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OZET

FERROSEN VE FENOL iCEREN SUBSTITUE SCHIFF BAZI VE
BENZIMIDAZOLLERIN BAZI GECiS METAL KOMPLEKSLERININ
SENTEZi VE KARAKTERIZASYONU

DOKTORA TEZI

ELHAM AHMED S. ABDULMALEK ALTERHONI

Istanbul Universitesi-Cerrahpasa
Lisansiistii Egitim Enstitiisii

Kimya Anabilim Dah

Damisman : Prof. Dr.Aydin TAVMAN

Schiff bazlar1 ve benzimidazol tiirevleri, basta tibbi kimya ve ila¢ uygulamalar1 olmak tizere
pek c¢ok alanda uygulama imkani olan bilesik gruplaridir. Ferrosen grubu igeren molekiller,
kararli oluslari, organik sentez calismalarinda kullanilmalari, biyolojik aktivitelere sahip
olmalar1 gibi 6zelliklerinden dolayr ilgi ¢eken bilesikler olmuslardir. Bu doktora tezinde,
ferrosen ve fenol gruplarini igeren dort tane Schiff bazi bilesigi (HL,, HL,, HoL3 ve HjL,) ve
alt1 tane benzimidazol bilesigi (Ls, Ls, L7, HLg, HLg ve HL o) olmak fizere iki farkli ligand
grubu olacak sekilde toplam 10 adet ligand sentez edildi. Bu ligandlardan bes tanesi HL;,
HL,, Ls, Ls ve L; ferrosen grubu, diger bes tanesi H,L3, Hol4, HLg, HLg Ve HL g ise fenol
grubu i¢ermektedir. Ligandlarin CoCl,, CuCl,, K,PdCly, K,PtCly ve ZnCl, ile kompleks
bilesikleri elde edildi. Elde edilen bilesiklerin elementel analiz, FTIR, *H- ve BC-NMR, UV-
visible, kiitle spektrometri (MS) ve siklik voltametri analizleri yapildi. Kompleks bilesikler
icin ayrica molar iletkenlik ve manyetik moment 6l¢iimleri yapildi. Ayrica, HoL 3 ligandi ile
bunun Pd(ll) kompleksinin ([Pd(L3)CH3CN]-H,O) X-i1sin1 tek kristal analizleri de
gerceklestirildi. Ligandlardan Ls, Lg Ve L7 nin tek disli (monodentat), HL3, HL,, HLg, HLg
ve HLjo’un iki disli (bidentat), H,L3 ve HyL4’tin ise ti¢ disli (tridentat) olarak davrandigi
gozlenmistir. Ferrosen grubu igeren ligandlarin komplekslerinde iki farkli metal iyonunun
bulunmasi1 bu bilesiklere heterobiniikleer 6zellik kazandirmis ve bilesikleri ilging hale
getirmistir. Ligandlarin olusup olugmadiklari ince tabaka kromatografisi (TLC) ile takip edildi
ve MS analizleri ile molekiil agirliklari dogruland:. Infrared spektrumlarinda gerek Schiff
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bazlarinin ve gerekse benzimidazol tiirevlerinin C=N baglarina ait gerilme titresimleri 1600 —
1650 cm* arasinda; aromatik yapilara ve ferrosen kismindaki siklopentadienil (Cp) grubuna
ait C=C baglarinin gerilme titresimleri ise 1550 — 1600 cm* arasinda tespit edildi. 1200 —
1300 cm* bolgesinde fenolik C—O baglarina ait titresimler belirlendi. Kompleks olusumuyla
birlikte bu bandlarda kayda deger degisimlerin oldugu gdzlendi. Diyamanyetik bilesiklerin
NMR spektrumlarinda, kompleks olusumuyla birlikte, beklendigi gibi tiim ligandlarda fenolik
OH protonlarinda ve bagli bulunduklari karbon atomlarinda 6nemli degisimler ortaya ¢ikmis,
Schiff bazi komplekslerinde ise OH protonlarinin yaninda azometin gruplarinin (N=CH)
protonlarinda ve karbon atomlarinin sinyallerinde de kayda deger kaymalar gozlenmistir.
H,L3’lin X-ray analizinde ligandin kat1 halde keto formunda oldugu goriilmektedir. HaL 4 {in
'"H-NMR spektrumunda da keto-enol tautomer yapisiun karigimi bir yapi karsimiza
¢ikmaktadir. [Pd(L3)CH3CN]-H,O kompleksinin X-isin1 verileri Pd(Il) iyonunun bir kare
diizlem geometride bulundugunu gostermektedir. Molar iletkenlik 6l¢iim sonuglarina gore
[Cu(HL3)CI|CI-3H,0, [Pd(H,L4)CI]CI-H,0 ve [Pt(HL;3)(EtOH)]-CI kompleksleri hari¢ (bu
U¢ kompleks 1:1 elektrolit 6zellige sahip olup molar iletkenlik degerleri sirasiyla 42.6, 59.3 ve
40.3 Scm’*mol™">dir) diger tiim kompleksler iyonik olmayan (non-iyonik) karaktere sahiptir.
Manyetik moment Ol¢iim sonuclari da kompleks bilesiklerin geometrileri ve yapisal
ozellikleri ile ilgili katki saglamustir. Ornegin Co®* kompekslerinde 4.31-5.82 BM arasinda
bulunan manyetik moment degerleri, bu komplekslerde Co?* iyonunun yiiksek spin yapisinda
oldugunu, kompleks geometrisinin ise tetrahedral ya da oktahedral oldugunu gostermektedir.
Yine bazi Cu®* komplekslerinde 1.70—2.20 BM arasinda bulunan manyetik moment degerleri
de beklenti dahilinde olup, yine komplekslerin oktahedral ya da tetrahedral olduguna dair
ipuglar1 vermektedir. Bunun yaninda ferrosen grubu igeren pek ¢ok paramanyetik olarak
beklenen kompleks bilesikte manyetik moment degerinin beklenenden yiiksek oldugu, bazi
diyamanyetik olmasi beklenen komplekslerde ise (Zn®*, Pd**, Pt** kompleksleri)
paramanyetik Ozelligin ortaya ¢iktig1 goriilmektedir. Bu durum ferrosen grubunda bulunan
Fe?* iyonunun diyamanyetik 6zelliginin ortadan kalkmasi ve molekiiliin manyetik moment
degerine yaklasik iki adet eslesmemis elektron ile katki yaptigin1 géstermektedir. UV-visible
spektroskopi wverileri, ligandlarda molekiilici yiik transfer ge¢isleri, komplekslerde ise
liganddan metale yiik transfer (LMCT) gecislerinin yogun sekilde etkili oldugunu
gostermektedir. Yogun yiik gegisleri nedeniyle komplekslerde gériinur bolge d-d gegislerine
ait sogurmalar tespit edilememis olup, dolayisiyla komplekslerin yapilari ile ilgili fazla bil%i
elde edilememistir. Ferrosen grubu igeren ligandlar (HL;, HL,, Ls, L, L7) ve bunlarm Co*"
komplekslerinin elektrokimyasal davranislart siklik voltametri ile incelendi. Elde edilen
veriler ligand ve komplekslerde anot ve katot potansiyel fark degerleri (AEp) bir adet
elektronun transferine karsilik gelmektedir. Ligandlarda en iyi AEp degeri 0.07 V ile HL, ye
aittir. Ligandlara gore komplekslerde AEp degerlerinde gozlenen kiigiik azalmalar (mesela
AEp degeri HL; icin 0.13 V, Co** kompleksinde 0.09 V), kompleks olusumu ile birlikte
elektron transferinin hizlandigin1 gostermektedir. Ancak 0.79 Epa degerine sahip HL;’de
nitro grubunun etkisiyle yiikseltgenmenin daha zor oldugu gozlenmistir. Son olarak,
bilesiklerin baz1 bakteri ve mantarlara kars1 antimikrobiyal aktiviteleri de test edildi. Pek ¢ok
bilesigin zayiftan orta dereceye kadar antifungal ve antibakteriyel etki gosterdigi gozlendi.
[Co(Ls)Cl,(H20);] kompleksinin, C. albicans, C. parapsilosis ve C. tropicalis mantarlarina
kars1, diger bilesiklere gore daha genis bir yelpazede aktivite gosterdigi tespit edildi.

Mart 2019, 191 sayfa.

Anahtar kelimeler: Schiff bazi, benzimidazol, fenol, ferrosen, kompleks, spektral
karakterizasyon, antimikrobiyal aktivite
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SUMMARY

SYNTHESIS AND CHARACTERIZATION OF SOME TRANSITION METAL
COMPLEXES OF SUBSTITUTED SCHIFF BASES AND BENZIMIDAZOLES
CONTAINING FERROCENE AND PHENOL

Ph.D. THESIS

ELHAM AHMED S. ABDULMALEK ALTERHONI

Istanbul University-Cerrahpasa
Institute ofGraduate Studies

Department of Chemistry

Supervisor : Prof. Dr. Aydin TAVMAN

Schiff bases and benzimidazole derivatives are groups of compounds which can be applied in
many fields, particularly in medical chemistry and drug applications. Ferrocene group-
containing compounds are of interest because of their stability, uses in organic synthesis
studies, their biological activities, etc. In this dissertation, two different ligand groups were
prepared including ferrocene and phenol groups: four of them are Schiff base type ligands
(HL4, HL,, HoLzand HyL4) and six of them benzimidazole derivatives (Ls, Lg, L7, HLg, HLg
and HL,o), totally ten ligands were synthesized. HL;, HL,, Ls, Lg and L; contain the
ferrocene group whereas the other five, H,L3, HoL4, HLg, HLg and HL 4o, have phenol group.
The complexes of the ligands with CoCl,, CuCl,, K,PdCl,, K;PtCl, and ZnCl, were obtained.
Elemental analysis, FTIR, *H- and **C-NMR, UV-visible, mass spectrometry (MS) and cyclic
voltammetry analysis were performed. The ligands were monitored by thin layer
chromatography (TLC) and their molecular weights were verified by MS analysis. Molar
conductivity and magnetic moment were also measured for the complexes. Furthermore, X-
ray single crystal analyses of the H,L 3 ligand and its Pd(Il) complex, ([Pd(L3)CH3CN]-H,0),
were also performed. Ligands Ls, L and L; are monodentate, HL;, HL,, HLg, HLg and HL 9
bidentate, H,L3 and H,L4 were observed to act as tridentate. The presence of two different
metal ions in the complexes of the ferrocene group containing ligands gives heterobinuclear
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properties to these compounds and thus these compounds have become more interesting. In
the infrared spectra, the stretching vibrations of both Schiff bases and benzimidazole
derivatives of the C=N bonds are between 1600-1650 cm™, stretching vibrations of C=C
bonds belonging to the aromatic structures and the cyclopentadienyl (Cp) group in the
ferrocene section were determined between 1550-1600 cm™. Stretching vibrations of phenolic
C—O bonds were determined in 1200-1300 cm™ region. Significant changes were observed in
these bands with complex formation. In the NMR spectra of the diamagnetic complexes,
significant changes were observed in phenolic OH protons and NH protons of benzimidazole
derivatives. In the Schiff base complexes, significant shifts were observed in proton of
azomethine groups (N=CH) and in carbon atoms signals. X-ray analysis of H,L3 shows that
the ligand is in solid state keto form. In the *H-NMR spectrum of H,L4, a mixture of keto-
enol tautomeric structure appears. The X-ray analysis data of [Pd(L3)CH3;CN]-H,O complex
approve a square planar geometry for this complex. According to the results of molar
conductivity measurements, the complexes have non-ionic character except
[Cu(H,L3)CICI-3H0, [Pd(H,L4)CI]CI-H,0 and [Pt(HL3)(EtOH)]-Cl (these three complexes
have 1:1 electrolyte character and their molar conductivity values are 42.6, 59.3 and 40.3
Scm?mol ™, respectively). The magnetic moment measurement results also contributed to the
geometry and structural properties of the complex compounds. For example, in the Co*
complexes, the magnetic moment values between 4.31-5.82 BM indicate that the Co?* ion in
these complexes has a high spin structure and the complex geometry is tetrahedral or
octahedral. Also, in some Cu®* complexes, the magnetic moment values between 1.70-2.20
BM are also in the expectation and give clues about the complexes being octahedral or
tetrahedral. In addition, in many paramagnetic complexes containing ferrocene group, the
magnetic moment value is higher than expected and also in some complexes expected to be
diamagnetic (Zn**, Pd**, Pt** complexes) paramagnetic character is observed. This unexpected
case shows that the diamagnetic character of the Fe®* of ferrocene group is eliminated and the
magnetic moment value of the molecule is contributed by approximately two non-paired
electrons by ferrocene group. UV-visible data shows that there are intense intramolecular
charge transfers in the ligands and ligand to metal charge transfer (LMCT) transitions in the
complexes. Because of the intense LMCT transitions in the complexes, adequate information
about the d-d transitions in the metal ions could not obtained. The electrochemical behaviors
of ferrocene group containing ligands (HL;, HL,, Ls, L and L;) and their Co?* complexes
were measured by cyclic voltammetry. The obtained data corresponds to the transfer of one
electron that arise from anode and cathode potential difference values (AEp) in the ligands
and complexes. The best (AEp) value in ligands belongs to HL, with 0.07 V. Minor
differences in the (AEp) values of complexes compared to ligands (eg, the values 0.13 V and
0.09 V were measured for HL; and its Co** complex, respectively) show that the electron
transfer is accelerated by the complex formation, the nitro group in HL, makes the oxidation
difficult by increasing Epa 0.79. Finally, the antimicrobial activities of the compounds against
some bacteria and fungi were also tested. It was observed that many compounds exhibited
antifungal and antibacterial effects from weak to medium. [Co(Ls)Cl,(H,0);] complex
showed broader activity than the other compounds towards C. albicans, C. parapsilosis and
C. tropicalis fungi.

March 2019,191 pages.

Keywords: Schiff base, benzimidazole, phenol, ferrocene, complex, spectral characterization,
antimicrobial activity
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1. INTRODUCTION

Modern development in inorganic chemistry is carried around the creation of a miscellaneous
metal complexes production from different organic donor ligands for several applications. In
modern sciences coordination chemistry heart of inorganic chemistry, 19th century Alfred
Werner first man gained Nobel Prize in 1913 due to study and exploration of coordinated
metal complexes. The coordination chemistry received a lot of consideration and provided
successful results an extremely attractive area of science research. The majority in
coordination chemistry is central metal atom surrounded by groups of molecules called
ligands be capable to give pair of electron to the central metal atom as Lewis bases (Figure
1.1). If the several ligand molecules introduces into the central metal atom called polydentate,
binary system a consist metal atom and single ligand compound, otherwise if the ligands

different on the same metal called mixed ligand complexes [1].

Recently, coordination chemistry is energetic and progressive study areas, the major goal of
coordination chemistry understanding the synthesis procedure and predicting the result
reaction of transition metals with suitable ligand to form anionic, cationic, or neutral
complexes. These complexes play important role in life, for example some of complexes have
pharmaceutical activities as anticancer drugs, antimicrobial, and catalysis activity.... etc.
These activities depend on several features such as photochemical behavior, coordination

geometry, magnetic properties, electronic properties and oxidation state [2].

.
L

Ligand - Metal ion M
Coordination covalent bond
/ N /:.\'
M Monodentate ligand M \
N

Bidentate ligand

Figure 1.1: Ligand coordination to metal ion.



On the other hand, the metal atoms play a main significant function in biological systems. So
it would not be overstatement the metal complexes make critical function role in the modern
science for example nutrition plant, medicine, organism’s biological action, industry addition
to agriculture. Metal is not synthesized in the body, for normal health and normal growth
should be accurate amount of metals, if the excess or insufficiency of metals lead to many
health disorder, for example metabolic disorders, metal poisoning, and skeletal abnormalities
[3]. The coordination compounds have major important role in nature, it’s very common used
some of metals in therapeutic area example gold in the teeth, silver in the hair, and lead in the
bones and other, these three metals, gold, silver and lead be able to have several influence
toward living organisms, metal ion be there electrophiles own charged positively, lead to
charge transfer interaction. The metal ions are very essential to keep human homeostasis
furthermore show vital roles in numerous biological developments through acting as cofactors
in the proteins function thereby causing in the regulation, stabilization and completion courses
of cellular functions [4]. Several ligands action surrounding the metal atom at the same time
due to metal ions have more than one positive charge and contain a larger ionic volume. The
coordination compounds character is based on several factor as the metal-ligand interaction,
donor atom, ligand structure, metal ion as well stability of complex depends on several factors
(Figurel.2). The major play problem in coordination chemistry is strength and nature bond
within metal and ligand, usually metal ion bond between diverse donor atoms not appearance
identical strength. Also a donor atom bonds not appearance similar strength among dissimilar

metal ions [5].
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Figure 1.2: Factors effecting on stability of complexes.



Wonderful development of coordination chemistry in various areas leads to intense academic
researcher towards synthesis, because numerous physicochemical instruments accessible for
instance IR, 'HNMR, UV-VIS, Mass spectra, ESR, X-ray... etc. These big assist intended for
determination and study metal complex constructions. Also thermal performances for
example DTA, TG and DSC are used supportive study complex structure, broad uses
coordination compound guide researchers towards manner study activities [6]. Sedgwick in
1927 suggested Effective Atomic Number (EAN) pair of electron bond directed ligands are
donating electron pairs toward metal ions, so creating coordinated bond. VValence bond theory
(VBT) bonding metal and ligand studied by Pauling [7]. The vast popularity of VBT between
1930 and 1940, after that crystal field theory (CFT) supplemented in 1950. In 1929 the crystal
field theory was diverse by Bethe [8]. In 1940 ligand field theory (LFT) and developed crystal
field theory by the physicists Vanvlenck. Crystal field theory takes several consideration d-
orbital metal ions. Whereas molecular orbital theory (MOT) creates explanation ligand
orbital, similarly angular overlap model (AOM) [9]. The characterization of several transition
metals is depending on several factors such as by their capability of metals to appearance a
broad variety for instant tetrahedral, square-planar, square-pyramidal in addition to
octahedral. A number of transition metals complexes as Zn**, Ni**, Cd**, Cu**, Hg** and Co**
are recognized (Table 1.1) [10].

Table 1.1: Coordination number and shape of complexes [10].
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1.1. SCHIFF BASES AND THEIR COMPLEXES AS BIOLOGICALLY ACTIVE
AGENTS

First man reported and described of Schiff base in 1864 is Hugo Schiff. Schiff base also
called azomethine, considering major functional group in compounds that are encloses a
carbon and nitrogen double bond in addition nitrogen atom linked to group aryl or otherwise
alkyl. Synthesized via nucleophilic addition reaction amine aliphatic or aromatic with a
carbonyl compound to creating hemiaminal, after that a dehydration to create an imine
(Figure 1.3) [11].

R, R,
AN N\
/ 1,0 @/

R2 - R2

Figure 1.3: Scheme of Synthesis Schiff base.

Numerous applications of Schiff bases for example rubber accelerators, perfume bases,
chemical intermediates, liquid crystals for electronics dyes.....etc. Recently, there are several
considerations around Schiff bases used as ligand in chemistry of the metal complexes due to
containing nitrogen and extra donors lead to stabilize them in different oxidation states [12].
Also if administered drug as metal complexes have greater action than free ligands [13].Cu(ll)
complex of salicylaldehyde benzoylhydrazone as instance have a potent inhibitor of cell
growth and DNA synthesis[14].Antimicrobial activities also are examination such as benzene
sulfanohydrazones and their complexes[15]. Depending on previous study on numerous
Schiff bases ligands and their complexes showed most have biological activity as
antibacterial, antiviral, antimalarial and anti-proliferative activities (Figure 1.4) [16,17].
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Figure 1.4: Examples of bioactive Schiff bases [18].

Various reactions to increase their yield and product selectivity used catalyst. The transition
metal Schiff base complexes exhibit great catalytic activity, Because of the Schiff base
ligands suitable method of preparation and thermal stability, metal complexes for their
potential applications in catalysis. The activity catalytic of metal complexes has been
informed in several reactions such as polymerization reaction, reduction of thionyl chloride,
aldol reaction, epoxidation of alkenes, reduction reaction of ketones, oxidation of organic

compounds and henry reaction [18].

Various publications and research are concentrated on Schiff bases because structural
differences, synthesis method simple, inexpensive, stability and board applications [19,20].
General synthesis of Schiff base ligand employments by using volatile organic solvent have
high boiling point [21,22].Schiff base ligands coordinate with metals by the imine nitrogen

and alternative group and stabilized in many oxidation states [23].



1.2. BENZIMIDAZOLES AND THEIR COMPLEXES

Fused a phenyl ring with 4,5-positions of imidazole ring formed heterocyclic aromatic organic
compound are called Benzimidazole (Figurel.5). In 1859 the Debus discovered imidazole
nucleus reaction of glyoxal and ammonia, Debus is suggested the term glyoxaline. Imidazole
compound because of Hantzsch implies are heterocyclic ring five membered structures
possessed imino group and a tertiary nitrogen atom, situated at the locations 1 and 3

respectively [24].
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2
6 />
9 N
7 1

Figure 1.5: General structure of benzimidazole.

Benzimidazole and substituted benzimidazole derivatives are create miscellaneous therapeutic
applications and pharmaceutical industries for instance antibacterial, antiviral, antifungal,
antiulcer, antihistaminic, anticancer, anti-hypertensive in addition analgesic activities [25].
Instead, heterocyclic group as thiadiazole, pyrazole, triazole, 2-azetidinone moieties and
coumarin fused with benzimidazole derivatives are exposed different pharmacological
activities [26]. In 1889, Fischer discovered the biological effect of the parental benzimidazole
compound as bacteriostatic and fungicidal properties[27]. In 1984 discovered benzimidazole

ring in structure of vitamin B12 (Figurel.6) [28].
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Figure 1.6: General structure of vitamin B12 [28].



1.3. BIOLOGICAL ACTIVITIES OF BENZIMIDAZOLE DERIVATIVES

The benzimidazole and its derivatives important pharmacophore in medicinal chemistry due
to create high activity in the treatment of numerous of diseases, have been found to be active
against several categories of microorganisms, based on their biochemical and
pharmacological properties of benzimidazoles. So, several consideration has been
progressively given to the production of benzimidazole derivatives because own lesser
toxicities besides powerful pharmacological action. Recently several investigators have been
concerned for scheming and design high powerful benzimidazole derivatives with various of

biological activity (Figurel.7) [29].
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Figure 1.7: Example benzimidazole containing drugs [28].



1.3.1. Antibacterial effects

Recently, several antibacterial drugs contain benzimidazole group for example furacilin,
ftivazide and furazolidone [30]. Also hydrazones reported various studies due to possess
chemotherapeutic value [31, 32]. Several studies try to synthesis actual effective against S.
aureus and methicillin resistant S. aureus microorganism such as sequence 1,2-disubstituted-
1H-benzimidazole-N alkylated 5-carboxamidine derivatives by values MIC low around 0.78 -
0.39 pg/mL produce best activity [33]. Also substituted dichloro and chloro benzimidazole
have board antibacterial activities [34].

1.3.2. Anti-viral effect

The virus gene is development for this reason several research intensive for preparation new
medication, benzimidazoles they are play remarkably role as anti-viral against different kinds
of virus as picornavirus, poliovirus, enterovirus [35, 36]. Tobacco mosaic virus causes
infection of plant, appearance research N-substituted in addition 2- substituted benzimidazoles
possess action strong against tobacco mosaic virus [37]. Furthermore informed series research
against categories of enteroviruses as Coxsackie virus A16, B3, B6 as well as Enteroviruses71
in VERO cells. Antiviral potency in height (IC50 =1.76 ug/mL) besides significant selectivity
index of compound (L)-2-(pyridin-2-yl)-N-(2-(4-nitrophenyl)pentan-3-yl)-1H-benzimidazole-
4-carboxamide [38].

1.3.3. Anti-parasitic effect

Several types of benzimidazole such as 2-(trifluoromethyl)-1H-benzimidazole derivatives
exposed the greatest desired anti-parasitic effect in vitro against series of Entamoeba
histolytica, Giardia intestinalis, Trichinella spiralis and Trichomonas vaginalis [39].
Mebendazole (MBZ) and albendazole (ABZ) are anthelmintic medications are used mostly to
treatment endo parasitic disease in animals and humans, its create from benzimidazole-2-
carbamates, these compounds are possessing a low toxicity and high therapeutic index, but is
finding poor solubility and absorption problems causes tissue-dwelling parasites (Figurel.8)
[40].



Mebendazole
Methyl (5-benzoyl-1H-benzimidazol-2-yl)carbamate

Albendazole
Methyl [5-(propylthio)-1H-benzoimidazol-2-yl]carbamate

Figure 1.8: Structure of mebendazole (MBZ) and albendazole (ABZ).

1.3.4. Antiprotozoal activity

The compounds 5,6-dinitro and thioalkyl/thioaryl substituted benzimidazole derivatives,
possess strong activity against strain of stenotrophomonas malthophilia. It is board activity
linked to metronidazole against both bacteria (gram negative and gram positive bacteria).
Also research reported substituted 2-trifluorobenzimidazoles have same activity, anti-giardia
activity it has informed [41,42]. Furthermore, the sequence 2-(trifluoromethyl)-1H-
benzimidazole derivatives synthesis via Phillips cyclo condensation of a substituted 1,2-
phenylenediamine and trifluoroacetic acid [43,44], then estimated against numerous
protozoan parasites as leishmania Mexicana, giardia intestinalis, entamoeba histolytica, and
trichomonas vaginalis, also some of the above mentioned protozoa has showed nano molar

activities against these compound [39].
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1.3.5. Androgen receptor antagonist

Non-steroidal antiandrogen naming bicalutamide used for treatment prostate cancer due to
possess antiandrogen for the treatment of androgen dependant [45]. However, 5,6-
dichlorobenzimidazole derivative possess activity as androgen receptor antagonist [46].

1.3.6. HIV inhibitors

Reported some of benzimidazole as a hon-competitive non nucleotide antiretroviral drug as
tetrahydro-imidazolt[4,5,1jk][1,4]-benzodiazepin-2(1H)-one (TIBO), specific binding to HIV-
1 RT. It is possess highly selective, high significant potent and only HIV-1 inhibitors
duplication. TIBO compounds inhibited reverse transcriptase (RT) of HIV-1, but not HIV-2.
However, recently numerous new benzimidazole derivatives compounds other than TIBO
were informed HIV-1 replication inhibit. a several studied novel benzimidazole derivatives

compounds, bearing similarity to TIBO to evaluated for inhibit HIV-1 replication [47].
1.3.7. Anti-hypertensive Agents

Potent antihypertensive action of biphenyl benzimidazoles at two-position be there important
for the best effective, these compounds oral administration give excellent bioavailability [48].
Also reported the 5-substituted aryl/alkyl-caboxamido derivatives own Angiotensin-11 AT1

receptor antagonistic activity lead to use best anti-hypertensive agents [49].
1.3.8. Anti-ulcer Activity

The affectivity response substituted benzimidazoles increase activity blocking gastric acid
excretion due to possess powerful inhibitors board parietal cell proton pump, H+/K+ ATPase.
The methylene and sulfoxide group with heterocycles enhance activity [50]. Recently, new
substituted benzimidazol such as Omeprazole that inhibitor proton pump lead to inhibits

gastric acid secretion (Figurel.9) [51].
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Figure 1.9: Structure of omeprazole.

1.3.9. Anti-proliferative activity

2-aminobenzimidazole as well as substituted aromatic aldehydes derivatives refluxing in
ethanol and benzene then reduced by NaBH, to produced 2-benzylaminobenzimidazoles then
acylated via cinnamoyl chloride donate good anti-proliferative activity compound in vitro

naming 2-(orto-bromobenzylamino)-1-cinnamoylbenzimidazole [38,52].
1.3.10. Anti-cancer activity

Some benzimidazoles have been reported as anti-cancer as nitro-benzimidazoles is used for
treatment breast cancer due to own cytotoxic activity against cancer cells [53]. Also reported
anticancer activities of 1,3-diarylpyrazinobenzimidazole derivatives compounds, however,
imidazoles, triazines, thiadiazole and tetrazole drugs similarly have the same activity [54].
methyl-1-(4-methoxyphenethyl)-2-(4-fluoro-3-nitrophenyl)-1H-benzimidazole-5-carboxylate
compound encouraged extreme death cell happening leukemic cells a IC (50) of 3 micro M
[55].

1.3.11. Antioxidant activity

Some dihydrochlorides compounds owning antioxidant activity, it is formed as salts have best
platelet and erythrocyte antiaggregant action [56]. Benzimidazole with trimethyl group

possess best inhibitory action of 5-lipoxygenase used as anti-oxidative activity [57].
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1.4. CYCLOPENTADIENYL TRANSITION METAL COMPOUNDS

In the recent years, several research concentrated on new field bio-organ metallic chemistry is
reported cyclopentadiene ligated transition metal compounds. These compounds used in
several areas as biology, molecular biotechnology and medicine [58-61]. One of
cyclopentadienyl is ferrocene compound it is major interest because have greatly resonance
stabilized activities and unique redox properties. Ferrocene compound formed two
cyclopentadienyl rings pi-coordinated to ferrous ion Fe(ll) atom to form unique structure
sandwich through d-orbitals on Fe** are coordinated into the 7 orbitals on the two

cyclopentadienyl radicals (Figure 1.10) [62].

Fe

Figure 1.10: Structure of ferrocene [63].

Several research groups and scientists international interest of study and ferrocenyl
derivatives due to uses in many fields of science and asymmetric synthesis. In 1951
discovered sandwich Cp, Fe structure was by Geoffrey Wilkinson, Robert Woodward [64,65].
In 1973 Nobel Prize gave for Wilkinson and Fischer because suggested the successive
production of ferrocene and extra complexes, also they are proposed structure a “double
cone” by all five carbon atom of a cyclopentadienyl ligand co-operating with the centre metal
atom. Non-linear optical materials of ferrocene compounds be able to performance as

undergoes oxidation and electron donor to the ferrocenium ion [66-68].
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Ferrocene compounds derivatives are strong connection with biomolecules by covalently
bonded creating the bio conjugates, the biomolecules such as peptides, proteins, amino acids,
nucleic acid (DNA, RNA), hormones and carbohydrates [69].

A Ferrocene compound is kind of a stable organometallic compound possess resistant towards
of the acids and alkalis action, however it undergoes several reactions; simplifying

preparation typical substituted derivatives [70].

Also the most research of Schiff base ligands concentrating on their biological activity as
mutable bonding and strong inhibitors [71].Recently, several pharmaceutical companies are
concentrated synthesis new medication based on ferrocene Schiff base, benzimidazole
ligands. These compounds are interesting material for advance research. Generally most

ferrocene Schiff base ligands were prepared addition-elimination reaction [72- 74].



1.5. METALLOCENES

The organometallic compounds as metallocenes are made by inserted metal atom in the
oxidation state Il between two planar cyclopentadienyl anions rings are designation and
naming “sandwich compounds” they are aromatically stabilized. The cyclopentadienyl ligand
(CsHs) is play major factor in the progress and growth organometallic chemistry, Cp ring is

used in different field of technology and chemistry (Figure 1.11) [75-77].

Most of compounds oligomeric metallocene exposing multielectron redox chemistry has
greatly attracted consideration as electrochemical, magnetic and electronic properties [78].
There are various studies concentrated on bridged biferrocenyl structures due to redox
chemistry of ferrocene such as a powerful electrochemical to explore ground state electronic
link through bonds ferrocene. Ferrocene compounds  are considered safer than other
metallocene for mammalian species [79]. The complexes containing two different types of

metal are naming biheterometallocene. [80-82].

Figure 1.11: Example of metallocenes (M: Fe, Ti, Zn, Ni, and Cr).
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1.6. FERROCENE BASED LIGANDS AND THEIR METAL COMPLEXES

In 1951 the Peter L. Pauson discovered ferrocene or di(n5-cyclopentadienyl) iron(ll). In
recent years, organometallic complexes of ferrocene and substituted ferrocenes coordination
with different types of transition metal complexes that used in number of applications
research area such as nonlinear optics semi conductivity and cooperative magnetics, having
several advantages as unique optical, magnetic and electrical properties. Ferrocene is a
diamagnetic solid and special crystalline orange colour; possess special properties as
reversible redox and high stability characteristics, used as starting materials in the synthesis of
numerous ferrocenyl derivatives. Ferrocene has 18 valence electrons, is considering one in the
metallocene sequence with the better stable than other metallocene. Ferrocene stimulated to
electrophilic reactions, acts in many compliments like an aromatic electron-rich organic
compound exactly like phenyl, major treated similar phenyl group as mercuration, Vilsmeier
formylation, Friedel-Crafts acylation and alkylation. Asymmetric substituents of ferrocene

derivatives compounds ligands used for asymmetric hydrogenation catalysts [62, 83, 84].

However, the most of scientists concerned ferrocenyl Schiff base and benzimidazole ligands
and their metal complexes, in 1954 was synthesized N-(benzylidene)-4-ferrocenyl aniline
Schiff base containing phenylferrocene by the condensation of 4-ferrocenyl aniline with
benzaldehyde [85]. Also used 4-Ferrocenyl aniline synthesis a number of ferrocenyl Schiff

bases through reaction diverse aromatic aldehydes with 4-ferrocenyl aniline [86].

It is try to understand and investigate their board biological activity for instance anti-
microbial as antibacterial, anti-fungal, anti-viral and anti-cancer. However, ferrocenyl Schiff

base with lanthanide ion complexes ligands recognised in photobiology area [43].
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1.7. MEDICINAL CHEMISTRY OF FERROCENYL COMPOUNDS

Nowadays, researches are successful on to design interesting novel compounds containing
ferrocene and metal complexes possess redox and photo-reactive metal centres coupling
electronically by unsaturated bridging ligand. Ferrocenes are recognised strong biological
activity as antitumor, DNA cleaving activities, antimalarial, anti-fungal with fewer side
effects. It is having best properties as neutral chemically, stable, non-toxic molecule and good
redox properties. The vital role in ferrocenium compounds for the inhibition of the tumour
cell growth. Ferrocene is not water soluble, some of literature solved this problem for
example generate a salt form on the organic residue of ferrocene moiety and create salt

through oxidation of central iron atom [87, 88].

Antitumor activity of ferrocene derivatives due to oxidation state of the central iron atom of
the ferrocene moiety, research showed salts of ferrocenium have best antitumor inhibitor if
only central iron atoms as oxidation state +3 [89]. There are several of literatures citing the
usage of ferrocene in medicine design approaches. Tamoxifen is the drug used against breast
cancer cells that are mediated by estrogen receptore subtype alpha (ERa) receptors [90].
Breast cancer cells divided two types one are mediated by estrogen receptore subtype alpha
(ERa) and the other mediated by estrogen receptore subtype beta (ER ). If Tamoxifen
mediated by ER [ estrogen receptors is not active against breast cancer cells, in 2002 Jaouen
and co-workers, inspected and proposed the analogs of Tamoxifen that possess an
organometallic moiety via changing the phenyl group by ferrocenyl group to formed
compounding naming ferrocifen anticancer drug are mediated by both ER o and ER B

estrogen receptors for give great influence against breast cancer cells (Figures 1.12-1.13) [91].
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Figure 1.12: Tamoxifen (2-[4-[(Z2)-1, 2-diphenylbut-1-enyl] phenoxy]-N, N-
dimethylethanamine) [91].
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Figure 1.13: Ferrocenyl derivative of tamoxifen [91].

Ferrocene derivatives are stable, small molecule exposed anti-tumor influence by a distinct
mechanism in mice bearing recognized lung metastases of B-16 melanoma, anti-tumour
achievement refereed by immune stimulation dosage form between 0.05- 0.2 mg/kg for
maximal anti-tumor effect but lower or higher dosage form are not active by intraperitoneal

injection and oral administration [92].
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Ferroquine it is one of ferrocenyl compound it is considering analogue compound of
chloroquine have best biologically active. Chloroquines are used against malaria parasite.
Brocard and co-workers reported a ferrocenyl group introduced into the side chain of the
chloroquine create ferroquine compound for obtained further advantages effective and

harmless in mice non-mutagenic (Figure 1.14) [93].
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Figure 1.14: Structure of Ferroquine [93].

The past decades, cyanoacrylates representative compounds is powerful attention because
have herbicides activity via photosynthetic electron transport disrupting. Cyanoacrylates are
known as (Z)-ethoxyethyl-2-cyano-3-(4-chlorophenyl) methylamino-3-isopropylacrylate
(Figure 1.15). The synthesize a novel compound by Qingmin and co-workers through
exchanging phenyl group with ferrocenyl moiety the result obtained ferrocenyl cyanoacrylates

that also having very excellent herbicidal actions [94].
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Figure 1.15: Herbicidal active compounds (Fc = Ferrocene) [94].
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1.8. COORDINATION CHEMISTRY OF SOME TRANSITION METAL
1.8.1. Cobalt

Cobalt is one of the least abundant of the first row transition metals, element of set nine
classified periodic table, also electronic configurations own is [Ar] 4s* 3d’. Cobalt is one of
transition metal possess ranging oxidation states between +1 into +5, but is best record
oxidation state common is +2(cobaltous) and +3(cobaltic) with different coordination
number, stability, geometry [95]. The Co(IV) as well Co(V) exist uncommon. The electronic
configuration of Co(ll) ion is d7, has single unpaired electrons lead to paramagnetic effect.
Several literature survey exposes that Co(ll) possess different type of stereo chemical
configurations for instance tetrahedral, octahedral and square planar, Co(ll) ion various
coordination numbers are starting two into eight, Conversely, huge numeral coordination
geometries ranging linear to octahedral, complexes Co(ll) possess coordination numbers
ranging from 6 or 4 coordinate. Maximum magnetic moments of are high spin existence
greater than spin only value. General, Co(ll) high spin own octahedral geometry with
magnetic moment complexes between of 4.3-5.2 BM, although tetrahedral species between
4.2-4.8 BM [96].

Additionally, greatest catalytic activities intended for complexes Co(ll) ion Schiff bases
example epoxidation, catalyzed on oxidative carbonylation of amines [97,98], as well Co(ll)
complexes show greater play role in biochemistry [99]. Zahid H. Chohan M. Praveen
reported biological activity of cobalt compounds, indicated some effect against diverse
serious types bacterial as Staphylococcus aureus, Escherichia coli, Klebsiella pneumonae and
Pseudomonas aeruginosa. In comparison with the ligands, the cobalt metal complexes were

found to be more biologically active than the ligands [100].
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1.8.2. Nickel

Nickel is one main atom in transition metal, be located ten set in periodic table, a late first
row, 2 electronic configurations possess identical in energy [Ar] 3d® 4s® or 3d° 4s' [96].
Nickel metal shows most oxidation states +1 to +4, but the greatest oxidation state is +2. Ni
(IV) as well Ni (111) identified the same potent oxidants. For formation Ni(IV) needs very
strong oxidants, e.g. Ky[NiFg], and as well consider Ni(lll) perfect oxidizing agent, however,

become constant via c-donor ligands for example phosphines and thiols [101].

Complexes formation with Nickel (1) demonstration a number of geometry square-planar and
octahedralis influenced by number of factors as temperature, nature of the solvent and

concentration [95].

Ni(ll) compounds common anions consist of sulfide, sulfate, hydroxide, carbonate, halides,
and carboxylates. A Ni(ll) complexes has extensive range of coordination geometries via
own coordination numbers 4 to 6 for instance square and octahedral very common, however
geometries as  tetrahedral, trigonal bipyramidal in addition square-based pyramidal
uncommon[102]. For corresponding geometries of Ni(ll) complexes used the magnetic
moments, both octahedral and tetrahedral geometries of Ni(ll) complexes are paramagnetic,
but diamagnetic effect of square planar, however, magnetic moment of octahedral complexes
usually exist near spin only value of 2.84 BM with d® configuration lead to paramagnetic

complexes, and magnetic moments of tetrahedral complexes 4.5 BM [103,104].

Organisms are need nickel necessary for increase effective of various enzymes for example

peptidase, arginase, decarboxylase acid, phosphatase, and deoxyribonuclease[105,106].
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1.8.3. Copper

Copper is one main atom in transition metal, be located group eleven in periodic table, a late
first row, possess [Ar] 3d'%s’ electronic configurations , shows +1, +2 and +3 oxidation
states, +2, +1, named cupric and cuprous, respectively, but general oxidation state +2 is very
common. However, also , Cu(l) is approve oxidation state +1, electronic configuration d10
which funds the complexes exist colourless in addition to diamagnetic, Cu(l) are oxidized
readily into Cu(ll) but is more difficult further oxidation into Cu (I11) ,also Cu(lll) and Cu(1V)
are detected comparatively uncommon [107,108].

Copper possesses single electron external shell for the completed 3d, 3d” configuration styles
effect on its stereochemistry of Cu(ll) created octahedral or tetrahedral, Cu(ll) complex
structures of are create as of tetragonal distortion because of Jahn Teller distortion [109,110].
Cu(ll) ion has a d9 configuration lead to paramagnetic as a result of possess lone unpaired
electron, as well shows configuration d9, also appearance effect to Jahn-Teller distortions
exposure happening an octahedral otherwise tetrahedral environment, due to influence
indicates requirement molecules into implement geometries that do not produce degeneracy
happening valence level orbitals. Instance, six coordinated mostly detected octahedral

geometry contains 4 short copper ligand bonds in addition 2 long trans bonds.

Cu(Il) complex coordination number subject four, five and six, such as octahedral are
greatest public in which record axial groups are coordinating counter ions otherwise solvents.
Informed Cu(ll) Schiff base complexes containing pentadentate N3O, own geometry a
trigonal bipyriamidal. Anuradha and coworkers Cu(ll) complex established a four coordinate

square planar geometry of new macrocyclic binuclear [108,111,112].
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Several copper compounds have uses in branch organic chemistry as halogenations, coupling
and oxidations reactions; the most oxidation phenol via copper amine complexes is
responsible intended for classic phenol-oxidizing enzymes. However, display majors an
important role in biological processes as anti-bacterial, anti-fungi, also it is having high
activity against different types of cancers and improves the life span in the degree of 20 to
30% [113].As well-known enormous applications Schiff base complexes by Cu(ll) and
salicylaldehyde sciences literature , are extensively used as catalysts and for their biological
application for instance antimicrobial activities. In 2013 reported by Ourari and co-workers

Cu(Il) Schiff base complex using pyrrole rings [114].
1.8.4. Zinc

Zinc has an electronic configuration of [Ar] 3d' 4s?, also, main element in periodic table set
twelve. The most oxidation state is +2. Diamagnetic Zn(I1) complexes are caused by full d*°
electronic configuration. The filled d orbitals indicate diamagnetic complexes are generally
absent colour. In coordination chemistry the Zn(Il) complexes from Schiff base great
common , but not in reported same huge quantity of derivatives nickel and copper [108].
Coordination numbers are 4, 5 and 6. Zinc just created tetrahedral complexes by coordination
number 4, but by coordination number 5 formed square pyramidal or trigonal bipyramidal,
and octahedral of Zn(Il) complexes possess coordination number is 6, numerous application

of the zinc as used in synthesis alloy to prepare containers due to very low toxicity [115].

In 2006 informed sun and co-workers recognized Schiff base Zn(Il) complex pentadentate the
7 coordinate with a pentadentate N3O, ligand plus 2 residual coordination site full via solvent
donor molecules. However, Chisholm, M.H and co-workers in 2001 synthesized Schiff base
Zn(11) a 3 coordinate complex [116]. Also, a 6 coordinated Zn(11) complex definite by Yang, J
and co-workers in 2009 through two N,N, O-tridentate resulting octahedral coordination
[117].
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The Zn(Il) Schiff bases complexes expression less catalytic less significant than other
transition metal as Mn, Ni, Cu and Co complexes [118]. Zinc has several biological
activities for example the insufficiency of zinc in animals lead to disorder as male sexual
immaturity and inhibited growth. Besides commonly used as antimicrobial as Zn salts and
primarily zinc citrate against oral streptococci and streptococcus mutans. It is very beneficial
activity supplement zinc for increases resistance against diseases as diarrheal, besides recover
mucosal innate immunity by generation from intestinal epithelial cells the antimicrobial

peptide excretion [119].

Kumaran and coworkers reported the important interface between DNA plus complex Schiff
base Zn(ll), studied using silico techniques besides recommended possess great influence

agonist microorganism like bacterial and fungal [120].
1.8.5. Platinum (11) and Palladium (11)

Generally palladium desires low oxidation states, the most stable organopalladium
compounds with this +4 recognized oxidation state. But, an organopalladium compound with
a oxidation state above +4 has never been identified. Instead, highly electronegative fluorine
ligands apparently can create +5 and +6 oxidation states, but this species are unstable and
have not been fine characterized. Other hand, oxidation state is palladium(0) also know,
Pd(IV) and palladium(lll) compounds are less common for instance is sodium
hexachloropalladate(1V) [121-122]. In 2002 palladium(VI) is detected [123].The several
biological activity platinum(Il) complexes have strong cytotoxicity[124].

The platinum recorded oxidation states +2 and +4, but fewer common oxidation states are +1
and +3. Tetra coordinate platinum(ll) complexes estimated square planar geometries accept
16-electron [125]. Drug compound cisplatin or cis-diamminedichloroplatinum(ll)
(Figurel.16), reflect actual active cytotoxicity on cancer start used at 1978 [126]. It’s given to
synthesis another tow medicines such as carboplatin as well as oxaliplatin (Figurel.17),above
3 platinum(Il) complexes are working via an analogous mechanism, cisplatin by chloride ,
oxalate intended for oxaliplatin, carboxylate used for carboplatin, creates inhibition of DNA
replication and transcription through react with purine nucleobases in DNA [127].

Distortions the structural of DNA made by platinum binding generate several cellular

responses eventually destroyed cell, the best clinical dosage form of these compounds must
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intravenous administration to reduce side effect. The 4+ oxidation states of platinum
anticancer complexes are shown significant potential together for administration oral and

systematic toxicity decline [127-130].
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Figure 1.17: Structures of carboplatin and oxaliplatin [132].

The administered orally of platinum(IV) satraplatin complex in advanced clinical trials, have
more advantages than cisplatin/carboplatin as enhanced toxicity profiles, in addition to

reduced cross-resistance toward cisplatin (Figurel.18) [133].
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Figure 1.18: Structures of satraplatin [133].
Mechanism similar work of Pt(ll) analogues first and second generation. The stimulation
stage first reduction Pt(IV) into Pt(1) happen prior binding DNA (Figure 1.19) [131].
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Figure 1.19: Activation step of cisplatin formation [131].

The development of organometallic chemistry platinum metal played major roles, the several
scientist concentrated on development several platinum complexes formulate for biological

application [134].

In research work synthesize a new Schiff base and benzimidazole compounds containing
ferrocene group and phenol, first to reveal its structural properties, to examine its physical and
chemical properties, then to prepare some transition metal compounds and metal complexes
of these compounds and to elucidate their structure. In the complex compounds to be
obtained, besides the iron atom in the ferrocene group, the complex compounds to be obtained

are expected to have significant potential, especially in terms of antimicrobial activity.
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2. MATERIALS AND METHODS

In this chapter explained the general materials are used, also analytical procedures like
preparation of ligands, preparation of metal complexes and experimental instrumentation used

for their characterization.
2.1. CHEMICALS AND REAGENTS

All chemicals in this study were obtained from (Sigma-Aldrich) used as received without
further purification. Ligands and complexes were synthesized by direct reaction of the
reactants. The chemicals used as 5-chlorosalicylaldehyde, ferrocene carboxaldehyde, 2-
amino-4-methylphenol, 2-amino-4-chloro-5-nitrophenol, 4-methyl-1,2-phenyldiamine, 4,5-
dimethyl-1,2-phenyldiamine,4-chloro-5-nitro-1,2-phenyldiamine.Metal salts as CoCl, 6H,0,
CuCl,-2H,0, K,PtCl, and ZnCl,-6H,0 will be used for complex preparation in the study.
K2PdCly, is prepared as following: 2 mmol KCI was dissolved in distillated water (2 mL) and
PdCl, was dissolved in ethanol (5 mL). Then these two solutions were mixed. Common
solvents are used puriss quality (for synthesis) like ethanol (technic and puriss), methanol,

acetone, chloroform, dichloromethane, hexane, ethyl acetate, DMSO, DMF.

In this study, totally 10 different ligands (nine of them are new, only HL; is reported in literature:
References 135 and 137) and 43 complex compounds are synthesized, the complex compounds to
be obtained are expected to have significant potential, especially in terms of antimicrobial

activity.
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2.2. PREPARATION OF SCHIFF BASE LIGAND

Four Schiff bases were prepared. The compounds synthesized were crystalline, precipitate,
colored, non-hygroscopic, and insoluble in water, but soluble in ethanol, acetone, chloroform,
ethyl acetate, DMF and DMSO.

2.2.1. Synthesis of Schiff base using glacial acetic acid as catalyst

Synthesis of organometallic compounds was prepared by amine with ferrocene
carboxaldehyde, these compounds were separately dissolved in absolute ethanol 15ml, stirred
on magnetic hot plate for 45 minutes and refluxed using water condenser for 3 hour. During
refluxing 3-4drops of acetic acid was added. After complete refluxing the reaction mixture is
cooled at room temperature, kept overnight in dark place, completion of the reaction was
checked by TLC. Acetic acid it makes the carbonyl carbon more electrophilic by protonation

of oxygen of carbonyl group [135,137].
2.2.1.1. Synthesis of Schiff base 2-(Ferrocen-1-yl-methyliden)amino-4-methylphenol (HL,)

Ferrocene carboxaldehyde (1 mmol, 214.0 mg) and 2-amino-4-methylphenol (1 mmol, 123.1
mg) were taken up in a beaker. Ethanol (15 mL) was used as the solvent, stirred on hot
magnetic plate for 45 minutes and refluxed using water condenser for 3 hours. During
refluxing 3-4 drops of acetic acid was added. After complete refluxing the reaction mixture is
cooled at room temperature, completion of the reaction was checked by TLC, kept overnight
in dark place, to form a black solid. The solid formed was filtered, the solid obtained was
allowed to dry and after drying 0.224g of ligand was obtained in 70% yield. The melting point
of the resulting ligand is 187 °C (Figure 2.1).
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Figure 2.1: Scheme of preparation of HL ;.

2.2.1.2. Synthesis  of  Schiff base 2-(Ferrocen-1yl-methyliden)amino-4-chloro-5-
nitrolphenol (HL,)

Ferrocene carboxaldehyde (1 mmol, 214.0 mg) and 2-amino-4-chloro-5-nitrophenol (1 mmol,
188.5 mg) were taken up in a beaker. Ethanol (15 mL) was used as the solvent, stirred on hot
magnetic plate for 45 minutes and refluxed using water condenser for 3 hours. During
refluxing 3-4 drops of acetic acid was added. After complete refluxing the reaction mixture is
cooled at room temperature, completion of the reaction was checked by TLC, kept overnight
in dark place, to form a black solid ,The solid formed was filtered ,the solid obtained was
allowed to dry and after drying 0.230 g of ligand was obtained in 66% vyield. The melting
point of the resulting ligand is 189 °C (Figure 2.2).
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cl NH, PG N N i
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Figure 2.2: Scheme of preparation of HL .
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2.2.2. Synthesis of Schiff base without catalyst

Synthesis of organometallic compounds was prepared by amine with 5-chlorosalicylaldehyde,
these compounds were separately dissolved in absolute ethanol 25 mL, stirred on magnetic
hot plate for 45 minutes and refluxed using water condenser for 3 hour. After complete
reaction the reaction mixture is cooled at room temperature, then the solution was checked by

TLC. After keeping overnight the crystals are formed [138].

2.2.2.1. Synthesis of Schiff base (E)-4-chloro-2-(((2-hydroxy-5methylphenyl)imino) methyl)
phenol (H,L3)

5-chlorosalicylaldehyde (1 mmol, 156.5 mg) and 2-amino-4-methylphenol (1 mmol, 123.1
mg) were taken up in a beaker. Ethanol (25 mL) was used as the solvent, stirred on hot
magnetic plate for 45 minutes and refluxed using water condenser for 3 hours. After complete
refluxing the reaction was checked by TLC, and cooled at room temperature to form an
orange crystal, the crystal formed was filtered and allowed to dry and after drying 0.211 g of
ligand was obtained in 81% yield. The melting point of the resulting ligand is 184 °C (Figure
2.3).

Cl
OH
OH o cl
o reflaxing 3h in ethanol
+ V4
N
CH
CHy NH, H 8
HO HO

Figure 2.3: Scheme of preparation of H,L 3.

2.2.2.2. Synthesis of Schiff base (E)-4-chloro-2-(((5-chloro-2-hydroxy-4-nitrophenyl)
imino) methyl) phenol (H,L,)

5-chlorosalicylaldehyde (1 mmol, 156.5 mg) and 2-amino-4-chloro-5-nitrophenol (1 mmol,
188.5 mg) were taken up in a beaker. Ethanol (25 mL) was used as the solvent, stirred on hot
magnetic plate for 45 minutes and refluxed using water condenser for 3 hours. After complete
refluxation the reaction mixture was checked by TLC, and cooled at room temperature to
form a yellowish crystal, the crystal formed was filtered and allowed to dry and after drying
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0.256¢ of ligand was obtained in 78% yield. The melting point of the resulting ligand is 219
°C (Figure 2.4).

Cl
O,N OH . A O,N OH Cl
Q reflaxing 3h in ethanol
+ e — /
N
cl NH, H c
HO HO'

Figure 2.4: Scheme of preparation of H,L,.
2.3. SYNTHESIS OF BENZIMIDAZOL DERIVATIVES

The benzimidazole derivative ligands were prepared according to literature procedures by
used NaHSO;3 as catalyst [139-141].

2.3.1. Synthesis of 2-(Ferrocen-1-yl)-5-methyl-1H-benzimidazole (Ls)

Ferrocene carboxaldehyde (1 mmol, 214.0 mg) and sodium hydrogensulfite (1 mmol, 104.0
mg) as catalyst with ethanol (20 mL) and water (2 mL) was used as the solvent were taken up
in a beaker. The mixture was stirred for three hours at room temperature until no more
insoluble material was present in the bottom. A cloud white mixture was obtained. To the
resulting mixture was added 20 mL of N,N-dimethylformamide (DMF). 4-methyl-1,2-
phenyldiamine (1 mmol, 122.2 mg) was then added to the reaction vessel. The reaction
mixture was then stirred for about 3 hours, depending on the heater and the reflux. At the end
of the reaction, the solution was removed from the heater and allowed to stand at room
temperature, and then the brownish precipitate was formed by distilled water and filtered off.
The brownish solid obtained was allowed to dry and after drying 0.246 mg of ligand was

obtained in 78 % yield. The melting point of the resulting ligand is 172 °C (Figure 2.5).
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Figure 2.5: Scheme of preparation of Ls.
2.3.2. Synthesis of 2-(Ferrocen-1-yl)-5,6-dimethyl-1H benzimidazole (L)

Ferrocene carboxaldehyde (1 mmol, 214.0 mg) and sodium hydrogensulfite (1 mmol, 104.0
mg) as catalyst with ethanol (20 mL) and water (2 mL) was used as the solvent were taken up
in a beaker. The mixture was stirred for three hours at room temperature until no more
insoluble material was present in the bottom. A cloud white mixture was obtained. To the
resulting mixture was added 20 mL of N, N-dimethylformamide (DMF). 4,5-dimethyl-1,2-
phenyldiamine (1 mmol, 136.2 mg) was then added to the reaction vessel. The reaction
mixture was then stirred for about 3 hours, depending on the heater and the reflux. At the end
of the reaction, the solution was removed from the heater and allowed to stand at room
temperature, and then the brownish precipitate was formed by distilled water and filtered off.
The brownish solid obtained was allowed to dry and after drying 0.263 mg of ligand was
obtained in 80 % yield. The melting point of the resulting ligand is 178 °C (Figure 2.6).

HaC NH,

N NaHSO4

+ N1 -

i ‘\ Reflaxing 3 h in DMF
N\,

Figure 2.6: Scheme of preparation of L.

HaC NH,

2.3.3. Synthesis of 2-(Ferrocen-1-yl)-5-chloro-6-nitro-1H-benzimidazole (L7)

Ferrocene carboxaldehyde (1 mmol, 214.0 mg) and sodium hydrogensulfite (1 mmol, 104.0
mg) as catalyst with ethanol (20 mL) and water (2 mL) was used as the solvent were taken up
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in a beaker. The mixture was stirred for three hour at room temperature until no more
insoluble material was present in the bottom. A cloud white mixture was obtained. To the
resulting mixture was added 20 mL of N, N-dimethylformamide (DMF), 4-chloro-5-nitro-1,2-
phenyldiamine (1 mmol, 187.5 mg) was then added to the reaction vessel. The reaction
mixture was then stirred for about 3 hours, depending on the heater and the reflux. At the end
of the reaction, the solution was removed from the heater and allowed to stand at room
temperature, and then the brownish precipitate was formed by distilled water and filtered off.
The brownish solid obtained was allowed to dry and after drying 0.287 mg of ligand was
obtained in 75 % vyield. The melting point of the resulting ligand is 224 °C (Figure 2.7).
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Figure 2.7: Scheme of preparation of L.
2.3.4. Synthesis of 4-Chloro-2-(5-methyl-1H-benzimidazol-2-yl) phenol (HLg)

5-chlorosalicylaldehyde (1mmol, 156.5 mg) and sodium hydrogensulfite (Lmmol, 104.0 mg)
as catalyst with ethanol (20 mL) and water (2 mL) was used as the solvent were taken up in a
beaker. The mixture was stirred for three hour at room temperature until no more insoluble
material was present in the bottom. A cloud white mixture was obtained. To the resulting
mixture was added 20 mL of N, N-dimethylformamide (DMF). 4-methyl-1,2-phenyldiamine
(1 mmol, 122.2 mg) was then added to the reaction vessel. The reaction mixture was then
stirred for about 3 hours, depending on the heater and the reflux. At the end of the reaction,
the solution was removed from the heater and allowed to stand at room temperature, and then
the brownish precipitate was formed by distilled water and filtered off. The brownish solid
obtained was allowed to dry and after drying 0.221 mg of ligand was obtained in 86 % vyield.
The melting point of the resulting ligand is 146 °C (Figure 2.8).
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Figure 2.8: Scheme of preparation of HLg.
2.3.5. Synthesis of 4-Chloro-2-(5,6-dimethyl-1H-benzimidazol-2-yl) phenol (HLo)

5-chlorosalicylaldehyde (1 mmol, 156.5 mg) and sodium hydrogensulfite (Immol, 104.0 mg)
as catalyst with ethanol (20 mL) and water (2 mL) was used as the solvent were taken up in a
beaker. The mixture was stirred for three hours at room temperature until no more insoluble
material was present in the bottom. A cloud white mixture was obtained. To the resulting
mixture was added 20ml of N,N-dimethylformamide (DMF), 4,5-dimethyl-1,2-phenyldiamine
(1 mmol, 136.2 mg) was then added to the reaction vessel. The reaction mixture was then
stirred for about 3 hours, depending on the heater and the reflux. At the end of the reaction,
the solution was removed from the heater and allowed to stand at room temperature, and then
the brownish precipitate was formed by distilled water and filtered off. The brownish solid
obtained was allowed to dry and after drying 0.210 mg of ligand was obtained in 77 % yield.
The melting point of the resulting ligand is 158 °C (Figure 2.9).

cl al
HsC H
H3C NH, o 3! N
NaHSO4
+ —_— /
flux 3h in DMF

H reflux 3h in HaC N
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Figure 2.9: Scheme of preparation of HL.
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2.3.6. Synthesisof 4-Chloro-2-(5-chloro-6-nitro-1H-benzimidazol-2-yl)phenol (HL o)

5-chlorosalicylaldehyde (1mmol, 156.5 mg) and sodium hydrogensulfite (1 mmol, 104.0 mg)
as catalyst with ethanol (20 mL) and water (2 mL) was used as the solvent were taken up in a
beaker. The mixture was stirred for three hours at room temperature until no more insoluble
material was present in the bottom. A cloud white mixture was obtained. To the resulting
mixture was added 20 mL of N, N-dimethylformamide (DMF), 4-chloro-5-nitro-1, 2-
phenyldiamine (1mmol, 187.5 mg) was then added to the reaction vessel. The reaction
mixture was then stirred for about 3 hours, depending on the heater and the reflux. At the end
of the reaction, the solution was removed from the heater and allowed to stand at room
temperature, and then the brownish precipitate was formed by distilled water and filtered off.
The brownish solid obtained was allowed to dry and after drying 0.241 mg of ligand was
obtained in 74 % yield. The melting point of the resulting ligand is 230 °C (Figure 2.10).

O,N H
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Figure 2.10: Scheme of preparation of HL 0.
2.4. PREPARATION OF METAL COMPLEXES: GENERAL PROCEDURE

Ligand (e.g. HL;, 1 mmol, 319.2 mg) and equivalent amounts of metal salts (e.g. ZnCl,, 1
mmol, 136.28 mg) were dissolved in 20 mL of ethanol and the mixture was stirrer refluxed
for 3h. The solution allowed stand at room temperature for a some days, the resulting
precipitate formed was filtered and washed with ethanol (2 mL), dried at room temperature
and weight. The other complexes were obtained similarly, the salts used for synthesis of the
complexes are: as CoCl,6H,0, CuCl,2H,0, K,PdCl,4, K,PtCl, and ZnCIl,6H,0 [141, 142].
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2.5. SINGLE CRYSTAL STUDIES

H,L3: H,L3 was dissolved in methanol, filtered and keep at room temperature. After six days
some crystals suitable for X-ray single crystal study were formed. The crystals were collected
and dried at room temperature.

[Pd(L3)CH3CN]-H20,4-Chloro-2-{[(5-methyl-2-oxidophenyl)imino]methyl}phenolate

(acetonitrile-xN) palladium(Il): The complex [Pd(L3)H,0]:3H,O was dissolved in
methanol+acetonitrile (1:10) mixture by refluxing. After cooling to room temperature the
solution was filtered and kept at room temperature. After 2 weeks, the single crystals were

formed. The crystals were collected and dried at room temperature.
2.6. ANALYTICAL TECHNIQUES AND INSTRUMENTATION
2.6.1. Melting points

Determined the melting point was using an Electro thermal melting-point apparatus. Melting
point determined by taking little quantity of the ligands and their metal complexes in a
capillary tube closed at one end then employed in the melting point apparatus and the

temperature degree of compounds which melts (decomposes) were well-known.
26.2. FTIR

FT-IR spectra were recorded on a Bruker optics vertex 70 spectrometer using ATR
(Attenuated Total Reflection) techniques between 400 and 4000 cm .

2.6.3. UV Visible spectra

UV-Visible spectra was performed on a Perkin Elmer Lambda 25 UV/Visible Spectrometer in

methanol.
2.6.4. Elemental analysis

C, H, N content was determined on a Thermo Finnigan Flash EA 1112 analyzer.
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2.6.5. Molar conductivity

Molar conductivity of the complexes was measured on a WTW Cond315i conductivity meter
in DMF at 25+ 1°C.

2.6.6. 'H- and *C-NMR spectra

'H-NMR spectra were run on a Varian Unity Inova 500 NMR spectrometer. BC-NMR spectra
were recorded as attached proton test (APT). The residual DMSO-d6 signal was used as an

internal reference.
2.6.7. Magnetic moment measurement

Magnetic measurements of the paramagnetic complexes were carried out on MK1 Sherwood

Scientific apparatus at room temperature by Gouy’s method.
2.6.8. Mass spectrometer

The Electron Spray lonization-Mass Spectrometry (ESI-MS) analysis was carried out in
positive ion modes using a Thermo Finnigan LCQ Advantage MAX LC/MS/MS.

2.6.9. XRD single crystal

Suitable crystals were selected for data collection which was performed on a D8-QUEST
diffractometer equipped with a graphite-monochromatic Mo-Ka radiation at 296 K. The
structure was solved by direct methods using SHELXS-2013 [143] and refined by full-matrix
least-squares methods on F2 using SHELXL-2013 [144]. All non-hydrogen atoms were
refined with anisotropic parameters. The H atoms of C atoms were located from different
maps and then treated as riding atoms with C—H distance of 0.93-0.97 A. The other H atoms
were located in a difference map refined freely. The following procedures were implemented
in our analysis: data collection: Bruker APEX2 [145]; program used for molecular graphics
were as follow: MERCURY programs [146]; software used to prepare material for
publication: WinGX [147]. Details of data collection and crystal structure determinations of
H,L3 and [Pd(L3)CH3CN]- H,O are given in Tables 3.17-3.24 and Figures 3.105-3.108.
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2.6.10. Cyclic voltammetry

The electrochemical performance by used bipotentiostat Gamry Instruments (Refrence 3000)
(USA) with electrochemical cell, three electrodes was used platinum wire electrode were used
as counter electrodes, GCE as working electrode and Ag/AgCl as the reference electrode,
were run in methanol solution 0.1 M and 0.1M TBAP as a supporting electrolyte was
examined on the surface of GCE at potential scan rate of 100, 50, 20, 10 and 5 mVs™ at 25°C,
Potential range of 0 to 1.

2.6.11. Thermo gravimetric Analysis (TGA)

Thermo gravimetric studies were made on a TG-60WS Shimadzu, with a heating rate of 10

°C/min and air flowing at the rate of 50 mL/min.
2.6.12. Determination of antimicrobial activity

Antimicrobial activity against Staphylococcus aureus ATCC 29213, Staphylococcus
epidermidis ATCC 12228, Escherichia coli ATCC 25922, Klebsiella pneumoniae ATCC 4352,
Pseudomonas aeruginosa ATCC 27853, Proteus mirabilis ATCC 14153 (bacteria) and
Candida albicans ATCC 10231, Candida parapsilosis ATCC 22019 and Candida tropicalis
ATCC 750 (fungi) were determined by the microbroth dilutions technique following the
Clinical and Laboratory Standards Institute (CLSI) recommendations [166, 167]. Mueller-
Hinton broth (MHB) (Difco, Detroit, MI, USA) for bacteria, RPMI-1640 medium buffered to
pH 7.0 with MOPS (Sigma, St. Louis, MO, USA) for yeast strain was used as the test
medium. Serial two-fold dilutions ranging from 5000 pug/mL to 2.4 pug/mL were prepared in
MHB. The inoculum was prepared using a 4-6 h broth culture of each bacteria and 24 culture
of yeast strains adjusted to a turbidity equivalent to a 0.5 McFarland standard, diluted in broth
media to give a final concentration of 5x10° cfu/mL for bacteria and 0.5x10° to 2.5x10°
cfu/mL for yeast in the test tray. The trays were covered and placed in plastic bags to prevent
evaporation. The trays containing MHB were incubated at 35°C for 18-20 h and the trays
containing RPMI-1640 medium were incubated at 35°C for 46-50 h. The minimum inhibitory
concentrations (MIC) were defined as the lowest concentration of compound giving complete
inhibition of visible growth. As control, antimicrobial effects of dimetil sulfoxid (DMSO)

were investigated against test microorganisms. Ciprofloxacin and Amphotericin B
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were used to verify the standardization of the microdilution test procedure as reference
antimicrobials for bacteria and yeast, respectively. According to values of the controls, the
results were evaluated. The MIC values of the Ciprofloxacin and Fluconazole were within the
accuracy range in CLSI throughout the study [168]. The experiments were performed in

duplicate.
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3. RESULTS

The synthesized compounds Schiff bases, benzimidazole derivatives and their metal
complexes with Pd®*, Zn**, Cu®**, Pt** and Co®" characterized by melting point, elemental
analysis, IR, UV-Vis, mass spectra, *C- and *H-NMR spectra, cyclic voltammetry, molar

conductivity, magnetic moment and single crystal XRD.
3.1. CHARACTERIZATIONS OF THE LIGANDS
3.1.1. The physical properties of the ligands
The some physical properties of the ligands are summarized in the Table 3.1.

Table 3.1: Some physical data of the ligands.

Compounds | Empirical Formula M.P* Colour Yield
ID formula weight(g/mol) | °C %
HL; C1gH17NOFe 319.20 187 black 70
HL, C17H13N203Fe 384.60 189 black 66
o DY IS C14H1,CINO, 261.70 184 orange 81
H2L4 C13H7C|2N303 327.12 219 y9"0WiSh 78
Ls CigHigNoFe 316.20 172 brownish 78
Le CioH1gNoFe 330.20 178 brownish 80
L, C17H12CIN3O,Fe | 381.59 224 brownish 75
HLsg C14H1:CIN,O 258.70 146 brownish 86
HLg C15H13C|N20 272.73 158 brownish 77
HLlo C13H7C|2N303 324.12 230 brownish 74

*M.p (decomposition)
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3.1.2. Mass spectra
The mass spectral data of the ligands are given in Table 3.2 and Figures 3.1-3.10.

Table 3.2: Mass spectral data of the ligands.

Comp(our;ds Formula weigh (g/mol) Molecular ion peak (m/z)
ID

HL, 319.2 320.1 [(M™), 100 %)]
HL, 384.6 385.0 [((M), 38.02 %)]
H,Ls 261.7 262.2 [(M™), 100 %)]
Holy 327.12 327.2 [((M), 100 %)]

Ls 316.2 317.2 [(M™), 100 %)]
Le 330.2 331.2 [((M™), 100 %)]
L, 381.59 382.1 [((M™),100 %)]
HLg 258.70 259.3 [((M™), 92.83 %)]
HLg 272.73 273.3 [(M™), 100 %)]
HL o 324.12 324.4 [((M), 100 %)]
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FTIR spectral data of the ligands were summarized in Table 3.3. As well, hydrogen bonding

presence information of (HL;-HLj) obtainable and corresponding spectra are given in
(Figures 3.11 - 3.20).

Table 3.3: Infrared spectral data of the ligands (cm™).

Compound | v(OH) v(NH) v(C=N) v(C=C) v(C=C) v(C-0O) v(Fe-Cp) v(NO,) H-bonding
ID (Cp) (aromatic) inthe IR
spectra
HL, 3400- - 1640 m 1577 m 1500 m 1300 m 510 m - Considerable
2500m, H bonding
br
HL, 3400 m, - 1643 m 1580 m 1500 m 1350 m 495 m 1480 m, Considerable
br 1332 m H bonding
H,L3 3200- - 1650 m - 1510 m 1320 m - - Considerable
2500, m, H bonding
br
H,L, 3500m,b | - 1655 m - 1520 s 1300 m - 1549 m, Considerable
r 1332 m H bonding
Ls - 3300m, |1620m 1560 m 1470m - 511m - -
br
Le - 3200 m, | 1600 m 1500 m 1450 m - 500 m - -
br
L, - 3400 m, | 1615m 1580 m 1500m - 500 m 1480 m -
br 1350 m
HLg 3200- 3300s |1612m - 1500 m 1310 m - - Considerable
2500w, br H bonding
HL, 3200- 3300s |1600 m - 1580 m 1300 m - - Considerable
2500w, br H bonding
HLqg 3300m, br {3500 m | 1610 m - 1560 m 1315 m - 1480 m Considerable
1350 m H bonding

s = sharp, w = weak, m = medium, br = broad.




47

Transmitance %

“000 3800 2000 2600 2000 1800 1000 200
Wave number (cm ™)
Figure 3.11: IR spectrum of HL;.
1.0 -
0.9 4
* -
8 n,!--l
¢
(4] E
S o7
: k
E 064 ONM
-]
= .
0.5 +
a"‘ L L L Ll L L L]
4000 3500 3000 2500 2000 1500 1000 500

wavenumber (cm')

Figure 3.12: IR spectrum of HL..




48

wavenumber (cm')

0.90 -

0.85 -
IR RN
; 0.75 -
3 0.70 -
o ‘ 3
g o065 ] OH
£ oeo- /@N ¥
-' L 5 ch zl- d_'l ﬁl
| -
€ 0.55 - HyC ;
# 0.50 - s

| HO It =
0.45 -
4000 3500 3000 2500 2000 1500 1000 500
wavenumber (cm')
Figure 3.13: IR spectrum of HjL3.

0.95 -
ES o.oo-/\/w/"
0
QO 085
< 3
g 1 oGy OH
: 0.80 . ) 5 %
¥ 1 o NN
& o7s- <
p Ho l‘ ‘0

°‘7° L Ll L L L L L

4000 3500 3000 2500 2000 1500 1000 500

Figure 3.14: IR spectrum of HjL4.




49

Transmittance , %

1.00 =

o9E 4

090 -

s 4

Cbd -

0.78 4

e.T0 9

Figure 3.15: IR spectrum of Ls.

Transmittance .,

1.01
100
0.99 -:
ﬁ.ii;
0971
0.96 |
0.95 4

0.93 +

0.92

H
7 1
HaCo o & N‘f Y
]
HyG—" 5 N/ :
4 1
Fe
¢
s

&

L L L L L L Ll
4000 3500 2000 2500 2000 1500 1000 00

wavenumber(cm ')

(= B

Figure 3.16: IR spectrum of L.




50

wavenumber (cm'')

i
v
L¥]
£
a
%
£
-]
'~
060 ¥ T - T - T - T - T * T - T - 1
4000 3500 3000 2500 2000 1500 1000 500 O
wavenumber (cm™)
Figure 3.17: IR spectrum of L.
1.00 +
0.95 -
"_ 0.90 -
¢ oes-
H ]
g u.an:
§ 0.75 4
£ |
E 0.70 -
0.65 -
0.60 4
4000 3500 3000 2500 2000 1500 1000 S00 O

Figure 3.18: IR spectrum of HLs.




51

Transmittance .

1.0 4

0.9 1

0.8 4

0.7 4

0.6 4

Hal:

Hal

L T LI L
4000 3500 3000 2500 2000 1500 1000 500

wavenumber (ecm™)

Figure 3.19: IR of spectrum of HL,.

Transmttance ,

1.00
&95:
&Sﬂ:
&35:
&30:
&Tﬁ:
&?D:
&55:

0.60

0.55

4000

L) L)
3500 3000

- T - T v T v T . T
2500 2000 1500 1000 500
wavenumber (cm™')

Figure 3.20: IR spectrum of HL 1.




52

3.1.4. NMR spectra

The NMR spectra carried out in DMSO-ds. The information is presented in Table 3.4 and

corresponding spectra are given in Figures 3.21 - 3.37.

Table 3.4: '"H-NMR and "*C-NMR spectral data of the ligands.

Compounds ID Assignments

HL1 "H-NMR: 9.90 (s, br, 1H, OH), 8.47 (s, br, 1H, N=CH), 6.90 (s, 1H, H3), 6.81 (s, 1H, H6), 6.73
(s, 1H, H5), 4.86 (s, 2H, HatHy), 4.43 (s, 2H,Hc+Hg), 4.30 (s, 5H, 2xH+2xH¢+Hg) 2.23 (s, 3H,
CHsy).

BC-NMR: 20.74 (CHy), 70.17 (2xCe), 70.24 (2xCy), 70.66 (Cy), 71.36 (Cp), 71.53(C), 79.89
(Ca), 80.13 (Cy), 81.37 (C,), 115.88 (C5), 119.93 (C3), 127.30 (C6), 128.49 (C4), 139.07 (C2),
148.72 (C1), 160.38 (N=CH).

HL, "H-NMR: Isomer A: 9.88 (s, 1H, OH), 7.47(s, 1H, CH=N), 6.28 (s, 2H, H6+H3) 4.80 (s, 2H,
HatHp), 4.29 (s, 2H,Hc+Hyg), 3.39 (s, 5H, 2xHe+2xH¢+Hg).

Isomer B: 10.2 (s, 1H, NH), 9.88(s, 1H, OH), 6.67(s, 1H, CH=C), 6.28 (s, 2H, H6+H3) 4.80 (s,
2H, Ha+Hp), 4.29 (s, 2H,Hc+Hg), 3.39 (s, 5H, 2xH+2xH+Hy).

BC-NMR: 68.25 (2xC.), 69.67 (2xCy), 69.67 (Cy), 69.79 (Cp), 69.93 (C.), 70.11 (Cy),
73.45(C;), 79.88 (C,), 111.73 (C3), 113.63 (C6), 120.76 (C4), 133.16 (C5), 142.07 (C1), 145.44
(C2), 193.85 (N=CH).

H,L, TH-NMR: 13.9 (s, br 1H, H1' (OH) ), 9.6 (s, 1H, H2 (OH)), 9.0 (s,1H, N=CH), 7.71 (d,1H,
J=2.4, H3"), 7.40 (d, 1H, J=8.8, H5'), 7.39 (d ,1H, J=8.8, H6"), 7.17 (s, 1H, H6), 6,96 (d, J=9.25,
1H, H3) 6,84 (d, J=8.8, 1H, H4), 2.40 (s, 3H, CH,).

BC_NMR: 20.64 (CHs), 116.90 (C4) 119. 18 (C5), 119.24 (C3), 120.09 (C6), 121.17 (C1),
122.48 (C2), 131.31 (C5'), 132.68 (C6'), 132.76(C4"), 134.41(C2'), 149.50(C3'), 160.07 (C1),
160.11 (N=CH).

H,L, 'H-NMR: Enol isomer (ratio 2/3): 12.62 (s, 1H, OH1"), 10.28 (s,br, 1H, OH1), 8.98 (s, 1H,
N=CH), 7.66 (s, 1H, H3"), 7.54 (d, 1H, J=2.9, H6), 7.52 (d, 1H, J=2.9, H3), 7.47 (d, 1H, J=8.8,

H6'), 7.02 (dd, 1H, J=8.8 2.0, H5').13C-NMR: 111.63 (C4), 113. 61(C6), 116.22 (C3), 119.27

(C2), 119.97 (C1), 122.77 (C5), 131.29 (C5), 133.19 (C6), 136.12 (C4), 145.34 (C2),
150.67(C3"), 159.91 (C1'), 190.15 (N=CH).

'H-NMR: Keto isomer (ratio: 1/3): 10.89 (s,br, 1H, OH1), 10.22 (s, 1H, NH), 7.79 (d, 1H, N-
CH, J=2.9), 7.59 (s, 1H, H6), 7.58 (d, 1H, J=2.9, H3), 7.46 (1H, d, J=8.8, H6"), 7.02 (dd, 1H,
J=8.8 2.0, H5'), 6.69 (s,1H, H3"). *C-NMR: 111.69 (C4), 113.67 (C6), 116.22(C3), 119.33(C2),
120.70 (C1), 122.81 (C5), 133.19 (C5"), 134.03(C6"), 136.17 (C4"), 145.42 (C2'), 159.54 (C3"),
164.19 (C1), 190.21 (N=CH). After D,O exchange: 9.85 s,br (NH, keto form), 8.61 s,br (CH,

enol form). The signals at 12.62, 10.89, 10.28 ppm are removed. The all aromatic protons
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change to broad signals.

Ls

TH-NMR: 12.18 (s, br, 1H, NH), 7.32 (s, br, 1H, H4), 7.22 (s, br, 1H, H7), 6.94 (s, br, 1H, H6),
5.00 (5, 1H, Hy), 4.44 (s, 1H, Hy), 4.29 (s, 1H, H), 4.22 (s, 1H, Hg), 4.08 (s , 5H, 2xHe+2xH;
+Hy), 2.39 (s, 3H, CH).

Le

TH-NMR: 12.08 (s, br, 1H, NH), 7.25 (s, 2H, H4+H7), 4.99 (s, 2H, H.+Hq), 4.43 (s, 2H, Hy+ Ho),
4.07 (s, 5H, 2H+2He+H,), 2.29 (5, 6H, 2XCH).

L,

TH-NMR: 13.34 (s, br, 1H, NH), 8.18 (s, 1H, H7), 7.73 (5, 1H, H4), 6.56 (s, 1H, Hg), 5.10 (s, 1H,
Ha), 457 (5, 1H, H¢), 4.13 (5, 6H, 2H+2H+1H +Hp).

HLg

TH-NMR: 13.2(s, br, 1H, NH ), 10.22(s,1H, (OH)), 8.12(s, 1H, H3), 7.58(d,1H, J=8.3 ,H5),
7.4(s ,1H, H4), 7.30 (d, 1H, J=8.8, H6'), 7.19 (d, 1H, J=7.8, H6), 7.14(d,J=8.8,1H, H7), 2.46(s,
3H, CHs).

BC-NMR: 157.01 (C2), 150.38 (C1'), 131.54 (C5), 131.44 (C8+C9), 125.87 (C5'), 125.83 (C3),
125.06 (C4'), 123.14 (C6), 119.45 (C2'), 119.38 (C6'), 114.50 (C4+C7), 21.75 (CHS).

HL,

TH-NMR: 13.36 (s, br, 1H, NH ), 13.04 (s, br, 1H,(OH)) , 8.12 (d, 1H, J=2.4, H3), 7.39 (d, 1H,
J=8.3, H5'),7.36 (1H, d, J=8.8, H6") ,7.05 (s, 1H, H4), 7.03 (s, 1H, H7), 2.49 (s, 6H, 2XCH,).
BC_NMR: 20.42 (2xCHa), 114.65 (C4+C7), 119.36 (C6'), 119.43 (C2), 123.09 (C4"), 125.65
(C3"), 125.69 (C5+C6), 131.25 (C5'), 131.30 (C8+9), 149.92 (C1'), 157.06 (C2).

HL 4o

Isomer A (ratio: 2/3): 12.20 (s,br, 1H, NH), 10.94 (s,br, 1H, OH), 8.87 (s ,1H, H7), 8.09 (s, 1H,
H4), 7.91 (s, 1H, H3"), 7.38 (d, 1H, J=8.8, H5"), 6.97 (d, 1H, J=8.8, H6").

Isomer B (ratio: 1/3): 11.40 (s, 1H, NH), 10.20 (s, 1H, OH), 8.32 (s, 1H, H7), 7.94 (s, 1H, H4),
7.86 (s, 1H, H3"), 7.04 (d,1H, J=8.3, H5"), 6.84 (d,br, 1H, H6").

BC_NMR: 159.65 (C2, isomer A), 159.52 (C2, isomer B), 158.32 (C1', isomer A), 156.63 (C1',
isomer B), 153.90, 149.77, 143.31, 143.02, 140.13, 134.33, 133.71, 132.27, 129.86, 127.42,
127.29, 123.61, 122.48, 119.77, 119.31, 117.52, 115.24, 114.50, 113.86

s, singlet; br, broad; dd, doublet of doublet.
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3.1.5. UV-Visible Spectroscopy

The electronic (UV-Visible) spectral data were recorded in methanol and given in Table 3.5

and Figure 3.38.

Table 3.5: Electronic spectral data of the ligands.

Compounds (ID) Wavelength (Amax, nm)
343.0m,br, 350.5sh
HL,
386.0s,br, 400.0sh
HL,
363.5m,br, 461.0sh, 485.5m,br
Hols
380.0m,br, 403.0sh
HsolL,
309.0m,br, 320.0sh
Ls
312.0m, 319.5sh
Le
285.0m, 300.0sh
L,
301.0 m, 330.0sh, 344.5sh
HLg
285.0sh, 303.5m, 332.0m, 349.5sh
HL,
336.5m,br, 372.5sh
HL 1

s = strong, m = medium, br = broad, sh = shoulder.
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HL,
2-(Ferrocen-1yl-methyliden) amino-4-chloro-5 nitrolphenol

HoLy H,Ly
(E)-4-chloro-2-(((2-hydroxy-5methylphenyl)imino) methyl) phenol

Ls O‘"

2-(Ferrocen-1-yl)-5-methyl-1H-benzimidazole L¢ e
2-(Ferrocen-1-yl)-5,6-dimethyl-1H benzimidazole

L, HLg

2-(Ferrocen-1-yl)-5-chloro-6-nitro-1H-benzimidazole

HL,
4-Chloro-2-(5-chloro-6-nitro-1H-benzimidazol-2-yl) phenol

4-Chloro-2-(5,6-dimethyl-1H-benzimidazol-2-yl) phenol

Figure 3.39: Structure of the ligands.
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3.2. CHARACTERIZATIONS OF THE METAL COMPLEXES

The analytical data of the Co**, Cu*, Pd*, Zn?* and Pt** complexes of the ligands are
presented in Table 3.6, 3.7, 3.8, 3.9 and 3.10, respectively. The analytical information of these
complexes is in contract good with the calculated values and thus confirming the proposed

composition for all the complexes.
3.2.1. Elemental analysis

Table 3.6: Analytical data and physical properties of the Co(ll) complexes.

Complex ID Formula weight Color, M.P* Element analysis
yield % °C Found (calc)%o

C H N
HL, C1gH2,Cl,CoFeNO, Black 320 | 42.20 3.46 2.93
[Co(HL,)Cl5(H,0),]-H,0 75 (43.06) | (4.42) | (2.79)
HL, C34H28C|4COF92N407 Black 300 | 45.01 341 5.81
[Co(HL,),Cl,]-H,0 56 (44.53) | (3.08) | (6.11)
H,L; C28H22C|2CON204 Brownish 300 | 52.16 3.26 4.00
[Co(HL3),]-3H,0 69 (53.01) | (4.45) | (4.42)
H,L, C13H14Cl4,CoN,0, Reddish, 221 | 30.77 3.12 5.58
[Co(H,L,)CI,(H,0)]-2H,0 82 (30.56) | (2.76) | (5.48)
Ls C1gH2Cl,CoFeN,O; | Brownish 320 | 41.20 3.46 6.93
[Co(Ls)Cly(H20)s] 75 (43.23) | (4.43) | (5.60)
Lg C19H30C|2COFEN206 Brownish 300 | 37.86 4.65 3.92
L, Ca4H3Cl4,CoFe;NgO; | Brownish 321 |43.56 4,02 |6.41
[Co(L).Cly(H,0),]-H,0 80 (43.12) |(3.19) |(8.87)
HLg C14H19CI3CoN,05 Black 232 |35.31 3.66 [5.99
[Co(HLg)CI»(H,0),]-2H,0 87 (36.51) |(4.16) |(6.08)
HL, C3oH3,CI3CoN,4O5 Blue 337 |51.55 4,29 |7.56
[Co(HLg)(Lg)CI(H,0)]-2H,0 64 (51.93) |(4.65) |(8.07)
HLyo Cy6H13ClsCoNgOg Brownish 289 | 38.57 232 ]9.85
[Co(HL4),Cl,]-2H,0 62 (38.36) |[(2.23) |(10.32)

*M.p (decomposition)
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Table 3.7: Analytical data and physical properties of the Cu(ll) complexes.

Complex ID Formula weight Color, M.P.* Element analysis
yield % °C Found (calc)%

C H N
HL, CisH2.Cl,CuFeNO; | Black 231 44.68 3.60 1.37
[Cu(HL,)CI;]-H,0 77 (44.66) (3.78) (2.86)
HL, Cy7H14Cl,CuFeN,0,4 | Black 247 40.38 2.73 5.82
[Cu(L,)CI(H,0)] 80 (40.79) (2.82) (5.60)
H,Ls C14H16CI3CUNO, Black 235 39.72 3.37 2.40
[Cu(H,L;)CIICI-3H,0 88 (38.91) (3.73) | (3.29)
H,L, Ci3H10CI4CUN,O5 Reddish 220 32.98 2.13 5.73
[Cu(H,L,)Cl,(H0)] 84 (32.56) (2.10) | (5.84)
Ls C1sH2Cl,CuFeN,0, | Brownish | 310 44.68 3.45 6.93
[Cu(Ls)Cly(H,0)]-H,0 73 (44.42) (4.14) | (5.76)
Lg C19H24C|2CUF9N203 Brownish 251 43.01 3.75 5.48
[Cu(L)Cly(H,0)]-2H,0 83 (44.00) (4.66) (5.40)
L, C19H1sCI3CuFeN3;O;3 | Brownish | 231 40.90 2.35 7.53
[Cu(L;)CIy(EtOH)] 84 (40.60) (3.23) | (7.48)
HLg C14H12CI,CuN,0, Black 286 44.96 2.85 7.24
[Cu(Lg)CI(H,0)] 86 (44.87) (3.23) (7.48)
HL, C15H14CI,CuN, 0, Brownish | 313 48.80 3.17 7.02
[Cu(Lg)CI(H0)] 57 (48.68) (4.09) (7.10)
HLg C13H13C|4CUN306 Brownish 320 30.58 2.63 7.85
[Cu(HL4)Cl,(H,0),]-H,0 85 (30.46) (2.56) (8.20)

*M.p (decomposition)



Table 3.8: Analytical data and physical properties of the Pd(11) complexes.
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Complex ID Formula weight Color, M.P°C Element analysis
yield % Found (calc)%o

C H N
HL, CisH1sCIFENO,Pd Black 225 44,01 3.16 3.03
[Pd(L)CI(H0)] 60 (45.22) (3.80) | (2.93)
HL, C17H14C|2F9N204Pd Black 234 36.40 2.16 4.99
[Pd(L,)CI(H,0)] 55 (37.57) (2.60) | (5.15)
[ PYI Ci14H15CINOgPd Reddish 230 36.61 3.76 2.72
[Pd(L3)(H,0)]3H,0 83 (38.86) (4.42) | (3.20)
Holy Reddish 260 29.99 1.49 4.87
[Pd(H,L,)CIICIH,0O C13H14CIN,OgPd 80 (29.89) (1.93) | (5.36)
Ls CyoH2,Cl,FeN,OPd Brownish 300 44,01 3.16 6.65
[Pd(Ls)Cl,(EtOH)] 69 (44.52) (4.11) | (5.19
Le C19H2Cl,FeN,OPd Brownish 240 43.40 3.61 5.05
[Pd(L¢)CI(H20)] 84 (43.42) (3.84) | (5.33)
L, C17H14Cl3FeN3;O5Pd Brownish 229 35.36 2.33 6.11
[Pd(L;)Cl,(H,0)] 74 (35.39) (2.45) |(7.28)
HLg Ci16H16CI,N,0,Pd Brownish 260 42.37 3.01 6.38
[Pd(Lg)CI(EtOH)] 77 (43.12) (3.62) (6.29)
HL, C15H14CI,N,0,Pd Brownish 274 42.26 3.06 6.25
[Pd(HLg)CIy] 73 (41.74) (3.27) |(6.49)
HL o C13HsCI4N304Pd Brownish 280 30.71 1.17 8.10
[Pd(HL,0)Cl2]-H,0 83 (30.06) (1.75) | (8.09)

* M.p (decomposition)
p( P




Table 3.9: Analytical data and physical properties of the Zn(Il) complexes.
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Complex ID Formula weight Color, M.P. Element analysis
yield % *0C Found (calc)%o

C H N
HL, CsgHzsFe2N,042Zn Black 221 58.23 3.78 1.43
[Zn(Ly),]-2H,0 65 (58.61) | (4.92) | (3.80)
HL, CagH2sClFeN4OgZn | Black 234 47.60 3.96 7.10
[Zn(L,),]-2H,0 55 (47.01) | (3.25) (6.45)
H,Ls Ca8H26CIN206ZN Yellowish | 310 54.64 4.97 4.27
[Zn(HLj),]- 2H,0 61 (54.00) | (4.21) (4.50)
H,L, C13H18CI4N209Zn Orange 222 27.29 3.47 4.62
[Zn(H,L4)Cly(H,0),]3H,0 55 (28.21) | (3.28) (5.06)
Ls C1gH2CloFeN,0,2Zn Black 323 43.53 3.85 6.83
[Zn(Ls)Cl,(H,0)]-H,0 79 (44.26) | (4.13) (5.73)
L CsgH3sCloFe;N4OZn Brownish | 232 55.74 4.83 6.32
[Zn(L),Cly]-H,0 60 (56.02) | (4.70) | (6.88)
L, CagH6Cl4FeaNgOs2Zn Brownish 240 | 45.32 3.63 11.06
[Zn(L7),Cl,]-H,0 51 (44.51) |(2.86) (9.16)
HLg C14H15C|3N203Zn Black 210 39.61 4.93 6.64
[Zn(HLg)CI,]-2H,0 88 (39.01) |(3.51) (6.50)
HL, C30H3,CI,N,O6Zn Brownish 290 52.91 4.56 7.60
[Zn(Lg),(H20),]-2H,0 63 (52.92) |(4.74) (8.23)
HLg CuH15Cl4NgOgZn Brownish 240 40.77 2.76 10.94
[Zn(Ly0)2]-3H,0 63 (40.79) | (2.37) |(10.98)

*M.p (decomposition)

Table 3.10: Analytical data and physical properties of the Pt(11) complexes.

Complex ID Formula weight Color, M.pP.*°C Element analysis
yield % Found (calc)%o

C H N
H,Ls C16H17CI,NO4Pt Brownish 232 38.01 2.87 2.90
[Pt(HL3)(EtOH)]-CI 60 (35.77) | (3.19) | (2.61)
Ls C19H24C|2FeN203Pt Brownish 300 35.23 4.29 4.84
[Pt(Ls)Cl,(MeOH)]-2H,0 51 (35.10) | (3.72) (4.31)
L CyoH4Cl,FeN,O,Pt Brownish 240 38.76 474 4.96
[Pt(Ls)Cl,(MeOH)]-H,0O 50 (37.17) | (3.74) (4.33)

*M.p (decomposition)
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3.2.2. Magnetic moment, conductivity measurements and electronic spectra

Table 3.11: Magnetic moment, molar conductivity measurements and electronic spectra data

of the Co(Il) complexes.

Complex ID peff Molar conductance Wavelength (A max, nm)
BM Scm’mol™

HL, 256.2m,br, 262.1sh, 307.1m
[Co(HL)CI»(H,0),]-H,0 5.24 10.21
HL, 262.0m,br, 266.0sh, 307.2m
H,L; 430.5m,br, 450.0sh
[Co(HLs3),]-3H,0 4.72 29.47
H,L, 365.0sh, 382.0m,br, 412.0sh
[Co(H,L4)CI,y(H,0)]-2H,0 4.31 28.52
Ls 4.75 12.36 254.0m,br, 260.0sh, 310.0sh
[Co(Ls)Cly(H20)s]
Lg 4.80 20.10 255.2m,br, 261.2sh, 307.7m
[Co(Le)Cly(H,0)5]-3H,0
L, 4.64 20.12 266.0m,br, 307.2sh, 338.1m
[Co(L7)>Cl>(H,0),]-H,0
HLg 4.87 21.34 256.1s,br, 260.0sh
[Co(HLg)CI»(H,0),]-2H,0
HL, 4.31 35.45 260.2m,br, 270.0sh
[Co (HLg)(Lg)CI(H,0)]-2H,0
HL 5.57 58.01 265.5m,br, 279.0sh

s = strong, m = medium, br = broad, sh = shoulder.
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Table 3.12: Magnetic moment, molar conductivity measurements and electronic spectra data

of the Cu(Il) complexes.

Complex ID peff Molar conductance Wavelength (Amax, nm)
BM Scm’mol™

HL, 3.24 14.53 256.1m,br, 261.4sh, 307.0m
[Cu(HL,)CI;]-H,0
HL, 3.15 19.68 259.0m,br, 262.1sh, 307.1m
[Cu(L2)CI(H0)]
H,Ls 1.77 42.62 378.0m,br, 401.5sh, 428.5sh
[Cu(H,L3)CI]CI-3H,0
HyL, 1.72 7.55 391.0m,br, 450.5sh, 476.5br
[Cu(H,L4)Cly(H20)]
Ls 2.32 10.29 255.1m,br, 260.2sh, 307.0m
[Cu(Ls)Cly(H,0)]-H,0
L 4.35 15.83 254.2m,br, 260.2sh, 310.0m
[CU(LG)Clz(Hzo)]ZHzo
L, 2.66 50.02 260.8m,br, 307.0m, 338.0sh
[Cu(L;)CIy(EtOH)]
HLg 1.73 27.40 290.0m, 300.0sh, 350.0br, 362.5sh
[Cu(Le)CI(H0)]
HLq 1.75 48.01 256.1m,br, 260.6sh, 308.0m
[Cu(Ls)CI(H-0)]
HL 4 1.72 38.70 254.3m,br, 270.0m,br, 280.0sh
[Cu(HL40)Cl3(H,0),]-H,0

s = strong, m = medium, br = broad, sh = shoulder.
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Table 3.13: Magnetic moment, molar conductivity measurements and electronic spectral data

of the Pd(I1) complexes.

Complex ID peff | Molar conductance Wavelength (Amax, nm)
BM Scm’mol™

HL, 2.01 15.08 255.1m,br, 260.8sh, 307.2m
[PA(L,)CI(H0O)]
HL, 2.00 13.13 261.2m,br, 255.2sh, 307.2m
[PA(L,)CI(HO)]
H,Ls - 45.07 373.0m,br, 424.0sh, 431.5sh
[Pd(Ls)(H,0)]'3H,0
H,L, - 59.32 307.0m,br, 442.0sh, 464.5sh
[Pd(H,L,)CI]CI'H,O
Ls 2.20 8.70 255.2m,br, 261.8br, 296.2sh, 307.2m
[Pd(Ls)CI,(EtOH)]
Le - 40.00 280.2m,br, 289.8sh, 307.0m
[Pd(Le)Cly(H,0)]
L, 2.01 58.40 225.1m,br, 261.2sh, 307.1m
[Pd(L7)Clx(H.0)]
HLg - 26.96 292.0m, 338.5m, 350.0sh
[Pd(Lg)CI(EtOH)]
HL, - 26.00 255.5m,br, 263.0sh, 307.6m
[Pd(HL)CI]
HL1 - 58.49 259.5m,br, 270.0sh, 279.0sh
[Pd(HL,0)Clo]-H,0

s = strong, m = medium, br = broad, sh = shoulder.
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Table 3.14: Magnetic moment, molar conductivity measurements and electronic spectra data

of the Zn(1l) complexes.

Complex ID peff Molar conductance | Wavelength (Amax, nm)
BM Scm?mol™*

HL, 2.12 16.32 262.7m,br, 267.9sh, 307.1m

[Zn (L1)2]-2H,0

HL, 13.13 264.8m,br, 270.7sh, 307.3m

[Zn(Ly),]-2H,0 2.33

H,L; - 14.83 435.0m,br, 460.0sh, 470.0sh

[Zn(HLs).]-2H,0

H,L, - 9.07 362.0m,br, 379.0sh

[Zn(H2L4)Cly(H20),] 3H,0

Ls 2.00 5.98 260.1m,br, 297.3sh, 307.9m

[Zn(Ls)Cly(H,0)]-H.0

L 2.39 15.00 254.3m,br, 260.8br, 265.0sh

[Zn(Le).Cl, ]-H,0

L, 2.98 20.00 255.1m,br, 262.4sh,307.0m

[Zn(L7).Cl5]-H,0

HLg - 8.88 298.0m, 329.5sh, 346.5m

[Zn(HLg)CI,]-2H,0

HL, - 14.89 301.0m, 330.0sh, 345.5m

[Zn(Lg)>(H20),]-2H,0

HL 4o - 16.09 255.0m,br, 266.5sh, 279.0sh

[Zn(L10),]-3H,0

s = strong, m = medium, br = broad, sh = shoulder.

Table 3.15: Magnetic moment, molar conductivity measurements and electronic spectra data

of the Pt(1l) complexes.

Complex ID peff Molar conductance Wavelength (Amax, nm)
BM Scm’mol™

H,L, - 40.32 466.0m,br, 487.0sh
[Pt(HL3)(EtOH)]-Cl
Ls 2.04 46.90 275.9m,br, 285.1sh, 307.2m
[Pt(L5)Cl,(MeOH)]-2H,0
Lg 2.13 50.01 255.0m,br, 262.0sh, 307.5m
[Pt(Lg)Cl,(MeOH)]-H,0

s = strong, m = medium, br = broad, sh = shoulder.
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Figure 3.41: Electronic spectra of the HL, complexes.
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Figure 3.42: Electronic spectra of the H,L3 complexes.
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Figure 3.43: Electronic spectra of the H,L 4 complexes.
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Figure 3.44: Electronic spectra of the Ls complexes.
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Figure 3.45: Electronic spectra of the Lg complexes.
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Figure 3.47: Electronic spectra of the HLg complexes.
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3.2.3. Infrared spectra of ligands and the metal complexes

FT-IR spectra of the ligands and the complexes are given in Figure 3.50-3.59.
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Figure 3.50: Comparison of the IR spectra of HL; and its complexes.
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Figure 3.51: Comparison of the IR spectra of HL, and its complexes.
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Figure 3.53: Comparison of the IR spectra of H,L4 and its complexes.
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Figure 3.55: Comparison of the IR spectra of Lg and its complexes.
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Figure 3.56: Comparison of the IR spectra of L; and its complexes.
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Figure 3.57: Comparison of the IR spectra of HLgand its complexes.
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3.2.4. NMR data of diamagnetic metal complex (Zn**, Pd** and Pt**)

NMR spectra of the diamagnetic metal complexes are given in Table 3.16 and Figures 3.60-

3.104.

Table 3.16: 'H -NMR and *C- NMR spectral data of the diamagnetic metal complex.

Compounds 1D

Assignments

HL,
[Zn(Ly).]-2H,0

"H-NMR: 9.87 (s, 1H, N=CH), 6-8 (m, aromatic), 4.65 (s, br, 2H, 2xH,), 4.28 (s, br, 6H,
2XHc+2x Hy+2xHg), 3.43 (s, 10H, 4xH+4xH+2x Hg) 2.49(s, 6H, 2XCHy3).

BC-NMR: 69.87 (2XC4+4XC,+4XCy), 73.55 (2XCy+2xC,), 79.86 (2XC,+2XCh).

There is paramagnetic effect of ferrocen moiety.

HL,
[PA(L,)CI(H0)]

'"H-NMR: 6-8 (m, Aromatic), 4.25 (s, br, 1H, H,), 4.13 (s, br, 3H, Hc+Hy,+Hy), 3.46 (s,
br, 5H, 2xHf+2xHe+Hg) 2.49 (s, 3H, CHs).

BC-NMR: There is no signal due to paramagnetic effect of ferrocene moiety.

HL,
[Zn(L>),]-2H,0

"H-NMR: 6-8 (m, Aromatic), 4.07 (s, br, 2H, 2xH,), 3.28(s, br, 6H, 2xH+2xHy+ 2xHy),
3.63 (s, 10H, 4xH¢+4xH+2x Hg).
3C-NMR: There is no signal due to paramagnetic effect ferrocene moiety.

There is paramagnetic effect ferrocene moiety.

HL,
[PA(L2)CI(H,0)]

No signal because of the paramagnetic effect ferrocene moiety.

H,Ls
[Zn(H L3)2] -2H,0

TH-NMR: 9.00 (5, 1H, N=CH), 7.71 (d, 2H, J=2.93, 2xH6), 7.39 (dd, 2H, J=8.78, 2.93,
2xH6'"), 7.19 (d, 2H, J=1.96, 2xH3"), 6.95 (dd, J= 8.79, 1.96, 4H, 2xH4+2xH5"), 6.86 (d,
J=8.3, 2H, 2xH3) 2.20 (s, 6H, 2XCH3).

BC.NMR: 20.62 (2xCHs), 116.45 (2xC5), 119. 91 (2xC4), 119.91 (2xC3), 120.05
(2xC6), 120.19 (C1), 120.96 (C1), 123.76 (C2), 123.91 (C2) 128.82 (C5'), 128.88 (C5'),
129.64 (C3'), 131.48 (C3"), 133.95 (C6'), 136.10 (C4"), 136.19(C4'), 148.82 (C2), 149.47
(C2'), 160.06 (2xC1'), 190.00 (N=CH).

Hyls
[Pd(L3)(H.0)]3H,0

TH-NMR: 8.97 (s, 1H, N=CH), 7.71 (d, J=2.44, 1H, H6), 7.18 (s, 1H, H3"), 7.04 (d,
J=8.79, 1H, H6'), 6.94 (d , 2H, J=8.29 , H5'+H4), 6.84 (d, J= 8.29, 1H, H3), 2.26 (s, 3H,
CHy).

BC.NMR: 20.62 (CHa), 116.85 (C5), 119. 90 (C4), 120.04 (C3), 120.57 (C6), 122.70
(C1), 124.62 (C2), 128.97 (C5'), 129.58 (C3'), 132.77 (C6'"), 134.18 (C4"), 149.47 (C2'),
160.10 (C1'), 190.20 (N=CH).

g P
[Pt(HLs)(EtOH)] -Cl

TH-NMR: 11.09 (s, br, 1H, OH ), 9.06 (s, 1H, N=CH), 7.57 (d, J=2.93, 1H, H3), 7.52
(dd, J=8.79, 2.44, 1H, H5"), 7.43 (dd, J=8.79, 2.93, 1H, H5), 7.11 (d , 1H, J=8.79, H6"),
7.01 (s, 1H, H3'), 6.92 (d, J= 7.8, 1H, H6), 2.26 (s, 3H, CHy).

BC-NMR: 20.62 (CHj), 118.94 (C5), 119.96 (C4), 120.05 (C3), 120.48 (C6), 122.71
(C1), 124.86(C2), 128.87(C5'), 129.61 (C3'), 132.86 (C6"), 136.16 (C4), 149.37 (C2)),
160.11 (C1'), 190.11(N=CH).
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H,L,
[Zn(H.L,4)Cl,(H,0),] 3H,0

TH-NMR: 10.95 (s, br, 1H,0H ), 10.31 (s, br ,1H, OH ), 10.19 (s, 1H, N=CH), 7.56 (d,
J=2.93, 1H, H3"), 7.50 (dd, J= 8.78, 2.93, 1H, H5), 7.47 (s, 1H, H3), 7.01 (d , 1H,
J=8.78, H6"), 6.67 (s, 1H, H6).

BC.NMR: 111.59 (C5), 111. 70 (C4), 113.70 (C3), 119.83 (C6), 120.78 (C1), 123.78
(C2), 127.97 (C5) ', 133.21 (C3'), 136.14 (C6'), 142.05 (C4'), 145.37 (C2'), 159.87 (C1'),
190.29 (N=CH).

H,L, TH-NMR: 8.86 (s, 1H, N=CH), 8.24 (s, 1H, H3), 7.71 (d, J=2.93, 1H, H3"), 7.32 (dd,

[Pd(HL)CITHO.CI J=9.28, 2.92, 2H, H6+H5"), 6.93 (d, J= 8.8, 1H, H6").
BC-NMR:109.13 (C5) 113. 86 (C4), 118.52 (C3), 122.17 (C6), 123.05 (C1), 133.21
(C2), 133.25 (C6) ', 134.34 (C3"), 142.10 (C6'), 144.03(C4'), 150.04 (C2'), 162.69 (C1')
166.15 (N=CH).

Ls TH-NMR: 7.94 (s, br 1H, H4), 7.42 (s, br, 1H, H7), 7.00 (s, br, 1H, H6), 5.05 (s, br, 1H,

[Zn(Ls)Cl(H20)]-H,0

H.), 4.46 (s, br, 3H, Hc+Hy+ Hg), 4.10 (s, SH, 2xHg+2xH, +Hg) 2.49 (s, 3H, CH3).
BC-NMR: 21.65 (CHs), 67.86 (C,), 68.88 (Cy), 69.87 (2xCe+2xCf), 70.00 (C.), 70.24
(C,+Cy), 132.43 (C5), 133.00 (C6+C7), 139.55 (C4), 153.16 (C8+C9), 162.80 (C2).
There is paramagnetic effect ferrocen moiety.

Ls TH-NMR: 13.04 (s, br, 1H, NH), 8.62 (5, br, 1H, H4), 7.33 (5, br, 2H, H7+H4), 6.4 (s,

[Pd(Ls)CL(EIOH)] br, 1H, H6), 4.76 (s, br, 1H, H,), 4.26 (s, br, 3H, HctH, +Hg), 3.46 (s, 5H,
2xHr+2xH.+Hg) 2.58 (5, 3H, CHy).
BC.NMR: 21.65 (CHs), 70.07 (Cg), 7114 (Cg, 110 (2xCe+2xCy, 111.62 (Co),
131.37(C4+Cy), 132,28 (C5), 133.55 (C6+C7), 139.55 (C4), 141.73(C8), 153.61 (C9),
153.99 (C2).

Ls

[Pt(Ls)Clo(MeOH)]-2H,0

No signal because of the paramagnetic effect ferrocene moiety.

Ls
[Zn (Le).Cl; ]-H,0

TH-NMR: 12.05 (s, br, 1H, NH), 7.0-7.6 (s, br 4H, 2xH4+2xH7), 4.95 (s, 4H,
2xH,+2xH), 4.10 (s, br, 4H, 2xH,+2xHy), 3.25 (s, br, 10H, 4xHe+4xHe+2xH,), 2.30 (s,
br, 12H, 4XCHy).

There is paramagnetic effect ferrocene moiety.

Ls
[Pd(L¢)Cl(H,0)]

TH-NMR: 13.02 (5, br, 1H, NH), 6.49 (s, 2H, H4+H7), 4.79 (s, 2H, Ha+Hc), 4.30(s, 4H,
2xHe+2xHe), 3.38 (s, 3H, Hy+HgtHy), 2.38 (s, 3H, CHs).

BC_NMR: 20.76 (CHj), 70.15 (C), 70.54 (Cg), 111.92 (2xC,), 112.06 (2xC), 131.29
(Cb), 13159 (C,), 131.77 (C,+Cp), 132.76 (C5), 132.94 (C6+C7), 140.03 (C4), 140.67
(C9+ C8), 153.01 (C2).

Le
[Pt(Ls)Cl,(MeOH)]-H,O

No signal because of the paramagnetic effect ferrocene moiety.
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L,
[Zn(L,).Cl;]-H,0

TH-NMR: 13.05 (s, br, 1H, NH), 8.4-6.6 (s, br, 2H, H4+H7), 5.08 (s, br, 2H, H,+H,), 4.12
(s, br, 2H, Hy+Hg), 3.39 (s, br, 5H, 2xHg+2xHe+H,).

There is paramagnetic effect ferrocen moiety.

L, TH-NMR: 12.49 (s, br, 1H, NH), 8.4-6.0 (s, br, 2H, H4+H7), 4.81 (s, br, 2H, H,+H,), 4.29
[PA(L7)Clx(H,0)] (s, br, 2H, Hy+Hd), 3.62 (s, br, 5H, 2xH+2xH+Hy).
BC-NMR: 70.28 (Cy), 70.89 (Cy), 114.48 (2xC,) 115.31(2xC), 119.86 (Cy), 119.87 (Cy),
120.64 (C,), 131.47 (Cy), 135.98 (C5), 143.18 (C6+C7), 143.83 (C4), 143.94 (C9+C8),
160.32 (C2).
There is paramagnetic effect ferrocen moiety.
HLg TH-NMR: 10.20(s, 1H, NH ), 8.05( s, br, 1H,H3"), 7.5(d, J=8.3,1H, H5'), 7.40(s ,1H, H4),

[Zn(H Lg)CIz] -2H,0

7.31 (d, 1H, J=8.3, H6"), 7.08(d, 1H, J=8.3, H6), 6.97(m,br, 1H, H7), 2.46(s, 3H, CH.).
BC_NMR: 21.63 (CHa), 114.20 (C5) 116. 42 (C4), 119.87 (C3), 123.78 (C6), 123.87
(C1), 133.23 (C5"), 136.21 (C3"), 141.27 (C6"), 150.46 (C4"), 157.21 (C2)), 159.91 (C1')
162.77 (C2).

HL, TH-NMR: 13.19(s, 1H, NH), 8.13(s, 1H, H3), 8.0(s, br, 1H, H5Y, 7.60(d, 1H, J=7.8, H6),
[Pd(Le)CI(EIOH)] 7.45(s, 1H, H4), 7.21 (s, br, 1H, H6), 7.02(s.br, 1H, H7), 2.46(s, 3H, CH).
HL, TH-NMR: 13.34 (s, br, 1H, NH), 8.13 (5, br, 2H, H4), 7.37 (s, br, 4H, 2xH3 +2xH7), 7.00

[Zn(Lo),(H20),]-2H,0

(s, br, 4H, 2xH6'+2xH5"), 2.44 (s, 12H, 4xCHs).

BC.NMR: 20.47 (2xCHs), 114.70 (C5), 119.41 (C6), 119.43 (C5'), 123.15 (C6), 123.16
(C4Y), 125.22 (C3"), 125.72 (C7), 130.85 (C1'), 130.67 (C2'), 131.32 (C8), 131.40 (C9),
149.89 (C4), 157.03 (C2).

HL, 'H-NMR: 13.02 (s, br, 1H, NH), 11.14 (s, br, 1H, OH), 9.51 (s, br, 1H, H4), 8.03 (s, br,

[PA(HLo)CL] 1H, H3), 7.60 (5, br, 1H, H7), 7.36 (5, br, 2H, H6'+H5", 2.39 (5, 6H, 2xCH).
C_NMR: 20.39 (2xCHy), 112.62 (C5), 119.55 (C6), 123.16 (C5), 123.76 (C6), 131.70
(C4), 131.75 (C3), 131.81(C7), 131.85 (C1), 133.41 (C2), 139.18 (C8), 147.49 (C9),
155.50 (C4), 156.36 (C2).

HLs TH-NMR: 13.41 (s, br, 1H, NH), 8.55 (s, 2H, H7), 8.17 (s, 2H, H4), 7.96 (s, 2H, H3),

[Zn(L10).]-3H,0

7.45 (dd, J=8.78, J= 2.44, 2H, H5'), 7.08 (d, J= 8.38, 2H, H6").

BC_NMR: 110.00 (C7), 114.76 (C4), 119.51 (C5+C6'), 132.65 (C4"), 127.49 (C6),
127.57 (C5), 132.70 (C1'), 132.81 (C2"), 143.51 (C8), 154.47 (C9), 156.62 (C3'), 162.74
(C2).

HL o
[Pd(HL)CI;]1-H,0

TH-NMR: 8.37 (s, 1H, H7), 8.13 (s, 1H, H4), 7.93 (s, 1H, H3"), 7.43 (dd, J=8.78, J=1.95,
1H, H5"), 7.08 (d, J= 8.78, 1H, H6').3C-NMR: 114.38 (C7), 119.43 (C4), 119.57 (C5'),
123.46 (C6'), 123.93 (C4"), 127.47 (C6), 127.55 (C5), 132.80 (C1'), 132.92 (C2'), 143.51
(C8), 154.47 (C9), 155.99 (C3"), 162.78 (C2).
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Figure 3.61: "*C-NMR spectrum of HL;+Zn complex.
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Figure 3.63: *C- NMR spectrum of HL;+Pd Complex.
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Figure 3.64: *H-NMR spectrum of HL,+Zn complex.

Figure 3.65: **C-NMR spectrum of HL,+Zn complex.
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Figure 3.67: *C-NMR spectrum of HL,+Pd complex.
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Figure 3.69: **C-NMR spectrum of H,L3+ Zn complex.
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Figure 3.70: *H-NMR spectrum of H,Ls+Pd complex.

HE

Figure 3.71: *C-NMR spectrum of H,L3+Pd complex.
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Figure 3.72: "H-NMR spectrum of H,Lz+Pt complex.
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Figure 3.73: *C-NMR spectrum of H,L3+Pt complex.
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Figure 3.75: *C-NMR spectrum of H,L4+Zn complex.
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Figure 3.77: *C-NMR spectrum of H,L,+Pd complex.
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Figure 3.78:'H-NMR spectrum of Ls+Zn complex.

Figure 3.79: *C-NMR spectrum of Ls+Zn complex.
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Figure 3.81: "*C-NMR spectrum of Ls+ Pd complex.
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Figure 3.83: *C-NMR spectrum of Ls+Pt complex.
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Figure 3.84: 'H-NMR spectrum of Lg+Zn complex.
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Figure 3.85: *C-NMR spectrum of Lg+Zn complex.
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Figure 3.87: *C-NMR spectrum of Lg +Pd complex.
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Figure 3.89: *C-NMR spectrum of Lg+Pt complex.



103

Fa "
Q zn—u 10 [
D |

Figure 3.90:*H-NMR spectrum of L;+Zn complex.

20 %0 i 160 e 30 i L “” “©w 0 0 pom

Figure 3.91: *C-NMR spectrum of L;+Zn complex.
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Figure 3.93: *C- NMR spectrum of L;+Pd complex.
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Figure 3.95: *C-NMR spectrum of HLg+Zn complex.
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Figure 3.97: 'H-NMR spectrum of HLg+Zn complex.



107

& G i /“
T S e el B AL s i M AL A S EMEL L S B T
3 2 1 0

e 13 12 11 10 ] 8 7 6 5 ‘

Figure 3.99:'H-NMR spectrum of HLg+Pd complex.
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Figure 3.100: **C-NMR spectrum of HLg+Pd complex.
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Figure 3.101: *H-NMR spectrum of HL0+Zn complex.
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Figure 3.102: *C-NMR spectrum of HL1¢+Zn complex.
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Figure 3.103: *H-NMR spectrum of HL1o+Pd complex.
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Figure 3.104: *C-NMR spectrum of HL1o+Pd complex.
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3.3. CRYSTAL STRUCTURE DETERMINATION

Single crystal X-ray diffraction data of H,L3 and [Pd(L3)CH3CN]-H,O complex are given at
Tables 3.17 and 3.21, respectively. Also, the selected bond distance and angles, hydrogen
bond parameters and selected torsion angles are given in Tables 3.18-3.24. Crystal structure
of H,L; and [Pd(L3)CH3CN]-H,O complex are given in Figures 3.105 and 3.107,
respectively. Unit cell packing diagrams for H,L3 and [Pd(L3)CH3CN]-H.O complex are
given in Figures 3.106 and 3.108.

Table 3.17: X-Ray crystallographic data for H,L.

Empirical formula C14H12CINO,
Molecular weight, g mol™ 261.70

Color, habit Orange, prism
Crystal system Orthorombic
Space group P2:2:24

alA 8.2117(5)
b/A 8.4637(7)
c/A 18.4614(14)
vV/IA® 1283.09(16)
Z value 4

dearc / g cm™ 1.355
u(Mo-Ko)) / mm™ 0.290

0 range,® 3.26 — 26.44
Measured refls. 29512
Independent refls. 2639

Rint 0.0565
R1/WR; 0.0725/0.1324
Goodness of fit indicator, S 1.330

Aprmax! Apmin (€A™) 0.22/-0.261
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Table 3.18: Selected bond distances and angles for H,L3 (A, °).

C1-C7
C1-C6
C7-N1
C8-C13
C8-C9
Cl2-Ci14
C9-C8-N1
C8-N1-C7
01-C6-C1
C6-C1-C7
C1-C7-N1

1.409(6)
1.433(6)
1.293(6)
1.388(6)
1.393(6)
1.513(7)
115.8(4)
129.6(4)
117.0(4)
120.4(4)
123.0(4)

C1-C2 1.409(6)
C6-01 1.290(6)
N1-C8 1.409(6)
C2-C3 1.352(7)
C9-02 1.353(6)
Cl1-C3 1.748(5)
C13-C8-N1  123.6(4)
02-C9-C8  116.3(4)
01-C6-C5  122.6(4)

C2-C1-Cv 120.1(4)

Table 3.19: Hydrogen bond parameters for HyL3 (A, °).

D-H---A D-H H--A D---A D-H---A
N1-H1---01  088(5) 1.78(5) 2552(5) 146(4)
02-H2A---01" 080(3) 177(3) 2572(5) 175(4)

(i) x+1/2, -y+3/2, -z+1

Table 3.20: Selected torsion angles for H,L3 (°).
C1-C7-N1-C8  178.8(4) C9-C8-N1-C7 173.2(5)
C13-C8-N1-C7 -7.7(8) N1-C8-C9-C10 178.2(4)
02-C9-C8-N1  -1.7(6) 02-C9-C8-C13 179.2(4)
01-C6-C1-C7  1.5(7) C6-C1-C7-N1 -0.4(7)
01-C6-C1-C2 -179.1(4) C2-C1-C7-N1  -179.8(5)
C7-C1-C2-C3 -177.3(5) C1-C2-C3-Cl1 -178.3(4)

02-C9-C10-C11 -178.7(5)
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Figure 3.106: Unit cell packing diagram for H,L 3; molecular overlap view from the b-axis.
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Table 3.21: X-Ray crystallographic data for [Pd(L3)CH3CN]-H,O complex.

Empirical formula C16H15CIN,OsPd
Molecular weight, g mol™ 425.15

Color, habit Bronze, block
Crystal system Monoclinic
Space group C2/c

alA 37.335(4)
b/A 4.5608(4)
c/A 19.156(2)
v/IAS 3260.2(6)

Z value 8

deaic / g cm™ 1.732
u(Mo-Ko) / mm™ 1.317

0 range,® 3.10 —26.44
Measured refls. 35153
Independent refls. 3368

Rint 0.0851

R1/WR; 0.0847 /0.1830
Goodness of fit indicator, S 1.169

APmax/ APmin (€A?) 0.632/-1.311
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Figure 3.107: The molecular structure of [Pd(L3)CH3CN]-H.O complex showing the atom

numbering scheme.

Table 3.22: Hydrogen bond parameters for [Pd(L3)CH3CN]-H,O complex (A, °).

D-H---A D-H H---A D--A  D-H---A
C16-H16B---01'  0.96 2.46 3.315(14) 1487

O3-H3A---02"  0.83(2) 1.94(4)  2.758(10)  168(17)
() -x, -y, -z; (i) -x+1/2, -y-1/2, -z




116

Table 3.23: Selected bond distances and angles for [Pd(L3)CH3CN]-H,0O complex (A, °).

C6-C7 1.425(12)  c4-Cl1 1.744(8)
C6-C1 1.409(11) c1-01 1.308(10)
C13-02 1.334(11)  C7-N1 1.293(11)
N1-C8 1.430(11)  N2-C15 1.108(12)
C8-C9 1.376(12)  C8-C13 1.393(12)
Pd1-N2 2.042(7) 02-Pd1 1.982(6)
01-Pd1 1.969(6) N1-Pd1 1.947(7)
C6-C7-N1 124.5(7) C6-C1-01 126.7(8)

C1-01-Pd1 122.5(5) 01-Pd1-N1  95.8(3)
Pd1-N2-C15  167.3(8) N2-C15-C16  178.8(13)

C7-N1-C8 123.6(7) N1-Pd1-N2  172.9(3)
C9-C8-N1 126.2(7) C9-C8-C13  121.2(8)
C13-C8-N1  112.5(7) Cl1-C4-C5 120.6(7)
01-C1-C2 116.7(7) Cl1-C4-C3 119.4(7)
01-Pd1-N2 90.9(3) 02-Pd1-N2  89.9(3)

N1-Pd1-02 83.5(3)
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Table 3.24: Selected torsion angles for [Pd(L3)CH3CN]-H,O complex ( ©).

01-C1-C2-C3 178.6(8) 01-C1-C6-C5  -178.1(8)
01-C1-C6-C7 1.4(14)  C5-C6-C7-N1  179.1(8)
C1-C6-C7-N1 -0.5(14)  N1-C8-C9-C10 180.0(8)
C9-C8-C13-02  -179.2(8) N1-C8-C13-02 1.4(11)

C6-C7-N1-C8 -179.3(8) C6-C7-N1-Pd1  -5.3(12)
C9-C8-N1-C7 -6.4(13)  C13-C8-N1-C7 173.0(8)
C9-C8-N1-Pd1  179.1(7) C13-C8-N1-Pdl -1.6(9)

C6-C1-01-Pd1  3.5(12) C2-C1-01-Pd1 -175.8(6)
C12-C13-02-Pd1 -178.6(7) C8-C13-02-Pd1 -0.6(10)

Figure 3.108: Unit cell packing diagram for [Pd(L3)CH3CN]-H,O complex; molecular

overlap view from the b-axis.
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Figure 3.109: Unit cell packing diagram for [Pd(L3)CH3CN]-H,O complex; molecular

overlap view from the c-axis.
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3.4.CYCLIC VOLTAMMETRY

Table 3.25: Electrochemical parameter of the ligands including ferrocene groups (HL; HL;,
Ls, Ls and L) and their Co?* complexes on GCE electrode vs. Ag/AgCl in methanol
solution inclosing 0.1M TBAP as supporting electrolyte at 100 m Vs scan rate at 25°C.

Compound ID Epa (V) Epc (V) AEp (V) | E°(V) | Ipc/lpa

HL; 0.64 0.51 0.13 0.57 0.8
[Co(HL,)Clx(H,0).]-H,0 0.61 0.52 0.09 0.56 0.9
HL, 0.28,0.79 | 0.52,0.72 0.07 0.75 0.9
[Co(HL,):Cl2]-H.0 0.61 0.54 0.07 0.57 0.9
Ls 0.64 0.48 0.16 0.56 0.8
[Co(Ls) Clx(H20)s] 0.61 0.49 0.12 0.55 0.8
Le 0.67 0.54 0.13 0.6 0.8
[Co(Ls) Clx(H20)5]-3H.0 0.59 0.48 0.11 0.53 0.8
L, 0.60 0.49 0.11 0.54 0.8
[Co(L7).Cl>(H,0),]-H.0 0.61 0.54 0.07 0.57 0.9
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Figure 3.110: Cyclic voltammograms of HL; at GCE at different scan rates.



120

Current{pA)

0.0 0.2 0'.4 OI.B 08 1.0
Potential{V)

Figure 3.111: Cyclic voltammograms of Co(ll) + HL, at GCE at different scan rates .
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Figure 3.112: Cyclic voltammograms of HL;and Co(Il) +HL; at GCE at scan rates 100mVs".
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Figure 3.113: Cyclic voltammograms of HL, at GCE at different scan rates.
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Figure 3.114: Cyclic voltammograms of Co(ll)+HL, at GCE at different scan rates.
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Figure 3.115: Cyclic voltammograms of HL, and Co(ll) +HL, at GCE at scan rates 100

mVs?.
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Figure 3.116: Cyclic voltammograms of Ls at GCE at different scan rates.
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Figure 3.117: Cyclic voltammograms of Co(ll) +Lsat GCE at different scan rates.
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Figure 3.118: Cyclic voltammograms of Ls and Co(ll) +Ls at GCE at scan rates 100 mVs™ .
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Figure 3.119: Cyclic voltammograms of Lg at GCE at different scan rates.
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Figure 3.120: Cyclic voltammograms of Co(ll) + Lg at GCE at different scan rates.
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Figure 3.121: Cyclic voltammograms of Lg and Co(l1) +Lg at GCE at scan rates 100 mVs™.
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Figure 3.122: Cyclic voltammograms of L; at GCE at different scan rates.



126

20+

——5 mvs" L; +Co
——10 mvs™
15 1 20 mvs”
——50 mvs™
——100 mvs™"

10

Current(pA)

0.0 0.2 04 06 08 10
Potential (V)

Figure 3.123: Cyclic voltammograms of Co(ll) + L; at GCE at different scan rates.
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Figure 3.124: Cyclic voltammograms of L; and Co(l1) +L; at GCE at scan rates 100 mVs™.
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3.5. THERMO GRAVIMETRIC ANALYSIS (TGA)

The TGA spectra corresponding spectra are given in Figures 3.125 - 3.129.
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Figure 3.125: TGA spectrum of Pd + Lg
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Figure 3.126: TGA spectrum of Cu+ HL
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3.6. SUGGESTED STRUCTURES FOR THE METAL COMPLEXES

Based on the above results, following structures are assigned for the metal complexes.
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3.7. ANTIMICROBIAL ACTIVITY OF THE COMPOUNDS

Table 3.26: In vitro antimicrobial activity of the compounds and the standard reagents (MIC,

-1
Hg mL ).
Microorganisms
Compound 1 2 3 4 5 6 7 8 9
Ls 312 | 1250 | - - - - - - 312
[Co(Ls)Cly(H20)3] 312 | 1250 | - - - 625 | 39 78 156
[Pd(Ls)Cl,(EtOH)] 312 | 625 | - - - - - - 312
[Cu(Ls)Cly(H20)]-H,0 312 | 1250 | - - 625 - - - 625
Le 625 | 625 | - - - - - - 1250
[Pd (Le)Cl,(H,0)] 625 | 625 | - - - - - 625 | 1250
[Cu(Ls)Clx(H20)]-2H,0 312 | 625 | - | 1250 - - - - 625
L, 312 | 1250 | - - - - 312 - 312
[Cu(L;)CI,(EtOH)] 625 625 | - - - - - 625 | 625
HL, 156 | 1250 | - | 625 - - 312 - 625
HL, 1250 | 625 | - | 312 | 312 | 312 - 625 | 625
[Co(HL,),Cl,]-H,0 312 | 1250 | - | 625 - - 312 | 312 | 625
Ciprofloxacin 0.25 - - 10625 | 05 |0312| - - -
Amphotericin B - - - - - - 05| 1.0 1.0

1=S. aureus ATCC 29213, 2 = S. epidermidis ATCC 12228, 3 = E. coli ATCC 25922, 4 = K. pneumoniae ATCC
4352, 5= P. aeruginosa ATCC 27853, 6=P. mirabilis ATCC 14153, 7= C. albicans ATCC 1023, 8=C.
parapsilosis ATCC 22019, 9= C. tropicalis ATCC 750.
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4. DISCUSSION

This chapter explanation around the physical properties and structural details of Schiff bases,
benzimidazole derivatives and their metal complexes with Cu**, Zn?*, Co?*, Pt** and Pd**
ions. the synthesized compounds characterized by melting point, elemental analysis, IR, UV—
Vis, mass spectra, *C-NMR and *H-NMR spectra, cyclic voltammetry, molar conductivity,

magnetic moment and single crystal XRD.
4.1. GENERAL PROPERTIES

All the above mentioned synthesized compounds the physical appearance was distinguished
through visual observation, all the synthesized compounds are soluble in common organic
solvents as DMF and DMSO. The compounds obtained are stable in air, non-hygroscopic,
crystalline or precipitate form and obtained in a good yield. The color, melting point,
molecular weights and yield of the ligands are summarized in Table 3.1 and for metal
complexes in Tables 3.6-3.10. The mass spectra of ligands having peaks at MS (m/z) [M+]:
320.1, 385.0, 262.2, 327.2, 317.2, 331.2, 382.1, 259.3, 273.3, 324.4 for HL1, HL,, H,Ls,
H,L4, Ls, Le, L7, HLg, HLg, and HL;o respectively are confirming to molecular weights of
ligands (Table 3.2, Figures 3.1-3.10). Also some of peaks large than molecular peak due to
fragmentation as HL, molecular peak is 385.0 but fragmentation is 214.9 (Figure 4.1). In the
ligand Ls, some fragmentations bigger than the molecular weight is due to the dimeric

structures of the ligand or reactions between the fragments or fragments and the ligand.
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Figure 4.1: HL, isomeric structure.

The melting point of metal complexes is higher than the free ligands, most of the metal
complexes decompose above 300°C. It is known that the inter-molecular hydrogen bonding
enhances melting point, so melting point of H,L4 219 °C, is higher than other Schiff bases
due to containing inter-and intra- molecular hydrogen bonding (Figure 4.2). Also HyL4, Ly

and HL contain nitro group and chlorine atom lead to increases melting points [148,149].

0N OH

H
C cl
cl “
g

T--e-Z

Figure 4.2: Intra-molecular hydrogen bonding in H,L,.

However, the compound H,L 3 the melting point is lower than that of other Schiff base H,L 4,
HL, and HL,. So H,L3 have intra-molecular hydrogen bonding Figure 4.3, but the phenolic
hydroxyl group produced a keto-enol tautomerism and a methyl group at para-position cause
decrease melting point (Figure 4.4) [149]. The XRD data of single crystal H,L3 support this
explanation (Table 3.17, Figure 3.105).
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Figure 4.3: Intra-molecular hydrogen bonding in H,Ls.
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Figure 4.4: Tautomer structure (keto-enol) of the compound H,L.

A several of Schiff bases ligands was effected by O—H---N (enol-imino) and N-H---O (keto)

tautomer forms. It is reported that the tautomer forms are affected by intermolecular hydrogen
bonding such as in H,L3 and H,L 4 (Figures 4.4-4.5) [138].

Enol form

Keto form

Figure 4.5: Keto-enol tautomerism of the compound H,L.,.
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Ligands Ls, Lg and L; are monodentate, HL,, HL,, HLg, HLg and HL o are bidentate, H,L 3

and H,L, was observed to act as tridentate.

In elemental analysis the analytical information of metal complexes is in contract good with
the calculated values and thus confirming the proposed composition for all the complexes the

information summarized in Table 3.6-3.10.
4.2. FTIR SPECTROSCOPY

The important IR frequencies of the ligands are summarized in Table 3.3 and Figures 3.11 -
3.20 and IR spectra of the metal complexes are given in Figures 3.50 - 3.59. The medium
intensity absorptions at the 1615 - 1666 cm—1 range are assigned to the C=N stretching mode
in the spectra of ligands. In all spectra of the compounds, aromatic rings are observed by
specific ring vibrations at v(C=C) at 1580 - 1450 cm-1, v(C-H) 3038 - 3110 cm-1 and 6(C—
H) 843 - 731 cm-1. The broad bands between 3400 - 2500 cm-1 demonstrates formation of
the OH N intra-molecular hydrogen bond between the nitrogen atoms and OH proton in the
ligands HL;, HL,, H,L3 and H,L,4 [138]. In the IR spectra of the benzimidazole ligands for
Ls, Ls, L7, HLg, HLg and HL 4o broad bands between 3200 - 3500 cm—1 are represented to
v(NH) stretching vibrations and 8(NH) at around 800 - 900 cm-1. Also, the bands at the 1000
- 1281 cm—1 range are specified for v(C—N) groups. In the IR spectra of the ferocenyl-
benzimidazole derivatives (Ls, Lg and L7) not including OH groups aromatic and aliphatic
CHs are seen clearly at around 3050 cm-1 and 2920 cm-1, respectively, and weak broad
bands at the 3100 - 2700 cm-1 range is due to the intermolecular hydrogen bonding
(NHN=C). Weak or medium stretching vibrations bands close to 2920 cm-1 as a result of
presented methyl group for the ligands HL;, H,L3, Ls, Lg, HLg and HLg and their complexes.
However, CH of stretching vibrations of CH=N appear at 3000 - 2800 cm-1 as in the Schiff
base ligands such as HL1, HL,, H,L3 and H,L, and their complexes [139,150]. There is a
very broad band between 2500 - 2800 cm-1 in H,L3 because of the strong intra-molecular
hydrogen bonding and consequently, aromatic and aliphatic CHs are seen at the 2900 — 3100
cm-1 range. In H,L4 ligand, the medium band at 3387 cm-1 is probably due to the OH group

which does not form hydrogen bonding.
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The stretching vibration of OH groups of benzimidazolyl-phenol derivatives HLg, HLg and
HL 1, is clearly seen at 3354, 3276 and 3383 cm-1, respectively. In these ligands, stretching
vibrations of the aromatic and aliphatic CHs are identified more clearly compared to the other
ligands. In addition, in benzimidazolyl-phenol derivatives HLg, HLg and HLio v(NH) is
disappeared because of the intra-molecular hydrogen bonding, however in the complexes, it is
seen clearly because of the coordination of C=N nitrogen atom and consequently removing
the hydrogen bonding. For example, in the Cu(ll) complex of HLg, v(NH) is seen at 3163 cm™
! as medium band. On the other hand, the C=N group appears weakly or cannot be detected in
the benzimidazole derivatives (Ls, Ls, L7, HLg, HLg and HL o) probably due to the hydrogen
bonding (—C=N""HN-). However, in the complexes, it is seen more clearly according to the
ligand because of removing of the hydrogen bonding on complexation. For example, v(C=N)
of HLg could detected as shoulder at 1632 cm*, however it appears at the range of 1626 -

1653 cm* as medium band in the complexes.

The strong bands between 1250 and 1300 cm ™ are signified for stretching vibrations of C-O,
and medium or weak stretching vibration bands of C—Cl are seen at 600 - 650 cm*. The
medium bands at 1480 - 1549 cm™* and 1350 - 1332 cm* are assigned for symmetric and

asymmetric v(NO,), respectively [3].

The characteristic frequencies at around 500 cm™ as medium or strong bands are attributed to
the stretching vibration of (Fe—Cp) in the ligands including ferrocenyl group (HL;, HL,, Ls,
Le and L;). The medium bands at the 1500 - 1580 cm™* range are assigned to the stretching
vibration v(C=C) of Cp group [10].

After complex formation, considerable changes are observed especially in frequencies of the
C=N and OH groups or shifting (to higher or lower wavenumbers) compared with the free
ligands [139] as expected due to the coordination occur through the C=N nitrogen and OH
oxygen atoms. For example, the v(C=N) band at 1638 cm™ in Lg appearing as weak is
detected as medium at 1634, 1624 and 1631 cm™* in the Zn(l1), Cu(ll) and Pd(lI) complexes,
respectively. Similarly, v(C=N) band shifted to wavenumbers of 1630 and 1624 cm™ in the
Co(l1) and Cu(ll) complexes of Ls, which appears at 1658 cm* as medium in the ligand. It is
observed that the v(C=N) band of the complexes of HL, shifted to the higher wavenumbers,
e.g. in the Cu(ll) complex at 1704 cm™, whereas it gives absorption at 1655 cm™ in the

ligand.
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The ligands and metal complexes not removed OH protons such as [Co(HL;),Cl;]-H,O,
[Co(HL10)2Clo]-2H,0,  [Cu(H:L3)CI|CI-3H,0,  [Cu(H:L4)Cl(H20)],  [Pd(L2)CI(H20)],
[Pd(HL)CI;], [Pt(HL3)(EtOH)]-CI show strong or medium bands for v(OH) at ranging 3428
- 3325 cm* [139,150]. Also, the absorptions for uncoordinated and coordinated water
molecules are detected at the 3500 - 3100 cm* (broad), 1700 - 1600 cm* (weak) and 500 -
600 cm* (broad) ranges in the IR spectra of most of the complexes especially in
Co(HL;)Cl3(H20),]-H,0,[Co(Le)Cl,(H20)3]-3H,0,[ Co(L7),Cl2(H,0),]-H,0,[ Cu(Le)CLL(H,O
):2H,0,  [Pd(L3)(H20)]3H20,  [Zn(H,L4)Cl(H0),]3H,0,  [Zn(Ls)Cl,(H,0)]-H>O,
[Zn(Ly)>(H>0),]-2H,0 and [Pt(Ls)Cl,(MeOH)]-2H,0 complexes.

4.3. NMR SPECTROSCOPY

The *H-NMR and **C-NMR of the ligands summarized in Table 3.4, Figures 3.21 - 3.37, for
diamagnetic metal complexes are given in Table 3.16 and Figures 3.60 - 3.104. In the 'H-
NMR spectra of Schiff bases supported by the existence of a singlet at 6 (ppm) 8.47, 7.47, 9.0
and 9.0 (HL;, HL,, H,L; and H,L4 respectively) confirming the azomethine proton
(-CH=N-). The signals at 9.5 - 11.0 ppm were recognized into the hydroxyl protons, but if
strong hydrogen bonding between hydroxyl protons and imine nitrogen atom represented
broadness signals or disappeared. Aromatic protons are identified between 6.2 - 8.0 ppm for
all the ligands and the complexes. The methyl protons of the ligands HL,, H,L3, Ls, Ls, HLg
and HLg and their complexes show singlet at the 2.23 - 2.49 ppm range [138, 139, 151, 152,
155].

'H-NMR spectra of the Schiff bases including ferrocene group, show signals caused by —OH
proton at 9.90 and 10.27 ppm of HL; and HL,, respectively, and also shows a —CH=N—
proton signal at 8.47 and 7.47 ppm for HL; and HL,, respectively [153,154]. Multiplet

signals of ferrocene protons are observed at the 4.0 - 5.0 ppm range.

The compound H.L, has two isomeric structures (Figure 4.4) depending on *H-NMR spectra
(Table 3.4, Figures 3.27-3.29). There is exciting information in the *H-NMR of the H,L3 and
H,L4 Schiff base ligands having two hydroxyl groups (salicylic and phenolic OH). It is
recognized that the resonance signal of one of the salicylic OH proton shifts to the lower field
(higher frequency) due to hydrogen bonding. Comparing the *H-NMR data of salicyl part OH

protons of the H,L3; and H,L, compounds it can be said that the intra-molecular hydrogen
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bond (OH---N) is formed at 13.9 ppm (OHL1") of H,L3 and other phenolic proton (OH2) 9.6
ppm. In HyL,4 (enol), the signal at 12.62 ppm (OHL1") is due to the intra-molecular hydrogen
bonding (OH---N) and other phenolic proton appears at 10.28 ppm (OH1) (Figure 4.6)
[138,139].

02N 2 OH
CH Cl
2 i@i CH o cl
HsC 1SN cl SN J©/
|'_| N
\O 1! H\O 1|

Figure 4.6: Intramolecular hydrogen bonding in H,L3 (left) and H,L 4 ligands (right).

D,O exchange *H-NMR spectra for HyL4 shows that both OH protons are changeable as
expected. After D,O exchange, the signals at 12.62 (OH1’), 10.89 (OH1-keto form), and
10.28 ppm (OH1-enol form) are removed and the signals at 9.85 s,br (NH, keto form) and at
8.61 s,br (CH, enol form) were detected (Figure 4.7). The characteristics of the aromatic

protons change to broad signals (Table 3.4).

02N OH O,N OH
I I CH C = = II CH Cl
cl N7 D/ cl l/ \\©/
Ho
HO o~

Figure 4.7: The keto-enol isomeric structures of the H,L 4,

However, the ligand HL 1o owns two isomeric structures shown in Figure 4.8 depending on
'H-NMR spectra is observed the affected protons by isomer forming (Table 3.4, Figures 3.36
and 3.37).
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Isomer A Isomer B

Figure 4.8: The isomeric structures of the HL .

In the diamagnetic complexes, some phenolic protons of the ligands are removed especially
from HL;, HL,, H,Ls, HoLg, HLg, HLg and HL3, complexes (Table 3.16) after complex
formation. In addition, the azomethine proton (—N=CH-) of the Schiff base ligands (HL;,
HL,, H,L; and H,L,) is shifted to the lower field on complexation, considerably. For
example, in [Zn(L;),]-2H,O complex, it shifts to 9.87 ppm from 8.47 ppm; in
[Zn(H,L4)Cly(H,0),] 3H,0 it shows shifting with 1.21 ppm (from 8.98 ppm to 10.19 ppm). In
the benzimidazole derivatives, (Ls - HLjp), it is observed that NH proton appeared at the
11.40 — 13.36 ppm range as broad singlet, and shifted to the 12.05 — 13.90 ppm range
(downfield) in the complexes.

In the *C-NMR spectra the ligands demonstration signals around 20.42 - 20.74 ppm caused
by methyl group, and signals between 68.25 - 131.77 ppm because of the two
cyclopentadienyl rings. The signals at 160.38 and 193.85 ppm can be attributed to the
azomethine carbon of HL; and HL,, respectively. The aromatic ring signals of both ligands
and metal complex compounds appeared between 111.73 to 159.91 ppm, generally. The
azomethine carbons of H,L3; and H,L, (enol form) are seen at 160.11 and 190.15 ppm,
respectively [156,157]. The carbon atoms bonded to OH oxygen atom (C2) give signals at the
lower ppm value than the carbon atoms that bonded to the salicyl part OH oxygen (C1):
119.3 ppm and 159.9 ppm (in enol form of H,L,), respectively [158,159]. On complexation,
these carbon atom’s signals shifted to down field, for example, in the Pd(Il) complex of HjL,4
they are detected at 133.2 and 162.7 ppm, respectively (Table 3.16). It is observed that the C2
is the carbon atom (N=C<) appears at the highest ppm value in the benzimidazole derivatives,
Ls - HL . For example, the C2 of HLg gives a signal at 159.08 ppm. It shifts to 157.03 and
156.36 ppm in the Zn(Il) and Pd(11) complexes (upfield shift), respectively.
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4.4. MAGNETIC MOMENT AND MOLAR CONDUCTIVITY MEASUREMENTS

Magnetic moment and molar conductivity measurement values of complex summarized in
Tables 3.11-3.15. High spin octahedral of Co*" have magnetic moment from 4.31 to 5.82 BM
is close to the spin value calculated magnetic moments. As well, tetrahedral and octahedral of
Cu?* have magnetic moment from 1.72 to 2.20 close to the spin value calculated magnetic
moments [138,139]. The magnetic moments for ferrocenyl based complexes was measured,
values for these compounds which are higher than the value of the theoretical magnetic
moment. Also the diamagnetic nature of Pd(I1), Zn(I1) and Pt(Il) the reported values for the
magnetic susceptibility are higher than zero that implying some paramagnetism in the
complexes containing ferrocene group due to the diamagnetic system of ferrocene is removed
and Fe(ll) ion give two paired electron. So, the complex/organometallic compound show
paramagnetic character [159, 160].

Molar conductivity measurement carried out in DMF, the value in the range of 7.55-59.32
Scm’mol®.  All the complexes are non-ionic except [Cu(H.L3)CI]CI-3H,0,
[Pd(H2L4)CI]CI-H,0 and [Pt(HL;3)(EtOH)]-Cl complexes 1:1 electrolyte character with molar
conductivity values are 42.6, 59.3 and 40.3 Scm’mol™ respectively. Some of the complexes
are non-ionic but have higher molar conductivity in DMF due to molecular ion liberates in
solution [161].

4.5. X-RAY CRYSTAL STRUCTURE

Single crystal X-ray diffraction data of H,L3 and [Pd(L3)CH3CN]-H,O complex are given at
Tables 3.17 and 3.21, respectively. Also, the selected bond distance and angles, hydrogen
bond parameters and selected torsion angles are given in Tables 3.18-3.24. Crystal structure
of HyL3 and [Pd(L3)CH3CN]- H,O complex are given in Figures 3.105 and 3.107,
respectively. Unit cell packing diagrams for H,L3 and [Pd(L3)CH3CN]-H,O complex are
given in Figures 3.106 and 3.108.

Single crystal X-ray diffraction data of [Pd(L3;)CH3CN]-H,O after recrystallization in
methanol+acetonitrile (1:10), the single crystals were formed the water molecule removed

outside of coordination and acetonitrile coordinate Figure 4.9.
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Figure 4.9: The structure of the Pd+H,L.

X-ray crystal structure data of H,L3 clearly exhibit that the keto form is dominant (Fig. 3.105,
Table 3.18): C6-01: 1.290 A (C=0), C9-02: 1.353 A (C-OH), C7-N1: 1.293 A (CH=N).
Also, there are intra- and inter-molecular hydrogen bonds in H,Ls: N1-H1.--O1: 1.78 A,
02-H2A.--01: 1.77 A (Table 3.19), respectively. The crystal structure is stabilized by
intermolecular hydrogen bonds.

X-ray crystal structure data of [Pd(L3)CH3CN]-H,O complex show that the ligand acted as
tridentate through two phenolic OH and C=N nitrogen atoms deprotonating the phenolic OH
protons and giving a chelate complex. The distances between Pd(ll) ion and the donor atoms
of H,L; are the following (Table 3.23): 01-Pd: 1.969 A, N1-Pd: 1.947 A, 02-Pd: 1.982 A,
N2-Pd: 2.042 A (N2 is belonging to solvent molecule, here is an acetonitrile molecule). The
fourth coordination is provided by a solvent molecule or ion. The bond angles, O1-Pd—N1:
95.8°, 02—Pd—N1: 83.5°, O1-Pd—-N2: 90.0°, 02—-Pd—N2: 89.9°, indicate that Pd(II) ion is in a
distorted square planar environment (Table 3.23). Some torsion angles are also supports this
inference such as C2-C1-01-Pd: -175.8°, C6—C1-01-Pd: 3.5°, C9—C8-N1-Pd: 1719.1° etc
(Table 3.24). Inter-molecular hydrogen bonds in [Pd(L3)CH3CN]- H,O are detected:
C16-H16B---01: 2.46 A, O3—H3A---02: 1.94 A (Table 3.19) between water molecules and
Pd(L3)CH3CN moiety.

Considering the spectroscopic and physicochemical data, it can be concluded that geometry of
the Pd(Il) and Pt(I1) complexes is almost square planar, Co(ll) complexes are generally
octahedral. Zn(Il) and Cu(ll) complexes have tetrahedral (four coordinations) or octahedral

(six coordinations) geometries.
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4.6. UV-VISIBLE SPECTROSCOPY

The electronic absorption (UV-visible) spectra of ligands along with the complexes in the
wavelength from 200 to 800 nm range in methanol were recorded and the results are shown in
Table 3.5, 3.11 — 3.15 and Figures 3.38, 3.40 — 3.49. The absorptions at 200-300 nm range in
the electronic spectra of the ligand and the complexes correspond to m—n* transitions of the
aromatic rings. The medium or weak bands at the range of 300 — 350 nm can be assigned to
n—7* transitions. The absorptions around 400 nm are due to the intramolecular charge
transfer transitions in the ligands. The ligands are dark colored generally, except H,L3 and
H,L4. The colors of H,L3 and H,L 4 are orange and yellow. The other ligands are brown and
black colored. So, the intramolecular charge transfer transitions in these dark colored
compounds are expected and observed intensely. All of the complexes are dark colored
(brown, dark brown and reddish black etc) and hence intense charge transfer transitions are
expected in the UV-visible spectra of the complexes. Likewise, the absorptions above 400 nm
should belong to the ligand to metal charge transfer transitions (LMCT). These transitions
(absorptions) cover the d-d transitions in the complexes and prevent to detect them. In
addition, it was observed that the bands are slightly blue shifted on complexation because of
the complexation effect and ligand to metal charge transfer transitions (LMCT). There are no
considerable changes in the complexes UV-visible spectral data except the complexes of
H,L,. Absorptions are observed between 450-476 nm assigned to the LMCT in the Co(ll),
Pd(11) and Cu(ll) complexes of H,L, (Figures 3.38 and 3.43). These charge transfers are

originated from phenolic oxygen atom to the metal ions transitions (O—M?") [162-164].
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4.7. CYCLIC VOLTAMMETRY

Electrochemical parameter of the selected ligands including ferrocene groups (HL; HL, Ls
Le and L;) and their Co** complexes, the CV parameters are given in Table 3.25 and
presented in Figures 3.110 - 3.124. Cyclic voltammograms illustrate that working electrode
polarity come to be higher positive, the sign oxidation is detected at anodic peak potential
(Epa), due to ferrocene moiety is changed into oxidized form. As well reverse scan working
electrode polarity converts into less positive (reversed process), following reduction of the
oxidized product happening as cathodic signal is detected at cathodic peak potential (Epc).
All the above mentioned compounds appearance reversed process. Anodic and cathodic peak
separation (AEp) was establishing is 0.07 V HL; best significance suggestive of one-electron
oxidation and 0.13, 0.16, 0.13, 0.11 V HL; Ls Lg and L; respectively, it is a little higher
showing slow electron transfer. General, the great value AEp recognized to the resistance
influence. The Co?* complexes decrease the AEp values (0.09, 0.07, 0.12, 0.11 and 0.07) in
[Co(HL;)Cl»(H20),]-H20, [Co(HL,),Cl,]-H,0, [Co(Ls)Cly(H,0)s3], [Co(Le)Clo(H,0)3]-3H,0
and [Co(L7),Cly(H,0),]'H,O respectively, which lead to increase electron transfer. The
strong electron-withdrawing nitro group in HL, makes the oxidation of the iron (of the
ferrocenyl group) difficult by shifting the oxidation potential in more positive direction by
increasing Epa 0.79. General for all complexes the electrochemical process remains one

electron reversible [165].
4.8. THERMO GRAVIMETRIC ANALYSIS (TGA)

The crystal and coordinated water molecules for [Cu(HL;9)Cl2(H,0),]-H,O,
[Pd(L6)Clo(H,0)], [Pd(L7)Cly(H20)], [Zn(H,L4)Cly(H20),]3H,0 and [Zn(Le)>(H,0),]-2H,0
complexes were investigated by means of thermogravimetric analysis (TGA). The water
contains of these complexes were quantified by analysing the TGA curves. As known the
crystal water molecules remove below 100°C, the coordinated water molecules remove above
100°C. There is no considerable weight loss under 100°C in [Pd(Le)Cl,(H,O)] and
[Pd(L7)Cl(H,0)] complexes whereas [Cu(HL9)Cl(H,0),]-H,O, [Zn(H,L4)Cly(H,0),] 3H,0
and [Zn(L),(H,0),]-2H,O complexes have both lattice (uncoordinated) and coordinated
water molecules in different amounts (Figures 3.125 - 3.129. ). For example, weight loss in
[Cu(HL9)CLy(H20),]-H2O complex is 3.2% up to 85°C that corresponds to one mole of

uncoordinated lattice water (theoretical value is 35.% for one mole of water). The weight loss
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with 8% at 150°C representing approximately amount of two moles of H,O may be accepted
as evidence for two mole of coordinated water (theoretical value: 7.02%). In the other

complexes, the status of the water molecules is determined by means of TGA data.

The TGA results also gave supporting information about the metal contains of the complexes.
For instance, theoretical metal oxide (CuO) percentage in [Cu(HL;¢)Cl,(H,0),]-H,O complex
is 15.5% and TGA supports this with a residue of 14.2% at around 700°C (Fig. 3.126).

4.9. ANTIMICROBIAL ACTIVITY

Selected some synthesized ligands including ferrocene group and their complexes were
screened against species bacteria and fungi are summarized in Table 3.26. It is detected that
all selected compounds exhibit weak to moderate activity toward Staphylococcus aureus and
Staphylococcus  epidermidis and  Candida  tropicalis. Only four compounds
[Cu(L¢)Cl»(H,0)]'2H,0, HL; HL; and [Co(HL),Cl,]’'H,O show weak to moderate
antibacterial  activity against  Klebsiella  pneumoniae.  The two  compounds
[Cu(Ls)Cly(H,0)]'H,O and HL, are moderate effective against Pseudomonas aeruginosa. In
addition the [Co(Ls)Cl,(H,0);] and HL, are moderate effective against Proteus mirabilis. But
[Co(Ls)Cly(H,0);] exhibit a broader spectrum as compared to the other compounds agonist
Candida albicans, Candida parapsilosis and Candida tropicalis, Other hand,
[Pd(L6)Cl,(H,0)], [Cu(L,)CIl(EtOH)], HL, and [Co(HL;),Cl,]'H,O moderate activity on
Candida parapsilosis. No above compounds have any activity toward the Escherichia Coli
(not reported).

The results of these studies exhibited significant to moderate antifungal and anti-bacterial
properties. Conversely, the metal salts used did not show any effect on the microorganisms.

The compounds have higher antifungal activity then antibacterial activity.
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5. CONCLUSION AND RECOMMENDATIONS

Schiff bases and benzimidazole derivatives are groups of compounds which can be applied in
many fields, particularly in medical chemistry and drug applications. Ferrocene group-
containing compounds are of interest because of their stability, their use in organic synthesis
studies and their biological activities. In this dissertation two different ligand groups were
prepared: four Schiff base compounds (HL;, HL,, H,L3; and H,L,) and six benzimidazole
derivatives (Ls, Lg, L7, HLg, HLg and HL o) including ferrocene and phenol groups in this
study; totally ten ligands were synthesized. Five of these ligands e.g. HL;, HL,, Ls, Ls and
L, contain ferrocene groups whereas the other five, HoL3, HoL4, HLg, HLg and HL g, have
phenol group. The metal complexes with Cu?*, Zn**, Co*, Pt** and Pd*" of the ligands have
been synthesized in good yield. Some analytical and spectral techniques such as elemental
analysis, FTIR, 'H- and *C-NMR, UV-visible, mass spectrometry (MS) and cyclic
voltammetry analysis were performed for the characterization of the compounds. The ligands
were monitored by thin layer chromatography (TLC) and their molecular weights were
confirmed by MS analyses. Molar conductivity and magnetic moment were also measured for
complex compounds. Furthermore, X-ray single crystal analysis of the H,Lj3 ligand and
([Pd(L3)CH3CN]-H20) were also performed. The ligands Ls, Lg and L; have monodentate
characteristic, HL{, HL,, HLg, HLg and HL o bidentate, H,L 3 and H,L, were observed to act
as tridentate. The presence of two different metal ions in the complexes of the ferrocene-
containing ligands brought heterobinuclear characteristic to these compounds and thus these

compounds have become more interesting.

In the infrared spectra, appearance of absorption bands at 16001650 cm* assigned to C=N
stretching mode of both Schiff bases and benzimidazole derivatives. The broad bands at
around the 3200-3500 cm* are assigned to v(NH) stretching vibrations and 8(NH) at around
800-900 cm . The ferrocenyl moiety the (Fe-Cp) stretching vibration is seen at 500-450 cm ™
as a medium band and stretching vibrations of C=C bonds belonging to the aromatic
structures and the cyclopentadienyl (Cp) group of the ferrocene section were determined
between 1550-1600 cm ™ as a medium band. Stretching vibrations of phenolic C—O bonds

were observed in 1200 - 1300 cm * region. Significant changes were observed in these bands
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with complex formation. For example, complex formation was verified by shifting of CH=N

bands towards higher frequency along.

NMR spectroscopy also supported the proposed structures of synthesized compounds. *H
NMR spectra displayed signals for all the protons in their characteristic regions, aromatic
protons were observed in the region 6.2-8.0 ppm, formation of Schiff base linkage was
established by the appearance of signal for azomethine proton and absence of NH, peaks as
8.47, 7.47, 9.0 and 9.0 (HL, HL,, H,L3 and H,L,4 respectively). In the NMR spectra of the
diamagnetic compounds, significant changes were observed in phenolic OH protons and
carbon atoms in all ligands as expected, with the formation of complex. In the Schiff base
complexes, significant shifts were observed in protons of azomethine groups (N=CH) and in
carbon atoms signals in diamagnetic Schiff base complexes. X-ray analysis of H,L3 shows
that the ligand is in solid state keto form is dominant. In the *H-NMR spectrum of H,L4, a
mixture of keto-enol tautomeric structure appears. According to the molar conductivity
measurements, all the complexes have non-ionic character except [Cu(H.L3)CI]CI-3H,0,
[Pd(H2L4)CI]CI-H,O and [Pt(HL3)(EtOH)]-Cl (these three complexes have 1:1 electrolyte
character and their molar conductivity values are 42.6, 59.3 and 40.3 Scm”mol ™" respectively).
The magnetic moment measurement results also contributed to the geometry and structural
properties of complex compounds. For example, in the Co?* compounds, the magnetic
moment values between 4.31-5.82 BM indicate that the Co®" ion in these complexes has a
high spin structure and the complex geometry is tetrahedral or octahedral. Also, in some Cu®*
complexes, the magnetic moment values between 1.70-2.20 BM are also in the expectation
and give clues about the complexes being octahedral or tetrahedral. In addition, in many
paramagnetic complex compounds containing ferrocene group, the magnetic moment value is
higher than expected also in some complexes expected to be diamagnetic (zZn**, Pd**, Pt**
complexes) the paramagnetic character is detected. This abnormality shows that the
diamagnetic properties of the Fe?* ion in the ferrocene group are eliminated and the magnetic
moment value of the molecule is contributed by approximately two non-paired electrons. UV-
visible data shows that there are intense intramolecular charge transfers in the ligands and
ligand to metal charge transfer (LMCT) transitions in the complexes. Because of the intense
LMCT transitions in the complexes, adequate information about the d-d transitions in the
metal ions could not obtained.
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Crystal structures of some compounds H,L3 and [Pd(L3)CH3CN]-H,O are studied. Single
crystal analysis H,L 3 revealed the structure presence of keto-enol tautomerization. The X-ray
analysis data approve a square planar geometry for [Pd(L3)CH3CN]-H,O . It can be suggested
the square-planar geometry for the other Pt(ll) and Pd(1l) complexes. Crystal structure data

are supported by elemental analysis and other characterizations.

Redox behavior of the selected ligands including ferrocene groups (HL, HL,, Ls, Lgand L)
and their Co** complex was examined by advanced electrochemical techniques a cyclic
voltammetry. Electrochemical results revealed that ferrocene based synthesized compounds
and Co(ll) complexes undergo reversible diffusion controlled electron transfer process and
might be employed in those systems where stable redox systems. The anodic and cathodic
peak separation (AEp) was establishing is 0.07 V HL; is best significance suggestive of one-
electron oxidation and 0.13, 0.16, 0.13 and 0.11 V HL,, Ls, Lg and Ly respectively, it is a
little higher showing slow electron transfer. General, the great value of the AEp recognized to
the resistance influence. The Co®" complexes decrease the AEp value (0.09, 0.07, 0.12, 0.11
and 0.07) in [Co(HL;)Clx(H20)2]'H20, [Co(HL,),Cl;]'H;0, [Co(Ls)Cla(H20)s],
[Co(L6)Cl2(H20)3]:3H20 and [Co(L7).Cl>(H20),]-H,O respectively, which lead to increase
electron transfer. Electrochemical process of the complexes remains one electron reversible.
The strong electron-withdrawing nitro group in HL, makes the oxidation of the iron (of the
ferrocenyl group) difficult by shifting the oxidation potential in more positive direction by
increasing Epa 0.79. In addition, some selected ligands containing ferrocene moiety and their
complexes were screened against species of Gram-positive and Gram-negative bacteria and
fungi using the disk diffusion method. It was observed that many compounds exhibited
antifungal and antibacterial effects from weak to medium. [Co(Ls)Cl,(H,0);] complex, C.
albicans, C. parapsilosis and C. tropicalis fungi, compared to other compounds showed a

broader range of activity.

In this Ph.D thesis the interesting ligands synthesized especially including ferrocene and
phenol groups and their complexes because of cheap, easy and direct synthetic and higher
stability. In my work just Schiff bases, benzimidazole derivatives are synthesized, in the
future better prepared benzoxazole derivatives. Future investigations should be directed

towards the development of new applications as catalytic application.
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