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Abstract:

Benzylidene compounds (Schiff bases),were prepared from the
reaction of 2-hydroxy benzaldehyde with different primary amines,and
elucidated by infrared spectroscopy.

Ferric sulfate di-hydrate salt was reacted with those Schiff bases which
produced the corresponding ferric complexes.
These obtained complexes were elucidated by infrared spectroscopy and
metal analysis.

The prepared compounds were tested for antibacterial activity.
The results obtained indicated that some of these compounds were more
active than the others.
And the biological activity included two types of bacteria, gram positive
bacteria(Staphylococcus aureus) and gram negative bacteria(Escherichia
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Chapter One-Introduction

I ntroduction
Part One
Chemother apy? @

1.1.1What is Chemotherapy?
Is the use of chemical substances to treat didadss. modern-day

use,it refers primarily to cytotoxic drugs usedreat cancer.

In it's non -oncological use,the term maysoalrefer to
antibiotics(antibacterial chemotherapy).

In that sense,the first modern chemothertapeagent was Paul
Ehrlich's arsphenamine fig(1-1),an arsenic compaliadovered in 1909
and used to treat syphilis.

This was later followed by sulfonamides(iig4) discovered by
Domagk and penicillin fig(1-2) discovered by Alexian Fleming.

Other uses of cytostatic chemotherapy tgare the treatment of
autoimmune diseases such as multiple sclerosighaumatoid arthritis

and suppression of transplant rejections.

Fig.(1-1)Arsptamine

1
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The structure was believed to be -A- until 2005 wheew research
suggested the true structure was in fact a midtitee trimer -B- and the

pentamer -C- .

Fig(1-2)

penicillin
Chemotherapy is used in a large scale in the cdrezment.
The first drug used for cancer chemotherapy wasngtnally intended
for that purpose.
Mustard gas fig(1-3) was used as a chemical waefgent during the®1
world war and was studied further during the secmodd war,
People were exposed to Mustard gas was later fourve very low
white blood cell counts.It was reasoned that amteat damaged the
rapidly growing white blood cells might has a semiéffect on Cancer.
So in 1940,several patients with advanced lymphd@asacers of certain
white blood cells) were given the drug by vein,esitthan by breathing
the irritating gas.
There improvement,although temporary,was remarkable
So this experiment led researchers to look forraghbstances that might

have similar effects against Cancer.
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Hy
H,C——C——Cl
/
S
Hy
HyC——C——Cl
fig(1-3)

Mustard gas

1.1.2 Types of Chemotherapy
The majority of chemotherapeutic drugs care llivided

into:alkylating agents,antimetabolites,anthracyesiftopoisomerase
inhibitors,monoclonal antibodies,and other antitumagents.

All of these drugs effect cell divisionDBNA synthesis and function
in some way.

Some newer agents don't directly interfeita DNA.These include
the new tyrosine kinase inhibitor imatinib mesyldig(1-4) which
directly targets a molecular abnormality in certaitypes of
Cancer(chronic myelogenous leukemia,gastrointdstinamal tumors).

In addition some drugs may be used whiokutate cell behaviour

without directly attacking those cells.

i
CH. N
U
[/L f.f-hr'!; I!-u__g-f_;'] e H-J
L W T
| I -
~= N o - CH,SO_H

Fig.(1-4)imatinib mesylate

Two important types of chemotherapy are:-
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1.1.2.1- Alkylating agents™
Alkylating agents are so named becauséeif ability to add alkyl

groups to many electronegative groups under camditpresent in cells.
Cis platin fig(1-5) and Carboplatin fig6);as well as oxaliplatin
fig(1-7) are alkylating agents.
Other agents are mechloethamine,cyclogtaspmle fig(1-
8),chlorambucil fig(1-9).They work by chemically nifying a cell's
DNA.

.
.
Yru,
r
r

Fig(1-5)

Fig(1-6)
Carboplatin

Fig(1-7)
Oxalplatin

4
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Fig.(1-8)cyclophosphamide
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Fig(1-9)
Chlorabucil

1.1.2.2-Anti metabolite:
An antimetabolite iIs a chemical with imi&r structure to a

substance(a metabolite) required for normal biogbainreactions,yet
different enough to interfere with the normal fuans of cells,including
cell division.

Antimetabolites can be used in canceattnent,as they interfere
with DNA replication and therefore cell division carthe growth of
tumors.Because cancer cells spend more time diidiman other
cells,inhibiting cell division harms tumor cells nreacdhan other cells.
Anti-metabolite masquerade as purine(azathiopriagsaptopurine)or
pyrimidine which become the building blocks of DNA.

They prevent these substances becoming incorponati@dNA during

the S phase of cell cycle,stopping normal develayraed division.
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Fig(1-10)

Azathioprine

Fig(1-11)
Mercaptopurine

Generally,antimetabolite dru§8 include folic acid analogues,purine
analogues and pyrimidine analogues.
Methotrexate is a folic acid analogues,prevents fboemation of

tetrahydrofolate,essential for purine and pyrimedaynthesis.

[ L N
o P
HC - "u“'NH';"‘w-*"“- LR
0] "'L"'\-\. .-'N.H. .-"“‘-HNHJ :‘.F"l" l
||
Habd = W N
Fig(1-12)
Folic acid

While purine analogues include azathioprine figQ};thercaptopurine
fig(1-11),thioguanine,fludarabine and pentostatin.
Pyrimidine analogues may include 5-fluorouracikfiodine and cytosine

arabinoside.



Chapter One-Introduction
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Fig(1-13)
Fluorouracil
Antimetabolite may also be antibiotics,such asassuldmide drugs,which

inhibite dihydrofolate synthesis in bacteria by @ating with para-

aminobenzoic acid.

Fig(1-14)
Sulfanilamide
1.1.3 Dosage of chemother apy
Dosage of chemotherapy can be diffiduthe dose is too low,it

will be ineffective against the tumor,while at essme doses the
toxicity(side-effects,neutropenia will be intoletalbo the patient).
This has led to the formation of de@l@osing schemes"which
give guidance on the correct dose and adjustmesdsa of toxicity.
The BSA(body surface area) is usualalculated with a
mathematical formula or a nomogram,using a pasiemteight and

height,rather than by direct measurement.

1.1.4 Delivery of chemother apy
Most chemotheraoy is delivered intrawesig although there are a

number of agents that can be administered

orally(e.g.melphalan,busulfan,capecitabine).



Chapter One-Introduction

Depending on the patient,the disease,the stagesefsk,the type of
chemotherapy,and the dosage.

Intravenous chemotherapy may be givereither an inpatient or
outpatient basis.

o

NH, |’%’N“K/ﬁ“m
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[

Fig(1-15)
Melphalan
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Fig(1-16)
Busulfan
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Fig(1-17)
Capecitabine

1.1.5 Side effects of chemother apy“*”

The treatment can be physically exhagston the patient, current

chemotherapeutic techniques have a range of dieetemainly affecting
the fast —dividing cells of the body.
8
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Important side-effects include(dependent on tieny:-
1-Hair loss.
2-Nausea and vomiting.
3-Diarrhea or Constipation.
4-Anemia.
5-Malnutrition.
6-Depression of the immune system,hence(potentietlyal)infections
and sepsis.
7-Hemorrhage.
8-Secondary neoplasms.
9-Cardiotoxicity.
10-Hepatotoxicity.
11-Nephrotoxicity.
12-Ototoxicity.
13-Death.
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Part two : Schiff bases.
1.2.1 What ar e Schiff bases?: -

The term "Schiff bases" is using to defam organic compounds

which contain the functional group(C=N).

They were firstly prepared by Schiff in the yeas48.

Schiff bases have the general formul&i=NRs;, when R is a phenyl

or alkyl group the Schiff base is then called annaywhich is very

stable®

Schiff bases can be obtained by condensation cgabgtween carbonyl

compound(aldehyde or ketone)with a primary amine.

R R
1\/ 2
¢ + Ry NH;— | Ry R,

primary amine
aldehyde or ketone — . .
carbinol amine

hydrolysis

Rz\
/C=N_R3 + Hzo
R{

Schiff base

10
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These bases can also be prepared by refluxinguwfetar quantities of
aldehyde or ketone with amine or by slow melting I0 minutes and
then isolating and purifying the product by recajlstation or
sublimation under reduced presstife

Stabl”prepared Schiff bases by removing water which isnéal by
condensation of aldehyde with the amine by reflukenzene this is done
by mixing the amine and the aldehyde in benzenetled the residual

solution is distilled under vaccum.

1.2.2 Applications of Schiff bases:-
Schiff bases are used in a large scaleanndustrial applications.

They are used in the synthesis of dyes and pigfi&nts

Also in rubber accelerators,and in liquid crystalselectronics.

Schiff bases are used as substrates in the prepai@t a number of
industrial and biologically active compounds,via ngi
closure,cycloaddition and replacement reactidhs

More over,they are also known to have biologicalivées such as
antimicrobiaf®**> antifungaf®**" and antitumdr®.

Finally,they also employed as ligands for complexaof metal ionS®.

1.2.3 Some of the reactions of Carbon nitrogen double
bond":

- Hydrolysis of the carbon nitrogen double bond:

—C— H,0 —C— 4+ W—NH,
II — ICI)

— * . .

N—W primary amine

carbonyl compound

Compounds containing carbon-nitrogen dellonds can be
hydrolyzed to the corresponding aldehydes or ketone

11
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For imines(W*= R or H) the hydrolysis is easy arah de carried out
with water.
The hydrolysis of Schiff bases is more difficultdaand requires acid
or basic catalysis.

- Reduction of the carbon-nitrogen double bond:

Imines,Schiff bases,hydrazones,and other C=N comg®wan be
reduced with LiAIH,NaBH;,Na-EtOH,hydrogen and a catalyst,as

well as with other reducing agents.

T LiAH, —Cc—
N —_— I
_ HN—
Carbon nitrogen

double bond compound

The addition of organometallic compoundsto C=N
Compounds:
N-Hydro-C-alkyl addition:

R\\ R\\
| i |
R_(l:l_H R—C—H Hydroly5|s‘ R—C—H
N * R'-mgx ——> | ] |
R I / AN /N
organo-metallic
g XMg R\ H R\

compound
(greenyard reagent)

The addition of HCN to C=N Compounds:

CN

—Cc— + HCN — o |
| (|3

N=W  hydrogen cyanide H— N—W

W+*=H,R,Ar,OH,NHA etc,
12
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HCN adds to imines,shiff bases,hydrazones,oximesl amilar

compounds.

1.2.4 Complexation of ligands with metal ions:-
Chelating ligand¥are complex compounds consisting of a

central metal atom attached to a large moleculegal ligand,in a cyclic
or ring structure.

Ligands that can attach to the same metal ion atpgueints are called
bidentate ligand,while ligands that can attachht® $ame metal ion at
more than two points are called polydintate ligands

All polydentate ligands are chelating agents.

Chelates are more stable than nonchelated compoaihdemparable
composition,and the more extensive the chelatian-ththe larger the
number of ring closures to a metal atom-the mablstthe compound.
This phenomenon is called the chelate effect,thbilgy of chelate is
also related to the number of atoms in the cheilatg

The functional group RHC=NR,which has been called an imine,is
particulary for binding metal ions via the N atowné pair,to form
polydentate chelating ligands,or macrocycles.

Ketones,of course,will also form imines of the typ&,C=NR;,

But the reactions tend to occur less readily thah aldehydes.
Bidentate Schiff bases have been among ligandsatbkatxtensively used
for preparing metal complexes.

These ligands are described according to their deegN-donor Schiff
bases,N,O-donor Schiff bases.

Tridentate Schiff bases may be generally considsrderived from the

bidentate analogues by adding another donor group.

13
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These have been utilized as an ionic ligands having
(N,N,0),(N,N,S),(N,N,0)and(N,S,0)donor s&fs'?,

In medical practice,chelating agents,particulatissat EDTA,are widely
used for direct treatment of metal poisoning beeahsy bind the toxic
metal ions more strongly than do the vulnerablemaments of the living
organism.

Chelating agents are also employed as extractantsidustrial and
laboratory separation of metals and as metal-idfetsiand indicators in
analytical chemistry.

Also they are useful in stabilizing high oxidatistates of metals.

Many commercial dyes and a number of biologicalssatices including

chlorophyll and hemoglobin,are chelate compounds.

14
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Part three
Bacteria

1.3.1 What are Bacteria?
Bacteria are the simplest and oldest foftife.™®

Bacteria(singular:bacterium)are unicellular micgammisms.They are
typically a few micrometers long and have many sisajncluding

spheres,rods,and spir&l3.

Shapes of Bacteria

lL"-. e i
- % i
7L
[ ] Psoaudomonas  Salmanella typhi M
Preumaocosc Streptococci
'!

8 (- %

Mycobacterium  Clostridium telani Laptospira
Staphylococei tuberculosis
Coeei Bacilli Spirocheates
fig(1-18)

shapes of bacteria

Bacteria are ubiquitous in every habitat on eardwing in
soil,acidic hot springs,radio active waSfésea water,and deep in the
earth's crust.
Some bacteria can even survive in the extreme aaddvacuum of outer
space.
There are typically 40 million bacterial cells ingaam of soil and a
million bacterial cells in a milliliter of fresh wer,in allthere are
approximately five nonillion(5*18)bacteria in the worl&."

15
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Also there are about 10 times as many bacteriédd esl human cells in
the human body,with large numbers of bacteria anskin and in the

digestive tract®

109 17 1mm
Eukaryotes
10° 4
100
o FProkaryotes
+r‘:|—-:II 106 4 1 m
e |
107 4 .
YViruses
108 4 ! Proteins
10 L 1 nm Atorns
fig(1-19 )

The range of sizes shown by Prokaryotes,relatitbdse of other
organisms and biomolecules
Bacteria,unlike animals and other eukaryotes,docoatain a nucleus or
other membrane-bond organelles.
They are just DNA and RNA encased in a hard cdvat they get their

own category™?

1.3.2 Bacterial benefits:-
Some types of bacteria are harmless andesof them are

beneficial.

Many bacteria species are found naturally in thendou body,and in all
other animal bodies.

Bacteria are Instrumental in digestion,vitamin protibn,and other good

work.

16
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When antibiotics are taken,the aim is to kill thedtbacteria that have
caused the disease.However,the antibiotics aldothel'good"bacteria
that the body relies on.

Bacteria are beneficial in other ways.Bacteria ahat decompose and
use up dead plant and animal matter.With no bactkd planet would be
covered with dead plants and animals.

Certain species of bacteria that live on the roaf plants
actually"fix"nitrogenfrom the air,convert it to plafood,and feed the
plants with essential plant nutriefit3.

Bacteria are important in processes such as waater wreatment,the
production of cheese and yoghurt,and the manufadantibiotics and
Other chemical§?

1.3.3 Gram positive bacteria: -

Are those that retain a crystal violet dye during gram stain proceSé)

Gram positive bacteria appear blue or violender a
microscope,while gram negative bacteria appeaorgunk.
The gram classification system is empirical andgefr based on
differences in cell wall structuf&’
The following characteristics are generally present gram positive

bacteria:'®

17
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1-A very thick cell wall.(Peptidoglycan).

Peptidoglycan is a polymer consisting of sugarsamaho acids.

5, & g i
Reerty o2 . 4
u_ L L

ot
“h -

> el
. W t‘r_tv;:‘"‘t; 2 &
3. : 3 .

g bl

- T% *"'"""*t\_ - | % ol

Q. 0 r ;
5 el ety B,

Fig(1-20)
Peptidoglycan

Where NAG:N-acetyl glucoseamine,NAM:N-acetyl muraracid.

2-1f a flagellum is present,it contaimg rings for support.(gram
positive bacteria has only one membrane layer).
3-Teichoic acids and lipoteichoic acade present,which serve to

act as chelating agents,and also for certain tgpadherence.

1.3.4 Gram negative bacteria:-
The following characteristics are displdyby gram negative

bacteria:-

1-Cell walls only contain a few layer§ meptidoglycan(which
present in much higher levels in gram positive &aafit forms 90% of
the dry weight of gram positive bacteria,but onBfd of gram negative
bacteriaf?.

2-Cells are surrounded by an outer mambdr of
lipopolysaccharid.(also known as lipid A)outside fheptidoglycan layer.

3-Porins exist in the outer membranegWwhact like pores for
particular molecules.

18
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4-There is a space between the layers of peptidag and the
secondary cell membrane called the periplasmicespac

5-The S-layer is directly attached te tbuter membrane,rather
than the peptidoglycan.

6-If present,flagella have four supportimgs instead of two.

7-No teichoic acids or lipoteichoic aire present.

8-Lipoprotiens are attached to the padgharide backbone.

9-Most do not sporulate.
Both gram positive and gram negative bacteria e a membrane
called an S-layer.In gram negative,the S-layerinsctly attached to the
outer membrane,while in gram positive the S-lageritached to the
peptidoglycan layer.
The outer membrane in the gram negative bacteri@sponsible for
protecting the bacteria from several antibioticeglgnd detergents which
would normally damage the inner membrane or cell(peptidoglycan).
The outer membrane provides these bacteria witbta@se to lysozyme
fig(1-22) and penicillin fig(1-2).

M S

"l’ﬁ"i“ P

9
rw——
3

X

Fig(1-21)

Lysozyme
Lysozyme:is a 14.4 kilodalton enzyme,commonly efrto as the"body's
own antibiotic"since it kills bacteria.lt destrolyacteria cell walls by
hydrolyzing the polysaccharids component of théwall.lIt is
abundantly present in a number of secretion,sutbaas.
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1.3.5 Staphylococcus aureus bacteria:

1.3.5.1-What ar e Staphylococcus aureus bacteria?
The most common cause of staph infectisngi spherical

bacterium,frequently living on the skin or in th@se of a healthy
pearson,that can cause a range of illnesses frowrrskin infections.
S.aureus was discovered in Aberdeen,Scotland in 1880 byean
Alexander Ogstdh’.

Each year some 500,000 patients in American hdspitantract a
staphylococcal infection.

S.aureus is a gram-positive coccus,which appears as ghépeclusters
when viewed through a microscope and has largemewjtgolden-
yellow colonies,often when grown on blood agares&?.

The golden appearance is the etymological root hef bacteria's

name"golden"in latin.

Fig(1-22)
Stphyloccocus aureus bacteria
From an infected skin
200 x 217pixels.
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1.3.5.2-Rolein disease: -
Occur as a commensal on human skin;it also ogautse nose(in about

25% of the population)and throat and least commaordy be found in
the colon and in urine.

The finding of S.aaureus under these circumstances does not always
indicate infection and therefore does not alwagsiire treatment.

It can survive on domesticated animals such as,daigsand horses,and
can cause bumblefoot in chickens.

In infants S.aureus infection can cause a severe disease staphyldcocca
scaled skin syndrome(SS$8)

S.aureus infections can be spread through contact with fsasn an
infected wound,skin-to-skin contact with an infecfgerson,and contact
with objects such as towels,sheets,clothing,ortthequipment used by

an infected person.

1.3.5.3- M echanism of antibiotic resistance: -
Staphylococcus resistance to penicillin fig(1-2)is mediated by

penicillinase(a form of-lactamase)production:an enzyme which breaks
down theB-lactam ring of the penicillin molecule.
Penicillinase-resistant penicillins such as
methicillin,oxacillin,cloxacillin,dicloxacillin andlucloxacillin are able to

resist degradation by staphylococcal penicillinase.

OCH
R Y .
HaCO g U
D‘/ B
:;'"‘—‘—-._
HD/‘_"O
Fig(1-23)
Methicillin
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Fig(1-24)
Oxacillin
e "“rr”
\ !
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/i
e Rp=o%
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*_.::_D
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Fig(1-25)
Cloxacillin

1.3.6 Escherichia coli bacteria:-

1.3.6.1-What are E.coli bacteria?
Is one of the main species of bacteviad in the lower instestines

of mammals,known as gut flora.

Discovered in 1885 by Theodor Escherich,a Germafiapgcian and
bacteriologist?,E.coli are abundant:ithe number of individuglcoli
bacteria in the feces that a human excretes indageaverages between
100 billion and 10 trillion.

However,the bacteria are not confined to this emrrent and specimens

have also been located,for example,on the edgetafring&™.
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3 ~

Fig(1-26)
E.coli bacteria
As gram negative organisms,E.coli are unable to

sporulate.Thus,treatments which kill all active teaa,such as
pasteurization or simple boiling,are effective tioeir eradication,without
requiring the more rigorous sterilization whichcaffeactivates spores.

E.coli grow best in vivo or at the higher temperastucharacteristic of
such an environment,rather than the cooler tempesfound in soil and

other environments.

1.3.6.2-Rolein disease: -
E.coli can generally cause several imestand extra-intestinal

infection such as urinary tract infections.

The enteric E.coli are divided on the basis ofleinge properties into
enterotoxigenic(ETEC,causative agent of diarrhea in
humans,pigs,sheep,goats,cattle,dogs,and
horses),enteropathogenic(EPEC,causative agenauhda in
humans,rabbits,dogs,cats and horses),enteroinygt@,found only in
humans),verotoxigenic(VTEC,found in pigs,cattle slagd
cats),enterohaemorrhagic(EHEC,found in humansecatitl goats) and
enteroaggregative E.coli(EAggEC,found only in hus)an
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A B

l
Pole —» (0__1)+——"Pole
l
[_: Cell growth
l
(::: Beginning of cell division
l
Mew pole cell =2— 0 2j=—=0ldpolecell

Old pole —= I | =— New poles —»| l =——(Qld pole
New pole ({]_—3] Old pole cell

/ \ cell for at for at least
least two two divisions

divisions

Fig.(1-27 ) Life cycle oE.coli bacteria.

1.3.6.3-Antibiotic resistance: -
As gram negative organiskspli are resistant to many

antibiotics which are effective against gram-paositi
organisms,antibiotics which may be used to tr&atoli infection
include(but are not limited to)amoxicillin as wel other semi-syntheic
penicillins,many cephalosporins,ciprofloxacin,tribmaprim
sulfamethoxazole.

Not all antibiotics are suitable for every diseagaased by.coli.
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Fig(1-29)
Amoxicillin

COOH
Fig(1-30)
Cephalosporins

r/\ruH
WL;IV

Fig(1-31)
Ciprofloxacin
Antibiotic resistance is a growing problem.Somehas is due to overuse

of antibiotics in humans,but some of it is proballye to the use of

antibiotics as growth promoters in animals f68d
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Aim of thework:

The aim of the work was to synthesize and dtarie of four Schiff
bases compounds and then using them as ligande préparation of
ferric ion complexes.

And finally the biological activity of these compumis (ligands and
complexes) were measured against both gram posiiglegram negative
bacteria.
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3.1The physical properties of the prepared compounds:
The measurements of the melting points of the tigaand their

complexes with thé&erric ion showed that the melting points of two of
the complexes were higher than the melting pointsthe parent
ligands,while two of them have a lower melting gadiman their parent
ligand.

All reactions were carried out at roormpeature under heating
conditions using abs.ethanol as solvent .Recryzstbn solvent also was
absolute ethanol for all reactions.

Identification and study of these complke were carried out by
both metal analysis [The results are shown in {&8k19] and Infra-red
spectroscopy.According to these measurements thmichl formula of
the prepared complexes have been suggested.Asigitanle (3-3).

Table(3-1)
Physical properties for the prepared complexes
Metal content
Complex | Melting pt. Colour Calculated Found
(°C)
Al (222-225) Brown 11.9 12.8
All (275-278) | Light brown 11.8 11.2
AIll (283-286) | Yellowish 10.9 10.7
brown
AIIII (230-233) Brown 13.6 13.9
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3.2 Synthesis of ligands:

Schiff bases compounds were all prepared from #wction of an
aldehyde (2-hydroxy benzaldehyde) and a primaryna(pttoluidine,m-
amino benzoic acid,4-amino acetophenone,and m-amino

phenol).according to the following equations:respety:

2-hydroxy benzaldehyde _
p-toluidine 4-(2-hydroxyl benzylidene)Toluene

COOH

OH OH
Q H H
I +
@—c—H ©_ A @é=N 3.2

NH
2-hydroxy benzaldehyde = m-amino benzoic acid
3-(2-hydroxyl benzylidene)benzoic acid

OH H,0
(@] (o]
I I _L»
C—H + H,N C—CHj,

2-hydroxy benzaldehyde )
4-amino acetophenone

OH
(e}
I

4-(2-hydroxyl benzylidene)acetophenone

COOH

O—1I
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OH
OH
o OH OH
I Hy H
C—H + |
—_— C=N 3 4
H,N '

2-hydroxy benzaldehyde m-amino phenol

3-(2-hydroxyl benzylidene)phenol

All of these equations or reactions suggested t@beording to the same
mechanisf?,Which is called  Alkylimino-de-oxo-bisubstitution
mechanism .

The reaction name is based on the IUPAC nomenelatior
transformations.

—H +
/II
[¢]
w
aldehyde primary amine
OH
_O/CH\ carbinol amine

*+NH2

Vx

hydrolysis

oH
w P
Q/ Schiff base
m/$\N\
( H
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The reaction type is nuclophilic addition of theiaento the carbonyl
compound followed by transfer of a proton fromaggen to oxygen to a
stable carbinolamine.(refers to the mechanismemptievious page).
With primary amines water is lost in an eliminati@action to an imine.
The reaction steps are reversible reactions andeihetion is driven to

completion by removal of water.

3.3Infra -red spectra:

The i.r.spectra were taken for the preparadptexes and compared
with those of their respective ligands.The measerémwere carried out
for each compound in solid statekBr disk in the range (4000-
400)cm™.

All of the prepared ligands have the carbon nitrogdouble

bond(C=N),it's absorption was occurred in the regio
(1624,1611,1626,1639)chior ligands LI, LI LIIL,LIIII respectively.

The compounds containing (C=N) group show basicrdination

behavior toward ferric ion coordinating via the ragen atom,this
coordination shifts the stretching frequency of KJ=group toward

higher frequency in their complexé&**)

3.3.1FT-IR spectra of LI and it's ferric ion complex:
A- FT-IR spectra of LI:

The i.r spectra of the ligand Fig(3-1),taBt2),showed the absence of
the bands at ~1735¢hand at ~3315cthdue to the carbonyl(C=0)
and v (NH,) stretching vibration,and a strong new band amzkant
1624cni assigned to the formation of the carbon nitrogeubde bond.
Showing that the amino and the aldehyde moietieshef starting

materials are absent and have been convertechi@tionine group.
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A broad band appearing at 3414timas been assigned to the hydrogen
bonded OH group in the ligandI.L

Also the bands appeared at 1546,1479@ssigned to the (C=C) of
aromatic ring,while bands at 2850,2937 and 2999' aefer to the
aliphaticv(C-H),and the band at 3062¢rto the aromatie(C-H).

B- FT-1R spectraof Al:
The molecular formula of ferric ion complexi) includes four water

molecules.two of theme may be coordinated to th&alh@nd the other
two were considered to be lattice water.

The presence of this number of water molecules @gdedue to the high
tendency of ferric ion to bind to water through teosg bond which
affected the Lr. spectrum of the compiéso the band at 3452 and
663cm' refer to the presence of both coordination antdc&atH,0O
molecules respectively.

The spectrum also shows the C=N band to be shiftadower frequency
by (24)cni indicating the interaction of the metal ion witletcarbon-
nitrogen double bond.

The weak band at 565 and 504tmefer to v(Fe-N), v(Fe-O) bands
respectivel{®>?)

Another bands appeared at 1170,1082aefer to the sulphate group
bonded to ferric iofi**")

3.3.2 FT-IR spectra of LII and it's ferric ion complex:

A-ET-IR of LII:

The L.r. spectrum of ILFig(3-2),table(3-2),shows the absence of the
bands at ~1735cmand ~3315 cih due to the carbony(C=0) and
v(NH,) stretching vibration.Showing that the amino ahd tldehyde

moieties of the starting materials are absent @ave bheen converted into
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the imine group.
And the presence of the new band appeared at 161Mich refers to
thev(C=N).
Also the spectrum shows a band at 348tmafers to thes (O-H) group
in the ligand.
Bands at 2921,3078 refers to t{€-H) of aromatic ring.
While the band appears at 1558tmay refers to the(C=C) of aromatic
ring.
A broad band appearing at 1273 tmay be assigned to the phenolic
v(C-0O) stretching mode.
B- FT-IR spectra of (AIl):

The spectrum of this complex shows thati@&=N) band was shifted

to a lower frequency and appeared at 1609and thev(C-O) was
shifted to a higher frequency and appeared at (t815this indicating
the participation of the nitrogen atom and phenaliygen in the
complexatioff*>

The weak bands at 553 and 507cefer to thev(Fe-N) andv(Fe-O) band
respectivel{®>?)

Other bands appeared at 1172 and 1142refer to the sulphate group
bonded to ferric iofi**")

Another bands at 3462 and 682tefer to the presence of both
coordination and lattice 0 molecules,this is expected to the ferric ion
complex due to it's high affinity for water,therefothe ligand cannot
displace all the water molecules found in the cowtion sphere of the

metal ior®?.

36



Chapter Three-Results and Discussion

3.3.3FT-IR spectra of LIII and it's ferric ion complex:

A- FT-IR spectra of LIII:
The spectrum shows the appearance of the dat@26 crit which

refers to the formation of carbon-nitrogen douldead

Bands at 1442,1515 chrefer to thev(C=C) of the aromatic ring,while
bands at 2923,2866 refer to the alipha(i€-H) and band at 3091¢h
refers to the/(C-H) of the aromatic ring.

Apperance of the band at 1261tnefers to the(C-0).

Band at 3440cihhas been assigned to the hydrogen bonded OH group
the ligand.

B- FT-IR spectra of (AIII):

The i.r. spectrum of this complex was chanmdotel by the appearance
of the band at 3749¢iwhich could be attributed to the ethanol molecule

in the structure.

And the band at 746 which attributed to the presewmiccoordination
water.

Thev(C=N) band was shifted to a lower frequency by 1®)¢his refer to
the participation of the nitrogen atom in coordioatAnd
v(C-O)absorption was shifted to 1280&amd this indicates the
participation of phenolic oxygen in the complexatio

While bands at 545,506¢m erfer to v(Fe-N) and v(Fe-O)
respectively,bands at 1149,1058 &efer to the sulphate group bonded

to ferric ion.
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3.3.4 FT-IR spectra of UIII and it's ferric ion complex:
A- FT-IR of L IIII:

The appearance of a band at 1639cefers to the formation of the

carbon-nitrogen double bond.
Band at 1420cthand 1550ct assigned to the/(C=C) of the aromatic
ring.
While,band at 3442cthassigned to the hydrogen bonded OH group in
the ligand.
B- FT-IR of (AIIID):

The spectrum of this complex show ti{€=N) band to be shifted to

lower frequency and appeared at 1625¢his indicates the participation
of nitrogen atom in coordination.

The weak bands at 565¢mand 504cri refers to thev(Fe-N) and
v(Fe-0) bands respectively.

Other bands appeared at 1147,1031dmlongs to the sulphate group
bonded to ferric ion.

Bands at 1409,1593 ¢hrefers to the/(C=C) of aromatic ring.

And bands at 3420 and 748¢mefers to both coordination and lattice

H>,O molecules.
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Table(3-2)
The most significant bands of FT-IR of the prepare
Ligands and Complexes

Symbol | v(C=N) | v(O-H) | v(C-H) | v(C-O) | v(C=0) | v(M-N) | v(M-O)
LI 1624 3414 2850 _ _ _ _
2937
LII 1611 3480 2921 1273 1758 _ _
LIIT 1626 3440 2923 1261 1735 _ _
2866
LITIT 1639 3442 3050 _ _ _ _
Al 1600 3452 2838 _ _ 565 504
2939
All 1600 3462 2925 1315 1751 553 507
2850
Alll 1617 3460 2858 1280 1750 545 506
2928
AIIII 1625 3420 2927 565 504
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3.4 The structures of the Complexes:

According to the results obtained by the FTsf#ectra and the results
obtained by the Metal analysis,the following stures can be suggested

for the prepared complexes,

structures:

all of the structuresew®cta hedral

[
/\o

4

2H,0

—N CH3

/

A(I) Complex

4H,0

A(IT) Complex
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!
O/si:o

H,0 ‘ O

AN FGLOHZ
/ .2EtOH

OH _ |c|>
C|?_N \ / C—CHj;
H

A(IIT) Complex

2H,0

A(IIII) Complex
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Also according to these results, The following teblechemical formulas
can be done:

Table (3-3)
Symbols,Formulas and Names of the prepared
Ligands and Complexes

®

c

Symbol Chemical formula Name
LI Cis/NH.=:0 4-(2-hydroxyl benzylidene) toluen

LII Ci4H11N Os 3-(2-hydroxyl benzylidene) benzo
acid.

LIII CisHisN O, 4-(2-hydroxyl benzylidene)
acetophenone.

LITII CyisHiiN O, 3-(2-hydroxyl benzylidene) phenol.

Al [Fe(LI)SOy(H,0),].2H,0 Di aquo sulfato[4-(2-hydroxyl
benzylidene)toluenelirofi().
Dihydrate.

All [Fe(LI))SOQy(H,0),].4H,0O | Di aquo sulfato[3-(2-hydroxyl
benzylidene)benzoic
acid]iron(lIl). Tetrahidrate.

Alll [Fe(LIII)SO,(H,0),].2ETOH | Di aquo sulfato[4-(2-hydroxyl
benzylidene)acetophenone]irdiy.
Diethanol.

AIIL | [Fe(LII)(SOy)-(OH),].2H,0 | Di-p-oxo[di hydroxo di-sulfato di

bis 3-(2-hydroxyl
benzylidene)phenol irofi()].Di
hidrate.
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3.5Biological activity:
Two types of bacteria were choosen to study thecefif the synthesized

compounds against them,the first one was the skapbgcus aureus
bacteria as the gram positive bacteria,while themtvas Escherichia coli
as the gram negative bacteria.
And the following procedure was used for the twoety-
1-(0.005q) of the prepared compounds were takehdgdf ligands and
complexes).
2-A- For the ligands they were dissolved by addimgl of distilled
water,then adding 20ul of HCL(20%),then complete ¥iolume to 2ml
with distilled water.

B-For the complexes they were dissolved byiragl@0ul of DMSO
then complete the volume to 2ml with distilled wate
3- Adding about 50ul of the dissolved compoundhé&holes were made
in the Muller Hintom agar which contains the baieter
And the holes were 6mm. in diameter.
4- Put the Muller Hinton agar in 37°C for about f23urs.Then reading
the inhibition zones of the bacterial growth.
The results after 24 hours are showen below,inrdig)i8-9),(3-10),(3-11)
and (3-12).And tables (3-4) and (3-5).
In figures (3-9) and (3-11),the numbers on theshagfers to:
Number 1: complex Aj, Number 2: complex A[), Number 3: complex
A(IIT) and Number 4: complex N(I).
While in figures (3-10) and (3-12), the number®rstfto:
Number 1: 4-(2-hydroxyl benzylidene)Toluene.
Number 2: 3-(2-hydroxyl benzylidene) benzoic acid.
Number 3: 4-(2-hydroxyl benzylidene)acetophenone.
Number 4: 3-(2-hydroxyl benzylidene)Phenol.
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Table(3-4)

Effect of Complexes on S.aureus and E.coli bacteria

Complexe| Staphylococcus aureus| Escherichia coli
Al + +
All + + + + + +
Alll + + +
AIIII + + + + + +
Table(3-5)
Effect of ligands on S.aureus and E.coli bacteria.
Ligands S.aureus E.coli
LI — —
LII + + + +
LIIT — +
LIIIT + + + + + +
The biological activit? for known antibiotic drugs against

Staphylococcus aureus and E.coli are given belowgtwitan be
compared to the biological activity of the prepacedhpounds:-

Table (3-6)
Effect of Antibiotic drugs

Anti-biotic drugs Staphylococcus aureus Escherichia coli
Erythromycin ++ + -
Chloramphenical ++ + -
Tetracycline +++ -
Ampicillin ++ + -
Fusidic acid ++ + -
Amoxicillin ++ + -
Neomycin ++ + + +
Steptomycin -

(=) No Inhibition.
(+) Inhibition zone (8-10) mm.
(+ +) Inhibition zone (10-12) mm.
(+ + +) Inhibition zone (>12) mm.
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Fig(3-10) Effect of ligands oB.aureus.
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Fig(3-12) Effect of ligands ok.coli .
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Conclusion:-

The results obtained from measuring th@hition zones of the
bacterial growth for thes.aureus and E.coli bacteria showed that
complexes All) and A(III) having the same inhibition zones against the

S.aureus andE.coli bacteria.

While complexe A} also showed to has the same effect against the
two types of bacteria,but it's inhibition zone wamsaller than the
inhibition zones of complexes A} and A(III).

Complex Alll) showed to has a larger inhibition zone aginst the
S.aureus bacteria than it's inhibition zone agaikstoli bacteria.

For the ligand 4-(2-hydroxyl benzylidemd)ene,it has no effect

against thes.aureus andE.coli bacteria.

While 3-(2-hydroxyl benzylidene)benzoicicashowed to has a
larger inhibition zone againdf.coli rather than against th®.aureus

bacteria.

4-(2-hydroxyl benzylidene)acetophenonevstd to has an effect
of (8-10)mm againsE.coli bacteria,but it has no effect on tBaureus

bacteria.

Finally, 3-(2-hydroxyl benzylidene)phersbiowed to has the same
effect on botts.aureus andE.coli bacteria.

In general the complexes showed to have largebitndm zones against
the two types of bacteria than their correspondigends.
The mechanism of inhibition of the two types ottesia was not studied
but it might be one of the following:
1. Breaking of the bacterial cell wall.
2.Inhibition of DNA synthesis.
3.Inhibition of protein synthesis.
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3.6 Suggestions for future work:

1-Other Schiff bases can be prepared instead oSthéf bases of this
work.
2-Or other salts can be used instead of the feulfate di-hidrate salt,and
then reacting it with the Schiff bases to form céewps.
3-The same prepared ligands and complexes in ik @an be tested in
vivo and it's selective toxicity can be measured.
4-Other types of bacteria can be used to measareidhogical activity of

the synthesized ligands and complexes.
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Chapter two
Experimental part
2.1 Chemicals

Chemicals which have been used in the \wozkall listed below in

table(2-1):-

Table(2-1)

Names,purity and source of chemicals used in thv& wo

Chemical compound| It's purity(%) Company
2-hydroxy 98 BDH
benzaldehyde.

P-toluidine. 99.9 Fluka
m-amino benzoic acid. 98 Fluka
4-amino acetophenong. 99 Hyman limited

m-amino phenol. 99 Fluka
Absolute ethanol. 99.9 Hyman limited.
Hydrochloric 87.9 BDH
acid.20%.
DMSO. 99 Fluka
Ferric sulfate - BDH
dihydrate.
2.2 Techniqgues

2.2.1 Melting point:-
Melting points of all prepared compoundsevexcorded on hot stage

Gallen Kamp melting point apparatus.

2.2.2 Infrared spectrophotometer :-
The |.R spectra of the prepared compowete recorded using

SHIMADZU F.T.IR 8300spectrophotometer JapankdBr disk in the
range(4000-600)cth

2.2.3 Metal analysis: -
The metal content of the complexes wassomes using atomic

absorption technique blye unicam of Philips scientific instrument

which employed the hallow cathode Ilamp dPye unicam

LTD.Cambridge.
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2.3.1 Preparation of ligands:
A-Preparation of 4-(2-hydroxyl benzylidene)Toluene:

(0.579,0.0040 mole)of 2-hydroxy benzaigkh was mixed with
(0.59,0.004 mole)of p-toluidin,after dissolved inoat(6 ml)of absolute
ethanol,then the resulting solution of the mixedhpounds was brought
to reflux for about (3 hours).

The resulting product, after reflux, was cooleddom temperature and
then filtered by using a filter paper,then the piate was washed with
absolute ethanol so as to give a yellow produetbaiut 70% yield, which

has a melting point of 234°C .

B-preparation of 3-(2-hydroxyl benzylidene)benzoic acid:

(0.449,0.0036 mole)of 2-hydroxy benzaldehadd(0.59,0.0036
mole) of m-amino benzoic acid was mixed ,after @igag the m-amino
benzoic acid in a 10 ml solution of absolute ethaimen the resulting
solution was refluxed for about (5hours),when tleel product was
formed which was cooled to the room temperatureféteded by a filter
paper and finally washed with absolute ethanol e gabout 68%
yield,the melting point of the product was found®262°C.

C-preparation of 4-(2-hydroxyl benzylidene)acetophenone:

(0.459,0.0036 mole)of 2-hydroxy benzaldehydaswnixed with
(0.59,0.0037 mole)of 4-amino acetophenone,aftesotired in about
(8ml) of absolute ethanol and the resulting solutwas brought to
reflux for about(3 and a half hours).

The resulting product ,after reflux,was cooleddom temperature and
filtered by using a filter paper , then the préeite was washed
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with absolute ethanol to give an orange producdpct.With a
percentage yield of 65% which has a melting pofriz75°C.

D-Preparation of 3-(2-hydroxyl benzylidene)phenal:

(0.55¢,0.0045 mole)of 2-hydroxy benzaldehyslas mixed with
(0.59,0.0045 mole)of m-amino phenol dissolved inrOof absolute
ethanol.
refluxed for about(4 hours), the resulting produets cooled to room
temperature,and filtered,the precipitate was wasttddabsolute ethanol
to give a yellow product of 72% yield,which has bdeund to has a
melting point of 248°C.

In the preparation of the four ligands,when thalfiproduct was formed a
recrystallization was done,by using a filter papea funnel,putting the
product on the filter paper and adding the reciyatdion solvent which

was an absolute ethanol in small quantities uhél riecrystilization was

end.
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2.3.2-Prepar ation of the complexes:
All of the complexes were prepared according tafdofiewing procedure,

except that there were some differences in the Weignd number of
moles of the ligands anthe metal in each case,these differences are
included in the table(2-2):-

Procedure:-
A suitable whights of the ligand wassolved in (10 ml)of

absolute ethanol,while the corresponding whight§ the metal was
dissolved in (2.5 ml)of absolute ethanol too.

Then they were mixed together and brought to refarxabout (1 to 2
hours),resulting product was cooled to the roompenature,and then it
was filtered by using a filter paper,the precigtatas taken and washed

with absolute ethanol to obtain a pure produchefdcomplexes.

Table(2-2)
Number of moles and grams of ligands and metdien t
complexation reaction

Complex X1 Y, X5 Y,

Al 0.5¢9 0.00236 0.514q 0.00118
All 0.5¢g 0.0020 0.452g 0.00103
Alll 0.5¢g 0.0020 0.455¢g 0.00104

AIIIl 0.5¢g 0.00234 0.511g 0.00117
Where:

Xq: grams of the ligand.
Y 1. number of moles of the ligand.
X, grams of the metal.

Y,: number of moles of the metal.
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