed wasfiltered, washed
with methanol and |eft to dry. Elemental analyses of
C,,H,,N,O,M isgivenin TABLE 1. The solutions of
thecomplexesin methanol werenonconductive. A par-
tial list of the spectral dataof the Schiff-base and the

complexesisgiveninTABLE 2.
RESULTSAND DISCUSSION

1. Synthesisand char acterization

Theligand was prepared recently™ and wasfound
to have strong coordination with Cu(Il). Thecomplex
Cusadhmnwasutilizedindevisnganion-sdectivedec-
trodefor copper ions. Synthesisof themetal complexes
was essentialy the same and involved heating and stir-
ring of stoi chiometric amounts of slhmnH, and metal
sat (chloride, acetateor nitrate) in methanol.

Thedementa composition (C, H, N and M) of the
complexes, presentedinTABLE 1, arerdlatively close
to those cal cul ated based on molecular formulae pro-
posed, whichindicatesthe correctness of theseformu-
lae. Elementd andysesindicatethat dl of thecomplexes
areformed by coordination of 1mol of the metal ion
and 1mol of salhmn. All of themetal chelatesinthis
study areinsolublein water. However, they dissolveto
variousdegreesin methanol and chloroform. Electrica
conductivity measurements of thecomplexesgive A,
vauesof 10-20Q*cmr mol* and confirm they arenon-
electrolytes.

Themetd content of the complexeswas estimated
by dissolving and digesting accuratdly wel ghted amounts
of the complexesin conc. H,SO, and/ or conc. HNO,
and properly diluting these solutionsto measuretheir
trangition metal content by atomi c absorption spectrom-
eter. Thechemica composition (TABLE 1) confirmed
the purity and stoichiometry of the complexes.
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Figure1l: Sructural representation of the compound of
N,N’-disalicylidenehexameythylenediaminate copper (1)
[Cu(salhmn)]

A partial list of the IR spectral dataof theligand
and thecomplexesispresented in TABLE 2. Signifi-
cant changesin someimportant bandsfromtheligand
werenoticed. For example, theligand exhibitsv(C=N)
at 1625cm'* but in complexes, thisband shiftstolower
frequency and appearsat 1590- 1610 cmt indicating
coordination of azomethineto the metal. Appearance
of two to three bandsin thelow frequency region (be-
tween 410 and 527cn?) indi cates the coordinati on of
phenolic oxygen in addition to azomethine nitrogen.
Upon complexation, the broadv(O-H) band disappears
indi cating the occurrence of coordination of phenolic
oxygentothemetd.

Manganese complex dissolvesin methanol but leed
complex dissolvesdightly. Cobalt complex dissolves
dlightly in chloroform but nickel complex to amuch
smadler extent.

Electronic spectral datafor the complexes mea-
sured in chloroformindicate square planar geometry of
thecomplexesMsahmnwhereM=Coand Pb. Thisis
indicated by thesmilaritiesinthevisiblespectraof these
chelateswith known square-planar complexescontaining
oxygen-nitrogen donor atoms® . The peaks at about
380-400nm is probably due to symmetry forbidden
ligand to meta chargetransfer transition similar tothat
observed for copper acetate!*® at 370nm.

A very weak and broad absorption near 600nmis
observed when concentrated sample easused to record
the spectrumwhichisdueto d-d transitionin thecom-
plext.

The above discussion showsthat these complexes
involvebinding of themetd andtheligand sdlhmninthe
ratio 1:1 similar tothat observed for sslhmnCu™ which
hasthestructuregivenin Fig 1. However, manganese
and nickel adopt the octahedra structure as supported
by elementa analysisand IR spectra.
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