Summary I

Summary

A new Schiff base polydentate ligand (tetra Aza) has been
prepared: 2,6-bis-(Azomethine ethyl Azomethine ortho phenol) 4-
methyl phenol.

Synthesis was carried out by two steps of condensation, first

by the condensation of 2,6-diformyl-4-methyl phenol and

ethylenediamine in the mole ratio (1:2) under nitrogen atmosphere.
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The second step by condensation of the yield of the first step
with salicyldehyde in the mole ratio (1:2) under nitrogen
atmosphere.
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The ligand was characterized and its structure was elucidated
depending upon nitrogen anaysis by Kjeldahl modified method,
spectral data (I.R, U.V-Vis, 'H, ®*CNMR & atomic absorption).
Series of metal complexes of the ligand with the metal ions Mn',
co', Ni', cd", zn", cd", Fe', cr'" and Hg" were synthesized by
adding the solution of ligand (L) with ethanol to a solution of each
metal salt with ethanol and KOH (to keep pH ~9) then refluxed it for
two hours under nitrogen atmosphere. The complexes were
characterized and their stereo chemical structures and geometries
were suggested depending upon data of nitrogen analysis by
Kjeldahl modified method, spectral studies (I.R, UV-Vis, 'H and
BCNMR) as well as magnetic moments, (A.A), conductivity
measurements, chloride contents & melting points. The following
general formula were achieved: [M(L)]Cl where M= Cu(ll), and
Ni(Il), [M(L)CI]CI where M= Cr(l1l), [M(L)] where M= Mn(ll),
Co(Il), Fe(l1), Cd(11), Zn(11) and K[M(L)] where M= Hg(l1) ions.

The electronic spectrain DMF(10° M) supported by magnetic
moments in solid state revealed octahedral geometries for Co(ll),
Mn(Il) and Cr(l11), tetrahedral geometries for Fe(ll), Zn(l1), Cd(l1)
and Hg(ll), Square planner geometries for Cu(ll) and Ni(l1).

Conductivity measurements of the new synthesized complexes
in DMF (10°) showed eectrolytic nature of Cu®, Ni®”, cr!™ and
Hg") complexes with chloride or potassium content and these
complexes are ionic with the (1:1) of mole ratio, while Cd", zn®,
Mn®, Co" and Fe"" complexes are non electrolytic nature.

Biological studies of the ligand and the complexes on two types of
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micro organisms showed a wide range of activities compared with
the biological activity of the ligand. Namely: Zinc, Cadmium and
Mercury complexes exhibit greater inhibition than the ligand, while
other complexes of Iron, cobalt, Nickel, Manganese, Copper and

Chromium exhibit retarding effects, less than the ligand.
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Chapter One/ Introduction 1

(1.1) Schiff Bases

In (1864) Schiff reportéd a new compound called Imine. It
was a product by condensation of aldehydes or ketotih primary
Amine. The Schiff bases have many various n&ymsh as Aniles,
Benzanils, Azomethines and Ketimines or Aldiminesacading to
the source of the compound; keton or aldehyde.Sdeff bases are
recognized by the ability of forming coloured coex#s with the

transition metal iorfd .

NH,

addition
| + NH; —~———= N

C

or .. ‘
Carbonyl R- NH; *OH

compound ammonia
or primary

amine

Scheme (1-1) The general equation of Schiff base

Imines, Schiff bases and other C=N compound carethaced
with LiAIH 4, NaBH,, Na-EtOH, hydrogen and a catalyst, as well as
with other reducing agerits

Schiff bases rapidly decompose in aqueous acididian®ut
they are very stable in basic solutiBhdhese bases can also be
prepared by refluxing of equimolar quantities ofledlydes or
ketones with amine or by slow melting for 10 mirsut@nd then
isolating and purifying the product by recrystalon, or

sublimation under reduced pressufe
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Staab prepared Schiff base by removing water wfochmed
by condensation of aldehyde and amine by reflexingenzene and
then the residual solution is distilled under vautiu

Bidentate Schiff bases have been among ligands dhat
extensively used for preparing metal complexes.s&€H&gands are
described according to their donor set as N,N-d&@uhiff bases and
N,O-donor Schiff bases depending on their structimedentate
Schiff bases may be generally considered as deriveh the
bidentate analogues by adding another donor gitbese have been
utilized as an ionic ligands having (N,N,O), (N,N,8N,0,0) and
(N,S,0) donor sefs?,

(1.2) Macrocycles

The field of the macrocyclic chemistry of transiti metals
was developed very rapidly because of its appboaf” and
importance in the area of coordination chemi§ry Macrocyclic
ligand systems often exhibit unusual properties @othetimes
mimic related natural macrocyclic compounds. Thisreurrently
considerable interest in complexes of polydentatacrotyclic
ligands because of the variety of geometrical foavalable and the

possible encapsulation of the metaltdn

(1.2.1) Curtis Macrocycles

In 1961 Curtis and House proposed the structurtheffirst
macrocyclic ligand, Fig. (1-1)this was the introduction of

azamacrocycles. Since then Curtis had led the fielf
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mononucleating azamacrocycles. A Curtis macrocigckn organic
framework which holds a transition metal ion vidrogen atoms,
with varying substituents on the carbon atoms. &h&xurtis
macrocycles were formed from the reaction of traorsi metal
diamine complexes with acetone in a 2 + 2 condensaeaction,
two acetone molecules are used to form the head-linese were
condensed with metal ethylenediamine complexesexample of
this is [Ni(en}][(ClO,),] which forms the side arms, to complete a
cyclic Schiff-base structuré.

Fig.(1—1) Structure of the first macrocyclic ligand 5,7,7,12,14,14-

hexamethel-1,4,8,11-tetraazacyclotetradeca-4,11-de

Macrocycles became of interest because of the teffiney
incur on the metals to which they are coordinaldds is due to the
fact that macrocycles have fixed geometries bec#élusge form a
framework to which the metal is coordinated. Theref the
macrocycle is able to impose its geometry on th&amehich can

lead to altered properties of the metal. Howevermost cases



Chapter One/ Introduction 4

cooperation to give geometries between those pesfdry the metal
and the macrocycle are encountérad

In 1961 Curtis and HouS& dissolved [Ni(enj][(ClO4),] in
acetone and yellow crystals were obtained, evengihca purple
solution was expected. This sufficiently bewilder@drtis that he
attempted to determine the structure of the yeltwystals. They
proposed structures (I) and (1), Fig. (1-2) beeatle product was

diamagnetic and all Nfgroups were eliminat€d

However, IR spectra showed that there were stiHNbonds
present so the compound was decomposed in cyamite.only
isolated compound from this was mesityl oxide, Rity-3), from
which, the structure was deduced to be that of Biy. (:-2). The
macrocycle consisted of four nitrogens, two amiaes two imines,
connected through two three-carbon bridges and ttme-carbon
bridges. The macrocycle formed when the two-carbodges are

opposite each other and so are the three-carbdgdsi The trans
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macrocycle, (where the imines are diagonally opgpddtig. (12)
(1)), was found to be the major product.

The cis, where the imine nitrogen atoms are dyeaplposite,
was found to be the minor. These azamacrocycleaddrfrom the
template reactions of acetone with metal-amine @ungs are now

called “Curtis Macrocycle§®

,_,_/'
Fig. (1-3) Mesityl oxide

One of the most astonishing things in the creatodn
these macrocycles was the formation of bonds. noly o
when there C—N single and double bonds formed Hsb a
new C—C bonds. The macrocycles are formed by
connecting the metal diamines with a three carboidde

produced from two acetone molecules, Fig-4'?.

Fig. (1-4) Formation of a Curtis Macrocycle
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(1.2.2) Robson Macrocycles

In 1970 Robsof” prepared the first dinucleating Schiff-base
macrocyclic ligand, Fig. (1-5) using 1,3—diamingpane and 2,6-
diformyl-4-methyl phenol (DFMP). so that phenol édsligands

have played a large role in macrocyclic chemiStfy,

Fig. (1-5) Example of a simple Robson macrocycle

The fact that this Robson macrocyclic ligand wale &b hold
two metals in close proximity led to the possilildf developing
these types of ligands as models for the activesssibf
metalloprotein$®?”, many biological catalysts have two or more
metals in the active site. Examples of these armolganin,
methane monooxygenase, urease Fig-6)(land the manganese
cluster involved in the photosystem Il (PSIl) oxgegvolving
reaction in photosynthesf§*® The study of a small molecule
analogues is important because the active sitegnayymes are

surrounded by a protein polymer and difficult tcess.
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In terms of function, small molecule analoguessyrghesized
in an attempt to replicate and understand the nmesimaof the

enzyme.

Fig. (1-6) Model for the active site of Urease, which illusates an

enzyme with more than metal present in the activete

(1.3) Compartmental Ligands

Fenton introduced the term “compartmental ligands”
1977 Compartmental ligands are dinucleating ligands eami be
divided into three grouf¥, The first group is macrocyclic ligands,
the other two remaining groups are acyclic and tvine subdivided
into “end-off” and “side-off” ligands, Fig. (). These are also
known as pendant-arm ligands. End-off ligands oeduen a donor
bridge is removed from the macrocycle resultingme endogenous
bridging site and one exogenous bridging site abéel between the
two metals. Side-off ligands arise when a non-dohddge is
removed leaving two endogenous bridges accessiblina metal

ions.
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End-off

Side-olT

Fig. (1-7) Basic examples of different types of cgrartmental ligands

Acyclic compartmental ligands are good for mimiakin
enzymes because they are able to hold multiple Isn@taclose
proximity. However, end-off ligands have also enodigxibility to
allow the metals to move away from each other dessary. This is
an advantage over traditional macrocycles, andr tis@le-off
counterparts, because these macrocycles have argidsomewnhat

compact geometries.

(1.3.1) Head units

Pendant-arm ligands are divided into two partsjmed-unit and
the pendant arms. Commonly used head-units arerbdiod
compounds, more specifically 2,6-disubstituted pleran example of
this is DFMP, which is a widely used head-unit iacnocycles and
acyclic ligands>*® 5 5'-Di-tert-butyl-2,2’-dihydroxy-3,3-methanediy
-dibenzene methanol (DHTMBA) is an extension of tiead unit. This
has been used extensively by McKee in pseudocatigamacrocycles

and pendant arm ligands.
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(1.3.1.1) DHTMBA

OH

dfmp dhmib

Fig.(1-8) DFMP and DHTMBA head units.

It is an ideal head unit because it has flexibNilyich made it
able to rotate around the carbon atom which jduestivo rings, also
there is a free rotation in the arms. There arefte® phenol groups
which creates uncertainty to where and how the Ietdl bind.
The inclusion of the two phenol groups makes itsgme for the

ligand to bind with more than two metals.

(1.3.2) Pendant Arms

There are many types of pendant arms Fig. (1-9jh bo
symmetric and unsymmetric have been used as ligdodever, if
biomolecular modelling is the intention, arms withological

relevance have an obvious advantage.
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Fig. (1-9) Examples of pendant arms. The bottom sicture is

Bis(benzimidazle-2-ylmethyl)amine (BBIM)

(1.3.2.1) BBIM

The ligand, 2,2-(N,N’-bis(benzimidazole-2-yimethykthyl
amine-5,5’-ditertiobutyl-3,3'methanediyl-dibenzyl Icahol Fig.
(1-10)proposed in this study is an end-off compartmeligahd. It
Is a dinucleating ligand in which two separate dom@as are exist.
The head-unit consists of DHTMBA. The arms are
bis(benzimidazole-2-ylmethyl)amine (BBIM), which Jea been
chosen because they contain imidazole groups wiaegk biological
relevance in two different manners, The first & gexond is to do

with inhibition of the yeast Candida albicans.



Chapter One/ Introduction 11

Fig. (1-10) 2,2-(N,N’-bis(benzimidazole-2-yImethymethyl
amine-5,5'-ditertiobutyl-3,3’methanediyl-dibenzyl acohol

Recent experiments have shown that metal complexes
containing imidazole groups are effective in inhilg the growth of
the fungal yeast Candida albic8A<Overuse of drugs in present
times caused mutations in bacteria, fungi and esu® take place
more rapidly. When mutations take place the effectess of the
drug designed to inhibit the disease can be comgeamthis causes
drug resistance. Candida albicans is a very comysast which
causes many disea$8sThis is why it is essential to create new
drugs with new mechanisms of drug delivery. Metahplexes with
imidazole groups have a potential here, the otherenspecific
reason that the BBIM arms have a biological sigaifice is that the
benzimidazole segment is very similar to part @ thstidine side
chain Fig. (1-11) and many metal centers in enzyanesurrounded

by histidines. A prime example of this is hemocyani
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Fig. (1-11) part of the histidin side chain

(1.4) Macrocyclic compounds containing nitrogen as

donor atoms.

Compounds containing nitrogen, oxygen, and sulfudanor
atoms play a vital role in preparation of complexath different
ijons, as these complexes are most beneficial inaalediseases and
cancers that catch the body. For example Tc anoR®lexes have
been prepared and used in radio pharmaceuticalicapphs;
furthermore complexes having sulfur, oxygen andog#gn atoms
have been used as mimic of some enzyme or coenegtaky/sts as

nickel, copper and zinc complex&s>.

(1.5) Reactivity of 2,6—diformylimin compounds

toward metal ions

Metal complexes with open chain and macrocyclicates-

Schiff base ligand are of great interest. Ligandsveéd from the
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condensation of 2,6-diformyl-4-methyl phenol witramine, have
been studied extensively in view of their impor&ann basic and
applied chemist®§”). The most usual ligand and complexes were
obtained by Okawa and co-worker they reported dinuclear
complexes with Zhand CUl.

Infrared spectra showed that, the ligands coordahdd the
metal ions through both nitrogen and oxygen atd#ig,(1-12)

Fig. (1-12) the chemical structure of Zii and Cu' complexes

with macrocyclic ligands

Atkine and co-workét®have reported the synthesis of
macrocycle ligand, which was prepared from the treacof 2,6-
diformyl-4-methyl phenol with 1,3-propylene diamimepresence of
HBr (48%). Binuclear complex with Biwas reported. Fig. (1-13).
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Fig. (1-13) The chemical structure of the binuclear complerf Pd"

Santokh and co-work&? have studied the condensation of
2,6-diformyl-4-(R)-phenol(DFP) (R=Me, t-Bu) with &is-
(aminoethyl) thio-pyridazin (PTA). Fig. (1-14), theoncluded the
followings:

1- The reaction of C& with these ligands resulted in a dinuclear
complexes [CHLY][BF4].and [Cy(L?)][BF 4]..CHsOH.

2- Complexes and ligands were characterized bytspseopic tH
NMR, Far-IR, FTIR and UV), magnetic and electrocheh
properties.

3- X-ray crystal structure of the dinuclear copperCu,(L")]
[BF4]..H,0O [where L' = 34 memberd macrocyclic ligand],
showed the geometry about ‘€uis distorted trigonal
bipyramidal. The structure exhibits a significardgtdrtion at the
phenoxide-bridge dicopper centres and brings theda@zine

rings into a position for weak contact, Fig. (1-15)
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N—=N

— -

L’=M1, R=CH
L’= M2, R= C(CH),

Fig.(1-14) The chemical structure of macrocyclic jands

Fig. (1-15) X—ray Structure of [Cu,L "] [BF4]».H,0

Wang and co—-work& have described the synthesis and
characterisation of a series of four dinucleatinty@za macrocyclic
ligands containing aromatic phenol, pyridine, opybidine units.
The complexes were prepared by the [2+2] templabelenstion of

2,6-diformyl -o-cresol with 6,6-—bis-(aminomethyl)—2,2—bipridyl in
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the presence of lanthanum acetate. A homodinucleaplex of a

Schiff base macrocycle [ babfifc), was reported [1].
Hydrogenation of the solution of [LéL")(OAc),] with sodium

cyanotrihydroborate in methanol gave the metal fregcrocycle

[babpl(dfc),. [2]. The synthetic pathways illustrated in Schefre?).

[Lag Do),

Scheme (1-2) The synthesis route of the templatenztensation of

6,6—bis(aminomethyl)-2,2-bipyridyl With 2,6-diformyl— p—cresol

Ligand (4) was prepared by two steps, the [2+2]atrefree
condensation of 2,6—diformyl—pyridine with 2,6<aiminomethyl)
—p-cresol gave the Schiff base macrocycle(bac)24®)
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Reduction of [(bag)(dfp),] [3] with sodium borohydride resulted in
the hydrogenated hexaaza— macrocycle [ R {{d)). ] [4] ( where
R= Me, CHO. The synthetic pathways illustrated in Schem&)1-

CHy

& 2 _-J-:z.--l-_ )

MM OH

i Huon lemplais
1 CH3OH
THy

L
- i y
¢ =H O M=
! \
— 5

LR

y M M,oog 3
R —

= 'u‘- 0OH _.-"H =/
- _!.; _——
CHy
[ HaHH,

o LY

Scheme (1-3) The synthesis route of the non tempatondensation

of 2,6-bis(faminomethyl)-p—cresol with 2,6—diformylpyridy!

Under strongly acidic condition (48%HBYr), the fiegand [4]
was crystallised as a hydrobromide salf][H.,0.7HBr] in the
monoclinic system.

The compounds [L&'(OAc)], [2], [3] and [4] were
characterised byH, **C and'H-'H 2D cosy NMR, UV-Vis and
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FAB mass spectroscopy. Erxleben and Hefffimave reported the

synthesis and characterisation of a series of Sddage ligands

derived from the reaction of 2,6-diformyl- methyignol with N,N'-
dimethyl ethylene diamine in CHECFig.(1-16).

2

OH N

-

CHs CHs CHi CHs CHx: CHa CHz CHa

1
HL HL

Fig. (1-16) The chemical structure of schiff basegand

The reaction of Zhion with these ligands gave complexes of the
general formula [ZHL")(CHsCOy)X (whereX=CIQ, or PFR),
[{(Zn AL?)(CHsCO)} 2,Zn(H,0)4.4.5H,0 and [Zn(®)Cl;] 1.5H.0.
The compounds have been characterised by elenmammdlsis, |.R,
(UV-Vis), '"H NMR and X-ray crystallography. The coordination
geometry of Zn atom is best described as distariggahal bipyramidl.

Chaudhuri and co-work€P have reported the synthesis,
characterisation and exchange coupling in bis-Qagatuclear) and a
linear hetrotrinuclear complexes of the generalmige [{Cu'
(HLOX) Ni" (Nj)2}] and [{(tmtacn) Cd' (u—OH) CU (LOX) Ni"
(HLOX) Ni" (N3)}] and [(tmtacn) C8 ( u—OH ) Cl (LOX) Ni"
(OH),]. The dinuclear complexes were prepared by a tatapl

reaction. The trinuclear complex [{(tmtacn) 'ip—OH)
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Cull(LOX) Nill (OH),},]"* was prepared from the reaction of
dinuclear complex with CogbH,0O tmtacn using air as oxidant
[Where (tmtacn) = 1,4,7-trimethyl — 1,4,7, triazeloynorane; OX =
oxime], Scheme (1-4).

NIAC , 4H,O /©\‘
)
OHC CH

)NH (CH) NH, ~N

o /N

oH ||

CH3

i) CoCb 6H,0O
ii) tmtach
iii) air
[(tmtacn)Cd' (u-OH)CU' (LOX)Ni " (OH,) 12"

3

[(tmtacn)F' (Clhcu' (CH;OH)(LOX)NI'" (CH3OH),1%*
1

NaN;
-[(tmtacn)Fe(N)3]

[Cu"' (HLOX)NI " (N3)]
2

[CUu(HLOX)NI]CI.2H,O
C

Scheme (1-4) The preparation route of heteronucleamomplexes

The complexes were characterised by IR, EPR sEatpy,
and X-ray single crystal. The X-ray single crydtal the trinuclear
complex showed the geometry about (Ni, Co), (Cwcitahedral and
square pyramid respectively, Fig. (1-17).



Chapter One/ Introduction 20

Fig. (1-17) X-ray Structure of Trinuclear Complex [(tmtacn)
Co" (u-OH), Cu" (LOX) Ni" (OH,),] ™

In (2002) a number of dinuclear complexes with roagclic
ligands have been synthesiS&d they were prepared from the
reaction of (2,6—diformyl-4—methyl phenol) with 4,2
ethylenediamine and 1,2—phenylene diamine resplgctihey were
obtained as (Bph)salts, Fig.(1-18). The ligands were reacted with
(Ni", Pd', and PY) Dinuclear complexes of the general formula

were obtained.

[HiL'] (Bphs), - [H.L?] (Bphy),

Fig. (1-18) The structure of macrocyclic ligand
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(EENH), [PR(LYICLL, [Ni(L)](Bphs)z and [P(L)]1(Bphy),
spectroscopic along with elemental analysis stusliggested square
planar geometry about Nand Pd while an octahedral structure is
proposed about Btion.

In (2002) Kong and co—workétR reported, the synthesis of
homodinuclear ferrous complex with 2-6 membered rogsclic
ligand (BTBP) [Where BTBP=3,6,10,18,22,25-hexaata—32-
dihydroxy-14,29-dimethyl-tricycle [25, 3, 1, 1, 117] ol triaconta-|
(30), 12, 14, 16, (32), 27, 28-hexaene], Fig.(1-T8e complex was
characterised by elemental analysis, NMR, FAB-nestedchemistry

and X—ray crystal structure.

Fig. (1-19) The structure of [BTBP] ligand

Potentiometric equilibrium studies indicated thataaiety of
protonated, mononuclear and dinuclear complexedaoaneed with
Fe' and F& from pH (2) through pH (12) in aqueous solution.

X—ray data showed two feions are located in separate

compartment and each of them is six-coordinatece gleometry
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around the two iron atoms is the same, both beings@udo—
octahedral Fig. (1-20).

Fig. (1-20) Cell packing diagram of homodinuclear
[FezBTBP(CO(g)z](H 20)12 Complex

In (2002) Kong and co-work&? have reported the synthesis
of nucleating hexaaza-diphenol macrocyclic ligand BTBP)
forming a number of protonated or hydroxomononuglea
[(M)(BTBP)], homodinuclear [ (M(BTBP)]”® (M= Cu', Ni" , cd',
zn" and PB) and hetrodinuclear [Cu(M)BTBP] (M=NiCd', Fé',
zn", cd') complexes. pH potentiometric studies showed, ttnet
dinuclear complexes were formed via the mononuatbatates in
which two kinds of coordination patterns are obednone is when
metal ion binds half of the coordination sites b& tmacrocycle
(N3O, Fig. (1-21) and the other is when metal ion poed salen—
like sites of the macrocycle {9,)>.
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Fig. (1-21) Monochelate system of [Cu(BTBPJf complex

Crystallographic result of a homodinuclear nickemplex,
showed the geometry around"Ns an elongated octahedral, Fig.
(1-22).

Fig. (1-22) ORTEP structure of homodinuclear
[Nio(BTBP)].CIO 4 complex
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In (2003) SchrOder and co-workér have reported the
synthesis of four binuclear Zncomplexes of the Schiff base
macrocycles, formed by the [2+2] template condemsaof 2,6-
diformyl-4-methyl phenol with 1,2-diaminoethane ,[H], 1,3-
diamino propane [W.?, 1,4-diamino butene [}’ and 2,6-

diacetyl-4-methyl phenol with diaminoethanel[H, Fig. (1-23).

Hal." where X! nd R
H.L® where X und IR
H-LT whers ¥ wnd B
1LY where X ud B = |

Fig. (1-23) The structure of four macrocyclic ligamls

The complexes were characterised by 1R, NMR, FAB-
mass spectroscopy, and microelemental analysis.

In (2005) Wing—Kit and co—workéerd, have described the
synthesis and structural characterization of soeteruclear CH
Schiff base complexes.

Reaction of the hexadentate Schiff base ligangd. )(kvith an
excess of cadmium Il acetate yield cadmium compl@tehe general
formula [Cd(L")(OAc),], [Where; L'=N,N bis(3-methoxysalicylidene)
ethylene-1,2-diamime], Scheme (1-5).
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1L Connplex;

BL' 1

H.L* z
PCHPH, MY 3

Scheme (15) The synthesis route of [Cg(L"),(OAc).], complexes

These new complexes were found to display rich
photophysical properties, and they all exhibiteev-temperature
phosphorescene in the frozen state.

The complexes were fully characterised by speatqusc
(FT-IR, NMR and FAB—mass spectroscopy) methods. Xhmy
crystal structure for [CAL"),(OAc)]. showed the geometry about
cd' is pentagonal bipyramidal, Fig. (1-24).

Fig.(1-24) Molecular Structure of [Cdy(L)2(OAC)4]-
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In (2005) Aldulaimi has report88 the synthesis and
characterisation of dinuclear complexes of the généormula
[M(HL)CI,(H,0,),]" X [Where; HL=bis(2-hydroxy-3-formyloxime—5
methyl benzaidimine)N-ethylene], Fig.(1-25); MZCm=+1, X=CI;
M=Ni", n=0, X=0 and [MHL)]"(CI)(H,0), [Where M= MH, Fé,
cd', cd, cd] and [zn(H.L)CI;].H,O

These complexes were characterised by IR, UV-Viasan
spectroscopy and elemental analysis [(C.H.N) ana)A

The analysis showed the geometry aboul',CNi" as a
distorted octahedral, while tetrahedral structsresported for [Mh,
Fd', cd', cd' and Cd] complexes, Zinc complex showed a

distorted trigonal bipyramidal structure about rhaia.

Fig. (1-25) The Structure ofbis (2-hydroxy-3-formyloxime-5
methyl benzaidimine) N-ethylene] Ligand

In (2006) Tumer and co-workéts have reported the synthesis

of a series of Schiff base ligands (HHL®) from the reaction of



Chapter One/ Introduction 27

2,6—diformyl-4—t—butyl phenol and 2,6-diformyl-4-thgl phenol

with various aromatic amines in ethanolic solutibiy.(1-26).

R1=CHs, Ro=CHs (HL"Y); Ry=t-Bu, R=CHs (HL?);
R1=CHs, R=Br(HL"); R;=t-Bu, R=Br(HL?);
Ri=CHs, R,=OH (HL®); R;= t-Bu, R=OH (HL®)

Fig. (1-26) General Structure of The Schiff Base Ligands .

The reaction of Clwith these ligands gave complexes of the
general formula [CML")Cl;] and [Cuy(L")(dp)]Cls, [Where
n=1,2,3,4,5 and 6; dp =2,2—dipyridyl]®®.

The compounds have been characterised by elemental
analyses, FT-IR, electronic specttd, and °C NM.R and mass
spectroscopy. These studies revealed the geombtyt &Cu? is

square planar, Fig. (1-27).
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Fig. (1-27) The structure of [Cw(L")Cls] and [Cu(L") (dp),]Cl3

complexes

(1.6) Uses and application of 2,6— Diformylimino and

their complexes

2,6-Diformylimino  compounds and their complexes hwit
transition metals have played a great importanceinitustry,

chemistry, medicine and biochemistry.

(1.6.1) Applications in industry

A Dbinuclear homometallic macrocyclic (Cu) complexasvy
prepared from the reaction of Cuon with the ligand resulting from
the reaction of 2,6-diformyl-4-methyl phenol with2iphenylene
diamine. This complex was supported on zirconiunianad
montraillate to obtain a hetrogenous cat&ly8?, this catalyst was
used to carry out oxidation of cyclohexane usinggax as oxidant
in the absence of intiators and solvéitsStudies by Burrows and

co—worker§? and later by Kurest? and co-worker proved that
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manganese and nickel complexes with diformylimirgands are

also active catalysts in the epoxidation of alkenes

(1.6.2) Applications In Biochemistry

Transition metals complexes of 2,6-diformyl-imin@are of
particular interest as biological model compound&umerous
chemical studies have been made on thecdmplexes as a model
in the active sites of number of biological systemsluding
phospholipidase C and Teucine amino pepti@dsdlso ligands
derived from the condensation of 2,6-diformyl-4-pbke with a
diamine have been studied extensively in view efrtBignificance
as biomimetric catalyst in the process of oxygemdf). Several
chemical studies have been made on the diiron @maplderived
from the condensation of 2,6-diformyl-4-phenol as@del for iron-

oxoprotein€®.

(1.6.3) Applications in chemistry

Beside supramolecular and bioinorganic stutliesadmium-—
diformylimino—complexes also play an important role
luminescence. Numerous luminescent polynuclearsitian metal
complexes of Y—transition metal such as ZnCd', Cu, Agd', AU
have been report®d. The use of Ccomplexes as luminescence
materials has added an advantage because the rtodi
environment of Cd is different from other § transition metal.
Dinuclear lanthanide complexes have also been tsedudy the

nature and application of lanthanide metal-met#&éractions in
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phosphor and they have been used as luminescermdespito
determine the metal-ligand interactions and thall@oordination
symmetr{f?.

(1.6.4) Applications in Medicine

Macrocyclic complexes of lanthanides, derived frdhe
condensation of 2,6-diformyl-4-phenol are curreityracting much
attentions in medical applications as contrast eaing agents in
magnetic resonance imagiffy one of these compounds is the
dimmer compound [L4L")(OAc),] which has been used as a brain

imaging [where E= 6,6-bis(aminomethyl)-2,2-bipyridyn].

(1.6.5) Applications in Analytical chemistry
One of the analytical application of diformylimimompounds
IS their use as organic participating reagentsrforsition metal ions

and of the analysis of ®an vitamin B\,
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(1.7) Reactivity of tetraaza derivatives toward metal
ions
Table (1-1) Reactivity of tetraaza derivatives towma metal ions

Type of the

macrocyclic

with workers Organic reactions
name

Macrocyclic complexes

Tetraaza
By
Zolotow'
(1979)

Bosnisii’® Poly amine

+

(1965)
Parkef® (1988) M=cu® , Ni®

1.3-dibromo propane

Tetraaza
By I
Zoloto’? HC=——=C—CH
(1979) Propynal
Florian{™
(1979) +
©:N H 2
NH>

O-phenelenediamin
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Tetraaza
By
RauscH®

(1969)
Long""
(1970)

Type of the
macrocyclic
with workers

name

Dimer
tetraaza
By
Busch’™®

(1981)

2.6- di acetyl pyridine

+

3.3-Di
propyl amine

amino

Organic reactions

5
Nl |N
>

I
|
(CH2)3(CHy)3
;Q
I
N N=—
VAN /

|
\:¢(CH2)3(CH2)3

H

+

di

Macrocyclic complexes
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Tetraaza

By
Guggef®

and
workers
(1989)
Skuruto-
wicz®
(1977)

Type of the
macrocyclic with

workers name

(Tetraaza by
Schneider and
co-worker§€?
(1996)

HBF,=Tetrafluoroboric acid

Organic reactions

Macrocyclic complexes

Tetraaza by
Mulzer®
(1997)
Morishimd®®)

(1995)
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Tetraaza by
Fentor¥
(1999)
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Type of
the macrocyclic
with workers

name

Tetraaza by
Burrell and co-
workerg®®
(2000)

Organic reactions

Y

N HN

NH N

AA

Tetra methel dibenzo
Annilene
+ ReOC}(PPh)./ Toluine

tetraa

35

Macrocyclic complexes

Tetraaz
By
Marlin and co-

workerg®®
(2000)

Cl Cl

@) NH  HN @)
NH  HN

Tetaaza

By Comba ang
co-worker€”
(2000)

*1.2-diaminoethane
*Ethyl2-pyridl acetate
*formaldehyd
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(1.8) Applications of tetraaza ligands and their

complexes

(1.8.1) Medical uses of macrocyclic tetraaza compods

Technetium complexes play a big role in radioattivi
diagnoses because they have some nuclear propastiseown in
table (1-2).

Producing the radioactive isotope for rhenium (ReR&188)
which can be used in nuclear medicine becausdeihises (Gamma
and Beta rays which nabe used in diagnoses and in therapy
depending on their energies as show in Table (£22)

Table: (1-2) Emission and half-life period of Techetium and Rhenium
Isotopic Half-Life Emission

6 hours y,143 Kev

90 hours Y,137 Kewm

B,!.07 Mev
17 hours Yy, 155 Kev
B, 2-12 Mev

The macrocyclic ligands have a big role in nucleedicine
through synthesis of complexes with the radioacthetals such as
(**Re, '*Re, ®mTc) which have high stabilif}f, series from these
complexes were prepared with the macrocyclic tegaahich can
be used in nuclear medicine, where they injected gatient with
radio active complex solution and this will spresdthe body

through the blood circulation and this will colleict the infected
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organ, the biotic distribution and the directionligbdepend on the
size of macrocyclic, the charge of complex, arnel tdbmpensating
groups in the cycl&

(1.8.2) Macrocyclic and pharmacology

The metals, sodium, potassium, magnesium and ocalcite
considered the operation’s axis in the biologicetivaties which
contain (%99) of all the metal ions in the organibmdy, the
remaining are very little from iron, cobalt, copperolybdenum and
tin. The heavy metals are very important for thabsity of any
organ and controlling the cells activities by bamdiwith big
proteins, as an example the metal enzymes and thed b
protein§*% When the natural balance of the metal ions gets
disturbed inside the body many of the major diseggmeared, for
example liver illness for patients who have Wilsodsease
happened because of the disturbance in the na@&ianism which
controls the concentration of (Qu stopping the metabolism
because the shortage of {JFe

The shortage of vitamin (B which contains cobalt ion
causes aneniid : also the great ability of the macrocyclic
compounds to remove the poisonous effects of soetalsninside
the body play a big role in building the human botlge porphyrin
unit Fig. (1-28) is an important macrocyclic moliecut is found as
Fe (1) complexes in red-blood corpuscles (hemoglB plays a
vital role in oxygen distribution, also it is foura mycloglobin in

muscles.
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Fig. (1-28) Porphyrin structure

(1.8.3) Extraction and separation of metals using

macrocyclic tetraaza molecules

Macrocyclic compounds have a high selectivity tdraot
some metal ions and separate tH@nthis selectivity is controlled
by many factors:
1- The size of the cavity inside the macrocyclic maleaccompared

to the radius of the metal ion substituted to beaeted.

2- The substituted groups on the cycle.
3- (pH) of the extraction solution.

Macrocyclic compounds are divided to two typesiussed
and unsaturated), saturated Figd9) can separate the transition

metals.
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Fig. (1-29) Structure of saturated macrocyclic

Handel and co-worke?8 studied the extraction of (¢oNi",
cu', zn', cd', Pd' and Ad) with Lipophilic macrocyclic and
became clear that the best extraction is when (nfeB)the metals
(Cd', Ni" and zr), when (n=4) for the metals (&dPB' and Ag).
Where n= number of (Chlunits.

The unsaturated macrocyclic compounds like (theragclic
Amide)®? Fig. (:-30) they are used in the extraction using basic

medias in case of Gt pH=9.

Fig. (1-30) The structure for unsaturated macrocyet amide
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The macrocyclic Fig.@31)1%%) have a high ability to
extract metal ions: Mh Fé', Cd', Ni', CU', Ad', zn", cd', Hd', Ti,

PH', EU", Gd' and U", while Cu ion can be extracted when

pH = 5-9 depending on (n), and Co ion in media pH-&®

Fig. (1-31) The structure of the unsaturated compauwds

The porphyrin compounds, Fig. (1-28) and phethaloisi}*®
Fig (1-32) are used to extract the low concentnatnetal ions like:
Pd', Mn", cd', PY', zn" and Cl.

Fig. (1-32) Phethalosynin structure
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(1.9) The Aim of the Work

1. Synthesis of new macrocyclic ligand, and its comgdeof some
metal ions.

2. Physical and spectroscopy studies of the ligamtticomplexes.

3. Carry out of bioactivity of the ligand and commpés.

4. Preparation of radio active Re and Tc, complees application
In medicine as tracers and radiothereptical agents.

5. Extraction of metal ions through metal compleriation of the
prepared ligand.

6. Use of the prepared ligand as a monitor for éheironmental

pollution by metals.
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(2.1) Chemicals

41

All chemicals and solvents used in this work aneirth

suppliers are listed in Table (2-1). These mawnatre used as

received without further purification.

Table (2-1) Chemicalsused in thiswork and their suppliers

Zinc (1) chloride

Company source

of supply
Aldrieh

Purity %

Hexamethylenetetramine

B.D.H

Ethanol

B.D.H

Methanol

B.D.H

Cademium (1) chioride hexahydrate

B.D.H

Carbon tetrachloride

B.D.H

Chloroform

B.D.H

Diethylether

B.D.H

1.
2.
3.
4.
5.
6.
7.
8.
9.

Hydrogen bromide 48%

B.D.H

Mercury (II) chloride

B.D.H

Paraformaldehyde

B.D.H

Acetic acid

Evans

Nickel (1) chloride

Fluka

Iron (II) chloride hexahydrate

Fluka

Acetone

Fluka

Diethylformamide

Fluka

Potassium hydroxide

Fluka

Salicylaldehyde

Fluka
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Chromium (111) chloride hexahydrat Merck

Copper (Il) chloride hexahydrate Merck

Sulfuric acid (98%) Merck

Manganese (II) chloride hexahydrte Merck

1,2-Ethylenediamine Merck

Benezol Riedel-Dehaer

Cobalt (Il) chloride hexahydrate Riedel-Dehaen

. | p-Cresol Riedel-Dehaen

(2.2) Instruments

The following measurements were used to charaetdahe
ligand and its complexes.
(2.2.1) M€lting point measur ements

Melting point of the precursor, ligand and compkexeere
measured with an Electrothermal stuart melting {papparatus.
(2.2.2) Infrared spectra

Infrared spectra were recorded as (KBr) discs ug8800)
(FT-IR) Shimadzu spectrophotometer in range (4000}-4m™.
(2.2.3) Electronic spectra

(UV-Vis) spectra for the compounds were measurethe
region (200-1100) nm for TOM solution in DMF at 25C with
(UV-Vis) Spectrophotometer type Shimadzu, 160, gishquartz
cell of (1.0) cm length.



Chapter Two/ Experimental 43

(2.2.4) Metal analysis

The metal contents of complexes were determinedtbgic
absorption (A.A) techniques, using a Shimadzu (A680 Flame
atomic absorption spectrophotometer.
(2.2.5) Chloride contents

The chloride contents for complexes were determibgd
potentiometer titration method on 686-titro prooes665,
Dosinatmetrom Swiss.
(2.2.6) Conductivity measurements

Electrical conductivity measurements of the compsexvere
recorded at (Z&) for 10° M solutions of the sample in DMF, using
a Jenway Ltd. digital conductivity meter.
(2.2.7) Proton Nuclear Magnetic resonance spectra (‘H-NMR)
and Carbon Nuclear Magnetic resonance spectra (*H-NMR)

'H NMR spectra for the ligand and complexes werended
in CDCl; and DMSO-¢ using a Brucker 400 MK Jeol EX 400
MHz; and a Jeol 270 MZand 60 MH instruments with a
tetramethylsilane (TMS) as an internal standarce $amples were
recorded at Queen Mary/ University of London/ Udit€ingdom
and Al-Baath University/ Homs-Syria.
(2.2.8) Magnetic M easur ements

Magnetic Measurements were recorded on a Bruker BM6

instrument at 2%C following the Farady’s method.
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(2.2.9) Deter mination of Nitrogen by modified Kjeldahl method
In this method sulfuric acid was employed as ardiaxig
agent for more resistant organic Materials; in thigation, carbon
and hydrogen are oxidized to carbon dioxide anceryavhile the
sulfate ion is reduced to sulfur dioxide, the angnoup is converted
to ammonia and held as an ammonium salt.
(2.2.10) The proposed molecular structure
The molecular structures of the complexes wererdened
using Chem. Office 2003, 3DX program.

(2.3) Abbreviation of the precursors and ligand

Table (2-2) describes the suggested abbreviatroctste and

nomenclature of the synthesized precursor anddigan
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Table (2-2) Abbreviation of structure and nomenclature of the

ligand and precur sor

Structure Nomenclature

Precursor | 2,6-dimethylol 4-
methyl phenol

Precursor I 2,6-bis-
(Azomethine-
ethylamine)-4-

methyl phenol

2,6-bis-
(Azomethine ethyl

Azomethine ortho

phenol)-4-methyl

phenol
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(2.4) Synthesis of precursor (I) 2,6—diformyl-4-methyl

phenol

The compound [2,6—diformyl 4-methyl phenol] was
synthesized by two different methods. The first takes a long time
with many steps and needs large quantities ofisgarnaterials,
while the second method is considerably more ditlogvard and
requires short time.

(2.4.1) Synthesis of [2,6-difor myl-4-methyl phenol] the first
method™®

In a one liter beaker 10g., (33mmole) from 2,6-drigl-4-
methyl benzene sulfonyl phenol, was added slowI8Gay. of 98%
H,SO, with stirring to give a very dark solution whichas stirred
with cooling in an ice bath for 30 minutes. Ice vaéswly added to
the solution, causing the dialdehyde to crystalbse as irregular
brown plates. The brown precipitate was filteref] cécrystallised
from acetone-water, washed with cold water, driadvacuum.
Yielded 5 g., (92%), m.p. 13€ from 2,6-diformyl-4-methyl phenol.
(2.4.2) Synthesis [2,6 difor myl-4-methyl phenol] the Second
method**¥

The dialdehyde was prepared by a completely differe
method as follows: to a solution 10.8 g., (10 mmalep-cresol in
50 mL, 28.2 g., (20 mmole) acetic acid, hexametimtietramine and
30g., (100 mmole) of paraformaldehyede were addied. mixture

was allowed to stirred continuously until the lightown viscous
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solution was obtained then heated to 70@®r two hours. The
solution was cooled to room temperature and 10 itooncentrated
H.SO, was carefully added. The resulting solution wdkixed for
half-an hour, and then on treatment with distiNeater (400 mL), a
light yellow precipitate was formed, which was le#ternight at 4C.
The yellow product was isolated by filtration andskied with small
amount of cold methanol.

A more pure product was obtained by means of
recrystallisation from toluene, yielding 5.7 g. ¥8h m.p. 132-
134°C.

(2.5) Synthesis of the precursors(Il) 2,6

bis(Azomethine—ethylamine)-4-methyl phenol

A solution of ethylenediamine 3.62 g., (4.03 mLO@mole)
was added to 10 mL of ethanol; this mixture waseaddradually
with stirring under nitrogen atmosphere to a migtof precursor(l)
4.9 g., (0.03 mole) dissolved in 50 mL of ethanahd with
continuous stirring under the same atmosphere Q.8friBr (48%)
added to this mixture then left for 4 hours undslux, The mixture
was filtered, the resulted solution was separatedl i mL diethyl
ether was added to it and left to evaporate at rtamperature for
few days or evaporated it under vacuum then fitecdf, the
precipitate was left to stand overnight at roomgderature to dry,
yielding 5.3 g., (72%) m.p. 14&.
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(2.6) Synthesis of ligand [2,6-bis(Azomethine ethyl

Azomethine ortho phenol) 4—methyl phenol]

A solution of salicylaldeyde 5.3 g., (4.6 mL, 0.0dble) was
diluted with 20 mL of ethanol was added graduadlyat solution of
precursor(ll), 5.3 g, (0,02 mole) dissolved in IR0 of ethanol. The
mixture was refluxed for 2 hours at °f® under nitrogen atmosphere
then cooled and left to dry at room temperature gitoduct was 8.7 g.,
(89%), m.p. 154C.

(2.7) Synthesis of the [I.] complexes.

(2.6.1) Synthesis of the [Cr'"'(L)CD]CI

A solution of 0.1 g., (0.2 mmol) from [L] in 10 mé&thanol
was added to a solution of 0.0589 g., (0.2 mmolQrCl.6H,0) in
10 mL ethanol, the pH was adjusted~® by ethanolic solution of
potassium hydroxide, the resulting mixture was wefd under
nitrogen atmosphere for two hours during which tiodor of the
solution became green. The solution was cooledahrtemperature
and a green solid was collected, washed with 5 rathgl ether and
dried under vacuum to give 0.19g9. (78%) vyield ot thtle
compound, m.p. 20C.
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(2.6.2) Synthesis of [Mn''(L)], [F€''(L)], [Co"(L)], [Ni"'(L)]CI,
[cu''(L)Cl, [zn"(L)], [Cd"(L)] and K[Hg"(L)]
A similar method to that mentioned in preparationGy"

complex was used to prepare the complexes of [®d', Cd', Ni",

Cu', zn', cd' and H{] with [L]. Table (2—3) shows some physical

properties and reactant amount of the prepared lexeq
Table (2-3) some physical properties of the prepared [L]
complexes and their reactant quantity & yield
Weight of Melting
metal salt point (°C)

[Mn"(L)] Dark browr] 215
[FE"(L)] Dark red 230
[CO"(L)] Black 246

[Ni"(L)]CI Dark red | Dec over 2§
[CU"(L)]CI Dark red 230
[Zn"(L)] Orange 240
[Cd"(L)] Yellow 238
K[Hg"(L)] Dark yellow 230

0
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(2.8) Determination of Nitrogen by modified Kjeldahl

method%”

In this method sulfuric acid was employed as ardiaxig
agent for more resistant organic material, in ttwgdation carbon
and hydrogen are oxidized to carbon dioxide anceryavhile the
sulfate ion is reduced to sulfurs dioxide, the amigroup is

converted to ammonia and held as an ammonium salt.

Organic containing nitrogen + H,SO4 L»COZ +S042 + Hy0 + NH4HSO,
Cat.

The oxidation proceeds rapidly at a temperatuighlyi above the
boiling point of sulfuric acid (34). The boiling point of the acid
IS increased by addition of sodium or potassiurfasell Catalysts are
used to accelerate oxidation, an effective cata/shade of [32 g.
potassium sulfate + 5 g. mercuric sulfate + 1 gsed&nium powder].
Only 2 g. of the catalyst was used in each deteatian.
The following procedure was adopted:
A. Digestion of samples
1. A weighed sample between 0.02-0.03 g.was transfered
Kjeldahl flask with a long neck.
2. Two grams of catalyst was added.
3. Three milliliters of concentrated sulfuric acid wadded.
4. A reflux condenser was connected, and then thedeatyre was
raised gradually to the boiling temperature.
5. The mixture was left for 45 minutes at this tempae

6. The mixture was left to cool to room temperature.
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. Distillation and titration of the digested mixtures.
Add 25 mL of distilled water to each of the abovetores.
The clear liquid into a round bottom flask was sfaned.
Add to each mixture (4.5 g) of NaOH dissolved it® mL) of

distilled water gradually.

w N =W

4. Add 3—4 small boiling stones

5. The round bottom flask with water condenser opeth @ipped
into conical flask containing exactly 50 mL of 0.86HCI or
H,SO,.

6. The mixture was gently heated for 30 minutes.

7. Prepare 250 mL of 0.05N NaOH solution.

8. Titrate the remaining acid in the conical flaskwihe prepared

NaOH solution using methyl orange indicator.
C. A blank experiment was made using glucose (0.03 g).

D. Calculations.
V 11c = volume of HCl used by liberated ammonia = (5Q:oM 0.05 N)
Vahe (blank expt.) = (50—\a0n 0.05N used in the blank expt.).

%Nitrogen= (Ving _YZHC|)XO-05Xl.401
Weightof sample
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Table (2-4) Deter mination of Nitrogen content by modified

Kjeldahl method

. | Compound

[L]

N% theoretical

N% found

52

[CuLICI

[Fel]

[NiLICI

[CrLCIICI

[Col]

[ZnL]

[CdL]

1
2
3
4
5
6
-
8
9

K[HgL]

=
o

[MnL]
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(3.1) Synthesis and characterization of the

precursores and ligand

New polydentate ligand with N donor atoms has been
synthesized. Macrocycles with pendant functionalugs include
polyaza macrocycles that have coordinating sidesattached to the
nitrogen. Chelation will be more efficient becauike donor atoms

are held near the central metal 16%

(3.1.1) Synthesis and characterization of [2,6-difmyl-4-
methyl phenol]

The procedure used to prepare [2,6-diformyl-4-ylgphenol]
IS one pot reactiorp-cresol, paraformaldehyde, acetic acid and
hexamethylenetetramine were mixed and reflux toaiobtthe
compound. Sulfuric acid (98%) was used to neugdlre ammonia
and to dissolve the unreacted phenol, Scheme (3+i9.procedure

is easy formed and requires a short time to olitercompound®”.
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+ NHg+ CHyCH,OH

Acetic acid, paraformaldehyde ( QBI)

hexamethylenetetramlnﬁ ﬁ

N—" ‘-N O
-

H,SO, 98%

0.5 hour reflux

Scheme (3-1) One pot synthesis rout of 2,6-diformyll-methyl

phenol

(3.1.2) Synthesis and characterization of [2,6-biAzo
methine-ethylamine)-4-methyl phenol]

Precursor |l was prepared from the reaction of égaoivalents
of ethylenediamine with one equivalent of 2,6-difgi-4-
mthylphenol using ethanol as a solvent, HBr 48%evwagtded to the

mixture according to the following route, Scheme23

CH3
2 HN\/\ EtOH/HBr(48%) [ ‘ 8‘” +H,0

70°C two hours HZC 9 g CH2

G20 1,
“SNHy,  H,N

ethylenediamin

Scheme (32) SyntheS|s route of precursorll
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The prepared precursor was characterized by |IRebadental
macroanalysis, Table (3-1).

(3.1.3) Synthesis and characterization of ligand [B-bis-(2-

Azomethine ethyl Azomethine ortho phenol) 4-methyl
phenol]

The ligand was synthesized by adding a solutiontvad
equivalents salicylaldehyde to one equivalent efgrecursorll [2,6-
bis(Azomethine -ethylamethine)-4-methyl phenol teeghe ligand,
using ethanol as a solvent with a reflux for twaitsounder nitrogen

atmosphere, according to the following route, Sch€sr-3).

Scheme (3-3) Synthesis route of ligand
The ligand was obtained in a good yield 8.7g., ¥8Pas a

orange crystalline solids, m.p 1% soluble in hot ethanol, hot
methanol, DMSO and DMF.

The polydentate ligand with,donor atoms was characterized
by 'H NMR, *C NMR, I.R, UV-Vis and elemental microanalysis,
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Table (3—-1) represent the solubility of the ligaamad precursor in
different solvents.

Table (3-1) The elemental analysis and some physical propers
of precursors and ligand

Empirical Micro analysis (calc) %

C

Compound
Formula

Precursor (1) GHgO4

yellow

Precursor (Il) | GHoN4O
Ligand GH,gN4O3

orange

orange

Table (3-2) The solubility of the prepared precursos and Ligand

in different solvents

Compound

Precursor (I)

Precursor (I1)

Ligand

(+) soluble, (-) insoluble, (%) sparingly

(3.2) Synthesis and characterization of the

complexes

All complexes were prepared by a similar methosl, ia
scheme (3-4).
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The complexes were prepared from the reactiomefligand
with metal chloride salt, refluxed in methanol, gedium hydroxide

was used as a base. Pure complexes formed ony~atp

_|+

N~ OH N\
EtOH/KOH
TH2 + MXn CH2 \ e

pH=9
/CHZ CH2 /CH2

qﬂlx_a@ o @

Where M=Cu and Ni
CH3

—|+
|
CH2 \’/N\

CH2 / | \/CHZ

©©©©

Where M= Co and Mn _
CH3 Where M=Cr

CH3

—

| |
CI—||{N ’/N\

CH2, / /CH2

5

Where M=Hg Where M=Zn,Cd and Fe

Scheme (3-4) Synthesis route of complexes
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The complexes were prepared by a similar methodbleTa
(3-3) display the solubility of the complexes irifelient solvents.

Microanalyses of the complexes along with metal emoride
analysis are in a good agreement with the calalilagdues, Table
(8—4). Spectroscopic methods (FT-IR), (UV-Vis) @amth molar
conductivity and melting point were used to chaaze the
complexes.

Table (3-3) The solubility of [L] complexes in diferent solvents

Complexes

[Cu"(L)]CI
[Fe'(L)]
[Ni"(L)]CI
[Cr" (L)CI]CI

[Co'(L)]
[Zn'(L)]
[Cd'(L)]
K[Hg"(L)]
[Mn™(L)]

(+) soluble, ) insoluble, (+) sparingly
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Table (3-4) Results of Analysis of metal ions, chidle ions and

Nitrogen percentage of metal complexes

Metal ions Chloride ion

Ratio[CI/M]

mole

Complexes gram Mole Gram Mole

% % % %
[Cu(L)]ICl
[Fe(L)]
[Ni(L)ICI
[Cr(L)CI|CI
[Co(L)]
[Zn(L)]
[Cd(L)]
K[Hg(L)]
[Mn(L)]

©| 0O N| O O | W[ N|

(3.3) I.R Spectra of compounds

(3.3.1) I.R Spectrum of the precursor (I)

The IR spectrum of 2,6-diformyl-4-methyl phenolg F(3-1)
exhibits band at 2870 émwhich may be attributed to(C—H)
aldehydie stretching. The shifting of this bandiolwer wave number
Is related to intramolecular hydrogen bonding betwthe hydroxyl
group and aldehydic carbonyl grétip. The bands at 1682 and
1667cnt assigned to(C=0) stretching, the two carbonyl groups are
no equivalent due to the intramolecular hydrogemdotgy. The
bands at 1603 and 1458 ¢nassigned to(C=C) stretching, the
bands at 1404 and 1216 ¢rman be attributed t6(O—H) bending
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phenolicu(C-0) stretching respectively, while the bandsGit, ¥48
cm® are assigned t®(C-H) bending in plane and out of plane

respectively. The assignment of the characteridi@nds is

summarized in Table (3-5).

% Transmittance

3500 3000
(cm-1)

'Fig. (3—1) I.R spectrum forprecursor (1)

(3.3.2) I.LR Spectrum for the precursor (Il) 2,6-bis( Azo-
methine- ethyl amine)-4-methyl phenol

The I.R spectrum for precursor(ll), Fig. (3—2) #xis bands at
2850 cnf attributed tou(C—H) stretching, the band at (1114 9nis
assigned to(C—-N) stretching, the broad band at 2900 ésnassigned
to v(N-H), this band is confirmed by a weak bands olexkat 1696
cni’ for in plane bending and 962 ¢nfior out of plane bending. On
the other hand the bands at 2850'@nd at 2950 cthare assigned to
thev(C—-H) stretching for aromatic and aliphatic (C—ldhgs.
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The bands at 1675 ¢mand 1620 cm are attributed to
asymmetric and symmetric stretching of the (C=Ninengrouf.
The assignment of the characteristic bands are snged in Table
(3-5).

B sHIMADZU

o

-15—

=i

T T T—r—f—T LB S e B e B e e e e s e e e e B SRS
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400
3 24-4-2007 1/em

Fig. (3-2) I.R spectrum forprecursor (1)

(3.3.3) (I.R) Spectrum for the ligand 2,6-bis-(2-Aamethine
phenol-ethyl-Azomethine)-4-methyl phenol

The (1.R) spectra for precursor () and precuf$iprare shown
in Figs. (3—1 and 3-2) and discussed in sectiod.XB.and (3.3.2)
respectively, the (I.R) spectrum of the ligand,.Rg&-3) showed
characteristic bands at 1640trand 856cri attributed tov(C=N)
andv(C—N) stretching respectively.

The medium band at 1496¢ns assigned to the broad bands
observed at 1200 and 3394 trassigned ta(C—-0O) andv(O-H)
respectively. The assignment of the characteridiend are
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summarized in table (3-5). An important observationnd with
some exceptions are the reduction of all valuesilmfations with

increasing molecular weight of the compounds.

4000 3750 3500 3250 3000 27RO 2500 2 X250 OO0

1750

Fig. (3—3) I.R spectrum for ligand
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(3.4) (I.LR) Spectral Data for the [L.] complexes

The (1.R) spectral for all nine complexes are shomvFigures
(3-4), (3-5), (3-6), (3-7), (3-8), (3-9), (3-1®B+11) and (3-12)
respectively.

The double bands at 1660 and 1650crwhich are
corresponding to asymmetric and symmetric stretcb{@=N) in the
free ligand (L), are shifted to lower frequenciescan be seen in
Table (3-6). The shift of (C=N) to lower wave numbmEn be
attributed to delocalization of metal electron dgn#nto the n—
systen*? (Homo—Lumo). [Where: Homo = Highest Occupied
Molecular Orbital, Lomo= lowest Unoccupied Moleagul@rbital].
This shifting increases the electro positivity ba hitrogen atoms and
depresses the electron density ofthbonding, namely (C=C) of the
free ligand at 1496 cand lowering the wave number about 54-16
cm’, these observations are in a good agreement kdtiréported in
literaturé™*?).

The medium band at 1200¢massigned to thev(C—-O)
stretching for free ligand is shifted to higherguency, confirming
the coordination of the ligand through oxygen attumthe metal
ion™®. This is presumably due to the increase in thedborder
character of (C-0), upon complexation with metal io

The I.R spectra for complexes exhibited weak giigmr
bands in the ranges (675-570) and (447-39%)amhich are
attributed tov(M—N) and v(M—O) respectivel§** [M=metal ion],
Table (3—-6). These bands support the coordinatiaheligand to

metal centre through nitrogen and oxygen afbs
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The (I.R) spectrum for chromium complex exhibitsaip
absorption band at (430)chdue tov(M—CI) stretching vibration.

Fig. (3-5) I.R spectrum for [Fe(L)] complex
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3750 3500 3250 3000 2750 2500 2250 2000 1750 1500 1250

Fig. (3—7) I.R spectrum for [Cr(L)CI]CI complex
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4000 3760 3500 3250 3000 2750 2500 2260 2000 1760

Fig. (3-9) I.R spectrum for [Zn(L)] complex
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Fig. (3—11) I.R spectrum for K[Hg(L)] complex
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2500 2250 2000

Fig. (3—12) I.R spectrum for [Mn(L)] complex
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(3.5) UV-Vis Spectra of the ligand and complexes

(3.5.1) U\WVis spectrum of the ligand (L)

The (UV-Vis) spectrum for (L) Fig. (3—13), exhibiintense
absorption peak at (288 nm) (34722 9 max= 900 molar cni?)
and absorption peak at (312 nm) (32051 Eimax= 2258 molar
cm?), which are assigned ton-bn) and (Rom) transitions
respectivel{f®® Table (3-7).

DATH PROCESSING YoN 7
+2.50A ' -

i

B.S5a8
A ST I A R

;
+B L EEA

rvmmmmmnmmmssssens o-ssurmmcovin nrec s Bacumsngmis e mevee w100 o st s ain oo

S, i gy @l MM DI,

Fig. (3—13) Electronic spectrum of ligand

(3.5.2) U\-Vis Spectra of the complexes
(3.5.2.1) (U\-Vis) spectra for the [Cu(L)]CI and [Ni(L)]CI
complexes

The (UV-Vis) spectra of these complexes are shown
Figures (3-14) and (3-15) respectively. The alismrpdates are
given in Table (3-7).
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The spectrum of [Cu(L)]Cl complexes displayed ¢hiatense
peaks in the (UV) region at (288) (247229n{Zm»=2018 molar-
cm?), at (340nm) (29411cM (Ema= 2250 molat.cm?) and at
(360nm) (27777¢i) (Zmax = 2100 moldf cm?), these peaks were
assigned to ligand field of the type—n), (n—n ) and charge
transfer respectivef}®. The visible region in the complexes,
[Cu(L)]CI showed a weak band at (570nm) (17544r(88 molar.
cm') assigned to (d-d) transition type’B{;—~°B,) and
(*B1g—°Ey)™"” confirming square planner structure around
Copper(ll) ion.

The spectrum of [Ni(L)]Cl complex displayed twaense in
the (U.V) region at (288nm) (3472289 (Zmax = 1100 molar.cm’)
and at (317nm) (31545¢H (Ema= 1099 molat.cm?), these peaks
were assigned to ligand field of the type—r), (n—m)
respectively. The visible region in the complexj([)CI, showed
weak bonds at (408nm) (24509 OM{Zm=622 molar cni’) and to
(d—d) transition type ‘A;;—'Ay) and (A;;—'Byy). Confirming
square planner structure around Nickel(ll) ion. Opé the
characteristic features of square planner Nickeimexe§'%*? the

absence of absorption bond at (10000Em
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Fig. (3—15) Electronic spectrum of [Ni(L)]Clcomplex
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(3.5.2.2) (UV-Vis) spectrum of the [Cr(L)CI]CI compex

The spectrum of [Cr(L)CI|CI complex Fig. (3—16)sdiayed
one band in the (UV) at (288nm) (347228 ma= 2028 molar.
cm') assigned to “A,—"T1,(P)) transition, and two bonds at
(413nm) (24213ci) (Zma=1385 molarcm’) and at (625nm)
(1000cnT) (Zma=370 molart.cm?), assigned to"A,—"T1(F)) and
((*A—"To(F)) transition respectivefy®, confirming octahedral

structure around chromium (lll) ion.

DATA FROCESSING Y/N 7
+2.80A 3 ‘ ‘

gl , ‘ — NM
168 , BHM-DIV,) =EE B

Fig. (3—16) Electronic spectrum of [Cr(L)CI]Clcomplex
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(3.5.2.3) (UWVis) Spectra of the [Co(L)] and [Mn(L)]

complexes

The spectrum of [Co(L)] complex Fig. (3-17) dig@d two
bands in the (UV) region at (288nm) (347228 ma=1993 molar.
cni?), and at (385nm) (297406 (Zm=1219 molar cmi') assigned
to ligand field of the f—n') and (R>m) respectively. The visible
region in the complexes, [Co(L)] showed weak baatg607nm)
(16501crl) (Zmax =88 molar.cm’) and at (674nm) (14836¢Mm
(Ema=123 molarf.cm’) assigned to (d-d) transitions type
(‘T (F)=*Ti(P)) and {T:i(F)—"Ax(F)). Confirming Octahedral

structure around Cobalt (II) iGA*+%41%)

DATA FROCE

+2.08A

Ho, S EA

cHSDTOL 0]

+2 . g8A | -
I R 198 .0: NMDIVU .,

Fig. (3—17) Electronic spectrum of [Co(L)complex
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The spectrum of [Mn(L)] complex Fig. (3—-18) dispdalytwo
bands in the (UV) region at (315nm) (3174631 m=2490 molar-
cm?), and at (357nm) (28011EN(Zma=2025 molar.cmi*) assigned
to ligand field of typef—= ) and to charge transfer respectively. The
visible region in the complexes, [Mn(L)] showedosiy bond at
(400nm) (25000ci) (EZma=1452 molar.cm’) assigned to (d—d)
transition type 6@\19 —>4Tlg(G)). Confirming Octahedral structure

around Manganese (II) i8A"**"

DATA PRDCESSIMHG YWr/H 7

L ——

100 . OCNM/DIUV . ) 820.0

Fig. (3—18) Electronic spectrum of [Mn(L)] complex

(3.5.2.4) (U\WVis) spectra of [Fe(L)], [Zn(L)], [Cd(L)] and
K[Hg(L)]CI , complexes

The (UV-Vis) spectrum of [Fe(L)] compound Fig. (3}
displayed two bands in the (UV) region at (280n@%7(14cn)
(Zma=800 molar.cm') and at (302nm) (33114¢M (Znac=1812
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molar*.cm?), these bands were assigned to ligand field oftype
(n—n) and (R-n).

A third band appeared at (477nm) (20964EntZ =587
molar®. cm?) assigned to (d—d) transition typ&-"T,), confirming

tetrahedral structure around Iron (1) 6.

DATA PROCESSING Y/N 7
+2.088A r '

<3}§?3.>.
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Fig. (3—19) Electronic spectrum of [Fe(L)] complex

The (UV-Vis) spectra of [Zn(L)], [Cd(L)] and K[HBJ]CI,
Figures (3-20), (3—21) and (3-22) displayed thi@adb in the (UV)
region at (280nm) (25714¢M (Ema=1252 molar.cni’) for zinc
complex, at (288nm) (347228n (=800 molar.cm?) for
cadmium complex, at (288nm) (347220n{Zm»=1080 molar.crm’?)
for Mercury complexes, these bands are assignég—ta ), (n—m )
and charge transfer, confirming tetrahedral strecaround zinc (1),

cadmium (1) and mercury (I1) ions respectivé&ly*”
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DATA PROCESSING Y/HN 7
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Fig. (3—21)Electronic spectrum of [Cd(L)] complex
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DATA PROCESSING Y/N 7
+2.B88A ' ¥

Fig. (3—22) Electronic spectrum of K[Hg(L)Jcomplex
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Table (3-7) Electronic Spectral data of [L] complegs in DMF solvent

Proposed

Compound ] Assignment
P g structure

Ligand(L)

[Cu(L)]CI

charge transfer
’B1g—"Bag, B14— E
[Fe(L)] : C.T Tetra
C.T hedral
E_°T,
[Ni(L)]CI on Sq.
n—m Planner
"Ar—As
"A1—'Big
[Cr(L)CI]CI Aoy Tog(Fus Octa
Ao T14(Fv, hedral
4A29_’4T19(P)U3
[Co(L)]CI T Octa
n—m hedral
4T19(F)—’4T1(p)03
4Tlg(F) _’4A29(F)1)2
[Zn(L)] T—T Tetra
n—m hedral
charge transfer
[Cd(L)] T—T Tetra
n—m hedral
charge transfer
K[Hg(L)] T—T Tetra
n—m hedral
: charge transfer
Mn(L)] "A1(S)—"T14G) Octa
charge transfer hedral
TE—>TE*

C.T: Charge transfer
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(3.6) Magnetic moment measurement

Magnetic moment has been determined in the sodite diy
Faraday’s method. The magnetic properties of thasmplexes
should provide a testing ground for the oxidatidates of the
complexes, therefore provides a way of counting rinenber of
unpaired electrons. This should help in predictimgbonding model
and electronic structuré®,

The magnetic susceptibility for complexes was mess$ at
room temperature, Table (3-8), the effective magmabment [1eff
/B.M) is given by
ueff = 2.828/X,T
Where; T= Absolute temperature (298) °K
Xa =Atomic susceptibility corrected from diamagnegiresence.

The magnetic susceptibility was calculated acecwydio the
example shown below.

The complex [Cu(L)]CI or [Cu(&H»/N4O3)]Cl
X4 (Gram susceptibility) = 1.94 x £0
Xwm (molar susceptibility) = X x M.wt

= 1.94 °Ix 554.266
=1075.46°
X a(Atom susceptibility) = X, — D
Where D is the diamagnetic correction of the comphich is
equal to 136.57 x 10
Xa =1075.2 x 18 - (-136.57 x 10)
Xa=1212.6 x 10



Chapter Three/ Results & Discussion

ueff =2.828/X, T

= 2.828/1212.6x10°° x 298
=1.70 B.M

82

Table (3—8) Data of magnetic momentueff = B.M) of solid at

298 K° and suggested stereo chemical structure abmplexes

. | complex

[Cu(L)]C]

Xx10°
gram
susceptibilit

y

Xux10°
molar
susceptibilit
y

1076.03

Xax10°
atom
susceptibilit
y

1212.6

K (B.M)
actual

u (B.M)
calculate

d

Suggesteo
structure

Square
planner

[Fe(L)]

10164.4

10280.9

Tetrahdldra

[Cr(OCICI

5942.33

6058.8

[Co(L)]

5954.33

6090.8

Mn(L)]

15292.33

15408.8

octahedral
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Table (3—9) Magnetic moments of metal complexes

compound

Ligand (L)

Actual mag.
moment

u(B.M)

Theo mag.
moment

H(B.M)

Expected
configurations

[Cu(L)]C]

Square planne

[Fe(L]

Tetra hedral

[Ni(L)]C]

Square planne

[Cr(L)CIICI

Octhedral

[Co(L)]

Octahedral or
tetrahedral

This complexe need
X-ray analysis fo

structural determintion

[Zn(L)]

Dia.Mag.

[Cd(L)]

Dia Mag.

K[Hg(L)]

Dia Mag

[Mn(L)]

Octahedral

* Magnetic moment due to spin of electrons ori/n(n+2)

(3.7) Nuclear magnetic resonance (NMR) spectra for

precursor (I), ligand and metal complexes

The *H, **C and’H-"C correlated NMR analysis are used to

characterize the ligand and complexes. The spduinze been

recorded in CDGI solution, interpretations of signals were made

according to the information given by Chem. OffRi®gram.
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(3.7.1)'H NMR spectrum for precursor (1) [2,6-diformyl-4-
methyl phenol]

The'H NMR spectrum of 2,6-diformyl-4-methyl phenol, Fig
(3—-23) in DMSO-d solvent shows a broad signal &t (11.40 ppm)
equivalent to one proton assigned to (O—H) giétipThe signal at
resonancedE 10.25 ppm, 2H) assigned to aliphatic aldehydatqor
(G4, Gs—H). This signal appears as a singlet indicatirgetiuivalent
of the two protons in solution. The chemical slhaift©=7.80ppm,
2H) which is due to aromatic protons ofs3(Cs—H), appears as
expected as a singlet. The signal at chemical &wf2.40 ppm, 3H)
is assigned to methyl group protons o(H). Table (3-10)
summarizes the details of the chemical shifts.
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Fig. (3—23)'H NMR spectrum of precursor (1)
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Table (3-10)'H NMR data for precursors (l) measured in
DMSO-dgs and chemical shift §) in ppm.

H-C=0 | Aromatic
Compound O-H CH5(C,)
(Ce) | C-H(Csp)
2,6-diformyl-4- |[11.40 |10.25, |7.8 2.4,
methyl phenol | (1H,s) | (2H,s) |(2H,s) (3H,s)

s: Singlet, br: broad

(3.7.2)*H NMR spectrum of the ligand

The 'H NMR spectrum of the ligand, Fig. (3—24) In CRCI
solvent shows a broad signal :%13.25ppm) equivalent to three
protons assigned to (O-H) groups.

The signal atdy=8.40ppm, 4H) assigned to protons of carbon
number (8) and (11). The signal a,€7.31 ppm, 2H) assigned to
protons of carbon number (13). The signal &={.21ppm, 2H)
assigned to protons of carbon number (15) which reeta position
with respect to (OH) group. The signal @&,£6.95 ppm, 2H)
assigned to protons of carbon number (14) which {gara position
with respect to (OH) group. The signal @,£6.85 ppm. 2H)
assigned to protons of number (16) which is on@mghbsition with
respect to (OH) group.

The signal atd4=3.91 ppm, 8H) assigned to protons of carbon
number (9) and (10) of the ethylene group. Theaigih 0y=2.35,
3H) assigned to protons of carbon number (7) ofntie¢hyl group.
All *H NMR data for the ligand could be seen in Tablel(B.
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Fig. (3—24)'H NMR spectrum of ligand

(3.7.3)'H NMR spectra for the complexes
(3.7.3.1)'H NMR spectra for copper and Nickel complexes
The '"H NMR spectrum for the complexes [Cu(L)]Cl and
[Ni(L)]CI Figs. (3—-25) & (3—26) showed no signalsla.25 ppm for
protons of (OH) groups of the free ligand, and igmals at 8.4 ppm
for protons of azomethine, this indicates that dowtion of the
ligand with metal ions are through oxygen atomghefphenol group
and also through Nitrogen atom’s of the imine gmufigs.
(3—-25) and(3-26) indicate that chemical shifts'if NMR to lower
values for all protons of complexes happend, tbidat be rendered
to the transfer of charge density from metal ionthe ligand’s
coordination sites, which consequently resultechare shielding of

ligand’s protons.
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'H NMR chemical shifts in these complexes for prstaf
carbon (8, 11, 17, 15, 14, 16, 9, 10 and 7) towuhefied region
compared to that in the free ligand is verified &yong back
donation in these complexes.

The similarities ofH NMR spectra of the copper and Nickel
complexes indicate the similarity in chemical stumwe of the two
complexes, as can be seen in Fig. (3—25) and 3i@6] respectively.

Table (3—11) summarizeti NMR data foe all complexes prepared.

Fig. (3—25)'H NMR spectrum of [Cu(L)]CI
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Fig. (3—26)'H NMR spectrum of [Ni(L)]CI

(3.7.3.2)'H NMR spectra for Zinc, Cadmium, Mercury and
lIron complexes

'H NMR spectrum for ligand [L] Fig. (3—24) in CDCI
displayed, a broad signal at chemical Shiis=03.25 ppm, 3H)
attributed to the three protons of (O-H) phenoliouyp. On
complexation with Zinc, Cadmium, Mercury and Ir@ams this band
almost disappear in the spectra, indicating thatdioation ought be
through phenolic groups. On the other hand, redocwof the
intensity of Azomethine protons occurred in compkxof Zinc,
Cadmium and Iron, indicating additional coordinatigites through
Nitrogen atom of the imine groups, as can be seéngures (3-27),
(3—28) and (3-29) comparison ®f NMR of the ligand Fig. (3—24)
and that of Mercury complexes Fig. (3—30) indicétes following;

first disappearance of (OH) signal while protonnsigof imine
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group remains uncharged, this indicates coordinatb Mercury

ions to the ligand through oxygen atoms of phengtaups, second
'H NMR signals of ethylene diamine do not changehiamical shift

or in intensity indicating that coordination thrduglitrogen atoms
of the diamines has not occurred.

'H NMR signals in all four metal complexes are muess
than that of the corresponding protons of the figend, as can be
seen from Figures (3-27), (3-28), (3—29) and (3-sB@marized in
Table (3—-11).

Zn-1-CDC13

Fig. (3—27)'H NMR spectrum of [Zn(L)]
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Fig. (3—29)'H NMR spectrum of [Fe(L)]
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Fig. (3—-30)'H NMR spectrum of K[Hg(L)]

(3.7.3.3) '"H NMR spectra for Chromium, Cobalt and

Manganese complexes
Comparing '*H NMR spectra of Chromium, Cobalt and

Manganese complexes of Figures (3-31), (3—-32),(8r83) with
the corresponding spectrum of the free ligand Bg24) indicate
the following; first, all proton signals in complkex are shifted
toward lower values of chemical shifts, indicatiegordination
taking place between metal ions and the ligandyrs@ceduction of
the three proton signals, namely; phenolic protomsne protons
and ethylene diamine protons, indicating coordoratf the metal
lons to these sites and suggesting the formatiohigif symmetry

octahedral complexes. Results are summarized ireTab11).
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Fig. (3—-32)'H NMR spectrum of [Co(L)]
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Fig. (3—-33)'H NMR spectrum of [Mn(L)]
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Table (3-11) *H NMR data for the ligand and metal complexes
in DCCI3; and chemical shift in ppm 6)

Compound

Ligand(L)

[Ni(L)]CI

[Cr(L)CIICI
K[Hg(L)]

[Zn(L)]

[Cd(L)]
[Fe(L)]
[Co(L)]
[Mn(L)]
[Cu(L)]C]

s: Singlet, w: week

(3.8) 13C NMR spectrum for precursor (I), ligand and

Nickel complexes

(3.8.1)°C NMR spectrum for [2,6-diformyl-4-methyl phenol]
The *C NMR spectrum of 2,6-diformyl-4-methyl phenol, Fig
(3—34) in DMSO-dg solvent shows chemical shift &=0192.80 ppm)

assigned to aldehydic carbon atomsg, (@) (CHO). The resonance of
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the chemical shift abE 162.92 ppm) attributed to the phenolic carbon
atom (G) (C-0), while the resonance chemical shiftdt (37.89,

123.81, 129.81, ppm) are assigned for carbon aromaty atoms

(Css, G4y ) respectively. The signal aé<20.10 ppm) assigned to

methyl group carbon atom {CThe details are listed in Table (3—12).

JAUS
Single Pulse with Broadband Decoupling

s Mo Ro @o we M me ues ime s e ;s U

Fig. (3—34)"*C NMR spectrum of precursor (1)

Table (3-12)°C NMR data for precursor () measured in
DMSO-de and chemical shift in ppm

compound

2,6-diformyl-4-
methyl phenol

Aromatic

C-H(Gp)

Aromatic

C=C(G,)

Aromatic
C-C(G)

Aliphatic
CHs,
(C)
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(3.8.2)°C NMR spectrum of the ligand

%C NMR spectrum for the ligand shown in Fig. (3-35)
displayed, the four Azomethine group (NJCGare equivalent (£,
and appeared at chemical shit € 166.53ppm). The chemical shift of
the aromatic carbon atoms are showrbgt (L18.71 ppm, 118.63 and
116.96ppm) representing 14416 While chemical shift shown at
(6c=132ppm, 131.51ppm) representeg @rd G, of aromatic ring.
The chemical shift ato(=59.77ppm) assigned to ethylene carbon
atoms (G 19. The appearance of the chemical shifogt{61.00 ppm)
is related to carbon atoms,(@ attached to (OH) moity.

The difference in G chemical shift with that of carbon
number one attached to (OH) group &=161.00ppm) and that of
carbon number four attached to methyl groupdef~ 130ppm) is
due to the high electronegativity of (OH) group.

T T T T T T T T T T T T T T T T T T T T T
210 200 180 180 170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10 Ppm

Fig. (3—35)"*C NMR spectrum of ligand
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Table (3—-13 *C NMR data for the ligand in DCCl; and chemical
shift in ppm ()

Compound

(3.8.2)°C NMR spectra for Nickel complexes

The *C NMR spectrum for the ligand, Figd3{35 in CDChk
solvent showes resonance at chemical shifis=166.53 ppm)
assigned to carbon atoms of azomethine gftdh&; 1,), indicating
that, the two azomethine groups are non equivaldats to intra
hydrogen bonding. This result supported that obthim 'H NMR.
The aromatic carbon atoms are shown in the chenshdt at
(6c=132.26 ppm, A¥C;g), (6c=131.51 ppm, A¥C;3), (6c=118.7 ppm,
Ar-Ciy), (6c=116.96 ppm, AfC,e). The methylene carbon atoms
appeared at chemical shiic€59.77 ppm, &.9. The carbon atom
attached to (OH) group resonate at chemical siyf1(61.0 ppm).

The carbon atom of the methyl group,XGave been detected
at ©6c=20.3 ppm). The above chemical shift assignment are
summarized in Table (3-13).

The'*C NMR spectrum of Nickel complex, as can be seen in
Fig. (3—36) in CD{ solvent showes reduction in all chemical shifts
values for all carbon atoms of the complex, thisation indicates

clearly the formation of metal complex where electrcharge
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density being transferred from the metal to theard) through

synergic mechanism (back donation).

L) L) T T T T T T T T L} T T T T T T T L) T L] T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

2

(3—-36)"*C NMR spectrum of [Ni(L)]CI

Table (3-14) **C NMR data for the Nickel complex in DCCk and
chemical shift in ppm ©)

Compound

[Ni(L)]Cl
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(3.9) Molar Conductivity

The molar conductance of the ligand and complax¢é®MF)
are summarized in Table (3-15).

The conductance of the ligand,‘tecd”, cd"”, Mn"and
zZn" complexes are in the range (10.00-17.44) Smoie’
indicating the non electrolytic nature.

While for the complexes ¢t Ni®, " and HJ" are in the
range of (65-76) S.cimole’ indicating the (1:1) the electrolyte
naturé®®)

Table (3-15) The molar conductivity of the ligand ad the

complexes

Conductivity

compound | Solvent
g (S.cnf.mole™)

Ligand (L)
[Fe(L)]
[Co(L)]
[Cd(L)]
[Mn(L)]
[Zn(L)]
[Cu(L)]CI
[Ni(L)]CI
[Cr(L)CI]CI
K[Hg(L)]
DMF

1
2
3
4
5
6
7
8
9
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(3.10) Conclusions and the proposed molecular

structures for the complexes [Mn(L)], [Fe(L)], [Zn(L)],

[NI(L)]CI, [Co(L)], [Cr(L)CIICI, [Cd(L)], K[Hg(L)] and
[Cu(L)]CI.

The molecular structures for these complexes weoposed
according to the results shown below:
A. (I.R) spectra

The (I.R) spectra of the complexes, Table (3—6)Fgdres (3-4
to 3-12) (Mn), (Fe), (Zn), (Ni), (Co), (Cr), (CdfHg) and (Cu)
respectively, display bands in the range (16501685 assigned to
the v(C=N) group stretching. These bands are shiftedloteer
frequencies in comparison with that of the frearid which appeared
at (1660)cril, indicating the weak bonding nature between th&aime
ilons and the iminic group (C=N), This can be atiie¢lol to the decrease
of bond order, as a results of delocalization oftamen electron
density to the ligand, indicating coordination thgh the Nitrogen
atom. The new band appeared in the range (675-Bi703nd (447-
309)cniin the complexes (I.R) spectra are assigned(tb-N) and
v(M-O) respectively, these bands support the coatdin through
nitrogen and oxygen atoms of the ligand to metal.
B. (UV-Vis) spectra

The (UV-Vis) spectral data for complexes are shawhable
(83-7) and the absorption spectra for the completresshown in
Figures (3-14) to (3-22). These could be classifie three

categories namely:
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Octahedral complexes

Chromium complex [Cr(L)CI]CI exhibited bandsXat.x (288,
413 and 625)nm assigned th\§g—'T.g(P)), (A,g—"T.g(F)) and
(*A.g—"T,g(F)) transitions respectively.

Cobalt complex [Co(L)] exhibited band &.(607 and 674)nm
assigned to “T.gp—"Ti9p) and (Tigp—"Age) transitions
respectively. Manganese complex [Mn(L)] exhibitednt atiax
(400nm) assigned tdA:9is—"T1g). These transition suggests an
octahedral geometry around the metal ions.

Square planner complexes

The (UV-Vis) spectrum for [Cu(L)]Cl, Fig. (3—-14) ®hs a
peak at (570nm), which is assigned to (d-d) tramsittype
(°B.g—°B.,g) indicating square plannar structure around Cojuwe

The (UV-Vis) spectrum for [Ni(L)]Cl of Fig. (3—158hows
peak at (408 and 460)nm, which is assigned to itrans type
(*A.g—'A.g) and {A.g—'Big) respectively; also the absence of
10000 crit band is a clear indication to the square planrieke\
complexe&?®,

Tetrahedral complexes

The (UV-Vis) spectrum for [Fe(L)], Fig. (3—19) shewa peak
at (477nm), which is assigned to (d—d) transitigpet (E—°T,)
indicating tetrahedral structure around Iron ion.

The (UV-Vis) spectrum of the [Zn(L)], [Cd(L)] and[Hg(L)]
complexes of Figures (3-20), (3—-21) and (3-22) sladsorption
peaks at (280, 350 and 363)nm, (288, 319 and 36&mn(288, 319
and 440)nm for Zinc, Cadmium and Mercury comple®spectively
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These absorptions are assignedmtef ), (n—n ) and charge
transfer transitions, indicating tetrahedral stwwes around Zinc,
Cadmium and Mercury ions.

C. Conductivity measurements

The molar conductance in DMF solvent of the ligand F&,
cd”, cd”, Mn® and zA" complexes are in the range (10.00-17.44)
S.cnf.mole’, indicating non electrolyte nature. While for the
complexes CI, Ni, ¢ and H{’ were in the range (65-76)
S.cnf.mole’ indicating the (1:1) electrolyte nature.

D. Micro analysis

The micro analysis of Nitrogen (by modified Kjeldahmethod)
along with chloride and metal content by Atomic Atsion
technique for complexes are in good agreement thighcalculated
values, these results supported the formation wipbexes.

E.'H NMR and *C NMR Spectra

On comparison ofH NMR and**C NMR of free ligand and
metal complexes, many conclusions could be drawthertype of
the bonding and complexes formation between thentgand metal
lons; these results supported the formation ottdmaplexes.

According to the results GHNMR & “*CNMR, it is concluded
that, the geometries of €uand Ni* complexes are square planar, the
geometries of C¥, Co* and Mri* complexes are octahedral, while the
geometries of F& Zn", Cd™? and Hg? complexes are tetrahedral.

The proposed molecular structure for *@CICo%, Ni?, zZn*,
Hg™” and C(*) complexes were drawn according to a computed
program Chem. Office 2003. Figuré3-37), (3—38) (3—-39), (3—40),
(3-41) and (3—42)lepicts the proposed structure for [M(L)]CI, [wixer



Chapter Three/ Results & Discussion 103

M= Ni and Cu] complexes, [M(L)] [where: M= Co andnZ
complexes, [M(L)CI]CI [where M= Cr] and K[M(L)] [wlre M= Hg].

Fig. (3-37) The proposed molecular structure of [CI' (L)CI] * complex

Table (3-16) The calculated bond lengths and bondryles of
[Cr" (L)CI] * complex

Type of bond | Bond length (A) | Type of bond | Bond angle (°)

39.539
87.790
129.454
139.888
180.000
90.000
90.000
179.451
140.461
90.000
90.002
92.210
90.576
50.548
40.113
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Fig. (3—38) The proposed molecular structure of [Co(L)] complex
Table (3-17) The calculated bond lengths and bondrfgles of
[Co" (L)] complex

Type of bond | Bond length (A)

Type of bond
Q—-Caoz6—Nyo

Bond angle (°)
21.134

Q-Cos6—Ni1

77.236

Q—Co036—Ny7

106.554

Q-Co36—Nss

158.410

Q—-C036~034

111.589

No—C036—Ni1

90.000

N1o—C036—N17

90.000

N1g—C036—Nisg

179.451

N1o—C036— 031

90.457

N1;—C036—N17

90.000

N11—C036—Nis

90.000

N11—C036~0s1

127.111

N17-C036—Nis

90.574

N17~C036~0Os1

37.116

N1s—C036~0Os1

90.000
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Fig. (3—-39) The proposed molecular structure of [NiL)]* complex

Table (3—-18) The calculated bond lengths and bondngles of
[Ni" (L)]* complex

Type of bond | Bond length(A) | Type of bond | Bond angle (°)

N1—=Niz7—Na> 90.000
N1—~Niz7—Nag 89.000
N1—Ni3—0Os; 180.000
N2>—Niz7—Nsg 179.451
N12—Niz7—Os; 89.999
N1s—Niz7—Os; 90.002
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Fig. (3—40) The proposed molecular structure of [Zh (L)] complex

Table (3-19) The calculated bond lengths and bondryles of
[Zn" (L)] complex

Type of bond | Bond length (A°) | Type of bond | Bond angle ¢)

Q-Zn37—Nsp 109.467
Q-Zn37—Ny7 109.475
Q-Zn37—Nyg 109.461
No=Znz7—N17 104.508
Owo—Zn37—Nsg 109.470
Ni17—Zn37—Nig 114.298
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Fig. (3—41) The proposed molecular structure of [Ht(L)] ~ complex

Table (3-20) The calculated bond lengths and bondrfgles of
[Hg" (L)]~ complex

Type of bond | Bond length (A°) | Type of bond | Bond angle ¢)

Q_Hgss—Nao 109.472
Q-HQz5—0sy 109.467
Q-Hg35-034 109.470
N-Hgs5-03s1 109.470
N7-Hg35~Os4 109.472
0;-HY35—0s4 109.474
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Fig. (3—42) The proposed molecular structure of [CUL)]* complex

Table (3-21) The calculated bond lengths and bondrgles of

[Cu" (L)

Type of bond | Bond length (A)

complex

Type of bond

N1—Cus7—N32

Bond angle (°)
109.472

N1—Cus7—N3sg

104.501

N1—Cus7—0s

109.470

N2>—Cus7—Nssg

109.472

N12—Cus7—Os2

109.472

N1g—Culs7—0Os2

114.293




Chapter Three/ Results & Discussion 109

Prospective studies

1.

Preparation of new poly dentate macrocyclic ligawtth
different substituents.

Synthesis of°Cu and®*Tc complexes with this ligand to be used
as radio pharmaceuticals in nuclear medicine.
Thermodynamic and kinetic studies for the ligand ats

complexes.
Stability constant measurements of metal complexieghe

prepared ligand.
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(4.1) Biological activity

Microorganisms cause different kinds of diseasdsutmans and
animals. Discovery of chemotherapeutic agents playry important
role in controlling and preventing such diseases.

The roles of the inorganic species in medicinespaoenising for
logical design of inorganic therapeutic agents that relatively
innocuous to the host, while being toxic to unwedntgpes of cell
component$®”. Chemotherapeutic agents were isolated either from
living organisms are known as antibiotics, like igéin and
tetracycline ...etc., or they are chemical compoupdspared by
chemists such as sulfa drugs. Certain metal coraplaxe active at low
concentrations against types of bacteria, fungianges.

Issues of concern regarding Gram— negative bacagmaagram-
positive bacteria include the extended drug restgtaspectrum of
pseudomonas mallei and staphlococeus aureus b@wmanmon causes
of infection in the acute and long term care unitesospitals.

The emergence of these resistance bacteria hastedra major
concern and an urgent need to synthesize agergguaftural classes
which resemble the known chemotherapeutic agenits.clear that the
metal chelates can act in a number of ways. Theyg thay inactivate
the virus by occupying sites on its surface whiabuld normally be
utilized in the initiation of the infection of tHeost cell. The first step in
the infection would be the adsorption reaction lavg electrostatic
interactions. Alternatively, the complex cationsynmenetrate through
the cell wall and prevent virus reproduction. Thaesimessential feature
of good chemotherapeutic agent is that, it mustwsadigh degree of
selective toxicity towards a microorganism, so thiatan be given in
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sufficient doses to inhibit or kill microorganisrtigough tout the blood
without harming the body cell. Complexes are cogr®d an important
class of compounds having a wide spectrum of biokgctivity*>?).

(4.2) Chemicals.

1- Dimethyl forma amide
2- Methanol (%96)
3- Nutrient Agar medium from maknus lab.

(4.3) Apparatus

1- Autoclave from Hiramama company
2- Biological hood

3- Petri dishes

4- Cotton swab

5- Micro pipette

(4.4) Type of bacteria.

1- Staphylococcus aureus (gram positive).
2- Pseudomonas mallei (gram negative).

(4.5) Preparation of nutrient agar medium

Dry nutrient agar 20 grams were added to one bfedistilled
water in a conical flask and stirred with heatimgilut was completely
dissolved.

The flask was closed by cotton and the medium wexdized by
placing it in an autoclave for 20 minutes at AQIunder pressure of
15pounds/sq. inch. After that the medium was cotde@5-55C) and
placed in a Petri dish about (15-20mL) for each, dek to cool and
solidify.
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The medium was ready for bacterial growth, the istidbacteria
were placed on the nutrient agar surface usingpthgand by streaking
processdtr*®. After that the disc saturated with the tested moumd
solution was placed in the dishes which were themubated for 18
hours at (37C).

(4.6) Result and discussion.

In this antibacterial study of all metal complexesl the ligand,
the results are shown in Table (4-1).

Bacteria which were studied are gram negative Rswaodas
mallei and gram positive Staphylococcus Aureus. DMES used as a
solvent. These plates were incubated at°37for 18 hours for
bacteri&?”. The inhibition zone caused by various compounds w
examined. The result of the preliminary screenegjd listed in Table
(4-1) and Figures (4-1), (4-2), (4-3), (4-4), (4-5%-6),
(4-7), (4-8), (4-9) and (4-10).

Table (4-1) Antibacterial activities of the ligand and the netal complexes

Staphylococcus| Inhibition Pseudomonas| Inhibition

Compound . , :
Aureus Diameter (mm) mallei Diameter(mm)

L
[Mn™(L)]
[Zn'(L)]
K[Hg"(L)]

[Ni"(L)]CI
[Co'(L)]
[Fe'(L)]
[Cr"(L)CI]CI
[Cd"(L)]
[CU"(L)]CI

N N N A
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Results are summarized as follows;

First: Inhibition effect of all compounds studied with
Pseudomonas mallei was lower than that with Staygogicus areus.

Second: Results of table (4-1) showed that, except Zinc,
Cadmium and Mercury complexes, Inhibition of allngmex ions
studied were less than the inhibition of the ligaad offer by itself.

/i

/ /\‘ —e— Staphylococcus
/ —=— Pseudomonas

/
X\ AA /]

(Z2) Atomic No.

Fig (4-1) The inhibition according to atomic number
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Fig. (4-2) Effect of [Zn(L)] and K[Hg(L)] on staphylococcus areus

Fig. (4-3) Effect of ligand (L) and [Mn(L)] on staghylococcus areus



Chapter Four/ Biological Activity 115

Fig. (4-5) Effect of [Ni(L)]Cl and [Co(L)] on staphylococcus areus
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Fig. (4-7) Effect of [Zn(L)] and K[Hg(L)] on pseudamonas mallei
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Fig. (4-8) Effect of Ligand (L) and [Mn(L) ] on pseudomonas mallei

Fig. (4-9) Effect of [Cd(L)] and [Cu(L)]Cl on pseucomonas mallei



Chapter Four/ Biological Activity 118

Fig. (4-11) Effect of [Fe(L)] and [Cr(L)CI]Cl on Pseudomonas mallei
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Table (3-5) Infrared spectral data for the starting materials, precursors and ligand

v(C- | v(C= v(CH) | v(CH) vC=
compound v(C=C) v(C-0) | v(CHy) | 8(OH) | v(HO) | v(NH,) | o(NH)
N) N) aliph. Aro. @)
Precursor (1) 16Q3 | 2922 | 2871y | 1216 1404, | 340Qy, 1682
145§ ) )
1667
)
Precursor (I1) 1114 167% 1500 2950 2850 1223 | 139 3406,y | 3240 169@in
1620 | 1475 plane
962t plane
Ligand 856 | 164Qs) | 1496Qs | 294Qs) | 287Qm) | 120Qs) | 1373m 339%
S: strong, m: medium, w: week, br: broad Alifh: aliphatic, Aro: Aromatic
v: stretching 6: bending
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Table (3-6) Infrared spectral data (wave) cm™ of the complexes

compounds | v(C-H) | v(C=N) | v(C=C) "(Cpﬁ'])A“ W(CH)Ar0. | v(C-0) | v(CH,) | v(OH) | (NH) | v(M-0) | v(M-N) | vM-CI
Ligand 856 igggg 1496, | 2940y | 28704 | 12004 | 1373, | 3394 | 1577
1627 1292
[Mn(L)] 898 1600, 1442y | 2924 2854 1199, 1388y | 33754 447y | 632
1650(5) 1265(br)
[ Fe( L )] 1022(br) 1 608(5) 1480(5) 2924(br) 2854(5) 1095(br) 1377(br) 3390(br) 439(5) 625(5)
1650
[Zn(L)] 1026y 16282 1480 | 29204 2854, 1222,y | 1396 | 3449 447y | 6404
. 1650
[Ni(L)]Cl 1026y 16242 1458 | 2924 2854 1200,y | 1390y | 33%, 443y | 624
1639
[Co(L)] 898 16002 1450 | 2924, | 2858y 1200y | 1388y | 3406, 440 | 636
[crL)ciicl | 902 igigg 1470 | 2924y | 2854w | 1199, |14004 | 34254 440y | 570m | 4304
[Cd(L)] 872 1639y | 1446 [ 29244 2862(m) 12159 | 14004 | 3433, 400y | 675
1650
K[Hg(L)] 860 16352 1450 | 2924y | 2854y 1280y | 1396y | 3390p, 447y | 6104
[Cu(L)]C 8754 igggg 1458y | 2920y | 2854(m 1280y | 1396y | 3429, 409 580
S strong, m: medi-um, w: week, br: broad Aliph: aliphatic, Aro: Aromatic
v: stretching 6: bending
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